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DEMONSTRATION OF TECHNOLOGIES FOR CONCRETE PAVEMENT QUALITY 
MONITORING 

A field demonstration to showcase the available technologies that can be used to improve quality 
monitoring of concrete pavements as they are constructed was held as part of the Spring 2013 
National Concrete Consortium (NC2) meeting in Philadelphia on April 3, 2013. 

BACKGROUND 

State DOT representatives and others had expressed interest in the tools and devices that can be 
used to monitor the concrete at a construction site. A field trip to the Pennsylvania DOT was 
used as an opportunity to demonstrate these technologies.  Peter Taylor from the CP Tech Center 
and Jim Grove from FHWA organized the event.   

Many of the systems were available in the FHWA Mobile Concrete Laboratory (MCL) while 
developers / suppliers of other devices agreed to make their systems available.  

TECHNOLOGIES DEMONSTRATED 

The technologies selected were those known to the group to be practical, useful and with some 
degree of maturity, meaning they were ready to be implemented in the field, if not already 
commercially available.  It should be noted that many of them are likely more useful for Quality 
Control (QC) applications rather than acceptance.  The devices demonstrated included (in 
alphabetical order): 
 
 Air void analyzer (AVA) .................................................Air void system 

 Coefficient of Thermal Expansion (CTE) ........................Design input for Darwin ME 

 Corrosion Sensors ............................................................Chloride penetration 

 Field Calorimeter .............................................................Monitor Hydration 

 Ground Penetrating Radar (GPR) ....................................Detect flaws in the slab 

 HIPERPAV III .................................................................Cracking risk assessment 

 Impulse response ..............................................................Detect flaws in the slab 

 MIRA Ultrasonic Pulse Echo...........................................Detect objects or flaws in the slab 

 MIT Scan 2 ......................................................................Dowel location 

 MIT Scan T2 ....................................................................Slab thickness 

 P-wave..............................................................................Setting time 

 Super air meter (SAM).....................................................Air void system 

 Surface Resistivity ...........................................................Assess potential durability 

 Tensile Bond ....................................................................For bonded overlays 

A handout was prepared for each device that described its application (Appendix A). 
 



A-1 

Devices were set up in three locations: 
 At the mobile lab 

 On a new section of pavement on Route 202 

 At PA DOT District 6 Facility 

At each station a person was available to demonstrate the device, explain its use and answer 
questions.  Attendees were able to observe many of them in operation and to see the output data 
(Figures 1 through 12).   
 
Approximately 75 attendees were transported in two buses, either to the mobile laboratory / 
pavement or to the DOT offices where they were encouraged to walk around and observe the 
demonstrations.  After about 2 hours the groups were switched to the other location, and the 
process repeated.  
 

Figure 1 - Air void analyzer (AVA) 
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Figure 2 - Corrosion Sensors 

Figure 3 - Field Calorimeter 



A-3 

Figure 4 - Ground Penetrating Radar (GPR) 

Figure 5 - HIPERPAV III 
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Figure 6 - Impulse response 

Figure 7 - MIRA Ultrasonic Pulse Echo 
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Figure 8 - MIT Scan 2 

Figure 9 - MIT Scan T2 
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Figure 10 - P-wave 

Figure 11 - Super air meter (SAM) 
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Figure 12 - Surface Resistivity 

Figure 13 - Tensile Bond 
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THANKS 

A large number of people and organizations were involved in planning and executing the 
demonstration: 

Planning 

Jim Grove (FHWA), George Dunheimer (PA DOT), Jagan Guditemettla (FHWA), Denise 
Wagner, (CP Tech Center). 

Providing Equipment 

Mariana Lara (Germann), Tyler Ley (Oklahoma State University), Malcom Lim (Proceq), Paul 
Sandburg (Calmetrix), Rob Summerfeldt (GSSI), Suneel Vanikar (FHWA) 

Demonstrating Equipment 

Jon Anderson (FHWA), Gary Crawford (FHWA), Gary Fick (Trinity Construction 
Management), Darrin Hodges (SD DOT), Craig Landefeld (OH DOT), Kevin Merryman (IA 
DOT), Tyson Rupnow (LA DOT), Tom Yu (FHWA), Ezgi Yurdakul (CP Tech Center), Jiake 
Zhang (CP Tech Center) 

Hospitality and On-Site Transportation 

PA DOT District 6 Staff, Northeast Chapter American Concrete Pavement Association 

CLOSING 

General feedback from attendees was that it was an afternoon well spent learning new 
technologies.  Several people stated that they would be following up to implement at least one of 
them at their construction sites. 
 
Concrete is a complex material, and it is one of the few structural systems that is strongly 
influenced by site activities.  At present, relatively little is done to monitor the quality and 
variability of the mixture as it is delivered, nor in its final state.  Implementation of technologies 
such as those demonstrated here will go a long way to improving uniformity and potential 
durability of concrete pavements at the time of construction, thus likely increasing longevity of 
the system. 
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APPENDIX A 

TECHNICAL DATA SHEETS  
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SURFACE RESISTIVITY TEST 
(AASHTO TP 95) 

 
The Surface Resistivity Test can be used to evaluate the electrical resistivity of water-saturated 
concrete to provide a rapid indication of the concrete’s resistance to chloride ion penetration. 
Based on several published research studies, measurements from this test have shown excellent 
correlations with other electrical indication tests, such as the Rapid Chloride Permeability Test 
(RCPT) (AASHTO T 277 /ASTM C 1202). 
 
 

 
 

Relationship Between Surface Resistivity and RCP Test Methods from a  
Florida DOT study 

 
The primary advantage of the Surface Resistivity Test is it takes less than 5 minutes to take 
readings. The more widely used RCPT test (including the sample preparation) takes more than 2 
days to perform. This is a significant time saving. The Louisiana Transportation Research Center 
performed a cost-benefit analysis that showed that implementation of the device will save the 
Department approximately $101,000 in personnel costs in the first year. It is estimated that 
contractors will save about $1.5 million in quality control costs.  Also, the Surface Resistivity 
equipment itself is cheaper than the RCPT equipment. 
 
States such as Florida and Louisiana have already realized the significant cost savings associated 
with the Surface Resistivity Test and have started incorporating it in their specifications. 
AASHTO recently published a provisional test method for this test: Surface Resistivity Indication 
of Concrete’s Ability to Resist Chloride Ions Penetration (AASHTO TP 95). The Florida DOT has 
recently completed a round robin study for this test method. 
 
Checking concrete for its permeability is a very important agency activity both during mixture 
design phase as well as during construction of highways and bridges. This technology has the 
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potential to save significant costs associated with testing time for both agencies as well as 
contractors.  
 
The Bulk Resistivity Test also works on the same principle as the Surface Resistivity Test, except 
it measures the resistivity of the whole cylinder instead of just the surface. 

 
 
Vendors 
Germann Instruments, Inc. 
8845 Forest View Road 
Evanston, IL 60203 
Phone: (847) 329 9999 
www.germann.org 
Surface Resistivity Meter Price: $6,550 
 
Proceq 
117 Corporation Drive 
Aliquippa, PA 15001  
Phone: (724) 512 0330 
www.proceq.com 
 
  

 
Surface Resistivity Test Equipment 

 
Bulk Resistivity Test Equipment 
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CONCRETE COEFFICIENT OF THERMAL EXPANSION 
(AASHTO T 336) 

 
The coefficient of thermal expansion (CTE) is a parameter that quantifies the extent to which a 
material changes length in response to changes in temperature.  CTE has a large impact on the 
performance of concrete pavements because a uniform temperature change will affect the 
opening/closing of joints and a temperature gradient through the thickness of the slab will 
produce curling of the slab. Accurate measurements of CTE will allow for better estimates of slab 
movement and stress development due to temperature changes.   
 
The AASHTO’s Pavement ME Design software is believed to be one of the first design 
approaches that incorporate the CTE of concrete as an input parameter in the design of 
rigid pavements. Numerous studies in the past ten years have indicated that CTE is one 
of the most sensitive inputs for pavement design and has a significant impact on the 
design pavement thickness. Due to the sensitive nature of the CTE input, it is important 
that CTE be accurately measured to optimize pavement designs (i.e., prevent over- or 
under-designing concrete pavements). The resulting longer lasting and smoother 
pavements save agencies enormous amount of money. 
 
Some states are also considering the use of CTE as an acceptance and/or contractor 
quality control test on concrete paving projects.   
 
The importance of the CTE as a pavement design input has significantly increased 
interest in CTE testing. Many state highway agencies and universities are currently 
characterizing their states’ materials as part of the Pavement ME Design implementation 
activities. Over the years, FHWA has performed considerable work in developing and 
refining the test method. Currently there is an AASHTO Test Method (T336) for 
conducting this test. CALTRANS is currently using this test for quality assurance. 
CALTRANS specifications require the contractor to test CTE of concrete from production 
on a daily basis for both continuously reinforced and jointed plain concrete pavements.  
 
With the advent of AASHTO-ME for pavement design, it is very important to accurately 
measure CTE of concrete rather than rely on default CTE values (based on the type of 
aggregate used in the concrete) from literature, which may or may not be accurate.  
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CTE Equipment CTE Frame 

Vendors: 
Gilson Company, Inc  
PO Box 200 
Lewis Center, OH 43035 
Phone: (800) 444 1508 
www.globalgilson.com 
 
Pine Instrument Company 
101 Industrial Drive 
Grove City, PA  16127 
Phone: (724) 458 6391 
www.pineinst.com 
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TENSILE  BOND  TESTER 

ACI 503.1R, ASTM C1583 
 

 
What is the Tensile Bond Tester? 

The tensile bond strength (pull-off) test is a quick, and simple method for determining how well 
repair material or an overlay is bonded to underlying concrete. This tester can be used to 
determine the need for surface preparation, detect relative differences in potential surface 
strength over an area to be repaired, and determine the adequacy of surface preparation. Also, 
the pull-off tester can be used to measure the surface strength of concrete and the adhesive 
strength of all kinds of applied coatings (mortars, plasters, and plastic coatings), flexible and 
thermoplastic coatings, paint finishes, and coatings on metal and concrete. 

 

Background 

The rehabilitation of concrete commonly requires the removal of deteriorated concrete and 
repair with a patching material and/or an overlay.  To ensure a long service life of the 
rehabilitated concrete, it is necessary that the repair material be well bonded to the underlying 
concrete.  Proper surface preparation of the substrate is an important factor for the success of 
any repair.  

  

Equipment 

Test equipment for evaluating the pull-off strength of a 
patch or overlay consists of the following: 
 A load indicator to measure the tensile load applied 

to a disc bonded with epoxy to the repaired surface. 
 A metal disc (typically 2 – 4 inch diameter) with 

threaded pull bolt.  
 A diamond core drill capable of producing a 2- to 4-

in. diameter core.    
 
Procedure 

 Drill a partial-depth 2 – 4 inch diameter core through the repair or overlay material and 
approximately 1 - 2 inches into the substrate concrete.   

 Bond a 2- to 4-inch diameter metal disc to the top of the unbroken core with rapid-set epoxy.   
 After the epoxy has cured, use the pull-off device to apply a tensile force sufficient to pull the 

core out in tension.   
 Record the load at which failure occurs and calculate unit stress.   
 Note where failure occurs (e.g., in epoxy, in repair/overlay material, at the interface between 

old and new material, or in old concrete). 
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Comments 

The test is simple and can be performed in-situ as a quality control tool and to determine the 
tensile strength or the bond strength. The test also has been used to estimate the expected 
service life of overlays by measuring the degradation of bond strength with time. Prior to 
conducting the field tests, several laboratory tests should be conducted to determine the 
acceptable minimum value of the tensile strength. 

 
Vendor 
Proceq 
117 Corporation Drive 
Aliquippa, PA 15001  
Phone: (724) 512 0330 
www.proceq.com 
 
Germann Instruments, Inc. 
8845 Forest View Road 
Evanston, IL 60203 
Phone: (847) 329 9999 
www.germann.org 
 
James Instruments 
3727 N. Kedzie Avenue 
Chicago, IL 60618 
Phone: (773) 463 6565 
www.ndtjames.com 
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HIPERPAV III 

 
HIPERPAV® (HIgh PERformance Concrete PAVing) is a user-friendly, Windows based 
software designed to assess the influence of pavement design, concrete mix design, 
construction methods and environmental conditions on the early-age behavior of jointed 
concrete pavements, continuously reinforced concrete pavements, and bonded concrete 
overlays. 
 
HIPERPAV is used by planners, designers, contractors and suppliers for a variety of 
purposes. During the planning stage, HIPERPAV can be used to develop quality control 
specifications based on the available materials and local climatic conditions. Pavement 
designers use HIPERPAV to optimize the design variables and guarantee long-term 
performance while maximizing economy. Contractors use HIPERPAV to prevent 
expensive repairs by predicting potential damage and determining how to prevent it. 
With HIPERPAV, suppliers manage the temperature of the concrete based on their mix 
designs and specific climate and project conditions. Several states such as California, 
Wisconsin, Ohio and Delaware have included the use of software in their specifications. 
 
Figures below show the two scenarios of HIPERPAV output.  The solid blue line noted 
on the graphs below indicates tensile strength development of concrete in the first 72 
hours after placement. The lighter yellow area indicates the critical tensile stress 
development at the top of slab and lighter blue area represents critical tensile stress 
development at bottom of slab during the same time period. If the tensile stresses exceed 
the tensile strength of concrete, cracks could be expected.   
 
HIPERPAV III software is free and can be downloaded at www.hiperpav.com. 
 

 
 

HIPERPAV Output Scenario 1: Tensile Stresses in the Pavement were less then the 

Tensile Strength 
of concrete 

Critical Tensile 
Stresses - Top Critical Tensile 

Stresses - Bottom 
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Tensile Stregnth of Concrete (No early age cracking is NOT expected) 

 
 

HIPERPAV Output Scenario 2: Tensile Stresses in the Pavement exceed the the Tensile  
Stregnth of Concrete (Early age cracking is expected) 
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FIELD CALORIMETRY 

What is Calorimetry? 

Calorimetry measures the heat generated from the early hydration reactions of 
cementitious materials. The heat outflow tracks the hydration reactions of cement, which 
gives visibility into the behavior of concrete or mortar in a way that a simple set time or 
compressive strength test could not. The timing and shape of the temperature curve 
obtained through calorimetry is an indicator of relative performance of cementitious 
mixes.  
 
Practical uses of calorimetry for contractors.  
Calorimeters are effective tools for research, mix design, determination of potential 
material incompatibility and to infer physical properties such as compressive strength, 
setting times (ASTM C403) and saw cut times.  For contractors, a simple semi-adiabatic 
calorimeter can be used in lieu of physical testing to determine setting times, saw cut 
times, form stripping or curing time.  
Example: determination of saw cutting times. 

 The time of sawing is critical to prevent raveling or 
cracking. The newly poured concrete for the paving 
application must develop enough strength to allow saw 
equipment to get on the slab. Sawing must be completed 
before the concrete has developed too much strength, 
leading to the development of random cracks  

A calorimetry test measures the heat release in concrete, thereby determining the degree 
of hydration, which is correlated to strength gain for each individual mix. As the 
calorimetry curve reaches the minimum degree of hydration, the software indicates the 
start of the sawing cut window. And as the degree of hydration progresses, it shows the 
end of the Sawing Window, as shown in the graph below. 
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Example of a typical 
calorimetry curve for a 
paving mix, as measured in a 
semi-adiabatic portable field 
calorimeter 

 

 

Protocol 

At the time the concrete is poured for paving, a sample should be taken in a standard 
4”x8” test cylinder and then placed in a semi-adiabatic field calorimeter. The first time a 
given mix is tested in the calorimeter, the user records the calorimetry curve and use the 
actual saw cut times to define the position on the calorimetry curve that indicates the 
beginning of the sawing window. For all subsequent batches of the same mix design the 
software will use this point on the live calorimetry curve to indicate the beginning of the 
saw cutting window. The field calorimeter communicates wirelessly to a laptop computer 
where the saw cutting application is installed. Operators can observe the calorimetry 
curve from the comfort of their truck or field office and wait for the indicator of the 
beginning of the Sawing Window.  

 

Equipment 

The semi-adiabatic calorimeter is the size 
of a suitcase (24”x24”x14”), making it easy 
to take it along for an on-site set-up at or 
near the job site.  Besides the determination 
of saw cut times, semi-adiabatic 
calorimeter can also be used for mix 
designs, the determination of setting times and quality 
control.  

semi-adiabatic calorimeter 
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Example: Quality Control 
 
The figures below show calorimetry curves of production concrete samples. In example 
2, the concrete samples were very consistent, in terms of the quantity and source of 
cementitious contents and admixture dosages since the calorimetry curves have the same 
shape and peak heat of hydration. Example 3, is a case where the cement and admixture 
quantities have changed between samples and in one case, there was significantly high 
heat of hydration which could be due to no fly ash in this sample. 

 
Example 2: Consistent Calorimetry Curves Example 3: Inconsistent Calorimetry Curves 

 
 
Vendor 
 
Calmetrix Inc, Arlington, MA 02476 
Phone: (888) 202-2060 
www.calmetrix.com 
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WIRELESS CORROSION SENSOR FOR CONCRETE 
 
 

These sensors are able to measure the ingress of chlorides into concrete over time without using 
wires, or batteries.  They are about the size of a quarter and are inexpensive ($30 per sensor).  The 
sensors are read with a reader mounted to a cart.  In the future the sensors will be able to be 
measured with a vehicle at highway speeds.  These sensors always responds when they are 
queried and return an ID number that can be used to determine if the egress of corrosive salts 
have reach a pre-determine distance within the structure. 
 

 

Installation and Measurement of a Sensor on a Bridge Deck in Oklahoma 

 
The sensors are made to be used as an early warning of the ingress of chlorides into concrete.  
With this warning the owner can change their application rate of chlorides, place sealers on the 
surface of the concrete, or start budgeting for future repairs.  In addition these sensors have the 
ability to validate service life models of concrete structures and validate the warranty on 
design/build projects.  It has been suggested that intelligent maintenance can save over 46% of 
the annual maintenance cost due to corrosion.  This would save over $1 billion annually in the 
US. 
 
These sensors have been designed with all DOD grade electronics, epoxies and parts that are 
supposed to last over 75 years in extreme environments.  The sensors have been in place in 
concrete for over four years and are still performing.  The sensors have been used on four different 
bridges in Oklahoma.  Three of these have been on new construction and one on a repair of a bent 
cap.  The sensors have been placed 10 mm from the surface of the concrete in the travel lane and 
not shown any deterioration or popouts.  Furthermore, the sensor has been designed so that the 
coefficient of thermal expansion is similar to an aggregate and so is compatible with concrete.  
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The sensors work by using a passive wire in the concrete that will corrode when exposed to the 
chlorides.  These wires have been shown to trigger at known and repeatable values depending 
on the size of the wire.  The depths embedded 0.125 mm and wires 0.065 mm are shown by the 
solid vertical lines.  The solid lines are the chloride diffusion profile for concrete samples with the 
embedded 0.125 mm wires while the dashed lines are the profile for concrete embedded with 
0.065 mm wires.  
 

 
 
 
 
Please contact Tyler Ley at Oklahoma State University for prototypes of the sensors. 
Tyler Ley 
Associate Professor  
Civil and Environmental Engineering  
Oklahoma State University 
207 Engineering South 
Stillwater, OK 
Tyler.ley@okstate.edu 
Phone: (405) 744 5275 
 
Only one reader is needed for a large number of sensors. 
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Setting Time of Fresh Concrete using P-Wave 

 

DEFINITIONS  

Setting of concrete is the change that occurs when the concrete changes from a plastic state to a 
solid state.  In general, it refers to change from a fluid state to a solid state. 
 
When water is added to the dry concrete mix, cement paste is formed and remains pliable 
and plastic for a short time. As the reaction between water and cement particles continue, the 
paste loses its plasticity. This early period in the hardening of cement is referred to as ‘setting’ of 
the concrete. The initial set point is when the cement paste loses its plasticity and stiffens 
considerably. The final set point is when the paste hardens and can sustain some minor load. 
 
Knowing when the concrete sets is important because there can be variation between 
batches which may result in scheduling or material compatibility issues. 
 

THEORY  

The Ultrasonic Pulse Velocity (UPV) method has been used in the construction rehabilitation 
industry for over fifty years. The UPV method is a stress wave propagation method which 
measures the travel time of propagating waves pulsed over a known path length. A 
piezoelectric transmitter and receiver are used to generate the signal. The time the pulses 
take to travel from the transmitter-transducer to the receiver-transducer is recorded 
electronically. Once this time is recorded, the concrete pulse velocity V can be calculated by 
dividing the distance L between transducers by the transit time t. =   
 
The pulse velocity of concrete has been used to measure the elastic modulus (dynamic) of 
concrete and record the change over a period of time. 
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Typical Wave Velocity vs. Time Plot 

 

PROCEDURE 

A concrete cylinder is prepared with fresh concrete, according to ASTM C31. The concrete 
cylinder is then coupled and positioned onto the bottom holder of the P wave apparatus.  The top 
transducer holder is then lowered onto the surface of the concrete.  Once the cylinder and top 
transducer is positioned, the settings are adjusted on the computer.  When all the test parameters 
are set, the program then controls the duration and strength of each wave form and records the 
travel time of each wave form.  Data logging time intervals of one to two minutes is typical.  The 
program can run indefinitely, capturing data until the test duration is complete.  
 

COMPRESSION WAVE VELOCITY TREND (TYPICAL WAVE VELOCITY VS TIME 
PLOT) 

As the data is acquired by the unit, the system records the data and the plot of Velocity vs 
Time Plot  is generated. The typical “S” shape curve is recorded.  The “S” shape curve can 
depicts the different stages of ongoing hydration and the mechanical property changes in the 
concrete.  
  

State I:  Inactive stage 
Stage II: Initial Phase Transition Stage  
Stage III: Final Phase Transition Stage 

 

SETTING TIME OF CONCRETE WITH ULTRASONIC WAVE SOFTWARE  

The Time of Set Software is designed to record the time of travel of the wave and generate a 
Velocity vs Time plot.  Once the test is complete the software automatically calculates the initial 
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and final set based upon the intersection on the “S” Curves (Figure below).  The software will 
continue to collect data until the preset duration is achieved. 

 

TEST RESULTS  

Work performed at Iowa State University (2013) has shown good correlation between ASTM 
C403 and the UPV results. 

 
Vendor 
Proceq 
117 Corporation Drive 
Aliquippa, PA 15001  
Phone: (724) 512 0330 
www.proceq.com 
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SUPER AIR METER 
 
 

The Super Air Meter or SAM is a modified ASTM C231 Type B Pressure Meter.  The meter can 
function in two ways.   First, it provides all the same information as a Type B meter, under the 
same analytical conditions as a conventional pressure meter.  After completing the conventional 
testing the meter is then able to move into a second mode of operation that places the concrete 
under a series of higher pressures.  By understanding how the concrete responds to the series of 
high pressures the meter can assess properties of the air-void system beyond the air content. The 
result is a measurement that has been shown to correlate well with the spacing factor 
measurement from ASTM C457 and freeze-thaw performance data such as ASTM C666. 
 
 

The current version of the meter 
uses a digital pressure gage and a 
restraint cage.  The next 
generation of the meter will not 
require a restrain cage and 
provides a digital gage that 
provides the user with the total 
volume of air and the spacing 
factor.  The gage will also be able 
to tell the user if they have run the 
test correctly.   
 
To run the test you place concrete 
and consolidate it as if you are 
running a typical ASTM C231 
test.  However with this test you 
run the test multiple times 
without releasing the pressure 
in the bottom bowl.  The test 
takes just over 10 minutes to run 
and provides immediate 
information about the air void 
quality in the fresh concrete.  This 

is especially useful to evaluate a concrete mixture before and after a paver, or a pump and for 
investigation of concrete mixtures with a number of admixtures.   
 
The meter has been validated with over 50 concrete mixtures with different air entraining agents, 
water reducers, w/cms, and cement contents.  These values are shown below.  The SAM number 
has been plotted versus the spacing factor from an ASTM C 457 test.  The SAM number is a value 
calculated from the pressure curves produced in the test.  A spacing factor of 0.008” is shown.  
This value is recommended by ACI 201 as the value needed to produce frost durable concrete.  
There is almost a linear trend between these two measurements.   
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This meter has been developed by Tyler Ley at Oklahoma State University.  More 
information about the meter can be found at www.superairmeter.com or you can 
contact Dr. Ley at: 
Tyler Ley 
Associate Professor  
Civil and Environmental Engineering  
Oklahoma State University 
207 Engineering South 
Stillwater, OK 
Tyler.ley@okstate.edu 
Phone: (405) 744 5275 
 
There is also a proposed pooled fund study to further investigate the meter at:  
http://www.pooledfund.org/Details/Solicitation/1338 
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AIR VOID ANALYZER 

AASHTO TP 75-08 

What is the Air Void Analyzer? 

The Air Void Analyzer (AVA) was developed in Europe in the early 1990’s by a team headed by 

Dansk Beton Teknik (DBT).  Use of the AVA allows the rapid measurement of air content, specific 

surface, and spacing factor during concrete placement.  This permits better quality control of 

critical air-void parameters during concrete placement, which is necessary for optimum concrete 

performance when exposed to cyclic freezing and thawing. 

Background   

The use of air-entrained concrete is necessary to ensure the durability of moist concrete exposed 

to cyclic freezing and thawing.  Determination of the size and spacing of air bubbles in hardened 

concrete is traditionally carried out in the United States using methods in ASTM C 457, Standard 

Test Method for Microscopical Determination of Parameters of the Air-Void System in Hardened 

Concrete.  Current field air content tests measure the total air content (entrapped and entrained) 

and therefore will not alert project personnel if concrete has an adequate air-void system, such as 

bubble size and spacing, for freeze-thaw durability. The AVA measures only the entrained air 

and not the entrapped air. 

 

Equipment 

The AVA equipment consists of the 

following items: 

 Plexiglas cylinder (riser column) 
filled at its base with a viscous 
(glycerin-based) liquid and topped 
with water.  The bottom of the 
cylinder is equipped with an access 
hole to accept the concrete sample. 

 Petri dish suspended from a balance 
arm of a very sensitive scale. 

 A built-in magnetic stirrer and a 
heater. 

 Laptop computer to automate the test 
procedure and to calculate the air 
void system. 
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Procedure 

A 20-cc sample of mortar is obtained from fresh concrete and is injected into the viscous liquid 

and stirred for 30 seconds to release air voids in the mortar.  The air bubbles rise through the 

glycerin and water at varying rates, depending on their size and the viscosity of the liquids.  The 

bubbles collect at the top of the water column beneath a submerged, inverted petri dish 

suspended from a balance arm.  A computer records the change in suspended mass of the petri 

dish. Knowing the viscosity of the system and using Stoke’s Law, the size distribution of air 

bubbles with time and the air-void parameters are calculated according to the theory developed 

by DBT.  The DBT theory excludes voids larger than 2-mm diameter from the analysis.  

Comments 

A provisional test method was adopted by AASHTO in 2008 entitled AASHTO TP 75-08 “Air-

Void Characteristics of Freshly Mixed Concrete by Buoyancy change”. This provisional test 

method is based on the Air Void AnalyzerDBT reports that the standard deviation of AVA results 

is of the same order of magnitude as the standard deviation of ASTM C 457 results.   

AVA evaluation tests were conducted under the direction of FHWA (see report FHWA-SA-96-

062 “Air Void Analyzer Evaluation” for more details.  Comparing the AVA values with ASTM C 

457 values, the following observations were made: 

 AVA air content was always on the order of 2% less than the air content by pressure meters, 
ASTM C 231, and ASTM C 457 methods. 

 The spacing factor was about the same for AVA and ASTM C 457 methods. 
 The specific surface calculated by the AVA was greater than that from the ASTM C 457 test 

(the AVA indicated smaller air voids than did the ASTM C 457 procedure). 

Since the AVA equipment contains a very sensitive balance arm scale, the equipment needs to be 

setup on a rigid and stable platform. Also, it requires careful handling during operation, storage, 

and shipping.  

 
Vendor 
Germann Instruments, Inc. 
8845 Forest View Road 
Evanston, IL 60203 
Phone: (847) 329 9999 
www.germann.org 
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ULTRA SONIC PULSE ECHO (MIRA) 

 
 
The Ultrasonic Shear-wave Tomography 
technique (MIRA) represents a 
revolutionary approach to concrete 
ultrasonics.  MIRA is an ultrasonic 
tomography device that can be used to 
diagnose subsurface concrete condition 
using an array of dry point contact (DPC) 
“touch-and-go” transducers (doesn’t require 
surface preparation). Each transducer can 
both transmit and receive low frequency (55 
khz) shear waves. The DPC transducers 
provide the necessary consistency of impact 
and wavefront penetration for diagnostics 
up to 3 ft deep for typical concrete surface 
textures. MIRA incorporates 10 channels 
each comprised of 4 transducers in a multi-
static array. This linear array allows for 45 
transmitting and receiving pair 
measurements in each approximately 1 
second scan that can be applied at a high 
productivity (unlike the traditional 
ultrasonic methods, which typically produce 
one pair of waves per measurement). 
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1 pair per measurement  45 pair per measurement (MIRA) 
 

Difference between traditional Ultrasonic Methods and MIRA 
 

The ultrasonic tomography device, MIRA, can be used for the following applications: 
 

 Thickness: Concrete thickness estimation up to 3 feet deep with high accuracy  
 Reinforcement location: Accurate estimation of reinforcement depth  
 Delamination/debonding: Detection of cracking in the PCC layer or de-bonding between PCC 

layers. 
 Joint diagnostics: Detection of concrete deterioration, dowel position, spalling, etc. at PCC joints. 
 Flaw detection: Defect/honeycombing/poor consolidation detection/ mud balls 
 Material properties: Diagnostics of relative PCC strengths or asphalt compaction level  

 
MIRA Visual Output Examples 
 

 
 

Delaminating (left) and sound concrete (right). 
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MIRA detection of reinforcement 

 
MIRA identification of honeycombing defect. 

 
Reference 
Hoegh K., Khazanovich L., Yu H.T. “Ultrasonic Tomography Technique for Evaluation of Concrete 
Pavements.” Transportation Research Board 90th Annual Meeting, 2011. 
 
Vendor 
Germann Instruments, Inc. 
8845 Forest View Road 
Evanston, IL 60203 
Phone: (847) 329 9999 
www.germann.org 
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IMPULSE-RESPONSE 

Purpose 
The Impulse-Response test system is a rapid, easy to use method for screening of the integrity of 
structures. The idea is to quickly screen a structure for flaws and identify suspect areas for 
subsequent detailed analysis, e.g. by the impact-echo test, pulse-echo testing, or by invasive 
inspection with drilled cores. 
 
 
 
 
  

 
 
 
 
 
 
Principle 
The Impulse-Response system uses a low-
strain impact, produced by an instrumented 
rubber tipped hammer, to send stress waves 
through the tested element. The impact 
causes the element to vibrate in a bending 
mode and a velocity transducer, placed 
adjacent to the impact point, measures the 
amplitude of the response. The hammer load 
cell and the velocity transducer are linked to 
a portable field computer with software for 
data acquisition, signal processing and 
storage. The time histories of the hammer 
force and the measured response velocity are 
transformed into the frequency domain 
using the fast Fourier transform (FFT) 
algorithm. The resultant velocity spectrum is 
divided by the force spectrum, to obtain the 
mobility as a function of frequency. An 
example of such a mobility plot is shown in 
Figure 1 for a solid concrete member. 
Mobility is expressed in units of velocity per 
unit force, such as (m/s)/N. 
 

 
Figure 1: Mobility vs. Frequency 
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The parameters from the mobility plot that are used for integrity evaluation are: 
• The dynamic stiffness (the inverse of initial the slope of the mobility plot, the blue line 
in Figure 1; 
• The average mobility (dotted blue line in previous figure); 
• The mobility slope between 100 to 800 Hz; and 
• The voids ratio (the ratio of the amplitude of the initial mobility peak to the average 
mobility) 
Testing is performed on a grid marked on the surface of the structure. The software 
constructs color contour plots of the various parameters, from which it is easy to identify 
anomalous regions of the structure that merit detailed investigation (Figure 2). This is 
done on-site after the testing has been completed, producing immediate information of 
the presence of anomalies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Mobility Color Contour Plot  

 
Applications 
• Detecting voids beneath concrete slabs in highways, spillways and floors 
• Detecting the curling of slabs 
• Evaluating anchoring systems of wall panels  
• Locating delaminations and honeycombing in bridge decks, slabs, walls and large 
structures such as dams, chimney stacks and silos 
• Detecting the presence of damage due to freezing and thawing 
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• Detecting the presence of alkali-silica reaction (ASR) 
• Detecting debonding of asphalt and concrete overlays and repair patches from concrete 

substrates 
• Evaluating the effectiveness of load transfer system in transmitting stresses across joints 

in concrete  structures 
 
Vendor Information: 
 
Germann Instruments, Inc. 
8845 Forest View Road 
Evanston, IL 60203 
Phone: (847) 329 9999 
www.germann.org 
 
Olson Instruments, Inc. 
12401 W. 49th Ave. 
Wheat Ridge, CO 80033 
Phone: (303) 423 1212 
www.olsoninstruments.com 
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DOWEL BAR ALIGNMENT USING PULSE INDUCTION 
TECHNOLOGY 

MIT Scan-2 is a state-of-the-art, nondestructive testing device for measuring the position of dowel 
bars embedded in concrete. The operating principle behind the device is pulse-induction.  The 
equipment emits a weak, pulsating, magnetic signal and detects the transient magnetic response 
signal induced in metal bars.  The response signals are measured with high precision using 
special receivers in the testing device, permitting the determination of horizontal misalignment, 
vertical misalignment, side shift and depth of the dowel bar from the top of the pavement. 
 
Proper dowel bar alignment is essential for efficient 
load transfer between concrete pavement slabs.  
Until the advent of this device, there was no way of 
accurately checking alignment of dowel bars other 
than taking cores (which can be only done on a 
limited basis). The advantage with MIT Scan 2 is it 
can be used as soon as the pavement can be walked 
upon to check the presence and alignment of dowel 
bars, allowing the contractor to take corrective 
action immediately. Typically, coring is not 
conducted unless dowel bar placement issues are 
suspected. Even in those cases, coring is not a good 
method to check the presence and alignment of 
dowel bars, since coring can be performed at only a limited number of joints. In addition, multiple 
cores have to be taken at each joint, since taking one or two cores will not reveal the overall dowel 
bar alignment at a joint.  
 
The major benefits of MIT Scan 2 are that it is nondestructive, measurement can be taken 
extremely quickly (two to five minutes per joint), results can be seen in a graphical display or a 
tabular format immediately in the field for quality control purposes, and it is not very 
complicated to operate. Currently North Carolina DOT, Nevada DOT, and the New York 
Thruway Authority, have specified the use of this technology to check alignment of dowel bars 
in their specifications.  
 
Properly aligned and embedded dowel bars are vital for load transfer in jointed plain concrete 
pavements. Significantly misaligned dowels may lead to joint locking which can cause slabs to 
crack. Improper placement (embedment) of dowels leads to decrease in load transfer efficiency, 
which can result in faulting and other pavement distresses.   See NCHRP Report 637 Guidelines 
for Dowel Alignment in Concrete Pavements for more detailed information.  MIT Scan 2 is a very 
effective tool specifically designed to non-destructively identify the presence and alignment of 
dowel bars at a joint and provide information during construction to agencies and contractors. 
 
Vendor 
Kessler Soils Engineering 
Phone: (571) 291 2284, www.kesslerdcp.com 
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NON-DESTRUCTIVE PAVEMENT THICKNESS MEASUREMENT 
USING PULSE INDUCTION TECHNOLOGY 

The MIT-Scan-T2 (T2) is a commercially available device that uses pulse induction technology to 
measure pavement thickness nondestructively. A metal target must be pre-placed on the top of 
the base. The MIT Scan T2 device detects the plate, and pulse induction is utilized to determine 
the thickness of the concrete pavement.  The accuracy and repeatability, when compared to 
measuring core lengths, is within + 2 mm based on data collected to date on several field projects. 
 
The service life of a concrete pavement is significantly influenced by the pavement thickness. 
Taking cores during concrete pavement construction is an important quality assurance activity 
for the agencies.  However, coring is destructive, expensive and time consuming (coring, 
inspection, handling, measuring core lengths, patching core holes etc). 

MIT Scan T2 offers several benefits over coring including lower costs, faster measurements 
(measurements can be taken as soon as the pavement can be walked upon), larger number of 
locations (resulting in more robust statistical analysis), eliminates the need to cut cores on new 
pavements and reduces the need to patch core holes.  
 
The cost per measurement, including the cost of the equipment and targets,is significantly 
cheaper than taking cores. Based on conversations with DOT personnel, it costs approximately 
$90-$110 per core. The cost per measurement (including the target) using the T2 is less than $20. 
Due to the low cost per measurement, measurements can be taken at more locations. 
 

 
 
Iowa DOT has realized the benefit of using the MIT Scan T2 and has been using it as part of their 
specifications since 2010. Several FHWA field trials have shown that the MIT Scan T2 works well 
over a wide range of concrete pavement thicknesses and base conditions. 
 
Cores are cut from brand new concrete pavements all over the country to verify the pavement 
thickness. Using this technology, pavement thickness can be measured with the same level of 
accuracy as taking cores but by nondestructive means and with significant cost savings to DOTs. 
 
Vendor 
Kessler Soils Engineering 
Phone: (571) 291 2284, www.kesslerdcp.com 
 

Metal Target 


