This document was developed as part
ongoing effort to provide guidance in fulfilling its mission to deliver the best poss
statewide transportation system for the movement of people and goods. This mis|
supported through dedicated teamwork and responsible leadership that emphal
safety, economic development, and environmental stewardship.

This document is intended as a guidance resource and does not establish offi
Department policy. Instead, it is designed to assist in complying with existing ND
policies.

Comments, suggestions, and ideas for imprgthis guideare welcome.
Please send comments to:

Pavement Design Engineer
Nebraska Department of Transportation
Materials and Research Division
1400 Nebraska Parkway

Lincoln, NE 68502
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Chapter 1: Introduction

1.1 Purpose

The purpose of thiguideis to provide the Nebraska Department of Transportation (NDOT), consultant
firms, andcontractors witta detailed pavement overview covering materials, design, construction, and
maintenance considerations foaditionally IetNDOT projects. Thiguide

T

= =4 =4 -9

Serves as an extensive pavement reference that users can browse to look up typical design
values, methods, practices, and resources.

Provides approved policies and procedures for pavedasiggn for use on NDOT projects
Provides pavemenlesignersvith a uniform, streamlined process for designing pavements
Serveas a guide to pavememsignergor selecting pavement rehabilitation strategies
Addresses related topics thgtavement designereeds such as procedures for load analysis and
pavement forensics
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1.2 Organization

This Pavement Desig@uideis organized intminechapters:

T

Chapter 17 Introduction
This chapter provides an overview of avement DesigGuide policy resourcesandareview
of topicsrelated to pavements and highway materials

Chapter 27 Pavement Design Process

This chapter provides definitions of pavement types, pavement type selection, the approved
methods for pavement design, pavement design categories, pavement design process,
information needed for pavement design, and pavement design reports.

Chapter 37 Pavement Evaluation
This chapter provides definitions of pavement distresses, typical causes of pavement distresses
and guidance for selecting treatments for pavement rehabilitation.

Chapter 417 SubgradeDesign
Thischapterpi des an overview of Nebraskads soil
subgrade stabilizations, addainage layer information

Chapter 517 Gravel Road Design

This chapter provi de gravel maddesignandfoceses oo dptimitied r a
material selection, gradation, and stabilization to ensuretkemng performance under varying
traffic loads and environmental conditions.

Chapter 61 Flexible Pavement Design

This chapter provides an overview of the types of flexible paver#@T usesdesign

parameters and typical ranges, backcalculation methodology, pavement detours and widening,
and perpetual flexible pavement design.

Chapter 77 Rigid Pavement Design

This chapter covers the approved design method for rigid pavements, rigid pavement design
process, recommended typical values, thickness determination, concrete paving standards,
bonded and unbonded concrete overlays.

Chapter 87 Hot-Pour Sealants
This chapter provides an overview of the Hhaiur Sealants that the NDOT util&zend general
guidance for applying HePour Sealants to bituminous and concrete pavements.

Chapter 97 Material Cost and Quantity Estimates
This chapter provigsinformation on the Departments project pay items and the associated
estimated cost for different construction practices.
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NDOT Pavement Design Guide Page 6



1.3 Pavement Design Reference Materials
Specifications and Design Manuals

1 Standard Specifications for Highway Construction (2017)
https://dot.nebraska.gov/media/g4qp4y0d/28p@cbook.pdf

1 Nebraska Department of Roadway Design Manual
https://dot.nebraska.gov/businesnter/desigitonsultant/redmanuals/

1 Nebraska Department of TransportatioTransportation Asset Management Plar2@0
https://dot.nebraska.gov/media/igeffkxw/26@2npreport. pdf

Pavement ME Design Resources
1 AASHTO PavemenME Design Manual

1 Nebraska DOT User Guider AASHTOWarePavemenME Design
o Created by ARA2021)

1 Nebraska DOT User Guide for AASHTOWare Pavement ME Design Version 3.0
o Condensed Version (Updated 2025)

Note: AASHTOWarePavement ME Desigsoftware alongvith local calibrationsreused
extensively.These manualarea compilation of NDOT design practices, procedures,
materials dataand related guidance used daily in conjunction WithAASHTO manual.

1 Backcalculation Tool (BcT)

1 User Manual for Pavement{& Deflection Data Analysis and Backcalculation Tool
0 AASHTOWareBackcalculation TogIBcTi User Manual Version 1.3.

1 AASHTOWare Backcalculation Guide
o Desktop BcT Manual (NDOT)
Maps and Reference Information

i State and National Classification Maps by County
https://dot.nebraska.gov/travel/mhlprary/func-by-county/

1 Map of the Districts with Contact Information
distmapwith-contacts.pdf (nebraska.gov)

1 AASHTO Guide to Pavement Design, Construction, and Management (Second Edition, 2026)
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https://dot.nebraska.gov/media/g4qp4y0d/2017-specbook.pdf
https://dot.nebraska.gov/business-center/design-consultant/rd-manuals/
https://dot.nebraska.gov/media/iqeffkxw/2022-tamp-report.pdf
https://dot.nebraska.gov/travel/map-library/func-by-county/
https://dot.nebraska.gov/media/kfgfb2u4/dist-map-with-contacts.pdf

1.4  Policy Overview
Concrete Pavement Policies

9 Installation of Dowels in Outside Surfaced Shoulders-80,ILincoln to Grand Island
https://dot.nebraska.gov/media/4uzby5hw/iBveledconcshoulderanr-23-01.pdf

1 Longitudinal Jointg Limit Concrete Panel Width
https://dot.nebraska.gov/media/ryvisblb/longitudijoaht-policy-mr-23-02.pdf

M Portland Cement Concrete Thickness
https://dot.nebraska.gov/media/viub4qgjs/concthieknesspolicy-mr-23-03.pdf
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https://dot.nebraska.gov/media/4uzby5hw/i80-doweled-conc-shoulders-mr-23-01.pdf
https://dot.nebraska.gov/media/ryvlsblb/longitudinal-joint-policy-mr-23-02.pdf
https://dot.nebraska.gov/media/viub4qjs/concrete-thickness-policy-mr-23-03.pdf

Chapter 2: Pavement Design Process

2.1 Introduction
Pavement Design is the process of developing the most economical combination of pavement layers,
with respect to thicknest/pe of materiad, andsubgraddgreatmenbver thedesign life of cumulative
traffic loading. Pavement materials comprise a large portion of the cost of a project. Sound engineerin
judgment and careful consideration should be combined to produceeffeative andstructurally
soundpavement design.

2.2 Overview

The objective®f the pavement design processto aidthe Pavement Design Enginesmaking
decisionsthat will improve roadway conditioar provide guidance for new pavement structufés
information collectedrom theNDOT Pavement Optimization Program (POP);Built Plans, and
Mechanistic Empirica{fME) Pavement Design program outpatsused to provide a structure that is
capable of carrying traffic loadghile addressing current pavement distregads minimum physical
detrioration.

During the design life of a projedhere aredur Clarity Taskactivities completed by Pavement Design.
Clarity is a project management platform used to facilitate project delivery.

Clarity Task 5258 (Planning Pavement Determination):

ThePlanning Pavement Determinatitaskis createdatthe initial scoping of a projecthe intention is

to evaluate the existing pavement conditions and determine an appropriate pavement strategy based
the Proposed Design Standard selected in the Construction Project Initiation Request FormT(mER73).
Pavement Determination is posted to OnBassk items include:

1 Review the Project Initiation RequgBiR73).
1 ReviewPOP andAs-Built Plans Develop goroject Histogram.

o0 An example of a Histogram can be foundCihapter 3.47 NDOT Evaluation Tools.
1 Create a DRAFT Planning Pavement Determination.
1 Create a Pavement ME Design run if the project is scoped as a New & Reconstruction project.
1 Review the Planning Pavement Determination during the Internal Review Meeting with the
Pavement Design Engineer.
Complete a Core Request Form
Through correspondenceersd the Planning Pavement Determination to the District Engineer for
approval.
1 Attach the approved Planning Pavement Determination into the DR73 Workflow and upload the
document into OnBase.
Send notifications. (See Email Distribution List below.)
Mark the task complete in Clarity.
Make revisions tahe Planning Pavement Determination as the DR73 moves through the scopin
process.

= =4

= =4 =4
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Clarity Task 5303 (PavementCoring & FWD):

ThePavemenCoring& FWD task is intended to evaluate the condition of the roacbbgcting

samples and data ardaluating the pavement structure and subgrade. Shortly after the Scoping meetin
for a project, a request must be credteshformthe coring crew of locations wheregerform
CoringFWD/GPRwork. Results from the CoridGWD/GPRwill be processed and placed in OnBase

for review.

Review the Core Request Form.

Perform Coring/FWD/GR in locations identified from Core Request Form.
Process Coring/FWD/BR data.

Upload the Coring/FWD/BRdata into OnBase.

Senda notificationto thePavement Designer that the data is ready for review.
Mark the task complete in Clarity.

E

Clarity Task 5364 (Pavement Determination Review):

The Pavement Determination Reviewritended to incorporate additions and revisithra result from
Coring/FWD/GPRreview and Roadway Desigmoject development. The Pavement Determination
Review isposted to OnBase and has the sawidicationdistribution

Created approximately 1 year after the Planning Pavement Determination.

Create a DRAFT Pavement Determination Review.

Incorporate any changes due to decisions made during the PCM 30/Construction Meeting.
Include any project changes as needed from the District and Roadway Design.

Review the Pavement Determination Review during the Internal Review Meeting with the
Pavement Design Engineer.

Review the Core Request Form for any changes.

Send the Pavement Determination Review to the District Engineer for approval.

Upload the approved Pavement Determination Review into OnBase.

Send notifications. (See Email Distribution List below.)

Mark the task complete in Clarity.

Make revisions to the Pavement Determination Review as needed as the project progresses.

= =4 =4 -8 A
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Clarity Task 5406 (Final Pavement Determination):

The Final Pavement Determination is completttdr reviewingCoregFWD/GPRresults. The Final
Pavement Determination is routed to the Paverestgn Engineer, the M&R Engineer, and District
Engineer through Pavement Deslyorkflow in OnBase

Created approximately 1 year after the Pavement Determination Review.

Create a DRAFT Final Pavement Determination.

Incorporate any changes due to decisions made during the PCM 35

Include any project changes as needed from the District and Roadway Design.

Create a Pavement ME Design run using backcalculation modulus for Rehabilitation projects.
Review the Final Pavement Determination during the Internal Review Meeting with the
Pavement Design Engineer.

Review the Coring/FWD/GPR data with the Pavement Design Engineer.

Upload the approveBinal Pavement Determination inworkflow for multistep approval
Send notifications. (See Email Distribution List below.)

Mark the task complete in Clarity.

Make revisions to thEinal Pavement Determinatiomhen project updates occur.

E

= =4 =4 -8 A

Clarity Task 5655 (Pavement Determination Verification):

The Pavement Determination Verificatima confirmation that the Final Pavement Determination is
current. This verification step takes place jusor to PS&E turAn. There is no distribution or
document postdin OnBase.

Perform approximately 6 months before PS&E TFurn

Review the Final/PHS&E Plans.

Compare the Final Pavement Determination to the FinaPB&E Plans.

Make edits to the Final Pavement Determination as needed.

Send corrections to the Roadway Designer for making edits to the FiraB&te Plans.
Mark the task complete in Clarity.

= =4 =4 -8 -8 -9

Pavement Design Distribution Listfor Clarity Tasks:

Project Scheduling/Program Manager,
Assigned Roadway Designer,
Assigned Delivery Engineer,
Roadway DesigManager,

Scoping Engineer,

Roadway Design Section Head,

and Pavement Design Staff.

= =4 =48 _9_9_-2
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2.3 Pavement Design Standards
There are three pavement design standards:

T New and Reconstruction
1 Resurfacing, Restoration, and Rehabilitation (3R)
1 Preventive Maintenance

It is important that th®avemenbDesigner conducts an early investigatiodofirm which standard
applies to the project. Aselreceett 6duprogostkd
scoping by the District and can be found in the Project Initiation Request Form (NDOT73) in OnBase.

New and Reconstrudon Standard

New and Reconstruction is a combination of basepaveémenplaced on a prepared subgrade to
support traffic for flexibleandrigid pavementsNew and Reconstruoin projects have an expected
service life exceeding 20 years and generally consist of:

1 Construction of a new road

1 Relocating an existing route on new alignment

1 Removal of the pavement structure and construction of a new base or the modifictteon of
existing base, which will be designed to reconstruction standards

1 Modification of the base is defined as improving or strengthening the existing base through
chemical Ely Ash,Lime, etc.) or mechanical (geofabric, geogrid, etc.) maadswill require
designing to reconstruction standards

1 Building a new bridge or reconstructing an existing bridge

1 Addingthrough lanes to the existing alignment

New and Reconstructed projects should be considered when:

91 The crash history indicates the need for improvements that can significantly redoaesthe

rate

Meeting 3R standards will require that significant existing geometric deficiencies be corrected
Significant grading is to be done which requires major fajfway to be acquired and/orajor
utility relocations.

1
1

The minimum design standards for New and Reconstructed projects oalifeskiHighway System
may be foundn the Green Book (Ref. 1.1), theterstateGreen Book (Ref. 1.2and in Appendix H,
AAASHMIOni mum De s i g the Rdadivay ®esigreManual f

PracticalDesign considerations may alldine application of 3R standards to a segment (or segmeints)
the current New and Reconstructed project (e.g., reconstructing the pavement structueeistirtbe
width without modification of the existing bas@)ease refer to Chapter 1: Roadway Design Standards
of the Roadway Design Manual for more information.

https://dot.nebraska.gov/media/lvshig3githpl-designstandards.pdf

________________________________________________________________________________________________________________________________|
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https://dot.nebraska.gov/media/1vshig3g/d-chap-1-design-standards.pdf

Resurfacing, Restoration and Rehabilitation (3R) Standard

3R projects are generally undertaken to preserve the highway assets, improve the reliability of the
transportation system, maintain the mobility of the highway user, mitigate highway safety issues
identified through crash history and operational issues identified through analysis. Generally, it is not tl
purpose of 3R projects to increase highway capacity. A 3R resurfacing strategy typically has an
expectedservice life of up to 20 years

Application of 3R design standards to a pavement resurfacing project is, for the most part, determined
by the pavement recommendation.

1 Pavement recommendations that address deficiencies in the pavement stnoraase the
structural capacity and extend the life of the facility by up to 20 years will usually be designed tc
3R standards.

1 Pavement recommendations that require pavement replacement and restoration of the base ca
be designed to 3R standards.

o Restoration of the base is defined as restoring the original condition of the base (subgrade
preparation).

o0 A portion of the existing base may be removed to accommodate the required pavement
thickness based on the pavement recommendation.

1 Pavement recommendations that require removal of the entire pavement structure and the
construction of a new base or the modification of the existirngradevill be designed to New
and Reconstructed standards.

o Modification of thebase/subgrade defined as improvinthedrainage layer or
strengthening the existirzase/subgradiarough chemical (fly ash, lime, etc.) or mechanical
(geofabric, geogrid, etc.) means.

o PracticalDesign considerations may alldtwe application of 3R standards to a segment (or
segments) of the current New and Reconstructed project (e.g. reconstructing the pavement
structure at the existing width without modification of the existing lsabgrade

The3R desigrstandarditilizes a cost/benefit paradigm, including such strategies such as

1 Practical Design,
1 2+2 Projects, and
1 Super 2 Roadways.

For NDOT 3R guidance, see Chapter 17: Resurfacing, Restoration and Rehabilitation (3R) Projects of
this manual and the MDS (Ref. 1.3).

https://dot.nebraska.gov/media/f5fthjytthapterl 7-3r.pdf

|
2026
NDOT Pavement Design Guide Page 13


https://dot.nebraska.gov/media/f5ffhjyt/t-chapter-17-3r.pdf

Preventive MaintenanceStandard

Preventive Maintenance projects are programmed fquréservatiorof the existing roadwagurfacing
back to itsd original condition wi tPheeentive si gni
Maintenance is typically applied to pavements in good condition which have signsiecaite life
remaining. A Preventive Maintenance project has an expected service life df2ipdars.

The Board of Public Roads Classifications and Standards has issued mainstsadarss applicable
for each functional classification of roadway (Chapter 2, Section 003, of the REDS].3). Building
curb ramps and upgrading roadway appurtenances (such as guardrail) are all®nscentive
Maintenance project®lease refer to Chapter 1: Roadway Design Standards for more information.

For the design procesieventive Maintenancprojects are initially separated into two categories,
Roadway Design Maintenance and Materials & Research Maintenance.

1 Roadway Design Maintenance
0 Asphalt Overlays
o0 Hot-In-Place Recycling
1 Materials & Research Maintenance
0 Microsurfacing
Fog Sealing
Concrete Pavement Repairs
Joint and/or Crack Sealing
Diamond Grinding and Texturing
Penetrating Concrete Sealer

O O O0OO0O0

During the evaluation of a project, the Pavement Design Engineer may change the pavement design
standard to better fulfill the needs of the roadwayarecases, for a variety of factors, it may be
anticipated that the typical maintenance strategyfail beforea 12yearexpected service lifdzactors
include, but are not limited to the existing paveneamtditions overall pavement thickness, heavy truck
loading and environmental conditiodthe Pavement Design Engineer may evaltlateexpected

servie life of a proposed maintenance strategy. If the Pavement DEesggneer determines the

strategy will not meet its anticipated service life, the surfattirdknessmay be increased to reach a
service life of approximately 12 years.

|
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Summary

In comparison ttNew and Rconstrugbn projects, 3R projects generally hasleorterproject delivery
time, have fewer impacts on the environment, fewer and less extensiv@fighl acquisitions, and
are lesostly. Maintenance projects generally have even fewer impacts and lower costs.

For resurfacing projects, the appropriate minimum design standards are applied to the project segmen
based on the expected service |ife. Each desi
life are as follows

1 New and Reconstruction:A pavement strategy typically involves construction or reconstruction of
an entire pavemenbaseand subgrade systeifhese have aanticipatedservice life exceeding 20
years.

1 Resurfacing, Restoration, and Rehabilitation (3R)A 3R resurfacing stratedgypically has an
anticipatedservice life up to 20 years.

1 Preventive Maintenance A highway surfacé’reventive Mintenance strategy has amticipated
service life ofapproximatelyl2 years.

The Pavement Design Engineer may adjust the pavement design strategy of a project based on the
current pavement conditions and the traffic needs of the roadway.

|
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2.4

Pavement ME Design
For completanstructions for running Pavement ME DesigegeNEDOT PMED User Manual

Background

The AASHTOWare Pavement ME Design software tool (referred to as Pavement ME Design®
(PMED))was developed based on the results and findings from a series of National Cooperative
Highway ResearcRrogram (NCHRP) research studies, namely, NCHRBPA, 1- 40B, and 140D,
conducted from 199through 2008.1 The PMED software accounts for changes in traffic, material, and
environmentatonditions and incorporates mechanitased algorithms, computations, and transfer
functions tosimulate the impact of these changes on the-teng performance of the pavements.

The software computes pavement responses such as stresses, strains, truck axle load deflections, an
accumulated pavement damage over the pavement design/analysis period. The accumulated paveme
damage is then used to determine pavement distresses that are indicative of the performance of
pavement®ver the design or analysis period.

Such a rational engineering design approach provides a reliable aradfeosve method of diagnosing
pavement problems, as well as forecasting maintenance and rehabilitation needs. AASHTO adopted t
procedure in 2008 and published a Manual of Practice for its use (AASHTO, Add&)onal

Revisions of the Manual of Practice was published 2120

Overview of NDOT User Guide

The ME User Guide provides an overview of the Pavement ME Design software and MEPDG
procedurel t was prepared for Nebraska DOTO6s (NDOT)
conditions, trafficclimate, and materialssedto accomplish the following:

1 Provide guidance on using the software for new pavement and rehabilitation design strategies.

1 Determine the inputs of the PMED software.

1 Provide guidance on using the PMED software to perform pavement designs for most new and
rehabilitated pavement types, specifically for Nebraska conditions (traffic and climate) and
materials.

1 The design strategies include:

o New or reconstructed flexible or asphalt pavement.
o New or reconstructed rigid pavement: Jointed Plain Concrete Pavement (JPCP).
o Flexible pavement rehabilitation:
A Asphalt overlay of existing flexible pavement.
A In place recycling of asphalt pavements.
A JPCP overlay of existing flexible pavement.
o Rigid pavement rehabilitation:
A Asphalt overlay of existing JPCP.
A Fractured JPCP with the use of asphalt overlays
A JPCP overlay of existing JPCP.
o JPCP and Asphalt maintenance to extend the life cycle of flexible and rigid pavements.

2026
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2.5 Vehicle Classifications and Pavement Loading Analysis

During the design process, thavementesigner shoultlave an understanding of the amount of
loading the pavement will be subjected to. Different vehicle classifications will develop different
loading applications

Vehicle Classifications

The Federal Highway Administration (FHWA) developed a standardized vehicle classification system i
the mid1980s.FHWA classifies vehicles in terms of their configuration rather than weight. This type of
classificationsystem is more conducive to traffic applications but can be adapted for pavement loading
applications. The FHWATaffic Monitoring Guidg TMG) recommends classifying vehicles into 13
different categories.

Figure 2.5117 FHWA Vehicle Classifications

FHWA Vehicle Classifications

1. Motorcycles 2. Passenger Cars 3. Pickups, Panels, Vans 4. Buses

2 axles, 2 or 3 tires 2 axles, can have 1- or 2-axle trailers 2 axles, 4-tire single units 2 or 3 axles, full length
Can have 1 or 2 axle trailers \ —_——T T T\
S5 osims oM o ﬂﬁ%i e
o

5. Single Unit 2-Axle Trucks 6. Single Unit 3-Axle Trucks 7. Single Unit 4 or 8. Single Trailer 3- or 4-Axle Trucks
2 axlas, 6 tires (dual rear tires), single-unit 3 axles, single unit More-Axle Trucks 3 or 4 axles, single trailer
4 or more axles, single unit

9. Single Trailer 5-Axle Trucks 10. Single Trailer 6 or More-Axle Trucks

5 axles, single trailer 6 or more axles, single trailer m
11. Multi-Trailer 5 or Less-Axle Trucks 12. Multi-Trailer 6-Axle Trucks
5 or less axles, multiple trailers 6 axles, multiple trailers

13. Multi-Trailer 7 or More-Axle Trucks

— m

For more informatioron vehicle classification rulepleaseefer totheF HWA6s Tr af fi ¢ Mc
Guide at thdink below.

Traffic Monitoring Guide- Policy | Federal Highway Administration (dot.gov)
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Equivalent Single AXe Load

The most common historical approach to determining the amount of damage a pavement will be
subjected to is called an Equivalent Singldedxoad. An Equivalent Single Abe Load (or ESAL) is an
approach that converts wheel | oads of wvarious
equi valent number or # sThenordahdesigoated ESAlfie theuliniteda | e n
States is 18,000 Ib&or example, a given vehicle on a given type of pavement is 3.0 ESALs means that
one pass by the veh&chas the same effect on the pavement as three passes by an 18,000 Ib. single ax

At the time of its development (early 1960s atA#e&SHO Road Tegtit was much easier to use a single
number to represent all traffic loading in the somewhat complicated empirical equations used for
predicting pavement lifélhere are 2 standard ESAL equations (one for Flexible Pavement and one for
Rigid Pavement) that are derived from the AASHO Road Test reBultis equations involve the same
basic format except the exponents are slightly different.

Flexible Pavement ESAL Equatidiom Pavement Interactive:

Flexible Pavement ESAL Equati®rPavement Interactive

Rigid Pavement ESAL Equatidrom Pavement Interactive:

Rigid Pavement ESAL EquatianPavement Interactive

Overloaded Vehicles

Overloadedor overweightvehiclesare vehicles that exceed the designed-loeating capacity of the
roadway.Pavement structures are designed to support a certain amount of weight, and when that weig
limit is exceeded, the extra load inthug stresscan lead tshorteing the pavement life expectanf

the pavement. Consequently, the pavement structure is subjeatmleraedd damageandmanifests as
potholes, cracking, rutting, and fatigue failur&s.increase in pavement distresses leads to an increase
in maintenance ct¢s and frequency of repairs

Damage to the pavement is not linear, but exponeiitnd graph below shows the damage inflicted on
the pavement as the weight increases on thes.ax

Level of road damage ESALs
A A PRRC
ESAL= (—W)
ESA
> >
ESALs Aw: Axle weight (tons)

Figure 2.5-21 Level of Road Damage due to Vehicleoading
(Study for Harmonization of Vehicle Overloading Control in the East African Community, JICA, 2011)
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https://www.pavementinteractive.org/reference-desk/design/structural-design/aasho-road-test/
https://pavementinteractive.org/reference-desk/design/design-parameters/flexible-pavement-esal-equation/
https://pavementinteractive.org/reference-desk/design/structural-design/rigid-pavement-esal-equation/

For example:

One standard agload (Aw) for asingle ake is 18,000 Ibs = 1.0 ESAL

=y

OoY6 0 — = 0°Yo0 0 = 0°Y0 0 p8t

¢

If the standard d& load (Aw) is increased by 15% to 20,700 Ibs, then

¢

OoYo 0L — = ‘0"Y0 0 - = OYo 0 p& v
If the standard d& load (Aw) is doubled to 36,000 Ibs, then:
oY6s — = OY8) — = 0o Up @

¢

An example ofan overweight vehicle calculation is shown on the next page.

FHWA Comprehensive Truck Size and Weight Study for Pavements and Truck Size Weight
Regulations

https://www.fhwa.dot.gov/reports/tswstudy/tswwp3. pdf

For additional information on Equivalent Single Axle Loading, please visit Pavement Interactive at the
following link:

Equivalent Single Axle Load Pavement Interactive

In conclusion, overweight vehicles pose a significdrallengeto pavement structures, accelerating
deterioration and reducing the overall lifespan. The excessive loads these vehicles impose can lead tc
common forms of pavement distress, such as rutting, cracking, and pavement fatigue, which in turn
increases the naienance costs and compromise road safety. Understanding and mitigating the impact
of overweight vehicles is crucial for preserving infrastructure integrity, ensuringéomgperformance,

ard optimizing public investment in transportation networks.

For information on legal vehicle loads in Nebraska, please refer to the Nebraska Truck Information
Guide at the Nebraska State Patrols website.

Carrier Enforcement | Nebraska State Patrol

|
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https://www.fhwa.dot.gov/reports/tswstudy/tswwp3.pdf
https://pavementinteractive.org/reference-desk/design/design-parameters/equivalent-single-axle-load/
https://statepatrol.nebraska.gov/divisions/field-services/carrier-enforcement

Example: Class B Single Vehicle

l

20,000 Ibs 20,000 Ibs

Legal Load = 40,000 Ibs
= (20,000 Ibdront axle+ 20,000 Ibs rear axle)

ESAL = (20,000 lbs / 18,000 Ifs} (20,000 Ibs / 18,000 ligs)
= 3.05ESALs per Truck

15% over legal weight 46,000 Ibs
= (20,000 Ibs fronaxle+ 26,000 Ibs rear axle)

ESAL = (20,000 lbs / 18,000 Ifs} (26,000 Ibs / 18,000 ligs)
=5.88 ESALsper Truck

Vehicle Damage Facter 5.88 ESALSs per Truck / 3.05 ESALs per Truck
=1.93

A 15% load increase causes3tBnes the damage of a legal weight Class B Single Vehicle.

|
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Load Spectra

The most recent method for measuring vehicular tridédingis by the load spectra method.

According to Pavement Interactive, load spectra is a representation of the distribution of vehicle axle
loads categorized by axle type and load raB§ALs represent all traffic as a single, equivalent axle

load, while load spectra directly characterize traffic by the number of axles, their configuration, and the
individual weights, without conversion to a single equivalent valbes information can be used with a
series of mechanistiempirical equations to develop a pavement structural design.

Some key advantages of the load spectra approach are:

1 Loadspectra s compat i bl e Traffic Monitoring Suide( HW&Aand thus many
agencies are already collecting the appropriate data.

1 The load spectrenethodoffers a hierarchical approach to traffic data input depending upon the
u s ermeed$and resources. There are three levels of potential input:

o] Level 1 Inputs Use of volume/classification and axle load spectra data directly related
to the project.
o] Level 2 Inputs Use of regional axle load spectra data and propdated
volume/classification data
o] Level 3 Inputs Use of regional or default classification and axle load spectra data.
1 Load spectralready includes information on traffic distribution including directional, lane and

temporal distribution (if needed) as well as traffic growth rates.
AASHTO Pavement ME Design utilizes the load spectra approach when performing pavement analysi
To view the FHWA Traffic Monitoring Guide, please visit the following link below:

Traffic Monitoring Guide- Policy | Federal Highway Administration

|
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Chapter 3: Pavement Evaluation

3.1

3.2

Introduction

The purpose of this chapter is to help the user recognize the distresses typically found on pavements |
Nebraska and understand the possible cakseduating and understanding pavemeoriditionsis vital

to the success of a project. There are many t@gable toa Designer to evaluate a pavement

including Cores/FWD/GPR Dat&avement Optimization Program (POP), PathWildbdata, As-Built

Plans, and District Maintenance feedback.

Distress is defined as a condition of pavement structure that reduces serviceability or leads to a reduc
in serviceability. Serviceability is defined as the ability of a pavement to provide a safe and comfortabls
ridefor its users.

Distresses may be treated with a range of repairs, each having a varying degree of success. Some of
treatments shown for the distresses will provide ordg@ttermsolution, which may be all that is
needed.

Flexible Pavement

Flexible pavement distresses include a wide variety of pavesudiatedefects that generally fall into
the following categories:

1 Cracking

Alligator
Reflective
Longitudinal
Random/Block
Transverse
Edge
Raveling/Weathering
Distortion

Rutting

Excess Asphalt
Pumping

O OO0 O oo

=4 =4 =4 -4

For each distress, a number of possible treatments are available. In many instances, multiple types of
distress occur so the treatment selected must be appropriate for all distresses that are present.

________________________________________________________________________________________________________________________________|
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Alligator Cracking

Alligator cracking is a seriesf interconnected cracks in an asphalt layer forming a pattern which
resembles an alligatorés hide or chicken wire
generally caused by repeated traffic loadings. This distress allows water to pehetsairfacing

material and subgrade, which furthers the damage. Alligator cractsacalled fatigue cracking,
usuallybegins as a single longitudinal crack in the wheel pathtransverse crack

Possible causes include:
1 Insufficient Pavement Structure
1 Inadequate Base Support
1 Poor Base Drainage
1 Aging and Traffic Loading

Possible treatments:
i Patching
1 Mill/Fill Asphalt Overlaywith Patching
i Stabilized Bituminous
1 Remove and Repladesphalt and Address
Subgrade
1 Improve Subgrade Drainage

Alligator Cracking

Reflective Cracking

Reflective cracking is a type of pavement failure that occurs when cracks or joints in an existing,
underlying pavement layer propagate into an overlay layer.

Possible causes include:
1 Traffic
1 Temperature Variations
9 Poor Constriction Practices
1 Ability of the Asphaltic Material to
Absorb Stress (Flexibility)

Possible treatments:

1 Crack Seal

1 Chip Seal/Armor Coat

1 Mill/Fill Asphalt Overlay
o Thicker Asphalt Overlay ) )
o Trenching to Underlying Problem ReflectiveCracking
o Pavement Fabric
o Pavement Fibers

________________________________________________________________________________________________________________________________|
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Longitudinal Cracking

Longitudinal cracking denotes cracks that run predominantly parallel to the centerline. These cracks m
be in the wheel paths, between wheel patbastruction jointsand/or at lane joints such as centerline
or mainline/shoulder.

Possible causes include:
1 Traffic Loading (Wheel Path)
1 Environmental (Frost Heave)
1 Construction Related (Joint Cracks)
1 Poor Drainage
1 Reflection Cracks

Possible treatments:
1 Crack Seal
1 Chip Seal/Armor Coat
1 Patching
1 Mill/Fill Asphalt Overlay

.

LongitudinalCracking

Random/Block Cracking

Random or Bloclcracksis a series of rectangular cracks that are interconnected. These cracks usually
cover a big area of the road or pavement.

Possible causes include:
1 Environmental (Thermal)
1 Aging
1 Ability of the Asphaltic Material to
Absorb Stress (Flexibility)

Possible treatments:
1 Crack SedFog Seal
1 Chip Seal/Armor Coat

1 Mill/Fill Asphalt Overlay T
Block Cracking
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TransverseCracking

Transverse cracks are those considered to extendfturs of the width of the pavement or more,
generally perpendicular to centerline.

Possible causes include:
1 Environmental (Thermal)
1 Swelling or Shrinkage of the Subgrade
1 Reflection Cracks
1 Settlement (Trench, Backfill)

Possible treatments:
1 Crack Seh
1 Chip Seal/Armor Coat
1 Patching
' Mill/Fill Asphalt Overlay Transverse&racking

Edge Cracking

Edge cracking is similar to alligator cracking only located within 1 to 2 feet of the edge of the pavemen
Failure begins at the edge of the pavement and progresses towards the wheel path. Pavement edge
distress can result in worsening of the wheel patidition and allowing moisture into the subgrade

soils and base materials. Edge cracking also includes longitudinal cracking associated with a widened
base.

Possible causes include:

Traffic LoadingOversized Vehicles
Off-tracking

Insufficient Pavement Structure
Inadequate Base Support

Poor Base Drainage

Construction Related

Low Shoulder

High Shoulder Holding Water

= =4 =4 _-8_48_9_95_--°

Possible treatments:
1 Patching
1 Mill/Fill Asphalt Overlay
1 Trenched Widening
1 Remove and Amend or Replace Subgrade

1

EdgeCracking
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Raveling/Weathering

Raveling or Weathering is the progressive wearing away of the pavement from the surface downward
caused by the loss of asphalt binder and the dislodging of aggregate particles.

Possible causes include:
1 PoorAsphaltMix Quality
1 Asphalt Hardening due to Aging
1 Insufficient Asphalt Content
1 Improper Construction Methods

Possible treatments:

1 Fog Seal

1 Chip Seal/Armor Coat
1 Microsurfacing
1
1

Patching
Mill/Fill Asphalt Overlay

Distortion

Distortion is defined as that distress in the pavement caused by densification, consolidation, swelling,
heave, creep or slipping of the surface or foundation.

Possible causes include:

Inadequate Support or Overloading
Environmental (Freez&haw)

Loss of Bonding between Structural Laye
Insufficient Tack Coat

Material Defect in Tack Coat

Static Load (Depressions)

Soft Binder (Shoving)

= =42 =4 _-8_-49_-9_-9

Possible treatments:
1 Patching
1 Mill/Fill Asphalt Overlay

Shoving

____________________________________________________________________________________________________________________________________|
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Rutting

A rut is a surface depression in the wheel path after pavement layers or subgrade deform from traffic
load applications

Possible causes include: VIR T AT
1 Poor Mix Quality ; :
9 Incorrect Binder Selection
1 Insufficient Support
1 Improper Construction Procedures

Possible treatments:
1 Mill with Chip Seal/Armor Coat
1 Microsurfacing
1 Patching
1 Mill/Fill Asphalt Overlay

Rutting

Excess Asphalt

Excess asphalt, also called bleeding or flushing, is tesddscribe a free film of asphalt on the surface
of the pavement that creates a smooth, shiny, greasy, and reflective surface. It is usually found in the
wheel paths and becomes quite sticky when hot.

Possible causes include:
1 Armor Coat with Loss of Aggregate
1 Poor Mix Quality
o Poor Binder
o Low Air Voids
o HighBinderContent
91 Improper Construction Procedures
1 Paving Over Excess Asphalt

Possible treatments:
1 Mill, then Chip Seal/Armor Coat

1 Mill, thenMicrosurfacing Bleeding/Flushing
1 Mill/Fill Asphalt Overlay

]
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Pumping

Pumping is a pavement issue that occurs when water arsUfib@senaterial are forced out of the
pavement through cracks or joinBaumping can also occur with Rigid Pavements but are more visible
with Asphalt or Composite Pavements due to the contrast in color.

Possible causes include:

= =4 =4 -4 -8 -9

Heavy Traffic Loads

Improper Construction Procedures
Poor Drainage of the Subgrade
Poor Load Transfer at Joint

Small Fractured Concrete Panels
Poor Joint/Crack Sealing Practices

Possible treatments:

= =4 =4 -8 -8 -9

Joint/Crack Seal

Patching

Installing Additional Drains

Underlying Concrete Repairs

Mill/Fill Asphalt Overlay

Pavement and Subgrade Replacement

Pumping
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NDOT Pavement Design Guide

Page 28



3.3 Rigid Pavement

The most significant and severe distresses in rigid pavements generally occur along joints. Joint
deterioration reduces pavement performance substantially and increases the need for maintenance. C
distresses occur within a concrete slab away fromgpieading to a loss of ride quality and structural
failure of the pavement.

Types of distresses in Portland cement concrete (PCC) pavements include:
1 Joint Distresses

Faulting

Transverse Craakg

Longitudinal Cracking

Durability Cracking

Pattern Cracking

Surface Distress

Alkali-Silica Reaction (ASR)

= =4 =4 -4 4 9 2

For each distress, a number of possible treatments are available. In many instances, multiple types of
distress occur so the treatment selected must be appropriate for all distresses that are present.

Joint Distress

Joint distress reflects the deterioration of the concrete within 2 feet on either side of a joint. Breaking o
chipping of the pavement joints usually results in fragments with feathered edges.

Possible causes include:

1 Expansive internal pressure due to alegjgregate
reactivity between the cement and the aggregates.

1 Expansive internal pressure due to corrosion and
deterioration of dowel bars.

1 Seized dowel bars combined with thermal expansion
(FreezeThaw)

1 Misaligned Dowel Bars

1 Lack of support at joint due to pumping action and void}

1 Overloading

Possible treatments:
1 Partial Depth Repalfif Concrete is Sound)
1 Full Depth Repair
1 Joint Repair
1 Joint/Crack Seal
1 Asphalt Overlay

Joint Distress
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Faulting

Faulting is a differential vertical displacement of a slab or other member adjacent to a joint or crack.

Faulting may be either |l ongitudinal or transyv
surface. Faulting commonly occurs in transversetgoif Portland cement concrete pavements that do
not have |l oad transfer devices (dowel s). Usua
slab.

Possible causes include:
1 Uneven Roadbed Support
1 Thermal and Moisture Stresses (Freeze
Thaw)
1 Pumping of Slabs due to lack of Dowels
1 Insufficient Pavement Structure.
Possible treatments:
1 Slab Jacking
Slab Replacement
Diamond Grinding _
Dowel Bar Retrofit with Diamond Grinding Faulting
Asphalt Overlay

1
1
1
1

Transverse Cracking

Transverse cracks are cracks that run perpendicular to centerline, resulting in a panel that is broken in
two or more pieces. Panels broken into two pieces are rated as Class | and panels broken into more tt
two pieces are rated as Class Il.

Possible causes include:
I Thermal Contractions
Poor Construction Practices (Curing)
Long Joint Spacing
Overloading
Subgrade Issues
o Swelling
o Shrinkage
0 Settlement

il
1
1
1

Possible treatments:
1 Joint/Crack Sealing
1 Partial Depth Repair
1 Full Depth Repair
1 Slab Replacement
1 Asphalt Overlay

Transverse Cracking
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Longitudinal/Slab Cracking

Longitudinal or Slab cracking is used to describe any unplanned longitudinal or diagonal structural cra:
that extends through the depth of the slab.

Possible causes include:

Overloading

Wide Joint Spacing

Shallow or Late Joint Sawing
Pumping of the Subgrade
Non-uniform Base

Curling or Warping of Slab

Culvert or Utility Trench Subsidence

=4 =4 =4 -8 -8 _9_-9

Possible treatments:

1 Joint/Crack Seal
Cross Stitching Slab Cracking
Partial Depth Repair
Full Depth Repair
Asphalt Overlay

1
1
1
1

Durability Cracking

Durability cracking, also known as-Oracking,consists of series of closely spaced, cresesmped
cracksthat formnear joins, cornes, or existingcracls.

Possible causes include:
9 Thermal and Moisture Stresses
o FreezeThawcycle deterioration
of the aggregate

Possible treatments:
1 Partial Depth Repair
1 Full Depth Repair
1 Slab Replacement
1 Asphalt Overlay

D-Cracking
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Pattern Cracking

Pattern cracking refers to occasional to extensive interconnected cracks that may appear anywhere
within a panel but do not extend throughout the entire depth of the slab.

Possible causes include:
1 Shrinkage Cracks
1 Material Related Distress
o ASR

Possible treatments:
1 Penetrating Concrete Sealer
1 Asphalt Overlay
1 Concrete Surface Milling

Pattern Cracking

Surface Distress

Surface distress is the scaling, spalling, chipping or disintegration of the concrete wearing surface that
leads to roughness and poor durability. It is measured in square feet per panel but does not include ar
distresses within 2 feet of the joint.

Possible causes include:
1 Poor Materials
1 PoorConstructiorPractices
o Too Much Water
o Overworking
1 Thermal and Moisture Stresses
9 Corrosion of Reinforcing Steel
1 Reinforcing Steel too Close to Surface

Possible treatments:
1 Partial Depth Repair
1 Full Depth Repair
1 Slab Replacement Scaling
1 Asphalt Overlay

____________________________________________________________________________________________________________________________________|
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Alkali -Silica Reaction (ASR)

Alkali-silica reaction (ASR) is a harmful chemical reaction that leads to cradpatingand
deterioration in concrete. ASR occurs when reactive silica in certain aggregates reacts with alkalis
(sodium and potassium) in the cement paste, forming an-alkedi gel around the reactive aggregate
particles. When exposed to moistutes gelexpands, generating internal pressure that causes tensile
cracking around the aggregates. Once cracking begins, additional moisture can enter the concrete,
further accelerating the ASR process and worsening the deterioration.

Possible causes include:
1 ReactiveAggregates
1 No ASR Mitigation
o0 No/Not Enough SCMs

Possible treatments:
1 PenetratingConcreteSealer
1 Slab Replacement
1 Asphalt Overlay

Alkali-Silica Gel in Cracks

See Chapter 7 of this Pavement Design Guide for additional information onrsdlikalireaction in
concrete pavement.
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3.4 NDOT Evaluation Tools

NDOT has many programs to evaluate pavement conditions. This sectitoueiilon different
programs/data retrieval techniques that aid the Designer and the Pavement Design Engineer in
evaluating the current pavement conditions emeétinga strategy for the Pavement Determination.

Cores/FWD/GPR

Pavement cores are cylindrical samples taken from the surface of a pavement to assess its condition :
guality. Cores arevaluatedo:

Det er mi ne t strectungaad/cenaitton t 6 s
Identify defectsuch as stripped material.

Test the pavements composition, strength, and thickness
Assess the drainage characteristics of the pavement
Verify Ground Penetrating Radar (GPR) data.

Test unbound layers.

= =4 =4 -4 A -9

Pavement cores are extracted using a special drilling machine with a ditippedticorebarrel. Once
the cores have been extracted from the pavement, a soil sample is typically taken to evaluate the
subgrade properties under the roadway. The holes ar@#tehed with a cold patch material.

7o VL

Figure 3.4-171 Cores from CN 71236
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A Falling Weight Deflectometer (FWD) is a nolestructive device that measures the stiffness and
structural strength of pavement by dropping a weight onto the pavement and measuring the resulting
deflection. The FWD is mounted on a trailer and towed t@#vement being tested. The operator

controls the weight dropped onto the pavement and measures the resulting deflection using sensors.

deflection data is used to calculate the pavement stiffresBentmodulus, and other factors.

Project Information Pavement Rating Scale Subgrade Rating Scale
71236 <150000 Very Weak <2000 Very Weak
Holbrook - Arapahoe East |150,000-250,000 2000-3000
NH-6-3(132) 250,000-350,000 3000-5000
6/28/2023 350,000-450,000 Strong 5000-7000 Stron
120.63 to 130.50 >450,000 Very Strong >7000 Very Strong |
Reference Pavement Pavement Subgrade Subgrade
Post Modulus Rating Modulus Rating
AVERAGE| 334,095 5,624 Strong
120.999 368,000 Strong 6,600 Strong
120.999 368,000 Strong 6,600 Strong
120.999 354,800 Strong 6,105 Strong
120.999 354,800 Strong 6,105 Strong
121.101 454,500 VS 4,389
121.101 454,500 VS 4,389
121.101 432,000 Strong 3,960
121.101 432,000 Strong 3,960
121.204 407,100 Strong 5,610 Strong
121.204 407,100 Strong 5,610 Strong
121.204 403,000 Strong 5,049 Strong
121.204 403,000 Strong 5,049 Strong
121.304 160,400 3,894
121.304 160,400 3,894
121.304 166,400 3,498
121.304 166,400 3,498
121.402 331,400 4,950
121.402 331,400 4,950
121.402 320,700 4,620
121.402 320,000 4,653
121.499 251,200 4,191
121.499 251,200 4,191
121.499 255,600 3,894
121.499 253,400 3,960
121.605 239,300 4,158
121.605 241,400 4,125
121.605 240,600 4,059
121.605 239,900 3,993
121.705 240,000 4,257
121.705 240,800 4,290
121.705 232,300 4,092
121.705 230,000 4,092
121.8 240,500 3,894

Figure 3.421 Resilient Modulus Determined from FWD Results, CN 71236

Theresiientmodul us of a pavement is used as a key p
material. The higher thesilientmodulus indicates that the pavement material is stiffer, meaning it will
resist deformation more effectively under traffic loads.
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Ground Penetrating Radar (GPR) is a-destructive technology that uses electromagnetic pulses to
evaluate the condition @fpavement. GPR provides a continuous profile of the existing pavement
condition that can measure:

Thickness of the pavement structure,

Identify construction layers and changes in materials,
Indicate increased moisture content,

Detect voids, delamination, and other defects,

= =4 =4 -4

Thethicknesgesults from the GPR data canus®ed in conjunction with the FWD resuttsfurther aid

in creating a more accurate existing pavement structure. GPR data is plotted on a graph and compare
the physical cores taken from the same roadway. GPR is a great way to see what is happening to the
existing pavement between cores.

Ground Penetrating Radar Pavement Thickness Survey

PO EE 900 6 OO

-2.0

-4.0
-6.0
-8.0

L A

-18.0 AC/PCC
-20.0

Depth (in)

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
GPR Mileage

——EBAC

Figure 3.437 Ground Penetrating Radar Results, CN 71236
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NDOT Pavement Optimization Program

The Nebraska Department of Transportation utilizes a pavemeamgement data system called the
NDOT Pavement Optimization Program (POP). This data management system is controlled and upda:
by the NDOT Asset Management Division for the purpose of providing existing pavement conditions.
The Asset Management Divisiases equipment mounted on vans that drive the roads once a year to
gather data about existing conditions including rut depths, faulting, International Roughness Index (IRI
etc.

For more information about PO&se the Pavement Optimization Progiialhser Manual on the NDOT
website.

https://dot.nebraska.gov/media/fdhjg3sn/popmanual.pdf

PathWeb

PathWeb is a webased program that stores pictures of the existing pavement surface and other
pavement data collection for review. The information obtained from the Asset Manag@sugonhis
uploaded into PathWeb for users to view the pavement surface and evaluate pavement conditions.
PathWeb is a helpful tool in evaluating current pavement conditions and comparing the current
pavement conditions to previous years quickly to track anyedsts seeonthe pavement surface.

To access PathWeb, please select the hyperlink below.

https://pathweb.pathwayservices.com/ne

As-Built Plans

As-Built Plans are a set of plans that show the final dimensioaterials, and details of a road after
construction. They are a record of what was built in previous projects and notes any changes made
during construction that differ from the proposed letting plansBéi#t Plans are useful for evaluating
the pavemendtructure, joint layouts, and subgrade materials.

As-Built Plans can be found in OnBase.
C1 Program

The C1 Program isnainternalmainframeprogram Pavement Design uses the following portions of the
C1 Program for evaluating roadway segment:

I Maintenance Cost Data
1 Traffic Counts
1 IHI Data (Rutting, Faulting, Cracking, IRI)

The C1 Program also holds Auiilt Plan information used to create a Pavement Histogram. The
Pavement Histogram is a visual representation of what the pavement structure is comprised, when the
material was installed, and where it was placed.

An example of a Pavement Histogram is on the next page.

|
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Mainline Profile Summary:

Shoulder Profile Summary:

Hwy # US-6 3.5" SP4 4" HLSS _1.5" Mill 2.25" SP4 1" Mill 7* SP4
Location Holbrook-Arapahoe East 5" M 8"PCC 5" Ml
Project # NH-6-3(132) 35-0 ACSC i on 5 Recyled B
C.N. 7 =1 ACSC oL vaivay
Ref Posts  720.63-130.50 7 BMSC ZBMSC
Date 10/18/2021
Prepared by BAD 10.5" AC 13.5° AC
109' of 10"X24" Surf as PCCon Sub  payement Histogram
Prep SHLD 333’ of 10"X10' Surf as
2020 P bP £
CCon Sub Prep Mill 1.5"of PCC, 1.5" taper 1.25"
2010 - SP4 on Fabric on 0.75" LC SP4
3.5" SP4 on 4" HLSS, SHLD 4.75" SPS on exist Mill 1x24", 7" SP4 , SHLD 6" SPS on exist
o~ Mill 1.5"-2"(illegible on plans) 2"X24' ACSC Mill 1.5"X24', 13R 2"X24', no shoulder work
g > - 2"X24' SCSC on 5" Recycled Bit (No plans)
2 4970 | 1.5"X24' ACSC & AC Shid, (No plans)
[+} M
< k2 8"X52'-64' PCC
§ 1960 - 3"X24' ACSC on existing £
>
1950 1 SArmor Coat on 3"X24' BMSC on BSBC
1940 -
Armor Coat on 2"X24' BMSC on 2"X27' SSBC 2"X24' BMSC on SSBC
1930 -
1920 r T v T e T T r
120.63 121.63 122.63 123.63 124.63 125.63 126.63 127.63 128.63 129.63
Ref Post
—t— 1935 2548 9-7-9"X20' PCC
e 1938 254B Armor Coat on 2"X24' BMSC on SSBC
—— 1938 2"X24' BMSC on SSBC
—r 1938 2548 Armor Coat on 2"X24' BMSC on 2"X27' SSBC
1952 273(3) Armor Coat on 3"X24' BMSC on BSBC
w1963 254(10) 8"X24' RCP Parabolic on 4" Granular FC Type I
s 1963 254(10) 3°X24' ACSC on existing
s 1967 254(12) 8°X52'-64' PCC with curb
- @ == 1974 34-3(103) 1.5"X24' ACSC & AC Shid, (No plans)
- o == 1981 70110 2"X24' SCSC on 5" Recycled Bit (No plans)
- o == 1998 70845 Mill 1.5"-2(illegible on plans) 2"X24' ACSC
- o == 1998 70847 Mill 1.5"X24", 13R 2"X24", no shoulder work
2006 71026 3.5" SP4 on 4" HLSS, SHLD 4.75" SPS on exist
= w == 2006 71026 Mill 1", 7" SP4, SHLD 6" SPS on exist
w2006 71026 Mill 1.5" of PCC, 1.5" taper 1.25% SP4 on Fabric on 0.75" LC SP4
et 2018 71170 109' of 10"X24' Surf as PCC on Sub Prep SHLD 333" of 10"X10' Surf as PCC on Sub Prep
Project #17 & Description
Project #18 & Description
—t Project #19 & Description

Figure 3.4471 Pavement Histogram, CN 71236
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3.5 Pavement Serviceability Definitions

The pavement distresses described in this chapter directly correlate to the serviceability of a road as
perceived by the traveling publi€th e NDOT col |l ects a pavementos
algorithmic equation that can be used to def.i
of a pavement helps the NDOT prioritize pavements that need maintenancepragplacement.

Bel ow are sever al i ndicators and indexes that

For additional i nformation about NDOTO6s Pavem
Nebraska Pavement Management Systems Manual.

https://dot.nebraska.gov/media/gjdmgjmg/pavermanagemensystems. pdf

Skid Resistance

Friction is the resistance to movement between two objects in contact. In the context of pavements, it
refers to the force generated between a vehic
describes the friction between a tire and thegment surface when the tire is locked and sliding. It is
commonly measured using a locketieel tester, which records the force required to drag aatating

tire across the pavement. The result is expressed as a skid numbgtt{8)gher the skidumber, the
greater the skid resistance.

Friction can decrease due to factors such as aggregate polishing, loss of surface texture, adverse wes
conditions, or roadway alignment. Accordingitavement Interactivehe typical allowable skid
numbers are listed below:

Skid Resistance
Skid Number Comment
" 30 Take Measures to Correct
O 30 Acceptable for Low Volume Roads
3171 34 Monitor Pavement Frequently

O 35 Acceptable for Heavily Traveled Roads
Rutting
Rutting is a permanent depression in the whee

loads. Ruts can be narrowwide, and they can affect multiple paths or just two. Rutting is only found
in flexible pavements but can be found in composite pavements with the rutting occurring within the
asphaltic concrete layer. NDOT has adopted the following qualitative rutting categori

Rutting
Description Average Rut Depth
Good <4 mm
Fair 4 mmi 9 mm
Poor >9 mm
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Faulting

Faultingis a diplacement between two adjacent concrete slabs, measured at the commBayting

can result from a combination of factors such as inefficient load transfer at joints, slab pumping, slab
settlements, curling, warping, and inadequate base support conditions. NDOT has adopted the followil
gualitative faulting categories:

Faulting
Description Inches
Low a-Y
Moderate Ya-%
High O%
International Roughness Index (IRI)
The I nternational Roughness I ndex (IRI') is a
is. A pavementos | RI number is used to evalua
value indicates a smoother pavement surface, whilehehl&| value indicates a rougher pavement

surface.

The IRl is calculated using a mathematical model of a vehicle's suspeAsiontinuous profile
alongthe pavemenis measured and analyzedsiommarize qualities of pavement surface deviations
that impact vehicle suspension movem®&iOT has adopted the following qualitative IRI

categories:
International Roughness Index (IRI)
Rating in/mile mm/m
Good <95 " 1.50
Fair 9571 170 1.5071 2.68
Poor > 170 _2.68
IRI for Asphalic Concrete- Resurfacing Projects:
T The intent is to build or resurface the ro
greater than 0.40 shal/l be corrected.
1 Refer to Section 502 of Standard Specifications for Highway Construction for additional
information.

IRI for Portland Cement Concrete (PCC):
1 The intentis to build a roadway with an IBdtween 68 in/mile an@9in/mile. Surface deviation

shall not exceed 0.30 if a profiler is use
1 Refer to Section 602 of theghdardSpecifications foHighway Constructionfor additional
information.
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Nebraska Serviceability Index (NSI)

The Nebraska Serviceability Index (NSI) is a number between 0 and 100 that measures the condition
a section of Nebraskads hi ghuseaigual ingpection Nagalwithi s a
automatedservicedataby combining pavement typpavement agedraffic usage, severity of surface
distreses and the rutting or faulting measurements.

TheNSI of a pavemenis calculated using a mathematicalculation Different numerical weights

are assigned to pavement distresses based on severity of the pavement distress. An algorithm then
calculates all of thdistress ratings and produces the NSI Rating NunieOT has adopted the
following qualitativeNSI categories:

Nebraska Serviceability Index (NSI)
Description NSI Rating
Excellent Pavement Like New 9071 100
Good Several Years of Service Life Remainin 7071 90
Fair Few Years of Service Life Remaining 5071 70
Poor Candidate for Rehabilitation 3071 50
Very Poor Possible Replacement 07 30

The NSI represents the condition of the pavement at the time of the survey and does not necessarily
reflect the rate of pavement deterioration. For evaluation of remaining service life of a pavement, the
current and historically low NSI for the pavemerd avaluated along with the general rate of pavement

deterioration as observed overtime.

Present Serviceability Index (PSI)

The Present Serviceability Index (PSI) is a n
rideability. PSlwas developed at the AASHTO Road Tesasseshow well a roadway is serving the
traveling public.

Nebraska does not use roughness alone in deriving thefRSlavementAlong with using the
International Roughness Index (IRIprapensation is made for cracking, rutting, faulting, joint

distress, slab cracking, and repairs. Much like the Nebraska Serviceability Index (NSI), different
numerical weights are assigned to pavement distresses based on the pavement distress. An algorith
then calculates all of the distress ratings and produces the PSI Rating Number. NDOT has adopted 1
following qualitativePSI categories:

Present Serviceability Index PSI)
Description PSI Rating
Excellent Pavement Like New 471 5
Good Several Years of Service Life Remainin 314
Fair Few Years of Service Life Remaining 27 3
Poor Candidate for Rehabilitation 17 2
Very Poor Possible Replacement 011
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Chapter 4: Subgrade Design

4.1

4.2

Introduction

The subgrade of a pavemes critical component of any transportation systdime characterization
and evaluation of the soils used for the subgeaderitical to the performance of pavement structures.
Subgrade design for a pavement involves understanding the subgrade soil conditroaseaiatistic
properties to enstermlde.t he pavementds | ong

Soil Identification and Description

Soil identification is the process of determining the type of soil by examining its physical and chemical
characteristics. This can be done in a few ways:

1 Visual Inspection Ex ami ne the soil 6s color, texture,
Compare the soil b6s physical char acH
description.

1 FieldTesi Measure the soilds physical and mecha

content, strength, compaction, and permeability.
1 Laboratory Test$ Perform gradations, Atterberg Limits, and hydrometer tests.

Soil descriptios, classificationand other information obtained during the guatnleexplorationand
examinationsre greatly relied upon throughout the remainder of the investigation program and during
the desigrand construction phase of a project.

To provide uniformity in describing and classifying soils, the Nebraska Department of Transportation
has adopted the Unified Soil Classification System (US@3j0il samplingand classificatiorfSoil and
Foundation Workshop Manual NHI # 13212, July 1993).

The Unified Soil Classification System (USG$assifies soils according to grain size distribution and
plasticity. This classification system can be applied to most unconsolidated materials and is represente
by a twoletter symbol.

In addition to the USCS soil designatiorgetailed description for each material stratum encountered
should be included on the log. The description should be sufficiently detailed to provide the engineer
with an understanding of the material present at the site.
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Two terms that are used in the site exploration proced®BINTIFY and DESCRIBE.

1 Identification is the process of determining which components exist in a particular soil sample,
i.e., gravel, sand, silt, clay, etc.

1 Description is the process of estimating the relative percentage of each component and prepari
a word picture of the sample.

1 Identification and description are accomplished primarily with vision and touch.

During the progression of a boring, the drilling personnel should roughly identify and describe the soils
encountered.

A typical soil description procedure is shown on the following pages. This procedure involves visually
and manually examining soil samples with respect to texture, plasticity and color. This method present
for preparing a word picture of a sample foregimg on a subsurface exploration log applies to soil
descriptions made in the field and laboratory.
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i Boulder

Definition of Terms for General Soils

A rock fragment, usually rounded by weathering or abrasion, with
averagalimension of 12 inches or more.

Cobble A rock fragmenis usuallyrounded, or sub rounded, with an
averagalimension between 3 to 12 inches.

Gravel Rounded, sub rounded, or angular particles of rock that will pass a
3-inch square opening sieve and be retained on.alSieve.

Sand Particles that will pass thed\4 sieve and be retained on the.N
200sieve.

Silt Material passing the & 200 sieve that is neplastic and exhibits
little or no strength when dried.

Clay Material passing thBlo. 200 sieve that can be made to exhibit
plasticity (putty like property) within a wide range of water
contents and exhibits considerable dry strength.

Fines The portion of a soil passing @N200 sieve.

Muck Finely divided organic material containing various amounts of
mineral soil.

Peat Organic material in various stages of decomposition.

Organic Clay Clay containing microscopic size organic matter. May contain
shells and/or fibers.

Organic Silt Silt containing microscopic size organic matter. May contain shells

CoarseGrained Soil

Fine-Grained Soil

Mixed-Grained Soil

and/or fibers.
Soil having a predominance of gravel and/or sand.
Soil having a predominance of silt and/or clay.

Soil having significant proportions of both fhggained and coarse
grained sizes.
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Visual Identification

1 Gravel

1 Sand

1 Silt

1 Clay

1 Muck

1 Peat

1 Organic Clay

1 Organic Silt

1 Fill

Identify by particle size. The particles may have an angular, rounded, or
subrounded shape.

Identified by particle size. Gritty grains that can easily be seen and felt. No
plasticity or cohesion. Size ranges between gravel and silt.

Identified by behavior. Fines that have no plastiditis difficult to roll
into a thread and will easily crumble. Has no cohesion. Wherit axa#)
be easily broken by hand into powdery form.

Identified by behavior. Fines that are plastic and cohesive when in a moist
or wet statelt canbe rolled into a thin thread that will not crumble. When
dry, it forms hard lumps that cannot be readily broken by hand.

Black or dark brown finely divided organic material mixed with various
portions of sand, silt, and clay. May contain minor amounts of fibrous
material such as roots, leaves, and sedges.

Black or dark brown plant remains. The visible plant remains range from
coarse fibers to finely divided organic material.

Dark gray clay with microscopic size organic material dispersed
throughout. May contain shells and/or fibdtdiasweak structure, which
exhibits little resistance to kneading.

Dark gray silt with microscopic size organic material dispersed
throughout. May contain shells and/or fibdtdasweak structure, which
exhibits little resistance to kneading.

Man-made deposits of natural soils and/or waste materials.

Soil Sample Identification Procedure

1) Is sample coarsgrained, finegrained, mixeejrained or organic?
If mixed-grained, decide whether coaigeined or finegrained predominates.

2) What is the principal component?
Use a noun in the soil description. i.e., Sand, Silt, Clay.

3) What is the secondary component?
Use as the adjective in the soil description. i.e., Silty Sand, Silty Clay, Clayey Silt.

4) Are there additional components?
Use as additional adjectives. i.e., Silty Sand Gravelly, Clayey Silt Sandy.
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1 Sand

Gravel

Silty Fine Sand

Sandy Gravel

Gravelly Sand

Gravelly Sand, Silty
Gravelly Sand, Clayey
Sandy Gravel, Silty
Sandy Gravel, Clayey

Silty Gravel

Clayey Gravel

Clayey Silt

Silty Clay

Fat Clay

Examplesof Descriptionsof the Soil Components

Describes a sample that consists of both fine sand and coarse sand
particles.

Describes a sample that consists of both fine and coarse gravel
particles.

Major component fine sand, with nqtastic fines.

Major component gravel size, with fine and coarse sand. May
contain small amounts of fines.

Major component sand, with gravel. May contain small amounts of
fines.

Major component sand, with gravel and fmastic fines.
Major component sand, with gravel and plastic fines.
Major component gravel size, with sand and-ptastic fines.
Major component gravel size, with sand and plastic fines.

Major component gravel size, with ngiastic fines. May contain
sand.

Major component gravel size, with plastic fines. May contain sand
andsilt.

Major component silt size, with sufficient clay to impart plasticity
andconsiderable strength when dry.

Major component clay, with silt size. Higher degree of plasticity
andhigher drystrength than clayey silt.

Major compound clay with high degree of plasticity. Absorbs large
amounts of water and can cause pavement distress due to
shrink/swell characteristics.
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Other Information for Describing Soils

1)
2)

3)

4)

Color of the Sample Brown, Gray, Red, Black, Yellow, Blue, Green, etc.
Moisture Condition Dry, Moist, Wet (Saturated)
Examples of Materials Sand, Silt, Clay, Gravel, Sandstone, Ironstone, Topsoil,

Organic,Ogallala, Shale, Limestone, etc.

Examples of Descriptions Slightly, Contains, Considerable, Decayed, Grains, Clean,
Clayey,Silty, Fairly, Numerous, Fractured, Weathered,
Trace, Eroded, Mottled, Cemented, Extremely,
Intermittent, Compact, etc.

Examplesof Complete Soil Descriptions

1
1

Light Gray Silty Clay, moist, plastic, with4ach layers of wet gray silt
Red Brown Clayey Silt, moist, plastic

Brown Silty fine Sand, wet, neplastic

Gray Sandy Gravel, Clayey, moist, low plastic

Fill T Brown Sandy Gravel, with pieces of brick and cinders, wet;plastic

Dark Gray Organic Clay, with shells and roots, moist, plastic

2026

NDOT Pavement Design Guide Page 47



Definition of Termsfor Nebraska Soils

l

Topsoill
Surface soil that supports vegetatidgipically, loamyand dark coloredandgenerallydescribed
as brown silty clay.

Buried Topsoil
Former surface soil buried beneath later deposits. It may contain organic material and exhibit
variable strength and compressibility.

Redeposited Topsoil

Topsoiltransported downslopnd deposited on terraces or bottomldnglsheet erosion from
adjacent upland$Jaterial properties may vary depending on the source material and degree of
mixing.

Subsoil
A compact subsurface zone formed by infiltration arcliawilation of fines leached from
overlying topsoil.lt is generally described as silty clay.

Claypan
A dense, impervious clay layer formed in areas of poor drainage or slow runoff. Claypans restrit
water movement and may create drainage and stability problems.

Buried Subsoil
Subsoil formed during a previous geologieriodandsubsequentlpuriedby later deposition.

Redeposited Subsoil
Subsoil eroded from its originddcationandredeposited at a lower elevatidhis typically
disturbed and less uniform than undisturbed subsoil.

Peorian Loess (Silty Clay to Clayey Silt)

A common winddeposited parent material found throughout eastern, central, and southwestern
Nebraska. Peorian loesgposed slopesommonly stand in neasertical positions.Settlement

may occur under both dry and wet conditions. Embankment stability is generally good when dry
but may require staged construction when Wgpically light brown, tan, or buff in color.

Redeposited Peorian

Loess that has erodadd accumulatedut ofits originalposition commonlyas talus at thbase
of exposed loess slopekhenearvertical slopestability characteistic of intactloess isggenerally
lost.

Sandy Peorian
Loessntemixed with sand inransitionalareasetween th&andhills and the typical Peorian
mantle.
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1 Loveland Loess (Silty Clay)
An olderloessdeposit characterized byreddish tint andjenerallyheavier texture than Peorian
loess. ltmay containvarying amounts of sand. A buried solamay occur at the contact between
Lovelandand Peoriamleposits ands oftenvisible in fresh roadway cuts.

1 Redeposited Loveland
Loveland loess displaced from dsginal positionby slumping or erosian

1 Sandy Loveland
A sandytextural phase of Lovelardess

1 Glacial Till (Silty Clay)
Dense glacial deposits consisting primarily of clay intermixed with sand, silt, gravel, and rock
fragmentsMaterial properties and composition vary widely depending on the glacial source.
Kansan Tillis typicallytan to orangewhile Nebraskan Tilis generallygray.

1 Glacial Gravel
Mixed deposits osand, gravelcobblesand bouldersransportedy glaciers.

1 Glacial Sand
Localizedsand deposits associated with glacial till.

1 Fine Sand and Natural Sand
Wind-blown dune sandsommon in the NebraskaBdhills and waterdeposited fine sands
occurring throughout the statdatural sandypically contains more fines than fine sand.
Settlement igienerally minimal and occurs rapidignd enbankment stability isypically not a
problem. Beware of areas where sand is on top of shale if the shale is not flat. Water may be
trappedabove the shale and cause instability if the shale surface is sloped.

1 Brule Clay (Silty Clay to Clayey Silt)
A massivecompactpinkish silty clayformation occurring primarily west of North Plattehim
volcanic asHayers may occasionally be prese®ettiement igienerallyminimal and
embankment stability is goathen dry Wet conditions may lead taasion traffic sensitivity,
and ingahlity .

1 Redeposited Brule
Slumped and weathered Brdamationmaterial It is typically loose and mellowyith
engineering behavia@imilar to loess in appearance arracteristics.

1 Ogallala Formation
A predominantlysand and gravel formatiaccurring primarily west of North Platte
Interbedded layers of sand, gravel, st@rallime maybe encountered.he formation is often
cementecandmay containvarying percentages of clay, silt, gravel, lime and sand. Settlement is
minimal andembankment stability is good as long as it is dithougherosionmaybe a
concern
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1 Pierre Shale (Silty Clay to Fat Clay)
A dark gray massive clagontainng some chalk, bentonite, thin sandstqragloccasionally
concretions. It ihighly plastic a very poor subgrade material, gsrdne to slope instability
Increasing moisture greatly reduces shear strength and contributes to lanb&lgtesajor
slides in Nebraskevolve shaleformations Benchings especially important where fills are
placed on shale slopes. Settlement is typically minimal, but embankment stability is poor.

1 Carlile Shale
A gray shale containinigyers of fine-grained sandstone. It is nm@mmonly encountereat
depthsassociated witiNebraskehighway construction.

1 Graneros Shale
A dark gray plastic shaleontainingthin calcareous layers, sarsdndy shale, and cole
material.

1 Dakota Sandstone and Dakota Shales
A formation containindine sandanging fromloose cleandepositgo highly cemented
sandst one a Camenied rones say cequalesting or rippingor excavation
Interbeddedhale layers are common and typically consist of@ireened silty clay shalesith
high swellpotentialandpoorsubgradeharacteristicsDakota shales oftelmave a glossy or
soapy appearance aniy bemulticolored.

1 Alluvial Silts, Sands and Clays
Waterdeposited materiabccupying stream floodplainsicluding variable deposits oits sand
clay, muck andpeat Thesesoilsare typically saturated, have higettlemenpotential, and
exhibit poor embankment stabilitfPore pressurenay createstability concernsTwo-stage
grading and/or wick drains work well in these sdarchargng may create @ditional stability
problens. Excavation should be considered where weak layers are $esd@feetthick.
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4.3 Nebraska Group Index

The Nebraska Group Index (NGI) isail classification system used to assess the stability of soils for
use of subgrades material in the construction of roadways and other paved surfaces. The NGI helps
engineers determine the quality of the soil for supporting thedeadng capacity ohe pavement
structure.

The Nebraska Group Index is calculated based on factors such as:

1 Solil Plasticityi The ability of the soil to deform without cracking or breaking, which can
indicate its potential for compaction and stability under load.

1 Soil Gradatiori The distribution of particle sizes in the soil, which affects the drainage and
stability.

The Nebraska Group Indeses a range of numbers to represeattffarent soil typgound in Nebraska.
These soil types can be an indication of how structurally sound the subgrade materialltanhigher
the NGI value, the mongotentiallyproblematic the soil is for supporting the pavement structure.

Soil Type NGI
Gravel -4 t0-2
Fine Sand -1tol
Sandy Silt 2t0 7
Loess 8to 12
Loess/Till 13to 14
Till 15to0 21
Shale 22 to 24

1 NGI between4i 41 Soils with a low NGI value are considered good for pavement
construction. They are generally stable, vadedined, and have a low
plasticity. These soils require minimal treatmenteanforcement for
pavement support.

1 NGI betweerbi 771 Soils in this range have moderate stability but may need some
improvements to support the pavement adequately. The subgrade may nee
additional stabilization or better drainage to prevent future distress.

1 NGI betweerBi 2171 Soils with NGI values in this range are generally unsuitable for supporting
heavy truck traffic without significant treatment. These soils can lead to
instability in the presence of wateBoil improvement or a stronger
pavement desigshould be considered

1 NGI 2171 Soils with a high NGI valuarepoor for supporting pavements. They tend to be
highly plastic or contain excessive fines, leading to high potential for failure under
load. These soils may require stabilization, removal, or the use efjbaghy
pavement materials to ensure durability.
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Figure 4.317 Nebraska Group Index Chart
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Using the Nebraska Group Index Charts (Figureld,anNGI value can be determined knowing the
soil 6s Gradation and Atterberg Limits.

Example:

A preliminary soil sample has been taken from a future project. The soil is to be analyzed to determine
what type of soil is located on the project and whether that soil type needs additional structural suppor

Thesoil samplehas a gradation consisting of:
2% retained on the No. 10 Sieve
14% retained on the No. 40 Sieve
20% retained on the N&@0O Sieve

The soil sample has an Atterberg Limit consisting of:
Liquid Limit of 8
Plasticindexof 12

Using Figure 4.3l on the previous page,

Chart 1i 20% retained on the No. 200 Sieaeda Liquid Limit of 8
Chart 1 Value 8

Chart 2i 20% retained on the No. 200 Sieard Plastic Index af2
Chart 2 Value 9.8

The Nebraska Group Index is the summation of Chart 1 and Chart 2
NGI = Chart 1 + Chart 2
=8.0+0.8
=8.8
= LoessType Soil

Since the NGls between 8 andl, the existing soil for the future projestiouldreceivea stabilization
strategy to structurally support the pavement structure and the traffic loadings.

For more information about the Nebraska Group Index, please visit the following links.

1 Proctor Compaction Testing, NDOR Research Projecil8R008
https://dot.nebraska.gov/media/bsaca43t/fneplortp313.pdf

1 Dynamic Testing of Nebraska Soils and Aggregates, G. Wanlstt989
http://onlinepubs.trb.org/Onlinepubs/trr/1990/1278/1-P04 . pdf
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4.4  Subgrade Stabilization

Subgrade stabilizatiois the modification ofan existingsoil orsubgraded provide structural stability
for improved longterm performance of the pavement struct@G@mne of the reasons for needing a
stabilized subgrade are as follows:

To create a uniform base for the pavement structure.

Increase the shear strength of the soil.

Reduce the swelling caused by wetting and shrinking.

| ncr e as eloadbeasing sapacity.0 s

Prevent soil cracking caused by a decrease in moisture content.

= =4 =4 -8 A

Subgrade stabilization can be achieved thraeyferaimethods, including:

1 Mechanical Combinatian Combining natural soil and stabilizing material to create a
homogeneous mixthis can be achieved lmpmpacting the
existing soil omixing different soilséaggregatestogether to create
adense, welfgradedblend of subgrade material that improved the
subgr ade 6s Apexample of tisimcludes a Soil
Aggregate Base Course or a Foundation Course (Regular).

1 Chemical Additives: Adding chemical compounds the soil tomodifya s ubgr ade
properties Typically, Cement, Fly Ash, or Limaremixed into the
soil to improve theerformance of the subgrade.

1 Geosynthetic Reinforcemendsing geosynthetic elements to create a-s@thpacted platform
that can support uniform loadseosyntheticeinforcement
provides constructability and access over very soft soils.
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The Nebraska Department of Transportation uses several different stabilizing techniques depending o
the characteristics of the existing soils and the needs of the pavement structure.

Subgrade Preparation

Subgrade preparation is theocess of preparing the natural soil beneath the pavement to ensure it can
adequately support the construction equipment, pavement structure, and traffic loads. This process
involvesscarifying andshaping the area to the desired grade slopeand compacting the soil to

achieve strength and stability. A properly prepared subgrade provides a uniform foundation, minimizes
future settlement, and contributes to the loemgn performance and durability of the pavement.

General guidance for Subgrade Preparanctudes

shallfbe prepaged oryphving opeatations.

The upper 60
120 of the subgrade shall be pre

The upper

is reconditioned.

f Subgrade Preparation should extendpavh@ beyo
equipment during construction.

1 Subgrades are compacted to the requirements determined from the Proctor Test results.

T
T

SubgradeStabilization

Subgradestabilization is the process of preparing and improving the natural g{gusuaular material)
to provide a stable and supportive working platform for construction equipifestypically involves
mechanical methods such as adding and scarifyohgsive soilinto granularsoil to improve the load
bearing strength of a subgrade or mixaognmerciabinders into granular soils to reduce the risk of
deformation or failure under construction equipment.

General guidance for Subgrade Stabilization includes:

1 Subgrade Stabilization is used as a working platform for construction equipment.
1 Construction equipment with tracks do not require subgrade stabilization
1 Construction equipment with tires may require subgrade stabilization where it is anticipated to
haveareas of repeated construction traffic loadings
o Haul Roads
o Project Entrance/EXxits
o Placing material in front of a paver
The upper 60 of subgrade shall be stabiliz
Clay Binder may be used for granular materials.
A mix design using Clay Binder will bereatecby Materials& Researctbased on Soil Lab
testing
o Typical values for estimation: 15% passing #200 (subgrade + binder) AC Laydown
18% passing #200 (subgrade + binder) PCC Slip forming
1 Foundation Course that is pushed out ahead of the paver is often used as an alternative to
subgrade stabilization.
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Geosynthetics

Geosynthetics are synthetic materials used to enhance the performance and longevity ofssabgrade
pavement system$hey serve multiple functions, includimginforcenent separaon, filtration, and
drainage which collectively improvesoad distribution and redeaeformation under traffic loads.
Geotextilesandgeogridsare twoof the most usedeosyntheticseachfulfilling distinctroles

Geotextiles are permeable fabriygically made from polypropylene or polyestand are primarily

used for separation, filtration, and drainage applicationsontrast, gogrids are gridike structures
oftenmade from polymers such as polyethylene or polypropyletesignedo provide tensile
reinforcement by intéocking with soil oraggregate.

Geotextiles

1 Woven Geotextiles Woven Geotextilearemanufacturedby interlacing two sets of fibers
similar totraditional textile weavingThis procesproducesa strong,
durable fabricharacterized biigh tensile strength and low elongation.
Woven geotextiles arespeciallyeffective in applications where
reinforcement and separatiareessential, such as roadway construction
and embankment stabilizatioHowever,due to their tightly woven
structure, they typically have a lower permeability, which makes them less
suitable for filtration and drainage functions compared to nonwoven
alternatives.

1 Nonwoven Geotextiles Nonwoven Geotextileare manufactured by bonding fibers together
through mechanical entanglement, chemical bondinthesmal
processesThese fabrickiave a random, felike structurethat provides
higher permeability andnhancediltration capabilities. Nonwoven
geotextiles aravidely usedin applications such afrainage, filtration,
and erosion controAlthoughtheytypically have lower tensile strength
thanwoven geotextiles, their hydraulic properties make them fdeal
situationswhere water flow and soil retention andtical.
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TheApparent Opening Size (AO®J ageotextile refers to the approximateameter of théargestsoll

particlethat carnpass through the fabric.t serves as an indicator of
effectiveness in filtering soil particles. AOStypically determined through dry sieve tesin which
glassbeadsates ed t o assess t.Alerebultisusuatlydeportpdatrthasievd i | i t
opening sizé or the diameter of the glass beddst which90%of t he geotextil eds

to or smaller than that size.
Geotextile Apparent Opening SigROS):

1 Coarse Granuldvlaterial
Suitable for soils with 0% to 15¢@assingheNo. 200 sieveldeal for use with case
grained materials with minimal soil retention is needéte maximum AOSs 0.43
mm.

1 Fine Granular Material
Designed for soils with5%to 50% passinghe No. 200 sieveProvides balanced
filtration and soil retention in typical soil conditiorithe maximum AQOS is.@5mm.

1 Fine-Grained Soil
Best suited for soils with more than 50% passing the No. 200 sieve. These geotextiles
have smaller pore sizes to effectively retain{gnaded materials'lhe maximum AOS
is 0.22mm

Geotextiles areategorizednto strength classes emsureheir appropriate use across various
construction conditionand applicationsThe selection of a suitable strength class depends on several
factors, includingprojectspecificrequirementsexpectedoads and stresses, constructitathniques

and environmental conditionih general, lowestrengthclassesre intendedor lighter loadsand less
demanding situationsvhereasigher classes adesigned to withstand more rigorous conditions, such
as those found in steep slopes or in heavy-lweating applications.

Geotextile Strength Classes:

1 Class Ii Engineered for the most demanding conditions, including areas with heavy rock fill or
where structural reinforcement is essential. These geotextiles are typically strong
woven fabrics, offering maximum durability and performance.

1 Class Ili Designed to provide lalancebetween strength and flexibility. Commonly used for
functions like separation, filtration, and moderate reinforcement. These are versatile
and suited to a wide range of constriction needs.

1 Class llli Suitable for lightduty uses such as weed barriers or basic drainage systems. These
geotextiles are often made from nonwoven or less robust woven fabrics, offering
minimal support.
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Geogrids

1 Uniaxial Geogrid$ A uniaxial geogrid isa type ofgeogrid thaprovidestensile stiffness and

1 Biaxial Geogridg

1 Triaxial Geogridg

strength primarily in one directiotlniaxial geogrids areommonlyused
in retaining walls, steel slopes, and embankments where loads are
predominantlyunidirectioral. Their high tensile strength ionnedirection

makes them ideal for applicatiorequiringcontrolled, directional
reinforcemen

A biaxial geogrid is @ype ofgeogrid thaprovidestensile stiffness and
strength in two orthogonal directior®iaxial geogrids areommonlyused in
subgradestabilizations and working platform&here loads arappliedin
multiple directionsTheir balanced tensile strength in both directions
provides effective confinement and load distribution for planar applications.

A triaxial geogrid is a type of geogrid that provides tensile stiffness and
strength in multiple direction$ts unique triangular structure enhances
aggregate interlock and confineméreading to improved structural
performance of the stabilized lay@riaxial geogrids are commonly used in
subgrade stabilizations and embankmaglicationsvheremultidirectioral

loads are presentheir high radial stiffnesallows forefficientstress
transferfrom the aggregate to the geogrid.

1 There are other unique geometries developed by manufacturers that go beyoridebgges

of geogrids.

For more information on geotextile and geogrid selection, please rtéheesurrent version of
AASHTO M288i1 Standard Specification for Geosynthetic Specification for Highway Applications.
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Stabilized SubgradeType Fly Ash

Stabilized Subgrade Type Fly Ash involves incorporating Fly Ash, a byproduct of coal combustion, intc
the soil to i mprove the s ublgparingdcapacgy. When nfixedrwith t vy
soil, Fly Ash undergoes a pozzolanic reaction withwater within the soil that gradually binds soil
particles t oget he r-heariegrcdpacitychlyMAsh mayralso be usedla®asdryingp a d
agent for saturated soils while causing a sli
particularly effective ifean clay angilty soils and can help create a more uniform and durable
foundation for pavements.

General guidance for Stabilized Subgrade Type Fly Ash includes:

T The upper 80 of subgrade shall be stabiliz

1 Fly Ash is used to create uniformity of the subgrade with a marginal increase in strength.

9 Stabilized Subgrade Type Fly Ash is typically used for soils with a Plasticity Index between 10
and 20.

1 Itis not recommended that Fly Ash is used for granular material as the Fly Ash will leach out

overtime when water is present.

Class ACo Ash is typically wused for Stabil

Mix Designs for Stabilized Subgrade Type Fly Ash are created by Materials & Research based

on Chemistry and Soil Lab Testing.

1 Lab testing requires aday most curingand 24 hours room temperature drying period prior to
performing the compressive tests.

1 Compressive test results typically target between 100 psi and 250 psi depending on the differer

soil and Fly Ash sources.

Fly Ash is typically applied at a rate between 10% and 12% by volume.

The required moisture content for the Stabilized Subgrade Type Fly Ash is determined by the

mix design and isften1% below the Optimum Moisture Content of the virgin soil.
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Stabilized SubgradeType Cement

Stabilized Subgrad@ype Cement involves mixingortlandCement with the existing soil to improve

the subgradeds uniformity, durability, and st
hydration process and binds soil particles together to form a strong and stable subgrade that distribute
the taffic loads more effectively. However, using too much Cement in a stabilized subgrade can make
the subgrade layer overly rigid, leading to shrinkage and reflective cracking in the pavement above. Tt
Stabilized Subgrade Type Cement method is effecti®ih silty and granular soils &ments more
resilient toleachng overtime thanFly Ash when water is present.

General guidance for Stabilized Subgrade Type Cement includes:

The upper 80 of subgrade shalll be stabiliz

Cement is used to create uniformity of the subgrade with a major increase in strength.

Stabilized Subgrade Type Cement is typically used for soils with a Plasticity Index under 20.

Cement can be used for both silty and granular materials.

Type IL Cement is typically used for Stabilized Subgrade Type Cement.

Mix Designs for Stabilized Subgrade Type Cement are created by Materials & Research based

on Chemistry and Soil Lab Testing.

1 Lab testing requires aday moist cung and 24 hours room temperature drying period prior to
performing the compressive tests.

1 Compressive test results should have a Maximum Target Value of 350 psi to avoid shrinkage al

reflective cracking of the pavement above.

Cement is typically applied at a rate between 3% and 5% by volume.

The required moisture content for the Stabilized Subgrade Type Cement is determined by the

mix design and isften1% below the Optimum Moisture Content of the virgin soll.
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Stabilized Subgrade Type Lime

Stabilized Subgrade Type Lime involves the application of lime to natural soils to improve their
engineering properties for construction purpokése stabilizations are particularly effective in clay

rich soils and are commonly used to create durable, stable foundation for roads. The Calcium from the
lime reacts chemically witthe Silica and Alumina from theay particles in the soil to reduce the
plasticityindex Thi s process not only enhances the soil
ard resistance to wateelated damage.

1 ThelLiquid Limit of the soil generally decreases meaning that the soil requires less water to reac
a liquid state, making it less plastic and more stable.

1 ThePlasticLimit generally increases meaning that the soil can retain more water at a plastic sta
before cracking due to the cementing effect of the lime particles.

1 Thisresults in th@lasticityinde x decreasing due to the | i me
together, thus reducing the range of moisture content where the soil behaves plastically.

1 !
emtwaEE guFvaiyNge

1 NDOT performs an Atterberg Test to the modified soil to confirm if the lime has changed the
soil 6s proPRastct i es to Non

To determine how much lime is needed to stabthlieesoi| an Eades and Grim Test is performed. An
Eades and Grim Test is a laboratory test used to determine the optimum amount of lime needed to
stabilize a soil by measuring the pH level of the soked at different percentages by volume of lirhe
pH balance of at least 12.40 means that the soil will react with the lime to proplozectanic reaction
strong enough to modify the clay particle structure

General guidance for Stabilized Subgrade Type Lime includes:

Thewp per 80 alfall bsestathliged fordpaving

Stabilized Subgrade Type Lime igtcally used for soils witta Plasticity Index020. These
soils can typically be found on the eastern side of Nebr&sdeaFigure 44.

1 Lime is wed to significantly reduce s d@rostlhéase potentiand shrinkage and swelling
ability with a slightincreasen strength

HydratedLime (Slaked Lime)pr PebbleQuick Lime maybeused

Hydrated Lime Slurry is not allowed due to the slurry ponding in the wheel ruts during
application.

1 Mix desigrs for Stabilized Subgrade Type Liragecreatecby Materials& Researctbased on
Chemistry and Soil Lab testing

Lime is typically applied at rate betweed% and6% as determined lnEades and Grim test
The required misturecontent for the Stabilized Subgrade Type Liméagermined byhe mix
designand isoftenbetweer2% and4% overthe Optimum Moisture Content of the virgin soil

1
1
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4.5 Drainage Layer Design

In pavement construction, an effective drainage layprovesthe performancand longevity of the
roadway.Theselayers aredesigned to remove wattratinfiltratesthe pavement structussmdprevent
moisture accumulatigrwhich can weakeithe underlying subgrade materialBrainage layers are
typically madeof permeable materiats facilitate the efficient movement ofvater away from the
pavementA well-designedirainage system not only enhastiee structural integrityof the pavement
structure butalso reducemaintenance costs and impraviele qualityby minimizing surfacelistresses
caused bynoisturerelated issues.

Stability and Permeability

Stability andPermeabilityaretwo fundamental properties that must be balanced idithi@age layers
within pavement systems.

9 Stabilityi Stability refers to the ability of drainage matesitd maintaintheir structural
integrity under the loads imposed by traffic and the overlying pavement layers. A
stable drainage layer resists deformation and displacement, ensuririgriong
performance and suppat the pavement structurilaterials selected for improving
the stability of a drainage layer include particles with higher angularity and soundnes:
to create googatrticleinterlock structure.

1 Permeabilityi Permeabilitymeasureamat er i al 6s abi l ity to allo
efficiently. The higher the permeability of a drainage layer, the faster waier
travel through the materidPermeability is essential for removing infiltrated
water and preventing moisturelated damage, such as fre¢zaw cycler loss
of structural support due to subgrasuration
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Achieving an optimal balance betwestability andpermeabilityis important. Materialsused in a
drainage layemust be permeable enough to drain water effectively while being stable enough to
support the pavement structure without rutting or shifting

1 Good Stabilityi Poor Permeability

(0]

Densely packed layer ofaterialwith very little to no
void spacéetween particles
Particleinterlock is achieved.

This layer will be supportivef construction equipment "'"

and the pavement structure.

Water will notflow through the aggregate layer easily,

Examples of this base material include Foundation
Course (Regular) and Soil Aggregate Base Course

(SABC).

91 Poor Stabilityi Good Permeability

1 Good Stabilityi Good Permeability

o

Large void spaces betweemterialparticles.
Particleinterlock is not achieved.

This layer will not be supportive of construction
equipment or the pavement structure.

Water can flow easily through timeateriallayer.
Examples of this base include Windblown and Alluvig
Sand materials. These materials are found in the
Sandhills of Nebraska.

Figure 4.5171 Stable Base
Layer Gradation

e

A o L

Figure 4.52717 PermeableBase

Layer Gradation

A well-gradedmateriallayer with void spaces between
particles.
Particleinterlock is achieved.

This layer will be supportive of construction equipme i

and the pavement structure.

Water will flow through thenateriallayer.
See Foundation Courses below for examples of goog
stability/good permeability base materials.

Figure 4.5-371 Stable and
PermeableBaselLayer
Gradation
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4.6 Foundation Course

In Nebraska, the drainage layer within the pavement structure is referred to as the Foundation Course
This layer is typically located below the pavement and above the subgrade. While the Foundation
Course is most commonly used under concrete pavemerds, also be used under asphaltic concrete
pavements in certain situations.

Nebraska DOT6s Foundation Course serves mul ti

Serve as a working platform for construction equipment.

Distributes traffic loads to the underlying subgrade.

Prevents subgrade distresses from propagating into the pavement above.
Promotes the efficient removal of water from the pavement structure.

= =4 =4 -4

Historical Nebraska Foundation Courses

Over the years, NDOT has refined its foundation course gradation to improve both stability and
permeability beneath pavements. However, this was not always the case. Early foundation courses we
primarily used as construction platforms and were not dedigmbe drainable. Aggregates were often
mixed with soil and soil binders to create a stable base, but these mixtures lacked permeability. Below
a list of foundation course types historically used in Nebraska.

1 Soil Aggregate Base Course:
The Soil Aggregate Base Course (SABC) was a foundation course composed of a single
aggregate or a combination of gravel and sand aggregates, a soil binder, and water. It had a
maximum aggregate size of 1 inch, with 90% to 100% passing-thel#sieve.

1 Foundation Course (Regular):
The Foundation Course (Regular) consisted of a single aggregate (or a combination of gravel a
sand aggregates), a soil binder, and water. It had a maximum aggregate size of % inch, with 50
to 74% passing the No. 10 sieve.

1 Foundation Course (Portland):
The Foundation Course (Portland) consisted of a single aggregate (or a combination of gravel
and sand aggregates), a soil binder, 3% Portland cement, and water. Alternatively, the contract
had the option to use 4.5% Portland cement without a soil bifldemaximum aggregate size
was % inch, with 50% to 74% passing the No. 10 sieve.

1 Foundation Course (Granular):
The Foundation Course (Granular) was a coa
80% to 90% retained on the No. 200 sieve.

1 Most historic foundation courses were also labeled with an additional designator: Type |
indicated a uniform depth, while Type Il indicated a variable depth.

As noted above, these foundation course layers were not intended to function as drainage layers, but
rather as stable foundations for supporting construction equipment. Pavement designers should treat
these layers as nairainable bases when evaluating aesmdewingAs-Built plans.
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Current Nebraska Foundation Courses
NebraskaDOT utilizes four different types of Foundation Course

Crushed Concrete

Aggregate D

Bituminous Millings

Crushed Rock witla Geosynthetic Separation Layer

= =4 =4 -4

Eachtype of Foundation Course hasspecificgradationdesignedo provide aalance betweestability
andpermeability This ensures support foonstruction equipmenthe pavement, and traffic lals while
alsoallowing water to drain efficiently from the pavement structDependingon material availability

a Contractor may select different types of Foundation Courses and use them interchangeably throughs
the project providedthe crossslope material is nawitched

In the context of permeability,kavaluei s a measure of a material 6s
through its pore spaces and voids. A higheaekie indicategreater pamealility, meaning watecan

flow throughthe materiamoreeasdly. Below is a table showing theualues of the different Foundation
Courses used in Nebraska.

Foundation Course Type k-value
Crushed Concrete 2.5 x 10* cm/sec 0.4 in/hr
Aggregate D 8.4 x 10" cm/sec 1.2 in/hr
Bituminous Millings 1.9 x 10° cm/sec 2.7 in/hr
Crushed Rock 9.9 x 10 cm/sec 14,031.5 in/hr

Table 4.5171 Average k-values forDifferent Foundation Courses

The tableabovecomparingthed al ues of NeundatosChuasé typed hghlights

significant differences in permeability. While all options provide adequate drainageugtedRock
FoundationCourse stands out with a significantly highevadue, indicating a much faster rate of water
flow. Due to this high permeability, a geosynthetic separation layer is required beneath the crushed ro
to prevent the migration of fine particles from the salgr Without this layer, there is a risk of material
loss or contaminatiobetween the subgrade and the Foundatiorrsgowhich can compromise the

stability and longterm performance of the pavement structure.

I —————————————————————.
2026
NDOT Pavement Design Guide Page 66



When @mparing the&-values of the Foundation Courseshose ofdifferent types of soilit becomes
evident that variousoundation Course typ@iow water to flow more easily than the soil in the

subgrade.
Soil Type k-value
Clay ' 1.0 x 10’ cm/sec " 0.00014 in/hr
Silt 1.0 x 10’ cm/sec to 1.0 x I®cm/sec 0.00014 in/htto 0.014 in/hr
Dirty Sand 1.0 x 10° cm/sec to 1.0 x I®cm/sec 0.014 in/hr to 1.4 in/hr
Clean Sand 1.0 x 10° cm/sec to 1.0 x IOcm/sec 1.4 in/hr to 141.7 in/hr
Course Gravel 1.0 x 10* cm/sec . 141.7 in/hr

Table 4.5271 Averagek-values forDifferent Soil Types

Understanding the role of the Foundation Course is essentdfement design and construction. This
layer not only supports equipment and traffic loads but also plays a key role in protecting the pavemer
by improving drainage and preventing moistueiated subgrade issues from reaching the surface. With
multiple material options availablie each offering different levels of permeabilitiengineers can select

the most suitable Foundation Courses based on site conditions and project needs.
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4.7 Drainage Layer Outlets

Once watemfiltratesthe drainage layeit must be directed away from tpavement structure todece
excess moisture amdinimize pore pressurdf water becomesrappedwithin apoorly drainedlayer, it

c an c rbetlune edf Iddeing topremature pavement failureaused byrost heae and saturated
subgrades. Tprevent this, drainage systems are installed to provide an outlet for water to escape. The
type of drain used often depermswhether the pavementlgcated inan urban or rural settings site
conditions and space constraioginfluence drainage design

NDOT utilizesfive commondrainageayerdrains

1 Granular Subdrains Granularsubdrains are drainage outlesnstructedrom granular
materiak that allow water t@xit the drainage layer arftbw into the
foreslope othebottom of a ditchTheyare themost commonly used
methodfor draining pavement structuregsrural area due to their
simplicity and effectivenes3he spacing of granular subdrairepend
on the slope of thp a v e meentérlidesprofilethey are typically
installedevery 100feetwhenthe slopes less thari%, and every 20@eet
when theslopeexceedd %. For active construction projects, these
subdrains areypically installedafter theearth shoulderconstructionand
ditch embankmerttave beermompleted.On existing roadwayshowing
signs ofpavementlistresdue tosaturated subgradenditions additional
subdrains can be installed lateprovidedthere isanexistingfoundation
coursebeneaththe pavement

1 Longitudinal Suldrainsi Longitudinal subdrains are drainage outlet systdesignedo remove
water from beneath pavememtbere water accumulation can cause
damage or instability. Tise subdrainaretypically installed along the
edge of the pavemeanhd serve to connect multiple granular subdrains
togethey allowing for continuous and efficient water removal
throughout the drainage netwotlongitudinal subdrains have the
same gradation as the granular subdrains.

1 Pipe UnderdrainfUrban)i Pipeunderdrains are drainage outlets that combine gramaégerial
with a perforated pipe tdirectwater from the drainage layer and
into astormsewer systemlheyare the preferred method for
dischargingdrainage layexin urban ares, where a direct outlet to a
ditch or foreslope is typically not feasibke pipe underdrain
consists of a@rforated pipesurrounded bgranular materialwhich
allows water tofilter throughandenter thepipe.To prevent
clogging, he granular material is wrapped in filter fatthat blocks
fine particles and debri®ipeunderdrains araesuallyinstalled along
the ousideedgeof the pavement and connect the drainage layer to a
c i tstordnsewer system.
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1 Pipe Underdrains (Rural)Pipeundedrainsused in a rural settingre adrainage outlet system
that combineg$eatures obothgranularsubdrairs and jpe
underdrais. This system consists of a perforated @perounded by
granular material and wrapped in filter fabisamilar toatypical
urbanpipe underdrain However, nstead oflischargingnto astorm
sewer system, thgater exitanto the foreslope or bottom of a ditch
i like agrandar subdrain.Outletspacing and placemefailow the
same guidlines used formnularsubdrains Pipe underdrains (rural)
aretypically used in rural areasherefaster water removal from the
drainage layer is needed to protect the integfithe pavement
structure and prevent prematagseteterioration

1 Cutoff Drainsi Cut-off drains, also known as transverse drains, are drainage outlet sgisa¢m
use granular material similar to that found in granular or longitudinal
subdrainsThese drains could also include a pipe similar to a pipe underdrain
with an adjusted stiffness requiremediit-off drains are installed transversely
beneath the pavement structure to intercept and redirect water that would
otherwise flow along the centerline profile slope. These drains can be installed
in sag areas where water tends to accumuléater in advaee of structures to
prevent water froncollecting against thenCut-off drains typically span the
full width of the roadway andischargento the foreslope ahebottom of a
ditch.
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Chapter 5: Gravel Road Design

5.1

5.2

Introduction

Gr avel roads form a critical part of Nebraska
connectivity for rural communities, agricultural operations, and local industries. Unlike paved roads,
gravel roads consist of unbound layers of aggregaterraband are typically used in areas with lower
traffic volumes. Despite their seemingly simple structure, gravel roads require thoughtful design and
regular maintenance to remain functional.

In Nebraska, where approximately 75% of roads are unpaved, maintaining the gravel road network is :
persistent challenge due to variability in locally sourced materials and a continued reliance on empiric:
design practices. The extensive road networkéenstate spans approximately 194,938 miles, including
72,134 miles of gravel roads39 miles of which are classified as state highways. This significant
mileage underscores the importance of establishing consistent design standards, improving maintenar
strategies, and understanding the unique behaviors of unpaved surfaces under local climate and loadi
conditions.

Gravel roads not only serve as critical faiwmarket routes but also support emergency access, school
transportation, and general mobility in rural areas. A-gefligned gravel road system contributes to
economic vitality and public safety, particulanyregions where paving is not economically feasible.

As such, this chapter aims to provide a practical framework for the design and evaluation of gravel roa
in Nebraska, aligning with NDOTO0s broadagon goa
system.

Common Distresses on Gravel Roads

The performance of unpaved roads is influenced by multiple factors, including material properties,
drainage, climate conditions, traffic loads, and maintenance practices.

Gravel roads are susceptible to a range of surface and structural distresses that can compromise safe
ride quality, and service life. These distresses often result from the interaction of traffic loads,
environmental factors, material properties, anéhteaance practices. Understanding the common types
of gravel road distressesecritical for pavement designers and maintenance professionals. This
knowledge not only aids in accurate assessment and tinbetyentionbut also informs design
improvemens that enhance durability and performance.

Below is a list of typical distresses commonly observed on gravel roads, followed by a detailed
overview of each distress, including its causes, characteristics, and effects on road performance.
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Washboarding

Washboarding,lao known as corrugatiors the
formation of a series of regular, transverse rippl
or ridgesi resembling a washboardacross the
surface of a gravel road. These ridges are typic
spaced a few inches apart and create a bumpy,
uncomfortable ride. Common causes include
vehicle acceleration or braking, high speeds,
improper grading, dry or loose surface material,
and insuficient compaction.

Erosion

Erosion on gravel roads is the process by whic
the road surface and its underlying materials ars
worn away and displaced, primarily due to wate
or wind. It may occur in both the transverse and
longitudinal directions of the roadway. Commo
contributing fictors include rainfall, heavy traffic
profile and/or cross slopand inadequate

drainage. Erosion can lead to significant surfacq =
damage, such as rutting, potholes, and the loss| -
aggregate material. '

Rutting

environmental conditions. These ruts typically
result from the compression and lateral
displacement of gravelarticles under vehicle
loads, erosion from surface water flow, and
moisture infiltration that weakens the road
structure.
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Potholes

Potholes on gravel roads are small depressiong
holes that develop in the road surface. They arg
commonly caused by water infiltration beneath
the surface, which can lead to material
displacement during freezbaw cycles or under
the repeated stress\afhicle traffic. Over time,
the continued movement of gravel and lack of
support beneath the surface contribute to the
expansion of these holes.

Raveling

Raveling on gravel roads refers to the gradual

disintegration of the road surface through the lo
of individual gravel particles. This occurs when
the binding material weakens or fails, causing

particles to become dislodged. The resultis a |+
loose, unevesurface that can reduce ride qualit]
and increase maintenance needs.

Dusting

Dusting on gravel roads refersttee process
where fine particles of soil and gravel are kicke¢
up into the air, creating a cloud of dust, especiaj
during dry weather or with vehicle traffithis
phenomenon can be a nuisance, impacting
visibility and contributing to the degradation of

the road surface.
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Loss of Crown

Loss of crown on gravel roads refers to the
gradual flattening of the road surface, where thg
center becomes lower than the edges, impairing
proper drainage. This condition typically results
from the displacement of gravel and fine materig
due to traffi¢ maintenance practices, and
environmental factors. As a result, water tends t
pond on the surface, softening the roadbed and
potentially leading to structural issu&DOT
Minimum Design Standards for unpaved
roadways include a cross slope betw2#nand
4%.

Frost Damage

Frost damage on gravel roads typically occurs
during the winter and spring months as a result s
freezethaw cycles. When water becomes trapp
in the gravel and underlying soil, it expands upao
freezing, causing the road surface to heave and
crack. As thace melts in the spring, the surface
becomes soft and unstable, which can lead to

common forms of deterioration such as potholeg
washboarding, and rutting.
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5.3 Material Selection and Gradation Requirements

Material selection and partickze distribution are critical factors in determining the strength and

performance of gravel road materials. Strength is primarily achieved through particle interlocking and

stiffness both of which depend on wadraded materials. Gradation also affects permeability,

particularly the proportion of particles smaller than 0.5 mm, which can influence drainage and stability.

Beyond gradation, the plasticity of fine materials plays an important role. When weplasgicity

fines can reduce interlocking and weaken the structure. However, in dry conditions, these fines can

provide cohesive strength, helping to bind the agdestggetherMaintaining across slope of 3% 4%
is ideal forreduang the effects of stagnant water saturating the gravel road.

Hardness and durability are also essential. Aggregates must be hard enough to resist deformation unc

both compaction and repeated traffic loads. Durable materials enswteitongerformance by resisting
breakdown under environmental exposure.

Recommended Properties foBaseAggregateand Surfacing Aggregate

For use as base andurfacing material, crushed aggregate must offer structural support while also

resisting surface issuéke raveling and washboarding. To achieve this, the aggregate should be well

graded and contain an appropriate amount of plastic fines acting as a binder.

The Federal Highway Administration has a waformed gravel road construction and maintenance
guide. Please see the link below.

https://www.fhwa.dot.gov/construction/pubs/ots15002.pdf
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Granular Stabilization

Granular stabilization is a technique that involves blending additional granular mateuals as

natural gravel, crusheun orselected fineggrained soil$ with native (virgin) aggregate to improve its
properties. Materials sourced from gravel pits are often-gpathed or poorly graded, which limits their
performance under traffic loads. Granular stabilization addresses these challenges by correcting
deficiencies in the base material through the incorporation of suitable granular.blends

To minimize hauling and transportation costs associated with road construction, materials sourced
locally within the same counyreblendedfor a granular stabilizatioThe blending process involve
systematically combining two to three materials in varying proportions to produce a wide range of
potential gradation curves. Each bleddyradatiorstars with a baseline mix ratio of ese aggregate,
fine aggregate, and binder material

Addressing gravel road distresses begins with evaluating the existing material gradation in comparisotr
to the optimized gradation baiich specific particle size distribution of aggregates that yields optimal
performance in terms of stability, durability, and drainage. This band is typically represented by an are
between two curves: an upper limit and a lower limit. Improvement potesiaabessed by analyzing
current material properties and adjusting the mix using different aggregate sources, specifically by
determining the proportions of coarse aggregate, fine aggregate, and binder materials. These material
are then incrementally adjiesl to explore a range of gradation curves. In some trials, the percentage of
coarse aggregate is reduced to assess its influence on the finer portion of the curve; in others, the fine
content is varied to evaluate its effect on overall gradation. Bibatishow potential are further refined
through targeted adjustments to component ratios, allowing the gradation curve to approach the desire
range without exceeding specified limits. Promising blends are replicated to confirm consistency in
achieving thearget gradation.

Based on an extensive literature reviévis recommended thattdenced materiabhould meet the
following gradation criteria:

1 Gravel Content Minimum of 25%
1 Sand Conterit Not to exceed 60%
1 Fines Content Maintained between 5% and 20%

On the next page, Figure 513shows an ideal gradation band for surfe@erseand baseourse
aggregates used for gravel roads.
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Figure 5.3-171 Ideal Grain Size Distribution for Surface-Course and BaseCourse Aggregate

However, the optimized gradation band used in Nebraska differs from the ideal grain size distribution
described above. Nebraskadés gradation band is
demonstrated the highest Maximum Resilient Moduli #twedeast Permanent Deformation under

testing. For additional details, refer to the research sBrdyel Road Performance Enhancements (SPR
FY23(014))
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5.4 Mechanical Properties of Gravel Road Materials
Resilient Modulus

The resilient moduludMr) is defined as the ratio of applied deviatoric stress to the recoverable (elastic)
strain experienced by a material under repeated loading conditions, such as traffic. It represents the
elastic response of unbound pavement materials and serves as adutadlameasure of stiffness for
composite gravel roadways, subgrade, and base layers. B&tauskects material behavior under
realistic loading conditions, it is a key input parameter in mechanistic pavement analysis used to predi
pavement distressasich as rutting and surface roughness.

LaboratoryMr testing is typically performed using repeated cyclic loading triaxial equipment to
simulate traffic wheel loads acting on compacted soil specimens. The applied stress levels depend on
specimenbés position within tréreprepeatstbernesrbiirders stress c

corresponding to the specimenbés depth, while
simulating traffic loads and a static seating load to maintain specimen contact during Mgsimg.
determined as the ratio of cyclic stress (-opl)

dependent, varying with both confining pressure and applied deviatoric stress.

The resilient modulus characterizes the elastic response of soils subjected to cyclic loading and indica
a material 6s abi |Mrisyalctlated asehe iat® bf deviatbrio stresa tb ieaverable
strain and is stress dependent. A givea t e mesileeht M@dulus may vary with changes in confining
pressure and applied deviatoric (vertical) stress.

d=101+ 02+ Us
or
d=0qs+3 &

1 Bulk Stresq d )A uniform pressure exerted omaaterialwhen forces act inward from all
directions, perpendicular to its surfa@ailk strescaugsa change in volume
without a change in shape.

1 Deviatoric Stres§li)TA porti on of a respdangible fomchadg@sshapet a |l ¢
(distortion or shearing) rather than volurbeviatoric stressepresents
unequal stressdgariable loadingshhat lead to plastic deformation and
yielding.

Ug= 11003

Where:l1 = Major Principal Stress
3= Confining Pressure

1 ConfiningStresy 4&3) 1 Theconfining pressursurroundinga material sampli: atriaxial
testing apparatus.
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The figurebelow (Figure 5.41) illustratesthe variation oMr values for a samplender differenstress
levels conditions.

60

10 20 30 40 50 60 70 80 90 100 110 120
Bulk Stress, 0 (psi)

Ac3 =3 psi mg3=5psi 03 =10 psi 03 =15 psi % 03 =20 psi

Figure 5.4-17 Resilient Modulus Plot of a Nebraskaviaterial

In addition to laboratory testinyyJr characterization may be obtained using Falling Weight
Deflectometer (FWD) measurements, which evaluasgtinpavement response under impulse loading
that closely approximates traffic conditions. Both laboratory and fa&2d approaches provide
reliableindicators of unbound material stiffness within pavement systems.

Traditional strength parameters, such as cohesion and friction angle, alone do not adegueasapt
the structural capacity of unbound pavement layers under repeated traffic loading. Paystaard
must resist cumulative deformation and fatigneler repeated traffic loadingsther than singkoad
failure. As a direct measure of stiffness under cyclic loadihgplays a critical role in modern
pavement design and is incorporated into structural response models to preeietiopgvement
performance.

Understanding the strésgrain behavior of pavement foundation layers is essential for optimizing
pavement performance, as these layers strongly influgnacel roadlistresses. Research has shown

that both stiffness and strength of subgrade and base materials significantly affect pavement durability
particularly under varying moisture conditions, inadequate drainage, and treszeycles.
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Summary Resilient Modulus

The summary resilient modulus (fMepresents the overall stiffness of a gravel ilmadombining the
resilient modulus values of both the surface and subgrade I1&btss expressed as single
representative resilient modulud) value for a given materialr soil at aspecifiedstress condition.
Forexample using theesilientmodulus data fronfrigure 5.41, a fittedcurve can beevelopedising a
universal model (NCHRP-37A). TheMrvalue corresponding toselectedulk stresgrom this curve
is defined as th8Mr for thatmaterial.

60

50

40 -
.’(7,‘
£30 | ./.,'
s

20

10

0
0 20 40 60 80 100

Bulk Stress, 0 (psi)

A 03=3psi ® ¢3=5psi 03 =10 psi 63=15psi * 03 =20 psi —Predicted

Figure 5.4-27 Summary Resilient Modulus Plot of a Nebraskaviaterial
For theexample showim Figure 5.42, selectinga bulk stress of 3@sito the materialresults in a Blr
of 31-ksi. Theselection of 80-psibulk stress ibased on guidandeom NCHRP 128A, one of the
most usedeference$or Mrand Mg analysis. According to NCHRRZBA, a bulk stress of 3psi is
representative of stress conditions typically experiencdzhbg layers in the field.

To calculate the SN standardized stress conditions are used based on recommendations from the
National Cooperative Highway Research Program (NCHRE8ALreport

National Cooperative Highway Research Program (NCHRP)-R8A Report

NCHRPO128A_FRVoll.pdf
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Figure 5.4-37 Resilient Modulus System (VJ Tech Limited)
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The SMr results for the surface and subgrade matesiaisss various counties in Nebraska
presented in Tablg-4.1.

Table 5.417 SMr and Model Parameters for Virgin Materials

County Mat?\g%sinl;lame (Sk'\éli;{ K1 k2 ks R?
Clean (1 19.5 1016.5 0.39 -0.05 0.75
Clean (1 29.2 1620.0 0.31 -0.05 0.74
RoadGr a v e | ( 12.6 610.5 0.48 -0.02 0.92
Douglas

CrusheRun (1 15.0 740.7 0.46 -0.02 0.88
CrusheRun ( 3. 17.3 843.6 0.47 -0.01 0.87
Subgrade 5.0 486.3 -0.08 -2.02 0.85

CrusherRun
( 1Minus) 17.5 763.6 0.63 -0.01 0.95
Green Surface Sand 10.6 483.4 0.58 -0.03 0.95
Harlan SurfaceSand NA NA NA NA NA
Gravel 16.0 824.4 0.41 -0.05 0.77

Subgrade
(sity ﬁoam) 5.8 937.8 028 -4.62 0.44
Subgrade (Clay) 12.5 852.2 0 0 0.55
Rock X&) ¢ 13.4 612.3 0.56 -0.01 0.89
Scottsbluff R?ag ﬁrjg’g' 163 8449 041 -006 0091
Subgrade 10.9 834 -0.26 -0.93 0.29
Cherry Sectign 27 18.2 926.3 0.41 -0.01 0.91
Section 7 14.0 672.7 0.49 -0.02 0.81

Where:ks, ko, ks = Regression Gefficients
SMr = SummaryResilient Modulus
R? = Coefficient ofDetermination

T Regressi on Co e fi Amnateriataoeffisien{that charagteritfee nknlingar
behavior of geomaterials under cyclic loading

f Coefficient of Determination (i Represents the standard error of the regression model. The
higher the number, the lower the variance.
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Percent Finer (%)

Breakage

Breakage refers to the process by which aggregates fracture into smaller pieces, typically due to exter
forces such as loading, impact, or weathering. The mechanical degradation or abrasion of granular
materials used in unpaved road surfaces and pavdrase layers can significantly affect their

mechanical properties, drainage characteristics, andtésngdurability.

To assess the abrasion resistance of a granular material during compaction, a gyratory compactor ma
used to perform a gyratory abrasion test. This test simulates the wear and degradation aggregates
undergo under dynamic traffic loads. It provides &abé¢ measure of thee g g r e gpiityte 6 s

withstand mechanical breakdown.

Using Hardinbds concept to evaluate aggregate
material s ability to break down under applie

Grain Size (in)

1 0.1 0.01 0.001 0.0001
lOO.T-. ] ‘ A | PP O S S | PP
80 Upper Limit of
) the Silt Size
< (0.075 mm)
60 4
4 - =
0 . Before n - e
1 Compaction B| =A
20 - Bp = A+C
After B( = B'/B = A/(A+C)
0 ‘ Compaction i
100 10 | 0.1 0.01 0.001

Grain Size (mm)

Figure5.44iHar di nés Concept to Evaluate the Degrad
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1 Breaking Potentig|By) i Breaking Potential (B refers to the tendency of particles within a
material to fracture or crush under applied stress. It is quantified as the
area between the initial gradation curve and a vertical line representing

the upper limit of sikisized particles (0.075 mm) on a particle size
distribution graph.

1 Total BreakagéB:) i Total Breakage (B represents the overall amount of particle
fragmentation within a granular sample. It is calculated as the area

between the initial and final gradation curves on a particle size distribution
graph.

1 Relative BreakingB:) 1 Relative Breakage (Bquantifies the extent of particle crushing or
fragmentation within a granular sample relative to its maximum

potential breakage. It is defined as the ratio of Total Breakay&o(B
Breaking Potential (B.

Figure 5.45(a) represents a granular sample before testing, Whigare 5.45(b) illustrates the
condition of the sample following the gyratory abrasion test.

F|gure 5. 4—5(a) Figure 5.4-5(b)
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Gyratory compaction tests were performed on a range of granular materials collected from various
locations across Nebraska. The results revealed significant variation in particle breakage depending ol
thelocationand the type of material tested. The gyratory abrasion results for these granular materials &
summarized in Table-8.2.

Table 5.4271 Gyratory Abrasion Results

Total Relative

County Material Name Breakage Breakage
(%) (%)
Clean (1.9) 17.3 6.7
Clean (D) 14.0 6.0
Douglas RoadGravel (0.79) 3.9 2.3
CrusherRun (1.%) 4.3 2.3
CrusherRun (3/4) 6.7 3.7
Subgrade NA NA
CrusherRun (10 Minus) 11.3 5.7
GreenSurfaceSand 2.9 2.2
Harlan SurfaceSand 2.8 2.0
Gravel 3.0 1.7
Subgrade (Silty.oam) NA NA
SubgradeClay) NA NA
Rock (3/8-10) 7.9 4.0
Scottsbluff Road Gr alvae) 3.3 1.9
Subgrade NA NA
Cherry Sectipn 27 16.3 7.2
Section 7 4.2 2.5

Where: NA = Not Applicable

Overall, materials exhibiting high breakage valussich as clean materials and Sectiori 27ay

require stabilization to improve durability. In contrast, wgkhded materials like Crusher Run, Surface
Sand, and Road Gravel demonstrate greater resistance to breakage, making them more suitable for
applications where durability and structural intggare critical.
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5.5

Shakedown Behavior and Performance Thresholds

In gravel road design, shakedown behavior refers to the response of granular materials to repeated cy
loading, such as traffic loads. It describes how these materials deform over time when subjected to
recurring stresses. The shakedown concept classifaterial behavior into three main categories,
depending on the stress | evels and the mater.i
deformation (plastic strain):

1 Range Ai Plastic Shakedown
At low stress levels, the material initially undergoes limited plastic deformation. However, with
continued loading, the rate of permanent deformation stabilizes, and the material responds elastice
in subsequent cycles. This is considestbleand desirable behavior fgravel roaddesign.

1 Range Bi Plastic Creep
Under moderate stress levels, the material continues to accumulate permanent deformation, but at
decreasing rate. Eventually, the strain rate approaches a constant value. This response is generall
acceptablebut it is recommended that the virgin material be blended.

1 Range Ci Incremental Collapse
At high stress levels, the material exhibits ongoing and significant accumulation of permanent
deformation with each loading cycle. This progressive failure leads to severe rutting or structural
collapse and is deemed unacceptablgravel roacberformance.

The shakedown limit represents the critical stress level that distinguishes stable material behavior

(plastic shakedown and plastic creep) from unstable behavior (incremental collapse). Figure 5.5
illustrates the three behavioral ranges defined by sloaketheory.

A

Range C

Range B

Permanent deformation

Range A

Number of cycles

Figure 5.5-171 Limits of Shakedown Behavior Theory
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When repeated traffic loads are relatively low, the accumulation of permanent deformation stabilizes
after a certain number of load cycles. Beyond this point, the material responds primarily elésticslly
is referred to as Range A behavior.

Under moderate repeated traffic loads that exceed the elastic limit, permanent deformation continues 1
accumulate but at a decreasing rate. Eventually, the strain rate levels off, and the material reaches a
stable conditiofi characteristic of Range Wirgin materialsthat fall into Range Bhould be blended to
improve resistance to permanent deformation.

However, when traffic loads are high, the accumulation of permanent deformation increases rapidly wi
each loading cycle. This can lead to failure through shear deformation or overstressing of the unbounc
granular materials representing Range C, or incremental collapsage C materials will need be

blended tdoecome structurally stable

Using the Werkmeister criterion, numerical thresholds can be assigned to define the three ranges of
shakedown behavior. These values help assess the performance of unbound granular materials undel
repeated loading. Table 515presents the corresponding Nfaeister criterion values associated with

each behavioral range.

Table 5.511 Shakedown Theory Ranges using Werkmeister Criterion

ShakedownRanges Werkmeister Criterion
Range A Chsoool Gbzoos” 4.5 x 10
Range B 45x10°" Cbsoooi Chaooo” 4. B X
Range C (b 50001 Cb 3000, 4.5 x 10°
Where:(b 3000= Permanent Axial Straiat the 3,008 load cycle
(b s000= Permanent Axial Straiat the5,000" load cycle

A general uderstandingf shakedown behavidrelpsdesigndurable gravel roads, as it enables

engineers to predict the loitgrm performance of unbound granular materials under repeated traffic
loading. By accounting for the shakedown limits of these materials, road structures can be designed tc
minimize excessi® permanent deformation, thereby enhancing the road's longevity and serviceability.
Achieving this often requires careful selection of materials, appropriate compaction, and optimized lay
thicknesses.
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5.6 Material Performance Prediction
Angularity

The angularity of the aggregate should also be visually assessed during the sieve analysis. Cubic or
angular material§~igure 5.61(a)) provide better interlock compared to rounded materials, such as
uncrushed alluvial aggregat@sgure 5.61(b)). To enhance interlock and reduce the risk of raveling,
rounded aggregates should be crushed to ensure they have at least two fractured faces.

Figure 5.6-1(a) Figure 5.6-1(b)

Maximum Aggregate Size

Although the grading coefficient is calculated using material passing the 1 ini siademany
specifications list this as the maximum aggregateisiaeger particles ranging from 1% in. to 1% in.

are generally acceptable for ensuring adequateesdther passability. However, using aggregates larger
than this can negatively impact ride quality, increase road noise, and create difficulties for the
maintenance grader operator.

As a general guideline, the maximum aggregate size should not excethitrd o the thickness of the
compacted layer.
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Grading Analysis

Another useful performance prediction tool is understanding the relationship between grading analysis
and shrinkage.

This approachutilizesfive key sieve sizes from a standard laboratory gradivadysis thaare used to
evaluate material performance and guide the selection of appropriate chemical treatments. These key
sieve sizes are 1.0 in., #4, #8, #40, and #Z88 first three sieve sizes assess the proportion of coarse
particles. The other two sievassess thmtermediate and fine particpotential for shrinkagelhe

coarse fractioman be quantified using the following simple formula known as the grading coefficient
(Go):

Gc = ((P1.0 ini P#8) x P#4) / 100
Where P is percent passing

The percentage of material passing the #200 sieve is an important indicator of unpaved road
performance and influences the choice of chemical treatment.

1 High fines content (i.e., more than 20%) typically results in dusty roads when dry and slippery
conditions when wet.

1 Conversely, low fines content (i.e., less than 10%) often leads to washboarding, requiring
frequent grader maintenance.

Many unpaved road wearing course specifications, which are often based on paved road base course
standards, limit fines content to abo@t 5o 8%, mistakenly assuming this reduces dust. However,
determining the percentage passing the #200 siegeally by a wet process as part of a standard
grading analysis is more complex than measuring material passing the #8 sieve (2.36 mm), which can
be quickly assessed using a dry sieve analysis as a field indicator.

To provide a practical understanding of material performance, this approach incorporates the #200 sie
material into the grading coefficient equation as part of the material passing the #8 sieve. Nevertheles:
the actual percent passing the #200 sievanmesressential for selecting appropriate chemical treatments.

The percentage of material passing the #40 sieve, when combined with a plasticity test, helps assess
influence of clay content in the material. This relationship is discussed in the following section.

I —————————————————————.
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Shrinkage

The plasticity index, determined from Atterberg limit teisised in conjunction with the percentage of
material passing the #40 sieve. This combination helps evaluate the influence of clay content on mate
performance. The relationship is expressed using the following simple formula, known as the shrinkag
product ():

S = (P x 0.5) x P#40

When plasticity index values are available, the following recommendations should be applied to
improve performance assessments:

T | f P Use the attual PI value without modification.

T If the material idNon-Plastic (Pl = 0):
o If % passing the #200 sieve < 20%, set Pl = 0 in the equation.
o Il f % passing the #200 sieve O 20%, set PI

1 If the material is classified as "slightly plastic":
o If % passing the #200 sieve < 20%, set Pl = 1 in the equation.
o Il f % passing the #200 sieve O 20%, set PI

I —————————————————————.
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Material Performance Predictor Chart

A simple chart plotting grading coefficient on thexis and shrinkage product on thexisi along

with the optimal performance limits described previotistan be used to evaluate the expected in
service performance of a materighis tool allows for quick, visual identification of materials likely to
perform well or poorly in specific road conditions.

Local calibration of grading coefficient and shrinkage product ranges may be necessary to reflect
regional conditions. For example:

1 The upper limit of the shrinkage product range (e.g., reduced to 250) may need to be lowered ft
o Roads with high truck traffic volumes
o Roads that are shaded most of the day
o Roads in regions with high annual rainfall or frequent firgansity storms

T The lower limit (e.g., reduced to 50 or 75) may be appropriate for:
o Roads with very low traffic volumes
o Roads used primarily by slemoving vehicles
o Roads that are shaded or located in wet climates

To perform local calibration, practitioners should sample materials from botip&réirming and

poorly performing roads within their jurisdiction. These samples should be tested and the results plotte
on the grading coefficient vs. shrinkage producticfiagure 5.6-2). Based on this analysis, the

acceptable range thresholds can be adjusted to reflect observed local performance.

These calibrated ranges can then guide future material selection and acquisition, ensuring more reliab
road performance under local conditions.

Slippery and dusty
>
g 365
o T
a| wn
2=
0 (S}
o 3 .
5| B 250 Erodible Ravels
“l &
()
oo
£ 100
£ ' '
g Washboards and ravels
1 1
o 1 1
0 15 35
Grading coefficient (G)
| Increasing coarseness / increasing ga[>

Figure 5.6-2 17 Material Performance Predictor Chart (adapted from PaigeGreen)
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NDOT Gravel Gradation Optimization Tool

In 2025, the Nebraska DOT sponsored a research project through Michigan State University called
Gravel Road Performance Enhancements (SPR FY23(0h®)goal of this research project was to
improve the gravel road performance by systematically evaluating Nebraskalmateriald and

develop an optimization tool for better gradation control.

Gravel Road Performance Enhancements Gradation Optimization Tool
Developed for Nebraska Counties via Nebraska Research Transportation Council Funding
Personnel Name: Date:
Project Name: Project No:
INPUT
Gradation -~ Index Properties (Optional) - Road Geometry
Sieve Gradation (%) (Percent Passing)
No. Sin-(mm‘__ ooy = o ‘ EG Base SBG AG-1 AG-2)
(ol DEEXT R HEC R R H R
VA 50y |90 fi (100 100185 Y igl 50 ||| MDD (pef) 1201 1300 1000 135 T 110] Length (1) 3uo|
12§25 0z 80 f1. 1 90 {1 [iooflisl 75 I'g- 35
387 950 :5 75 :i 73 {_g 100 :t 64 :g 30 |llomc o) T T0 ] 781 0371 wiam () 10
e NERA REEDn B A s I ‘
ATOY | ZO0| 1 a0 fiEl eS| 12T RS g A LS ]|IG, 356] 267 27 [Z6] 28] EG hick.am) [Z7]

el PR Hopmeed el F i Hae H

gofloas|y= s = a0y B GES LE S im a7 50 5] [P NP EB Thick.any 4]

Fioof (0.5 (200 2|1 R s )i 2

) I | I I 1

(72000 [oos |1 s f 20 |1 Tes |l ol i
ouTPUT
( Sieve Gradation (%e) (Percent Passing) ) EG EB  SBG AG-1 AG-2
No. Size (mm) larget Final
7250 100-95 [ o [T (AT E0] S0 AT
34" 1190 100-90 86
727 123 95.75 74 C. [T30) 287 15 [060] I'T3E]
38" 1950 00-65 62
#4 75 75-35 51 ~  Recommended Quantities e
#10§ 1 2.00 50-25 44 Volume of Existing Gravel (CY) 19
#20 § | 085 40-20 29 Volume of Existing Base (C'Y) 37
#40 1 0.43 35-15 22 Required Volume of Aggregate - 1 (CY) 0
#00] | 0.15 25-10 18 Required Weight of Aggregate - 1 (ton) 0 CALCULATE
#200§ | 0.08 20-8 14 Required Volume of Aggregate - 2 (CY) 17 Optimal Gradation
D e
ot s o Required Weight of Aggregate - 2 (ton) 26
100 Exsting Base. Integrated Subgrade Thickness (in) 0.0
Subyr = 2 3 3 N
J 3 M 3 KIesS 1.9
9141 t i n LFuml Tixture Thickness (in) )

__ 80 X arpet (Upper Lamity = ) .

20 LI L 3 L <umn | ~~  Custom Calculations \

Z 60 Aggregate - 1 Thickness (in) 2.0

£ 50 Aggregate - 2 Thickness (in) 0.0

g a0 Integrated Subgrade Thickness (in) 0.0

-

z -"‘" 1 Volume of Aggregate - 1 (CY) 19 CALCULATE
20 Weight of Aggregate - 1 (fon) 34 Custom Gradation
10 11 Volume of Aggregate - 2 (CY) 0

0 T ¥ Weight of / - i
o Tt 1 o1 oo || Neeor Ageregae-2 (on
Particle Size [mm] Final Mixture Thickness (in) 8.0
. 7\ J

Figure 5.6-317 Gravel Road Enhancement Gradation Optimization Tool (Nebraska DOT)
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Example of using the Gravel Road Enhancement Gradation Optimization Tool

A county in central Nebraska is planning improvements to a gravel road by blending in stockpiled

aggregate over a section approximately 1,000 feet in length. The road has an average width of 20 feet

and an average depth of 6 incliensisting of a 2nch wearing surfaceourseover a 4inch base
courselayer placed on top of the subgrade soil.

There argwo available stockpile sources to choose from for this maintenance project.

Below are the material properties for each source:

Pl\fc?;grit?(las Existing Gravel Road Materials Available Material s
Sieve Size Weari
No. Size Ciﬁ?gg Base Course Subgrade | Stockpile 1 | Stockpile 2
(mm)
10 250 99 100 100 99 100
1J o 190 90 89 100 87 96
| o 12.5 67 68 100 71 80
%60 9.50 57 62 100 68 65
#4 4.75 38 48 97 53 37
#10 2.00 31 22 90 21 19
#20 0.85 25 15 82 14 11
#40 0.43 19 14 75 10 8
#100 0.15 14 13 66 8 5
#200 0.08 11 13 61 7 4
MDD 121 116 112 134 120
OMC 11.3 6.4 15.9 7.3 7.3
Plasticity Index 4 5 20 NP NP

Where: MDD = Maximum Dry Unit (Ib/ff)
OMC = Optimum Moisture Content (%)
Gradation Percentages are expressed as Percent Passing (%)
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Thefigure below presents the input values entered into the Gravel Road Enhancement Gradation
Optimization Tool, based on the material properties obtainedtfiergravel road aneach stockpile

source.
INPUT
- Gradation -~ Index Properties (Optional) ~ Road Geometry —
Sieve Gradation (%) (Percent Passing) \

No. Size (mm) i EG Base SBG AG-1 AG-2|

1 [250] 9 | oo~ oo ;T [% ] [ 100 : ‘

47| [T19.001 |90 |1 [ 8 |1 | 1001 87 Jig| 96 J[MDD (pecd 210016 ) 112 134 1120 || Length (ft) 1000
27 1250167 |1 |68 |1 [T100] 171 | 15| 80 '

3 | (950 & 57 ] 3 e lgl 100|168 | S| 65 |||omc () [113] [647] [159] [73] 73] Width (fo 20 |
# a5 Sl 38 15l g 97 o) 53 i~ 37 ;

Ao 200§ 18 3T |1E 22 (1.2 90 fi1g) 21 1| 19 |G | | | | || EG Thick. (in) |2
wo| o518 s |12 5|18 2 1® eSS 11

1% 13 I 15 12 '

Zol FEZE] SREE Dal 2 F AR FEEO A (i 4] 5] [20] [ne] (NP ]| EB Thick. in) [ 6]
zioof (o501 |14 |1 131 [e6 1] 8 i< 5 ‘
\[7200] [oo8)! [Tt !l el [ [__74

Figure 5.647 Input Values for Gravel Road Enhancement Gradation Optimization Tool

By inputting the data into the Gravel Road Enhancement Gradation Optimizatiort W,
determined that achieving an optimal gradation will require approximately 600 tons of Stockpile 2.
Stockpile 1 is not needed to meet the target gradation specifications.

ouTPUT
( Sieve Gradation (%) (Percent Passing) ) EG EB SBG AG-1 AG-2
No. Size (mm) larget Final
™ ] [25.0 100-95 100 Co [143.0] [1433] 1 6.0 ] [ T6.2] [12.2]
3470 190 100-90 93
127 '12.5 95-75 76 C. [432)[149]) [ 15 [257]231]
38" 19.50 90-65 67
4 4.75 75-35 49 ~— Recommended Quantities ———7—¥M8 — M —
#10 2.00 50-25 30 Volume of Existing Gravel (CY) 123
#20 | £ 0.85 40-20 23 Volume of Existing Base (CY) 370
#40 | £ 0.43 35-15 20 Required Volume of Aggregate - 1 (CY) 0
#100f | 0.15 25-10 17 Required Weight of Aggregate - 1 (ton) 0 CALCULATE
#2004 © 0.08 20-8 15 Required Volume of Aggregate - 2 (CY) 370 Optimal Gradation
Existing Gravel Required Weight of Aggregate - 2 (ton) 600
100 gorsos E:E‘:;é Bosa Integrated Subgrade Thickness (in) 2.0
90 - ‘L.\ o —_— E‘usllo 5“ B(:e:‘ o L Final Mixture Thickness (in) 14.0
_ 80 A TN B e T Target (Upper Limit) .
£ 70 UL N b i £ Target (Lower Limit) | ~—  Custom Calculations 3\
5 60 A Aggregate - 1 Thickness (in) 2.0
= 50 Aggregate - 2 Thickness (in) 6.0
g 40 4 Integrated Subgrade Thickness (in) 0.0
8 30 T T INE Volume of Aggregate - 1 (CY) 123 CALCULATE
20 ‘ s SR = Weight of Aggregate - 1 (ton) 223 || Custom Gradation
10 ‘ T Volume of Aggregate - 2 (CY) 0
0 lOI(S i " oy 001 Weight of Aggregate - 2 (ton) 0
Particle Size [mm] ) : Final Mixture Thickness (in) 10.0
. J y.

Figure 5.657 Output Values for Gravel Road Enhancement Gradation Optimization Tool
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Chapter 6: Flexible Pavement Design

6.1

6.2

Introduction

Flexible pavement is gpe ofroad surfaceonstructedf asphalt or bitumen thé designed toesist
cracking and ruttinginder traffic loadslt typically consists omultiple layers ofbituminous material

placed over a prepared subgrabiee structural capacity of flexible pavement depends on the properties
of these materials, including their strength, stiffness, and ability to distribute loddisbraska, asphalt

is the primary materialsedin flexible pavementystems Other bituminous treatmernitssuch as\rmor
Coats, Chips Seals, and Microsurfaygin are alsaised, but mainly for preventive maintenance rather
than as structural layers.

The flexble natureof bituminous materialmakes asphalt pavements easieegurfacecompared to
rigid pavements. While flexible pavements are geneladly expensive constructbut have a shorter
service life and ray require more frequent maintenance over time.

Historical Nebraska Asphalt Mix Designs

Nebraska has been using flexible pavements in its road system for many years. Over time, NDOT has
developed, evaluated, modified, amdsome casephased out varioussphalt mix designs based on

their field performanceDespite these changasany olderasphalt mixesemain in place throughothe
stateds paveomeadaithesenpast asphaltkaymstinue toperform well and caserve as a
strong foundation for new asphalt laygtghess, however, may contribute to pavement distress and may
require additional structural thickness or full removal and replacentaatimportant for designeto be
familiar with pastasphalt mix designs when evaluating pavengenditions, as understanding these
materials is key to diagnosing issues and selecting appropriate rehabilitation strategfeowing

list outlineshistorical NDOT asphalt mix designs and their typical applications.

1 Type 1i This mix consisedof acombined mineral aggregatentaining at lea€i0% crushed
rock Crushed rock mineral aggregates inctide more than 15% naturally occurring
finesretained on th&lo. 10 sieve A maximum 0f60% limestonavaspermitted.

Type 1 was sed for the same typef projects as Type 11.

1 Type 1R71 This mix wasidentical to Type lexcept thaReclaimed Asphalt PavemegiRAP)
materialwasused to supplement tivirgin aggregatelt was wsedfor the same type
of projects as Type 11.

1 Type Il T This mx wascomposed oMineralAggregate No.-A, Mineral Aggregate No. 5
(fine sand)and mineral filler.

1 Type lIR T This mix wasidentical to Type llexcept thaReclaimed Asphalt PavemegRAP)
materialwasused to supplemethevirgin aggregate.

1 Type 31 This mix wascomposed of crushed quartzite or granitiegh mineral filleraddedf
required.It was wsed for the same typef projects as Type 13.
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1 Type 3Ri1 This mix wasidentical to Type 3except thaReclaimed Asphalt PavemgiRAP)
materialwasused to supplement tivergin aggregatelt was usedn the same tyse
of projects as Type 13.

1 Type 41 This mix consisedof at leasB0% crushed roclCrushed mineral aggregatemy
include no more thaB0% naturally occurring fine aggregates retained on the No. 10
sieve Mineral filler may be added required,and a maximum 060% limestonavas
permitted.lt was wsed for the same typef projects as Type 14.

1 Type 4R1 This mix wasidentical to Type dexcept thaReclaimed Asphalt PavemeiRAP)
materialwasused to supplement tiv@gin aggregatelt was wsed in the same type
of projects as Type 14.

1 Type 71 This mix consiseédof a combinednineral aggregatayith a maximum o060%
limestone permittedt was wsed for the same typef projects as Type 17.

1 Type 7R1 This mx wasidentical to Type /except thaReclaimed Aspdt Pavemen{RAP)
materialwasused to supplement the virgin aggreg#te/as wsed in the same type
of projects as Type 17.

1 Typelli This mix wasdesigned t@chieve ar80%crushed valuéor the combined mineral
aggregatewith amaximum of 60% limeston® enhancekid resistancdt followed
a75-blow Marshall design and targetafield air void of 4.0%.Type 11 was
intended for use on higiolume roads with a truck count of 350 or more.

1 Type 11R7 This mix wasidentical to Type 1]lexcept thaReclaimed Asphalt PavememRAP)
wasused tosupplement the virgin aggregate. Atherpropertiesemainthe same
as Type 11.

1 Type 137 This mx wasdesignedo achieve a®0%crushed valuandwascomposed oftdeast
50%quartzite or granitdt followeda 75blow Marshall design anrgeedafield
air void of 4.0%.Type 13 was sed orhigh-volume roadsoften as a cap over Type
11, and irurban projectsvhere the lift thickness ranged frdo 2 %2 inches

1 Type 13RT This mix wasidentical to Type 13except thaReclaimed Asphalt PavemeiRAP)
wasused to supplement the virgaggregate. Albtherpropertiesemainthe same
as Type 13.

1 Type 147 This mix wasdesigned t@chieve &0%crushed valuéor the combined mineral
aggregate, with mmaximum of 60% limeston® enhancakid resistancdt follows a
50-blow Marshall design and targeafield air void of 4.0%It was sed on medium
volume roads with truck trafficanging from125 and 35@ehicles

1 Type 14R7 This mix wasidentical to Type l4except thaReclaimed Asphalt PavemeRAP)
wasused to supplement the virgaggregate. Albtherpropertiesemainthe same
as Type 14.

I —————————————————————.
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1 Type 177 This mx wasdesignedvith no crushed valuéor the combined mineral aggregate,
amaximumof 60% limestone for skid resistanee50blow Marshall designand a
targeedfield air void 0f3.5%.1t was wsedprimarily for shoulderonthe Interstate
and Expressway systanHowever, it was found to be susceptible to rutting.

1 Type 17Ci This mixwasdesigned to have a crushed valueittier20% or 40% for the
combined minerahggregate, with a maximum of 60% limestone for skid resistance
It followeda 50blow Marshall desigand targetdafield air void of 3.5%. The
20%crushed value wassed for shoulders dmterstate an&xpresswayswhile the
40%crushed value wassed for mainlinggavementnder trafficvolumes ofl25
trucks orfewer. However, it was found to be susceptible to rutting.

1 Type 17Ri This mix wasidentical to Type 1,7except thaReclaimed Asphalt PavemeiRAP)
materialwasused to supplement the virgaggregate. Albtherpropertiesemaired
the same as Type 1HAowever, it was found to be steptibleto rutting

1 Type 17RCi This mx wasidentical to the Type 17Cwhether with 20% or 40% crushed value
T except that Reclaimed Asphalt Pavem@hP) materialwasused to
supplement the virgin aggregate. Atherpropertiesemairedthe same as Type
17C.

1 Type AT This mx wascomposed of crushed rock, mineral fijland 3A crushed sand gravel.
It was usedhistoricallyas botha base and surface course.

1 Type A Speciali This mx wascomposed of crushed rock, mineral filland 3A crushed sand
gravel. It was used as a base coutsEmpared to the standard Type A mix, it
featured a slightly coarser crushed rock gradation and a higher percentage of
crushed rock content.

1 Type AX T This mix wascomposed of crushed rock, fly asimd mineral aggregate. It was used
as both a base asdrface course omterstatgrojects However, it was found to be
susceptibleo rutting

1 Type AX Speciali This mix wascomposed of the same matesias Type AXbut contaieda
higher percentage of crushed roltkwvas used as a base course on Interstate
projects

1 Type RAXT This mix was identical to Type AX, except that Reclaimed Asphalt Pavement
(RAP) material was added to supplement the virgin aggregate. It was used in the
same application as Type AX. However, it was found to be susceptible to rutting.

1 Type RAX Speciali This mixwasidentical to Type AX Special, except that Reclaimed Asphalt
Pavement (RAP) materimlasadded to supplement the virgin aggregate.
It was wsedin the same applications @&gpe AX Special.
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1 Type Bi This mx wascomposed o7¥0% to 86% 2A Gravel, 10% to 20ffie sand, and 4% to
10%mineralfiller, with asphalt cemerdontent ranging fron3.5%to 5.5%. It was
used for mainlingavingon rural roadways throughout the stdiewever, it was
found to be susceptible to rutting

1 Type Qi Quartzite
This mixwascomposed of crushed quartzite or crushed granite. It was used as a
surfacelayer onthe Interstate.

1 Type RQi RAP with Quartzite
This mx wasidentical to Type Qexcept thaReclaimed Asphalt PavememRAP)
materialwasused to supplement tiv&rgin aggregatelt was wsedfor the sameypes
of projects agypeQ.

1 Type MQ i Mixed Quartzite
Thiswasan opergraded mix composed of quartzite or grangr@avel sand
and minerafiller. It was tsedas asurface layeonthe Interstate.

1 TypesCC, CC1 & CC2i Crushed Concrete
These nxeswerecomposed of crushed concreteA 3and and
mineral filler.

1 Type RCC i Recycled Crushed Concrete
This mix wascomposed oReclaimed Aspdt PavementRAP), approximately
82% crushed concretand 18% 3A sand gravellt was tsed as a base course on
Interstateprojects

1 Type SMA 1 Stone Mastic Asphalt
This Europeamixture wascomposed of crushed rockA crushed gravelnd
mineral filler.It was wsed on higktraffic volume roadsind isa gapgraded mix.

1 Type GGCRM i Gap Graded Crumb Rubberddified
This mix was faced as a surfaamursetypically 1.5 to 2.5 ichesthick. It
resembld a Stone Mastic AsphaltSMA) mix and featurd a high binder
content, making it resistant to rutting and cracking. It was arddgh
volume roadways.

1 Type GGCRMLV 1 Gap Graded Crumb Rubber Modified Low Volume
This mix was faced as a surfaamursetypically 1.5 to 2.5 ichesthick. It
resembld a Stone Mastic AsphalSMA) mix and featurd a high binder
content providingresistaceto rutting and cracking. It was used low to
mediumvolume roadways.

1 TypeRLC i RegularLeveling Course
This mixwasused as a leveling course and incllitactionated Reclaimed
Asphalt Pavement (RAP). It Hahe same gradation as a standard Leveling Course
(LC) and utilizel standard PG binder types and contents, targeting typical mainline
volumetrics. The current Type LC mixtise same as the Type RL@ix.
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Type OGFC-CRM i Open Graded Frictiondirsei Crumb Rubber Modifid

This mixwasplaced as a surface course, typically 1 to 1.5 inches thick. It
wascoarser than a standard Open Graded Friction Course (OGFC) and
contaired ahigher binder content. The mix wka 5828 binder modified

with crumb rubber, providing a highiction, well-drained, and quiet
pavement surface. Wasused on mainline roadways and ramps.

Type HRB i High Rap Bas

This wasa very finegraded, singlaggregate mix useahly in lower lifts. It
contaireda minimumof 25% or 35% RAHRas specifiefland a maximunof 50%
RAP. The mixdid not include lime and used a minimumbo5% PG 6422 binder
(PG 64-34 starting in2010). Itwasa very stiff mixdesigned fotower liftson low
to medium volume roadway¥ype HRB was constructed for approximatéyo
seasons

Type SPL 1T Static Pressure Loading

This was awell-graded Marshall miavailable in both fine and erse gradations
It wasprimarily usedfor camper pads, parking lots, lower lifts, and temporary
pavementWhile RAP wasnot requiredit was often addetb achieve the required
230 psi bearing capacityhe mixcontairedno lime anduseda minimumof 5.2%
PG 6422 binder(PG 64-34 starting in2010).Type SPL has been replaceg Type
SPR.

TypesSP1i SP6T SuperPavé-6

These mixes were designed for a range of trédads with TypeSP1
intendedfor the lowestraffic andType SP5 for thehighest. All mixes were
developedusing Supgrave criteriaincludingcriteria such as Coarse
Aggregate Angularity@AA), Fine Aggregate AngularityfAA), number of
gyrations toachieve 4% air voids in the lab, elongated pieces, clay content,
Voids in Mineral AggregateMMA ), Voids Filled with Aggregate(FA),
binder contentanddustto-asphalt ratioTypes SP1 thoughType SP3
sometimes exhibited rutting issues. As a result, only Types SP4, SP4
Special, and SP5 were eventually used, with Type SP5 designated for
roadways carrying 750 or more trucks per dagpe SPHmix isthe same as
the Type SPHix.

1 Type SPR Finei This mix meets the requirementsTofpe SPR except that the gradation

allowed greater variangaaking it easier to include additional RAP. The
variance in gradation gave the contractor nuanetrol based on how the
asphalt was placed. Often this mix was placed in lift thicknesseth&s4.5

inches as a leveling course and was still capable of being used in intermediate

or top lifts on the same projedihe current Type SPR asphalt mix has the
same gradation as the Type SPR Fine.

1 Type SP4 Special SuperPave 4 Special

This mix meets the requirementsTofpe SP4 except the gyratory effort to
meettargetair voids waseduced. This mix was intended for use on
Roadways with lower truck volumes th@gpe SP4.
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1 TypeSPHi1 Superpave Heavipad( ., 750 Trucks/ Day)
Type SPH was designed foeavy truck applicationsuch as Interstates,
expressways, ankigh-volume urban corridorst incorporatechigh-angularity
aggregates and typicaligcluded15% to 25% RAPGyratory compaction levels
wereadjusted to meegierformancestandardsimproving binder content and dust
to-asphalt ratiosThese modifications aimed to enhatmeg-term durability,
reduce permeabilityand improve irplace density.

However, Type SPH was more commonly used as an asphalt base course, as its
high-fine aggregate angularity led to longitudinal joint density challeng@s.mix
usedhigh polymermodified PG 58H-34 binder to deliver enhanced performance
under heavy loadingype SLX SupeiMod replaced the Type SPH.
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6.3 Current Nebraska Asphalt Mix Designs

Nebraskauses several different asphalt mix desjge$eted based on factors such as pavement
distressedruck traffic volumes the existing pavement structure, atietintendeduse of the proposed
asphaltCurrently,the NebraskeDOT utilizes a modified version of thBuperpave Methotb develop
thesemix designsThis modified Superpave system speegasphalt binderandmineral aggregateand
provides a framework for developiagdanalyzing asphalt mixtures

NDOT continuallydevelogs, modifies, andrefinesits asphalt mix types based on actual field
performanceo better address keerformance parameters. The hgiowoutlines and describéle
most recent updates and applicatiohsiDOT 6s f |l exi bl e pavement mi x

1 Type LC1 Leveling Course
Type LCis primarily used as a scratch course or leveling cotypeally placed
over bare concreter heavily patchedoughroadway segment#ts main purpose is
to improvesurfacesmoothnesbefore placingubsequerasphaliifts. This mix is
extremely finegradedandrequires the use dfactionated RAPThe result is alense
mix that incorporatepolymermodified bindersto enhance performance

1 Type LC-Si Leveling Coursé&sAMI Layer
Type LGS is a specialized leveling or scratch course designed for use over bare
concreteor heavily patchedoughpavement. Like Type LC, it aims to enhance
surface smoothness before placing additional asphalt layers. However, Tyge LC
incorporates features of a Stress Absorbiranlidrane Interlayer (SAMI), making
it especially effective at mitigating reflective cracking. Témsremely finegraded
mix has low aivoids anda high binder contentesulting in a dense mixture that
utilizes significant amounts g@iolymermodifiedbinderfor improved flexibility
and durability

f Type SPRi Standard Pavin@Recycle( O 750 Trucks/ Day)
Type SPR is a Superpave mix designed for roadways with daily truck traffic of 750
or fewer. Itcombines higkguality angular aggregates wilpproximately45%
RAP. The mix usesighly polymerized?G 58H-34 binderand optimized dusto-
asphalt ratios to produce a rich mastic with increased film thickness. These
characteristics contribute to a high strength modulus, provalipgrior structural
capacity rut resistanceandimproved irplace densityType SPRalsooffers
enhancedaydown and placement chatadstics,resulting in lowepermeability
andgreaterresistance to aging and longitudinal joint deterioration.

1 Type SPR35 Standard Paving Recycle (35% Maximum RAP)
Type SPR35 is the same as the Type SPR mix but limits the maximum RAP
content to 35%. This asphalt mix was developed to prevent the recycling of
existing asphalt layers with higher RAP percentages and to reduce the stiffness
of the new asphalt layer.
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1 Type SLXi Suface Laminate Xreme
Originally developed for thitift maintenance project$ype SLX is nowused in
Expressway and Interstate overkgyplications, as well as drgh truck volume
corridors.It offers improvedoint density compared tdype SPH, making it a
preferredchoicefor urban high-traffic environmentsThemix designincludes a
minimum of 20%%Yxinch limestonechips which enhancaggregatangularity.
Type SLX usesighly polymermodified bnders, typically PG58V-34 binder, with
PG 58E34 for Interstates amsklectExpresswayprojects to meet higher
performance demands

1 Type SLX SuperMod 1 Surface Laminate Xreme(Modified)
Type SLX SupeiMod is similar to the Type SLX mix, with the
primary difference being a higher required aggregate angularity. It is
intended for use as a surface wearing course on heavily loaded
corridors and arterial roadways in Omaha and Lincoln.

1 Type HPS4i High Performance Surfacing M{¥ mm)
Type HPS4 is a higperformance, gagraded surface course mix. The mix
requires 25% crushed ledge rock with a mineralogy of quartzite, granite, or
dolomite to produce a durable, frictt@mhanced wearing surface. The maximum
aggregate gradationsizei®Nao . 4 si eve, which corres
is typically placed in a-inch to 1%inch thick layer. This mix does not allow
RAP and requires a PG 588 binder.

1 Type SRM1 SpecialReclamation Mix
Type SRM is a mixdeveloped as an alternad recycling strateg, allowing forup
to 50% RAP. It includesa minimumof 10%crushed rockresulting in a stifbase
mix suitable forbridgingareas affected bgsphalt strippingDue to its stiffness,
Type SRM requires a surface course overlay usitiger Type SLX oifype SPR.
Thehigh stiffness of thd&RAP binder isbalanced with the addition of a F88H-34
binderto improve overall performance

1 Type SPSI SurfacedPavedShouldes
Type SPS is a mix specifically designed for surfaced shouldersesa PG 58S34
binder and is formulated to achieagarget air voictontentof 1.5%.The mix
encourages the usé RAP atrates betweeB5%and50%, significantly reducing
the need for virgin binder and aggregdtgmtentially by up to 50%Notably, Type
SPScontains no limeAs a general guidelingf, the total quantity of Type SPS on a
project isless than 5,000 tonghe mainline mixshould be used for surfaced
shoulder instead, based costeffectiveness and constructability

The Nebraska Department of Transportationbeggin exploring the use Balanced Mix Design
(BMD) approachesndincorporating performance testing methodsgthe IDEAL-CT (Cracking
Toleranceand IDEAL-RT (Rutting Tolerance).
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6.4 Asphalt Binders and Emulsions
Binders

A binder is a substance that acts as a glue to hold the asphalt tolgesheebyproduct of petroleum
refining, derivedfrom the thick residue left after distilling petroleumpi@ducefuels and lubricants. To
meet the specific requirementsasphalt pavement, bindeareproduced from carefullgelectectrude
oil blends and processed tahieve theappropriate grade.

ThePerformance Graded (PG) system is a metlsad to evaluatasphalt binder performantierough

a series of tests that measureltysical propertieBased on these test results, each binder is assigned a
PG designation reflecting its suitability for specific traffic and pavement temperature conditierRG
grack consists ofwo numbergepresentingpavement temperaturesdegree Celsiushe first number
(e.g.,PG58-XX) indicatesthe high pavement temperatuvéhile the second numbée.g.,PG XX-

34) indicatesthe low pavement temperatufeis important to not¢hat theseemperatures refer to
pavemeni not airi temperaturesThe high temperatureat i ng addresses the b
rutting, whereas the low temperature rating relates to its ability to fatggte crackingn cold

conditions

The Multiple Stress Creep Recovery (MS@Radingsysteme | i mi n at e sbumpdthe highe e d
temperaturgradefor roadways withhigh truck volums toresisting ruttingPreviously, a binder graded

for 58°Cmight have been increased@®°Cto improve rut resistanc&/nder the MSCR system, the
actual7-day averagamaximum pavement temperatune {C) is used directly, and traffic loading is
addressed throughletter designatdhat reflects the expectaaick volumeand corresponding polymer
modification level The letter designators are as follows:

Si Standardraffic

H 1 Heavytraffic

VT Very heavytraffic

E1 Extremelyheavytraffic

= =4 =4 =4

For example, a bindgraded under theG systenindicates both theninimum and maximum design
temperatureand includes a letter designator to specify its suitalidityarioustruck trafficvolumes

Average 7day Polymer
Maximum Pavement Content
Design Temperaturg

Derf Minimum Pavement
erformance \ Design Temperaturg
Grade \ /

PG 58H34
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Emulsions
An emulsion is a liquid mixtureonsistingof asphalt, water, and an emulsifying agent.

An emulsifying agent is a chemicadlditive that enables the asphalt and water to fostable emulsion.
Acting similarly to soap, itllows tiny droplets ofasphaltto remainsuspededin water, creating a
workableliquid form of asphalt that can be appliédringroad construction and maintenance.
Emulsifying agentsre typically surfactants, meag theycontainboth hydrophilic (wateattracting

and hydrophobic (oiattracting components. This dual natuabows them tobondwith both thewater
andasphaltphasesmaintaining stability in the mixture

Depending on thepecific performancesquirement®f the emulsiorand its interaction with aggregates
different types of emulsifiers can be usitluding:

9 CationicEmulsioni A positively charged emulsio@ationic emulsionare designed tmteract
with negatively charged mineral aggregategrovingadhesiorand bond
strength They are typicallyemulsifiedusingfatty acidsand are widely
used due to their rapid breaking behavior and strong compatibility with
many aggregate types.

1 Anionic Emulsioni A negatively charged emulsioAnionic emulsion®ond wellwith
positively charged mineral aggregates and are @iteferred in cooler
climates due to their slower breaking rates. They are usrallysified
usingfitall oilso, such as wood oil.

Anotherimportantcharacteristic ohnemulsion is its setting timiethe time it takes for the emulsion to
bond to the surfacafter applicationSetting timeis influenced by severé&ctors including the type of
emulsion, application rate, surface temperature, and environmental conditions. Once the emulsion has
seti s said tm, haneanfi lnmgo kirktree mixtare feas evaparated. iAllowing the
sugpended asphalt droplets adhere to thpavement surface

Bitumen enulsionsaretypically classified intdfour categoriedased on their setting time:

1 Slow Setting (SS) In slow setting emulsionshé bitumen and the wategmain mixedor an
extended period arib not separate easilyh@seemulsiors begin to adhere
to the surface only after the water has fully evapordtkdir longer curing
time allows for greataworkability and flexibility during application
making them ideal for jobs requiring extended handling or mixing
However the slowerbreak timecanresult in longeproject durations and
potentially highercosts.

1 Medium Setting(MS) Medi um setting emul si ons bkaasppar at
setting emulsios but still allow for short handling or mixing timéhey
are formulated tonaintain workability for a few minutes after
application, ensuring proper distribution before breaking begins.
____________________________________________________________________________________________________________________________________|
2026
NDOT Pavement Design Guide Page 103



1 Quick Setting (QS) Quick setting emulsions break faster than medium setting emulsions, with
the bitumen and water sepangtalmost immediately after application
Theyare designetbr use in situations with strict time constraints, such as
surface treatments where minimal traffic disruption and rapid curing are

essential.

1 Rapid Setting (RS) Rapid setting emulsions break almost immediately upon contact with the
pavement surface, typically within 20 minutes of application. They are
ideal for highdemand conditions, such abanor nighttimework zones,
wherequick curing is essential due ti@ffic constraintor temperature
sensitivity. Their fast break time helps minimize delays and ensures
performance even in challenging environments

Emulsions like binders, use a combination of abbreviations and numbeatsritify theirtype and

grade.The emulsiordesignation typically consists of a leadagpreviation and a trailing number

letter. The leading abbreviatiomdicates h e e mu |l s i o n dcatiorgcloreanidnicandtsetiing a r ¢
time (rapid, medium, slow, or quick setting)he trailing numbeand/orl et t er descri bes
materialand viscosityproperties, such as polymer modification or high float characteristics

1. ElectrialChargei Thef i r st part of an iesslectricschaoge.fhe n a me
emulsion contaisipositivdy chargedbitumen particlescoationic), the name
will beginwith afi C & the anulsion contaia negativdy chargedbitumen
particles @nionic), thereis no letterat the beginning

2. Setting Timg Thesecongp art of an e mul gsisettingdime. lka me i ndi
abbreviatios corresponding to the setting categories described earlielSley.,
Setting = SS, Medium Setting = M&c.)

3. Viscosityi The third part of aitsvigosiylEmulsionwibhdown a me i
viscositye n d wi twhileemulidiswvitha higrervi scosity end w

4. MaterialPropertyi Thefourthpar t of an &entfiessspeoifit@aterialmp@peries
based on the additives used in its formulatbro r i nst ance, a
that the emulsionispolymeno di fi ed, an ALO jondi c
AHO i1 ndicates t he.Thesernodifiersenhancé t he
performance characteristics such as elasticity, durability, and resistance to

cracking.

Setting Time Viscosity

Electric Charge \A\< / / Material Property

CSS1H
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Below are severdypes ofemulsionscommonly used biDOT for variousproject applicationseach
selected based on specific performance requirenaaatsonstruction conditions.

Table 6.4-17 Emulsions Acronym List

Electric Charge Setting Time Viscosity Material Property
Acronym | Description| Acronym | Description| Acronym | Description| Acronym | Description
~ - Slow Low
A _ 0 | Anionic SS Setting 1 Viscosity H Hard
. Medium High
C Cationic MS Setting 2 Viscosity P Polymer
FS Fast Setting L Latex
Quick
QS Setting
Rapid
RS Setting
Other Acronyms:
1 ARA'T Asphalt Rejuvenating Agent
1 HFET High Float Emulsion
1 VHT1 Very Hard

Below is a list of current emulsions used by NDOT for various pavement strategies.

Table 6.4-27 Current NDOT Emulsions List

Work Description

Grade

Armor Coat or Chip Seal

CRS2P, HFE-150, CRS2VHL

Bituminous Sand Base Course

HFE-300

Cold In-Place Recycling

HFE-300

Fog Seal

CFS1, FS1, CSS1H, SS1H

Hot In-Place Recycling

ARA

Hydrated Lime Slurry Stabilization

SS1, SS1H, CFS], FS1, CSS1, CSS1H

Microsurfacing CQS1H
Scrub Seal CRS2P
Tack Coat SS1,SS1H,CSS1, CSS1H
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Emulsion Calendar Work Schedule

Temperature requirements are critical for emulsion applications, as they significantly influence the
stability and performance of the emulsion. Temperature affects the physical properties of both phases
such as viscosity, interfacial tension, and surfactant solubilitizich in turn impact the emulsion’'s

overall behavior and durability. Maintaining proper temperatures during emulsification, storage, and
application is essential to ensure product quality and to prevent issues like phase separation or
coalescence. Below &list of pavement strategies that utilize emulsions, along with the temperature
requirements for their proper application.

Table 6.431 Temperature Requirements for Emulsion Applications

Type of Work Ambient Air Temperature
Armor Coat or Chip Seal 60eF Mini mum
*Bituminous Sand Base Course 60eF Mini mum
** Fog Seal 60eF Mini mum
*** Microsurfacing 50eF Mini mum

* The application of asphaltic materials will not be allowed after SeptemBer 15

** On certain projects, both fog sealing and crack sealing of bituminous surfaces are specified. For the
cases, a late spring or early summer letting is recommended to allow the fog seal to be completed
between June®land September*lfollowed by crack sealing during the winter months, between
November and March 3%. See Chapter 8 of this guide for Crack Sealing Bituminous Surfaces.

* * Microsurfacings can be applied when the an
above 32eF for at | east 24 hours after placem

For the most current temperature requirements, refer to the latest version of the Standard Specificatiol
for Highway Construction and/or the projesgecific Special Provisions.
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6.5 Pavement Geosynthetics

Pavement geosynthetics are synthetic matedliedggned to enhantlee performance of asphalt

pavement systemBistalled between asphalt lifts, they asttensilereinforcementayer, helping

reduce cracking caused by traffic loadiipese materials are commonly used in bothdelpth asphalt
pavements and composite pavement structures, where they are embedded within the asphalt layers.

The two most widely used types of pavement geosynthetidsxdilesand gridsTextilesare
nonwoven petroleurbasedsheets that function agterproofing membranes or reinfernentlayers
In contast, grids arepen,grid-like structure$ often made fronfiberglass’ designedrimarily to
provide tensile reinforcemeand control reflective cracking

NonwovenPavementTextile

A nonwovenpavementextile is anonwovenneedle
punchedoolypropylenesheetusedprimarily as a
waterprooing membranevithin asphalt pavement

structures

When poperly installedpavementextileshelp extend
pavement life in threkey ways:

1 Preventing water intrusionto the pavement

structure.
1 Slowing reflective cracking fronunderlyingasphalt

or concretdayers Figure 6.5-11 NonwovenPavement
1 Increasing the fatigue lifef the asphalby providing Textile

stress absorption

Properbinder application is criticab ensure proper bonding between the paventestite and the
surroundingasphalt layerswithout adequate binder, thextile canna adhere effectively, reducing its
overall performance.
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PavementGrid

A pavement grid is a geosynthetic reinforcement system
used in asphalt road constructimnprevent or reduce
cracking and extend pavement lifeconsists of arid-like
meshmadefrom fiberglass strands coated wdh
elastomeric polymefThe material is formed from weaving
individual fibers into a textildike structure, which is
embedded between asphalt lay&avement grids provide
tensile strength to the asphalt, helping to resist cracking
caused by underlying pavement movement and repeateqd
traffic loads.

Figure 6.5-217 PavementGrid

Composite Pavement Reinforcement System

A composite pavement reinforcement system integrates
high-strength pavement grid withsgnthetic backingr
membrane to create a multifunctional geosynthetic layer
designed tdacilitate asphalt laydown operatiorithe
backing acts as a bond breaker during construction so t
thegrid is nottracked or wrinkled by construction
equipmenduringtheplacement of asphalt.

The composite may feature a presssgasitive or adhesive
backing to eliminate or reduce the need for liquid asphalt
binderandimproving installation efficiency. Once installed
between asphalt layers, the system resists cracking, and Figure 6.5-37 Composite Pavement
contributes to longer pavement service life under repeate  Grid with Nonwoven Pavement
traffic loads and thermal cycling. Textile Backing
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6.6 Asphalt Mix Design Guidance

The following is a series of general guidelines that the NDOT uses when selecting asphalt mix design:s

Use Mix Type
Mainline: 01 750 Heavy Trucks per day SPR
SPR35
Expressway and High Traffic Urban SLX
SLX SupefMod
HPS4
Interstate SLX
SLX SupefMod
HPS4
Shoulder SPS(Sur f aced 5900dond) der O
Mai nline Mix (Surfaced S
Mix Type Performance Graded Binders
Leveling Course
Type LC PG 5&-34 (with FractionatedRAP)
Type LGS PG 58E34 (virgin mix/no RAP)

Surfaced Shoulder
Type SPS
Mainline Mix Type

Mainline
Type SPR

Type SPR35
TypeSLX

Type SLX SupeiMod
TypeSRM
Type HSP4

General AsphaltThickness Guidance

Heavy Trucks per Day

PG 58834
Mainline Mix Type Binder

PG 58H34

PG 58\+34

PG 58\+34

PG 58/-34 (Lower Volune)
PG 5&-34 (Interstatg

PG 58E34

PG 58H34

PG 58E34

Thickness**

07 200
20071 1600
1600+

80
100 (80 in pure sand reg
1260 (100 in pure sand re

** Pavement ME Desigaurrently used to determine structural thickness
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6.7

Flexible Pavement Strategies

TheNebraska Department of Transportatemploys a variety atrategies to preserve, rehabilitate, and
restorethe performance dfexible pavemers These treatments are selected based on pavement
condition, traffic levels, and desired service IBelow are severdey strategieNDOT usesto

maintain and improvéiexible pavements.

New & Reconstruction Strateqgies

Full-Depth Asphaltic Concrete Pavement

As the name implies, FuDepth Asphaltic Concrete Pavement involves a complete reconstruction of the
roadway by removing existing pavement layers down to the subgrade and rebuilding from the ground
up. Milling machines or excavation methods are usedmove the existingavementThe exposed
subgrade must be properly prepared statbilized, treated witkly Ash, Gement oi.imei depending

on the soil typé to providea strong, uniform foundation.

Multiple layers of new asphalt are then placed over the prepared subgrade. The final pavement thickn
is determined using Pavement ME Design, which considers traffic loading, subgrade support, and
environmental factors to ensure letegym performance.

Resurfacing, Restoration, and Rehabilitation (3RBtrateqgies

Hot Mix /Warm Mix Asphalt Overlay (without Milling)

A hot mixasphal{HMA) overlay,or a warm mix asphalt (WMA) overlag a paving technique where a
new layer ohot mixasphalt is laid directly over an existingphaltsurface. It is commonly used to

restore the smoothness, appearance, and functionality of roads that are still structurally sound but hav
surfacelevel wear and tear. Before applying the overlay, the exissipialis preparecand may be

patched to ensure a proper bond stadility of the now base course materighe new asphalt layer,

usually around. to 4 inches thick, then provides a refreshed, d@ahbirface.

Resurfacings ideal for pavements with minor to moderate damsageh as cradkg, rutting, or surface
deteriorationlt also adds structural capacity by increagpagementhicknessAsphalt overlay®ffer a
quicker alternative to repaving, extending the life of the pavement while improvipgritgmance.
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Mill and Placement ofAsphalt Overlay

A Mill and Placement oAsphaltOverlayis a pavement maintenangerehabilitation strategghat

involves removing the top layer of worn or damaged asphalt (milling) and replacing it with a new layer
of fresh asphalt. This method is commonly used to restore roadways that have surface deterioration st
as ruts, cracks, or unevenness but stieha solid underlying base.

Depth andbverlaythickness are determined based on pregeetific conditions, including:

1 The type and thickness of existing asphalt lifts, along with the total depth of the pavement
structure.

1 Pavement core conditions, such as stripping, cracking, and bonding to underlying pavements.

1 Falling Weight Deflectometer (FWD) data, including baelculated pavement and subgrade
modulus values.

1 Applicable design standards (e.g., Preventative Maintenance vs. 3R) and the intended design li

1 Available budget and funding constraints.

Milling machines grind off the top few inches of the existing surface, typically between 2 to 4 inches,

without disturbing the foundation. After the surface is cleaned and prepped, a new layer of asphalt is

applied and compacted to create a smooth, dufiaidé.

This process offers several advantages over a simple asphalt overlay. Because the damaged top laye
removed first, the new surface bonds better and tends to last longay.diso maintain the original

road elevation, which is important for drainagel reduced grading impachilling andoverlayis a

way to significantly improve pavement conditions without the expense of full reconstruction.

Asphalt Pavement Milling Asphalt Overlay Paving
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Hot In-PlaceRecycling

Hot In-PlaceRecycling (HIR)is an asphalt pavement rehabilitation technique that involves heating the
existing pavement surface, remixing it with rejuvenating agents or new binders, and then laying it back
downi all on site. The process typically treats the top 1 to 2 inches balhgsmnd is performed using a
specialized train of equipment that completes heating, scarifying, mixing, and repaving in a continuous
operation. HIR restores the pavement's flexibility and smoothness without the need to remove or haul
away old material.

This method is particularly effective for roads with surfeesl issues like cracking, raveling, or
oxidation, provided the underlying pavement structure is still sound. HIR offetsenefits, including
faster construction times amilizing 100% RAP on sitdt's an efficient option for extending the life of
asphalt pavements with minimal disruption to traffic.

General guidance fdiot In-Place Recyahg includes:

1 The HIR process involves a long train of specialized equipment, including alternating propane
burners and milling heads:
o0 The propane burners heat the existing asphalt surface.
o Milling heads remove a shallow layer of softened bituminous material.
o The reclaimed material is then reheated, mixed with additional binder,-¢aid tesing a
laydown machine before final compaction.
0 Because of the long train operation, roadways with sharp or multiple curves are not ideal
1 HIR can be used on its own to rejuvenate the pavement surface or in combination with a
subsequent mill and fill asphalt overlay.
HIR is comparativen cost and performanteaMi | I 30/ Fi Il 30 asphal't
A wearing surface is typically applied over the HIR layer:
o Most commonly, a Hot Mix Asphalt overlag used as the wearing course
o0 On lowvolume roads, an Armor Coat may be used instead.
1 A mix design is developed by a private laboratory and must be approved bytdrealdé&
ResearchDivision.
HIR is not suitable where concrete repairs neededr whereasphalt patching is anticipated.
HIR should not be usesh roadwayswith extensivehermal cracing or significanamounts of
crack sealant
1 Do not use on roadways that have received more thaagplecations ofArmor Coat or Chip
Seal.
1 The process is best suited for recycling Superpave asphalt mix types.

E
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Hydrated Lime Slurry Stabilization

Hydrated Lime Slurry Stabilization (HLSS)as asphalt pavement rehabilitatiorethod used to
addressurfacedistressesuch as cracking, stripping, and depressed thermal ciaokay also be

applied in cases ahoderate ruttings lime effectivelystiffness of the asphalt mix, improving its

structural integrity. HLSS is most effective when applied to pavements with at least 6 inches of hot mix
asphalt (HMA) over a soil aggregate base course (SAB@)bituminous sand baskhe process

involves milling the pavement down to just above the base layer and treating the reclaimed material wi
a mix of emulsion and hydrated lime slurry. After a curing period, a new asphalt overlay is applied.
Before treatment, Falling Weight Deflecteter (FWD) testing and core sampling are necessary to

verify subgrade strength and pavement thickness, ensuring the site can support the heavy stabilizatior
equipment.

General guidance fddydrated Lime Slurry Stabilizatiomcludes:

1

Pavements with 6 inches or more of Hot Mix Asphalt (HMA) over a Soil Aggregate Base Course
(SABC) or a bituminous sand baaee best suited for HLSS treatment.

Falling Weight Deflectometer (FWD) testing and pavement coring are required to assess the
subgradea n d p a vabilityetansuppast the heavy HLSS equipment.

Historical project data should be reviewed to verify pavement thickness.

Machinery must be capable of processing 3 to 5 inches of bituminous material; 4 inches deep is
typical for Nebraska.

The typical treatment includes 1.5% GE®&mulsion and 1.5% hydrated lime slurry by weight.

A fog seal nustbe applied to prevent moisture infiltration, especially ahead of storms or to
reduce surface raveling.

A 3-inch asphalioverlayis typically placed on top of the stabilized layer.

The overlay should be installed after-day curing period but no later than 28 days after HLSS
application.

Mix design is prepared by a private lab and must be approved by the M&R Division.
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Fly Ash Slurry Injection

Fly Ash Slurry Injection is a specialized pavement treatment methaiilizing a mixture of Fly Ash
and water (slurry) to repaihermal cracks. This treatment is not used frequently in Nebpaskarily

due to challenges associated with accessing and treating thermal cracks. While thermal cracking is a

common pavement distress, many of these cracks lack a continuous underlying void, limiting the

effectiveness of slurry injection as a solutigvhen viable, this method is employed alongside standard
rehabilitation treatments such as milling and asphalt overlays to restore structural integrity and minimi:

surface deformation.

The process involves drilling near targeted thermal cracks and injedfiggdsh-based slurry into
subsurface voids. This injection must not exceediach lift of the pavement. For the material to be

considered structurally sound, the slurry must meet a minimum unconfined compressive strength of 4(

psi after7-days. Any proposeBlly Ash mix design must be submitted to M&R Division for approval
prior to field use.

General guidance fdfly Ash Slurry Injectiorincludes:

Rarely used in Nebraska due to inconsistent subsurface voids beneath thermal cracks.
Used in conjunction with milling and asphalt overlay.

Involves drilling and injectindgrly Ash slurry to fill voids beneath thermal cracks.

Injection is limited to a ¥nch pavement lift.

Slurry must reach a minimumday unconfined compressive strength of 400 psi.

Mix designs require M&R Division approval before application.

=A =4 =4 =4 4 -4
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Fly Ash or Cement Stabilized Bituminous

Fly Ash or Cement Stabilized Bituminous treatment is adafith pavement rehabilitation strategy used
when surface distresses are severe, such as extreme cracking, stripping, depressed thermal cracks, o
rutting. It is primarily selected when the exigfipavement has deteriorated beyond the point of
conventional rehabilitation and whetydratedLime Slurry Stabilization is not viablé often due to the
pavement 6s inability to s uphowavdr, hishethodiseshoritgrms t a
solutionin areas with poor subgrade conditiobeng-term strategies are needed to address subgrade
and drainage concerns.

The process typically involves stabilizing the entire pavement structure along withrictees of the
underlying subgrade. Specializeztlaimingequipment can reach depths of up to 16 inch&Sement

or Fly Ash additive is used to strengthen the reclaimed material, which is then covered with a new
asphalt overlay. The stabilized layer must cure for at least 2 days and should be overlaid within 28 day
A fog seal is applied to protect the surface during curing

General guidance fdfly Ashor Cement Stabilized Bituminouscludes:

1 Used when severe cracking, stripping, depressed thermal cracks, or rutting are present.

1 Not dfective in poor subgrade conditiorf3oor drainage needs to be addressed fortemng
preservation.

1 Stabilizes fulldepth pavement plustt 2 inchesof subgradereclaimingequipment can process
up to 16inchesdeep.

1 Asphalt overlay requirements:

o Typical4 inches ofasphaltoverlay thickness
o Curveswi t 2°Degree of Curvaturé ©= 2 8 6 5 ) 4inchraaptalioveslayminimum
thicknesgo prevent the asphalt overlay from slipping or tearing.
o Asphdt overlay must be placed after 2 days and within 28 days of stabilization.
T Stabilizing agents:
o Fly Ashi 8%to 12%
o Cemenf 3%to 7%
o Wateri Approximately4%

T Strength target: Minimum 90 psi afterday moist cure and 2dour dry periodDesirable to
have 120 psi to 300 psi.

1 Fog seal is appliedithin 2 hours after the stabilization has befmmsurface protection and
curing prior to overlay.

T Prior to placing the asphalt overlay, milling is required to establish the proper slope and improve
initial surface smoothness. A second fog seal should be applied immediately after milling to
protect the exposed surface.

1 Milling shall be performed a minimum ofdays prior to the asphalt overlay to allow traffic to
knead the fog seal into the roadway surface.

T Mix designs provided by the M&R Division; process governed by method specifications.
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Cold In-Place Recycling w/ High Float Emulsion

Cold In-Place Recycling with High Float Emulsion (CIR w/HFE) is a specialized pavement
rehabilitation technique that is typically applied on existing asphaltic or bituminous sand pavements to
restore old, dry, and cracked surfacedspinocess uses High Float Emualsi generally applied at rates
between 2.5% and 3%, and is designed based on Marshall Stability and Retained Stability criteria. Du:
to its limitations and evolving practices, CIR w/HFE has largely been replaced by critn

Recycling using~-oamed Asphalt.

General guidance fa@old In-Place Recycling with High Float Emulsiarcludes:

Rarely used in Nebraska due to its sensitivity to environmental conditions.

Detours are required.

Applied sparinglyto existing asphaltic or bituminous sand pavements.

Utilizes High Float Emulsion (HFE00).

HFE is typically applied & rate of2.5%to 3%.

Mixes are designed usirMarshall Stability and Retained Stabilityiteria

Mix design is provided by a private lab and approved by the M&R Divisield production is
governed by method specifications.

=A =4 =4 4 -4 -8 A

Cold In-Place Recycling
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Cold In-Place Recycling wiFoamed Asphalt

Cold In-Place Recycling with Foamed Asphalt (CIR w/ Foangriehabilitation technique used to

create a stable base layer in pavements exhibiting significant strippv@mentistresss or

substantial patching. The process involves injecting water into hot PG bind®ntained at a

minimum temperature of 300¢Fcausing it to foam and expand. This foamed binder coats and binds the
RAP, improving cohesion and strength.

The equipment and recycling train used in CIR w/ Foam is similar to thatdratéd Lime Slurry
Stabilizations consisting of a scalping shaker, crusher (to reduce oversized particles), pag mill,
material transfer vehicle or pickup machiaad apaver This is followed by a compaction sequence
involving pneumatic rollers and steel drum roll@rke recycling depth is typically between 4 inches and
5 inches.

General Guidance for Cold-llace Recycling with Foamed Asphaitiudes

1 Rarely used in Nebraska due to its sensitivity to environmental conditions.

1 Used to create a stable base when significant stripping, pavement distress, and/or extensive
patching is present.

1 Typical asphalt overlay thickness is 3 inches.

1 Uses a PG binder; during recycling, the binder is maintained at a minimum of 300°F and foame
by water injection to promote RAP cohesion.

1 Designed using Marshall Stability and Retained Stability.

T Mix design is provided by a private lab and approved by the Materials & Research Division
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Preventive Maintenance Strategies

Microsurfacing

Microsurfacing is a pavement preservation treatment designed to extend the life of existing asphalt
surfaces. It's a fastetting surface treatment that improves ride quality, restores surface tésunats

and cracksand seals the pavement to prevent further deteriordttos.mixture is applied cold (without
heating) in a slurryorm and spreads evenly across the pavement surface using a specialized paving
machine. Unlike slurry seals, microsurfacing sets and cures quickly, making it ideald®thatneed

to reopen to traffic within a few hours

Microsufacingslurry as a mixture of:

Polymermodified Emulsified Asphalt
Fine Aggregate (with Fine Angularity)
Mineral Filler

Waterand Other Additives

= =4 =4 -9

General guidance favlicrosurfacingincludes:

1 Intended for roads with minor surface distrésddation, raveling, minor cracking)
1 Prevents oxidation, restores surface texture, seals minor cracks, and improves skid resistance.
1 Typically applied betweez t chithick

Microsurfacing
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Fog Seal

A Fog Seal is a pavement preservation treatment in which a diluted asphalt emulsion is lightly sprayec
onto the surface of an existing asphalt road. It is primarily used to seal hairline cracks and protect the
pavement from moisture infiltration and oxiaet. Fog seals are often used in conjunction with other
preventive maintenance strategjifor example, to seal shoulders durinil&rosurfacingproject

Crack Seal

A CrackSeal is a preventive maintenance treatment that involves filling pavement cracks with a
rubberizechot poursealant to prevent water, debris, and other materials from penetrating the surface. E
sealing these openings, the process helps extend the life of the asphalt pavement and minimize the ne
for more extensive repairs in the future.

Armor Coat or Chip Seal

An Armor Coat or Chip Seal is a pavement surface treatment used to seal and protect asphalt roads.
Both methods involve applying a layer of asphalt emulsion followed by a layer of aggregate, which is
then rolled into the binder to create a protective, imgasurface. These treatments are effective at

sealing minor cracks and surface defects, protecting the underlying pavement from water infiltration ar
oxidation, and extending pavement life at a relatively low cost.

While Armor Coats and Chip Seals are similar in both application and purpose, key differences exist ir
the material specifications and intended use of the roaddggregates used in Armor Coats must have

a soundness loss of no more than 5% by mass after five cycles, compared to 7% for Chip Seal
aggregates. Additionally, Armor Coat aggregates are typically a sand and gravel mix, while Chip Seals
may use limestone, eapded shale, granite, or quartzite.

General guidance fégkrmor Coats and Chip Sealxludes:

Both Armor Coats and Chip Sealsathe same polymemodified asphalt emulsion.
Armor Coats:
o Useasand and gravel aggreg&tendwith amaximumsoundness loss of 5éfter 5 cycles
o Typically applied at a thickness &fto %2 inch.
o Due to the polished, neangularcharacteristicén gravels, Armor Coats tend to lose
aggregate quicker than a Chip Seal.
1 Chip Seals:
o0 May use limestone, expanded shale, granite, or quartzite wiixanumsoundness loss of
7% after 5 cycles.
o Typically applied at a thickness ®fto Y2 inch.
1 A fog seal may be applied after installation to help reduce aggregate loss and lock in surface
material however, NDOT does not do this due to loss in friction numbers
1 Armor Coats and Chip Seals dgpically be applied up to two times befapavement
rehabilitationstratey should beconsidered.

il
il
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Chapter 7: Rigid Pavement Design

7.1

7.2

Introduction

Rigid pavement, also known as concrete pavement, is a type of road surface constructed with concret:
create a stiff, inflexible structure that offers high strength and a durable wearing $udeakfor

heavy traffic loads and harsh weather conditions. It typically consists of concrete slabs or panels place
over a drainable foundation course on a preparetiabilizedsubgrade. These slabs may be reinforced
with steel, depending on the design requirements and the pavement's intentidideusesh einforced
concrete was used in the 1960s and earlier but current designs use a plain jointed concrete pavement
built with slipform pavers and dowel bars.

Rigid pavement is a common choice for highways and-traffic areas due to its loAgsting durability
and reduced maintenance needs compared to flexible pavement. However, it comes with higher initial
costs and is generally more complex to install.

Admixtures

An admixture is a material, other than water, aggregates, cementitious materials, and fiber
reinforcement, that is added to a cementitious mixture before or during mixing to modify its properties
in the fresh, setting, or hardened state. Admixtures acketaseake concrete more suitable for specific
applicationssuch as workability, set time, strength, permeability, freezing point, and cliieg have a
significant impact on both fresh and hardened concrete properties and can act through chemical and/c
physical mechanisms, influencing the hydration process of cement.

There are many different admixtures available for use in conavastructionThe followingare the
most common admixtures usedigid pavement

1 Type AT WaterReducing Admixture
An admixturethat reduces the water content of a given without affecting its
consistency and/or increases the slump of the mix without increasing the water
content.

1 Type Bi Retarding Admixture
An admixture that extends the initial $isbe, therebyincreasng theworkability time
and delaing early strength development.

1 Type Ci Accelerating Admixture
An admixture that reduces the initial theg time and increases early strength.

1 Type Di WaterReducingand Retarding Admixture
An admixture that reduces thequiredmixing water or a given slumpvhile also
slowing down the settinggme of the concrete.
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1 Type Ei WaterReducing and Accelerating Admixture
An admixture that reduces thequiredmixing waterfor given slump anéccelerates
boththe setting time and early strength development.

1 Type Fi WaterReducing, High Range Admixture
An admixture that reduces thequiredmixing waterby 12% ormore while
maintaining the same slump

1 Type Gi WaterReducing, High Range and Retarding Admixture
An admixture that reduces the required mixing water by 12% or more déidging
the setting time of the concrete

1 Air-Entrainingi An admixture that introduces a controlled system of small air bubbles during
mixing, which remains in the hardened concrete and improves durability.

9 Lithium Nitratei An admixture used to control the Alk&ilica Reaction (ASR) in concrete.

The Nebraska Department of Transportation usle®ariety of thesadmixtures in concrete
construction. ASTM C494/C494Idrovidesthe Standard Specification for Chemical Admixtures for
Concretewhile ASTM C260/C260Mprovidesthe Standard Specification for Alitntraining
Admixtures for Concrete.
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7.3 Cement Types

Cement is a binding agent that hardens when mixed with water and is a key ingredient in concrete. In
Nebraska, several types of cement can be used depending on the intended application. Portland cemg
is themost usedype, particularly for concrete pavements. It is a fine powder made from limestone,
clay, and other natural materials, and primarily composed of lime, silica, and alumina, with a small
amount of gypsum added during manufacturing to control setting time.

To enhance concrete performance, Portland cement can be blended with other materials to form blenc
cements. These are hydraulic cements made by uniformly mixing Portland ceme®apptamentary
Cementitious Materials (SCMsuch as slag, fly ash, and natural clay pozzolBlehded cements are
designed to improve durability, sustainability, and specific properties such as sulfate resistance. The
ASTM provides both prescriptive and performathesed specifications for various types of blended
cements.

Definitions:

1 Supplementary Cementitious Materialsi Supplementary Cementitious Materials (SCMs) are
materials used as a partial replacement of Portland cement to improve both fresh and hardenec
concrete properties. The most commonly used SCMs in concrete mixtureguaed pozzolans,
fly ash, slag, and silica fume.

1 Pozzolani A pozzolan is a material that reacts chemically with calcium hydroxide and water to
form cementitious compounds, enhancing the
pozzolans include calcined clay, calcined shale, volcanic ash, volcanicaglddsjsk ash.

Artificial (or industrial) pozzolans include fly ash and silica furfilee Nebraska DOT
commonly incorporates pozzolans in blended cements for concrete pavements.

1 Ternary i A ternary is a mixture blended with three different cementitious materials. This
combination typically consists of Portlandmen andtwo othercementitious materialln
general, érnary mixtures perform in a manner that can be predicted by knowing the
characteristics of the individual ingrediemsbenefit of ternary mixtures is that negative
properties of one SCM can be offset by positive properties of another. Overall, the combined us
of SCMs in this manner allows for the reduction of Rordl cement content and can lead to
performance, economic, and environmental benefits.
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1 Fly Ashi Fly ash is a byproduct of the coal burning electric power generating pMdier the
ignition of coal in the furnace, the ash residue is carried away by the eghaastand then
collectedusingelectrostatic precipitators or in filter bag houses. As the fly ash travels to the
collectors, the material cools and forms spherglalssy particles.

There are two classes of fly agtlass F and Class C. Fly asltategorized into these classes
based on chemical composition. Class F fly @stitainshigher amounts of silica and lower
amouns of calcium, while Class C fly adlpically containdower silicaand higher calcium
contents Both classes are acceptable for use in concrete pavement.

o Class FFly Ashis generally pozzolanjaneanng it possessd#tle to no cementing
propertieson its own However, in the presence of water and calcium hydroxideacs
to form compoundsvith cementing properties. Class F fly aslexcellent in improving
the longterm durability of concretdt is effective in reducing permeability and
mitigating alkaltsilica reactions (ASR), delayed ettringite formation (DR external
sulfate attack at relatively low replacement rates.

o Class CFly Ashhasboth pozzolanic and cementing properties. Due to the higher
calcium contentit react with water and hardenClass C fly asls effective in reducing
permeability butis lesseffective in mitigating alkaisilica reactions (ASR), delayed
ettringite formation (DEF)and external sulfate attack. Heylreplacement ragare
requiredto mitigate ASR and DEF, and due to the chemistry of the glass phase, Class C
fly ashis moresusceptible to external sulfate attack and should not be used in-sigliate
environments.

1 Slag Cemenfi Slag cement is a hydraulic cementitious material made from ironfotasice
by-products thaareground into a fine powdeMolten slag diverted from the iron blast furnace
is rapidly chilledto formglassy granulesNVhen these granules are ground to cement fineness,
they develop the desired reacta@mentitiougproperties

1 Silica Fumei Silica fume is an ultrafine powder {fproduct of producing silicon metal or
ferrosilicon alloysIt consists primarily of silicon dioxide (S¥p The individual particles are
extremely small, approximately 1/100th the size of an average cement pBdiel&its very
fine particlesize large surface area, ahijh SiO; content, silica fume is laighly reactive
pozzolan when used in concrete.
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Table 7.3-11 Properties of Concrete Mixtures and the General Effects of Each SCM Type on that

Property
Property Class C Ash | Class F Ash| Slag Cement| Silica Fume

Initial Set Time + + + -
Strength Gain (Early) + - - +

Strength Gain (Late) 0 + + <>
Setting Time + + + -
Heat of Hydration - - - +
Plastic Shrinkage Cracking <> <> <> +
Permeability - - - -
ASR Mitigation <>or0 + <>o0r0 +
Sulfate Attack Mitigation 0 + <>o0r0 +

Note: + = Indicates an Increase
- = Indicates a Decrease
0 = Indicates No Change

< > = Indicates that the Effect Varies Depending upon the Characteristic of the SCM or the
Replacement Level
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The following are types of cement and cement bléada range of applications

1 Typel 1 Normal Portland Cement
Type | Cements a General Construction CemeWith the introduction of pozzolans,
NDOT no longeruses thistype ofcenent forpermanent concrete pavemertigwever,
Type | Cement may still be used for concrete pavements intended as Temporary
Surfacing.

1 Typell i Moderately SulfatdResistant Portland Cement
Type Il Cement was used in water or soil with moderate sulfate levels, or where
moderate heat buildup is a conceésame as with the Type | CemeRDOT no longer
uses this type of cerant forpermanent concrete pavementi®wever, Type Il Cement
may still be used for concrete pavements intended as Temporary Surfacing.

1 Type lll T High Early Strength Portland Cement
Used in precast operations or concrete repair work where early strength is needed.
The cement is ground finer, so it hydrates quicker. Also beneficial in cold weather,
where hydration is slower.

1 Type IL T PortlandLimestone Cement
A blended cement containing 5% to 12% limestone. Used for general construction,
offering a reduced carbon footprint compared to Type |

1 Type IP T PortlandPozzolanCement
A blended cement containing up26% pozzolan, typicallyly ash. Offers improved
performance such as increased compressive strength and better workability compare
to Type Ill.

1 Type IST Portland Blasturnace Slag Cement
Preblended or integround cement containing between 25% 4% slag.
Typically, Nebraska maximum slag amoun8&%.

1 Type IT i PortlandTernary Cement
A ternary blended cemetitat useslag cementlimestone ard fly ash

1 Type IPNT PozzolarBlended Portland Cement (Class N)
Preblended or integround cement containing 25% + 2% Class N pozz@an.
Class N pozzolan is a naturally occurrpr@cessed material, typically volcanic or
siliceous material that conforms to ASTM C618 for use in concrete.
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7.4 Current Nebraska Concrete Mix Designs

A concrete mix design is the process of determining the optimal proportions of ingrédientent,

water, aggregates, and admixtuies achieve the desired concrete properties such as strength,
workability, and durability for a specific application. In Nebraska, several different concrete mix design
are used, each tailored to produce a performased product suited to the conditiamsl

environments the concrete will encounter. The selection of a mix design typically depends on factors
such as the intended use, exposure conditions, structural dimensions, and required physical propertie:

When specifying a concrete mix design for pavement or structural applications, the Nebraska
Department of Transportation uses mix design name designators to indicate both the required mix typ:
and the target 28ay compressive strength. For example, aipatton may call for a Class 47B mix

with an average 28ay compressive strength of 3,500 psi.

Mix Design Average 28day Minimum
Specfication Compressive Strength

N\ /
Class 47B3500

NebraskeDOT continually develops, refines, and improves concrete mix designs based on actual field
performance to better address specific performance criteria. The following list outlines and describes t
most recent wupdates and gdpapementmixdesgms r el at ed

1 Class 47Bi General Concrete Pavement
This concrete mix design is primarily used for general concrete pavement
applications and is the most commonly used mix by NDOT. Developed by the
Nebraska Department of Roads in 1947, the 47B mix features a 70% fine aggregat:
with a30% coarse aggregate blend. The typical minimum compressive strength
requirement is 3,000 psi, though 3,500 psi is frequently specified depending on
project needs.

1 Class 47BDi Bridgeand Structures
This mix desigrfollows the samgenerarequirements athe Class47B mix but
is specificallyused for bridgend structural application$hetypical minimum
compressivetrength othis mix is 4,000 psiThis concrete mix requires a 30%
coarseaggregate and 70% fine aggregate blend.

1 Class 47BHE 1 High Early Strength
This mix desigrfollows the same requirementstas Clas€t7B concrete mix
butis modified for situationsvhere the pavement must lmgpened to traffic
earier than usualA commonexamples anighttime lane closuréhat requires
reopening by morning to accommodate peak traffic volufeschieveénigh
early strengththe mix includes addition@lement teaccelerate strength gain
This concrete mix requires a 45% coarse aggregate and 55% fine aggregate
blend.
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1 Class BXi Sand & Gravel Mix
This mix design is very similar to the Class 47B conangte but it has a smaller
aggregate gradation. Class BX does not havdeaige rock, just sand and gravel.
This concrete mix can be used famiporarySurfacing. Type I/ll cemernmay be
allowed.This concrete mix requires 100% fine aggregate blend.

1 Class 47BOL i Overlay
This mix design isdr concrete overlay applicatiolsuses a finer aggregate
gradation with a a&ter cement ratio of 0.3%his concrete mix requires a 45%
coarseaggregate and 55% fine aggregate blend.

1 Class PRi Pavement Repair
This mix design is used for concrete repairs. Class PR concrefi@stsatting
concrete mix thais used for quick concrete repairs to open back up to traffic. Class
PR concrete mix has several subdivisions of concrete mixes depending on the type
of cement being used.

0 PRI1i UsesTypelL Cement
0 PR3i UsesTypelll Cement

0 PRZI471 Blend of 75% Type IL and 25% Type IP or IT or THis concrete mix
requires a 45%oarseaggregate and 55% fine aggregate blend.

The Nebraska Department of Transportatioihallow the use of Tarantula Curve approach and
incorporating performance testing methéalsprojects with at lea€0,000 square yasaf concrete
pavement.
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7.5

Evaluation of ASR in Concrete Pavement

Alkali-silica reaction (ASR) is a harmful chemical reaction that leads to cracking and deterioration in
concrete. ASR occurs when reactive silica in certain aggregates reacts with alkalis (sodium and
potassium) in the cement paste, forming an akiatia gel around the reactive aggregate particles.
When this gel is exposed to moisture, it expands, generating internal pressure that causes tensile
cracking around the aggregates. Once cracking begins, additional moisture can enter the concrete,
further accadrating the ASR process and worsening the deterioration.

The ASR evaluation is based on #iandardASTM test method$isted below:

1 ASTM C1260i Standard Test Method for Potential Alkali Reactivity of Aggregates
1 ASTM C1567i Standard Test Method for Determining the Potential Al&dica Reactivity of
Combinations of Cementitious Materials and Aggregate

ASTM C1260 determines and characterizes the reactivity of the aggregates within 28 days according 1
NDOT specifications and ASTM C1567 determines the mitigation of ASR with the (Bgplemental
CementitiousMaterials (SCM).

To assess the potential foBR in concretethe alkali metatontent(sodium and potassium) in cement

is evaluatedusing theh Eq u i v a | ealue Besdudesadiuin and potassium have different
molecular weightsheir combinedcontribution to ASR potential must be adjusted. This is done with the
following formula:

O QR 6wl THUL YO

where: NaOeq =Sodium Oxide Equivaler{#o)
NaO = Sodium Oxide (%)
0.658 = Factor Difference in Molecular Weights between Sodium and Potassium
K20 = Potassium Oxide (%)

TheNaOeqvalueis a key indicatoo f ¢ e allalmity arsl itspotentialto contribute tAASR. For
Nebraska, thalkalinity of Type | or licement igypically 0.60% NaOeq or less. According to
AASHTO PP65when @mentakalis are below0.70% NaOeq the required dosage 8fipplementary
CementitiousMaterials SCMs) i such as fly ash or slagcan be reducebly one prevention levgel
generally5% to 10%.
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Steps to Evaluate Concrete Susceptibility to ASR in Existing PCC

(Based orHalsey/Heyer2013Guidance

1.

Conduct a Visual Evaluation

Assess the concrete pavement through a field visit or alternativgéopl$soogle Earth,
PathWeb)Look for visible signs oASR-relatedstaining or cracking.

Research Project History

Collect documentation such as-Bsilt plans, Special Provisions, Specifications, Proportion
Reports, and any archived project records.

Analyze Cementitious Materials

Using the Special Provisions and Proportion Report, determine the following:
1 Type ofCementused
1 Type andPercentag®f Fly Ash used
1 Percentage oNaturalPozzolangif any)
1 MaximumallowableCementAlkali Content {n Ibs/yd®)

Confirm Cement Use

If the SpecialProvisions orSpecifications do not match the cemgrgeusedin thefield, check
for ChangeOrdersthat may have modified the cement specification

Identify Aggregate Source

Determine the likely watershed source for the sand and gravel aggreasgdob the project
location(usingFigure7.5-1). Then uselable7.5-1 to identify the aggregateypelocation.

Compare SCMUse to Required Levels

Use Table7.5-1 to compare the minimumequiredSupplementarngCementitiousMaterial(SCM)
replacementevelto the actual level used in the concrete mix.

Note: The green column in Tabie5-1 shows the appropriately Ash (Type F)
replacemenpercentagdor Nebraska cements.

Reaminder. Nebraskaods Tyspypgicallyh @v €.60% Na©egGenent
Alkali contentsy 0.70% N&Oeq allowfor areduction of SCM by one
prevention leve{usually5% to 1099.

Conduct ASR Testing(Optional)

If a pavement is suspected to be A8fiected, confirm by testing core samples. Use the
AASHTO T 29993 (2019) method.

1 The sample is treated with Uranyl Acetate

1 Under black light, ASR gel will fluoresce, confirming presence.
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Table 7.5-17 Minimum SCM for Nebraska Aggregates

NDOT®6 s
Specification Since
Late 2004

IP with 25% Class F

<

Minimum
Aggregate Description of Replacement Leve
Type & Aggregate orseu
Location Reactivity Table 6 of
AASHTO PP6510
Platte River Moderately 20
Grand Island Reactive
Dry Pit
Highly Reactive 25
Kimball
Republican
River Very Highly
: 35
Reactive
Indianola
North Platte
River Highly Reactive 25
Scottsbluff
South Platte
River Moderately
: 20
Reactive
Ogallala
Middle Loup
River Highly Reactive 25
Thedford
Little Blue
River Moderately 20
Reactive
Fairbury
Elkhorn River Very Highly 35
Norfolk Reactive
Platte River
Highly Reactive 35
Linoma

I < < | < | < | < |0 <

*TheRepublican River at IndianoJ&Eis a NorApproved Aggregatsource
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NDOT General Guidance forASR Prevention andMitigation

Over the years, the Nebraska DOT has condusteshsiveresearcton preventing and mitigating ASR
in concreteTable7.5-2 belowsummarizes findings related to blendig Ash with Cement toeduce
the susceptibility ofconcreteo ASR.

1 NDOT no longer maintains Supplemental Cementitious Matg$dd/s)on the Approved
Product List.

1 NDOT permits theause ofblended SCMs meetil§STM C1697i Standard Specification for
Blended Supplementary Cementitious Materi8igopliers must report the chemical composition
of the finalSCM blend, which NDOT verifies.

1 NDOT allows the use ofypelP and ITcemensin accordance with ASTM C595Standard
Specification for Blended Hydraulic CemeOOT verifiesboththe chemical and physical
composition of the finablendedcement.

1 Totalcementreplacement with SCMypically rangedetween 20% and 40%.

1 Since 2007NebraskahasusedType FFly Ashata25%r replacement rate as the Type IP cement
component.

1 More recently, NDOT allows for a combination of SCMs to mitigate ASR.

Additional information on ASR Prevention and Mitigation can be found in the PowerPoint Presentation
below:

Recent Developments in the Preservation and Mitigation of ASR in Concrete

PowerPoint Presentation

Nebraskads Aggregates Reactivit-0o Evaluation A

\\dotfsMR\In-House_Researthresentation2017 NC2 Salt Lake City
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Table 7.5-27 Cement Blended Results for ASR Susceptibility

Cement Strategy

Results

Type I/ll Cement
without SCMs

ASR Susceptible.

Moderatelyreactiveaggregatesnay develop ASR
slowly.

Type I/ll Cement
with Fly Ash Type C

ASR Susceptible.

Moderatelyreactiveaggregatesnay develop ASR
slowly.

Type I/ll Cement
with 17% Fly Ash Type F

Effective at mitigating ASR imoderatelyreactive
aggregate

Development of ASR may be slow faighly andvery
highly reactiveaggregate.

Type IPN Cement
with 17.5% and 9% Fly Ash Type (

Effective at mitigating ASR imoderatelyreactive
aggregate

Development of ASR may be slow faighly andvery
highly reactiveaggregate.

Type IP Cement
with 22% Fly Ash Type F

Effective at mitigating ASR for all butery highly
reactiveaggregate.

Type I/l Cement
with Low Alkalinity and no SCMs

ASR susceptible.

Deterioration may be slow with moderately reactive
aggregate.

Slag

Effective at mitigating ASR for all butery highly
reactiveaggregate.

Additional information on ASR mitigation and identification can be found on the FHWA websites listed

below:

1 Research and Mitigation Guidance:
https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/pccp/03047/02.cfm

1 ASR Field Identification Handbook:
https://www.fhwa.dot.gov/pavement/concrete/asr/pubs/hif12022.pdf
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7.6 Rigid Pavement Strategies
The Nebraska Department of Transportagamploys a variety aftrategies to preserve, rehabilitate, and
restorethe performance afgid pavemers. Below are severapproaches NDOT commonly uses for
managing rigid pavement infrastructure.

New & Reconstruction

Concrete Pavement

Concrete pavement is used by the Nebraska Department of Transportation when constructing new
roadways or replacing existing concrete surfaces that are no longer viable for repair. The appropriate
thickness of the concrepmvements determined using Pavement NDEesign,but dl concrete pavement
designand constructiomust comply with the policy requirements outlined on Raggethis guide.

1 Used when building new concrete or when existing concrete pavement is beyond repair and
needs to be replaced.

1 Thickness of concrete pavement is determineBdyemenME Design.

1 Follow the policy requirementsundon Pages of thisguide

Resurfacing, Restoration, and Rehabilitation(3R)

Concrete Overlay

ConcreteOverlays are used to rehabilitate existing bituminous or composite pavements by placing a ne
layer of Portland cement concrete directly over the exigtangmenstructure. This method enhances
structural capacity and extends pavement life while reducingtenng maintenance. The overlays

typically range from 6 to 8 inches in depth, although a minimum thickness of 5 inches may be used in
certain applications.

Before the overlay is placed, significant milling is often required to control grade changes and maintair
consistent elevation across shouldersing and adjacent infrastructure. Concrete overlays are best
suited for thick HMA pavements in locations evi full or partial detours can be implemented, as traffic
disruptions during placement and curing must be carefully managed.

General guidance fa€oncrete Overlaymcludes:

T Applied over bituminous or composite pavements for structural rehabilitation.

T Minimum overlay depth: 5 inche$ypicaly, 6 to 8 incheshick.

1 Preoverlay milling is commonly performed to reduce grade raise and preserve existing
geometry.

1 Best suited for thiclasphalipavements with accessible detour routes.

1 Provides durable, lonlife pavement solution with reduced lotgym maintenance needs.

|
2026
NDOT Pavement Design Guide Page 134



Hot Mix/Warm Mix Asphalt Overlay

Hot Mix Asphalt (HMA) and Warm Mix Asphalt (WMA) overlays are commonly used by the Nebraska
Department of Transportation to resurface and extend the life of existing concrete pavements. This
technique involves placing a new layer of asph&jfpically about 4 inches thick directly over the
concrete, creating a smoother, more durable driving sutfaban asphalt overlay thicknesses are often
limited by the drainage constrainBefore overlaying, the concrete base is repaired to ensure it provides
a stable foundation. A thin initial lift of asphalt, known as a leveling course, is usually applied first to
correct surface irregularities and minimize bumps, especially at joints. grtbper compaction of the
leveling course, additional liftsf asphaltare added to form the final surface. This method improves ride
guality, protects the underlying concrete from water infiltration and Alk#ilta Reaction (ASR)

damage, and adds sttural strength. Asphalt overlays are ideal for concrete pavements showing minor
to moderate surface distress and are considered-aféedive, timeefficient alternative to full

pavement replacement.

General guidance fddot Mix/Warm Mix Asphalt Overlayncludes:

Most common resurfacing strategy for concrete pavements.

Used when concrete has minor to moderate damage (e.g., cracking, faulting, surface wear).
Involves repairing the concrete base and placing a étasphalt overlay.

A leveling course is typically applied first to smooth the surface and joints.

Adds structural capacity and extends pavement life.

A 50-year concrete pavement design includes a 4" overlay at year 35.

= =4 =4 -4 -8 -1

Stress Absorbing Fiberglass Layer WEmulsified Asphalt

A Stress Absorbing Fiberglass Layer with Emulsified Asphalt (SAFLEA), also known as a Stress
Absorbing Membrane Interlayer (SAMI), is a composite pavement treatment designed to enhance
performance and extend pavement life. This specialized interlayestsooschopped fiberglass strands
placed between two layers of polyrmapdified asphalt emulsion. Once applied, the fiberglass and
emulsion are topped withrmor Coat aggregate and then covered by an asphalt overlay. SAFLEA
serves multiple functions: it aksconcretesurfaces against moisture infiltration and provides a
cushioning layer that can help mitigate reflective cracking in asphalt overlays. This treatment is
especially effective when used over cracked bituminous surfaces or as a protective barrier between
existing concrete and a new asphalt layer, ultimately improving durability and ride quality.

General guidance f@tress Absorbing Fiberglass Layer with Emulsified Aspinaltudes:

Also known as &tress Absorbing Membrane Interlayer (SAMI)

Constructed with chopped fiberglass strands, polymadified emulsion, and aggregate.
Placed beneath asphalt overlays to improve durability and performance.

SealsPCC surfaceto protect against moisture infiltration.

Helpsreduce reflective cracking asphalt overlays.

Effective onbadly cracked bituminous surfaces

= =4 =4 -8 -8 -9
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Crack and Seat

Crack and Seat is a specialized pavement rehabilitation technique used to prepare deteriorated concre
pavements for an asphalt overlay. The process involves fracturing the existing concrete pavement intc
smaller segmentstypically about 3 feet wide in the transverse directiasing a trucknounted

guillotine hammer. These broken panels are then "seated" or pressed into the subgrade using an
overweight singleaxle cart to ensure firm contact and uniform support. This treatment creates multiple
hairlinefractures that help reduce reflective cracking in the overlay and minimize the need for extensiv
concrete repairs. B-inchto 4-inch asphalt overlay is placed over the seated concrete to restore the
surface. Traffic can often be maintained during the process, and candidate roadways must have adeq
drainage to prevent subgrade issues.

Crack and Seat is rarely used in Nebraska due to stability issues between the fractured concrete pane
and the subgrade. It has been observed that these panels often act independently, leading to moveme
that causes cracking in the asphalt layers alf®atirated subgrades exacerbate this issue by increasing
panel instability and must be addressed prior to construction. Additionally, Crack and Seat pavements
present challenges for future concrete repairs and pavement widening projects. The reduceegpanel s
created by fracturing prevent the installation of tie bars, making it difficult to properly connect new
concrete sections to the existing pavement.

General guidance faZrack and Seancludes:

=

Existing concrete pavement is broken iafiproximateh 3 6 panel s (tr aasver
truck mounted guillotine hammeFhe snall panels are then seated ittte existing subgrade by
anoverweightsingle axle cart before ®84 0 t h i cokerlay & pppleed. t

Multiple hairline fractures reduce reflective crackingtaoriginal joints througtihe asphalt
overlay andhe amountof concrete repair work needed

Traffic is maintained throughout process

Rarely used in Nebraska due to stabitibpncerns betwegmanels and subgrade.

o Fractured concrete panels may move independently, leading to cracks in asphalt layers.

o Hinders future repairs and wideninigie bars cannot be used with fractured panels.
Requires good drainage to mitigate subgrade instability.

= =_ =4
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Cracking Concrete Panels Seating Concrete Panels
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Rubblization

Rubblization, also referred to as rubblizing, is a pavement rehabilitation technique used when concrete
pavements have deteriorated beyond the point where methods like Crack and Seat or asphalt overlay
viable. This process involves fracturing the a@rigtconcrete slab into small, interconnected pieces using
a resonant hammer. The resulting rubble remains in place and functions as a crushed concrete base f
new asphalt overlay. To support traffic loads, a substantial asphali Igymcally 5 inches or moré is
placed over the rubblized bag®ibblization requires detouring traffic during construction and is only
suitable for pavements with adequate drainage. It is especially useful in cases of severe pavement
distress, such as advanced Aliailica Reaction (ASR), where other rehabilitatioratggies are no

longer effective.

General guidance fdRubblizationincludes:

Existing ®ncrete is reduced to a crushed concrete base by a resonant hammer
Significantasphaltoverlay(O5 incheg is required to carry traffion top of the rubblizatian
Traffic must be detoured following rubblization
Best candidates are concrete paves@eteriorated past the point of rehabilitation by Crack and
Seat or Overlaysuch asoncretegpavements with advanced ASR.
1 Rarely used in Nebraska due to stability concerns between crushed concrete base and subgrac
o Crushed concrete may move independently, leading to cracks in asphalt layers.
0 Hinders future repairs and widenirig§e bars cannot be used with crushed concrete.
1 Candidates must have good drainage.
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Rubblization
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Precast ConcretePanels

PrecastConcretePanels are prefabricated concrete slabs manufactureitefind transported to the
construction site for rapid installation. This method is particularly effective inrthadfic areag such

as ramps, intersections, and urban roadwaykere minimizing lane closures and reopening the

roadway quickly is critical. In Nebraska, especially in the Omaha area, precast panels are often used
when repairs must be completed overnight to allow traffic to resume by the next morning. The process
involves removing thelamaged concrete, repairing the subgrade as necessary, and ptatiggde

leveling course to create a uniform platform. The precast slab is then set into position, and grout is use
to fill any voids beneath the pareid encasing the dowel baensuring full support and lortgrm
performance.

General guidance fd?recast Concrete Paneéisludes:

Precastoncretepanels are prefabricated dite and installed quickly esite.

Used inurban areawhere roadways must be reopened by the next morning.

Ideal for highvolume traffic areas, ramps, and intersections.

Damaged PCC is removed, and subgragedparedas needed.

A subgraddeveling course is added providea uniform base.

The precast slab is installed and grouted to fill voidsearwise dowel bars émsure support.

o0 Bedding groushall achieve a minimum compressive strength of 500 psi before opening to
traffic, and a 2&lay compressive strength of 2,500 psi.

o Dowel Bar groushallachieve a minimum compressive strength of 2,500 psi before opening
to traffic, and a 2&lay compressive strength of 4,000 psi.

E

Precast Concrete Panel
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Preventive Maintenance

Joint Seal and Crack Seal

Joint Seal and Crack Seal treatments are preventive maintenance methods used to protect concrete
pavements by sealing joints and cracks with rubberizegpdt sealant. This process helps prevent the
intrusion of incompressible materidlsuch as sand, gravel, or delirihat can become lodged in
pavement openings. When concrete expands due to temperature changes, these materials can cause
significant damage, including spalling or blowups. Sealing joints and cracks also prevents water and
deicing chemida from penetrating the pavement structamnel causing additional damagecluding
freezethaw distresse®8y sealing these openings, the process helps extend the lifecainttrete

pavement and minimize the need for more extensive repairs in the future.

General guidance faloint and Crack Seaicludes:

1 Joint Seals
0 Require a reservoir to be sawcut into the pavemettritainthe hotpour sealant.
o Pavement must be dry and clean for-potr sealant to adhere to the concrete surface.
o Backer rod arenot used in Nebraska duewater getting trapped and accelerating ASR
deterioration
o Typically performed every gearsto 12 years.
i Crack Seals
o Surface must be dry and clean for proper sealant adhesion.
o Typically performedevery 8yearsto 12 years.

For joint seals, 42-yearinterval is ideal, resulting in only 2 resealing cycles over the pavements service
life before an asphalt overlay. Frequent resealing can reduce sealant performance, as each sawing
widens the joint and increases the volume that must be filled. Thisazhtolpremature sealant failure

and increased tire slap noise.

For more information on hgiour sealers, please see Chapter 8 of this guide.
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Diamond Grinding

Diamond Grinding is a corrective maintenance technique used to restore smoothness and improve the
surface texture of concrete pavements. The process involves a specialized machine equipped with
closely spaced diamond saw blades that remove a thin lafrex pAvement surface. It is commonly

used to correct surface irregularities such as faulting at joints, slab curling, and general roughness. In
addition to enhancing ride quality, diamond grinding improves pavement friction and can help reduce
traffic noise. However, this method is not recommended for concrete pavements with significant
structural deficiencies or poor load transfer between slabs, as these issues can lead to the reoccurren
faulting even after grinding. The process befollowed bya Penetrating Concrete&erto protect the
treated surface and extend its service life

Diamond Grinding

]
2026
NDOT Pavement Design Guide Page 140



Dowel Bar Retrofit

Dowel Bar Retrofit (DBR) is a pavement preservation technique used to restore or enhance load trans
across transverse joints in existing concrete pavements. Over time, pavements can lose aggregate
interlock, which results in faulting and reduced strradtperformance. DBR addresses this by cutting
slots into the pavement at joint locations, inserting steel dowel bars, and backfilling the slots with a
durable material such as epoxy. The embedded dowels help evenly distribute loads across adjacent s
reducing differential movement and prolonging pavement life. DBR is most effective when used on
structurally sound pavements, but it is not recommended for pavements with advanced detdrioration
such as those affected by Alk8lilica Reaction (ASIRi as it may accelerate deterioration in such cases.

Dowel Bar Retrofit Blades Dowel Bars Used in Dowel Bar Retrofit
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