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Project Overview

• FHWA Contract No. HIF190100PR
• Title: Feasibility of Utilizing Intelligent Compaction Equipment to 

Ensure Uniformity and Quality of Pavement Foundation
• Project Period: Oct. 2019 to June. 2024
• FHWA COTR: Dr. Tom Yu
• Objectives

Develop a procedure for ensuring uniformity and 
adequacy of pavement foundation using IC and 
demonstrating feasibility.

https://www.intelligentconstruction.com/projects/fhwa-ic-for-foundation-project/



Disclaimers 

• Contents of this presentation do not have the force and effect of law and are not meant to 
bind the public in any way. 

• This presentation is disseminated under the sponsorship of the U.S. Department of 
Transportation (USDOT) in the interest of information exchange. The U.S. Government 
assumes no liability for the use of the information contained in this document.

• The U.S. Government does not endorse products or manufacturers. Trademarks or 
manufacturers’ names appear in this report only because they are considered essential to the 
objective of the document.
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IC for Foundation



First Generation of CCC
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Source: 40 years of CCC (2018)
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CCC to IC
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Modern OEM Soils IC Systems
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Modern Soils IC Retrofit System

Courtesy Trimble



Modern IC Retrofit System

Source: MOBA



IC Application for Pavement Foundation

TPF IC project at TxDOT



ICMV Mechanism
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Level 1

ICMV Road Map
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Tech Brief -  ICMV Road Map
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5 Levels of ICMV

Level Model Measurement 
Values Correlation1 Decouple2 Layer 

Specific3
Advanced 
IC4

1 Empirical Harmonic ratio O   

2 Energy Energy index ?   

3 Discrete 
vibration 

Stiffness 
Coefficient    O

Steel drum 
movement Resistance force   O O

Continuous 
static Modulus    

4 Hybrid Resistance 
force, Modulus    

5 Continuous 
dynamic

Density, 
Modulus    



Detailed Models of 5-Level ICMVs

https://mdl.mndot.gov/items/NRRA202304



Benefits and Challenges



Optimize Roller Passes
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Identify Weak Areas
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TPF IC project at TxDOT



Identify Poor Aggregate & Gradation

poor-graded

rounded gravel

well-graded

Xu, GH (2017)

Sinecore
Level 3 ICMV - VCV



Differentiate Materials
Flex Base Flex BaseLime Stabilized Base

Flex Base

Lime Stabilized Base

Flex Base

TPF IC project at TxDOT



Challenges on Correlation
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Correlation Cases

Courtesy  Prof. G Xu



Correlation Cases

Courtesy  Prof. G Xu



FHWA IC Field Demo



Field Work Plan

• Test Site Selection
• 3+ Days of field tests

• Day 1 – Roller instrumentation and Mapping test section’s subgrade 
• Day 2 – Mapping test section’s subbase
• Day 3 – Mapping near-by subbase sections



XCMG Single Drum Roller

XCMG XS165 Smooth Drum Roller



MOBA IC Retrofit System

• MOBA MCA-3000 IC Retrofit with MAS (MCI) and SineCore (Er)

Accelerometers

Onboard Display

GPS Receiver

MAS
MCI SineCore

Er



IC Demo # 1 - MnDOT TH 34 Site

MnDOT District 2, Becker Co., SP0303-68, TH34 
Tuesday, Aug. 22 to Thursday, Aug. 24, 2023



IC Demo # 2 - MnDOT TH 15 Site

MnDOT District 8, Meeker Co. and Stearns Co. SP4707-26, TH15
Tuesday, Aug. 29 to Thursday, Aug. 31, 2023



IC Demo # 3 - MoDOT I-44 Site

MoDOT Central District, I-44 (East of Rolla, MO)
Oct.9 to Oct. 10, 2023



Initial Set Up and Trial Runs



Initial Set Up and Trial Runs



IC Mapping – Two Stages 

Constructed 
LayerModulus of top layer
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Gridded section

• 250 ft X 24 ft
• Three test lines
• Grid spacing 25 ft



Soft/Medium/Hard Sections



Test Sections

• Demo No.1
• Gridded Section: Subbase Mapping only (SG not available)
• L/M/H sections mapping

• Demo No.2
• Gridded Section: Subbase mapping only (SG not available)
• L/M/H sections mapping

• Demo No.3
• Gridded Section: Subgrade mapping and Subbase mapping
• No L/M/H sections mapping (near-by mapping not available)



Subgrade Mapping
Test section: 

225 ft X 18 ft 
Three test lines
Spot tests 25 ft apart

225 ft

18 ft

West



IC Mapping on the Subgrade

West



A Weak Subgrade Area



Subbase Testing

250 ft
18 ft

West

Test section: 
250 ft X 18 ft 
Three test lines
Spot tests 25 ft apart



IC Mapping on Subbase

West



LWD and NDG Spot Tests



LWD and GPS Tests



Example Results



Er

SineCore Resistance Modulus (Er) [MPa/m^2]Subbase Mapping Results for the Gridded Section

Demo # 1 – TH 34



MOBA Compaction Index (MCI) [unitless]Subbase Mapping Results for the Gridded Section

Demo # 1 – TH 34



Er

SineCore Resistance Modulus (Er) [MPa/m^2]Subgrade Mapping

West
Demo # 3 – I-44



Er

SineCore Resistance Modulus (Er) [MPa/m^2]Subbase Mapping

West

Demo # 3 – I-44



West

Subgrade Mapping ICMV Results (Er)

Er (MPa/m^2)

Demo # 3 – I-44
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Demo # 3 – I-44



West

Subbase Mapping ICMV Results (Er)

Er (MPa/m^2)

Demo # 3 – I-44
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Demo # 3 – I-44



Demo no. 1 - Example Correlation 
(gridded Section)

MCI vs. LWD Relatively Uniform Support
Wide Range of Stiffnesses



Demo no. 1 - Example Correlation 
(gridded Section)

Er vs. LWD Relatively Uniform Support
Wide Range of Stiffnesses



Demo no. 2 - Example Correlation 
(gridded Section – Day 1)

MCI vs. LWD SB Extremely Stiff



Demo no. 3 - Example Correlation 
(gridded section - SG)

MCI vs. LWD ICMV bottoms at soft areas



Demo no. 3 - Example Correlation 
(gridded section - SB)

MCI vs. LWD 18” of Rock Base
LWD Measures 12”



Comparison of Test Efficiency

Gridded Test Sections

IC Mapping 
10 Min.

100% Coverage

NDG
6 Hours

Spot Tests

LWD
2 Hours

Spot Tests



Summary of Findings



(Draft) Summary of Findings
• IC mapping in gridded sections is efficient (20X and 50X faster than 

LWD and NDG) and has 100% full coverage.
• Subgrade mapping is not always available due to the construction pace.
• If subgrade mapping is available, it’d help to interpret subbase mapping 

and correlation results.
• Correlation results are affected by different footprints and influence the 

depths of testing and field uniformity.
• Even relative ICMVs from mapping (proofing) the entire constructed 

surface are great values to identify quality issues and potential weak 
spots.

• IC procedures need to be SIMPLIFIED for the industry to adopt.
• Higher Levels of ICMVs would help.
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