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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

A Please type your questions into your webinar
control panel

A We will read your questions out loud, and
answer as many as time allows

Questions

No questions yet

Cluestions you send and answers from the staff

will appear here

Enter your question

Your question will be sent to staff
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Introduction

Source: iStock. https://www.istockphoto.com/photos/winter  -road Source: Backcountry Canada Travel.

https://backcountrycanadatravel.com/getting -around-
canada/adventure-canada/
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L oad characteristics

Unbounded materials?

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

A Soil type
A Distance __
A Alternative routes ‘NH:’




Risk Management

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

(1) Evaluation des risques <
f . Evaluation
- . \
Gestion des risques : _________ s
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APropose a transfer function for unpaved roads based on the speed
of load application.

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

AGenerate a basic design tool by integrating risk assessment for
unpaved roads.
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Damage Law Laboratory
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Heavy Vehicle Simulator




HeavyVehicleSimulator (HVS)

ASpeed 9 km/h

A3 loads: 4000, 5000
and 6000 kg.

AZ Groundwater
Positions

APositioned in the
center




Instrumentation
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Risk Assessment Identification




Risk assessmentdentification

AHierarchical
holistic method

ABiinography
and
Brainstorming

Structure thickness
Freeze/thaw depth
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Risk Assessment Analysis
o955 B




Risk assessmerdpproach

Generalities of Business Impact Analysis: A Cost and recovery time

A Links to other risks
A Risk detectability
\A Risk growth over time

|
Impact factor
Risk Score (RS)=. ikelihood @Consequences
o Vulnerability
Qualitative Quantitative A
[ A Human

OZ A Financial
S 4 A Operational facilities
A Maintenance/Operation

Machinery




Risk Assessment Evaluation




Risk assessment
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Reliability analysis
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Design Method




Outline algorithm
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Conclusions

ALoad frequency affects the transfer curve for rutting in solls.
APavement design can account for a broad spectrum of risks.

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

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




Thank you so much
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Introduction

AGeosynthetics

I One of the most revolutionary engineered product groups within civil engineering
I Manufactured from polymers or hydrocarbon chains
I Offering highperformance, coskffective and longterm solutions

I Allowing infrastructures to be constructethore economically, more sustainably and with
greater resilience compared to alternative solutions.

I Geosynthetics I U.S. Geosynthetics Market
I I I Size, by Product 2020 - 2030 (USD Billion)
Geogrids Geocomposites Geosynthetic Clay Liners (GCL) . . .
Geotextiles I $2.9B - [ [ ] -
Geogrid+Geotextile L
Geocells gnd m . [
Geonets I
Geogrid+Geonet
Geopipes I
Geofoam Geogrid+Geomembarng I I I I I I I I I I I
Geomembranes 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
@ Geotextiles Geocalls Geogrids Geomembranes @ Geonets

Source https://www.grandviewresearch.com/ 30



https://www.grandviewresearch.com/

Introduction

AGeosynthetics

Geotextiles

Geogrid

Geotextile

Nonwoven
Adapted fromTutumluer(2025)



Introduction

AGeosynthetics in Civil Engineering App

ications

Application

Objective(s)

Geosynthetic Function(s)

Mechanism(s)

Primary

Secondary

Benefits in Roadway Performance

Mitigation of
reflective cracking
in structural asphalt
overlays

overlays triggered by prexisting

Retard or eliminate reflective
cracking into structural asphalt

cracks in old surface layer

Develop tension to enhance stress
redistribution within asphalt overlays i
the vicinity of preexisting cracks

Reinforcement
(or Separation)

and/or Barrier

Maintain integrity of the structural asphalt overlay by retardi
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 aggregatd
layers

Provide inial increase, and
minimize timedependent

decrease, in the modulus of
unbound aggregate layers

5eve|op lateral restraint through tensig

and shear transfer to minimize the

tendency of unbound aggregates to
displace laterally

Stabilization /
Stiffening

Decrease timadependent rutting by (a) providing an increas

modulus of unbound aggregates at the time of construction,

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

Reduction of layer
intermixing

aggregate layers with fingrained

Avoid contamination of unbounod

subgrade soil particles

Minimize (a) loss of aggregate particle
into underlying soft subgrade, and (b
migration of finegrained soil particles
into overlying unbound aggregate laye

S

Separation

Filtration

Maintain the asdesigned structural capacity by
minimizing/eliminating (a) time and serviceability related
decrease in base/ballast or subbasatbballastayer thickness,
and (b) reduction in the quality of aggregate materials

Reduction of
moisture in
structural layers

Stabilization of soft
subgrades

of moisture within structural layer

Provide inplane drainage to
minimize access and accumulati

Increase the bearing capacity ol‘ Develop (a) vertical restraint beyond th

soft subgrade soils

Provide (a) gravitdriven drainage (for
saturated soil conditions), and (b)
enhanced drainage due to capillarity (f
unsaturated soil conditions)

wheel path, and (b) some membrane
induced tension under the wheel path

Drainage

Reinforcement

Filtration
Separation

Stiffening
Separation
Filtration

Avoid or minimize (a) generation of positive pore water

pressures (due to traffic loading in nesaturated layers), an

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

Decrease timalependent rutting by (a) minimizing vertical ai
shear stresses in the subgrade under the wheel path, andj(b)

redistributing shear and normal stresses beyond the wheel

Mitigation of
distress induced by
shrink/swell
subgrades

Retard or eliminate environmentd
longitudinal cracks along roadwal
due to the presence of expansiv|

Maintain integrity and uniformity of

unbound aggregate layer to minimize

stress concentration that triggers
longitudinal cracks

or frost-susceptible subgrade soi

Stiffening
(and/or
Drainage)

(or Barrier)

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

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 tk

subarade
-30 June 2023




Introduction

AGeosynthetic Functions for subgrade and base stabilization in Granular
Roads

Geosynthetic-induced
subgrade confinement

Geosynthetic-induced
wheel support

Stress distribution zone

<— Punching shear

Non-stabilized Subgrade —% Stabilized
Road General shear Road
Subgrade Tendency for aggregate Su bgrade

to displace laterally

ra -'J-’Lf. 3 ¥ ’. X ‘; ] -. 1

oS 7505 Vas g8

d ST CRAROOLT Dy 3
Reacret )12 sy N
fites=cas s la o riessiss!

O Y TR 2 T e Y

Geosynthetic-
induced lateral

. v
restraint W

Stress distribution Geosynthetic Stress distribution

T Subgrade

Adapted fromZornberg(2017)



Introduction

ARecycled Plastic

I Plastic pollution is one of the great environmental challenges in the world
APlastic waste is hazard to the environment
APlastic may contain substances to improve performance and/or reduce

Ccosts

Sou rce https //WVWV qreenpeace orq/

© print subscriptions @ Signin  Searchjobs O, Search US edition

Support the Guardian rlw

Fund independent journalism with $5 per month

e L
N Guardian

News Opinion Sport Culture Lifestyle More -
Environm ent » Climate crisis Wildlife Energy Pollution Green light
Plastics Microplastics cause damage to human
cells, study shows
Harm included cell death and occurred at levels of plastic eaten by

people via their food

Damian Carrington
Environment editor

O Plast

: e, Turke tograph: Ar 1 Agency/Ge 12ge
Microplastics cause damage to human cells in the laboratory at the levels
known to be eaten by people via their food, a study has found.


https://www.greenpeace.org/

Introduction

AColdregion Transportation Infrastructure
I lowa has over 70,000 miles of granular (unpaved) county roads
i . F0102yS 2F L2gl Qa I ANROdzZ GdzNF £ F YR YI ydzF I (
I Very low daily traffic with frequently heavy venhicle (i.e., farm equipment) movements
i L2661 Qa O2dzyié NBIR RSLINIYSYyGa ALISYR 20SNI |




Introduction

AColdregion Transportation Infrastructure

I lowa granular roads commonly face surface distresses suchashboarding rutting,
potholes, and loose aggregate, along with moisturelated issues like frost heave and boils

driven by poor drainage and freezéhaw cycles.
I Many examples of reported freezthaw related damage problems on many lowa granular

roads in recent years

00 1990

20
-20:
-20
-20
~40
REGION

Wer, fr
Wet, hard~

HH

CHARACTERISTICS

I Wel, no freeze

'
Ory, freeze -
Dry, hord fr

-40 20

4 \Xs
freeze, spring thaw
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thaw cycling

eeze, spring thaw
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Introduction

AObijectives

I New and less expensive means are desired
Ac2 A0GNBY3IIKSY (KS ol asa 2F L2gl Qa 3INIY
A To reduce the effects of the freeze thaw cycles
A To reduce maintenance costs and increase serviceability to the traveling public

A Innovative and sustainable application of recycled plastic for unpaved roads
stabilization

Plastic Waste

Turning Plastic Waste to Sustainable Construction Materia@
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Recycled Plastic Composite Geosynthetic

I Newly developed Composite Geosynthetic calldelIAL1(A geogrid made from
100%recycled plastic (Polypropylene (P4hgl a nonwoven geotextile)
developed for the first time for lowaand

I Conventional Composite Geosynthetic called {&X/(A geogrid made from
virgin plastic (PPAnd a nonwoven geotextile)

Extruder A

} Feedblock

Extruder B

Source: Slides provided by
geosynthetic manufacturer

Three layer co-
extruded sheet

Coextruded process
-hy' S S EUNHzR
-¢KS GKNEBS
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Recycled Plastic Composite Geosynthetic

AFunctions
| Stabilization
I Separation
I Drainage
I Confinement
i Filtration .

-

100% Recycled Plastic Geogrid Nonwoven Geotextile

&

Recycled Plastic Composite Geosynthetic
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Laboratory and Field Study

ALaboratory Testing on Soil and Aggregates
I Three candidate sites in Buchanan County, IA were selected for field

N Black Hawk
Buchanan Ave

demonstration
i All three sites are granular roads

/I

Jesup

183 St

A V_‘v

N Black Hawk Buchanan Ave

Frost Ave

1831 St

Frost Ave




Laboratory and Field Study

ALaboratory Testing on Soil and Aggregates

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




Laboratory and Field Study

ALaboratory Testing on Soil and Aggregates

' Sieve Analysis
" Atterberg Limits

'~ Standard Proctor Compaction

Laboratory CBR Test

Base Aggregate Subgrade Soil
Property N Black Hawk 1839 St Frost Ave N Black Hawk 1839 St Frost Ave
Buchanan Ave Buchanan Ave

Clgﬁsﬁ‘::;g on A6
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

[
AField Construction and Sensor Instrumentation

I Recycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosyntr

 Datalogger 1  Data logger 2 | Datalogger 3+

(¢b]

% I T MH

(af]

5

g An advanced saihoisture,

= temperature, and electrical

n conductivity (EC) sensatesigned
« > > > for high-precision, longerm field

300 ft 300 ft 300 ft ghp g

monitoring.

— Composite Geosynthetic
B Moisture/Temperature Sensor



Laboratory and Field Study

Field Construction and Sensor Instrumentation
I Recycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosynth
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Laboratory and Field Study

AField Construction and Sensor Instrumentation
posite Geosynthetic vs. Virgin Plastic Com

d Plast |
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Laboratory and Field Study

AField Construction and Sensor Instrumentation
I Recycled Plastic Composite Geosynthetic vs. Virgin Plastic Composite Geosynthe



