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Geogrids - Proper Use in Pavement Structures

Overall Goal

Provide resources and tools to improve the 
quality of flexible pavements

Improved economics
Immediate costs
Long term rehab and reconstruct costs

Reduce construction impacts

Defining a Geogrid

Uniaxial Geogrids 
(Slopes and Walls)

Biaxial and Triaxial Geogrids 
(Pavements)

Outline of Objectives

Mechanics of how a Geogrid 
works in Pavement 
Applications

Applications
Subgrade Stabilization
Structural Contribution (Pavement 
Optimization, Base Reinforcement)
Overview of Relevant Proof needs

Installation



Defining the Problem

Defining the Problem – Subgrade Stability

Defining the Problem – Subgrade Stability

Vertical Stresses 
exceed the plastic 

limit (ultimate bearing 
capacity) of the 
subgrade soils.

Engineering Terms

Defining the Problem – Subgrade Stability

Wheel loadings produce both 
vertical and outward stresses 
into a pavement.

Loadings that exceed the elastic 
limit of the soils can cause 
“local” permanent shearing of 
the subgrade (possible 
contamination).

If vertical stresses exceed the 
plastic limit (ultimate bearing 
capacity), complete shear failure 
results.

(J.P. Giroud & Jie Han, 2004) 



“According to the classical result of 
the theory of plasticity, outward 
shear stresses decrease the bearing 
capacity of the subgrade whereas 
inward shear stresses increase the 
bearing capacity of the subgrade.”

(J.P. Giroud and Jie Han, 2004)

Defining the Problem – Subgrade Stability

“…shear stresses 
induced by vehicular 
loads tend to be 
oriented outward, 
which decreases the 
bearing capacity of 
the subgrade.”

(J.P. Giroud and Jie Han, 2004)

Defining the Problem – Subgrade Stability

Defining the Problem – Lateral Movement

“In geotechnical engineering, the solution of a slab-on-grade 
soil-structure interaction problem has been simplified.  
Concrete pavements and foundations are generally treated as 
an elastic plate and the soil supporting the pavement or 
foundation is assumed to be linear, elastic, isotropic and 
homogeneous.  In reality, the stress-strain behavior of the soil 
is non-linear, irreversible, anisotropic, and inhomogeneous.”

Taken from White et al… (2005)

Defining the Problem – Lateral Movement



Defining the Problem – Lateral Movement

Stresses produced by wheel loadings 
create lateral displacements within the 
stress-dependent base course.

Since the materials are not elastic –
over time plastic deformation occurs.

“The overall net motion of the aggregate 
is outward from the wheel, but the 
stress on an individual particle during 
this migration changes from 
predominately forward to predominately 
outward to predominately backward.” 
(Kinney, 1995)

Defining the Problem – Lateral Movement

“The overall net motion of the aggregate is outward from the 
wheel, but the stress on an individual particle during this migration 
changes from predominately forward to predominately outward to 

predominately backward.” (Kinney, 1995)

“Major Findings… (#3 of 5)”

“… About 91% of the rutting occurred in the pavement 
itself: 32% in the surface, 14% in the base, and 45% in 
the subbase.  Thus, only 9% of the surface rut could be 
accounted for by rutting of the embankment.  Data also 
showed that changes in thickness of the component 
layers were caused not by the increase in density, but 
primarily by lateral movements of the materials.” 
(Pavement Analysis and Design, Yang H. Huang)

Wheel Loading 
(plan view)

Defining the Problem – Lateral Movement

Mechanisms

- Lateral Restraint

- Improved Bearing Capacity

- Tension Membrane Effect



Source:  USACOE ETL 1110-1-189

Vertical
Membrane support

Membrane tension

Mechanisms – Tensioned Membrane Effect Mechanisms – Tensioned Membrane Effect

Requires anchorage

Develops based on 
modulus of the product

Requires elastic or plastic 
deformation of the 
subgrade to put product 
in “tension”

Source:  USACOE ETL 1110-1-189

Reinforced Shear Surface

Unreinforced Shear Surface

Mechanisms – Improved Bearing Capacity

Interlocking between geogrid and the aggregate has 
two benefits:
1) Lateral movement of the aggregate is reduced 

or eliminated decreasing or eliminating outward 
stresses to the subgrade.

2) Aggregate striking through the geogrid creates a 
frictional surface that opposes lateral movement 
of the subgrade, creating inward shear stresses 
which improve the bearing capacity.

(J.P. Giroud and Jie Han, 2004)

Outward stresses induced by wheel loading reduce 
the bearing capacity of the subgrade…..

Geogrid changes the orientation of shear stresses.

Mechanisms – Improved Bearing Capacity



Improved Bearing Capacity – Flexible Pavements

Subgrade CBR = 3.0 Subgrade CBR = 3.0

Unreinforced Geogrid 1 Geogrid 2

Mechanisms – Lateral Restraint

Source:  USACOE ETL 1110-1-189

Lateral Shear Flow

Lateral Restraint Due to Friction and Aggregate Interlock

“…lateral restraint 
has been 
identified as the 
primary
reinforcement
mechanism…” 

(ETL 1110-1-188 page 2 
Section 1.2)

Mechanisms – Lateral Restraint

Direction of Wheel Path

Fishhook
Pattern

Mechanisms – Lateral Restraint

Source:  USACOE ETL 1110-1-189

- Reduction in outward 
stresses to the 
subgrade

- Inward stresses are 
generated that 
increase the 
subgrade bearing 
capacity

(J.P. Giroud and Jie Han, 2004)



Mechanisms – Lateral Restraint

Unconfined Video

Partially Confined Video
(Stiff ribs, square ribs, packing arrangement)

Fully Confined Video
(Stiff ribs, square ribs, packing arrangement, 

stiff junctions)

Mechanisms – Lateral Restraint

Subgrade CBR = 6.0 (Idaho R ~40)

Mechanisms – Lateral Restraint

The amount of 
aggregate confinement 
achieved is determined 
by the efficiency of the 
stress transfer that 
occurs between the 
individual aggregate 
particles and the 
geogrid under traffic 
loading.

Applications
•Subgrade Stabilization
•Pavement Optimization 



Application and Intent

Structural Contribution (Pavement 
Optimization, Base Reinforcement,…)

Reduce Structural Thicknesses
Improve Pavement Performance
Combination of above

Subgrade Stabilization (Subgrade 
Improvement, Soft Spot Repair,…)

Constructability
Variability of Subgrade Soils
Improving Uniformity

HMA

Base Rock

Subbase

Overview of Geogrid Mechanisms for 
Roadway Applications

Subgrade Stabilization
Building “platform” over soft 

soils

Pavement Optimization
Improving performance over good 

soils or stabilized soils

Lateral Restraint

Improved Bearing 
Capacity

Tension Membrane Effect

Lateral Restraint
Improved Bearing Capacity

Subgrade Stabilization
Defining the Problem
Geogrid Mechanisms of Reinforcement

Methodologies

Subgrade strength can be highly variable in the field, both by 
location and over time as conditions change

A subgrade failure will result in a complete failure of the pavement 
section – it is not possible to fix a bottom up problem with a 
top down remedy

Avoidance of subgrade failure is the most important element of 
minimizing the life cycle cost of pavements, because it moves
the critical failure higher in the pavement section, where it can 
be dealt with more cost effectively

Defining the Application – Pavement 
Foundations 



USFS Method (1977) –
Bearing Capacity Method: 
Unpaved

USACOE (2003) – Bearing
Capacity Method: Unpaved

Giroud-Han (2004) –
Serviceability Method: 
Unpaved

Subgrade Stabilization

CORPS ETL 1110-189
Design method based on 
empirical testing at WES and 
other facilities
Discussion on relevant 
mechanisms based on multiple 
full-scale trials 
Based on 2” rutting at 1,000 
passes.

Subgrade Stabilization

Giroud-Han Methodology (2004)
ASCE Geotechnical Journal

Method Officially Published in 
August 2004
Calibrations & Applications 
Published August 2004
Discussion of Method and Proper 
Calibration outlined for any 
product (2006)
Generic model which can be used 
with any product with 
appropriate calibration (2012).
4-step calibration process 
outlined (2012)

Giroud-Han Methodology 



Giroud-Han Methodology Giroud-Han Methodology 

Giroud-Han Methodology 

Calibration of Aggregate 
Thicknesses (Giroud-Han)

Subgrade Stabilization



Subgrade Stabilization Subgrade Stabilization

Structural Contribution with Geogrid 
(Pavement Optimization, Base Reinforcement,…)

Standard of Practice - AASHTO 
R50-09 Outlines the need for 
testing and review.  
GMA White Paper II Outlines the 
procedures for designing with 
geogrid.

Structural Contribution



Defining the Benefit
Traffic Benefit Ratio (TBR)
Base Course Reduction Ratio (BCR ratio)
Layer Coefficient Ratio (LCR)

Structural Contribution

1 inch
control reinforced

200,000 1,000,000

Number of 
passes

Deformation

1/4 inch

Structural Contribution

Repetitive Static Plate 
Load Testing – ASTM 
D1195

Purpose and Concept
•Used to Measure a Pavement 
Structural Condition. 
•Monitoring of sections over 
time

Structural Contribution



Ensures proper interpretation of 
data and establishes proper 
tolerances for testing (material 
characterization, environmental 
conditions and impacts, 
tolerances…)
Promotes compatibility of results

Structural Contribution Structural Contribution - APT
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Structural Contribution

Differences in testing methods and 
materials can create variations in results
Failure criteria can differ (rutting, …)
Variations in thicknesses of HMA and 
associated failure mechanisms, moisture 
conditions, …
Differences based on product geometry 
and type.

Structural Contribution

Thinner
the HMA

G
eo

gr
id

 B
en

ef
it

Soft
subgrade

Thinner the 
pavement 

section

Better
quality 

aggregate

Structural Contribution – Expert 
Review

Installation



Installation Guide
On-site instruction for site 
inspectors, contractors and 
engineers (include this is 
spec)

Installation

Overlaps range from 1-3 feet.  
Options for keeping geogrid in 
place (if needed):

Zip-ties
Stakes (nails with a washer)

Installation

Method of fill placement varies with subgrade 
strength and equipment.
Driving on the geogrid can be done depending on 
subgrade conditions.  Refer to installation guide.

Installation

Questions?


