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Rutting and Low-Temperature Cracking
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v Rutting models

Now, we will discuss about the rutting prediction models or the rutting transfer functions.
Now, what is rutting? It is the deformation that you see along the wheel path in the
transverse direction. So, this is a distress that we observe in the pavement surface, which
could happen due to many reasons. And we need to predict this rutting so that you can
design the pavement structure without this rutting being exceeded beyond a particular
value. Now, when | say rutting, as | said, this is the deformation that you see on the top
pavement surface. Now, there are two ways in which this rutting is considered or two ways
in which this rutting is modeled.

The first one is that you will consider the vertical compressive strain on top of the
subgrade alone, which is called as a subgrade rutting. So, the assumption is that you see
rutting on the top of the subgrade and this rutting will get transferred and you see that as a
rutting on the top of the pavement surface. So, this is called as a subgrade rutting.
Essentially, the rutting in all other pavement layers is not considered when you talk about
the subgrade rutting. Whereas, the second approach is that you find out what is the



permanent deformation or the rutting that happens in every layer of the pavement structure.
And then, that is accumulated to see what is the total accumulated rutting on the top surface.
So, when I say rutting, it is essentially what you see on the surface of the pavement or when
| say permanent deformation, it is the deformations that happens in each one of the layers.
Now, as in the case of fatigue damage, here also there has been certain rutting models.

A general form of rutting model has been developed by Asphalt Institute and Shell
considering the subgrade rutting. So, for subgrade rutting, the expression is given as,

—-f5
Ny = f4gcf

Here, N, is the number of repetitions of failure due to rutting on this pavement surface,
whereas ¢, represents the critical vertical or the maximum vertical strain on the top of the
subgrade. So, this is a critical strain that is considered in this rutting transfer function.
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Now, various studies have tried to correlate the pavement surface rutting with this
€. that is, the critical strain that we observe on the top of the subgrade while doing a layered
elastic analysis. And then, the factors f, and f; has been estimated. So, as you can see here,
Asphalt Institute has given the factors of f, as 1.3x 1072 and f; as 4.477. And, the failure
criteria that was adopted is for rut depth of 0.5 inch, whereas Shell has given these
parameters at various reliability levels of 50%, 85%, 95% and so on.

And then, UK TRRL has given the parameters or the coefficients f, and f; at 85%
reliability level and for a rut depth of 0.4 inch as failure. Also, you can see some values
given by the Belgium Road Resource Centre. So, you see that these parameters, the f,



values as well as f; values vary among the various agencies, but mostly the changes is
more in the case of f, as compared to f5.
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RUTTING MODELS

TABLE 11.1  Subgrade Strain Criteria Used by Various Agencies

Agency JA fs Rut depth (in.)
Asphalt Institute 1365 X 10°/ 4477/ @
Shell (revised 1985)

50% reliability / 615 % 1077 4.0

85% reliability - 1.94 X 107" 40

95% reliability 7 1.05 x 107 4.0 —
U.K. Transport & Road Rescarch 6.18 x 107° 395 (04)

Laboratory (85% reliability)
Belgian Road Research Center 3.05 x 107° 435 /

Note. 1in. = 254 mm.
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Now, let us see how this rutting is considered in IRC 37, 2018. So, in IRC also, you
consider the subgrade rutting as the rutting criteria. So, the failure condition that is
considered is an average rut depth of 20 mm along the wheel path. The distress transfer
functions are given correlating the equivalent number of 80 kN standard load repetitions
that can be served by the pavement before a critical rutting failure of 20 mm occurs. Now,
as | said, it is given for two reliability levels in IRC 37. One is Ny is for 80% reliability
level and the second one is for 90% reliability level. Ny is given as

N — 21656 x 108 (L) 80% reliability
= . X - -
: )

o1 4.5337 90% reliability
Np =141 X 10 (—)
R &

Here, &, denotes the vertical compressive strain at the top of the subgrade which can be
obtained by the layered elastic analysis of the pavement structure. And Ny here represents
the subgrade rutting life or the cumulative equivalent number of 80 kN standard axle loads
that can be served by the pavement before this 20 mm rutting happens.
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RUTTING MODELS - IRC 37:2018

’ Subgrade Rutting Criteria
Failure condition : average rut depth of 20 mm along the wheel path

Equivalent number of standard axle load (80 kN) repetitions that can be served by the
pavement, before critical rut depth of 20 mm occurs,
Nk = 4.1656 x 10™ [1/g,) *** (for 80 % reliability) 7/ (3.1 /

Ni = 1.4100 x 10™ [1/g,]**'7 (for 90 % reliability) (3.2)

N, = Subgrade rutting life (Cumulative equivalent number
of 80 kN standard axle loads that can be served by the
pavement before the critical rut depth of 20 mm or
more occurs

g, — vertical compressive strain at the top of the subgrade
obtained by linear elastic layered theory

Now, what we have discussed is the rutting expression as far as the subgrade rutting
is concerned. So, essentially all other layers are not considered in that equation. You see
what is the strain that happens on top of the subgrade and it is related to the pavement
surface rutting. Now, there are not many distress functions which are commonly used for
rutting of HMA and other granular materials. But essentially the approach that is adopted
IS a rutting rate concept that can be used for HMA, granular and as well as fine grain soils
or the various layers of the pavement structure. So, this is generally represented as a
permanent strain that is happening in the pavement material or any type of material which
is given as,

&, = AN®

So, this was adopted in the NCHRP, National Cooperative Highway Research Project and
this expression is derived from a experimental study of a material and from the
loge, —log N data, where N is the number of load repetitions. So, this expression actually
represents what is the permanent strain that is accumulated in a material when loaded with
N cycles.
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RUTTING OF HMA AND GRANULAR MATERIALS

* Not many distress functions for rutting of HMA and granular materials

* Rutting rate concept can be used for all pavement materials such as HMA, granular and
fine-grained soils.

* Material permanent strain accumulation models considered in Phase 1 of NCHRP 1-26
(from loge,, — log N data)

:@= AN® (21)

il S

Now, there has been many models which are developed in line with this expression.
So, | will discuss about this Ohio State model, which essentially assume a linear
relationship between this permanent strain &, and the number of load repetitions in a log-
log scale. So, you can see a similar picture drawn here which shows a relationship between
&y by N. See, rather than taking the permanent strain &, the rate of permanent strain which
is £,/N is noted here and N is the number of load repetitions and the plots are made for
different stress levels and at different temperatures. You can see the stress application of
29.76 psi, then application of 40 psi and so on and also at different temperature levels. See,
till here the temperature 100 °F and beyond that this is like 120 and so on. So, a series of
experiments are conducted on materials at different temperature levels and the accumulated
permanent strains are captured and then it is plotted here. So, from this, a linear relation
can be developed and the rutting rate is indicated as

€p
2 AN
N

where A and m are the constants which essentially depend upon what is the material type
and what is the state of stress which is used for testing the material.
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RUTTING MODELS FOR PAVEMENT MATERIALS

* Ohio State Model assumes a linear relationship between permanent strain, &, and the
number of load repetitions N in log scales
* Rutting rate is indicated as
L= AN)™ / (22)
A — experimental constant depending on material type and state of stress
m - experimental constant depending on material type

Relation betwec’e nd N for different stress and
temperature condifions.

Slope of lines, m is mostly a constant independent of
stress levels or temperature

100 1,00 1000 Huang

Now, if this relation is written in terms of ¢, it becomes

g, = ANT™™

Now, many other studies have been conducted to arrive at or see how these constants of A
and m vary. So, they have conducted a large number of repeated load test on HMA
specimens and they found that they have tried to find out what is this A parameter with the
modulus of the material or the elastic strain of the material. So, as you can see here, there
is a plot being made with Mp/o,;. So, My actually represents the resilient modulus of the
material and o, represents the applied stress. So, you do a repeated loading test on the
specimen having a modulus of My and with a deviator stress level of a; and My/a,
essentially represents the elastic strain. The elastic strain versus this parameter A from this
expression shows that there is a linear variation. So, A itself can be written in terms of
ae?, where the a and b are the material constants.

So, you have conducted a number of tests on various bituminous mixes to find out
these experimental constants a and b or to get this relation between the parameter a and the
elastic strain of the material. Now, substituting this in the &, equation you can see that the
final form of the Ohio State model becomes

— bpn1-

g =ag’ N

As | said m is the experimental constant which depends upon the material type, a and b are
again material constant and ¢ is essentially My /a,; which is the resilient modulus by the
applied stress or it is elastic strain of the material and &, represents the permanent strain.
So, what is interesting here is that your permanent strain that happens in the material is



represented as a function of the elastic strain in the material or the recoverable strain in the
material.
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RUTTING MODELS FOR PAVEMENT MATERIALS

g =AWN)™ / (23)
Khedr (1986) — from a large number of repeated load tests on HMA
specimens found straight line relationship between log (A) and log (M,/c,)

M\~
A=a (0_:1) a(e)? (24)
A — experimental constant depending on the material type and state of
stress %
m — experimental constant depending on material type E /
N = number of load repetitions a

Final form of Ohio State model is o

g = a(e)’(N)!™ (25)

i v i ;
M,. = resilient modulus ; € - resilient strain
g, — applied stress; a, b — material constants
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Now, how we can predict the rut depth of different layers of a pavement structure?
Suppose you have different layers and for each of these layers, you can divide it into a
number of sub layers if you want and for each of these layers you can do a stress analysis
and see what are the stresses and strains at different heights of each layer. Now, for
convenience you will consider the mid layer of each of these layers and you see what is the
radial stresses as well as the vertical stresses that happens at the mid layer of this pavement
structure and then use those stress conditions, that is the normal stresses and the radial
stresses. You use those as the deviatoric stress and the confinement pressure on the material
specimens and conduct laboratory investigations with the material that you are going to
use in the field. So, identical material can be taken and specimens can be casted and tested
with these stress states that are going to happen in the material and ¢, that is the permanent
strain in the material due to a large number of load applications can be determined. Now,
in the field actually the structure may be subjected to a large number of deviatoric stresses
as well as radius stresses. So, it may not be possible to find the &, corresponding to all
these stress levels. So, what you do is that you have a number of stress levels at which this
will be tested and then you can estimate the coefficients a, b and m. Now, once you know
this a, b and m for the pavement material or for each one of these layers then ¢, that is the
permanent strain of these layers due to the applied axial loads can be determined and once
you know this, the strain then multiplied with the thickness of the pavement layers will
essentially give you the total deformation in each one of these layers. Now, if you get the
permanent deformations in each one of these layers you can add them together to get what




is the total rutting on the top. So, essentially using the material parameter of ¢, that has
been determined from the laboratory you can use it to see how the material deforms or how
the pavement structure deforms and sum up the total deformations on each one of these
layers to get what is the total deformation on the surface.
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PREDICTION OF RUT DEPTH
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Z
Rut depth on pavement surface can be estimated as follows: i \l

Divide the pavement and subgrade into a number of layers and estimate-the-vertical h.

and radial stresses at the mid height of each layer

Using these stress conditions (repeated deviator stress and confinement), conduct
laboratory tests on specimen with identical field materials

Find &, under a large number of load repetitions

S > 4
(From a, b and m are known for each material in the pavement layer), compute
vertical deformation of each layer by multiplying the permanent strains from the
laboratory tests with the thickness of the layer

Sum up all permanent deformations to obtain the rut depth on the surface
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Now, what I have discussed just now is you do a repeated axial load kind of a

testing on the specimen to get the €, values or the €, expressions. Whereas, there are other

studies also wherein rather than using a repeated load test you go for a creep test that is a
constant loading test given by the modified Shell procedure for the bituminous concrete.
Permanent deformation is given by ,, = at? where t represents the time for which the

creep test is done. a and b again are the regression constants from the creep testing.
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RUTTING OF HMA AND GRANULAR MATERIALS

From CREEP TESTS /
Texas A&M studies by Mahboub and Little and modified SHELL procedure,

Asphalt Concrete permanent deformation, ¢, = at? (26)
—

where, =

&yp  —Viscoplastic strain

t —time in creep test

a and b — regression constants from creep testing.
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So, all the different pavement layers follow the relation between &, and N model that we
have just discussed. Then, the surface rutting of the pavement can also follow a similar
trend if we have data that correlates the number of repetitions of loading and what is the
rutting that is observed in the field. So, this model has been developed in terms of the

rutting rate or rut depth by the number of load applications which are developed from the
field data. So, it takes a form,

_RD A

RR=—=—
N ~NB

Here, RR is the rutting rate, RD is the rutting depth in inch and A and B are the terms which
are developed from the field calibration data.
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PAVEMENT RUTTING RATE MODEL

If all paving materials (AC, granular base/subbase and subgrade soils), follow the loge,,
—log N model and the OSU model, then the surface rutting of pavement structure can
take a similar form.

RR=R0fy =2/ (27)

where,

RR - rutting rate /

RD - rut depth (in.)

N —number of repeated load applications

A and B — terms developed from field calibration testing data

;;EI‘ /x

So, this is some data that has been used for the development of such models. The
AASHO road test data, the American Association of State Highway Officials Road test
data is given for certain road test stretch and then you can know in a log scale you can plot

the rutting rate versus the number of applications. So, you can know form a relation

-3
between them, a straight-line relation can be formed. So, you see that RR = 2.65 X EL

N0-623

So, such relationship can be directly obtained or such distress functions can be obtained if
you have sufficient amount of field data which correlates the rutting rate and the number
of load repetitions in the field.
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\ PAVEMENT RUTTING RATE MODEL

Rutting Rate model was used to analyse the AASHO Road Test Data.
* Data was used to establish the RR parameters (A&B)
* Evaluate the validity of RR model
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Now, let me go back to the IRC design again. So, as | said in the IRC method of
design you consider the subgrade rutting. As per IRC 37, rutting within bituminous layers
caused by accumulated plastic or permanent deformation in these layers due to repeated
application of traffic load is another major distress occurs in the bituminous pavements.
But this distress are considered by integrating the mix design into the structural design by
incorporating the mix volumetric parameters into the performance models and by making
suitable recommendations about the choice of the binder and the mix to be used in the
different layers. So, it is suggested that you can use rut resistant mixtures in the layers and
these mix parameters can be so adjusted so as to have rut resistant mixture so that you may
not have to consider this rutting of individual layers in the bituminous layers in the overall
rutting of the pavement structure. So, this is what is recommended in the IRC code.

(Refer Slide Time: 17:44)
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* |tis suggested to rework on the selection of different mix design procedures and practices
to make rut resistant HMA mixtures. NPTEL

IRC 37:2018

34 Rutting within bituminous layers caused by accumulated plastic (permanent) deformation

. et ee— e S T I 0 0
in these layers due to repeated application of traffic loads is another major distress occurs in
Topment

of unacceptable levels of rut depth in bituminous mixes as the stiffness of the bituminous mix

bituminous pavements) High pavement temperatures and heavy loads can cause carly deve

reduces at higher temperatures and the proportion of plastic (irrecoverable) deformation out of the
total deformation will be larger under higher temperature and heavier loading conditions. Moisture
damage of mixes and brittle cracking resulting from excessive age hardening of bitumen in the

upper layers are the other major concerns to be taken into consideration.(These distresses are

considered by integrating the mix design into the structural design by incorporating the mix |

volumetric parameters into the performance models and by making suitable recommendations

about the choice of binder and mix to be used in different layers.
7
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Now, the current mechanistic empirical pavement design model. So, I will just
quickly mention what is the model being used in MEP-DG. So, MEP-DG considers the
spatial as well as the temporal variation in rutting for bituminous layers as well as granular
layers, you can see models here. Say A,mma) is actually the accumulated vertical
deformation in the HMA layer (that layer alone) is represented as this expression which
has parameters such as .. So, &-(uma) Which is actually the elastic strain that is calculated

by the structural response model. So, you do a structural analysis or the layered elastic
analysis and you can represent what is the elastic strain in the HMA. So, this is similar to
what we have already discussed, that is, the elastic strain is something proportional to the
plastic strain. And n is the number of load application and T, the payment temperature is
also a major factor which is incorporated in this model. And then k, is something called
the depth confinement factor. So, that it will take into account the confinement pressure
that is acting on the material.
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RUTTING MODELS — M-E PDG

M-EPDG considers the spatial and temporal variation in rutting.
Bituminous Layer,
Bar

i "
Dpumay = Puir Kz Erumay10¥ar nkar 2 Tharsr (28)
Granular layer, ,
~(P,
Ah(soil) = Ps1 k1 & hsoillok” (&0 /&r)e /)8 (29)
A, - accumulated vertical deformation in the HMA layer
Er(HMA) - elastic strain calculated by the structural response model
k, - depth confinement factor
n - number of axle load repetitions
T -pavement temperature ./

K1y, K, ks, - global field calibration factors
Pir P2y, P3r - local or mixture field calibration constants

‘i - g{s. S

And then you have another expression for the granular layer which is A,, for soil
which has parameters like &, which is the average vertical elastic strain in the layer, which
is again calculated by the structural response model. And &, here is the resilient strain
which is imposed in the laboratory test to maintain the material to obtain the material
properties. And then hg,;; is the thickness of the unbound layer. And also, there are
constants like p and £ in here. So, these p, 8 and all some of the constants have individual

equations to capture all this. So, I am not discussing all that in detail but just wanted you
to highlight the fact that MEPDG has given a similar approach.
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RUTTING MODELS

M-E PDG

Bituminous Layer,
Bpmay = Pir Kz &rumay10F1r nkarferpharfor

Granular layer,

Ap(sm’l) = Ps1 ks & hsoillok” (&0 /&r )e_@"@

& - intercept determined from laboratory repeated load permanent deformation tests
@ - resilient strain imposed in the laboratory test to obtain material properties

5 ./ -average vertical elastic strain in the layer calculated by the structural response model
hgoit - thickness of the unbound Iayer/

Individual equations are provided to calculate pand f5.

A

A

This approach here is to find out what is the accumulated vertical deformation in
each one of the layers which essentially is given as a factor proportional to the resilient or
the elastic strain in the material. And then, there are various calibration factors like you
have k,,, k,,, ks, and so on which are the global field calibration factors and there are the
local or the mixture field calibration factors. So, for the performance of the pavement and
the performance of the mixture, you have calibration factors which can be utilized to
convert this model to be used in your local conditions.

edd 4
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RUTTING MODELS — M-E PDG

M-EPDG considers the spatial and temporal variation in rutting.
Bituminous Layer,

Dpimay= Bir Kz Ermay10¥1r nkarParplesyPor (28)

Granular layer, ,
_(P

Bpsoity = Bst kst &0 hsou10% (go /e, Je™ (/)P (29)
A, - accumulated vertical deformation in the HMA layer
Er(HMA) - elastic strain calculated by the structural response model
k, - depth confinement factor
n - number of axle load repetitions
T -pavement temperature

K1y, K2y, k3, - global field calibration factors
Pir B2y, P3r - local or mixture field calibration constants

So, what we have discussed so far is the rutting transfer functions. We have seen
that in IRC 37, rutting is a subgrade rutting that is being considered whereas there are other



approaches wherein you can use the rutting in each one of the layers and the permanent
deformations in each one of the layers that can be added together to get what is the rutting
that happens on the pavement structure. So, such distress equations can be again developed
based on the studies that are conducted on the HMA mixes in the laboratory and the
extensive field studies that relates the number of load applications to the permanent
deformations that you see in the field.

Now, let us move on to the third mode of failure or the third type of distress transfer
function that are normally used in many of the design approaches though this is not used
in the IRC approach. Now, what is this thermal cracking or low temperature cracking? Low
temperature is divided into two types basically. One is the low temperature thermal
cracking and the second one is a thermal fatigue cracking.

Let us see what are these. See, as the pavement temperature decreases, we know
that the tensile strength of the material can increase. So, you can see a picture here by
McLeod. So, from your right to left you see that the temperature decreases and this graph
here shows the tensile strength of the material and the other one shows the thermal stresses
that are there in the material. So, we see that as the temperature increases, your strength of
the material can keep on increasing but only up to a certain level thereafter the strength
decreases. Whereas, if the temperature keeps on decreasing, the thermal stresses that are
coming on the structure will keep on increasing. Now, a stage will reach when the thermal
tensile stresses that are there on the material exceeds that of the tensile strength of the
material, then in that case there will be cracking. So, that is called the thermal cracking.

(Refer Slide Time: 22:50)
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Now, the second aspect is that suppose this tensile stress that is coming on the
material is less than the tensile strength of the material, still there is a possibility of cracking



if these low stresses are being applied for a continuously for a number of times. So, the
pavement will not crack under the single daily application of this thermal stress due to that
one temperature stress cycle. But it may crack over a period of time when large such
temperature stress cycles are applied on the material. So, this is called a thermal fatigue
cracking. Now, when I say the thermal cracking, it is a combination of this thermal cracking
plus the thermal fatigue cracking.

(Refer Slide Time: 23:35)

Thermal Cracking

(i) Thermal Fatigue cracking /

* If the tensile stress is smaller than the tensile strength, pavement will not crack under a
single daily temperature stress cycle

* It may crack under a large number of such temperature stress cycles

* This is termed as thermal fatigue cracking

* When the fatigue consumed by the daily temperature cycles exceeds the HMA fatigue
resistance.
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Again, there are various approaches which are used to consider thermal cracking in
the design. So, the one which is very common and which considers both the thermal
cracking that is a low temperature cracking and the thermal fatigue cracking is given by
Shahin and McCullough. And the sequence of steps that are to be followed to do this
design procedure or to do this analysis for thermal cracking is given here in this flow chart.

So, I will quickly discuss what this process is. First of all, you have to give the input
data. So, input data includes weather data, the material properties, the HMA properties
and the design period. Now, when | say the weather data, so any data that actually
contributes to the thermal behavior of the material is needed for this analysis which
includes the mean annual air temperature, the annual temperature range, solar radiation,
wind, surface absorptivity, how the weather changes or how the temperature changes. The
second one is the bituminous material. So, again it is the bituminous material that
undergoes this thermal cracking phenomena. So, in the bituminous material you need to
give all the physical properties of the material, then the aging that happens because of the
exposure to temperature conditions or environmental conditions, then thermal
conductivity, specific heat, density, the mix composition, what is the coefficient of thermal
expansion of the material, what are the fatigue characteristics and the maximum tensile



strength of the material. So, all these comes under the material characterization part which
is related to the low temperature cracking. So, this information has to be given as an input.

(Refer Slide Time: 25:44)

Thermal Cracking based on Shahin-McCullough(1972)

* Considers both low temperature and thermal A R T ASTHALT PROFERTIES v
fatigue cracking |
2 CALCULATE HOURLY PAVEMENT TEMPERATURE
DATA )
. / 1 EVALUATE EFFECT OF AGING ON ASPHALT PROPERTIES
* Weather data — mean annual air temperature, I '
/. e as 3 .
annual temp. range, solar radiation, wind, £ DETERMINE HMA STIFFNESS

surface absorptivity |

< COMPUTE MAXIMUM TENSILE STRESS & STRAIN FOR EACH DAY

\ |
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7 PREDICT LOW-TEMPERATURE CRACKING

|

% PREDICT THERMAL FATIGUE € RACKING

|

4 SUM BOTH TYPES OF CRACKING
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Now, next what we do is that you will calculate what is the hourly pavement
temperature because you have to essentially accumulate this damage and see how the
damage accumulates over a period of time. So, as you know that the temperature varies on
a daily and as well as an hourly range and based on these variations in temperature, the
response of the material changes. So, you estimate the hourly temperature at the surface of
the pavement, you can use various models for that. Now you estimate the asphalt and the
HMA stiffness as a function of time. So, again from the material characterization data you
can see that at various temperatures and with aging, the material modulus and the material
stiffness changes. So, evaluate the effect of this aging and other characteristics on the
asphalt properties and you have to determine what is the stiffness of the material over this
period of time. Now, you can use various nomograms which are available, and also
predictive regression equations are available to estimate what is HMA stiffness and so on.

* Bituminous material — physical properties,
aging, thermal conductivity, specific heat,
density, mix composition, coeff. of thermal
contraction, fatigue characteristics, maximum
tensile strength

-~ ,1'

So, I am not going into the details of each one of this because you can always refer
to the mechanical material characterization course to find out how the stiffness or the
material modulus values are estimated.

Now, the next step is to compute the thermal stresses. So, once you compute the
thermal stresses, the extent of low temperature cracking can be evaluated by comparing
what is the maximum tensile stresses with the tensile strength of the HMA at the
corresponding temperature.

(Refer Slide Time: 27:27)



Thermal Cracking based on Shahin-McCullough(1972)

INPUT WEATHER DATA.ASPHALT PROPERTIES

* Estimate the hourly temperature at the surface of oA P ASTHALE FRORS
pavement |

2 CALCULATE HOURLY PAVEMENT TEMPERATURE e
* Estimate asphalt and HMA stiffness as a function |
of time (from the material characterization data) EVALUATE EFFECT OF AGING ON ASPHALT PROPERTIES

* Use Van der Poel’s nomograph or predictive < DETERMINE HMA STIFFNESS |
. . ~ - =
regression equations [

< COMPUTE MAXIMUM TENSILE STRESS & STRAIN FOR EACH DAY

NPTEL

* Compute thermal stresses ./ I
6 COMPUTE CORRESPONDING TENSILE STRENGTH

!

7 PREDICT LOW-TEMPERATURE € RACKING

* Extent of low-temperature cracking is evaluated

comparing the maximum tensile stresses with the I
tensile strength of HMA at mdmg % PREDICT THERMAL FATIGUE CRACKING
temperature |
4 SUM BOTH TYPES OF CRACKING
Neethu Roy (MBCET) Distress Transfer Functions

X3

Then, we have to see whether there is a failure probability or not. Now, the
probability of failure is given as P(¢ — H) > 0. Now what is the g? ¢ is the maximum
tensile stress that is coming and H is a tensile strength of the HMA material. So, at that
particular temperature if the stress exceeds the strength of the material, there is a possibility
of failure. Now, this is the first aspect wherein you determine the thermal cracking
possibility or the thermal cracking is being predicted based on this approach.

Now the next comes the thermal fatigue cracking approach. Now, this aspect has to
be done in a similar way as you find the fatigue cracking due to repeated loading. So, here,
a similar model can be used but it is for a low temperature. For low temperature, the
material moduli and the material relationships can be developed and then based on that you
can predict the fatigue life and you can use a similar approach as the Miner's approach to
find what is the damage ratio. Now, for each thermal cycle, what you are trying to find out
is that in the thermal cycle how much is the damage that has occurred. Since it is one cycle,
your damage ratio becomes 1/N; where N; represents the total number of repetitions for
the i*" day for a similar pavement. n is the number of days, so over a number of days you
can see how the damage gets accumulated and then you can fit a normal distribution for
this N; that is the cumulative damage that can happen due to the various temperature
differences.
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Then, the probability of failure is when the probability of log ¢ > 0. Now, what is
¢, this is the damage ratio for one thermal cycle when log ¢ > 0, it means that c is always
less than 1, that is ¢ has not crossed 1. So, then when the damage ratio is less than 1, you
see that the pavement is safe.
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So, what we have done is that, in this we have predicted the low temperature
cracking and we have also predicted the thermal fatigue cracking using the various
approaches. Now, you can add these two low temperature cracking and the thermal fatigue
cracking to estimate what is the total cracking in a specified time after construction and see
whether this is within the allowable limit or not and whether the design is safe or not. So,



this is the overall approach in which you consider thermal cracking which includes both
the thermal cracking and the thermal fatigue cracking and how you use it in the design.



