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EXECUTIVE SUMMARY 
 
While the past decade has seen many significant improvements in asphalt pavement technology, there remains room for 
improvement, particularly concerning the use of shear properties to design, construct, monitor and predict the performance 
of asphalt concrete pavements.  During the Strategic Highway Research Program (SHRP), shear properties of asphalt 
concrete were identified as a significant contributor toward a pavement’s ability to resist permanent deformation.  Rutting 
presents serious problems to road systems and their respective governing agencies, including reduced commuter safety and 
increased rehabilitation costs. 
 
The overall purpose of NCHRP IDEA Project #55 was to develop a fundamentally new test facility to measure the shear 
properties of asphalt concrete pavements in the field, without the need for specimen collection (i.e. coring or trenching) or 
complex laboratory analysis.  This “on the road” approach for testing engineering properties such as shear strength and 
stiffness has never been successfully implemented prior to this investigation.  The development effort consisted of a 
comprehensive, 3-stage process involving analytical modelling, analysis of deficiencies with current test devices, design 
and fabrication of the new facility, and initial validation of the facility and underlying concepts.  The resulting test facility, 
referred to as the In-Situ Shear Stiffness Test (InSiSST™) is a rugged, self contained facility that may be transported from 
site to site and perform rapid and repeatable tests with a single operator.  InSiSST™ is not a research device, but a field 
test facility that has been developed for mainstream industry use.  The primary benefits of the InSiSST™ facility are 
summarized below: 
 
Providing Fundamental Material Properties… 
 
The InSiSST™ device provides the shear stiffness and strength of an asphalt concrete layer.  Unlike empirical wheel 
tracking tests, these fundamental engineering properties may be directly used within performance models to better 
characterize and predict the behaviour of the pavement under traffic loading.  At the time of this writing, a simple 
performance test (SPT) is under development for the Superpave asphalt mix design system under NCHRP Project 9-19.  
Although the final recommendation has not yet been made public, the SPT will likely be based upon a modified laboratory 
triaxial test, which will provide the complex modulus (E*) of an asphalt concrete specimen.  As the complex and shear 
moduli are theoretically related, it is likely that a correlation between the SPT and the InSiSST™ can be developed.  The 
combination of the SPT (in the laboratory) and the InSiSST™ (in the field) would provide a powerful combination toward 
improved mix designs, increased pavement life and reduced costs.  Indeed, initial analytical modelling efforts completed 
under this investigation indicate that shear stiffness and strength are highly correlated to pavement permanent deformation 
measured both in the laboratory using the Shell Method, and in the field at one of the US Long Term Pavement 
Performance (LTPP) experimental test sites.   
 
Simple, Yet Innovative, Test Procedure… 
 
The concept of applying a torque directly to the pavement surface allows rapid measurement of in-situ shear properties 
with a minimum amount of damage incurred by the pavement surface.  Whereas a laboratory specimen has defined 
boundary conditions for stress and strain calculation, the in service pavement surface does not.  Therefore, the use of 
simple shear such as used with the Superpave Shear Tester (SST) was not applicable to field conditions.  Punching shear 
tests have been used in the field, however, the minimization or elimination of pavement damage during testing was also a 
concern.  Other field test devices such as the Falling Weight Deflectometer (FWD) are able to provide in-situ layer 
stiffness, however, the test equipment is too costly to purchase and operate for most agencies, consultants and contractors.  
Furthermore, the InSiSST™ is suitable to all asphalt concrete mixes, as the loading plate diameter may be changed to suit 
the aggregate structure of the mix. 
 
In-Situ Test Suited for Design, Quality Control and Assurance, and Long Term Performance Monitoring… 
 
As mentioned, the use of InSiSST™ in conjunction with laboratory tests, such as the SPT would be a powerful 
combination for analyzing the performance potential of proposed mix designs.  Furthermore, InSiSST™ is ideally suited 
for quality control and assurance (QC/QA) testing, as results are available during or immediately after construction.  
Finally, long term monitoring of shear properties with InSiSST™ would assist with performance modelling efforts, 
thereby allowing more efficient pavement design and rehabilitation strategies. 
 
While the development of the InSiSST™ represents a significant stride toward widespread in-situ measurement of 
engineering properties, more field testing and verification is needed.  As such, a Type II IDEA project has been submitted 
to the NCHRP IDEA Program for consideration. 
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IDEA PRODUCT 
 
DESCRIPTION OF THE INSISST™ 
 
The overall purpose of NCHRP IDEA Project #55 was to develop a fundamentally new test facility to measure the shear 
properties of asphalt concrete pavements in the field, without the need for specimen collection (i.e. coring or trenching) 
or complex laboratory analysis.  This “on the road” approach for testing engineering properties such as shear strength and 
stiffness has never been successfully implemented prior to this investigation.  The resulting test facility, referred to as the 
In-Situ Shear Stiffness Test (InSiSST™) is a rugged, self contained facility that may be transported from site to site and 
perform rapid and repeatable tests with a single operator.  The InSiSST™ is shown below in Figure 1. 
 
 

 
 

Figure 1  Top View of the In-Situ Shear Stiffness Test (InSiSST™) Facility 
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As shown, the components are mounted to a small trailer to provide exceptional portability.  The InSiSST™ facility 
utilizes an electric motor and gearbox as the load cell.  The motor/gearbox combination is mounted vertically on a steel 
platform attached to a positioning system that incorporates two sets of electric worm-screw slides working in tandem, 
also referred to as an “X-Y table.”  The top set of slides allows positioning of the platform in the transverse direction 
(with respect to the trailer orientation).  The transverse slides are in turn mounted orthoganally to a second set of slides 
allowing positioning in the longitudinal direction.  The entire positioning system is mounted to a box-tube frame 
occupying the space between the front crossbar and the axle of the trailer.  The test frame is attached to the trailer frame 
via four jacks, one at each corner.  During transportation of the InSiSST™, the jacks are retracted to hold the frame in the 
air to prevent damage.  Once driven into position, the jacks are extended to lower the test frame to the ground and 
continue extending until the weight of the trailer is supported solely by the test frame, thus preventing reactionary 
movement of the frame during testing.  The current configuration of the positioning system and test frame allows for up 
to five individual shear tests to be completed each time the test frame is lowered to the ground.  This provides a 
statistically significant sample for calculation of the average shear properties of the layer.  A laptop computer provides 
control of the test procedure and data acquisition.  The test is strain controlled via a closed-loop system with 
instantaneous force and deformation measurements collected on the computer during the test procedure.  A large plastic 
storage box is mounted to the front of the trailer to house the electronic components.  Finally, a generator is mounted to 
the rear of the trailer to provide electricity for the InSiSST™, thus allowing the facility to be completely self-sufficient.   
 
It should be emphasized that the InSiSST™ facility was not developed solely for research purposes.  On the contrary, 
InSiSST™ represents a production ready prototype that may be adopted by industry for mainstream use.   
 
POTENTIAL IMPACT UPON TRANSPORTATION PRACTICE 
 
The successful measurement of in-situ asphalt shear properties and widespread implementation of the InSiSST™ test 
facility will yield significant and immediate benefits to transportation practice.  These benefits will be realized in three 
primary areas of pavement engineering.  The first area is design.  An in-situ shear strength/stiffness test in conjunction 
with laboratory testing would be a powerful combination for analyzing the performance potential of proposed mix 
designs.  By evaluating performance potential at the mix design stage, millions of dollars may be saved each year by 
preventing the construction of road systems with substandard or under designed mixes.  Also, the in-situ and laboratory 
test results could be used to produce “shift” or “master” curves relating in-situ shear properties to various factors such as 
loading rate, temperature and asphalt content among others.   
 
The second area is quality control and quality assurance (QC/QA).  Newly constructed asphalt pavements could be tested 
during, or immediately after construction to verify acceptable construction practices through the measurement and 
comparison of in-situ parameters with laboratory results or code requirements (yet to be developed).   
 
The third area is long term pavement performance (LTPP).  Monitoring of the field shear properties of pavements with 
time would assist in predicting future pavement performance.  This, in turn, would allow for more efficient allocation of 
limited rehabilitation funds and also help determine the effect of real world conditions, such as environmental factors, on 
pavement performance. 
 
Perhaps most importantly, InSiSST™ has the potential to further promote the use of fundamental engineering properties 
(i.e. mechanistic methods) – a move that was initiated by the Strategic Highway Research Program (SHRP) in the mid 
1990’s.  The adoption of mechanistic methods will result in more cost effective pavements by providing more accurate 
mix design and performance analysis.  At the time of this writing, a simple performance test (SPT) is under development 
for the Superpave asphalt mix design system under NCHRP Project 9-19.  Although the final recommendation has not 
yet been made public, the SPT will likely be based upon a modified laboratory triaxial test, which will provide the 
complex modulus (E*) of an asphalt concrete specimen.  Because the complex modulus and shear modulus are 
theoretically related, it is likely that a correlation between the SPT and the InSiSST™ can be developed.  As noted 
previously, the combination of the SPT (in the laboratory) and the InSiSST™ (in the field) would provide a powerful 
combination toward improved mix designs, increased pavement life and reduced costs. 
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CONCEPT AND INNOVATION 
 
BACKGROUND 
 
While the past decade has seen many significant improvements in asphalt pavement technology, there remains much 
room for improvement, particularly in the use of shear properties to design, construct, monitor and predict the 
performance of asphalt concrete pavements.  During the Strategic Highway Research Program (SHRP), shear properties 
of asphalt concrete were identified as being extremely important toward a pavement’s ability to resist permanent 
deformation, also known as “rutting” (Célard 1977, US-SHRP 1994).  Rutting presents two major problems to road 
systems and their respective governing agencies.  First, commuter safety is jeopardized when wheelpath rutting becomes 
severe enough to influence automobile handling and braking.  Ponding of rainwater further increases the potential for 
accidents through hydroplaning.  Secondly, rehabilitation of rutted pavements costs taxpayers many millions of dollars 
per year, funds that could be spent more efficiently on new construction, rehabilitation, preservation or research and 
development.   
 
Prior to the current investigation, there was no available method or apparatus to measure the in-situ shear properties of 
asphalt pavements.  In-situ tests possess certain advantages over their laboratory counterparts including significantly 
reduced testing time, more representative results (compared to laboratory prepared specimens), and reduced damage to 
the pavement structure (compared to coring).   
 
TESTING SHEAR PROPERTIES IN-SITU 
 
As previously stated, shear properties are critical for determining the rutting resistance of asphalt pavements.  The 
combination of binder stiffness and adhesion, as well as the interlocking of aggregate particles, produces the majority of 
a pavement’s shear strength and stiffness.  In the laboratory, shear properties of asphalt concrete are usually measured 
from a cylindrical specimen prepared in the lab, or a core of asphalt taken from the field.  There are various methods for 
measuring shear properties in the lab, including the triaxial test, Superpave Shear Tester (SST) and the torsion test. 
 
However, shear testing in the field is a completely different matter.  In-service pavements are flat, and quite thin in 
comparison with their length and width.  Whereas a laboratory specimen has defined boundary conditions for stress and 
strain calculation, the in-service pavement surface does not.  Therefore, the use of simple shear such as used with the 
SST was not applicable to field conditions.  Punching shear tests have been used in the field, however, the minimization 
or elimination of pavement damage during testing was also a concern.  Other field test devices such as the Falling Weight 
Deflectometer (FWD) are able to provide in-situ layer stiffness, however, the test equipment is too costly to purchase and 
operate for most agencies, consultants and contractors. 
 
The concept of measuring in-situ shear properties of an asphalt layer by applying a torque directly to the pavement 
surface was originally initiated in 1995 at Carleton University in Ottawa, Canada (Abdel Naby 1995).  This concept 
allows relatively quick measurement of in-situ shear strength and/or stiffness with a minimum of damage incurred by the 
pavement surface.  Furthermore, this “surface-plate method” (shown in Figure 2) avoids complicated bending stresses 
that generally accompany the application of two parallel but opposing forces with some distance between them (Charles 
and Robert 1963, Norman 1993).  As shown, a steel loading plate is affixed to the asphalt surface using epoxy resin.  
Torque is applied to the loading plate until failure, producing a semi-spherical failure plane.  The maximum torque and 
angle of twist may then be used to calculate shear properties such as strength and stiffness of the asphalt layer. 
 
At that time a basic, first generation prototype test device known as the Carleton In-Situ Shear Strength Test (CISSST) 
was assembled to investigate the soundness of the underlying theory.  Preliminary testing with that device yielded 
promising results relating the maximum applied torque to the shear strength of an asphalt layer.  More importantly, the 
CISSST  revealed differences between the shear strengths of different mixes, as well as different pavement alignments 
(straight vs. curved).  These findings presented strong evidence that the development of a mainstream test device was 
required for more accurate determination of in-service properties – the fundamental basis of the SHRP Superpave 
program.  The CISSST device provided an important step toward the development of a mainstream test facility.  NCHRP 
IDEA Project #55 allowed further innovation concerning the design of the test facility, as well as improved analytical 
modelling and concept validation.   
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Figure 2  Surface-Plate Loading Method for In-Situ Shear Measurement 
 
 
INVESTIGATION 
 
BRIEF REVIEW OF NCHRP IDEA PROJECT #55 GENESIS  
 
NCHRP IDEA Project #55 started as a proposal submitted the TRB on September 30, 1997.  This proposal contained the 
outline of a comprehensive, three stage research investigation to design, develop and verify an advanced in-situ shear 
strength test for asphalt pavements.  The total project budget was originally estimated at approximately $163,000 USD of 
which $91,500 was requested from the IDEA Program. 
 
A revised project outline was prepared and submitted to TRB on May 13, 1998 with a reduced IDEA budget of $75,000 
USD.  The three-stage approach was retained, however, there were numerous changes to the content of each stage.  Stage 
1 was altered to include a literature review, a consultation meeting with a technical advisory panel, and the preparation of 
a Stage 1 report.  For Stage 2, only a single test device was to be constructed based on the surface-plate loading method 
used with the original Carleton prototype.  Based on the reduced funding, the extensive field and laboratory testing 
program was dropped, with only initial validation testing to be completed at Carleton University in Ottawa and 
Washington, DC as part of Stage 2.  The new focus of Stage 3 was to be the design of an extensive validation testing 
program that would be considered for future TRB funding once the current investigation was completed.   
 
In February 1999, the contract was sent to the TRB from Carleton University, initiating the investigation.  The final 
project outline agreed upon consisted of a slightly modified version of the revised outline.  Stage 1 was to analyze 
background data and information for upgrading a second-generation plate type field shear testing system.  Based on an 
analysis of deficiencies of the first generation device, the second-generation design was to be developed with input from 
the technical expert panel.  Analytical modelling was also to be completed in Stage 1 to relate pavement performance to 
field shear data.  Fabrication of the test facility was to be completed as Stage 2.  Two preliminary sets of field testing 
were to be completed as part of Stage 3. 
 
This final report has been written to follow the same three-stage project outline. To remain within the specified 
guidelines for this report, much of the included material has been summarized.  A full account of the InSiSST™ 
development effort may be found in Goodman (2000).   
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STAGE 1:  ANALYTICAL INVESTIGATION, IDENTIFICATION OF PROTOTYPE DEFICIENCIES AND 
DESIGN 
 
Three primary objectives were identified for the Stage 1 component of the investigation. 
 

Objective # 1: Critical Analysis of CISSST Prototype Deficiencies 
 
Although the Carleton In-Situ Shear Strength Test (CISSST) facility represented an important first step toward 
measurement of in-situ shear strength of asphalt concrete pavements, a number of mechanical and operational 
deficiencies were observed during investigations completed with this facility.  Therefore, a critical analysis of 
deficiencies was required prior to the design of the InSiSST™ facility such that these deficiencies could be mitigated 
with the new design.   
 
Chassis Design and Weight 
 
As shown in Figure 3, the chassis of the CISSST device consisted of a metal cart mounted on small castor wheels.  As 
such, transportation of the test device was inefficient and dangerous due to its large weight.  During initial set-up or 
departure, the device had to be manually lifted into and out of the transport vehicle by at least four operators.  As only 
one or two operators were required during the actual test procedure, this scenario was clearly an inefficient use of 
operator time and resources.  Furthermore, lifting heavy equipment inherently compromises operator safety, another 
important consideration. 
 
 

 
 

Figure 3  The Carleton In-Situ Shear Strength Test (CISSST) 
 
 
Stabilization of Test Device 
 
A stable test device during the application of torque was critical to allow accurate measurement of pavement shear 
strength/stiffness.  Stabilization of the CISSST was achieved through two methods.  The first consisted of locking the 
castor wheels to prevent rolling.  The weight of the device then acted to prevent movement during testing.  This method 
proved unsatisfactory and a secondary stabilization system was incorporated.  This system consisted of six large steel 
stakes that were fed through hollow tupes welded vertically to each corner and midway along the sides of the test device.  
The stakes were then driven into the pavement surface using a sledgehammer.  Although relatively effective, problems 
were identified with this method as well.  In addition to the significant operator effort required to drive the stakes into the 
pavement surface, the pavement surface was damaged through the use of the stakes.  However, the most serious problem 
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associated with this technique concerned the application of hammering force to the sensitive electronics within the torque 
cell.  This may eventually damage the torque cell – the most costly component of the device.   
 
Epoxy System Used for Loading Plate Attachment 
 
The epoxy used for CISSST testing required a relatively long cure period of 24 hours at temperatures above 10°C.  This 
required the closure of the test site to traffic twice within a 24-hour period – once to epoxy the loading plates and once 
for actual testing.  Closing roads to traffic at any time period increases congestion and driver stress, as well as presenting 
significant safety risk to highway personnel.  Therefore, test preparation and execution must be completed in the shortest 
duration possible.   
 
Data Collection, Control System and Available Test Program 
 
Accurate data collection during testing was limited to applied torque only.  Furthermore, although the datalogger 
recorded instantaneous torque readings, the data was not accessible for on-site viewing unless downloaded into a portable 
computer.  Angle of twist at failure was measured crudely with a protractor – instantaneous angle of twist was simply not 
possible with the CISSST device.  Due to this limitation, a graph of applied torque versus angle of twist (stress vs. strain) 
was not possible.  Control of the CISSST was also limited.  Only two test (rotation) speeds were available and there was 
no way of monitoring for constant stress or strain conditions.   
 
Overall Test Device Performance 
 
To its credit, the CISSST device performed extremely well given its basic construction and control system.  However, 
there were a number of general performance deficiencies that were observed during testing that required attention. The 
first concerned the overall “strength” or “capacity” of the test device.  The motor and gearbox combination selected for 
the CISSST was not able to provide torque sufficient to fail some pavements at all test temperatures.  A limiting test 
temperature of 10°C was assigned to the CISSST device to achieve failure.  Secondly, the coupling used to transmit 
torque from the motor to the gearbox was under-designed and failed during one test program.   
 

Objective # 2: Preliminary Design of Second-Generation Test Facility 
 
The analysis of deficiencies highlighted a number of areas for improvement and led to a list of design objectives for the 
new facility.  Based on these design objectives, the preliminary design of the In-Situ Shear Stiffness Test (InSiSST™) 
was developed and sent to the technical expert panel for review.  Comments from the expert panel were addressed and 
the design of the InSiSST™ was finalized.  The primary systems of the facility are discussed below. 
 
The Primary Force Generation System (Powertrain) 
 
After investigating alternative methods to produce the required force (torque) for the test, it was concluded that, like the 
CISSST, the use of a simple electric motor and gearing represented the best overall choice for this application.  Systems 
incorporating hydraulics or pneumatics would certainly produce acceptable, if not superior results, however, these 
systems were simply too expensive at the concept exploration stage. 
 
The first important improvement involved the vertical alignment of the main drive motor and gearbox.  The vertical 
alignment saved a significant amount of space when compared to the CISSST facility, which utilized a right-angled 
gearbox attached to a horizontally mounted motor.  The vertical gearbox arrangement provided increased capacity and 
reduced backlash compared to right-angled gearboxes. 
 
The overall capacity of the motor and gearbox system was increased significantly to ensure failure of all asphalt surfaces 
encountered (over a reasonable temperature range).  The gearbox is a triple reduction unit with a final ratio of 8101:1.  
Therefore, 8101 revolutions of the main drive motor are required to turn the output shaft of the gearbox a single 
revolution.  This huge reduction was needed not only to reduce the test speed to reasonable levels, but also to increase the 
available torque to fail the asphalt surface.  Whereas the CISSST device produced a maximum torque of approximately 
508 N.m (4500 lb.in), the InSiSST™ can apply up to 1550 N.m (13700 lb.in) of torque, an increase of over 200%. 
 
Another significant improvement over the previous design was to mount the motor directly to the gearbox.  As 
mentioned earlier, the CISSST had a driveshaft and coupling between the motor and gearbox which failed during one day 
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of field testing.  The direct attachment also reduced power loss between the gearbox and the motor.  A final benefit was 
that the direct motor/gearbox coupling provided a tight seal, thereby significantly reducing the likelihood of infiltration 
of water and/or dirt into the gear system. 
 
One disadvantage of the vertically mounted gearbox and motor was a higher centre of gravity.  However, a restraint 
system was developed using tie straps to prevent movement of the gearbox and motor during transportation.  
 
The Transportation System 
 
One of the greatest problems with the CISSST facility was its lack of portability.  The integration of the facility with a 
trailer allows exceptional portability from site to site.  Furthermore, the facility no longer requires lifting or lowering by 
human effort.  This drastically reduced the potential for injury, as well as the number of operators required for testing, 
which will provide a significant cost saving to the end-user.  Another benefit of the trailer-mounted option was that any 
vehicle with a trailer hitch may tow the facility.  
 
The Test Frame and Positioning System 
 
The test frame fills the space between the trailer axle and the front cross bar, providing the foundation for many of the 
essential InSiSST™ systems.  There are two “levels” to the test frame and positioning system.  The lower level houses 
the lower sliding system, consisting of the 2 sets of tandem worm-screw slides mounted orthoganally to allow movement 
in the longitudinal and transverse direction as shown in Figure 4.  The bottom worm screw slides are mounted within 150 
mm wide steel channels that run the length of the test frame to prevent damage during transportation. 
 
The upper test frame and sliding system were developed to isolate the gearbox from the worm screw slides for two main 
reasons.  First, due to the large weight of the gearbox (136 kg or 300 lb), it could not be directly mounted to the worm 
screw slides according to the manufacturers specifications for static (dead) load.  Second, if the gearbox was mounted 
directly to the slides, the reactiona force produced by the gearbox during an actual field test would be transmitted through 
the slides themselves.  Even at low levels of applied torque, this reaction force would greatly exceed the manufacturers 
specifications for dynamic load and would damage the slides. 
 
The upper level of the test frame consists of 50 mm hollow structural sections that provide support for the upper sliding 
system.  The gearbox is mounted on a 300 mm (12 in) square steel plate, which is in turn mounted on rollers.   The upper 
sliding system is attached to the worm screw slides below, thus allowing the slides to control the movement of the 
gearbox within the test frame.  Before a test is initiated, the connection between the upper and lower sliding systems is 
removed.  By isolating the upper and lower sliding systems, the large weight of the gearbox and reaction forces are not 
applied to the worm screw slides, but to the test frame itself. 
 
A dedicated controller and control pad housed in the front storage box control the movement of the entire positioning 
system.  In its current configuration, a net travel distance of 150 mm (6.9 in) in either direction from the centre position is 
possible with the transverse slides, and a total longitudinal travel distance of 640 mm (25.2 in) is possible with the 
longitudinal slides.  Therefore, a total testing area of 0.1 m2 (148 in2) is available each time the test frame is lowered.  
Initial analytical modelling by Bekheet et al. (2000) has indicated that strains experienced outside of the test plate drop to 
less than one percent at a distance of 50-mm (2 in) from the outer edge of the plate.  Therefore, a statistically significant 
number of tests can easily be performed for a single test-frame deployment.   
 
Epoxy System 
 
During the investigation, numerous adhesive systems were tested. Most systems either required cure times that were 
similar to the existing system or did not provide suitable strength.  At this time, the best performing product is a two-part 
epoxy system that provides adequate strength after 2-3 hours at room temperature.  Therefore, curing time at elevated 
temperatures, such as those experienced in the field during testing will reduce this time.  As the tests themselves are 
completed in a matter of minutes, total testing time is currently less than four hours.   
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Figure 4  Plan View of the Lower Positioning System (Protective Steel Channels not shown) 

 
 
The Stabilization System 
 
A stable test platform was a critical design factor for the InSiSST™ facility.  By lowering the test frame and lifting the 
trailer off its wheels using jacks, the full weight of the trailer is applied to the test frame.  A set of custom driveshafts and 
mitreboxes was fabricated to connect all four jacks to a single motor, thereby reducing cost and ensuring that the jacks do 
not operate independently of one another.  The jacks themselves are coated with a plastic layer to resist corrosion, and 
accordion-like bellows cover the screws to prevent the infiltration of water and dirt into the gearing.   
 
Stability against the force applied to the test plate is therefore achieved through frictional force between the bottom of the 
test frame and the pavement surface.  Much of the required weight is provided by the trailer and test frame, as well as the 
equipment necessary for operating the test facility.  A neoprene (rubber) pad has been epoxied to the bottom of the test 
frame to increase the friction.   
 
This system prevents movement during testing and eliminated the need to drive stakes into the pavement surface.  
Therefore, no damage is inflected on the pavement through stabilization and no operator effort is required.  Furthermore, 
by having the stabilization completed prior to positioning and testing, the sensitive electronics of the torque cell are not 
subjected to unnecessary stress.   
 

A

B

E
C

C

D
Legend:
A - Transverse Slides
B - Longitudinal Slides
C - Drive Belt
D - Motor
E - Test Frame



NCHRP IDEA #55: Design, Development and Validation of the InSiSST for Asphalt Concrete Pavements 

 9

The Test Control/Data Collection System 
 
The main drive motor is controlled through a variable speed motor controller with a speed sensor connected directly to 
the motor shaft.  The speed sensor provides a closed loop system and ensures that the motor does not deviate from the 
desired test speed.  Therefore, the InSiSST™ is a strain-controlled test as the rate of displacement (twist angle) is 
controlled, while the resulting torque (stress) is measured by the torque cell.  The accuracy of the motor controller is ±1 
revolution per minute (rpm).  The variable speed motor controller also allows the selection of a variable test speed 
between zero revolutions per minute (rpm) and 1800 rpm.  Pre-programmed strain rates have been selected to simulate 
those used in the Superpave Shear Tester (SST). 
 
Torque is recorded with a torque cell similar to that used with the CISSST facility, although with a higher capacity.  Both 
the InSiSST™ torque cell and the motor controller have standard RS-232 (serial) connections for connection to a 
computer.  Results are saved directly to the laptop and other relevant information such as test site location, weather 
conditions, temperatures, etc. may also be directly entered into a database for future analysis.  A typical graph of torque 
versus angle of twist resulting from the InSiSST™ is shown in Figure 5.   
 
Overall System Integration 
 
All of the separate components were selected and designed to work well together as a single unit.  The result is a test 
facility that is portable, stable, and rugged.  The test requires only a single operator, no heavy lifting or complex set-up, 
and can be completed rapidly.  The test results are accurate and are available instantly.  All of the individual components 
operate under the same power requirements as provided by the central generator.   
 
Cost 
 
As the InSiSST™ is still in its prototype form, the actual cost of the device is not representative of a final production 
model.  It is estimated that a final production model would be priced below $50,000 USD, which was identified by the 
National Asphalt Pavement Association (NAPA) as being a reasonable cost for such a performance test (FHWA 1998). 
 
 
 

 
Figure 5  Typical Output from the InSiSST™ facility 
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Objective # 3: Framework for Analytical Modelling 
 
The third objective was to construct a framework for the derivation of a set of analytical models.  The first task involved 
modelling of stresses and strains imposed on the asphalt layer by the InSiSST™ facility.  This analysis started by 
investigating established closed form solutions for the case of linear elastic and isotropic material properties.  Finite 
element modelling was then incorporated to investigate the effect of viscoelasticity upon the analysis.  The final task was 
to provide pavement engineers with an initial tool to evaluate asphalt pavements and predict long-term pavement 
performance based on shear properties of the asphalt mix.  It must be noted that the process of developing a complete set 
of analytical models will be on going and long term in nature due to the requirements of multi-year field performance 
data and extensive statistical analysis.  However, to commence this effort, a set of performance relationships was 
developed for this investigation based on an existing laboratory database, originally compiled at Carleton University by 
previous researchers.  As the amount of field data from InSiSST™ increases, these laboratory models will be replaced or 
recalibrated to provide a set of truly in-situ based performance models. 
 
Mathematical Background 
 
The problem of applying a torsional moment on the surface of a half-space is known in the literature as The Reissner-
Sagoci Problem.  Reissner and Sagoci (1944) and Sneddon (1946) first addressed this problem in the 1940's.  They 
showed that for an elastic, homogeneous and isotropic material, and using the cylindrical co-ordinates (r, θ, z), the only 
non-vanishing stresses are the shear stresses τzθ and τrθ.  Figure 6 shows the cylindrical co-ordinate system and the non-
vanishing shear stresses.  
 
Further, they proved that these stresses are a function of the circumferential displacement, ν, such that: 
 

[1]  
z

Gτ zθ ∂
ν∂

=   





 ν

−
∂
ν∂

=
rr

Gτ rθ      

 
Where G is the shear modulus of the material.  Solving these equations, a general solution for the circumferential 
displacement can be developed, and consequently an expression for the shear stresses τzθ and τrθ can be derived.  A 
simple form for the shear stress τzθ is available for the special case at z = 0 (i.e. at the surface) and r < a, as defined by 
Equation 2.   
 

 
 
 

Figure 6  Coordinate system and stresses 
 



NCHRP IDEA #55: Design, Development and Validation of the InSiSST for Asphalt Concrete Pavements 

 11

 [2]  

1

4
2

−







=

r
aπ

GΦτ zθ        

 
Where a is the radius of the loading plate, Φ is the angular displacement in radians, and r is the distance from the center 
of the loading area. 
 
The relation between the applied torque, T, and the resulting angular displacement was derived by integrating τzθ over the 
area of the loading plate as outlined in Equation 3. 
 

[3]  3

3
16 aΦGT =  

 
Further research work has been conducted to solve the same problem for different boundary conditions and material 
properties.  Mathematical solutions for orthotropic materials, anisotropic materials, and non-homogeneous materials are 
also available in the literature. However, these solutions were mainly concerned with the mathematical formulation of the 
stress and displacement fields inside a semi-infinite space or an elastic layer over an infinite space. The viscous 
properties have not been discussed and the change in geometry due to progressive loading has not been addressed in 
other investigations.  Moreover, with the exception of the basic linear elastic homogeneous isotropic material, these 
solutions were in the form of an integral equation that had to be solved numerically.  Consequently, calculation of the 
stresses, strains, displacements and shear modulus of the half space material would require tedious numerical integration. 
Further, using different material properties would require either the development of a mathematical solution for the 
particular problem at hand or using a numerical tool, such as the finite element method, to calculate the required stresses 
and strains. 
 
The linear relationship between the applied torque and the resulting angle of twist observed during InSiSST™ testing 
(Figure 5) allowed the calculation of the shear stiffness of the asphalt concrete using Equation 3.  For these calculations, 
the asphalt pavement material was considered linear rather than non-linear.  However, as the viscosity of the pavement 
material has a significant effect on its behavior, especially at higher temperatures, these effects should be considered in 
the calculation of the deformations and stresses developed in the half space. Subsequently, a linear viscoelastic material 
model would be used to model the pavement material for this particular problem.  The viscoelastic model would be a 
time dependant formulation, which would require a stepwise analysis using a numerical iterative process.  To this end, a 
finite element analysis was incorporated to investigate the linear-viscoelastic effects. 
 
Finite Element Formulation 
 
A linear elastic finite element model was first designed to model and verify the stresses and deformation as predicted by 
Equation 3.  The original geometry of the problem was a half-space; i.e. a surface that extends infinitely in the r, and θ 
directions, with an infinite depth in the positive z direction.  With these unlimited boundaries, an extended model with 
relatively large dimensions and fully restraining the edges was designed using the COSMOS finite element commercial 
package.  The dimensions of the model were chosen such that the actual displacements and stresses near the edge of the 
model would be negligible compared to the displacements and stresses near the loading area. 
 
The vertical dimension of the model (i.e. the depth) was chosen such that negligable effect on the displacements and 
stresses near the surface would be experienced.  Linear elastic material properties were used in the preliminary stages of 
designing the model, such that the resulting stresses and displacements could be compared to the linear elastic solution 
available in the literature. 
 
Trial models have shown that the stresses and strains damp very quickly along the depth of the top layer.  Thus, the effect 
of the vertical dimension practically vanishes beyond a relatively small depth of the top layer.  It was found that when the 
vertical dimension of the model was greater than or equal to the diameter of the loading plate, the effect of the full 
restraining of the lower surface of the model was negligible.  The resulting model was a cylindrically shaped structure 
with a 1.0 m diameter and a 0.15 m height.  The loading area is a circular shaped area at the center of the top surface of 
the cylinder with a 0.1 m diameter.  Figure 7 shows the model geometry and the imposed boundary conditions. 
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Figure 7  Problem geometry and boundary conditions 
 
 
Finite Element Model Verification 
 
The resulting linear elastic model showed good agreement with the closed-form solution available in the literature.  The 
two main outputs from the FEM used to calibrate the model were the displacement at the surface outside of the loading 
area and the shear stress τzθ directly beneath the loading area.  The displacement results from both methods were very 
close.  The error in the displacement values outside of the loading area was very small.  However, due to the fully 
restraint edges, the error increased as the distance from the loading area increased.  The error at a distance of r=0.17 m, 
where the circumferential displacement was equal to 1% of the prescribed displacement at the edge of the loading area, 
was 15%.  This was deemed an acceptable error considering the relatively small displacement at such distance. Figure 8 
shows the comparison between the displacement results from the FEM and the closed-form solution  along the radial 
direction.  
 
The results of the shear stress τzθ from both methods were also very highly correlated.  The error in the shear stress was 
very small near the center and increased to approximately 10% at a radius 4.4-cm (the radius of the loading area is 5-cm).  
It should be noted that the gradual increase in the error was expected, since the analytical model in Equation[2] is not 
defined at r = a. Thus the calculated stress approaches infinity as r approaches a, while the FE simulation produces finite 
values over the entire model.   
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Figure 8: Displacement results for the mathematical model and FEM at z=0 

 
 
Effect of Viscoelastic Material Properties 
 
The success observed with the linear elastic finite element model allowed the introduction of viscoelastic material 
properties.  The material properties used were fictitious, however, used only to examine the effect of the variation of the 
viscoelastic properties on the analysis results. 
 
The modeled problem is considered a non-linear problem, both from a geometric and material property perspective.  The 
geometric non-linearity was due to the large displacement in the neighborhood of the loading area.  Small displacement 
formulation generally used in pavement analysis resulted in unrealistic approximations.  Large displacement formulation 
required the calculation of the stiffness matrix at every time step calculation.  The material non-linearity was due to the 
viscoelastic material properties. The time dependency of the properties required a stepwise analysis, which could not be 
achieved using a simple one step solution. The time factor was incorporated in the analysis, as the solution was 
controlled by a master time curve.  The time curve was part of the input, which controlled the solution by controlling the 
velocity of the loading and the viscous properties of the material.  At each time step, the instantaneous material 
properties, stiffness matrix and resulting stresses at different nodes were calculated. The program automatically 
determined the time step such that the maximum incremental strain did not exceed 0.001. 
 
The problem was solved several times using the large displacement and the viscoelastic material assumptions, however, 
the material properties were altered from one run to the other to examine the effect of the variation of the viscoelastic 
properties on the resulting stresses.  The viscoelastic material properties in the COSMOS program were defined using a 
minimum of four variables; the instantaneous shear modulus [Go ], Poisson’s ratio, the ratio between the shear modulus at 
time t and instantaneous shear modulus [g], and the relaxation time [λ ] needed for Go to be reduced by g%. The total 
time for the load application was set to an arbitrary 20 time units.  Preliminary runs were executed where g was kept 
constant at an arbitrary 60%, while λ  was varied between 1 and 20 time units. Figure 9 shows the increase in the shear 
stress τzθ  at a node close to the edge of the loading area (r=0.044) with each time step, together with the linear elastic 
solution.  
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Figure 9: Variation of the shear stresses with the relaxation time 
 
As shown, the shear stress increased as the load increased, which was expected.  However, as the relaxation time 
decreased (indicating higher viscous effects), the slope of the curve decreased and the shear modulus of the material 
decreased.  This would explain the reduction of the calculated shear stiffness value using Equation 3 for the same 
pavement material at higher temperatures, where the viscous properties of the pavement was more dominant. 
 
Relating Shear Properties to Pavement Performance 
 
Although SHRP research has indicated that asphalt shear properties are critical to resisting permanent deformation under 
load, few analytical models have been developed to date.  Prior to the design, fabrication and field testing with 
InSiSST™, a set of laboratory based analytical models were developed to further investigate the effect of the shear 
strength and modulus upon measured rutting.  Suitable data for the model development was already available at Carleton 
University, in an existing database compiled by Zahw during his research (Zahw 1995).  In addition to numerous mix 
properties characterizing the asphalt binder, volumetric properties and aggregates, performance data was also available 
including shear strength, modulus and strain, as well as expected rutting performance based on the Shell Method 
completed at three stress levels.  A full account of the modelling effort may be found in Goodman (2000), however, the 
following is a summary of the main findings. 
 
The first objective of the modelling effort was to relate asphalt mix properties to shear properties.  Sixteen asphalt mix 
properties were available in the Zahw database for the analysis and these properties were subsequently grouped into three 
main categories – Asphalt Binder Properties, Mineral Aggregate Properties and Mix Design Properties.  A correlation 
matrix was developed to expose those variables that best described the shear properties.  From this matrix, eight variables 
were selected for further analysis.  To reduce the number of variables in the models and accommodate variables that were 
correlated to each other, two cluster variables were developed.  The first, referred to as “Penetration-Viscosity Ratio”, or 
PVR, was simply the ratio of the binder penetration value at 25˚C to its viscosity value (again at 25˚C).  Whereas 
penetration and viscosity alone are correlated to one another, the act of clustering them into the PVR allowed both 
variables to be included into the models.  A second cluster variable, referred to as “Average Rate of Densification,” or 
ARD was developed as the ratio of bulk density to the square root of the compactive effort as expressed by the number of 
blows with the Marshall hammer.  Previous studies by Brown and Cross (1988) and Parker and Brown (1990) have 
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indicated that the square root of traffic loading best characterizes rutting of asphalt pavements.  The resulting models 
relating asphalt mix properties to shear properties are shown below as Equations 4 and 5, respectively: 
 

[4]        VMAARDCCUPVRG bin *10680*14135*344*232*7.2560 +−++−=  (R2 = 0.83) 

[5]         VMAARDCCUPVR bin *2552*2410*65*50*9.066 +−++−−=τ  (R2 = 0.88) 

 
where:  
 
G  (kPa) = Shear Modulus (Stiffness) at 25°C; 
τ (kPa) = Shear Strength at 25°C; 
PVR (mm/Pa*s) = Ratio of Penetration (mm) to Viscosity at 25°C (Pa*s); 
CU = Coefficient of Uniformity (D60/D10); 
Cbin = Presence of Crushed Coarse Aggregate in Mix (Binary choice of 1 for Yes or 0 for No); 
ARD = Average Rate of Densification (ratio of final mix density to the square root of the number of blows with Marshall 
hammer); and 
VMA = Voids in the Mineral Aggregate (%) 
 
The use of the combination variables maximized the amount of information contained per variable without introducing 
co-linearity.  Furthermore, the dependent variables utilized cover all of the major areas governing mix performance; 
bitumen properties (PVR), gradation (CU), angularity/roughness of the aggregates (Cbin), density and compactive effort 
(ARD) and volumetric properties (VMA). 
 
The individual coefficient of determination (R2) for each individual variable was also investigated.  The results indicated 
that PVR alone could explain approximately 22% of the variation in shear modulus and 44% of the variation in shear 
strength.  Coefficient of Uniformity accounted for 49% of the shear modulus and 35% of the shear strength.  
Interestingly, the binary choice variable – “Presence of Crushed Coarse Aggregate in Mix” – represented a large portion 
of the shear properties; 23% of the shear modulus and 17% of the shear strength.  The remaining variables, ARD and 
VMA explained less of the variation in the shear properties; however, they were highly significant in both equations.   
The results of the individual regression analyses tended to confirm the results found in the SHRP research; that binder 
properties contribute approximately 33% toward rutting resistance, while the remaining contribution comes from the 
aggregates and the asphalt-aggregate interaction [US-SHRP 1994]. 
 
Additional analyses were completed to investigate the relationship between the shear properties of the mix and its rutting 
resistance as determined through the Shell procedure.  Figure 10 displays the graphs of rut depth versus shear modulus of 
the mix for each unconfined creep test stress level.  As shown, a high degree of correlation was observed between shear 
modulus and rut depth with R2 values ranging from 0.60 to 0.80 using a power relationship.  Similar relationships were 
seen for shear strength as illustrated in Figure 11, although less correlation was observed than with shear modulus.  The 
results of the analysis clearly indicated that shear strength and modulus are able to explain a large amount of the 
variability observed in the rutting as measured through laboratory creep tests, although shear modulus appeared to be a 
better indicator.  This result has been confirmed by the NCHRP 9-19 research team, who has focused upon stiffness of 
the asphalt mix as opposed to strength during their investigation to select a simple performance test (SPT) for the 
Superpave mix design system (Schwartz 2000). 
 
Figures 10 and 11 contain much important information that necessitates further discussion.  First, the graphs clearly show 
that as shear strength and modulus increase, the amount of rutting experienced during the test decreases significantly, 
particularly at higher creep stress levels.  For example, an increase in shear modulus from 2500 MPa to 3000 MPa (20% 
increase) reduced the amount of rutting from 2 mm to 1.4 mm (a 30% reduction) for the 0.6 MPa test stress level.  For 
the lower stress levels, the graphs become flatter, indicating a reduced benefit for increased shear modulus and strength 
for lower stress scenarios.  Although beyond the scope of this investigation, the information can potentially be used to 
optimize mix design selection (based on modulus or strength) for a desired level of performance (rutting limit) and a 
given traffic loading scenario (stress level).  Furthermore, the results of quality control and assurance testing (QC/QA) 
could be checked against the graphs to ensure that the finished pavement will perform as specified, with possible penalty 
or bonus implications to the contractor.    
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STAGE 2: CONSTRUCTION AND SHAKEDOWN TESTING 
 
All fabrication activities were completed at Carleton University in the Civil and Environmental Engineering 
Laboratories.  As can be expected with any new or complex technology, a number of interesting challenges were 
encountered during the development of the InSiSST™ device.  Perhaps the most frustrating were the long delays 
experienced when ordering and acquiring the component parts for the InSiSST™.  Although most of the components 
were commercially available, they were not actually fabricated or assembled until ordered, thus requiring up to 2 months 
to receive and in turn delaying the fabrication of the InSiSST™ on multiple occasions.  The following section describes 
additional challenges that were faced during the fabrication of the InSiSST™. 
 

Fabrication Issues and System Debugging 
 
When the positioning system was first installed and attached to the gearbox, the system would often “stall” while moving 
the gearbox back and forth within the test frame.  It first appeared that the motors of the positioning slides were not 
powerful enough to move the gearbox.  However, upon further examination, it was discovered that the slides were not 
completely parallel and that the gearbox was rubbing against the slides at certain spots along the slide length.  Once 
adjusted, the positioning system performed properly. 
 
The jacking system itself presented no major problems during development, although the rate of extension and retraction 
of the jacks was faster than anticipated.  No modifications have been made to date, however, the addition of a gear 
reducer to the jacking motor is expected, and this modification will reduce the speed at which the jacks extend to a more 
reasonable rate.   
 
Once constructed, the motor controller and torque cell were connected to the laptop computer to begin the software 
development.  Unfortunately, the test software conflicted with the devices and caused the computer to “crash” when the 
test software was initiated.  A software patch was obtained from the manufacturer of the USB adapter and the problem 
was solved.   
 

Shakedown Testing 
 
A series of shakedown exercises were completed with the InSiSST™ to ensure an acceptable amount of ruggedness prior 
to field testing.  Most of the shakedown testing was completed in and around the Carleton University campus.   
The most challenging test of ruggedness for the InSiSST™ was completed between July 16th and 18th of 2000 when the 
trailer was driven from Ottawa to College Park, Maryland and then to Washington, DC for a demonstration at the 
Transportation Research Board.  The total trip distance was approximately 2000 km (1250 miles), most of which was 
along major Canadian highways (416, 401) and US Interstates (80, 95) at speeds ranging from 80 to 120 km/h (50 to 75 
mph).  The InSiSST™ traversed countless sharp bumps and dips during the journey and there was some concern for the 
health of the electronic equipment housed in the storage box.  However, no damage was observed upon return to Carleton 
University, with the exception of some very thin surface rust on the metal test frame.  The test frame was cleaned and 
painted to prevent future rusting.  To ensure that the electronic equipment does not fail in future trips, padding was 
installed to protect the equipment from shock. 
 
 
STAGE 3: VALIDATION TESTING 
 

Introduction and Overview 
 
With the InSiSST™ facility constructed and the base analytical models available, the final stage of the investigation 
involved preliminary field testing for validation purposes.  First, the results of comparison testing with the CiSSST and 
InSiSST™ devices was completed.  Next, the effect of loading plate diameter was investigated.  Finally, some of the 
results observed during field testing under contract with the Ontario Ministry of Transportation are presented. 
 

InSiSST™ vs. CiSSST 
 
The surface plate method of testing is used for both the CISSST and the InSiSST™, however, a set of comparison tests 
were completed to ensure that similar results were achieved.  The tests were completed in a parking lot at Carleton 
University consisting of an HL3 asphalt concrete mix.  HL3 is a standard surface mix used throughout Ontario for low to 
medium traffic volumes.  The average shear strength calculated with the CISSST was 2058 kPa with a coefficient of 
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variation (COV) of 19.2%, whereas the average shear strength with InSiSST™ was 2304 kPa, with a much lower COV 
of 7.2%.  A two-tailed Student t test indicated that the difference in average shear strength between the two tests was 
insignificant; therefore both devices were measuring the same property.  It was clear, however, that the InSiSST™ 
yielded results that were much more repeatable.  It should be noted that comparison between the CISSST and InSiSST™ 
could only be made using shear strength, as calculation of shear modulus using the CISSST was not possible due to its 
lack of accurate twist angle measurement. 
 

Effect of Loading Plate Diameter 
 
The standard loading plate diameter used for InSiSST™ testing was 92 mm.  However, InSiSST™ testing was also 
completed with 125 mm plates to assess the effect of test plate diameter on calculated material properties.  Two 
interesting results were observed with the 125 mm plates.  The first concerned the shape of the torque vs. twist angle 
graph.  As shown in Figure 12, the 125 mm plates displayed a rapid increase in torque to what appeared to be a yielding 
point, and then a much slower increase in torque over a large increase in strain to an ultimate failure point.  Upon further 
inspection of the data and Figure 12, it was observed that the linear slope of the torque-twist angle graph was almost 
identical for both the 92 and 125 mm plates.  These results implied that the onset of failure was independent of plate 
diameter.   
 
For the 92 mm plates, complete failure occurred at this point, whereas ultimate failure was not observed with the 125 mm 
plates until a much larger strain was imposed. A number of mechanisms may explain these results. However, the plate 
size effect appears to be influenced by the type of the mix (size of large aggregate, gradation and mix design) and the  
fact that any asphalt mix is neither perfectly homogeneous nor completely uniform.     

 
Figure 12  Comparison of Torque vs. Twist Angle for 92 mm and 125 mm Test Plates 
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While the results were independent of load plate diameter for the tested HL3 mix, test results from other (larger size) 
mixes may show the plate effect due to load plate diameter.  Indeed, Abd El Halim et al (1995) determined that the test 
requires the failure plane (Figure 2) to be deeper than the largest size aggregate in the mix for the results to be 
representative.  As the 125 mm test plates removed a larger depth of asphalt upon failure for the HL3 mix (15 mm versus 
10 mm for the 92 mm plates), it was recommended that larger plate diameters should be used for larger aggregate mixes.  
Table 1 below lists the recommended test plate diameter for various asphalt mixes based on maximum aggregate size. 
 

Table 1  Recommended InSiSST™ Load Plate Sizes based on Asphalt Aggregate Size 
 

Recommended Load Plate Diameter (mm) Maximum Asphalt Aggregate Size (mm) 
92 ≤ 9.5 
125 12.5 to 19.5 
150 >19.5 

 
 

Field Testing at SPS-9 Sites in Ontario 
 
In summer 2000, the InSiSST™ was used to test in-service pavement sections in Ottawa, Petawawa, Toronto and 
Bancroft as a part of the contract with MTO.  Analysis of the data is ongoing, however, results from the LTPP test site 
(870900) on Hwy 17 near Petawawa Ontario are presented here as initial field validation of the facility.  This section was 
constructed in 1997 and falls under the LTPP category SPS-9.  These sections are targeted toward the evaluation of the 
SHRP Superpave asphalt binder specification and mix design.   
 
Seven tests were done for each test section.  Five tests of these were completed in the lane centreline and the extra two 
tests were completed either in the wheel paths or on the shoulder of the road.  All the tests were completed using 92 mm 
diameter steel plates.  The air temperature during the testing period ranged between 27oC and 32oC and the pavement 
temperature ranged between 33oC and 39oC.  Due to some hardware problems at the time, data point were recorded every 
1-sec, however, this time interval was deemed sufficient to be used in the calculation of the shear modulus.  The 
collected data were later compiled to calculate the shear stiffness, using Equation 3.  
 
The available long-term performance data was acquired from the National Information Management System (NIMS) and 
from MTO.  The cross section profile was used to calculate the rutting depth using the 1.8-m straight edge method for 
different sections.  Unfortunately, data was only available for 1997 and 2000, thus providing only two data points for 
evaluation.  Given the relatively short service life, and the relatively small rutting values for all sections, the accumulated 
rutting might not give a representative picture of the performance of the different sections.  Consequently, it was 
suggested to calculate a rutting rate per year for each section, based on the available two data points.  The rutting rate 
would give an indication of how much the mix is susceptible to rutting.  It was accepted that rutting is not necessarily a 
linear function of time and that the calculated rutting rate might not be an accurate measurement of the ultimate rutting 
susceptibility of the mix.  However, given the tested sections were fairly new and the limited amount of the performance 
data available, the rutting rate was selected for correlation with the InSiSST™ results.  Table 2 shows the average results 
of the shear stiffness and the rutting rate for different sections.  The information listed in Table 2 is displayed graphically 
in Figure 13. 
 

Table 2 Summary of Results of Testing at LTPP Test Site 
 

Test Section Shear Stiffness (MPa) Rutting Rate (%) 

Section1 16.66 4.19 

Section2 13.90 20.91 

Section3 15.93 8.13 

Section4 14.00 12.98 

Section5 12.13 23.33 

Section6 14.78 0.00 
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Figure 13  Rutting Rate at Ontario LTPP Section versus Shear Stiffness 

 
 
The preliminary results shown in Table 2 and Figure 13 were encouraging for a number of reasons.  First, it was apparent 
that the shear modulus values measured with the InSiSST™ facility were very well correlated to the rutting rates 
calculated for the Ontario LTPP site.  A power curve was used to fit the data (Figure 13) and resulted in an R2 value of 
0.81.  This high correlation promoted the value of InSiSST™ as a tool for assessing the long term performance of asphalt 
pavements, although more testing and validation is required.  
 
Second, the power relationship observed between rutting rate and shear modulus for the LTPP test site was very similar 
to the laboratory results obtained earlier (Figure 10), indicating that InSiSST™ results may be correlated with laboratory 
values.  As previously mentioned, such relationships will be valuable for mix design and analysis efforts, particularly 
when the Superpave Simple Performance Test (SPT) is introduced.   
 
Third, the value of InSiSST™ for use as a tool for QA/QC of pavement construction was observed based on the results 
observed with Section 6 of the Ontario site.  As shown in Table 2, Section 6 displayed inconsistent results compared with 
the other sections.  A review of the construction documents indicated problems during construction, which may have 
resulted in high variation in its performance. 
 
Finally, the value of using fundamental material properties such as shear modulus was readily apparent, as the 
relationships were consistent across numerous asphalt mix types and between laboratory and field results.   
 
 
PLANS FOR IMPLEMENTATION 
 
PHASE II IDEA PROJECT 
 
Based on the extremely promising results of Project #55, a Type II – Product Application proposal has been developed 
and submitted to the NCHRP IDEA Program to focus on the practical application of the InSiSST™ facility through 
extensive field testing and laboratory correlation.  A brief overview of this proposal is provided below. 
 
The primary goal of the Type II investigation will concern field application to establish the InSiSST™ facility as a 
QC/QA tool for newly placed hot mix asphalt layers.  This means that the eventual field applications will not need to 
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address the issues of surface aging and traffic control during attachment of plates and subsequent testing.  Furthermore, 
the decision to focus upon in-situ performance testing of asphalt mixes for QC/QA purposes well complements the 
forthcoming Superpave Simple Performance Test (SPT) currently under development at the University of Maryland and 
Arizona State University under NCHRP Project 9-19.   
 
The secondary goal of this investigation will be the assessment of asphalt shear stiffness (G) for pavements that are to 
be rehabilitated (i.e. overlaid).  Surface aging and traffic control issues will be addressed during this part of the 
investigation.  Assessment of pavement layer shear stiffness would complement or augment existing layer stiffness 
information obtained from conventional Falling Weight Deflectometer (FWD) backcalculation. 
 
To achieve these goals, the investigation must conclusively demonstrate that the shear parameters measured by the 
InSiSST™ correlate well with existing laboratory tests and field performance.   
 
INTELLECTUAL PROPERTY PROTECTION AND COMMERCIALIZATION 
 
In January 2001, the Research and Technology Development Office (RTDO) at Carleton University applied for a 
provisional patent for the InSiSST™.  This action will allow the RTDO to more comfortably seek potential industry 
sponsors or manufacturers who might be interested in developing the InSiSST™ facility.  At this time, interest in the 
InSiSST™ technology has been expressed by a company called “InTransTech”, whose mandate is to explore and 
commercialize new technologies to the transportation industry.  InTransTech is an international company with offices in 
California and Calgary, Alberta. 
 
 
CONCLUSIONS 
 
By continuing the excellent research concerning the use of shear properties of asphalt concrete pavements completed 
under the Strategic Highway Research Program (SHRP), and extending their collection in the field through the 
development of the In-Situ Shear Stiffness Test (InSiSST™) facility, NCHRP-IDEA Project #55 has made a significant 
step toward advancing the state of the art of asphalt pavement technology and practice.  The following main conclusions 
were drawn from the investigation. 
 

1. The successful development of the In-Situ Shear Stiffness Test (InSiSST™) facility allows the collection of 
fundamental asphalt concrete shear properties “on the road,” without the need for destructive coring or complex 
laboratory analysis.  The application of torque to the pavement surface represents a simple, yet effective way to 
measure shear properties of the asphalt layer. 

 
2. The InSiSST™ is a rugged, self-contained facility that may be transported from site to site and perform rapid 

and repeatable tests with a single operator.  The InSiSST™ was not developed solely as a research tool, but also 
as a production ready prototype that may be adopted by industry for mainstream use for pavement design, 
quality control and assurance, and long term pavement performance monitoring.   

 
3. As opposed to empirical test devices such as wheel tracking devices, the InSiSST™ facility is based on sound 

theory and measures fundamental engineering properties as verified through an extensive finite element 
modelling exercise.  These properties may be input into mechanistic performance models to evaluate pavement 
performance.  Such models are expected from the NCHRP program under project 9-19. 

 
4. Analytical modelling efforts completed during this investigation have supported the importance of shear 

properties toward asphalt pavement performance.  Laboratory models relating shear stiffness and strength 
strongly correlate to measured rutting, both from laboratory analysis using the Shell Method and field test 
results obtained from one of the US Long Term Pavement Performance (LTPP) experimental test sites. 

 
5. The results of the modelling exercise tended to confirm the results found in the original SHRP research; that 

asphalt binder properties contribute approximately 33% toward rutting resistance, while the remaining 
contribution comes from the aggregates and the asphalt-aggregate interaction. 
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6. Field test results obtained in Ottawa, Petawawa, Toronto and Bancroft were encouraging, however, additional 
validation testing in the field is required, particularly toward the use of InSiSST™ for quality control and 
assurance testing. 

 
7. The research team acknowledges that asphalt properties are sensitive to such factors as rate of loading, test 

temperature, and the loading plate size to some extent.  One of the main purposes for continued testing under a 
Phase II project would be to determine a “Protocol for Testing,” which would address these concerns.   
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