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I-65: When should we open to traffic? 

Curing time & 

Operational schedule 



Å Construction delay causing traffic jam
Å Open too early cause pre-mature 

failure and frequent patching 

Determining In-situ Concrete Strength Technology is Lacking 

Infrastructure scheduling Ÿ Construction and Maintenance 

The Problem 



Conventional Strength Testing 

Current Methods  

ÅCompression/ cylinder break

ÅFlexural/ beam break 

Disadvantages

ÅUp to 50% error 

ÅTime consuming

ÅRequires skilled labor 

ÅThe actual in-place concrete is not being tested



Maturity Testing 

(ASTM C-1074, IMT 402-15T)

Requires maturity curve, mix-dependent, 7-14 days, > $3000

http://wikipave.org/index.php?title=Maturity_Testing



INDOT Experience with Maturity
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Time , hours after placment

Contract R-35341

Trial Batch

OTT Beam 8/20/14

Patch 8/20/14

TTF 319°F-Hrs

OTT- 243 psi

y = 920.4x - 2061

TTF 359 °F- Hrs

Patch - 291 psi

TTF 274°F-Hrs

Trial - 183 psi



Our Solution ïDirect Mechanical Measurements 

Using Piezoelectric Sensor  



Piezo-sensor for Concrete Strength Monitoring 

Aged Aged

Å Cement is hydrating

Å Water evaporated

Å Stiffness ŷ

Å Grain size  ŷ

Å Water evaporated

Å Stiffness ŷ ŷ

water Cementitious 

materials

Agg.

Using piezoelectric sensor to understand the concrete stiffness and 
strength through electromechanical coupling effect. 



Wave field behavior vs. wave frequency emitted by the sensor

Dynamic modulus= 20 GPa

dB

Piezoelectric Resonance Sensor

Sensor 



Resonant peak of sensor vs. strength of concrete

Piezoelectric Resonance Sensor

Z. Kong, and N. Lu, Journal of Aerospace Engineering 33, no. 6 (November 2020): 

04020079. https://doi.org/10.1061/(ASCE)AS.1943-5525.0001196.

120psi

500psi

1100psi 
2000 psi

https://doi.org/10.1061/(ASCE)AS.1943-5525.0001196


Z. Kong et. al Journal of Aerospace Engineering, 33, 04020079, 2020

Mathematical Principle of Sensing Methods

A mathematical computation of mechanical properties of concrete using 

piezoelectric sensors and vibration resonance 
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Sensed strength     8847 psi Tested strength      8784 psi 

ÅSensing and compressive testing conducted on the exactly same cylinder

ÅModulus and Strength results are identical  

Compression Testing Comparison 

No calibration is needed, direct measurement

Z. Kong et. al Journal of Aerospace Engineering, 33, 04020079, 2020



Overall, the sensed strength value has accuracy > 95% compared to traditional 

mechanical compression test.

Specimen 

Name

Strength by 

Compression (MPa)

Sensed 

strength 

(MPa)

Error (relative to 

compression test)

GH-1 69.03 65.45 -5.2%

GH-2 71.87 71.68 -0.3%

GH-3 81.87 79.82 -2.5%

GH-4 78.57 76.07 -3.2%

Compression Testing Comparison 

Z. Kong et. al Journal of Aerospace Engineering, 33, 04020079, 2020



Sensor Performance with Various SCMs

ÅBuild the data base for various SCMs

ÅEMI, Compressive test

ÅVery early age (4-8 hrs), early age (1,3,7days)

Cement Type

Type I, 

W/C=0.42

SCMs

Fly ash 15%

Testing Age

Very early 

age

(4 ï 8 hrs)

Early age

(1,3,7 days)

Slag 15%

Silica Fume 

15%



Slag 15% Silica Fume 15% Fly Ash 15%
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R2 value are above 0.96 , high accuracy 

Sensor Performance with Various SCMs



INDOT PCCP with different mixes 

Cementitious Aggregates

Cement (Type) - SCMs Fly Ash Slag W/C ratio FA CA CA/FA ratio SCMs Replaced %

515 (I) 0.42 1459 1773 1.22 0.0%

515 (III) 0.42 1459 1773 1.22 0.0%

564 (I) 0.42 1344 1800 1.34 0.0%

564 (III) 0.42 1344 1800 1.34 0.0%

564 (I)+10%CA 0.42 1344 1980 1.47 0.0%

564 (I)-10%CA 0.42 1344 1620 1.21 0.0%

440 (I) ïFA 70 0.42 1455 1769 1.22 14%

350 (I) ïSLAG 200 0.42 1310 1840 1.40 36%

480 (I) ïFA 120 0.42 1277 1687 1.32 20%

480 (I) - SLAG 120 0.42 1277 1687 1.32 20%

Mixes Design (lbs/cyds)



Testing Result for 10 Different PCCP Mixes 

Mixes EMI- R2

515 (I) 0.99

515 (III) 0.98

564 (I) 0.99

564 (III) 0.94

564 (I)+10%CA 0.97

564 (I)-10%CA 0.95

440 (I) ïFA 0.96

350 (I) ïSLAG 0.97

480 (I) ïFA 0.94

480 (I) - SLAG 0.94
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ÅSensing and cylinder testing are highly correlated 



Full Depth Paving  ïFort Wayne 

Bass Rd, Fort Wayne, IN

I-69

Contractor: Primco Construction, Sept-02-2021 

Slab Thickness: 12ò

Mix:  w/c= 0.42, 6 oz E5 nano-silica incorporation 

Sensor



Testing Setup



Testing Results

Sensor#1

Sensor#2

ÅStrength information can be obtained 

after 2 hrs concrete are poured, 

strength was around 300psi 

ÅDifferent sensorsô reading are very 

consistent 

Å Over 8hrs, sensors show higher 

strength value than the data obtained 

from the cylinder testing 



I-469 Bridge Deck Full Depth Paving 



I-469 Bridge Deck Full Depth Paving 

ÅContinuous monitoring of 
strength has been achieved

ÅSensor readings are very 
consistent 



Indianapolis International Airport Project 

Concrete Contractor: Milestone Construction; Sept-10-2021 

Slab Thickness: 18ò

Mix design: w/c= 0.43 with 40% slag for ASR 

Small Patch

Sensor#3

Sensor#4

Sensor#5

Large Patch

Sensor#1

Sensor#2



Sensor Installation



Testing Data

Å Continuous monitoring of strength has 

been achieved

Å Sensor reading is very consistent 

Å Cylinder reading is discrete 

Å Sensor reading is higher than cylinder 

results as expected 



FHWA Pooled Fund Study ï 1499 

States Project name @Location

IN SP-8 bridge deck @Garrett

Indy I-69 @Indianapolis

TN I40 bridge parapet @Jackson

I40 paving @Jackson

MO I44 paving @Rolla

KS I70 bridge patching @Topeka

KS96 paving @Leoti

CO I25 paving @Colorado Springs

DFW paving @Denver

TX TX FM1585 paving @Lubbock

I30 bridge deck @Arlington

ND I94 paving @Fargo

I94 paving @Beach

CA Hwy50 paving @Sacramento

Å The field trial covers 8 states and 14 projects.

Å UT and LA are joining the field testing.



Garrett, IN Tennessee Missouri

Indy Kansas Colorado

Nationwide Field Testing



Date 2023-7-25

Location Indianapolis, IN

Pavement Thickness 11ôô

Rebar #6 (0.75ôô)

Ingredients Amount (/yd3)

Fine Agg. 1268 lbs

Coarse Agg. 1830 lbs

Cement 425 lbs

Slag 145 lbs

Water 233.7 lbs

W-C-Ratio 0.410

I-465
project

Indianapolis, IN

I-69

Indy Airport

Indiana I-69 Paving



Cylinders (4ò by 8ò)Three sensors in a beam

6ò by 6ò by 12ò  

Materials and Samples



Indiana I-69 Paving

paving depth = 11ò 

#6 rebar

dataloggers



Sensing Results vs Cylinder Results 

Indiana I-69 Paving

cylinder

cylinder
cylinder

pavement

core



Missouri I-44 Paving

Rolla, MO

Date 2023-7-17

Location Rolla, MO 

Pavement Thickness 11ôô

Mixture Amount (/yd3)

Fine Agg. 1220 lbs

Coarse Agg. 1890 lbs

Cement 480 lbs

Fly Ash 85 lbs

Water 242 lbs

W-C-Ratio 0.430

I-44project



sensors(3) dataloggers(3)

paving depth = 11ò 

MoDOT I-44 Paving Paving Project



Beam cured in the field

Cylinders (4ò by 8ò)

Mixture Amount (/yd3)

Fine Agg. 1220 lbs

Coarse Agg. 1890 lbs

Cement 480 lbs

Fly Ash 85 lbs

Water 242 lbs

W-C-Ratio 0.430

Materials and Samples



Å Cylinder break results are very close to REBEL sensing results.

Å The sensing strength of pavement is slightly higher than that of beam strength, which is 

reasonable since the temperature in the bulk pavement is higher than that in the beam.

Å Due to the heavy rain after the paving work, all DLs were immersed in water

Results of Missouri I-44 Paving Project



Date 2023-8-3

Location Leoti, KS

Coordinate 38°28'53.3"N 101°21'44.8"W

Pavement 

Thickness

6ôô

Rebar N/A

Kansas KS-96 Paving

Ingredients Amount (/yd3)

Fine Agg. 1464 lbs

Coarse Agg. 1586 lbs

Cement Type1L 564 lbs

Water 237 lbs

W-C-Ratio 0.42

project

KS-96



PavingSensors People

Kansas KS-96 Paving Project



ÅThe in-place patch sensing result is higher than that of cylinders, which is 

expected.

ÅThe beam sensing results are close to that of cylinders, which is expected.

Kansas KS-96 Paving


