
1 
 

  

13TH INTERNATIONAL CONFERENCE ON 
CONCRETE PAVEMENTS (ICCP) 

 
ENGINEERING THE PAVEMENT 

FOUNDATION LAYERS WORKSHOP 
 

 
  

August 27, 2024  
  
  
  

Authors  
Leif Wathne, P.E. 

Ells T. Cackler, P.E. 
H. Thomas Yu, P.E. 

Jeffery Roesler, Ph.D., P.E. 
David J. White, Ph.D., P.E. (orcid.org/0000-0003-0802-1167) 

 



1  

WORKSHOP SUMMARY  

The National Concrete Pavement Technology Center (CP Tech Center), with support from the Federal 
Highway Administration (FHWA), sponsored a workshop at the 13th International Conference on 
Concrete Pavements (ICCP), held in Minneapolis, Minnesota from August 25 – 29, 2024. The Pavement 
Foundation Workshop was presented on August 27, 2024, from 1 to 5 PM.  The workshop showed how to 
engineer and field-control the construction of pavement foundations using currently available advanced 
technologies to meet design requirements reliably.  Ingios was responsible for planning the workshop, 
identifying appropriate subject matter experts, and developing technical content.    

The workshop focused on the FHWA's 2019-2020 report to Congress on the Accelerated Implementation 
and Deployment of Pavement Technologies, AID-PT program. The report identifies that “Foundation 
design is a key aspect of pavement structural design that needs to be considered in design processes.”   

Current practice for owner agencies typically consists of a detailed pavement structural design without a 
similar process for the foundation system that the pavement structure is built.  In addition, the construction 
process commonly does not include any meaningful verification that the pavement design assumption for 
the foundation system is achieved in the field, leading to foundations being a significant cause of early 
pavement distress.  

The intended outcome of the workshop was to help owner agencies understand that pavement foundation 
layers can be engineered and field-controlled to meet the design intent.  The presentations were 
coordinated to address the following objectives: 

• Understand the critical design inputs or lack thereof for pavement performance relative to the 
foundation, 

• Understand that typically, what is built is not accepted on engineering criteria assumed during the 
design of the pavement, 

• Understand there are intelligent technologies available to measure design inputs during 
construction, 

• Mechanistic modeling needs to be confirmed with performance over time, 
• A technical pooled fund (TPF) is proposed to assist SHA’s with building pilot projects. 

Leif Wathne, CP Tech Center moderated the workshop which was organized into five presentations.   

1. Why is this important?   

Tom Cackler, General Manager for Ingios and former Chief Engineer for the Iowa DOT, discussed why 
building quality foundations is a strategic decision for being able to manage an agency's pavement 
network fiscally. 

2. The Ideal Pavement 

Tom Yu, FHWA, discussed the elements of an ideal pavement that will have a long life and low 
maintenance requirements. 

3. Pavement Foundation Design 101 
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Prof. Jeff Roesler, University of Illinois Urban-Champaign, overviewed key foundation inputs for a 
successful pavement design and why they are important. Prof. Roesler also addressed shortcomings in the 
current design methodologies related to foundations. 

4. How to Achieve Engineered Foundations 

Dr. David White, Chief Engineer for Ingios, discussed how currently available technologies enable the 
engineer to design and control the construction process to ensure pavement foundations meet the design 
requirements. 

5. Advancing National Practice. 

Tom Yu also reviewed the objectives of a proposed TPF project by the Iowa DOT to further advance 
pavement foundation design and construction practices.   

On Thursday, August 29, the ICCP offered an optional MnROAD pavement test track tour. As a follow-up 
to the workshop, Ingios demonstrated advanced technologies for Automated Plate Load Testing (APLT) 
and e-Compaction Mapping, allowing workshop attendees to experience the technologies discussed in the 
workshop firsthand. Approximately 80 meeting attendees, including participants from multiple 
state/federal agencies and research institutions, participated in the field demonstration. 

This summary report's appendices include the workshop handouts, presentation slides, attendee list, and 
photos from the workshop and MnROAD tour.  
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APPENDIX A: WORKSHOP HANDOUTS 

• AID Survey – Pavement Performance  
• Iowa DOT innovations Solutions 
• Roadmap for Long-life Pavements 
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APPENDIX B: WORKSHOP AND DEMONSTRATION PHOTOS 
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Photos of workshop speakers, audience, and equipment used in demonstration.   



11 

APPENDIX C: PRESENTATION SLIDES 
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What is needed

 Design pavements to last as long as the materials
 Pavements should remain distress-free within the design period
 Utilize design features that ensure good long-term performance

 Build it right

 Apply preventive treatments to preserve the pavement structure

Keys to achieving well-performing pavement

 Effective structural design
 Good foundation
 Adequate structural section
 Appropriate design features

 Durable material
 Durable surface
 No material-related problems

 Quality construction

Does your agency have a pavement 
foundation design procedure?

ⓘ Start presenting to display the poll results on this slide.

Structural Model

Image Source: FHWA

Pavement Design

 Structural design
 Focus on strength and stiffness

 Surface thickness dominates the design; foundation layers have 
minimal impact

 Foundation
 Not designed systematically in current practice

 Different design requirements than the surface
 Uniformity, adequate stiffness, and drainage

 Must retain integrity throughout the life of the roadway

 A separate design procedure is needed for pavement foundation design

Pavement Foundation Design

 Practices vary from agency to agency

 No standard exists

 Best-practice needs to be established
 Ensure uniformity at the time of construction
 Prevent deterioration over time that leads to non-uniformity and localized 

failures
Pumping and loss of fines
Contamination
Decompaction

 Include consideration of resilience

25 26

27 28

29 30
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Ideal Pavement Design Process

 Foundation Design
 Engineer the layering of materials from natural subgrade up to the surface layer

 Design to remain in good condition (i.e., no degradation) throughout the life of 
the roadway

 Use of chemical or mechanical stabilization as appropriate 

 Consideration of compatibility of adjacent layers to prevent decompaction

 Incorporation of drainage features as appropriate

 Structural Design 
 Based on the layers defined in the foundation design

 The layers can be abstracted in any manner appropriate for structural analysis 

Pavement Foundation Design Procedure

 Can be established based on existing knowledge
 Priority is in formalizing the process

 A comprehensive research program is not needed

 Research needs can be identified for improvement over time

 Refine over time through research

Summary

 An ideal pavement is a long-life, distress-free pavement
 Pavement should be designed to last as long as the material and remain 

distress free over the life of the pavement

 Good foundation design is essential to achieve ideal pavement

 An ideal pavement is one that can be preserved
 Preservation treatments address functional and material issues

 No structural degradation is prerequisite for preservation

 Pavement foundations have different design requirements
 The key requirement is to remain in good condition throughout the life of 

the roadway

 A separate design procedure is needed for pavement foundation

Roman Road 

100 mm

250 mm

400 mm

125 mm

Lime-grouted polygonal slabs

Fine concrete
(sand and lime)

Coarse concrete
(gravel & lime)

Rubble stones

Image Source: FHWA

Tom Yu

tom.yu@dot.gov

202-366-1198
36

Pavement foundation design 101
Jeff Roesler, University of Illinois

31 32

33 34

35 36
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Concrete Pavement Foundation Basics

Jeffery Roesler, Ph.D., P.E.
University of Illinois

Department of Civil and Environmental Engineering

13th ICCP Workshop: Engineering the Pavement Foundation Layers 

August 27, 2024
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How are concrete pavement 
foundations generally 
characterized?

Concrete Pavement Foundations

 Idealized dense liquid (spring) foundation

 Modulus of Subgrade Reaction or k-value 
(psi/in or MPa/m)
 Uniform, stable, non-erodible, and full contact w/ 

slab

k

Concrete Pavement Foundations (2)

 Base/subbase layers
 Layer thickness (hi) and stiffness (Ei)

 Interface (bond, no bond, friction)

 kcomp = composite stiffness of support layers

 Other - CBR (DCP), Esoil, MR

SLAB
Base

Subbase

Soil

SLAB

kcomp

Should foundation inputs 
affect the structural design of  
concrete pavement?

37 38

39 40

41 42
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Effect of Foundation on Westergaard Solution 
Slab Edge Stress

Single Wheel Load = 10,000 lbs.

Tire Pressure = 100 psi

Subgrade k-values = 50,100,500 psi/in

Concrete Modulus = 4,000 ksi

Poisson’s Ratio = 0.15

Slab Thickness (h) = 8 in.

e

k

Stress -  8% (k=50 to 100 psi/in); 26% (k=50 to 500 psi/in)

DeflectionStressEdge Load

0.0412 in.450 psik = 50 psi/in

0.0285 in.415 psik = 100 psi/in

0.0118 in.333 psik = 500 psi/in

(h=7.6”)

(h=6.6”)

(h=8.0”)

What are foundation inputs 
for concrete pavement 
design?

Foundation Inputs for Design

 Soil k-value (ks) or Kcomp

 Base/subbase layers
 Layer thickness (hi) and stiffness (Ei)

 Interface conditions (bond, no bond, friction)

 Erosion factor
 AASHTO 1993 – Loss of Support

 PCA/ACPA – Erosion damage

 AASHTO Pavement ME – erodibility for CRCP, slab-base friction-
JPCP

How do we determine k-
value of foundation?

Determination of K-value

 Direct – Plate Load Test
 See NCHRP 1-30

Alliance Geotechnical

PCA (1984)

PCA (1984)

Determination of K-value

 Indirect – correlations
 CBR (DCP), Soil type, or E-value

PCA (1984)

43 44

45 46

47 48

































9/30/2024

24

139 140

141

Design Life, Years [Calculated design life – target design life, 40 years]

142

The effective modulus of subgrade reaction is a direct input in the 
AASHTO design procedures for rigid pavements.

The subgrade, base, and subbase resilient moduli values are the 
direct inputs in the NCHRP 1-37A design methodology. These 
values are adjusted internally within the NCHRP 1-37A Design 
Guide software for environmental effects and then converted into 
an average monthly effective k-value for structural response 
calculation and damage analysis.

Correct the effective modulus of subgrade reaction keff for loss of 
support due to subbase erosion. This corrected keff is the value 
to be used for design.

“Typically, large changes in keff have only a modest impact on 
PCC slab thickness.”

143

Conversion from 
Modulus to k-
value (/56)

Typical ranges of loss of support LS factors for 
various types of materials (AASHTO, 1993).

K-valuesLoss of Support 
(LS)

Type of Material

17,852 to 35,7140.0 to 1.0Cement treated granular base
(E = 1,000,000 to 2,000,000 

psi)
8929 to 17,8520.0 to 1.0Cement aggregate mixtures

(E = 500,000 to 1,000,000 psi)

6250 to 17,8570.0 to 1.0Asphalt treated base
(E = 350,000 to 1,000,000 psi)

714 to 53570.0 to 1.0Bituminous stabilized mixtures
(E = 40,000 to 300,000 psi)

357 to 12501.0 to 3.0Lime stabilized
(E = 20,000 to 70,000)

268 to 8041.0 to 3.0Unbound granular materials
(E = 15,000 to 45,000 psi)

54 to 7142.0 to 3.0Fine grained or natural 
subgrade materials

(E = 3,000 to 40,000 psi)

Suggested ranges for modulus of subgrade 
reaction for design (AASHTO, 1993).

Range for keff (pci)Roadbed Soil Quality

> 550Very Good

400 - 500Good

250 - 350Fair

150 - 250Poor

< 150Very Poor

Chapter 5 (continued) - NHI-05-037 - Geotech - Bridges & 
Structures - Federal Highway Administration (dot.gov)

144

LOS = 1

LOS = 2

LOS = 0

LOS = 3

LOS = 0

0

1

2

3

139 140

141 142

143 144
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145

Correction of effective modulus 
of subgrade reaction for 
potential loss of subbase 
support (AASHTO, 1993)

146

Potential 
For Early 
Age 
Distress 
(< 10 yrs)

Design 
Life (yrs)

AASHTO 
(1993) 
Foundation 
Quality

DESIGN
keff (pci)LOS

QA
k-value

NO53.4Very Good5810581

NO42.4Poor2051580

NO40.0Poor1501421

NO40.0Poor150NA150

SOME34.4Very Poor561150

YES30.0Very Poor182108

YES27.5Very Poor7358

D =11.5 inch

147

Suggested ranges for modulus of subgrade 
reaction for design.

Range for keff (pci)Roadbed Soil Quality

> 550Very Good

400 - 500Good

250 - 350Fair

150 - 250Poor

< 150Very Poor

D
e

si
g

n
 L

ife
 [y

e
a

rs
]

Pavement Layer Thickness [inches]
8 9 10 11 12 13 14

0
2

0
4

0
6

0
8

0
1

0
0

https://www.fhwa.dot.gov/engineering/geotech/pubs/05037/05c.cfm

Increase foundation 
quality to extend 
pavement life.

Increase thickness 
and pavement cost to 
compensate for poor 
foundation?

Engineered Foundation

Poor Foundation

148 ingios.com©2022 Ingios Geotechnics, Inc.

149

See you Thursday at MnROAD!

150

Thank you!
Contact Info:
www.ingios.com
1-877-325-6278

David J. White, Ph.D., P.E.
515-509-7587 (mobile)
david.white@ingios.com

145 146

147 148

149 150
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Advancing national practice
Tom Yu, FHWA

TPF Proposal

Engineering the Foundation Layers for 
Long-Life, Low-Carbon Pavement Systems

Objective

 Demonstrate intelligent construction technologies (ICT) for 
ensuring quality of pavement-foundation construction
 100% modulus verification with roller mapping
 Automated plate-load testing

 Develop guidelines for pavement foundation design to 
ensure good, long-term performance
 Design guidelines for long-life pavement foundation
 Consideration of resilience

Proposed Project Activities

 Technology demonstrations and implementation support
 Demo projects for 100% mapping using ICT and validation testing using 

automated plate-load testing
 Technical support for pilot projects
 Establish process for QA, including draft specification

 Guidelines for pavement-foundation design
 Establish best-practice to ensure good, long-term performance
No deterioration over time – prevent pumping, loss of support, 

contamination, de-compaction
Use of geotextiles and soil stabilization  

 Address resilience

Proposed TPF

 5-year program
 Up to 3, SHA pilot projects per year
 Seeking 10 SHA commitments

 Funding
 $30,000/yr for SHA
 FHWA

Contact

Chris Brakke, P.E.
Pavement Team Lead

Construction & Materials Bureau

Iowa Department of Transportation

Chris.brakke@iowadot.us

151 152

153 154

155 156
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158

Wrap-Up and Recap

159

Pooled Fund Planning Meeting…

• Pooled fund is still in process

• Web-meeting planned

• Interested….?  

160

o Demo of equipment at MnROAD during filed visit on Thursday

o Please visit Ingios in the exhibit hall (booth #112) for more details. 

Don’t Forget….

161

157 158

159 160

161
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