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Outline
SPS-2 Studies on SHRP Test Road

• Project Instrumentation

• Controlled Load Vehicle Tests

• Monitoring and Performance

• TPI Pooled Fund Study

• Base Type Selection
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Project 
Instrumentation
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SHRP Test Road Overview
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Test Pavement Instrumentation
ODOT Projects to develop and install instrumentation

• Development of an Instrumentation Plan for the Ohio SPS Test 
Pavement. FHWA/OH-94/019 July, 1994

– Type of sensors

– Installation methodology

– Calibration procedures

– Wiring schematics

• Coordination of Load Response Instrumentation of SHRP 
Pavement. FHWA/OH-00/009. May, 1999

– Coordination of instrumentation installation by six 
universities (OU, OSU, UT, UC, CWRU, and UA)

– Controlled load vehicle tests
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Environmental Instrumentation 

• 20 Sections

– Monitor soil moisture

– Monitor soil and pavement temperature

– Monitor frost depth

– Monitor ambient weather with Weather Station  



RUSS COLLEGE OF  ENGINEERING AND TECHNOLOGY
Ohio Research Institute for Transportation and the Environment

Typical Environmental 

Instrumentation for Ohio 

Test Road
• Campbell Scientific FHWA TDR Probes

– Used to collect soil moisture 
content

• MRC Thermistor Probes

– Use to measure pavement, base 
and subgrade temperature

• CRREL Resistivity Probe

– Used to measure frost depth in 
base and subgrade 
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Environmental Instrumentation Installation
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Environmental Instrumentation Installation
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Time Domain Reflectometry (TDR) Probe
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MRC Thermistor Probe
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Section 208 

LCB 

0.0

5.0

10.0

15.0

20.0

25.0

A
ug

-9
6

S
ep

-9
6

O
ct

-9
6

N
ov

-9
6

D
ec

-9
6

Ja
n-

97

F
eb

-9
7

M
ar

-9
7

A
pr

-9
7

M
ay

-9
7

Ju
n9

7

Ju
l-9

7

A
ug

-9
7

S
ep

-9
7

O
ct

-9
7

N
ov

-9
7

D
ec

-9
7

Ja
n-

98

F
eb

-9
8

M
ar

-9
8

A
pr

-9
8

M
ay

-9
8

Ju
n-

98

Ju
l9

8

A
ug

98

S
ep

98

O
ct

-9
8

N
ov

98

D
ec

-9
8

Ja
n9

9

Time (Months)

G
ra

vi
m

et
ri

c 
M

C
 (

%
)

TDR Probe 1

TDR Probe 2

TDR Probe 3

Typical TDR Data



RUSS COLLEGE OF  ENGINEERING AND TECHNOLOGY
Ohio Research Institute for Transportation and the Environment

Section 204

DGAB
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Section 212

PATB
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Pavement Response Sensors

• Dynatest Past II PCC / AC Strain Gauges

• Geokon 3500 Pressure Cells

• Lucas Schaevitz LVDTs

• VCE4200 Geokon vibrating wire strain gauges

• KM100B Tokyo Sokki Strain gauges

• Carlson A-8 Strain meter
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Pavement Response Instrumentation
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Pavement Response Sensor Installation
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Pavement Response Sensor Installation
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Dynatest Past II PCC
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KM100B
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Carlson A8 Strain Meter
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Geokon VCE 4200 Vibrating Wire Strain 
Gauges
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LVDTs used in PCC and AC sections
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Soil Pressure Cells
Geokon Model 3500
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Controlled Load 
Vehicle Tests
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Controlled Load Vehicle Test Series Design

• Select the Sections to be tested

• Select trucks to be used in the tests 

• Establish test matrix

• Check strain gauges

• Install and balance LVDTs
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Setup

• Adjust air pressure in truck tires  

• Load trucks to achieve desired axle weight

• Weigh trucks 
– Individual tires or set of duals 

• Measure all tires for print width and geometric 
positioning on pavement

• Connect data acquisition systems to sensors
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Data Acquisition System
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Test Procedure

• Spread a thin layer of fine, damp sand in wheel 
path to measure lateral offset of truck

• Trigger data acquisition system as truck 
approaches

• Collect 500 samples per second minimum from 
each sensor

• Measure lateral offset distance in spread sand 
patch
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Tire Marks on Sand Patches
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Test Vehicles

ODOT Tandem 

Axle Dump Truck

Canadian National Research 

Council Test Truck
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Controlled Load Vehicle Test Parameters
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Summary of Concrete Sections in Controlled 
Load Vehicle Test

I II III IV V VI VII VIII IX

Date
12/95, 

3/96
8/96 6/97 7/97 10/98 9-10/99 Oct-99 4-5/01 10/03

Section

201 X X X X X X

202 X X X X

203 X X

204 X X X X X

205 X X X X X X

206 X X X

207 X X

208 X X X X X

209 X X X

210 X X X X X

211 X X

212 X X X X X X

261 X X X

262 X X X X

263 X X X

264 X X X

809 X

SPS-2

Controlled Vehicle Test Series

SPS-8
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Dynamic Load Response

• Approximately 11,000 axle passes during 
controlled truck runs

• Over 931,000 sensor readings

• Over 1200 sensors monitored

• Nine test series since 1995
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Analysis of  Results (example)

Section 390201

• Undrained Section

• 200 mm (8 in) of PCC

• 150 mm (6 in) of ODOT Item 304 Dense 
Graded Aggregate Base (DGAB)

• 3.66 m (12 ft) wide

• 4.57 m (15 ft) joint spacing
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Locations of Relevant Sensors
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Tire Loads for Example
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Example Parameters

• Date: July 30, 1997

• Speed: 21.8 m/s ( 50 mph)

• Total load: 23,000 kg (50,700 lbs)

• Load distribution area: 230 mm (9 in) 
square

• ODOT tandem axle truck 
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Finite Element Model (FEM) Parameters

• FEM mesh modeled right half of the lane

• Enforced symmetry along longitudinal 
center line

• No shoulder was modeled. 

–Untied AC shoulder at the site

• Steel dowels at 305 mm  (12 in) intervals

–Dowel length: 460 mm (18 in) 

–Dowel diameter: 38 mm (1.5 in)
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Finite Element Model (FEM) Mesh 
Parameters

• Mesh extended 2.44 m (8 ft) to the right 
and 2.44 m (8 ft) below the surface

• Mesh representing jointed pavement 
extended 6.86 m (22.5 ft) before and 
after instrumented slab

• Displacement was not permitted at 
bottom and right boundaries
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Pavement Parameters
Modulus of Elasticity Used

• Subgrade: 62 MPa (9000 psi)

• Base: 172 MPa (25,000 psi)

• PCC: 34,000 MPa (4,930,000 psi)
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Displacement at Location A
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Displacement at Location B
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Strains at Location C
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Strains at Location D
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Strains at Location E
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Strains at Location F
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Strains at Location G
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Strains at Location H
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Pressure at Location I
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Monitoring and 
Performance
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Monitoring and Performance Analysis 
Research Projects

• Continued Monitoring of Instrumented 
Pavements in Ohio 

– Report FHWA/OH-2002/035, December 2002

• Evaluation of Pavement Performance on DEL-23

– Report  FHWA/OH-2007/05, March 2007

– Collected data from 2000 – 2005

– Petrographic analysis of three mixes and lean 
concrete base

• Sections 205, 206, 809, and 810
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LCB Petrographic Analysis
Approximately half the total air void 
content in cores LCB-1, LCB-2, and LCB-3 
(Section 205) is entrapped air. 70% of the 
total air void content in LCB-4 (Section 
205) represents entrapped air
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Analysis of Cores from DEL23
• 550 PSI Mix: 

Sections 809 & 810

• ODOT Mix: Section 
206

• 900 PSI Mix: 
Section 205
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Sections 809 and 810: 550 PSI Mix
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Class C Mix, Core PCC-4
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900 PSI Mix

• Energy dispersive X-Ray 
Spectrum from PCC 1, 2, 3 
showed evidence of very 
mild ASR activity (rims on 
chert) (Ca, K, and Na in 
figure)
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Replaced Sections
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Tech Note No. 3

• Subgrade moisture was higher at 
the southern end of the project.
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• Average subgrade moduli in the 
36 mainline test sections, as 
determined by the FWD and 
Boussinesq equation varied 
from 4.97 to 29.77 ksi with an 
average of 15.18 ksi.

• The standard deviation was 8.24 
ksi and the coefficient of 
variation was 54%

• This six fold difference in 
average modulus can have a 
dramatic effect on performance, 
especially those designed for 
limited service.

Tech Note No.3
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• Estimates of 
construction costs 
and predicted service 
life show Section 259 
to be the most cost 
effective PCC section.

Evaluation of Pavement Performance

• PCC sections containing high strength concrete had skid numbers in the low 
thirties, while sections with standard concrete had skid numbers in the low forties. 
This ten point difference can be an important safety consideration
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• Fracture planes in the PCC cores were oriented 
perpendicular to the plane of the wearing surface. 
There was actually more than one crack involved, and 
these cracks exhibited a significant amount of 
branching. The cracks passed through, rather than 
around, coarse aggregate particles. The nature of this 
cracking indicated that it was a fatigue failure which 
occurred as a result of repeated stress applications 
over a period of time. These cracks were initiated at 
the slab surface and propagated down into the slab

Evaluation of Pavement Performance



RUSS COLLEGE OF  ENGINEERING AND TECHNOLOGY
Ohio Research Institute for Transportation and the Environment

• Top-down slab cracking requires 
either a failure of the base material, 
and/or curling of the PCC slab. 
Observations made in the laboratory, 
as well as data generated at the 
project site, suggested that slab 
curling caused by differential 
temperatures and/or moisture 
through the slab was the most likely 
cause of the cracking

• The 8 inch and 11 inch thick PCC 
slabs on lean concrete base (LCB) 
were the first to exhibit longitudinal 
cracking.

Evaluation of Pavement Performance
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TPI Pooled 
Fund Study
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TPI Pooled Fund Study

• Truck/Pavement/Economic Modeling and 
In-Situ Field Data Analysis Applications

– Report FHWA/OH-2006/3A, March 2007

– Volume 1: Influence of Drainage on the 
Selection of Base
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• GB variation 2 to 4 % (Ohio data)

• GB variation 1% (NC data)

• PATB and LCB 2 to 4% (all data)

• LCB magnitude of variation is site 
dependent (2% to 9%) 

TPI Pooled Fund Study:  
Subgrade Moisture
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• GB, ATB, PATB same (Ohio & NC data)

• LCB is highly variable (Ohio & NC data)

• Unable to establish effect of base from LTPP 
database (DataPave)

• LTPP data (Ohio & NC) did not support the 
hypothesis that base type affects subgrade 
moisture contents 

TPI Pooled Fund Study:
Subgrade Moisture Conclusions
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Subgrade Moisture – Tech Note No. 9
• Pavement type does not 

appear to have an 
appreciable effect on the 
volumetric moisture content 
(VMC) of the subgrade

• VMC data shows, in most 
cases, a slight reduction in 
moisture close to the 
subgrade surface when 
longitudinal drains are 
present
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• VMC data show, in most cases, a slight 
reduction in moisture close to the subgrade 
surface when longitudinal drains are present

Subgrade Moisture – Tech Note No. 9
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• Sections with 
DGAB tended to 
have a higher 
VMC through the 
subgrade when 
other factors 
were removed 
from the 
comparison

Subgrade Moisture – Tech Note No. 9
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• Subgrade moisture experiences annual cycles 

– Maximum values in July-August 

– Minimum values occurring in January-February

Subgrade Moisture – Tech Note No. 9
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Gravel Base Deflection
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Gravel Base Deflection
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Gravel Base Deflection Reduction
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LCB Deflection
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LCB Deflection Reduction
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PATB Deflection (100mm)
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PATB Deflection Reduction
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ATB Deflection
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ATB Deflection Reduction

0 

0.5 

1 

1.5 

2 

2.5 

D
e

fl
e

c
ti

o
n

 R
e

d
u

c
ti

o
n

 (
m

m
)

0 0.5 1 1.5 2 2.5 

Base Deflection (mm)

100/GB

200/GB

300/GB

300/S

200/S



RUSS COLLEGE OF  ENGINEERING AND TECHNOLOGY
Ohio Research Institute for Transportation and the Environment

Findings from Base Deflection  

• GB: > 200mm (stiffness, uniformity)

• ATB: > 150mm (uniformity)

• 150mm LCB = 200mm ATB

• 150mm PATB = 200mm GB
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Curling Effect Analysis
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Curling Effect Analysis
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Curling Effect Analysis
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Curling Effect Analysis
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Findings from Curling Effect Analysis

• LCB has greatest variation (fatigue life)

• ATB has least variation

• GB and PATB are in between
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Base Type 
Selection
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Instrumented Test Pavements in Ohio

• Ohio SHRP Test Road US23 in Delaware

• SR 2 Vermillion 

– Instrumentation of a Rigid Pavement System

• US33 Bellefontaine 

– A Demonstration Project on Instrumentation of a 
Flexible Pavement

• US35 Rio Grande 

– Pavement Joint Performance
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Rigid Pavement

• Uniform support to the slab at all times and all 
locations (base stiffness)

• Non-erosive (pumping)

• Construction platform (support paver)
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Rigid Pavement
• ATB is the best base
• LCB is sensitive to curling effect, poor performance
• GB performed fairly (lower volume facilities)
• PATB performed better than GB and LCB
• ATB is denser and more stable than PATB
• ORITE Tech Note No. 4 
• ASCE Journal of Transportation Engineering 

– Vol 132, No. 10 p. 753, Oct. 2006
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Questions?

91



https://www.ohio.edu/engineering/orite/research/projects/test-roads/us-23.cfm

https://www.ohio.edu/engineering/orite/research/projects/test-roads/us-23.cfm

