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Hello everybody, in this course we introduced you to the KENLAYER software
that is used for determining stress and strain at different locations of the pavement. In the
previous exercise that we solved using the KENLAYER software, we used elastic modulus
to determine stresses and strains at different locations in the pavement. Now, you know
that we use a resilient modulus in place of elastic modulus in the pavement analysis. In
such case, resilient modulus of a granular material or soil material is stress dependent. Now
the question is, how to account for this stress dependent material property in the analysis
of pavement. So, we will solve this exercise using the KENLAYER software.

You have been already introduced to a stress dependent resilient modulus value
of the granular layer and soil layer by Professor Nivitha. Now, we will have a glance into
these equations and we will focus on the material properties so that we can use these
material properties in our analysis. So, you know that the granular layer and this soil layer
exhibit a stress dependent modulus and modulus of the granular layer can be given by this
expression.



E == k19k2

Here, E is the resilient modulus. So, when you measure the resilient modulus of a granular
layer for different stress invariant, you can see that the resilient modulus exhibits a straight-
line function when you plot it in a logarithmic scale. So, the constant, the intercept here is
called as k; and the slope of this line is k,. So, this value of k; and k, depend on the type
of the granular layer. So, you can see that for different types of granular layer, the k; value
varies from 1620 psi to 7210 psi and k, value is somewhere nearing 0.5. So, you can
determine this value of k; and k, by conducting a resilient modulus test in the laboratory
but, if you do not have such kind of a facility you can infer to the values of k, and k, from

this reference table.
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You can also see that the resilient modulus of a granular material increases when
the stress invariant increases. This is the resilient modulus of a granular material. But if
you see a resilient modulus of a fine-grained material or a soil value, it decreases with the
increase in deviatoric stress and you can also see that there is a two-stage slope curve for
resilient modulus of a soil layer. So, to define this resilient modulus of a soil layer as a
function of deviatoric stress, you need 4 constants k4, k,, ks and k,. The k; here, is the
resilient modulus value at a point of slope change, k, is the deviatoric stress value at a
point of slope change, k5 and k, are the two different slopes.



So, you can mathematically represent this line using these two equations given
here. So, again, you can determine the resilient modulus value in a laboratory for different
deviatoric stress and measure this constant k,, k,, k5 and k, for the analysis purpose. If
you do not have laboratory values, you can infer to this chart for different k,, k,, k5 and
k, values. So, you can see that the k4, k,, k53 and k, values vary depending on the type of
clayey soil. So, you have for 4 different clayey soils - very soft, soft, medium and a strip
clay, you have the material parameters listed here. You can also see that there is a minimum
value of k; and minimum value of resilient modulus is defined for different materials here.
So, we will see how to use these parameters in the analysis.
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So, KENLAYER uses this pressure dependent material property in the analysis and
it is called as nonlinear analysis. So, what exactly the nonlinear analysis in the
KENLAYER means is, we use this stress dependent material property in determination of
stresses and strains. So, this nonlinear analysis is carried out only for a granular layer and
a subgrade layer. So, when we determine stresses and strains at different locations, we get
3 normal stresses and these 3 normal stresses are going to depend on depth. So, if the depth
varies, the modulus at the depth is going to vary. So, in such case, the stresses and modulus
are interdependent parameters. So, what KENLAYER does is, it assumes the initial seed
modulus value and determines the stresses and back calculates the modulus value using the
equations that we have seen previously and so this process is iterated many times till the

solution converges. So, for this purpose, KENLAYER uses 3 different approaches.
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So, in the first approach, what it does is, the entire base layer is divided into small
sub layers. So, after dividing into small sub layers, the center point of each layer is defined
as a stress point. Now, knowing the seed modulus value, the normal stress value that is
01, 07,03 Or you can call it as oy, ,, 0, that is, normal stress at x, y and z direction can be
obtained So, you get the normal stress value from this and you can compute the modulus
value here and this process, you can iterate till the solution converges. So, in some cases,
for determining the stress invariant, you can also include the dead weight of the material
above where y which is the unit weight of the material at a depth at which we are interested
in (z) and k, is a passive earth pressure constant. So, you can see that the stress invariant
depends on the normal stress. Sometimes, these normal stresses can also be a negative
value. So, this negative normal stress occurs when you go deep below away from the
loading conditions. In such cases if you get a negative normal stress, that negative normal
stress value is adjusted to 0 value for determining the stress invariant in these conditions.
So, this is a first method.

(Refer Slide Time: 06:48)



KENLAYER — Nonlinear Analysis

* Method 1 »
E = K‘B .

=0 toytoy=o,+o,+o,
— N Y ‘ ‘

HMA =0, +0,+ 0, +yz(1 +2K;)

Base | Xw -
Base 2 X =

Buss % Swabm - l * Stress invariant is

s computed from three

Base S X J e

X7 . normal stresses

s * If any of the normal
stress is negative, it is

In the second approach, it is not divided into sub layer, the entire base layer is
considered as a single layer. So, now when you consider entire base layer as a single layer,
the next question is, at which point we are going to determine the stress and then the
modulus value. So, the second method uses a stress point as one fourth of the height of the
base layer. So, if h, is the height of the base layer, one fourth of the height of the base
layer is considered as a stress point for determining the modulus value. So, you assume a
seed modulus value, determine stress at these locations and then compute back the modulus
value and iterate this process. So, while doing this process here, since this point is very
near to the loading conditions, there may not be any chance for the negative normal
stresses. So, you do not need any kind of adjustment here. So, you can consider a normal
stress, even if it is a negative value, it may be a very small value. So, you can consider a
negative normal stress as such. So, since you have a negative normal stress compensating
on the vertical normal stress, we define a minimum modulus here. So, the minimum
modulus here, is defined as the K; parameter that we have seen for the granular layer. So,
the minimum modulus value is considered as K;. So, the modulus will never go less than
K;. So, this is the method 2 approach.
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In the method 3 approach, the stress point is considered as the midpoint of the
granular layer. In such conditions, the midpoint is away from the loading condition and so,
there can be a chance for a negative normal stress. So, you need to adjust the principal
stress values or normal stress value so as to avoid this negative value in the stress invariant.
So, this adjustment is carried out using a Mohr-Coulomb theory. So, you have a relation
here,

0, = 0, tan? (45 — g),

where, gy, is the horizontal stress, g, is the vertical stress and ¢ is defined as the cohesion
of the soil or cohesion of the granular material. So, when the ¢ is 0, you will get o}, = 0,,.
So, oy, is adjusted and then modulus is recalculated. So, this is the third approach which
the KENLAYER uses.
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Now, we will solve this numerical using the KENLAYER software. So, you have
a 3 layered structure as shown in the figure and it is subjected to a single wheel load and
with a pressure intensity of 75 psi and the diameter of the load application is 9 inch. So,
we will use inches and psi for the solution here. So, now we need to determine what is the
maximum tensile strain at the bottom of layer 1 - HMA layer and maximum compressive
strain at the top of layer 3 that is the subgrade layer. So, we will use method 1. So, method
1 is dividing the base course into multiple layers and determine stresses and strains at
critical locations. And method 2 is, we consider the second layer as 1 layer and determine
stresses and strains for the modulus determination is considered at upper quarter point of
layer 2.
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3.5 Figure P3.5 shows a three-layer system under a single-wheel load. Layer 1 is lincar clastic,
layers 2 and 3 nonlinear clastic. The loading.md matcrial propertics are
shown in the figure. With the use of KENLAYER, determine the maximum tensile strain
at the bottom of layer 1 and the maximum compressive strain at the top of layer 3 by
(a) method Tin which layer 2 is subdivided into two layers, cach 2 in. thick, and (b) ﬂh_o'd
2 in which layer 2 is considered as onc layer and the stress at the upper quarter point
of layer 2 is used to detcrmine E;. [Answer: (a) 1.02 X 1074,2.85 X 10 ; (b) 1.04 x
1074,2.85 x 1074
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FIGURE P3.5

And so, when we go for this non-linear analysis, when you open a new file in the
KENLAYER software, you will have the general menu option. When you click on this
general menu options, this is what the information we have to give. So, type of material
here is non-linear. This is called as non-linear analysis because we use the modulus as a
stress dependent modulus. And so, we select 2 here and we do not perform any damage
analysis here, so, we will keep this as 0, number of periods per year is 1, number of load
group is also 1, we are not doing a multi group and a multi load analysis here. So, we will
keep it as 1. Number of layers here, it is a 3 layered structure. But we divide the base layer
into small layer. Let us divide the base layer with each layer of 2-inch thickness. So, the
total thickness of the layer is 4 inch, we will divide into 2 layers each of 2-inch thickness.
So, you will have 2 base layers, 1 HMA layer and 1 sub-grade layer, so total layers will be
4 layers here. Number of z coordinate for analysis, one is for fatigue strain corresponding
to the fatigue damage, another is strain corresponding to rutting on the subgrade layer. So,
you have 2 z coordinate for the analysis. So, these iterations, numerical integration, type
of response, interface bounded and number of layers at the bottom tension and top
compression this you are already aware of it.
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File |General | Zcoord Layer Interface Mod oad Nonlinear oelast
ex}Sam:nwl nput  defauk ot nput  nput detault defauk

General Information of LAYERINP for Set No. 1
[TITLE] fex

fTypo Jﬁi’e’vi&‘ﬁ'—iﬁ&‘:;:‘"‘ jscoelastic, d=combined)  (MATL)| 27 |
Duuoo analysis [0=no, 1=yes summary only, 2=yes with detatiled printout) (NDAMA] n ~ a0
Nlnbo'olpcmodlpmn. [NPYI l/ |
Nlnbcv of load groups (NLG]I 'l s |
I 0 for I integrati D 000
Number of layers (13 l
Number of Z coordinates for analysis N2) 27 |
Maximum cycles of ical integrati acL)| so~ |
Tm of responses (1=displacements only, S=plus stresses, S=plus strains) INSIDI 9 - |
Al layer interfaces bonded (1=yes, O=if some are fnctionless) INBUNDI I v |
Number of layers for bottom tension lNL"l 1 7
Number of layers for top compression INI.'CI 1 e
"Syxle- of units (0=English, 1=51) INUNIII 0

(1) This form appears when the ‘General’ on the Main Menu of LAYERINP is chicked. You can
override any of the default values by typing in a new value. You can use the Tab key to move the cursor
from one textbox to the next or just click on the textbox before typing. The use of click has the
advantage that you don't have to delete the default before typing in the data you want. Ilmmlo
read the remaining text, you can use the scrollbar. You can also use the PgDn key alter clicking this
textbox to make it active.

12] TITLE (title of run): Any title or comment can be typed on one line. The title should not be longer
than 68 characters including spaces. If you make a mistake in typing. use the Del key to erase any
typographical erors. When the total length reaches 68. no additional characters can be added. No
comma should be used in TITLE. Unm-“mﬂ.

(3) MATL (types of l): 1 when all lagers are linear elastic, 2 when some lagers are nonfinear

So, we will move to the next input - z coordinate. So, we are given 2 z-coordinates,
one is at the top of subgrade layer. So, top of a subgrade layer which is nothing but 12
inches, so | have just given 12.0001, so that, the point exactly lies on the subgrade layer
not at the interface and the other one is z is 8 inches which is at the bottom of the asphalt
layer.
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e
ex3 5anonsi done D delo ot nput ot detadt et
B3 Z Coordinates of Response Points for Data Set No. 1 == (u] X
Unit in
Point No. 2C (1) This form appears when the Zcoord” menu on the
e 7 Main Menu of LAYERINP is clicked.  The number of Z
120001 |coordinates on this form is equal to NZ. as specified in the
= ‘General’ menu. This form is different from the one used for
General Information n Ihd a dollod mcl-#a nsl-od nl the
cursor, is used to
{rectangle is not t ~9in—|
key to move the Sps |
inpul, or more co
[\ you e LR
changed into a Ul
the Enter key o £, - 50000 ps v-0ss y = 1S pet
should not click ook
[otherwise the do g, . 10000 0** v=03  Kow06 y=135pef
chck. v
""L?.L'Z.C’l:l";t Soft clay shown {" 4 ¥ = 130 pet
interface betwee 18 Fisic 36 E-D':ﬁ
upper layer. If th .
desiwed, ashghty, . . . ... __, e,
should be used.
(3) After typing in the data in the fust cell, move to the
next cell by pressing the Enter or arrow down key.

Use <Ctrl>-<Del> to delete a line. <Ctrl>~<Ins> to insert a line. and <Del> to clear a cell.

Now, the next input is the layer input which is the thickness of different layers. So,
8 inch first layer and the second and third layer are base layers. So, we divided into 2 inch,
2 inch each. So, the 4 inch base layer is divided into 2 layers and the third layer is of
infinite thickness. So, you have an infinite thickness here already defined. Poisson's ratio



of the first layer is 0.45. Second layer and third layers are base layer and its Poisson's ratio
is 0.3 and the fourth layer is a subgrade soil layer that has a Poisson's ratio of 0.4. So, y
here is defined as the density which is Ib/ft® values. So, the gamma value which is given
in the numerical are given as input here for determining the self-weight of the material.
And this self-weight of the material will be used in the computation of the stress invariant.
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ex35anonsi done  done u npt  nput  input default default

B3 Layer Thickness, Poisson'’s Ratio and Unit Weight for Data Set No. 1 == a X

After typing the value in a cell, be sure to press the Enter key to make it effective

Unit

Layer No. TH |PR | GaM

=9
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TR R (i
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R« o L AN —
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Use <Ctrl>-<Del> to delete a line. <Ctrl>-<Ins> to SonAl

(1) This form appears when the ‘Layer' menu on the Main Menu of LAYERINP is clicked. The number
of layers on this form is equal to NL, as specified in the ‘General’ menu. This form is different from the
one used for General Information in that a dotted rectangle, instead of the cursor, is used to indicate the
active cell. If the dotted rectangle is not the location for input. you can use the arrow key to move the
dotted rectangle to the cell you want to input. or more conveniently by clicking the cell you want. After
you type in the data, the dotted rectangle will be changed into a thiee dimensional box and you must
press the Enter key to make it effective. You can also use the up and down arow keys to make the
entry effective. Note that the dotted rectangle is now in the upper left cell, so you can type in the data
right away. If you want to read the remaining text and use the PgDn key. instead of the scrollbar, you

So, now, next input is the modulus value. So, now when you see the modulus
value, we have used only one period here. When you click on this, you will get the modulus
value. Now, if you see the modulus value, we used the modulus E; as the modulus of the
asphalt layer. This asphalt layer is going to be an elastic layer with the same elastic
modulus and it is only one value. Now if you consider the base course, now this is the
resilient modulus value and it is a stress dependent resilient modulus and it is defined by
this equation here. So, this equation says k; value is equal to 10,000 psi and k, value is
equal to 0.5. Now, we need a seed modulus value, you can assume any seed modulus value
for base layer. So, you have two base layers of 2 inch thickness. So, | have just given two
different modulus values as seed modulus values. So, likewise you can take some other
seed modulus value for the soil layer also. So, the soil is also considered to have a stress
dependent modulus value. So, here it is given that we use a soft clay, | just assume some
seed value modulus here to be 5000 psi for determination of stresses and strains.
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ex3S5anons done  done done  delouk rout deladk delad

Pl ) | J J | |

o

| | | | | J

3 Layer Moduli for Period No. 1 and Data Set No. 1 - (=] x |
I K = |v,000
1

(1) This form appears when the period button on the
Layer Modulus of Each Period is chicked. The number of
layers on this form is equal to NL, as specified in the
‘General’ menu
(2) E (elastic modulus of cach layer) Use as the assumed |
modulus for the first iteration when the layer i
mote convensent. you can entes the moduhss | D=}
form such as 1.234ES. Assign 0 or any value Spsi |
viscoelastic layer
(3) After typing the data in the fiust cell, m D
coll by pressing the Enter or arow down key.
cell is filled, be sure to chick the Enter key gin.
(4) You can deleto a kine, or one layer, by ;= 500,000 psi v =045 y = MSped
anywhere on the line to moke it active and th ————— a1
<Cub-<Del> keys. The NL in the ‘general’ m
teduced automatic 1

LL"'S

Ey= 100000/ y=03 Ko=06 y=I135pef hm,
(5) You can add a new line, of one more la  ——————— v 1

y =130 pet I
appeat o1 you 1o enter the necessary data. 1 18 Figure 36 . 1S
A " ’ K, =08

Use <CtrI>-<Del> to delete a line. <Ctrl>-<Ins> to insert a line. and <Del> to clear a cell.

So, once you give the modulus value, the next input is the load parameter. So now,
we have a single wheel load. So, single wheel single axle is defined by load group O,
contact pressure is 75 psi and contact radius is 9 by 2 which is 4.5 inches. Since it is a
single axle single wheel, there is YW to be O as there is only one wheel. So, centre to
centre distance between two wheels is 0, centre to centre distance between two axles is 0.
So, we are interested in determining stresses and strain exactly at the centre of loading. So,
you just click on this NR and give this input RC to be 0 which defines the centre of the
pointer.

So, we define a stress value, we need to find out the critical stress values at the
interface of two layers. But to compute this stress value, you need a modulus value. These
modulus values are computed using the first method that is by dividing this sub base course
into two layers each of 2 inch thickness and the mid of each layer is defined as a stress
point and the modulus value are determined in the mid of this layer. So, now the next input
is the nonlinear input which is something very new to you.
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ex35anonsi done  done done defad  done MEI delak  delak

3 Load Information for Data Set No. 1 = o X

Double click anywhere on a line to get auxiliary form for NR or NPT

Unit
€3 Radial Coondinates of Response Points for Load Group No. 1 of Data Set N

in
53

P —
|NR o NP
454 1

[ Load Group No [ LOAD 53 [yw [xw
110/ 5/ L [

[0 Thes sumihony fovm o01
|2 grven load 1t typed on the
|poviously. you can also ents
chehing the maun lorm arvymd
|mstead of Nt to o
| 121 RC frakal distances.
anabe ol

Use <Cu>-<Del> to delete a line. <Ctrl>-<Ins> to insert a line, and <Del> to clear a cell

(1) This form appears when the ‘Load’ menu on the Main Menu of LAYERINP is chcked. The number

of ines, or load groups, is equal to NLG, as specilied in the ‘General’ menu. Please reler to Fiowe 38

for wheel and axle annangements lo—9 in—e{
(2) LOAD (type of loading): Assign 0 for single axle with single twe, 1 | 75ps |

for tandem axles. and 3 for tndem axles )
(3) CR (contact radius of circular loaded ares)
(4) CP [contact pressure on circular loaded ares). . ¢ -
(5) YW [center to center spacing between two dual wheels along the y |

one wheel or LOAD « 0. £y = 500,000 psi - 045 y = WS pet 8in.
(6) XW [center to center spacing between two axles along the x axis) e =?

exists, i.e. LOAD = 0 or 1.
(7) NR (number of radial coordinates to be analyzed under a single whi  Eg= 100008 _ _ 4=03  K.=06 y=135pcf #Jm

=2

=130
b sl v pet

in Figure 36 o8 -

e | Soft clay shown 1

So, in the nonlinear input if you click, you will get these options, general relaxation,
non seasonal input, seasonal input and Mohr-Coulomb theory input. So, when you click
on this general input, this is the information you have to give in for the analysis. One is
number of nonlinear layers. So, how many number of nonlinear layers we have? We have
two base course and one subgrade layer. So, you have number of layers to be 3, maximum
number of iterations as this modulus is computed based on the iterations. So, maximum
number is restricted to 15 and tolerance for numerical analysis is 0.01.

So, now these radial coordinates, x coordinate and y coordinate values and slope of
load distribution is defined in this figure. So, now assume like this is the radius of the load,
as of now, this is 4.5 inch. So, now, the point at the top surface will get transferred at any
depth z depending on the slope of load distributions. So, if you define the slope of load
distributions, you can find out what exactly is the radius, x and y coordinate at any depth
using these equations for r, x and y. So, you need the parameter to be defined here, what
is ZCNOL or what is the slope value, what is the radius value, what is the x and y value, x
and y is applicable in case if you have a 2-wheel loads. So, for this input, we assume that
the slope here is 0 and we will give all these inputs to be 0. Since slope is 0 the capital R
will match with the small r value here. We do not have x and y here because it is only a
single axle single wheel.

(Refer Slide Time: 18:30)



@ DataSet1(" DataSet2( DataSetd " DataSetd
Ye: No

No No

dore  delauk dore dore rout :‘

"“’::5“5 Save | SaveAs £ | |

delad

e

e D S

| Nonsessonsl Sessonal M he ) T = TeR
done delouk rout nout " Use delouk K * Donot use delak for
' o o 10 rout for clay 0 ot use -vu 3 s 125 35
Nonlinear General Information for Data Set No. 1 § : ; ::
T o 51 1o000000] 4 120
Maximum numbor of erations TENDL) 15 7/
Radial coordinate for nonkinear analysis in in (RCNOL) | 0
coordinato for nonlinear analsis in in DXPTNOL) | o I3
Y cootdinate for nonkinear analysis in in YPINOL) o
leope of load distribution (5LD) 0 ““‘\OCLL
[Tolerance for nonlinear analysis (DELNOL) 001 | “'m"OL
(1) This form appears when the ‘General' menu on the Nonknear Lagers Monu is chcked  There are ”=4 S' v
geven enties on this form. You may went lo sefer o Figwe e 3.7 fon the location of siress poind. which is
the point in each nonlinear layer for computing ¢ -
(2) Tho dofoult NOLAY is 1 which may need to bo changed, as indicated in red. NOLAY is kmited to \SLD
12. You can ype in the new value of NDLAY in the textbox # it is more than 1. You can use the Tab L
key 1o move the cursor 10 the textbox where you want 10 make the change, or just chck on the textbox d ZONOL
belore typing in the value you want \
(3) Always use the defaults of 15 for ITENOL and 0.01 for DELNOL. It is assumed that the moduli et
will converge to a tolerance of 1X priot to 10 iterations. If the results converge but the execution stops | Noaliawsr Layer
at 15 iterations, o larger ITENOL may be 10 insure that the deswed accuracy i oblained I the e S e
results do not converge at all, a smaller factor, say 0.25 instead of 0. .Mhuud B . q
lll Faumﬂo area. il only the maximum stiesses, strains, and e roquued. the nxory
be center of the avea with HCNOL = 0 |
uusu) n Ilmmmm as the deflection basin under a cucular area are requied.
mmu“?-umt lMa-huﬂndb:dm.‘:sm-&ﬁi ——_ This is
based on the general assumption thal, starting at the edge loaded area, 1 distnbuted
downward at a slope of 0.5 For multiple wheel loads, a point between the center of two dusls with 7 = RCNOL + (SLD)(ZCNOL)v
XPTNOL = nm = YW/2. and SLD = 0 is suggested. s
x = XPTNOL + (SLD)(ZCNOL) .
¥ = YPINOL + (SLD)(ZCNOL)/

So, once the general input is done, the next one is the relaxation input. This
relaxation input is a factor used for the convergence of the modulus value and the default
value is given as 0.5. You can use the same default value.
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ot O Use defauk input flor clay

@ Do ot use default nput for clay

& Relaxation factor of Each Period for Data Set No. 1

= o X

on the Main Menu of LAYERIN

elastic modulus.

cause the moduk to diverge

{1) This form appears when the Telaxation’ menu on the

Nonknear Layers Menu is chcked The number of periods on

this form is equal 1o NPY. as specified in the ‘General” menu
P

(2) RELAX (relaxation factor for nonkinear analysis): The
use of relaxation factor is to ensure the convergence of
A default of 0.5 it suggested. However, if
the rosults for a given period diverge, a smaller relaxation
factor, usually one half of the initial value, say 0.25, should
be used for that period. Usually & weak foundation will

(3) After typing in the data in the fiest cell, move to the
next cell by pressing the Enter or arow down key. After the
last cell is filled, be sure to chck the Enter key.

(4) You can delete a line. or one period, by fust chicking
anywhete on the ne to make # active and then press the
<Clib<Deb>. The NPY in the ‘General’ menu will be
ieduced automatic ally

meny nciease
want o add a line after the last ine. ’-cnm
Use <Ctrl>-<Del> to delete a line. <Cirl>-<Ins> to insert a line. and <Del> to clear a cell.

The next input from the modulus is the non-seasonal input in which we define the
constants here. In the non-seasonal input, so you have parameters here, we define the layer
number. So, second layer, third layer and fourth layer are non-linear layers. So, for second
layer, now the value at which we need to find out stress is exactly 8+1 inch which is 9 inch.
So, second layer is 8+2+1 which is 11 inches. So, the value where the modulus to be
determined is the for the first layer, it is 9 inch, for the second layer it is 11 inch and for



the subgrade layer, it is 1 inch below the interface. So, it is 4+8+1, so it is 13 inch. So,
now, whether to define whether it is a fine grained soil or a granular layer, we use this
NCLAY. So, if you give NCLAY to be 0, it represents the granular material. 1f you give
NCLAY to be 1, it represents the clayey soil or a fine grained soil. So, now, when you click
on this NCLAY value, you will get these parameters that is non-seasonal input parameter,
that is the value of k, which is nothing but the slope of a resilient modulus value and we
have seen that this value was close to 0.5. So, by default, this value will be taken as 0.5. If
you have any other number other than this 0.5, based on the experimental results, you can
use those numbers here and k,, is the earth pressure constant and in the numerical values it
is given as 0.6. So, we use the same number over here, 0.6. Now, for NCLAY which is a
fine grained soil, you will have 4 constants that is the excluding k;, you will have k,, k5,
k4. So, for all these 4 constants values, these are the default values which is used here and
the earth pressure constant for the clay soil is taken as 0.8. So, these are the non-seasonal
input which is going to be same for any number of periods. So, the value of k1 is dependent
on the period.

(Refer Slide Time: 21:10)

'
|
dorm  drm delad  dre  Sore ‘..g Selns

@ DataSet) © DotaSe2C DataSet3 © DaaSd DoaSes  cove Save A (]
. No No N3 N —_— ) =

dre ..1 " Use defat rput bor clay ® Do rof uoe default rout bor cay

B3 Norseasonal Infoomation for Data Set No 1 Nomsomona ot Parametons Sor Lager No. 2 iranier) and Outa Set No. 1

Double click anywhore on o Mee 10 Got aualirny 10/ Kok et i pais sk aIra
Comu wrt od earh mesvae o wet L L

111 Then iy S s st ally sthm NELAY wthen un | o0 tppend o e s fovm e
o g e s o s nben Bhen iy b by e b o s bowm g o B

Use <Cur>-<Deol> to delote a line, <Cr>-<lns) 10 inBugmsemons rout Twmmetnn o Ly Mo & iy and Dota Set N 1
[7711) Thes maen foem appeses whon the Nonseatonsl merms on Devse s o beask o o clay o g [0 %3
[ The resmbes of beves, o sequence. it equal 10 NOLAY. 28 55008 Sluge when drvtor sionss smelios Sham 1.2 L L)
(%] anwtnnbudhmh”ndmug-.ﬁ_m-..,.—“u w9 in
(3) ZONOL [z coondmate of powts bie comgutng elastic ol earh resvae o et " es =
pont 0 a nonkewe can be wied lor computng clastc mod
Cowdnate o the meddeph of each Lapes be uied eucept for B (1) 10 iy hom appe s automate ally shen NCL
{osbgiade be esed eyl s s €0l Do ey nm Ly Snds
4) NCLAY Rype of menliensr lager] assign 0 lor grammdae P e
[ et At et A weres A Mk R Foto] oo o prosed. B pus SR et ® O Nl
36 and proveded ar doladts d e cpteon button -“-r(-! e completon. cheh O Yo Tl
wreen .
15) You cam debete any fme o soguence by st ciching any ’ \
X

So, we have defined here only 1 period. So, we will give the seasonal input here for only
1 period and we have 3 layers. So, you can give the input for all 3 layers. So, when you
click layer 2, second layer, so you have to give the value of k;. So, the k, value as per
numerical, it is 10000 psi and you also define a minimum value of k,. So, minimum value
of ¢ represents the minimum value of k; which is taken as 0 here. So, this is for the
granular layer. Now, for a fine-grained soil or a clayey soil, now that is a layer four
subgrade soil, you give what type of clay it is. So, for very soft from very soft medium
and stiff clay, the number here defines what type of clay ranging from very soft, medium



and stiff clay. So, you go from 1, 2, 3 and 4 here. So, you give it is a soft clay. So, when
you click on the soft clay, these are the minimum parameters used. So, you already saw
that you have a minimum value defined for a soft clay, maximum value defined for the soft
clay and k; value used for the soft clay, we give that as input parameters, you can also get
these parameters value from the experimental results. So, once you give this parameter,
your non-linear input is done.
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So, after giving this, just save and exit out of this main menu options and you run
this program using the KENLAYER. When you compile it, so, you will get the screen
something like this once the compilation is completed. So, this is the number of iterations
which was taken to compute the modulus value at subgrade layer and the base layer.
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LAYER ¥O
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Your text cutput is stored im o file called C \KENPAVE \ex) Sencasi TXT You
ican click the EDITOR buttom to open the file for inspecticn

PREVIODS
1 760E+0

ELASTIC MODULUS AND NEV MOOULUS
&1 797E+00 4 +03 7 409E+0

N0 OF INTEGRATION CY

S ELASTIC MOOUL
¢ 1 BISEeD¢ ¢

OF INTEGRATION CYCLES IC- 9

PREVIOUS ELASTIC MODULUS AND NEV MOOULUS ARE
45SEe03 7 476E«03

So, once the compilation is over, you will get the graphical representation of the
results. So, this you can see that in plan and in elevations. The elevation of the section looks
like this. So, you have different modulus, what you have assumed, different depth what
you have assumed and the modulus value computed and also the input parameters are given

here.
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L
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Load Group No. 1

Contact Radius = 4.5 in.

Contact Pressure = 75 psi

* Response points
*Stress points for
nonlinear layers

E = 500000 pst PR = 0.45 CAM = 145 pof

8 Kl = 10000 psi X2 =05 PR =03

PHI = 0 KO = 0.6 GAM = 135 pof

iK1 = 10000 psi K2 = 0.5 PR =~ 0.3

PHI =0 KO = 0.6 GAM = 135 pof

1 a2 = 3020 psi PR = 0.4
n DON = 1827 psi DOAX = 7682 psi K2 = 6.2 pei

XO = 0.8 GAM = 130 pef

K3 = 1110 X4 = 178

.' SO =

The results can be viewed as a text file and you can see that the modulus value of
the second layer was computed to be 2.017E4 psi and the third layer it is 1.831E4. So, you
know that second layer and third layer, both layers are the base layer. So, depending on the
stress point you consider, the modulus values here are different. Fourth layer is a subgrade



layer and the modulus of the subgrade layer after iterations was found out to be this. So,
this modulus was computed at the locations of 9 inch, 11 inch and 13 inch and the normal
stress computed at these locations is given here. So, at the second layer exactly which is at
the 9 inch, this is the modulus value computed, you can see 3 normal stresses. So, you can
see that these normal stresses value have a negative value. So, we said that negative value
will be adjusted to 0 in computation of the modulus value. So, the negative values were
adjusted to O for the computation of the modulus value. So, this is how the iteration goes
on. And finally, once the result converges for the tolerance value, we mentioned, you will
get the results of modulus at different locations. So, for this computed modulus, we have
given two critical locations one is at the interface of asphalt layer and the base layer and
second one is at the interface of base layer and subgrade layer. So, you will get the critical
stresses. So, you can see that at the interface, a tensile stress is going to control the fatigue
damage which is this ¢; value -1.024E-4, this is your critical stress which is going to control
the fatigue damage at the asphalt layer. Now, rutting on the subgrade layer is controlled by
&, Which is vertical compressive strain at the top of the subgrade layer. So, these are the
critical strains for this computed modulus. So, it is clear that these values depend on the
modulus value. So, this process is iterated to compute the modulus value. So, we have to
keep in mind that the modulus is determined at different locations. So, you get the stress at
those points first and then modulus is computed from the determined stress. So, till this
process is iterated till the solution converges.
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So, now, second part of the problem is by using a method 2 that is considering the
base course as a single layer and considering the stress point to be at the upper quarter of
the base layer. So, you have total 4 inch thickness. Now, from the base layer, you take 1
inch thickness and determine the modulus value at this point and further determine o, &,
and ¢, at two different locations. So, for these conditions, these are going to be your input.
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3.5 Figure P3.5 shows & threc-layer system under a single-wheel load. Layer 1 is lincar clastic,
layers 2 and 3 nonlincar clastic. The loading, thicknesses, and material propertics arc
shown in the figure. With the use of KENLAYER, determine the maximum tensile strain
at the bottom of layer 1 and the maximum compressive strain at the top of Jayer 3 by
(a) method 1 in which layer 2 is subdivided into two layers, cach 2 in. thick, and (b) method
2 in_which layer 2 is considered as one layer and the stress at the upper quarter point
of layer 2 is used 1o determine Es [Answer: () 1.02 X 107,285 x 107 (b) 1.04 x

107%,2.85 x 107%)
—9 in—{
Sps |
Ey = 500,000 psi v =045 y = 145 pet L“
oob: = ? l
Ey = 10,000 8" » 203  Ko=06 y=135pcS Taia.
: 4 3
=?
Soft clay shown i" ' y = 130 pef I
in Figure 36 » =04 1
K,=08
FIGURE P35

So, for the general information, we take the type of material to be non-linear.
Damage analysis as of now we are not doing, so 0. Number of period and number of load
group each is 1, tolerance of numerical integration, we keep it as the same as a default
value. Now, number of layers is 3. In the previous case, we took it as 4 because we divided
the base course into two sub layers. Here, base course is considered as a single layer. So,
we take the number of layers to be 3 alone and number of z coordinates for the analysis is
2, 1 at the first interface and the second at the second interface. So, maximum number of
integration - default value. So, this is the general information.
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General Information of LAYERINP for Set No. 1

TITLE| [Ex3 Sb I
[Type of material (1-lincar, 2-nonlincar, 3-viscoelastic, 4=combned) MATL)| l :
Duoon analysis (0«no, 1=ges with n--y only, 2«yes with detatiled printout) [NOAIAI .
Nm of perods per year [NPYI ns :
_Nl.becolloodwouu (NLGI l v
Tolerance for numerical integiation (DEL) 0.001/] )
Number of layers (NL) 3 -~ (119 I
Number of Z coordinates for analysiz N2)| 2/
Maxi cycles ol ical integration ocy) 807
Type of resp (1 =displ only. Sephus 9-plus strains) (NSTD)| 9~

All lager interfaces bonded (1-yes, 0~if some are fictionless) (NBONDI l,
Number of layers fot bottom tension INLBTI l -
Number of lagers for top compression I'NUCI l -
Syxlc- of units (O=Englsh, 1-51) INUNlTI 0/

(1) This form appears when the ‘General’ on the Main Menu of LAYERINP is chicked. You can
overnide any of the delault values by typing in a new value. You can use the Tab key to move the cursor
from one textbox to the next or just click on the textbox before typing. The use of chick has the
advantage that you dont have to delete the default before typing in the data you want. llmmlo
read the remaining text. you can use the scrollbar. You can also use the PgDn key after chcking this
textbox to make #t active.
mgllll&mdmtmﬂoum”hwmmh The title should not be longer

llm-d-oﬁ&nnbm.whodlqhuuon

typographical enrors. 'When the total length reaches 68, no additional chatacters can be added. No
comma should be used in TITLE. llned-ucn-ad. \ :
(3) MATL (types of material): 1 when all layers are linear elastic. 2 when some layers ate nonkinear 4

Followed by the general information, we give z coordinate that is the point where
we need a critical stress and strain, one is at 8 inch from the top, another is second interface
which is 12 inch from the top. So, it is 12.001 inch.
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General Information in that a dotted rectangle. nitead of the
cursor, it uted to indicate the active cell. If the dotted
rectangle 11 not the location for mput, you can use the amow
key to move the dotted rectangle to the cell you want to
mput, or more conversently by chckung the coll you want
Alter you type in the data. the dotted rectangle wil be

o a thiee dmenmonal box and you must press
the Enter key to make # effective. You can al1o ute the up
and down atow key: to make the entry effective. You
should not clck the other cell before pressing the Enter key,
otherwite the data you have typed will move to the cell you
chck.

g
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upper lager. If the results at the top of lower
a—a..mu-.-zm say 0.0001 kuger,
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Use <Cul>-<Del> to delete a line, <Cirl>-<Ins> to insert a line. and <Del> to clear a cell.

So, layer input, same as the previous case, you have thickness of different layer but
the second layer, base course is not split into two it is considered as a one single layer. So,
you have 4 inch thickness. So, otherwise the Poisson's ratio and the y values are same as
the previous condition.
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Aftor typing the value in a cell, be sure to press the Enter key to make #t effective

Use <Cul>-<Del> to delete a line. <Cirl>-<ins> to insert a ine. and <Del> to cloar a cell

[ (1) Thes foem apposes whon the Lager” menu on the Man Monw of LAYERINP & cickod  The rumber
of lagers on thes foem ix oqual to NL. a1 speciied n the Goneal’ menu.  Tha fomm is &iferent lrom the
|ome uted for Geneeal Ik in that & dotted fo. nitead of the cursce. 1t used to mdicate the

So, when you go to the moduli value, we define only one period and you can assume
the modulus value again except first layer, the second and the third layer are a seed modulus
which is assumed. You can assume to any nearest number.
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So, once the modulus input is done, the load input is same as the previous type, we
give 0 load category as it is a single axle single wheel, contact radius is 4.5 inch, contact
pressure is 75 psi and YW is 0 because there is only one axle and one wheel XW is also 0,
NR is given as 1 and it is exactly at the center of loading. So, RC value is 0.
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Use <Cub>-<Del> to delete a line, <Cirl>-<ing> to insert a line, and <Del> to clear a cell
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So, once the load input is given, next input is the non-linear input. In the non-linear
general input, the number of non-linear layers is only 2. In a previous case we kept the
number of non-linear layers to be 3 because we divided the base layer into 2. So, here,
number of non-linear layers is only 2. Maximum number of iterations we will keep it as a
default value and other parameters are same as that was explained previously.

(Refer Slide Time: 29:28)

delost ot rou & Ue delauk rput fox clay " Do not use Selauk gt for clay

Nonlinear General Information for Data Set No. 1

Nusber of nonlinear layers NOLAY)| (A— |

Moximum number of itesations (TENOL) 157

Radial coordnate for nonkinear analysis in n. (RCNOL) :n |

X coordinate for nonkneat analytis n n. PPINOL) | 0 oK
'Y coordinate for nonknoar analysis i in. (YPINOL) 0 —
Slope of load distrbution (5LD) o

Tolerance lor nonknear analysis (DELNOL) 0.01

(1) Thes lorm appeacs when the ‘General’ menu on the Nonknear Layers Menu is chicked. There are
soven entries on thes form. You may want to refer to Figure 3.7 for the location of stress posnt, which is
the point in each nonkinea layer for computing the modulus

[2) The default NOLAY is 1 which may noed to be changed. as indicated in red. NOLAY iz kmsted to

So, in the non-seasonal input, you have layer number 2 and layer number 3. Layer
number 2, the depth at which we determine the modulus value is at the upper quarter. So,
it is 8 inch and upper quarter is 2 inch. So, it is 8+2, 10 inch and at the subgrade layer, 1
inch below the interface, it is 13 inch. So, this is a value here is 13 inch. So, granular layer



NCLAY, you give it as 0 and soil subgrade layer you give it as 1 and the corresponding
input for granular layer, that is constant k, and earth pressure constant are given as defined
in the previous cases. So, you keep in mind you have only 2 layers here. So, for the seasonal
input, that is for defining a k,value and for the minimum k; value, it is same as defined
earlier, but the thing is you have only 2 layers here and in the previous case, we had 3
layers.
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So, now, once you complete this input and compile the program this is the result
you will get. So, a total of 6 number of iterations were made to compute the modulus value.
So, these are the modulus values of the base layer and sub base layer at a computed depth
and you can see that these are the values of normal stress you get. These normal stress
value if you have a negative number are adjusted to 0 and the modulus values are computed
at these specific locations. So, for these modulus values we determine critical stresses and
strains. So, &; which is critical is this value -1.025E-4 which is same as your previous case
and here vertical stress at the top of a sub grade is 2.861E-4 which is also nearing to the
previous case that we determined. So, in a non-linear analysis to account for the stress
dependent modulus value, we use the iteration process, we first give a seed value of a
modulus, use the iteration process until the result converges and finally, we get the modulus
at different depths and that modulus is further used in determining stresses and strain at
critical locations.
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. This figure shows the influence of the stress dependent material on the critical
stresses, that is the tensile strain at the bottom of the HMA layer and the compressive strain
at the top of the subgrade layer. So, this computation is made for the pavement thickness
as shown here. So, h, is considered as two different values, one is 2 inch thickness, another
is 8 inch thickness, h, is considered as 12 inch thickness. So, the value of h, is considered
to be stress dependent and the equation is given here, 80008°>, E; value is also considered
as an elastic material. So, E; is elastic, E5 is elastic and E, is considered to be a stress
dependent material. In such case, when you vary the pressure intensity, you can see that
the tensile strain and the vertical compressive strain increasing with the load value.

And you can also see that when the thickness of the HMA layer is thin that is for
a 2 inch thickness, you can see that the influence of non-linearity of this case and this case
is more pronounced compared to the thick asphalt layer. So, this is the same case even here
when the layer thickness is small, the non-linearity influence is more pronounced when
compared to the thick asphalt layer here. So, we can see that the stress dependent modulus
value is more influential in case if you provide a thin asphalt pavement compared to the
thick asphalt pavement and this value increases when the load value increases. So, that is
what we see here the difference is more for a higher load category compared to the lower
value.

(Refer Slide Time: 34:15)
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FIGURE 3.30

Effcct of wheel icads on nonliscar responses (L in. = 254 mm, | pai = 69kPa).

So, we have seen how the stress dependent modulus value influences the critical
stresses and strains. In the next lecture, we will see damage analysis and how to do damage
analysis using the KENLAYER software. Thank you so much.



