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Damage Analysis

* Damage considered are

— Fatigue damage in HMA layer-~
* Tensile strain at the bottom of HMA layer

— Rutting in Subgrade layer-~

* Vertical strain at the top of subgrade layer

Welcome back, in this lecture, we will see how to do a damage analysis using KENLAYER

software. We have already been introduced to a damage analysis here. Damage analysis is

carried out for two different damages on the pavement, one is the fatigue damage that occurs in a

HMA layer and we can say that the tensile strain at the bottom of an asphalt layer induces this

fatigue damage and this is the result of a fatigue damage you can see on the top image. And this

second damage analysis is rutting in a subgrade layer and we know that the vertical strain at the

top of a subgrade layer induces this rutting. So, this depression is a consequence of a subgrade

rutting. You can see the subsequent layer ruts and you will see something like a permanent

deformation on the subgrade layer. So, if you want to analyze this damage or how this damage

progresses with the number of repetitions, this damage analysis will be helpful for this.
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Damage Analysis &~ fem
& ‘7[,‘“-.,\6

n,;; - Predicted number of load repetition

N;; - Allowable number of load repetition

N = filed BBV L

Ng = ]ﬁtx(f_c)_f5

D, — Damage ratio

1/D, — Design life

We are familiar with this equation where D; is a damage ratio, which is nothing but the ratio of a
predicted number of load repetitions by the allowable number of load repetitions. So, the
predicted number of load repetitions can be grouped for different classes of load, that class can
be differentiated based on axle type and load group and different periods. The period can be one
month or year or any specific period in which we are interested.

P m

So, now this n;; is computed from the traffic data, and N;; is computed from the structural

capacity here. So, the damage ratio can be computed for any given period and this damage ratio

can be used to check how these damages progress with different periods. So, now if let us focus



on the denominator value n;;. So, how this n;; is computed is, we need critical stresses and strain
that cause the specific damage and we know that fatigue damage is caused by &, which is a
tensile strain at the bottom of an asphalt layer, and e, with this vertical compressive strain at the
top of a subgrade layer induces rutting in the subgrade layer. So, you have two damage analyses
performed simultaneously, one is related to fatigue damage and the other is related to rutting. So,
the fatigue damage of the HMA layer and rutting of the subgrade layer. So, the strains are

related to the number of repetitions.

Ne =1; (e) ™2 (E))™
Ng =1f, (g.)7s

N¢ is a function of &, and you have three different constants here f;, f,, f3 and E; here is a
modulus of a layer. You also know what are the values of f;, f,, f3 for different standards. For
example, the asphalt institute method has different values of fy, f,, f3, and | have presented
different values of fi, f,, f3 and these values have already been introduced to you by Professor
Neethu Roy. So, now Ny which is nothing but the number of repetitions of a standard axle

corresponding to €. So, this Ny corresponds to rutting damage.

For any given load value, you can compute €. and for any given period, you can compute these
N¢ and N4 values. Once you know this value, the damage ratio can be computed using these
expressions. Knowing the damage ratio value, the inverse of the damage ratio gives you the
design life of the pavement.
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Figure P3.6 shows a three-layer system under a set of dual-wheel loads. Layers 1 and 3 are
linear elastic, layer 2 nonlinear elastic. The loading, thicknesses, and material properties
arc shown in the figurc. The stresscs at the upper quarter of layer 2 botween the two
wheels are used to evaluate E,. The maximum tensile strain at the bottom of layer 1 and
the maximum compressive strain at the top of layer 3 are determined by comparing the
results at three locations: one under the center of one wheel, one under the edge of one
wheel, and the other at the center between two wheels. If the actual number of repetitions
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FIGURE P3.6
is 100 per day and the Asphalt Institute’s failure criteria are used, determine the life of the

pavement by KENLAYER. What should be the number of repetitions per day for a design
life of 20 years? [Answer: 5.49 years, 27.5 per day|

Let us solve this numerical now using kenlayer software. We have a three-layered structure. The
layer consists of 4-inch asphalt layer thickness, 8-inch base thickness, and an infinite subgrade
thickness. The modulus of the asphalt layer is considered an elastic modulus which is 400000
psi. The base layer is considered a stress-dependent modulus and it is given as k; which is 8000
6% which is 0.5. The subgrade layer is considered as an elastic modulus which is constant and it
is 10,000 psi. Now, Poisson's ratio values are given as 0.4, 0.3 and 0.45 respectively. You also
have an earth pressure constant ko to be 0.6 for the base layer. So, this will be used in computing
v, self-weight of the material and further the modulus values. So, the y values for two different
layers is given as 145 and 135 psi for first and second layers. We do not need third layer gamma
value, because we are not interested in finding any of the stress below this depth. So, self-weight

is sufficient up to this point.

Now, you can consider the third value to be 0 when you solve it. So, this structure is subjected
to a dual wheel load with a pressure intensity of 75 psi each, and the radius of this is given as 4.5
inches and the center-to-center spacing between the two wheels is given as 13.5 inches. If this is

the case, now, the actual number of repetitions of this load applied is it is given as 100 per day.



So, these values are it is very minimal value, but we use this value for learning how to compute
a damage ratio. If you really wanted to compute for existing conditions, you can find out what is
the number of repetitions of this standard axle load and use the repetitions here and we will use
the Asphalt Institute failure criteria for the computation of damage analysis. It means if you are
using Asphalt Institute failure criteria, we have this equation. So, the values fy, f,, f3, f4, fs
constants, we will consider it from the Asphalt Institute failure criteria here. Now, determine the
life of the pavement by kenlayer and we will also find out what should be the number of

repetitions of this load for a design life of 20 years.

So, we will first check the life of the pavement, we will check whether we are getting the life of
the pavement to be 20 years. If not, if it is less than 20 years, the next question is what is the

number of repetitions required for the design life of 20 years.
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-da\l done  defaul nput  nput  input defaukt

© DuaSeH’" Dda$et2f‘ DuaSel? c DuaSeN c Dala$el5 Save Save As

Seneral Information of LAYERINP for Set No. 1

TITLE| [Problen 3.6

ra
Type of material (1=linear, 2=nonlinear, 3 [ (MATL) p mn
Damage analysis (0=no, 1=pes with summary only, 2=yes with detatiled printout) INDAMA} D= S S

Number of periods per year [NPY) I,/ , ,; ,l_'f N.,
Number of load groups NG) 1, -
Tolerance for numerical integration IDEl.l ll 001/

Number of layers L) 3v | 0K

Number of Z coordinates for analysis [NZI |2~

Maximum cycles of ical integrati acy| 8oy |

Type of responses (1=displacements only, S=plus stresses, 9=plus strains) lNSTDl 9

All layer interfaces bonded (1=yes, O=if some are frictionless) (NBOND)| 1 |

Number of lagers for bottom tension (NLBT)| in

Number of layers for top compression (NLICI |

System of units (0=English, 1=51) lNUNIl) I]

(1) This form appears when the ‘General’ on the Main Menu of LAYERINP is clicked. 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. If you want to ‘
read the remaining text, you can use the scrollbar. You can also use the PgDn key after clicking this
textbox to make it active.

(2) 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 enrors. When the total length reaches 68, no additional characters can be added. No
comma should be used in TITLE. Use colon or semicolon instead.

(3) MATL (types of material): 1 when all layers are linear elastic. 2 when some layers are nonlinear

<l

So, now, when you go to kenlayer, when you go to open a new file, you will get a general option.

In the general option, you can see that type of material you have a nonlinear analysis. So, we



give a nonlinear analysis because the base course is considered a pressure-dependent material

modulus.

So, it is 2 here, the damage analysis we are going to perform. So, in previous cases, we get this
to be 0. Now, we are not going to keep it as 0, you can either use 1 or 2 depending on whether
this is what you need a summary or detailed results. So, | have kept here as a damage analysis 2
and the number of periods per year and number of load groups here is 1, but these numbers can
be different here. So, this j value here represents the number of load groups and i value here

represents the number of periods here.

If you have other than 1, so, this summation is to be considered here. The tolerance of numerical
integration same as our previous default value and the number of layers is 3. The base course is
considered as a single layer and the modulus is determined from the single-layer analysis. If you
want you can keep this to be 4 and divide a base course into different 2 different layers and

compute the modulus. So, I am preferring method 2 here.

So, | kept the number of layers to be 3. The number of z coordinates for the analysis. We need a
critical stress and strain one at the interface of the asphalt layer and the base layer and the second
at the interface of the base layer and subgrade layer. So, you have 2 here. So, the other numbers
here are as same as the previous thing.
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File General oor Layel erface Modu Load Nonlinear Viscoelast
Ex36 done  default - ault nput  nput  input default nput
@ DataSet]1( DataSet2(” DataSet3 ( DataSetd  DataSetS gaye Save As l Exit |
Yes No No No No
B3 Layer Thickness, Poisson'’s Ratio and Unit Weight for Data Set No. 1 = 0 X

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

Unit in pcf
Layer No TH PR Y]
i [ — 145
8 3 135
OO0 45 0

Use <Ctr>-<Del> to delete a line, <Ctrl>-<Ing> tr "=~ == = "=~ === ef=is o cloce = —on

4Sin.

(1) This form appears when the ‘Layer' menu on the Mai i P =
of layers on this form is equal to NL, as specified in the ‘Ge |
one used for General Information in that a dotted rectangle I

~ |active cell. If the dotted rectangle is not the location for ir [ I I I l
dotted rectangle to the cell you want to inputl. or more com ¢ . 4 0 ru0d” y=14Spel
you type in the data, the dotted le will be ch d

press the Enter key to make it effective. You can also use

entry effective. Note that the dotted rectangle is now in th F: < 00 ¢° ::.'-od‘s/ y=1Spet
right away. If you want to read the remaining text and use |

Ey = » - 045
*QK I 10,000 psi 0ss

Stress/Strain analysis

So, once you give this input, the next value is the z coordinate here. Since we are doing a
damage analysis, the z coordinate will be selected by default and we do not need to give any
number of z coordinates here. So, it is picked. The location at the bottom of an asphalt layer
corresponds to fatigue damage analysis and at the top of a subgrade corresponds to rutting
analysis and we cannot change the z coordinate here if you perform a damage analysis. Now
coming to the layer input, you have the first layer of 4 inch thickness, the second layer of 8 inch
thickness, and Poisson's ratio of the first layer is 0.4, the second layer is 0.3 and the third layer is
0.45, gamma value was 145 for the first layer, the second layer is 135 and third layer, | am just

assuming it to be 0, that is weightless.
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File General Zcoord Layer Interface od Nonknes
Ex36 done defakt done defak gl wpul  nput defak  nput

& DataSet1( DataSet2( DataSet3 (" DataSetd  DataSet5 s xit

|_peiiody, | | | ] b m
nput
l; ZNIY
| | | | wn
- o 138 «\
| s 75 ot
3. Layer Moduli for Period No. 1 and Data Set No. 1 [I_m ! II I 1
LayetNo.  |E (1) This form appears when |
71 400000 Layer Modulus of Each Period it £, - o0 ¢ )
2] 10000 — lagers on this form is equal o N e K, =06
"General’ menu - _ — — - - —
31 10000 v (2) E (elastic modulus of eac
-oddutlotll\elnliovdmnl By = 20000 pui vebs
more convenient, you
form such as 1 234[5 Alnm 0 or any value for
viscoelastic

layer

(3) After typing the data in the first cell. move to the next
cell by pressing the Enter or anmow down key. After the last
cell is hilled, be sure to click the Enter key.

(4) You can delete a line. or one lager, by fust clicking
angwhere on the line to make it active and then press the
<Cub>-<Deb> keys. The NL in the ‘general’ menu will be

reduced automatically by 1
I (5) You can add a new line. or one more layer. above
gvenlneb'l-uchcl-glhucelnmewwh-elo-lcl
active and then press the <Cu> <Ins>. A blank line will
appear for you to enter the necessary data. The NL in the
i ‘General’ menu will increase automatically by 1 llyouw-l
| b add 5 line aftar the Iaed lina wn can chanae NI in the

Stress/Strain analysi

Now when you go to a moduli input, since we have given only 1 period, you will have a
modulus for only 1 period, but you can define as many as 12 here for 1 year. So your i value
here can be a maximum of 12. You see for 3 different layers, the first modulus is 400000 psi, the
second modulus is a seed value which is assumed here because it is a stress-dependent modulus
and the third value is also an elastic modulus of 10,000 psi. The same value is given here as an
input.
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File General Zcoord Layer Inteface Modu Nonlinear V
Ex36 done input done  defaul done mput nput delauk nput

B Load Information for Data Set No. 1 = u} X
Double click anywhere on a line to get auxiliary form for NR or NPT

Unit in

Load Group No| LOAD 5]
il K4 457

psi in in
Jce Jyw [xw
75 v 1357 07

|NR o NPT
37

e Mans o 1 2700
&) Xand Y Coordinates of Response Points for Load Group No. 1 &1

nit in in
PortNo _ [XPT [yer
1 ]

(1) This auxiliar
[ 0 a given load is type
i i 49 -] Chcking e mein I
‘ Use <Ctr>-<Del> to delete a line, <Ctrl>-<Ins> to inserta | 0 675 e gl
12) XPT (x coor
| £00; 11 form ppuers sihon the Laad menu sn the Main Mews of L1 3) YPT y coor

- ‘General' m
Enter key to make

45 45in.
oM 1380 | o single tire, (5) You can del

| 7spu 75 poi

i s along th

3 = 400,000 psi »=04 y= 14Spel

anywhete -
press the <Cirl>-<D
be ed

oma
(6) You can add

given line by fust ¢
active and then pre
appear for you to e
main form will incre

-

= g the x axi

=y = 8000 0° ;2.--056 7= DSt #idy a single wheel, maximum 25): A single
Ey = 10000 poi =045 o —

Stress/Strain analysis

o

]

So, once the moduli is done, the next one is the load group. Similar to the modulus value, the
load group can also be of many numbers of categories. Here we have only 1 load group, so it is a
single axle dual wheel, it is defined as load category 1, the contact radius is 4.5 inches, the
contact pressure is 75 psi, the center-to-center distance between the 2 wheels is 13.5 and it is
only 1 axle, so xw is 0. So, now let us give a number of point radial contact points as 3 and
when you double click on this 3, you have to define what exactly the 3 point is. | have used 0, 0
which is exactly at the center of 1 load as 0.1, 0.4.5 is at this point and 0, 6.5 is at the middle of
the loading. So, we cannot define a z point but you can fix the radial point here and determine

the point where the stress value is critical.
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done default nput nput " Use defauk input for clay & Do not use default input for clay

Nonlinear General Information for Data Set No. 1

[Number of nonlinear layel: (NOLAY)| |1 /

Maximum number of il II'IENOIJ 15

Radial coordinate for nonlinear analysis in in. (nﬁiﬁ[ﬂ

X coordinate for nonlinear analysis in in. XPTNOL) | 0 (119
¥ coordinate for nonlinear analysis in in. (YPTNOL) | [0

Slope of load distribution lSLI)] l]

Tolerance for nonlinear analysis (DELNOL). l] o

(1) This form appears when the ‘General’ menu on the Nonlinear Lagers Menu is clicked. There are
seven entries on this form.  You may want to refer to Figure 3.7 for the location of stress point, which is
the point in each nonlinear layer for computing the modulus.

(2) The default NOLAY is 1 which may need to be changed, as indicated in red. NOLAY is limited to
12. You can type in the new value of NOLAY in the textbox if it is more than 1. You can use the Tab
key to move the cursor to the textbox where you want to make the change. or just click on the textbox
before typing in the value you want.

(3) Always use the defaults of 15 for ITENOL and 0.01 for DELNOL. Itis otu.-ed that the moduli
will converge to a tolerance of 1% prior to 10 iterat . If the results but the stops
at 15 iterations, a larger ITENOL may be needed to insure that the desied accuvocy is obtained. If the
results do not converge at all, a smaller relaxation factor, say 0.25 instead of 0.5, should be used.

(4) For a single loaded area, if only the maximum stresses. strains. and deflections are required. the
point for computing the layer modulus should be located under the center of the area with RCNOL = 0
and SLD = 0. If the average responses such as the deflection basin under a circular area are lequ.ed
the use of RCNOL = a, where a is the radius of loaded area. and SLD = 0.5 is recommended. This is
based on the general assumption that, xluhng at the edge of the loaded area, the load is distributed
downward at a slope of 0.5. For multiple wheel loads. a point between the center of two duals with
XPTNOL = 0, YPT = YW/2, and SLD = 0 is suggested.

Stress/Strain analysi

So, once the load input is given, the next input is the non-linear analysis input. So, in the non-
linear analysis input for general, so the number of layers for a non-linear analysis is 1, keep in
mind the non-linear analysis in the kenlayer represents the stress-dependent modulus value
analysis. The number of iterations and other things as explained in the previous case, | just kept

it as a default value.
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doe  delak  wgut ot O clay “ chy

x

&3 Nonseasonal Information for Data Set No. 1 = o

Double click anywhere on a fine to got auxliary form

|
‘
1 dore  delak  rpu PO Use delauk input for clay. @ Do ot use delau input for clay

000 Thia fnaem s swhnns o Ml e’ s o Mnies Mo of | AVERIND oo ek 1 e oo
Nonseasonal input Parameters for Layer No. 2 (Granular) and Data Set No. 1

lonknoar exponent lor granular materals *2) s
Use <Cul>-<Dol> 1o dolete a line, <Ctri>-¢ Cv"-'*-lm'""--d ot ®0)| o6
RYALT .mlulw-lw';ﬂm*munu
s oqual to NOLA [ 1) This ey lorn sopeers chonsicely when NOLAY othat hen | 1o Gped on e oo lemm. Fer
I2I Umﬂlhmmdlhmh’u -lt--l-\qlhyul can alvo enter this aushary lorm by double chcking Ih--\h--.m

(3) ZCNOL (2 coondmate of |
ot in o

points for computing
ot layer can be uted for computing
coondinate ol the middepth of each lege be used e
subgrade bo us
) NCLAY (type of nonkmest leyrk asign 0 fo
input parometer must be entered

par
Js-\aqu_a-q.-u.--nmwl-\uumv

|2| Dd.u- dln aro provided. I you don't want 10 use the delaull, simply chick the textbox and type
IJl e Tomotoien, click OK o sehun 1o the man fovm

Stress/Strain analysis KENLAYER 42




Now the next input is a non-seasonal input which defines whether the layer is a granular layer or
a soil layer. So, the second layer is considered as a non-linear layer and the depth exactly what
we wanted to do the non-linear analysis is the upper quarter point of the base layer, so 4 plus 2
with the 6 inch thickness from 6 inch depth. This is a granular layer, so you give NCLAY to be
0 and for this granular layer the default value of a K2 value is 0.5 and the coefficient of earth

pressure is 0.6 which is given in the question itself.
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done defaut done nput " Use defaul input for clay ' Do not use defauk input for clay

1 Layer 2 |
o

B3 Seasonal Input Parameters for Layer No. 2 (Granular) and Data Set No. 1 - o X

(1) This form appears when the layer is granular and the
lager button on the Seasonal Input Parameters of Each Lager | |
is clicked. The number of periods on this form is equal to
INPY. as specified in the ‘General’ menu.

(2) PHI (angle of internal friction of granular matenials) If
assigned 0 or 90, no tension is allowed. If PHI is between 0
and 90, some horizontal stress adjustment based on Moht's
envelope will be made. The smaller the PHI, the greater the
horizontal stresses, and the greater the modulus. If PHI is
greater than 90, no adjustment of horizintal stiess will be
made and PHI will be used as EMIN, described as method 2
on page 107 of the book. If the granular layer is divided into
a number of 2-in. (50 mm) layers. use PHI « 0. For
pavements with a thick layer of HMA, where the effect of
granular lager is not very significant, the use of a single layer
with PHI = 40 can also be used.

(3) K1 [nonlinear coelficient of granular layer).

(4) After typing the data in the fust cell, move to the next
cell by pressing the Enter key.

(5) You can delete a line. or one period. by fust clicking

e on the line to make it active and then press the
<Cu>-<Deb> keys. The NPY in the ‘general’ menu will be {
reduced automatically by 1.

(6) You can add a new line. or one more period, above

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

Now, the next input is a seasonal input. We are going to give the value of K1 to be a seasonal.
So, it varies with the number of periods which we define. Here we have defined only one number
of period. So, for a seasonal input you give the value of K1, K1 here | have used as per the
question this is 8000 psi. So, we restrict the K1 minimum value here, so PHI is taken as 8000 psi
here. Once the non-linear input is given, the next input is a damage input. When you click on
this damage input, you will have 3 options bottom tension, top compression, and volume of

traffic.
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Ex36 done  nput done  defauk done done done deladt nput

* DataSet1( DataSet2( DataSet3  DataSetd  DataSet5 s, xit
aaSalf D Nu - 22565 [ Save | savess | |

Bottom Tersffon  Top ion  Volum
npat mput nput

3 Layer Number and Fatigue Coefficients for Data Set No. 1 - o X

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

[Fm [F12 [F13
1"07% 3291 854

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

(1) This form appears when the ‘Bottom Tension' menu on the Damage Analysis is clicked. The
number of sequences or layers for damage analysis on this form is equal to NLBT, as specified in the
"General' menu. Note that the cursor is now in the upper left cell, as indicated by the dotted rectangle.
30 you can type in the layer number right away. If you want to read the remaining text and use the PgDn
key. instead of the scrollbar. you should chick this textbox to make it active. After finishing reading. you
should click the cell before typing in the data.

(2) LNBT (layer number for damage analysis of bottom tension).

(3) FT1, FT2, FT3 (fatigue coefficients, as indicated by f1. 12 and 13 in Eq. 3.6): Values suggested by
the Asphalt Institute are 0.0796, 3.291. and 0.854.

o |

Stress/Strain analysis KENLAYER a4

So, in a bottom tension, so you have the number of layers you need to do analysis. So, this is the
first layer, layer 1 and FT1, FT2 and FT3 constants. So, these are the default constants as per the
Asphalt Institute method. If you have any other constant other than this, you can edit these
numbers. So, these numbers are used for computing a damage ratio based on fatigue damage

analysis.
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Modu

Ex36  done input done delu‘ done done done defak  rput
@ DdaSoH % ousezr‘ nu.sua c ouasun c ons«s [Save I Save As
) v
mTension Top Compression W
done input nput
3 Layer Number and Permanent Deformation Coefficients for Data Set No. 1 - =] X

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

[Sequence  [LNTC JFT4a |GH
113 «/ | 1.365€09 4477

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

(1) This orm appears when the ‘Top Compresion’ menu on the Damege Analysis i cicked. The
of bacrannoes of Layere fo damage amatyele on this form jo oqusl 10 NLTC, st speciied in the

‘General’ menu. Note that the cursor is now in the upper left cell, as indicated by the dotted rectangle.
50 you can type in the layer number right away. 1f you want to read the remaining text and use the PgDn
key. instead of the scrollbar. you should click this textbox to make it active. After finishing reading. you
should click the cell before typing in the data.

(21 LNTC (lager numbes for damage analysis of top compression)

(3) FT4.F15 by 14 and 15 in Eq. 3.7): Values |
by the Asphalt Institute are 1 365¢10"-9 and 4 477

ok | -

Stress/Strain analysis

And the second one is a top compression which is at the top of a subgrade. So, it is a third layer
and third layer, so you have FT4 and FT5 constant. These constants are based on the Asphalt
Institute method, you can edit these constants values if needed.



(Refer Slide Time: 14:28)

Ex36 done nput done  delauk done done done detad nput
@ Duasut1C DaaSu2C Duasu3 € Duasetd C DaaSuS [5om]  Saveste

Yes No No No

1 Ioo/‘
[ ::-':nl)’ | | | J | L

| | | | | |

)
3 Load Repetition for Period No. 1 and Data Set No. 1 - [u] X

oup || TNLR (1) This form appears when the period button on the
[ %500 ] Load Repetitions of each petiod is clicked. The number of
load groups on this form is equal to NLG, as specified in the
"General’ menu.
2) TNLR (total number of load repetitions for each load
group duning each penod)
(3) After typing in the data in the fist cell, move to the
next cell by pressing the Enter or arow K
(4) You can delete a line. or one load group, by first
chicking angwhere on the line to make it active and then
press lhe <Cub><Deb keys. "\e NLG in the "general’ menu
automatically

ISIYoucmodd.mwhe uunelood group, above any
gvanhnb,lnlcbck.-glh-colnlhnwvmh-clo-‘al
active and then press the <Cub -<Ins>. A blank line will
appear for you to enter the necessary data. The NLG in the

jeneral’ menu will increase automatically by 1. If you want
to add a line aftes the last line. you can change NLG in the
"General' menu by adding 1 and a blank line will appear as
the last ine. Remember that always use the <Ctib>-<Ins>
keys to add a line unless the line to be added is the last

By so doing. you don't have to relype any of the existing
hines

|__16) Uoon completion_ click the OK buton to retunto the |

The next input is for the damage analysis. So, when you click on this damage analysis, you will
get these load repetitions for each period. So, we have defined only one period here. For a
duration of 1 year, now you compute what is the number of repetitions of that specific load
group. In the question, it is given that 100 axle repetitions per day. So, if you multiply by 365,
you will get 36500 per year. So, this is going to be a number of repetitions of this particular load

group in 1 year.
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This is the result after compilations. You can see the first result to be the computation of a base
layer modulus. So, the initial modulus which we assumed is 10* psi. From the initial modulus we
compute the stress value, from the calculated stress, we recomputed the modulus value and this
process was iterated 7 times so that the results converge and the final modulus of the base layer
is 2.958 E4 psi value. So, this modulus was obtained for the 3 normal stresses as indicated here.
You can see that out of 3 normal stresses, 2 normal stresses have a negative value. So, the catch
here is, in a previous analysis, this normal stress was adjusted to 0, but here it is taken as the

same negative value without any adjustment.

This is because we have used a PHI value to be equal to K1 which is equal to 8000 psi. We have
defined a minimum value here. There is no adjustment of normal stress to 0, or negative normal
stress to 0. In case we used a PHI value to be 0, we have not defined any minimum value here.
This stress value has been adjusted to 0 and the modulus computed will be based on this adjusted
stress. So, for the computed modulus the critical stresses and strains are determined. So, the

strain that induces fatigue damage is -2.799E-4.
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AT BOTTOM OF LAYER 1 TENSILE STRAIN = -2.799E-04
ALLOWABLE LOAD REPETIT SE+

AT TOP OF LAYER 3 C

I €
ALLOWABLE LOAD REPETIT S = 2.004E+05 DAMAGE RATIO

So, it is the tensile strain and from this tensile strain the damage ratio will be computed and the
computed damage ratio was found to be 5.654 E-2. And the critical stresses that induce rutting
in the asphalt layer are 6.850E-4, which is at a depth of 12.0001 inches and this induces the
damage ratio of 1.822 E-1. Now you have two damage ratios, one is for fatigue damage and the
other is for rutting. Now whichever is a maximum is considered to be the critical damage ratio.

So, the damage ratio corresponding to rutting here is considered as a critical value.

Now if you want to find the design life of the pavement, the design life of the pavement is based
on the critical damage ratio, which is rutting in this case. You see that the design life computed
from the damage ratio of 1.822E-1 comes out to be 5.49. So, we see that design life is less than
20 years. If you want to bring this design life to 20 years, we need to reduce the number of

repetitions to the traffic load.
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Figure P3.6 shows a three-layer system under a set of dual-wheel loads. Layers 1 and 3 are
linear elastic, layer 2 nonlinear elastic. The loading, thicknesses, and material properties
arc shown in the figurc. The stresscs at the upper quarter of layer 2 botween the two
wheels are used to evaluate £,. The maximum tensile strain at the bottom of layer 1 and
the maximum compressive strain at the top of layer 3 are determined by comparing the
results at three locations: one under the center of one wheel, one under the edge of one
wheel, and the other at the center between two wheels. If the actual number of repetitions
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¥
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FIGURE P3.6

is 100 per day and the Asphalt Institute’s failure criteria are used, determine the life of the
pavement by KENLAYER. What should be the number of repetitions per day for a design
life of 20 years? [Answer: 5.49 years, 27.5 per day|

Stress/Strain analysis

So, now what should be the number of repetitions so as to bring the design life to 20 years? We

have to do it only by trial.
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B3 Load Repetition for Period No. 1 and Data Set No. 1 - (u] X

Load Group | TNLR | (1) This form appears when the period button on the
1] 36500 7 | Load Repetitions of each peniod is chicked. The number of
load groups on this form is equal to NLG, as specified in the
‘General’ menu.
(2) TNLR (total number of load repetitions for each load
group duning each penod)

(3) After typing in the data in the fust cell, move to the
next cell by pressing the Enter or arow key.

(4) You can delete a line. or one load group, by first
clicking angwhere on the line to make it active and then
press the <Cub>-<Deb> keys. The NLG in the ‘general’ menu
will be reduced automatically by 1

(5) You can add a new line. or one load group. above any
given line by fust clicking the cell in the given line to make
active and then press the <Cub <Ins>. A blank line will
appear for you to enter the necessary data. The NLG in the
‘General’ menu will increase automatically by 1. If you want
to add a line after the last line. you can change NLG in the
‘General' menu by adding 1 and a blank line will appear as
the last ine. Remember that always use the <Cub <ins>
keys to add a line unless the line to be added is the last line.
By so doing. you don't have lo retype any of the existing
line:

Stress/Strain analysis

So, now what should be the number of repetitions so as to bring the design life to 20 years? We

have to do it only by trials.
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So, all other input parameters remain the same. | just changed the number of repetitions of traffic
load per year to 10,000. We need to decide this number only by trials, for the initial trial 1 kept it
to 10,000. When you keep it to 10,000, the damage ratio value computed was found to be
0.01549. So, you see that the second value is critical here from this computed damage ratio,
when you compute the design life, the design life was computed to be 20.04 years. So, for
bringing the design life to 20.05 years per year, traffic will be 10,000 vehicles. So, per day it will
be 10,000 divided by 365, this comes out to be 27.4 axle repetitions. So, to extend your design
life to 20 years, the number of repetitions allowed is only 27.4 axles. Notice that this is not the
number of vehicles, this is the number of axles here. You will also get a design output in terms of

graphical representations in Kenpave.
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So, this is a graphical representation output. Let us summarize Kenlayer analysis altogether. We
gave input in different categories. The first category is a general input, where we define the title,
material characteristics, analysis whether we do an elastic analysis, linear analysis, nonlinear
analysis, or whether we do a damage analysis or not is defined. In the general tab, number of
periods, number of load groups, number of repetitions, and tolerance for integrations are defined
as the general input. So, we also give z coordinate, this z indicates the locations where we need
stresses and strains. It defines the depth. We define layer thickness, poisson's ratio and gamma
value for determining stresses and strain. And we assume layer interface to be a default value
and we used a modulus value, this modulus value if it is elastic modulus, we keep it as constant.
If it is assumed as nonlinear, the modulus value is going to depend on the stress. For
determination of the modulus value at a particular depth, we define whether it is a granular layer

or a clay layer. If it is a granular layer, we give the modulus as follows.

E= k19k2



If it is a clay layer, we assume two slope functions and from the two slope function, we
determine the modulus value. You can also consider the seasonal variations in all these analysis
by defining number of periods. You can define a maximum 12 number of periods for
computation of stresses and strains. And we did not do any viscoelastic analysis and this
viscoelastic analysis corresponds to the analysis of HMA layer and this is out of scope here. And
we also performed a damage analysis and we computed a design life of a pavement based on the
damage analysis. For doing a damage analysis, we considered two damages, one is fatigue
damage of a HMA layer and the second one is rutting at the subgrade layer. And for performing

a damage analysis, you need to define constants here fy, f,, f3 for fatigue damage analysis.

And these constants are editable, you can either use IRC constants or Asphalt Institute or any
other constant obtained from the laboratory test. You need f, and f5 constants for rutting analysis
damage analysis. In addition to this, to compute the number of repetitions of a traffic load, you
also need the volume of traffic. From these parameters, you compute the damage ratio value and
the inverse of damage ratio value will give you the design life. This is what we have seen in the
Kenlayer analysis. Thank you so much for your patience and we will get back to you with the
IRC design. Thank you so much.



