Reinforcing Asphalt/Bituminous Layers using Geosyrtetics/Geogrids and
Reinforcing Subgrade using Jute Geotextiles

The cost of Pavement structure is important fomevead project and compromising with the structure
will not allow the pavement to last long. So thata@duction is to be done without lowering iteatth.
Now products are available to incorporate the parno increase the strength and longevity at seles
cost. This is commonly done by laying Geosynthdtger in between the layers of Asphalt concretd an
Dense Bituminous Macadam and also by laying JuteeX#les at the top of the Subgrade layer.

Geosynthetics are not decomposable but Jute Géeseate decomposable and both increase the life of
pavement significantly. Jute Geotextiles are vesgful when the road is to be constructed in unstabl
ground. It is available in plenty in India and B&adgsh and is an inexpensive material. If the gidasn
stable but traffic load is high then the pavemeénicsure becomes expensive. To reduce the costreith
less expensive layers or lesser thickness are tthdngght of. In such case if the strength is to be
maintained same as the original structure therrparating of Geosynthetics is an effective solution

This requires correct analysis to determine thengtth of the pavement structure by using varioysria
of different strength and thicknesses. Every pavenoption may also be studied with and without
incorporating the Geosynthetics.

The strength of pavement is required by obtainimgy Elastic modulus and Poisson’s ratio. The various
companies are producing Falling weight deflectomsetene of them is Dynatesiyw.dynatest.comn
and for analysis software HEADS may be used foiouar options. The Demo version of HEADS
software is available for download from web site@w.techsoftglobal.com

Jute Manufacturers Development Council (JMDC )andIJIRA are using HEADS for their various
studies on Oven type Jute Geotextiles for stremgtigeof Sub Grade for Highway on soft and weak. soil
The characteristics of jute Geotextiles used arneafjht 418 gms / sq.m., Thickness 2.305 mm, Tensil
Strength 0.0704 Kg/cm, In plane permeability 6.42B)° cm/sec. Cross Plane Permeability of 1.358 x
10° cm/sec.

Central Road Research Institute (CRRI)is studying the use of Reinforcement in Asph&itéiminous
Layers and HEADS produces results for various riateharacteristics of the reinforcement used.



In HEADS software various options are available Ravement design, these are, Flexible & Rigid
Pavement Design following AASHTO, IRC including 8dards for Low Volume Rural Roads, Pavement
Overlay design using Benkelman Beam Test data, &sfloncrete Mix Design using Marshall Test data
and Sieve Analysis and finallnalysis for Layered pavement Systemin Layered Pavement System
the Theory of Dr. Per Ulidtz is used in the anaysi

It may be used for 2 or 3 or 4 layer Pavement systehere the Layers may be combined to define as a
Bound (Asphalt/Bituminous) Layer, Unbound layer d@ular Base), Sub Base and Sub Grade.

The input is required for Thickness of each Layetc(uding Subgrade), Modulus of Elasticity of each
Layer and Poisson’s ration of each Layer (exclu@anggrade).

The final result is produced as :
Horizontal Strain, Vertical Stress and Vertical Defection at the interface of each two Layers.

The above results are improved by incorporatingSgethetics or any other type of Reinforcement is
used. The Analysis Report is generated with detdilsll Formulae and Calculation Steps and is lyighl
useful for the users.

HEADS is simple and fast to operate and we providernet based technical support to our users.
HEADS has proved to be very useful to help researscko study various results on using of different
materials in Pavement construction. HEADS givesuRe®n screens and detailed Analysis Report.
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ANALYSIZ FOR LAYERED PAVEMENT SYSTEM
APPLIED LOADING : WHEEL LOAD 87452.000 N, TYRE PRESSURE 0.892000 MPa

LAYER 1: h1 = 50.00 mm, E1 = 3000.00 MPa, P.R. = 0.356
At the Interface of Layers 1 and 2

Hor. Strain = 6.49¢-005, Vert. Stress =

LAYER 2: h2 = 200.00 mm, E2 = 600.00 MPa, P.R. = 0.35
At the Interface of Layers 2 and 3

LAYER 3: h3 = 150.00 mm, E3 = 105.00 MPa, P.R. = 0.35
At the Interface of Layers 3 and 4

Subgrade : E4 = 72.000 MPa

tech

Finish

0.824 MPa, Vert. Deflection = 0.386 mm.

Hor. Strain = 1.28e-006, Vert. Stress = 0.165 MPa, Vert. Deflection = 0.834 mm.

Hor. Strain = 2.09e-007, Yert. Stress = 0.079 MPa, Vert. Deflection = 0.836 mm.

Back To [INBOX]




Input Data without applying Geosynthetics

Let us consider 3 Layers as:
Thicknesses:

Asphalt Concrete: Thickness = 50 mm,
Wet Mix Macadam : Thickness = 200 mm,
Sub Grade : No Thickness,

Elastic Modulii:

Asphalt Concrete: Elastic Modulus = 3000 N/ Sg. mm.
Wet Mix Macadam : Elastic Modulus = 600 N/ Sg. mm.,
Sub Grade: Elastic Modulus = 72 N/ Sq. mm.,

Poisson's Ratios:

Asphalt Concrete: Poisson's Ratio = 0.35,
Wet Mix Macadam : Poisson's Ratio = 0.35,
Sub Grade: Poisson's Ratio = 0.35,

Wheel Load = 87452 kN.
Tire Pessure = 0.892 N / Sg. mm.

HEADS Input Data:

HEADS

2400,LAYERS
2401,TOL=3
2402,TH=50,200
2403,EM=3000,600,72
2404,PR=0.35,0.35,0.35
2405,WL=87452
2406,TP=0.892

FINISH



*k%k *k% *k% *k%k *kk

ANALYSIS OF LAYERED PAVEMENT SYSTEMS
HEADS
Release 14.1
by
TechSOFT Engineering Services
Program was run on Sun Apr 26 10:44:43 2009
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INPUT DATA :

Total No. of layers = 3

LAYER NO. 1.

Thickness =hl = 50.00 mm.

Modulas of Elasticity = E1 = 3000.00 N/sq. mm. (MP
Poissons Ratio =mul= 0.35

LAYER NO. 2.

Thickness =h2 =200.00 mm.

Modulas of Elasticity = E2 = 600.00 N/sq. mm. (MPa
Poissons Ratio =mu2= 0.35

SUBGRADE.

Modulas of Elasticity = E4 = 72.00 N/sq. mm. (MPa
Poissons Ratio =mud4 = 7.00

Wheel Load =W = 87452.000 Newtons.
Tyre Pressure =p= 0.892 MPa (Newto

DESIGN COMPUTATIONS :

Contact Area = Wheel Load / Tyre Presssure =w /p
Radius of Equiv Circ. Area = a = sqrt(area/3.1416)

sigma_ 0=p= 0.892 N/sq.mm (MPa)

*%

*%

n/ Sq.MM.)

sqg.mm.

176.66 mm.



AT INTERFACE OF LAYERS | & Il :

check=(h1/a)*(E1/E2)
Correction Factor for strain,

if check greater than 10,
fe =1.13 - 0.0565 * [ loge((h1/a)**2) ]/ 2.

if check less than or equals to 10,
fe =0.96 + [ 0.73 * (a/he) * (E2/E1) ]

Where, for the first layer, he = hl,
Then, fe = 1.476

Correction Factor for stress,
fs =0.99 - 0.07 * (h1/a)
fs= 0.970

Equivalent thickness of layer 1 with respect to E-v
h_eq_e =fe * hl * (EL/E2)**0.33)
h_eq_e= 126.181 mm.

h_eq_s = (h_eq_elfe)*fs
= 82.949 mm.

Assign, z=h_eq_s mm.

F1 = 1+(1+(3/(2*Q-mul))*z / a)*z / a)
= 1.729

F2 = (1+(z | a)**2)*2.5)
= 1.646

The Radius of Curvature,
R = E2*a/((1-mul*mul)*sigma_0)*F1*F2
= 385355.224 mm.

Horizontal Strain,
epsilon_ h=h1/(2*R)
= 6.488e-005 mm. / mm.
Vertical Stress,
sigma_z =sigma_0 * ( 1 - 1/(((1 + ((a/2)**2))*
=0.824 N/sg.mm. (MPa)

F1 = (1 + ((z/2)**2))**0.5) - (z/a)
= 0.635

F2 =1/ (((1 + ((z/a)**2))**0.5)) + (1 - 2*mul)*F
= 1.096

Vertical deflection,
dz =((1 + mul) *sigma 0*a*F2)/E2
= 0.388 mm.

303 * (E1/E2)

alue of layer 2,

*1.5)))



AT INTERFACE OF LAYERS Il & lll (For a 3-layer syst

em)
Correction Factor for strain,
fe =0.96 +[0.73 * (a/he) * (E3/E2) ]
Where, for the second layer, he =h2 + h_eq_e (of | ast layer),

Then, fe= 1.007

Correction Factor for stress,
fs =0.76 - 0.24 * (E3/E2)
fs= 0.789

Equivalent thickness of layer 1 & 2 with respect to
h_eq_e =fe *[ hl * ((EL/E3)**0.33)
+ h2* ((E2/E3)**0.33) ]

E-value of layer 3,

h_eq_e = 583.128 mm.

F1 = 1/((1+(1+(3/(2*(1-mu2))*(z / a)**2)
= 23.095

F2 = ((1+(z / @)**2)**2.5)
= 163.449

The Radius of Curvature,
R = E3*a/((1-mu2*mu2)*sigma_0)*F1*F2
=61340238.200 mm.

Horizontal Strain,
epsilon_h = (h1+h2) /(2 * R)
= 2.038e-006 mm. / mm.

h_eq_s = (h_eq_elfe)*fs
= 456.573 mm.

Assign, z=h_eq_s mm.

Vertical Stress,

sigma_z =sigma_0* ( 1 - 1/(((1 + ((a/z)**2))* *1.5)))
= 0.168 N/sq.mm. (MPa)

F1 = (1 + ((z/a)**2))*0.5) - (z/a)
= 0.187

F2 =1/ (pow((1 + ((z/a)**2))**0.5)) + (1 - 2*mu2 *F1
= 0.417

Vertical deflection,
dz=((1 + mu2) *sigma_ 0 *a*F2)/E3
= 1.232 mm.

END OF ANALYSIS.




Input Data applying Fiber Glass Geosynthetics

Thickness of Fibre Glass Geosynthetics = 3 mm.
Tensile Strength of Fibre Glass Geosynthetics =K.
= (200 x 1000) / (1000 x 3) = 67 N/ Sg. mm.

Elastic Modulus = 67 N/ Sg. mm.

Poisson's Ratio = 0.45

Let us consider 3 Layers as:
Thicknesses:

Asphalt Concrete: Thickness = 50 mm,
Fibre Glass Geo Synthetics: Thickness = 3 mm,
Wet Mix Macadam : Thickness = 200 mm,

Elastic Modulii:

Asphalt Concrete: Elastic Modulus = 3000 N/ Sg. mm.
Fibre Glass Geo Synthetics: Elastic Modulus = 6 B&§/mm.,
Wet Mix Macadam : Elastic Modulus = 200 N/ Sg. mm.,

Poisson's Ratios:

Asphalt Concrete: Poisson's Ratio = 0.35,
Fibre Glass Geo Synthetics: Poisson's Ratio = 0.45,
Wet Mix Macadam : Poisson's Ratio = 0.35,

Wheel Load = 87452 kN.
Tire Pessure = 0.892 N / Sg. mm.

HEADS Input Data:

HEADS

2400,LAYERS
2401,TOL=4
2402,TH=50,3,200
2403,EM=3000,67,600,72
2404,PR=0.35,0.45,0.35
2405,WL=87452
2406,TP=0.892

FINISH
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ANALYSIS OF LAYERED PAVEMENT SYSTEMS
HEADS
Release 14.1
by
TechSOFT Engineering Services
Program was run on Sun Apr 26 10:45:22 2009
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INPUT DATA :

Total No. of layers = 4

LAYER NO. 1.

Thickness =hl = 50.00 mm.

Modulas of Elasticity = E1 = 3000.00 N/sq. mm. (MP
Poissons Ratio =mul= 0.35

LAYER NO. 2.

Thickness =h2 = 3.00 mm.

Modulas of Elasticity = E2 = 67.00 N/sq. mm. (MPa
Poissons Ratio =mu2 = 0.45

LAYER NO. 3.

Thickness =h3 =200.00 mm.

Modulas of Elasticity = E3 = 600.00 N/sq. mm. (MPa
Poissons Ratio =mu3 = 0.35

SUBGRADE.

Modulas of Elasticity = E4 = 72.00 N/sg. mm. (MPa
Poissons Ratio =mu4 = 7.00

Wheel Load =W = 87452.000 Newtons.
Tyre Pressure =p= 0.892 MPa (Newto

DESIGN COMPUTATIONS :

Contact Area = Wheel Load / Tyre Presssure =w /p
Radius of Equiv Circ. Area = a = sqrt(area/3.1416)

sigma_ 0=p= 0.892 N/sg.mm (MPa)

*%

*%

a)

n/ Sq.MM.)

sg.mm.
= 176.66 mm.



AT INTERFACE OF LAYERS | & Il :

check=(h1/a)*(E1/E2)
Correction Factor for strain,

if check greater than 10,
fe =1.13 - 0.0565 * [ loge((h1/a)**2) ]/ 2.

if check less than or equals to 10,
fe =0.96 + [ 0.73 * (a/he) * (E2/E1) ]

Where, for the first layer, he = hl,
Then, fe = 1.953

Correction Factor for stress,
fs =0.99 - 0.07 * (h1/a)
fs= 0.970

Equivalent thickness of layer 1 with respect to E-v
h_eq_e =fe * hl * (EL/E2)**0.33)
h_eq_e = 346.774 mm.

h_eq_s = (h_eq_elfe)*fs
= 172.254 mm.

Assign, z=h_eq_s mm.

F1 = 1+(1+(3/(2*Q-mul))*z / a)*z / a)
= 4.145

F2 = (1+(z | a)**2)*2.5)
= 5315

The Radius of Curvature,
R = E2*a/((1-mul*mul)*sigma_0)*F1*F2
=333143.225 mm.

Horizontal Strain,
epsilon_h=h1/(2*R)
=7.504e-005 mm. / mm.

Vertical Stress,
sigma_z =sigma_0* ( 1 - 1/(((1 + ((a/z)**2))*
= 0.588 N/sg.mm. (MPa)

F1 = ((1 + ((z/a)**2))**0.5) - (z/a)
= 0422

F2 =1/ (((1 + ((z/a)**2))**0.5)) + (1 - 2*mul)*F
= 0.842

Vertical deflection,
dz=((1 + mul) *sigma O *a*F2)/E2
= 2.675 mm.

303 * (E1/E2)

alue of layer 2,

*1.5)))
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AT INTERFACE OF LAYERS Il & Il (For a 4-layer syst

Correction Factor for strain,

fe =0.96 + [ 0.73 * (a’he) * (E3/E2) ]
Where, for the second layer, he =h2 + h_eq_e (of |
Then, fe = 4.262

Correction Factor for stress,
fs =1.04 - 0.176 * In(E2/E3)
fs= 1.208

Equivalent thickness of layer 1 & 2 with respect to
h_eq_e =fe *[ hl * ((E1/E3)**0.33)
+ h2* ((E2/E3)**0.33) ]
h_eq_e = 370.527 mm.

h_eq_s = (h_eq_elfe)*fs
= 104.987 mm.

Assign, z =h_eq_s mm.

F1 = (1+(1+(3/(2*(1-mu2))))*(z / a)**2
= 2316

F2 = (1+(z / a)**2)**2.5)
= 2.130

The Radius of Curvature,
R = E3*a/((1-mu2*mu2)*sigma_0)*F1*F2
=735212.158 mm.

Horizontal Strain,
epsilon_h = (h1+h2) / (2 * R)
= 3.604e-005 mm. / mm.

Vertical Stress,
sigma_z =sigma_0* ( 1-1/(((1 + ((a/ 2)**2)
=0.773 N/sg.mm. (MPa)

F1 = ((1 + ((z/a)**2))**0.5) - (z/a)
= 0.569

F2=1/(((1 + ((z/a)*2))**0.5)) + (1 - 2*mu2)
= 0917

Vertical deflection,
dz = ((1 + mu2) *sigma_0*a*F2)/E3
= 0.349 mm.

ast layer),

E-value of layer 3,

*F1

)**1.5)))

11



AT INTERFACE OF LAYERS Il & IV :

Correction Factor for strain,

fe =0.96 + [ 0.73 * (a’he) * (E4/E3) ]
Where, for the third layer, he = h3 + h_eq_e (of la
Then, fe = 0.987

Correction Factor for stress,
fs =0.96 - 0.176 * In(E3/E4)
fs= 0.798

Equivalent thickness of layer 1 & 2 with respect to
h_eq_e =fe *[ hl1 * ((E1/E4)**0.33)
+ h2* ((E2/E4)**0.33)
+ h3* ((E3/E4)**0.33) ]
h_eq_e = 574.258 mm.

h_eq_s = (h_eq_elfe)*fs
= 464.215 mm.

Assign, z=h_eq_s mm.

F1 = (1+(1+(3/(2*(A-mu3d)))*z | a)**2
= 23.841

F2 = pow((1+(z / a)*(z / a))**2.5)
= 175.712

The Radius of Curvature,
R = E4*a/((1-mu3*mu3)*sigma_0)*F1*F2
=68071901.821 mm.

Horizontal Strain,
epsilon_h = (h1+h2+h3) /2 /R
= 1.858e-006 mm. / mm.

Vertical Stress,
sigma_z =sigma_0 * (1 - 1/(((1 + ((a/2)**2))**1
= 0.164 N/sq.mm. (MPa)

F1 = (1 + ((z/2)**2))**0.5) - (z/a)
= 0.184

F2 =1/ (((1 + ((z/a)**2))**0.5)) + (1 - 2*mu3)*F
= 0411

Vertical deflection,
dz=((21 + mu3) *sigma_ 0 *a*F2)/E4
= 1.214 mm.

END OF ANALYSIS.

st layer),

E-value of layer 3,

5)))
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Fig. 3 (A) and (B). Laying of Geogrids are in progress

Fig. 4. Geogrids Layed over cracked surface before layiegitearing course to strengthen the
weakened asphalt course
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Fig. 5. Selection of Geogrids

Summary of results

(As obtained at the interface of Ligyleand Il, from both the analyses above)

Pavement without
Geosynthetics

Pavement with
Geosynthetics

Horizontal Strain

6.488e-005 mm./mm.

3.604e-005 mm./mm.

Vertical Stress

0.824 N/sq.mm.(MPa)

0.773 N/sg.mm.(MPa)

Vertical Deflection

0.388 mm.

0.349 mm.

Table 1. Comparing the results

14



A number of field tests are available to test thergyth of the pavement at site after construdbianit is
very rare to find a facility to estimate the resuefore construction. So the procedure describeueais
expected to be highly useful to project authoritigd consultants to decide on the pavement steietuol
the type of reinforcement to be used. This willleesncreased design life of pavement at a lesssdr ¢
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