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Geosynthetic Materials in Roadways
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Zornberg (2017)

Geosynthetics in Roadway Applications
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Zornberg (2017)

Annual CO2 Emissions

Source: 
Global Carbon Budget (2023)
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Sustainability Evaluation in this Study
• Six different applications involving geosynthetics in roadways 

were evaluated: 
1. Mitigation of reflective cracking in structural asphalt overlays 
2. Stabilization of unbound aggregate layers 
3. Reduction of layer intermixing 
4. Reduction of moisture in structural layers 
5. Stabilization of soft subgrades 
6. Mitigation of distress due to shrink/swell subgrades

• For each application, a case history was identified for which two 
design alternatives (with and without geosynthetics), deemed 
technically equivalent, had been considered 

• Sustainability benefits were evaluated by conducting carbon 
audits and quantifying the differences in tCO2e per lane-km

Zornberg, J.G., Subramaniam, S.,
Roodi, G.H., Yalcin, Y., and Kumar,
V.V. (2024). “Sustainability Benefits
of Adopting Geosynthetics in
Roadway Design.” International
Journal of Geosynthetics and
Ground Engineering, Springer (in
press).
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Mitigation of Asphalt Reflective Cracking: 
Objectives

Retard or eliminate reflective cracking 
into structural asphalt overlays 
triggered by pre-existing cracks in old 
surface layer

New asphalt overlay

Cracked pavement

Base

Subgrade

Pre-existing crack

Geosynthetic

Geosynthetic

Overlay without Geosynthetic Overlay with Geosynthetic

Reflective crack

Source: 
Zornberg (2017)

Mitigation of Asphalt Reflective Cracking: 
Tension Development Mechanism
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Reinforcement
Separation (“Stress relief”) 

Barrier

ASPHALT OVERLAY

ORIGINAL PAVEMENT

Mitigation of Reflective Cracking in Structural 
Asphalt Overlays: GS Functions

Source: Zornberg (2017a)

BASE

SUBBASE

SUBGRADE

CH1: SH21, Lee County, Texas
- Mitigation of Asphalt Reflective Cracking -

• Retrofitting a highway serving the energy 
sector
• Project length is about 18 miles, with 2 lanes in 

each direction
• Pre-existing roadway sections included an original, 

152-mm-thick, distressed and oxidized asphalt 
layer underlain by base and subbase layers with a 
total thickness of 381 mm

• The challenge: Minimize reflective 
cracking
• Reflective cracking expected to be triggered by 

pre-existing cracks
• Quantify additional structural capacity

Bastrop/Lee 
County Line

Lee/Burleson 
County Line

Instrumented 
Test Sections

US77

SH21

SH21
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CH1: Design Alternatives

152 mm

381 mm

127 mm

Original Asphalt Layer

Base & 
Subbase

Asphalt Overlay

Subgrade

152 mm

381 mm

76 mm

Original Asphalt Layer

Base & 
Subbase

Asphalt Overlay

Subgrade

Geogrid

Conventional Design:
• No geosynthetic
• Protection against reflective 

cracking by an asphalt overlay 
of increased thickness

Design using GS:
• Geogrid-reinforced overlay
• The adopted product was a 

polymeric geogrid

Design Requirements:
• Mitigate reflective cracking triggered by the 

presence of cracks in the original asphalt layer
• Evaluate possible increase in structural 

capacity by asphalt reinforcement

CH1: Construction

Construction involved:
• Application of binder tack coat
• Installation of polymeric 

geosynthetic reinforcement
• Construction of a thinner HMA 

overlay
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Construction

CH1: Sustainability Analysis

100,0%

Asphalt

60,8%
6,7%

32,4%

Geogrid Reduction

22 tCO2e  
/ lane-km
22 tCO2e  
/ lane-km

Conventional Design Design using GS

Stabilization of Unbound Aggregate Layers: 
Objectives

Provide initial increase, and 
minimize time-dependent 

decrease, in the modulus of  
unbound aggregate layers
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Geosynthetic Stress distribution

Geosynthetic-
induced lateral 

restraint

Stabilization of Unbound Aggregate Layers: 
Mechanisms

Asphalt layer

Base

Subgrade

Tendency for aggregate 
to displace laterally

Stress 
distribution

Stress distribution

Non-stabilized Road Base Stabilized Road Base

Source: Zornberg (2017b)

ASPHALT OVERLAY
ORIGINAL PAVEMENT

BASE

SUBBASE

SUBGRADE

Stabilization of Unbound Aggregate Layers: 
GS Functions

Stiffening

Source: Zornberg (2017b)
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CH2: I90, Ashtabula, OH, USA
- Stabilization of Unbound Aggregates -

• Reconstruction of 
Interstate Highway 90
• Length ~ 4 km (2.5 miles)
• 2 lanes in each direction
• Total width of 39’
• Replacement of ramps 

and a bridge

• The challenge: “Lake-effect snow” 
• Due to proximity to Lake Erie 
• Short construction window
• Construction over 3 summers

I-90 Reconstruction

Interstate 90
~ 4 km (2.5 miles) 2-lanes Highway

Lake Erie

Project Site

CH2: Design Alternatives

Conventional Design:
• No geosynthetic
• 900 mm excavation

Design using GS:
• Geosynthetic-stabilized base
• Excavation reduced to 600 mm
• Base thickness reduced in half

305 mm

305 mm

305 mm

AASHTO #2 Stone

Asphalt Layer

Subgrade

Ohio DOT #304 Aggregate
152 mm

152 mm

305 mm

AASHTO #2 Stone

Asphalt Layer

Subgrade

Ohio DOT #304 Aggregate

Geogrid

Design Requirements:
• Remove the old pavement and a thick 

subgrade layer 
• Replace with high quality material
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CH2: Construction

• Adopted final design involved a 
geosynthetic-stabilized base

• Quantity of base material was 
reduced in half

• Construction time was reduced from 
3 initially predicted summers to 2 

Pictures Courtesy: Mike Clements

0 50 100 150 200 250 300

Geogrid
stabilizated

base

Conventional
base

Embodied Carbon (tCO2e/lane-km)

Material
Transportation
Construction

CH2: Sustainability Analysis

73,6%

12,1%

1,5%

1,2%
11,6%

Geogrid Reduction

73,6%

24,1%

2,3%

Asphalt Aggregate Layers Undercut

30 tCO2e  
/ lane-km
30 tCO2e  
/ lane-km

Conventional Design Design using GS
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Reduction of Layer Intermixing:
Objective

Avoid contamination of unbound 
aggregate layers with fine-grained 
subgrade soil particles

Asphalt layer

Geosynthetic

Base

Subgrade

Pumped fine-
grained soils

Intruded coarse-
grained aggregates

Reduction of Layer Intermixing: Mechanisms

Road without 
Geosynthetic Separator

Road with 
Geosynthetic Separator

Source: Zornberg (2017)
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ASPHALT OVERLAY
ORIGINAL PAVEMENT

Reduction of Layer Intermixing: 
GS Functions

BASE

SUBBASE

SUBGRADE

Separation

Filtration

Source: Zornberg (2017)

CH3: Bedford County, Virginia 
- Reduction of Layer Intermixing -

• Full-scale test sections
• Road sections involved:

• Different base course thickness
• Different geosynthetic type

• Test sections were 15 m long
• Subgrade: ML & CH, A-7-6
• A “Class 3” geotextile was used

• The challenge: Quantify benefits of 
geotextile separators
• Low volume road
• Differences in maintenance costs

Source: Al-Qadi et al. (1997)
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CH3: Design Alternatives

95 mm

102 mm

Asphalt Layer

Base

Subgrade

Geotextile

95 mm

102 mm

Asphalt Layer

Base

Subgrade

Asphalt Overlays

35 mm

Design Requirements:
• Estimate service life based on the 

equivalent single axle load (ESAL) 
corresponding to a rutting depth of 20 mm

Conventional Design:
• No geosynthetic
• CBR ranging from 6 to 10%
• Required two overlays over 

design life

Design using GS:
• Geotextile Class 3
• CBR ranging from 6 to 10%
• Did not require asphalt 

overlays over design life
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255,1614.01

0102,9237.52

Source: 
Al-Qadi and Appea (2003)

CH3: Quantification of Performance

103,000 ESALs55,000 ESALs

• Serviceability requirements: 20 
mm rutting depth

• Service life: 100,000 ESALs
• Rehabilitation period: 50% of 

virgin period
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0 20 40 60 80 100 120 140

Design with
geotextile
separation

Conventional
design

Embodied Carbon (tCO2e/lane-km)

Material
Transportation
Construction

CH3: Sustainability Analysis (Cont.)

90,6%

7,9%
1,5%

Asphalt Base Subgrade

49,8%

7,9%
1,5%

2,8%

38,1%

Geotextile Reduction

44 tCO2e  
/ lane-km
44 tCO2e  
/ lane-km

Conventional Design Design using GS

Reduction of Moisture in Structural Layers: 
Objectives

Source: Zornberg et al. (2016)

Provide in-plane 
drainage to minimize 
access and accumulation 
of moisture within 
structural layers
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Asphalt layer

Base

Subgrade

Moisture infiltration

Water capillary rise

Rainfall

Geosynthetic

Rainfall

Moisture Reduction: Mechanisms

Road without Lateral 
Drainage

Road with Lateral 
Drainage

Rainfall

Source: Zornberg et al. (2017b)

BASE

Separation

Filtration

Drainage

ASPHALT OVERLAY
ORIGINAL PAVEMENT

SUBBASE

SUBGRADE

Moisture Reduction: GS Functions

Source: Zornberg et al. (2017a)
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Source: Zornberg et al. (2017)

New Advances in Geosynthetics for Moisture 
Reduction

CH4: Daniel Boone Bridge, St. Louis, USA
- Moisture Reduction -

• Reconstruction of 
Daniel Boone Bridge
• In Interstate 64
• Two original bridges:

• 1935 bridge deteriorated 
beyond repair

• 1980’s bridge could not 
meet demand

• The challenge: Stringent         
drainage requirements
• Site was characterized by a high water table
• Good drainage needed for approaching

roadways to minimize pavement distress
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CH4: Design Alternatives

102 mm

305 mmConcrete Pavement

Subgrade

Regular Base 102 mm

Drainable Base

305 mmConcrete Pavement

Subgrade

Regular Base 152 mm

ELD Geotextile

Conventional Design:
• No geosynthetic
• Includes “Drainable 

Base” ($40/ton) in 
addition to regular 
aggregate ($12/ton)

Design using GS:
• Enhanced Lateral Drainage 

(ELD) geotextile
• 51 mm reduction in base 

course thickness
• Geotextile also provides 

separation and stabilization

Design Requirements:
• Provide good drainage due to high water 

table scenario
• Minimize thickness of “Drainable Base,” 

which was costly

CH4: Drainage Layer Placement

• Adopted final design involved a 
“wicking geotextile” for internal 
drainage

• Moisture migrating upward from 
high water table is drained laterally

Source: 
Zornberg et al. (2017)
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CH4: Sustainability Analysis

0 5 10 15 20 25 30 35 40

Geotextile
drainage

Conventional
drainage

Embodied Carbon (tCO2e/lane-km)

Material
Transportation
Construction

25,3%

74,7%

Base Drainable Base

37,9%

12,0%

50,1%

Geotextile Reduction

18 tCO2e  
/ lane-km
18 tCO2e  
/ lane-km

Conventional Design Design using GS

Source: Geosynthetic Institute (GSI)

Subgrade Stabilization: Objective
Increase the bearing 

capacity of soft subgrade 
soils
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Base

Subgrade

Punching shear

Geosynthetic tension

Stress distribution zone

Subgrade Stabilization: Mechanisms

General shear

Non-stabilized Road 
Subgrade

Stabilized Road 
Subgrade

Source: Zornberg (2017)

Stress distribution zone

Geosynthetic

General shear

Geosynthetic-induced 
wheel support

Geosynthetic-induced 
subgrade confinement

ASPHALT OVERLAY
ORIGINAL PAVEMENT

BASE

SUBBASE

SUBGRADE

Subgrade Stabilization: GS Functions

Reinforcement
Separation

Stiffening

Filtration

Source: Zornberg (2017)
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CH5: International Airport, Mexico City
- Subgrade Stabilization -

• Construction of the International Airport, 
Mexico City
• Construction activities took place over the former Lake 

Texcoco
• Highly compressible, soft clay
• MC ranging from 300 to 400%

• The challenge: Extremely 
soft foundation soils
• Over 1 m-settlements have 

been predicted 
• Water is saltier than seawater

CH5: Design Alternatives

Source: Zornberg et al. (2018)

Conventional Design:
• No geosynthetic for 

stabilization
• Geotextile separator

Design using GS:
• Geosynthetic-stabilized 

subgrade
• Granular material was reduced 

by 500 mm
• Geotextile separator

Design Requirements:
• The project should accommodate the use 

of Tezontle (a volcanic rock) in construction 
• Project requires 48.3 km of internal roads

900 mm

Subgrade

Tezontle

Geotextile

400 mm

Subgrade

Geogrid
Geotextile

Tezontle

Tezontle
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• Large quantities of geosynthetics:

Quantity used 
(m2)

Geosynthetic
type

7,717,800Geogrids
10,649,434Geotextiles

213,952Geomembranes

18,581,186Total

CH5: Construction

• 1,147 hectares required 
improvement for construction

• In spite of problematic soils, 
construction progressed smoothly

Pictures Courtesy: Lizeth Vergara

0 10 20 30 40 50

Geogrid-
stabilized
subgrade

Non-
stabilized
subgrade

Embodied Carbon (tCO2e/lane-km)

Material
Transportation
Construction

CH5: Sustainability Analysis

94,0%

6,0%

Tezontle Geotextile

41,8%

6,0%6,3%

45,9%

Geogrid Reduction

21 tCO2e  
/ lane-km
21 tCO2e  
/ lane-km

Conventional Design Design using GS
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Mitigation of Distress induced by Shrink/Swell 
Subgrades: Objectives

Retard or eliminate 
environmental 
longitudinal cracks 
induced by volume 
changes in expansive 
or frost-susceptible 
subgrade soils 

Dry Season:

Understanding an Old Problem: Roadways over 
Expansive Clay Subgrades

Wet Season:

Original 
ground profile

C.L.

Zornberg and Roodi (2021)

Original 
ground profile

C.L.
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Roadway Distress due to Environmental Loads

Courtesy: TxDOT

GS-Stabilized Roadway

Rainfall

Wet SeasonDry Season

C.L.

Settlement 
during dry
seasons

Heave during 
wet seasons

Environmental longitudinal 
cracks develop during dry 
seasons

Non-Stabilized Roadway

Wet SeasonDry Season

Settlement 
during dry
seasons

Heave during 
wet seasons

Geosynthetic mitigates 
development of environmental 
longitudinal cracks

C.L.

Geosynthetics for Roads on Shrink/Swell Subgrades
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ASPHALT OVERLAY
ORIGINAL PAVEMENT

BASE

SUBBASE

SUBGRADE

Mitigation of Distress Due to Shrink/Swell Subgrades 
(by Maintaining Integrity of Unbound Aggregates): GS Functions

Stiffening

Source: Zornberg (2017b)

FM 1915
Milam County, Texas, USA

Little River Relief Bridge

CH6: FM 1915, Milam County, Texas
- Mitigation of Distress due to Shrink/Swell Soils -

Section 1: GS-Stabilized with 
Reduced Base Thickness

Section 2: Control 

Section 3: GS-
Stabilized Base

Source: Zornberg et al. (2018)

• Reconstruction of low volume road on expansive clays:
• Founded on expansive clay subgrade with PI ranging from 30 to 56 
• Severe longitudinal cracks reported on an extension of 4 km south of Little River 

Relief Bridge

• The challenge: 
Minimize 
environmental 
longitudinal cracks
• Requires condition 

surveying during 
operation to quantify 
performance
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CH6: Design Alternatives

Source: Zornberg et al. (2018)

180 mm

250 mm

75 mm

Lime Stabilized 
Subbase

Asphalt Layer

Expansive Clay 
Subgrade

Base 180 mm

250 mm

75 mm

Lime Stabilized 
Subbase

Asphalt Layer

Expansive Clay 
Subgrade

Geogrid
Base

Conventional Design:
• No geosynthetic
• Design typical for low 

volume road in Texas

Design using GS:
• Geosynthetic-stabilized base
• Maintained thickness of other 

layers to assess difference in 
performance

Design Requirements:
• Failure Criterion: Longitudinal cracks < 15%
• Design Life: 15 years

CH6: Quantification of Performance
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9.5 yrs >15 yrs

• Control section (Section 2) required 
rehabilitation

• Geosynthetic-stabilized section did not 
require rehabilitation

Geosynthetic-
stabilized Section

Control Section
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Geogrid
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roadway
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Material
Transportation
Construction

CH6: Sustainability Analysis

77,3%

22,7%

Asphalt Base

50,6%

22,7%

2,8%

23,9%

Geogrid Reduction

22 tCO2e  
/ lane-km
22 tCO2e  
/ lane-km

Conventional Design Design using GS

CH1: Mitigation of Reflective 
Cracking in Asphalt Overlays

CH2: Stabilization of Unbound 
Aggregate Layers

CH3: on Reduction of Layer 
Intermixing

CH4: Reduction of Moisture in 
Structural Layers

CH6: Mitigation of Distress due to 
Shrink/Swell Soils

CH5: Stabilization of Soft 
Subgrades

Summary

60,8%
6,7%

32,4%

Geogrid Reduction

73,6%

12,1%

1,5%

1,2%
11,6%

Geogrid Reduction

49,8%

7,9%
1,5%

2,8%

38,1%

Geotextile Reduction

37,9%

12,0%

50,1%

Geotextile Reduction

37,9%

12,0%

50,1%

Geotextile Reduction

37,9%

12,0%

50,1%

Geotextile Reduction

18 tCO2e  
/ lane-km
18 tCO2e  
/ lane-km

22 tCO2e  
/ lane-km
22 tCO2e  
/ lane-km 30 tCO2e  

/ lane-km
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/ lane-km

44 tCO2e  
/ lane-km
44 tCO2e  
/ lane-km

21 tCO2e  
/ lane-km
21 tCO2e  
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22 tCO2e  
/ lane-km
22 tCO2e  
/ lane-km
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Let’s Do A Few Calcs …
Consider:
• That the case histories evaluated in this study are representative
Adopting a geosynthetic alternative in roadway design leads to an average 

reduction of 26.29 tCO2e per lane-km in carbon footprint
• That the costs (and carbon footprint) of roadway projects are 

amortized over a typical roadway design life of 15 years
Adopting a geosynthetic alternative leads to an annual average reduction of 

1.75 tCO2e per lane-km-year in carbon footprint
• That the world’s roadway network of 64,285,009 km (assuming two 

lanes per road) is designed using geosynthetics from now on
Annual average reduction of 225 million tCO2e per year
Or: annual CO2 sequestered by approximately 100 million hectares of forest 
Or: annual CO2 sequestered by a forest 24 times the area of the Netherlands

Conclusions
In roadway applications:
• Geosynthetics have been shown to improve, often

significantly, the system performance
• Geosynthetics have generally led to cost-effective

solutions
• Geosynthetics have consistently resulted in more 

sustainable alternatives
– Considering the significant extension of roadways worldwide, 

the opportunities to achieve sustainability goals by 
extensively using geosynthetics in roadways are massive
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