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Learning Objectives

At the end of this webinar, you will be able to:

(1) Incorporate risk assessment principles into the structural analysis of unpaved roads

(2) Use geosynthetic products to improve the bearing capacity of unpaved roads

(3) Improve the structural performance of unpaved roads via chemical stabilization
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Questions and Answers

Å Please type your questions into your webinar 

control panel

Å We will read your questions out loud, and 

answer as many as time allows
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Introduction

9/29/2025 , 6

Source: iStock. https://www.istockphoto.com/photos/winter -road Source: Backcountry Canada Travel. 
https://backcountrycanadatravel.com/getting -around-
canada/adventure-canada/



Economic importance

9/29/2025 , 7

Mining Map(Government of Canada, 2021)

62% of Canada's road 

network



Loadcharacteristics

9/29/2025 , 8

Asphalt mixes

Unbounded materials?

Load
Load

Source: Pinterest (n.d). 
https://co.pinterest.com/gregadkinson/log -haulers/

Å Soil type

Å Distance

Å Alternative routes



Risk Management

9/29/2025 , 9

ÁInside more than 11 
*?Më© pz NK Î

ÁTorabi et. al (2019)

ÁChamorro, A. et al (2020)

.

.

.

Risk management is the method of dealing with potential hazards that threaten.

ÅGive confidence to employees, customers, and other 
stakeholders

ÅBuild a culture of prevention

ÅMinimize surprises and losses

ÅProvide analysis of opportunities and threats

ÅComply with relevant legal and regulatory requirements 
and international norms

ÅEnsure precautions are taken before risks arise

Lack of analysis during design



Objectives

ÁPropose a transfer function for unpaved roads based on the speed 
of load application.

ÁImplement a risk assessment method integrated into the design of 
unpaved roads.

ÁGenerate a basic design tool by integrating risk assessment for 
unpaved roads.

9/29/2025 , 10



LoadingProtocol (MRLT)

9/29/2025 , 11

Á3 different soil types: SM, CL-ML, CL (80mm< 32%-72%-100%)

ÁEach with 3 different water contents (wopt, w+, w-)

50
km/h

20
km/h

1
km/h

Å AASTHO T-307-99 
Å EN 13286-7:2004  

Frequency(Hz)



Damage Law - Laboratory

9/29/2025 , 12

0.3Hz 2.5Hz 11Hz

ὔ ═‐║

e1,p=2500 me



Date

Heavy Vehicle Simulator
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Heavy VehicleSimulator (HVS)

9/29/2025 , 14

ÁSpeed 9 km/h

Á3 loads: 4000, 5000 
and 6000 kg.

Á2 Groundwater 
Positions

ÁPositioned in the 
center



Instrumentation

9/29/2025 , 15

Instrumentation diagram

SM

Clean gravel

MG-20B

Sec. A-850 Sec. B-550
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Risk Assessment: Identification
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Risk assessment: Identification

9/29/2025 , 17

ÁHierarchical 
holistic method

ÁBibliography 
and 
Brainstorming

https://forms.gle/7QQJjrQdLaRKqatr8
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Risk Assessment: Analysis
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Risk assessmentapproach

9/29/2025 , 19

Å Human
Å Financial

Å Operational facilities

ÅMaintenance/Operation 

Machinery

Å Cost and recovery time
Å Links to other risks

Å Risk detectability

Å Risk growth over time
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Vulnerability

Impact factor

Risk Score (RS)=Likelihood ὼ Consequences

Qualitative Quantitative

Generalities of Business Impact Analysis:



Date

Risk Assessment: Evaluation
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Risk assessment

9/29/2025 , 21

ÅComparison against 
established risk criteria.

ÅClassification by natural 
breaks (Jenks).

0.05 0.22
Low HighMedium



Date

Reliability analysis
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Short description

9/29/2025 , 23

Modeling

Monte-Carlo

Reliability

Field Test

NQ

structure

subgrade

H
Mr

Mr

Load

F(f) 



Date

Design Method

2025-09-29 , 24



Outline algorithm

9/29/2025 , 25



Conclusions

ÁLoad frequency affects the transfer curve for rutting in soils.

ÁPavement design can account for a broad spectrum of risks.

ÁRisk Assessment methods applied in industry and cross-
disciplinary algorithms strengthen pavement analysis.

ÁBIA effectively captures project conditions and scenarios during 
the design stage.

9/29/2025 , 26



Thank you so much

9/29/2025 , 27
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Introduction
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ÅGeosynthetics
ïOne of the most revolutionary engineered product groups within civil engineering 

ïManufactured from polymers or hydrocarbon chains

ïOffering  high-performance, cost-effective and long-term solutions 

ïAllowing infrastructures to be constructed more economically, more sustainably and with 
greater resilience, compared to alternative solutions. 

Geogrids

Geosynthetics

Geotextiles

Geocells

Geonets 

Geopipes

Geofoam 

Geomembranes

Geocomposites Geosynthetic Clay Liners (GCL)

Geogrid+Geotextile

Geogrid+Geonet

Geogrid+Geomembarne

Source: https://www.grandviewresearch.com/

https://www.grandviewresearch.com/


Introduction

ÅGeosynthetics

31

Geogrid

Geotextile

Nonwoven Woven
Adapted from Tutumluer (2025)



Introduction

ÅGeosynthetics in Civil Engineering Applications
Application Objective(s) Mechanism(s)

Geosynthetic Function(s)
Benefits in Roadway Performance

Primary Secondary

Mitigation of 
reflective cracking 

in structural asphalt 
overlays

Retard or eliminate reflective 
cracking into structural asphalt 

overlays triggered by pre-existing 
cracks in old surface layer

Develop tension to enhance stress 
redistribution within asphalt overlays in 

the vicinity of pre-existing cracks 

Reinforcement
(or Separation)

and/or Barrier

Maintain integrity of the structural asphalt overlay by retarding 
development of reflective cracks into asphalt overlays and, in 
turn, reduce/eliminate degradation mechanisms caused (or 

accelerated) by water intrusion through reflective cracks 

Stabilization of 
unbound aggregate 

layers

Provide initial increase, and 
minimize time-dependent 

decrease, in the modulus of 
unbound aggregate layers

Develop lateral restraint through tension 
and shear transfer to minimize the 
tendency of unbound aggregates to 

displace laterally

Stabilization / 
Stiffening

Decrease time-dependent rutting by (a) providing an increased 
modulus of unbound aggregates at the time of construction, and 

(b) minimizing degradation of the modulus of unbound 
aggregates over time

Reduction of layer 
intermixing

Avoid contamination of unbound 
aggregate layers with fine-grained 

subgrade soil particles

Minimize (a) loss of aggregate particles 
into underlying soft subgrade, and (b) 
migration of fine-grained soil particles 

into overlying unbound aggregate layers

Separation Filtration

Maintain the as-designed structural capacity by 
minimizing/eliminating (a) time and serviceability related 

decrease in base/ballast or subbase/subballast layer thickness, 
and (b) reduction in the quality of aggregate materials

Reduction of 
moisture in 

structural layers

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

Provide (a) gravity-driven drainage (for 
saturated soil conditions), and (b) 

enhanced drainage due to capillarity (for 
unsaturated soil conditions)

Drainage
Filtration 

Separation

Avoid or minimize (a) generation of positive pore water 
pressures (due to traffic loading in near-saturated layers), and 

(b) moisture content increase in unsaturated layers (to maintain 
adequate modulus and shear strength over time)

Stabilization of soft 
subgrades 

Increase the bearing capacity of 
soft subgrade soils

Develop (a) vertical restraint beyond the 
wheel path, and (b) some membrane-
induced tension under the wheel path

Reinforcement
Stiffening
Separation 
Filtration

Decrease time-dependent rutting by (a) minimizing vertical and 
shear stresses in the subgrade under the wheel path, and (b) 

redistributing shear and normal stresses beyond the wheel path

Mitigation of 
distress induced by 

shrink/swell 
subgrades

Retard or eliminate environmental 
longitudinal cracks along roadways 
due to the presence of expansive 
or frost-susceptible subgrade soils 

Maintain integrity and uniformity of 
unbound aggregate layer to minimize 

stress concentration that triggers 
longitudinal cracks

Stiffening
(and/or 

Drainage)
(or Barrier)

Maintain integrity of asphalt surface course and, in turn, 
reduce/eliminate degradation mechanisms, such as 

environmental longitudinal cracks along roadways, which are 
triggered by water content fluctuations and frost action in the 

subgrade 

Adapted from Zornberg & Tutumluer: ACIGS Roadshow, Geosynthetics Design for Roadways and Railways, 26 -30 June 2023 



Introduction

ÅGeosynthetic Functions for subgrade and base stabilization in Granular 
Roads 

Base

Subgrade

Punching shear

Geosynthetic tension

Stress distribution zone

Geosynthetic

General shear

Geosynthetic-induced 

wheel support

Geosynthetic-induced 

subgrade confinement

Non-stabilized 

Road 

Subgrade

Stabilized 

Road 

Subgrade

Adapted from Zornberg (2017)

Geosynthetic Stress distribution

Geosynthetic-

induced lateral 

restraint

Base

Subgrade

Tendency for aggregate 

to displace laterally

Stress 

distribution

Stress distribution



ÅRecycled Plastic

ïPlastic pollution is one of the great environmental challenges in the world

ÅPlastic waste is hazard to the environment

ÅPlastic may contain substances to improve performance and/or reduce 
costs

Introduction

Source: https://www.greenpeace.org/

https://www.greenpeace.org/


Introduction

ÅCold-region Transportation Infrastructure
ï Iowa has over 70,000 miles of granular (unpaved) county roads 

ï.ŀŎƪōƻƴŜ ƻŦ LƻǿŀΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŜŎƻƴƻƳȅ ǘƘŀǘ ƘŜƭǇ ŦŜŜŘ ǘƘŜ ǿƻǊƭŘ 

ïVery low daily traffic with frequently heavy vehicle (i.e., farm equipment) movements

ïLƻǿŀΩǎ Ŏƻǳƴǘȅ ǊƻŀŘ ŘŜǇŀǊǘƳŜƴǘǎ ǎǇŜƴŘ ƻǾŜǊ Ϸмпр Ƴƛƭƭƛƻƴ ŀƴƴǳŀƭƭȅ ŦƻǊ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘǎ 



Introduction

ÅCold-region Transportation Infrastructure
ï Iowa granular roads commonly face surface distresses such as washboarding, rutting, 

potholes, and loose aggregate, along with moisture-related issues like frost heave and boils 
driven by poor drainage and freezeςthaw cycles.

ïMany examples of reported freeze-thaw related damage problems on many Iowa granular 
roads in recent years 

Photo of courtesy: 
Brian Keierleber



Introduction

ÅObjectives
ïNew and less expensive means are desired

Å¢ƻ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ōŀǎŜǎ ƻŦ LƻǿŀΩǎ ƎǊŀƴǳƭŀǊ ǊƻŀŘǎ

ÅTo reduce the effects of the freeze thaw cycles

ÅTo reduce maintenance costs and increase serviceability to the traveling public

ÅInnovative and sustainable application of recycled plastic for unpaved roads 
stabilization

Turning Plastic Waste to Sustainable Construction Materials

Plastic Waste
Recycled Plastic Geosynthetic
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Recycled Plastic Composite Geosynthetic

ïNewly developed Composite Geosynthetic called DEV-IA1 (A geogrid made from 
100% recycled plastic (Polypropylene (PP)) and a nonwoven geotextile) 
developed for the first time for Iowa and 

ïConventional Composite Geosynthetic called DEV-IA2 (A geogrid made from 
virgin plastic (PP) and a nonwoven geotextile)

Å 

Coextruded process
- hƴŜ ŜȄǘǊǳŘŜǊ ōŀǊǊŜƭ Ŏƻƴǘŀƛƴǎ ǘƘŜ άǿƘƛǘŜέ ǇƻƭȅƳŜǊ ŦƻǊ ǘƘŜ ŎŀǇǎ ŀƴŘ ǘƘŜ ƻǘƘŜǊ Ŏƻƴǘŀƛƴǎ άōƭŀŎƪέ ǇƻƭȅƳŜǊ ŦƻǊ ǘƘŜ ŎƻǊŜΦ
- ¢ƘŜ ǘƘǊŜŜ ƭŀȅŜǊǎ ŀǊŜ ŜȄǘǊǳŘŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǎƻ ǘƘŜǊŜ ƛǎ ƴƻ άƧƻƛƴƛƴƎέ ƻŦ ǘƘŜ ǘƘǊŜŜ ƭŀȅŜǊǎ ς they form a single sheet 

Source: Slides provided by 
geosynthetic manufacturer 



Recycled Plastic Composite Geosynthetic

ÅFunctions

ïStabilization

ïSeparation

ïDrainage

ïConfinement

ïFiltration

Recycled Plastic Composite Geosynthetic 
100% Recycled Plastic Geogrid Nonwoven Geotextile

Virgin Plastic Composite Geosynthetic 

Source: Slides provided by geosynthetic manufacturer 
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Laboratory and Field Study 

ÅLaboratory Testing on Soil and Aggregates

ïThree candidate sites in Buchanan County, IA were selected for field 
demonstration

ïAll three sites are granular roads 



Laboratory and Field Study 

ÅLaboratory Testing on Soil and Aggregates

ïCollected subgrade soils and surface aggregates from three candidate sites for 
laboratory investigations



Laboratory and Field Study 

ÅLaboratory Testing on Soil and Aggregates

ïSieve Analysis

ïAtterberg Limits

ïStandard Proctor Compaction

ïLaboratory CBR Test
Property

Base Aggregate Subgrade Soil

N Black Hawk 

Buchanan Ave
183rd St Frost Ave

N Black Hawk 

Buchanan Ave
183rd St Frost Ave

AASHTO 

Classification
A-6

Liquid Limit 31.8 29.0

Plastic Limit 20.9 11.0

Plasticity Index 10.9 18.0

CBR (%) 2-3

OMC (%) 9.0 8.8 4.8 14.85 11.3

MDD (PCF) 128.0 132.8 129.0 105.67 102.8



Laboratory and Field Study 

ÅField Construction and Sensor Instrumentation

ïRecycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosynthetic 

Subgrade

S
u

b
g

ra
d

e
B

a
se

IҐмнΩΩ

300 ft300 ft 300 ft

Data logger 3Data logger 2Data logger 1

Composite Geosynthetic
Moisture/Temperature Sensor

Recycled plastic 
composite 

geosynthetic

Virgin plastic 
composite 

geosynthetic Control

An advanced soil moisture, 
temperature, and electrical 
conductivity (EC) sensor designed 
for high-precision, long-term field 
monitoring. 



Laboratory and Field Study 

ÅField Construction and Sensor Instrumentation

ïRecycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosynthetic



Laboratory and Field Study 
ÅField Construction and Sensor Instrumentation

ïRecycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosynthetic

12-inch depth in subgrade

мнΩ

Dig trench for sensor installation in subgrade



Laboratory and Field Study 
ÅField Construction and Sensor Instrumentation

ïRecycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosynthetic


