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Introduction

• The production and application of geosynthetics started in China-1970s

• Development was slow in 1980s and by 1990s Growth witnessed

• 1998-China-heavy floods the adoption of GSM for dam repair etc.

• Over past 3 decades engineers shown interest in geosynthetics-Globally!

• Sustainable development- Investments and reduce the carbon footprint!

• Geosynthetics added to the traditional list of construction materials.

• IRC:SP:59-2019, addressed the following applications

 Stabilization and reinforcing of pavement layers

 Separation and filtration

 Subsurface and surface drainage and Erosion control



Applications of Geosynthetics

• Stabilization and reinforcing of pavement 
layers

• Separation and filtration
• Subsurface and surface drainage
• Erosion control of road embankments



Application and functions of Geosynthetics in Roadway Systems



Geogrid Reinforcement

 Subgrade Improvement
• Undercut reduction in soft soils

• Construction platform for road 
construction

• Protection of sensitive subgrade soils

 Pavement Base 
Reinforcement
• Stiffening of base aggregate layer

• Reduction of pavement section

• Extended life of pavement



APT Full Scale TRL



Small Scale APTF



Contd….



Aggregate Rutting Profiles



Subgrade Rutting-Profile



Subgrae Stabilization



IRC:37-2018
Guidelines for the Design of Flexible Pavements



Design Methodologies:
Empirical Design Method of Giroud and Han (2004)

• Serviceability Criterion Based on Rut Depth

• Characterization of Geogrid Reinforcement

• Bearing Capacity Factors

• Equation for Required Thickness of Base Course.



Design Procedure…..
SteP1: Preliminary calculations

SteP2: Check capacity of subgrade soil without reinforcement

Step3: Determine the required base course thickness for reinforced or unreinforced
roads. The calculation of the base course thickness requires iteration. The minimum
thicknessof thebasecourse is100mm.



Determine an appropriate aggregate thickness for a rural over weak subgrade that is
required for a mining construction project. Investigate a conventional unreinforced
solution and a geogrid reinforced alternative using the Giroud and Han method
(2004) forthegiven setofdesign parametersusing thefollowinginputs.
• InputData

 Axle load = 80 kN,
 Tire pressure = 550 kPa,
 Number of axle passes = 5000

• Failure Criteria:
 Maximum rut depth = 75 mm and Aggregate and Subgrade
 Aggregate fill CBR = 15 and Field subgrade CBR = 1

• Geosynthetic Reinforcement:
 Extruded Biaxial Geogrid with Aperture Stability Modulus, J = 0.32 N-

m/degree

 Bearing capacity factors:
 Nc = 3.14 for unreinforced road section and
 Nc = 5.71 for geogrid-reinforced road section

GEOGRID REINFORCEMENT



Step1

Step2

Step 3



The geogrid-reinforced option for the unpaved road has been selected for:
Aggregate thickness (300 mm) Use of a geotextile separator is recommended
unlesstheaggregate meetsthenatural filtercriteria for thesubgrade.

Step4

Step5







Design Methodologies

• AASHTO- MEPDG using MIF

• Modified AASHTO method using LCR

 AASHTO (1993)- MEPDG using MIF

Where:
W18 = predicted number of 80 kN ESALs
ZR = standard normal deviate (example: ZR = -1.645 for 95 % reliability)
So = combined standard error of the traffic prediction and performance 
prediction  SN = Structural Number [inches]
ΔPSI = difference between the initial, and the design terminal PSI
MR = Subgrade resilient modulus (in psi)



Structural Number

• Structural Number (SN) to quantify the structural 
strength.

• Soil support

• Total traffic

• Reliability and,

• Serviceability level

• Required SN is converted to the actual thickness of
surfacing, base and sub-base, by means of
appropriate layer coefficients representing the
relative strength of the construction materials.

SN = a1D1 + a2D2m2 + a3D3m3+...



Modified AASHTO method with Geogrids for  
Base/Sub-base Stabilization-LCR

• LCR represents impact provided by a specific
geogrid to the layer coefficient of the layer in
which the geogrid is placed. The LCR approach
applies and limits the geosynthetic benefit
derived from trials to the specific layer improved
by inclusion of reinforcement.

• SN = a1 x D1 + LCR2 x a2 x D2 x m2 + LCR3 x a3 D3 m3 +…

• Factors may differ from product to product

• How to Determine the LCR- Full Scale Traffic test



Data Requirement for Design of Pavements

• Design Variables

• Performance Period
• Traffic
• Reliability
• Environmental impacts

• Performance Criteria

• Serviceability
• Allowable rutting
• Aggregates loss

• Material Properties for Structural Design

• Resilient Modulus
• CBR/ Modulus of Subgrade Reaction
• Layer materials Characterization
• Layer Coeffects

• Structural Character sticks

• Flexible Pavement
• Rigid pavement
• Drainage aspects



MIF for Geogrid and Geocell

• MIF is the ratio of improvement of the modulus of a
system where geosynthetic materials are incorporated,
as compared to the system.

• MIF is evaluated by conducting plate load tests on soil
subgrade and evaluating the respective moduli without
and with geosynthetic materials and comparing the two
moduli to estimate the MIF.



Design of Flexible Pavement With Geosynthetics

• Input Data
 Design Traffic: 50 msa

 Subgrade CBR = 6%

Design resilient modulus of the compacted subgrade
MR (MPa) = 10 ×CBR ; for CBR 5

MR (MPa  = 17.6 × (CBR)0.64 ; for CBR > 5

MR Subgrade =17.6 ×60.64= 55.4 Mpa

Thickness of unreinforced granular layers:
• For DT of 50 msa and,
• CBR of 6 .0% the thickness of layers from IRC:37-2018

• Thickness of granular base (D2) = 250 mm,
• Thickness of granular sub-base (D3) = 260 mm

MR_G= 0.2×h0.45×MR_Subgrade
• MR Granular layer = 0.2 × (510)0.45 × 55.4= 183.20 MPa.



Step 2: Design Calculations of Bitumen Pavement With Geogrid 
Reinforced  Granular base and Subbase Layers Using LCR of 
Geogrid

• Reducing thickness of pavement layers
• Design Traffic = 50 msa

• Subgrade CBR = 6 percent

• Reliability = 90 percent

• Resilient Modulus of Subgrade (MR):
• MR (MPa) = 17.6×60.64= 55.40 Mpa; MR of Subbase and Base  

Granular sub-base thickness (MR_GSB) = 260 mm

MR_GSB = 0.2×h0.45×MR_subgrade

• MR of unreinforced subbase layer

= 0.2 ×(260)0.45 ×55.4 = 136 MPa = 19724.624 Psi

• Granular Base thickness = 250 mm

• MR_GB = 0.2×h0.45 ×MR_GSB

• MR of unreinforced base layer = 0.2 × (250)0.45 ×136 = 327MPa = 47426.118Psi

• MR of Bituminous Mixes = 3000 MPa=435102 Psi



Structural layer coefficient of each layer (AASHTO 1993)
• LC for bituminous layer (a1) = 0.171 x (LN (MR))-1.784

= 0.171 x (LN (435102))-1.784=0.436

• Structural layer coefficient for base layer (a2)
(a2) = 0.249 ×(log10 MR_BC) –0.977

= 0.249 ×(log10 47426.118) –0.977 = 0.188

• Structural layer coefficient for subbase layer
(a3) = 0.227 (log10MR_SB) –0.839

= 0.227 ×(log1019724.624) –0.839= 0.136

• Layer coefficient for base layer (a2) = 0.188

• Layer coefficient for sub base layer (a3) = 0.136

• LCR for geogrid is taken on the basis of the laboratory tests/filed 
tests,  or it can be provided by the manufacturer.

 (LCR base) for geogrid used in base layer = 1.4

 (LCR Subbase) for geogrid used in sub-base layer = 1.61



Modified layer thickness values for reinforced sections by 

IITPAVE  Thickness of sub base layer = 180 mm

Thickness of base layer = 160 mm

Modulus of reinforced Subbase and Base layers  

Granular sub-base thickness = 180 mm

MR_GSB = 0.2×h0.45 × MR_subgrade

MR of reinforced subbase layer = 0.2 × (180)0.45 × 55.40

= 115 MPa =16678.91Psi

Granular Base thickness = 160 mm

MR_GB = 0.2 × h0.45 × MR_GSB

MR of reinforced base layer = 0.2 × (160)0.45 × 115

= 225 MPa= 32632.65 Psi

Layer coefficient for bituminous layer (a1) = 0.436



Structural layer coefficient for base layer

a2 = 0.249 ×(log10MR_GB) –0.977 = 0.249 ×(log10 32632.65) –0.977 = 0.147

Structural layer coefficient for subbase layer

a3 = 0.227 (log10MR_GSB) –0.839 = 0.227 ×(log10 16678.91) –0.839 = 0.120

Therefore,

Modified Layer coefficient for base layer (a2) = 0.147

Modified Layer coefficient for sub base layer (a3) = 0.120

Modified layer coefficient for base layer (a2’) = LCR base ×a2
= 1.4*0.147= 0.2058

Modified layer coefficient for sub-base layer (a3’) = LCR Subbase ×a3
= 1.61*0.120= 0.1932

With the improved layer coefficients, improved elastic modulus of respective layers shall be back  
calculated using below equations.

a21 = 0.249×(log10 MR_GB) –0.977; MR_GB1 = 393 MPa  a31 = 

0.227 (log10MR_GSB) –0.839; MR_GSB1 = 244 Mpa

• Reinforced base layer thickness = 160 mm

• Reinforced subbase layer thickness = 180 mm

• Surface layer (BC+DBM) =150 mm



Unpaved Road Design

• Based on Procedure in TM 5-818-8
• Determine design subgrade strength (CBR, C, etc.)
• Determine design traffic

• (Single, dual, tandem axle)
• Loading by wheel or gear
• Design good for 2-in. rut at 1,000 passes

• Determine if geotextile or geogrid recommended
• Use geotextile for CBR < 4 and fine-grained soil
• Consider geogrid for CBR < 8 and thin pavements

• Determine appropriate bearing capacity factor, nc
• Determine subgrade bearing capacity cnc
• Use design curve to determine aggregate thickness (6” 

min.)
• Conduct life-cycle cost analysis of alternatives



Unpaved Road Design
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Relationship between shear strength, CBR, & cone index

FOR CBR = 1 

C = 4.8 PSI

Bearing 
Capacity
Factors

Unreinforced:

WithGeotextile:

NC = 2.8

NC = 5.0

NC = 5.7WithGeogrid/Geotextile:
Typically CBR< 4

WithGeogrid:  
(CBR> 4)

NC = 5.7



Unpaved Road Design
Subgrade Bearing Capacity CNc

WITH GEOTEXTILE

WITH GEOGRID OVER GEOTEXTILE (CBR < 2)

WITHOUT GEOTEXTILE

Use NC = 2.8

Use NC = 5

Use NC = 5.7

FOR 1 CBR, C = 4.8 PSI

CNC = 4.8 ( 2.8 ) = 13.5

CNC = 4.8 ( 5 ) = 24

CNC = 4.8 ( 5.7 ) = 27.4



Tandem Wheel Gear Weight
One Layer System 

Tire Pressure = 80 psi
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Unpaved Road Design







• Place nonwoven geotextile directly on the subgrade

• Overlap edges 30-90mm in the direction of aggregate spreading.

• Anchor with sandbags, staples, pines or piles of dirt if required.

• Place geogrid on top of the geotextile if required by the design.

• Bottom of base for bases < 120mm.

• Middle of base for bases > 120 mm

• CBR < 2, place the aggregate in one lift in the center of the traffic lane.

• CBR >2, place in lifts.

• Aggregate should always be spread in the direction of the geosynthetic overlaps.

• Use small front-bladed equipment for initial aggregate spreading.

• The front wheels of a grader may rut or damage the geosynthetic.

• A grader can be used to achieve the final grade.

• Care must be taken not to over-grade areas of thin bases.

• Once placed to grade, the aggregate can be compacted using normal procedures

Construction Procedure


