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Background
Pavement design concepts and practices change as technologies advance.  The new Mechanistic-Empirical Pavement Design Guide (MEPDG) reflects the current consensus on pavement design, as developed and released under NCHRP Projects 1-37A and 1-40D.   The MEPDG includes methods for analyzing and designing most types of new and rehabilitated flexible, rigid, and composite pavements.  It emphasizes the use of sound principles of engineering mechanics as well as existing models and databases.  With the high percentage of pavement projects in the US that involve the rehabilitation of existing pavements, the MEPDG specifically emphasizes rehabilitation design. 

The MEPDG is accompanied by a Windows software package used to expedite the determination of suitable prescribed alternatives. The consistency between the rigid and flexible pavement modules allows for the same inputs and interfaces, whenever possible, giving the user the ability to examine either rigid or flexible pavement alternatives. The software is easily interfaced with any open database connectivity (ODBC)-compliant database. There are provisions to enable the use of other advanced database management systems.

The MEPDG performance was calibrated based on Long Term Pavement Performance (LTPP) database field pavement performance data.  The LTPP database compiles measurements from thousands of flexible and rigid pavement projects nationwide, including data on design, material properties, climate, traffic, and performance data from.  Despite its nationwide orientation, the LTPP does not include extensive results from all states; some states did not participate, and others submitted data for only limited sites.  The LTPP database does not yet include all materials used in highway construction.  Also, when the MEPDG software was previously used to predict performance of pavements on local projects, the results did not correlate well with actual performance data.  This shows the importance of local calibration.  

The state of New York is very large and contains a great variety of climates, locally accessible materials, and traffic conditions.  This diversity of conditions has led to a diversity of pavement designs, which the MEPDG may not accurately model, and which makes implementation of the MEPDG in New York state a challenge.  
In addition, the existing MEPDG documentation is quite complex and oriented toward the advanced user.  The documentation will need to be remade into a form usable by NYSDOT Region Office engineering personnel using the state calibration.  Software orientation and/or training of pavement designers may also be required.  
LTPP jointed plain concrete pavement (JPCP) performance indicators relevant to MEPDG models include:

· Mean transverse joint faulting

· Transverse slab cracking under load

· Smoothness or IRI

Problem Statement

The New York State Department of Transportation (NYSDOT) wants to implement the MEPDG within the state.   NYSDOT has been constructing JPCP experimental sections as part of the work conducted for the Pooled Fund Study TPF-5(121), “Monitoring and Modeling of Pavement response and Performance”.  The pavements were instrumented, their materials tested, and their performance monitored. Traffic and climate monitoring devices were also installed.   Data from the project as well as other LTPP data pertinent to New York can be used to calibrate the MEPDG software to conditions in the state.  

Additional data can be found in various sources, including the report entitled Seasonal Variations of In Situ Materials Properties in New York State [Orr and Irwin, 2006].  Additionally, there is a need for a new set of design charts and an update to the New York State DOT Comprehensive Pavement Design Manual (CPDM). 
Objectives

The objectives of this task order are:  

· Evaluate various aspects of the MEPDG in relation to New York State’s current practice and past pavement performance 

· Provide recommended input parameters appropriate to New York

· Develop the database for JPCP data that will include all parameters used in MEPDG

· Develop/automate a pavement design procedure for JPCP based on the MEPDG that fits New York’s environment, materials, construction practices, soils and maintenance needs.  

To meet these objectives, the project work was divided into the following tasks:

· Task 1. Collect and review relevant literature, current practices, and other information relative to adopting/calibrating MEPDG to local conditions.  
· Task 2. Survey of the Pavement Design Practice in the Regional Offices – In this task, a questionnaire will be sent to the 11 regional offices.
· Task 3. Identify, discuss, and evaluate the performance models currently available in the MEPDG for estimating faulting, fatigue cracking and IRI.  
· Task 4. Collect available data for NYSDOT JPCP experimental pavements and develop a database.  These data include traffic data, climate data, response data, design features, and material properties.  For sections where required material data are not available, obtain materials and conduct laboratory testing.
· Task 5. Review MEPDG data requirements and determine availability of all data required in addition to those compiled in Task 3.  

· Task 6. Calibrate MEPDG design guide software for those regions in New York where sufficient data are available.  
· Task 7. Develop the JPCP catalogs with a step by step Pavement Design Procedure.  Update standards sheets for rural and urban JPCP.  

· Task 8. Prepare a final report summarizing results from each task and documenting the research effort.  

Literature Review

For literature published up through 2007, see (1), which contains a review of MEPDG references conducted for the state of Ohio.  This review focuses on more recent publications relevant to PCC pavement, aggregate base materials, and modeling and local calibration of MEPDG software for PCC pavement systems, and includes a few articles cited in (1).  
PCC durability and performance

Schwartz, et al (2), in a paper entitled “Effect of concrete strength and stiffness characterization on predictions of mechanistic-empirical performance for rigid pavements”, includes a comparison of results predicted using Level 1, 2, and 3 models and a sensitivity analysis and examined eight PCC mixes in a variety of design scenarios.  As for the output parameters, transverse cracking, was extremely sensitive to input parameters (strength and stiffness), while international roughness index (IRI) was moderately sensitive, and faulting was not sensitive.  It was also determined that 28-day modulus of rupture and 28-day modulus of elasticity values were the most important parameters.   
Won (3) examined continuously reinforced concrete pavement (CRCP) for the Texas DOT to create a database for MPDG use, based on data collected from 27 sections, each 300 m (1000 ft) long, from throughout the state.  A falling weight deflectometer (FWD) was used to collect load transfer efficiency (LTE) data at small, medium, and large cracks during summer and winter. Crack spacings and slab deflections were also measured.  LTEs were consistently higher than 90%.  Primary distresses were caused by imperfections in design details or problems with construction or material quality.  The major cause of distress is horizontal cracking apparently resulting from the interactions between longitudinal steel and concrete in response to wheel loads.  A mechanistic-empirical design procedure for CRCP was developed and will probably require further refinement of the transfer function.  

Elfino et al (4), also looked at CRCP, this time on I-64 Battlefield Blvd in Chesapeake, Virginia Virginia.  At this site, a full set of Level 1 MEPDG data was collected.  MEPDG software was used to compare predicted performance using Level 1 and Level 3 inputs, assuming the original design thickness, as determined using the original design following the 1993 AASHTO Design Guide.  

Schram and Abdelrahman (5) examined how to correlate data in Nebraska’s existing pavement management system (PMS), which is based on an index derived from visual distress surveys, with the distresses used in the MEPDG.  The authors intended the Nebraska approach as a model for other locales.  The MEPDG analysis can be expanded to include fund allocation, estimations of need, remaining service life, etc.  Also, failure criteria can be selected and made more meaningful to local designers.  Detailed guidance for local calibration is also presented.

Chatti et al (6) examined “The effect of different axle configurations on the fatigue life of plain cement concrete” pavement.   In Michigan, the state is experimenting with various heavy truck axle configurations, with up to 11 axles per vehicle and 8 axles in one axle group.  There is a considerable need to determine whether these novel axle configurations have an effect on pavement life.  In this experiment, cyclic four-point beam tests were conducted with load pulses equivalent to the passing of an axle group, with S-N curves generated to determine the expected fatigue life.  In general, an increased number of axles within an axle group at the same stress ratio caused increased damage, though the damage per axle for multiple axles is less than for a single axle.  Also, the axle factors for multiple axles tend to increase as the stress ratio decreases.  
Snyder (7) discussed how Mn/ROAD results from 1992 to 2007 were used to improve low-volume concrete pavement design. Since construction in 1993, the five original low-volume road test sections have each been subjected to over 300,000 80 kN (18 kip) equivalent single-axle loads (ESALs).  The design differences between the sections include slab length, joint design, base design, and drainage.  Current distress summaries, maintenance records, deflection data, and ride histories were examined.  Performance life was projected based on IRI data and compared with projections from common design procedures; on this basis, the effectiveness of the design procedures are evaluated.  The MEPDG provided the best match to the IRI observations, but predicted performance was still about 23% short.  
McCracken et al (8) compared different sets or levels of input into the MEPDG on predicted performance of a jointed plain concrete pavement (JPCP).  First the 1993 AASHTO Design Guide was compared to the MEPDG, and considerably different design thicknesses were computed.  Then different levels of design inputs were selected for different parameters of the pavement.  The study indicated that different input levels can change the design thickness for a given pavement by up to 51 mm (2 inches).  
Ker, et al (9) examined the prediction of transverse cracking of jointed concrete pavements using data gleaned from the Long-Term Pavement Performance database.  The accuracy of prediction models used with the MEPDG were found to be inadequate.  In part, the assumption of the normal distribution of random errors and constant variance may not be warranted.  Thus more modern regression techniques, such as generalized linear regression and generalized additive model were adopted along with the assumption of a Possion distribution.  The agreement of the MEPDG with these new predictive models was improved, but further investigation is warranted.  

Haider and Harichandran (10) correlated rigid pavement performance with axle load distribution.  The MEPDG uses axle load spectra customized to a particular site, which are typically a bimodal shape that can be modeled as a mixture of two continuous distributions in a closed-form solution, with the details depending on local data.  Observed axle load spectra from eleven sites in several states were used to correlate the load distributions to the predicted rigid pavement performance.  Cracking was found to be a function of the 85th percentile load, faulting strongly related to the mean load, and IRI with the 4th moment of the axle load spectrum.  Heavier loads thus appear to be the predominant cause of cracking and IRI deterioration, while faulting depends on the average load. 

Hiller (11) looked at the sensitivity of predicted performance measures and fatigue failure mechanisms on input parameters, including joint spacing, shoulder type, traffic level, climate, and built-in curl.  Wider lanes were found to have different predicted failure mechanisms depending on the assumptions of the method employed.  It was also found that the design thickness was minimized with a built-in curling level of about -6°C (-11°F).  

Sargand, Figueroa, and Romanello (12) used MEPDG v. 0.992 to analyze a long-lived JPCP pavement and a perpetual AC pavement built on the US Route 30 bypass of Wooster, Ohio, known as the WAY-30 project.  The analysis was conducted using Level 3 inputs and the extra thick/durable design being tested on that pavement.  For the AC pavement, most measures of deterioration were very low at the 20 year mark, with IRI and total rutting at about half the failure criterion.  For the PCC pavement, the percentage of cracked slabs was negligible after 20 years, while faulting just met the failure criterion of 0.12 in (3.0 mm), minimum LTE declined to 80% at 8 years and leveled out at around 55% at 15 years, while IRI approached 80% of the design limit.  

In a subsequent project report, Sargand and Figueroa (13) revisited the WAY-30 simulation, this time using MEPDG v. 1.100 software and with site-specific material properties from Sargand et al (14).  The AC results were generally comparable to the earlier simulation and confirmed the perpetual pavement’s designed longevity.  The PCC simulation showed much improved performance of the pavement, with faulting remaining well under 10% of the design criterion at the 20 year mark, and with IRI rising from 37% of the design limit to 46%, remaining well below the design limit. The minimum LTE was 93.7% after 20 years.  The percentage of cracked slabs increased from a negligible amount to 1.2%, which was still well below design limit of 15%.  
Khanum et al. (15) in 2006 used the MEPDG to predicted performance of typical Kansas JPCP and determined the effect on the current Kansas Department of Transportation (KDOT) QA/QC specifications and identified the acceptable levels of PCC strength. The current KDOT percent within limits (PWL) specifications were shown to be more sensitive to the PCC strength than to the slab thickness. Distresses predicted by MEPDG strongly depended on both factors as well as truck traffic, and their interactions were also significant. Each JPCP project would have an optimal combination of PCC strength and slab thickness to create the most economical design, which was determined to be 9.5 to 10 inches (24.1 to 25.4 cm) for 3,000 psi (20.7 MPa) concrete and 8.5 to 9.0 inches (21.6 to 22.9 cm) for 5,000 psi (34.5 MPa) concrete, independent of traffic levels. The authors recommend that KDOT specify an upper limit for the concrete strength in their PWL specifications. 
PCC strength and stiffness and mechanistic properties
Hu, Wang, and Gi (16) studied the mechanical properties of typical PCC in Iowa for use in MEPDG.  Using a database of over 20,000 items, typical input values for 28-day compressive strength, elastic modulus, modulus of rupture,and splitting tensile strength were obtained and compared to MEPDG defaults.  A nonlinear regression was used to determine the relationships between different properties.  While the Iowa database had good documentation of compressive strength, there was a severe lack of complete sets of data, which needs to be remedied going forward.  
PCC temperature gradients and deformations; temperature dependence of modulus

Asbahan and Vandenbossche (17) studied the effects of temperature and moisture gradients on slab deformation in JPCP, collecting data from a newly built instrumented JPCP over two years.  Slab temperature, moisture, static strains, and pavement surface measurements were combined to compute and/or predict slab curvature.  The presence of dowel and tie bars did little to restrain slab curvature due to daily temperature fluctuations or reversible drying shrinkage, but did reduce curvature attributed to long-term drying shrinkage.  The MEPDG default value was close to the measured value in this study, but is apparently not appropriate for undoweled slabs.  
Gedafa et al (18) studied six typical JPCP pavements in Kansas, modeling them with the MEPDG software and looking at performance parameters as a function of alternative inputs of PCC strength development, shrinkage, and “zero-stress” temperature.  IRI and faulting were found to be insensitive to PCC strength, but slab cracking decreases as strength increases.  Long-term cracking and IRI are insensitive to shrinkage strain, but higher shrinkage strain does lead to more faulting.  Slab cracking and IRI are insensitive to the zero-stress temperature, but faulting is highly affected, unless the lane is widened and tied to a PCC shoulder.  April and October are determined to be the optimal months for JPCP paving in Kansas.  
PCC Coefficient of Thermal Expansion

The most common topic to appear in the literature review was the thermal expansion of concrete, with ten references, including two cited in (1).  

Buch and Jahangimejad (19) looked at the coefficient of thermal expansion (CTE) of concrete.  The authors examined the change on CTE depending on test variables such as aggregate geology, sample age, and number of heating and cooling cycles.  The impact of CTE variables on MEPDG predictions, particularly of transverse cracking, was also investigated.  

The same authors (20) documented measurements of CTE for typical PCC paving mixtures made using aggregate sourced from eight locations in the state of Michigan, including the classes limestone, dolomite, slag, gravel, and trap rock. Triplicate test specimens were moist cured for 3, 7, 14, 28, 90, 180, and 365 days before testing using the provisional AASHTO TP60 protocol and a revision devised at the University of Texas.  The measured CTE values were then compared using statistical analyses, and the resulting distributions used to determine the impact on transverse cracking performance of JPCP using the MEPDG software.  
Naik, Kraus, and Kumar (21) looked more closely at the impact of aggregate type on CTE of PCC.  Aggregates belonging to the six basic classes of aggregate – glacial gravel, quartzite, granite, diabase, basalt, and dolomite – were used to make PCC samples in 15 typical mixtures.  At 28 days, the following parameters were measured:  CTE, compressive strength, and splitting tensile strength, the first and last of these being basic inputs in MEPDG.  CTE was found to vary with the type of aggregate, which ran highest to lowest with quartzite, dolomite, glacial gravel, granite, diabase, and basalt.  The splitting tensile strength recommended for Level 2 MEPDG input was found to be about 17-31% lower than experimental values.  

Crawford, Gudimettla, and Tanesi (22) state that the CTE is one of the most sensitive MEPDG input values.  The most common method to measure CTE is the AASHTO TP60 method, which may be measured using automated equipment.  These researchers had one 410 stainless steel specimen, a low CTE PCC specimen, and a high CTE PCC specimen tested in 18 laboratory units including 11 custom-built automated systems and 7 commercial automated devices.  A statistical analysis was conducted to determine the overall variability of the measurements, including a comparison of custom-built to commercial units, and the AASHTO TP60 versus the Texas modification.  Accuracy of the CTE measurement of steel was compared to a measurement with a push-rod dilatometer following ASTM E228-06.  
Smith and Tighe (23) examined the CTE of recycled concrete aggregate.  Sixteen cores containing 0%, 15%, 30%, and 50% recycled crushed aggregate were prepared and tested using a simplified method.  PCC performance was seen to improve, i.e. reduced CTE, as recycled aggregate content increased, from 7.28µε/°C (4.04µε/°F) at 0% to 4.10µε/°C (2.28µε/°F) at 50%.  Pavement performance in MEPDG simulations was also found to improve as recycled aggregate content increased and CTE decreased.  
Yeon, Choi, and Won (24) looked at the effect of relative humidity on CTE.  In the standard AASHTO TP60 method, the PCC sample is saturated before and during testing.  Previous studies indicated that the maximum CTE was observed at 70% relative humidity (RH), which was almost twice the value at 100% RH.  In this test, RH sensors were installed in specimens which were cured at 50% RH at 23°C (73°F) for six weeks, then the specimens were tested at RH target values of 45%, 60%, 70%, 80%, and 100%.  Testing was conducted in an environmental chamber with the specimen RH set to the target value by measuring displacement with change in temperature.  Maximum CTE was observed at 70% to 80% RH, with a much larger effect on cement paste than on concrete.  The researchers conclude that because the effect on concrete is lower than on paste, the AASHTO TP60 method remains adequate for MEPDG usage.  

Kohler and Karmekanti (25) looked at the influence of CTE on cracking in over 100 sections of jointed PCC pavements in California, including multiple lanes and crack histories.  CTE values were measured, and ranged from 4.8 µε/°F (8.6 µε/°C) to 6.7 µε/°F (12.1 µε/°C), and correlated with cracking data obtained from the Caltrans pavement management database.  CTE does affect crack development on PCC pavements, but the effect was limited by the subjective nature of the cracking data.  Still, it was clear that pavements with CTE over 5.7 µε/°F (10.2 µε/°C) showed more cracking than the other pavements.  

Tran, Hall, and James (26) studied CTE  inputs for the MEPDG.  24 PCC and cement paste mixtures were tested in triplicate at 7 and 28 days of aging, and were found to be comparable to literature values.  The type of aggregate used significantly influenced the CTE and pavement performance predictions.  Since this experiment was limited to mixtures containing limestones and sandstones, it was recommended that further studies be made of CTEs for PCCs with other classes of aggregate, and that the MEPDG allow for more classes of aggregate in its input menu.  

Tanesi et al. (27) in 2007 analyzed CTE tests data from 1800 PCC samples representing a variety of mixtures representative of pavements from across the United States. The analysis reported no correlation between CTE variability and CTE. For a typical JPCP design, higher CTE led to higher effect of CTE variability on predicted distresses and smoothness.  The CTE variability could make for a significant changes or discrepancies in predicted performance in terms of predicted IRI, slabs cracked, and faulting.  High testing standards and proper quality assurance/quality control (QA/QC) are essential to minimizing CTE test variability.  
Hossain et al. (28) in 2006 reviewed CTE results from Long Term Pavement Performance (LTPP) projects in Iowa, Kansas, and Missouri.  Kansas had a wide variety of CTE values in PCC, due partly to variations in aggregates and mixes.  Calculating a PCC CTE value as a weighted average of CTE of paste and aggregate always yielded a higher value than did direct measurement.  The deleterious effects of high PCC CTE can be tempered by increasing slab thickness, increasing dowel bar thickness, and/or increasing lane width and using a tied concrete shoulder.  
Performance of Base materials

Khoury, Naji, and Banks (29) looked at the performance of a stabilized aggregate base subjected to different freeze-thaw durability procedures.  Cylindrical specimens were formed and stabilized with 10% Class C fly ash and cured.  They were then subjected to 24 hours at -25°C (-13°F) followed by 24 hours at 21.7°C (71.1°F) at high RH, either with or without a membrane.  Resilient modulus and unconfined compressive strength were determined as a function of the number of freeze-thaw cycles.   Resilient modulus values of 28-day cured specimens increased up to 12 freeze-thaw cycles with no membrane; 13 or more cycles led to decreased modulus.  For three-day cured specimens, the resilient modulus increased up to 30 freeze thaw cycles with no membrane. Unconfined compressive strengths showed similar behavior as a function of freeze-thaw cycles.  Freeze-thaw testing with a membrane led to faster deterioration of performance.  These results suggest that the resilient modulus stress model recommended in the MEPDG could be a reliable predictor.  
Resilient modulus of base materials
Schuettpelz, Fratta, and Edil (30) looked at mechanistic corrections to elastic wave determinations of resilient modulus of base course materials.  Standard tests are expensive and cannot be applied to materials with large (> 25 mm (>1 inch)) aggregate particles in 125 mm (5 inch) diameter specimens.  The authors recommend measuring the propagation of elastic waves.  P-wave velocity can be used to determine modulus, and corrections made for stress, void ratio, and Poisson’s ratio effects.  This approach can be applied when large aggregate particles are present.  

Siripun, Nikraz, and Jitsangiam (31) examined the mechanical properties of hydrated cement treated crushed rock base subjected to repeated cyclic loads on triaxial tests with various stress paths.  A “shakedown concept” was applied to describe the mechanical response of unbound granular materials under traffic load, utilizing macro-mechanical observation of the unbound granular material response and the distribution of vertical plastic strain in the base material.  Compacted specimens of the hydrated  cement treated crushed rock base were subject to triaxial testing with ratios of vertical major stress to horizontal minor stress (σ1/σ3) of 11 achieved a stable state with a large number of load cycles.  Mechanical responses and limit ranges for using the hydrated cement treated crushed rock base in pavements were determined.  
Khogali and Mohamed (32) in 2007 evaluated the reasonableness of the default resilient modulus values for unbound base materials and subgrade soils, and found that MEPDG defaults tended to be higher than in the field.  Furthermore, AASHTO soil class and mechanical properties do not correlate well, suggesting a different approach to estimating resilient modulus is needed.  
Kim (33) in 2007 reviewed the MEPDG subgrade soil characterization procedure.  The MEPDG assumes that the subgrade is compacted to optimum moisture content; an average resilient modulus would create a more conservative design.  Wetter than optimum resilient modulus values can be used to characterize subgrades during thawing; however, MEPDG values for frozen soils tend to be greater than lab values, and must be used with caution.
MEPDG based pavement design catalog for states and local calibration
Li, Xiao, and Hall (34) discussed the creation of an MEPDG-based design catalog for low-volume roads in Arkansas.  Traditional design approaches, based on a standard section applying a double surface treatment over a specified thickness of granular base, were often inadequate.  Thus the Arkansas State Highway and Transportation Department decided to consider applying MEPDG methods generally targeted at high-volume roads on low-volume designs as well, resulting in the catalog under discussion.  In essence, a variety or catalog of feasible design alternatives were generated and tested for a comprehensive array of site conditions.  The five geographical regions in Arkansas are accounted for.  The traffic design considers three levels of volume with a typical load spectrum, three types of subgrade, and six potential types of aggregate that can be used in base and surface layers.  All input data come from previous MEPDG implementation research in Arkansas.  This represents a simplified and rational design process for low volume roads in the state.  

Li et al (35) discuss efforts to update the pavement thickness design catalog for the state of Washington.  The revisions utilized the MEPDG, 1993 AASHTO guide, and Washington State Department of Transportation (WSDOT) historical pavement performance data.  The design process begins by selecting the ESAL levels and performance criteria, then using the 1993 AASHTO guide and/or MEPDG to devise the thickness choices in the catalog.  In addition to the historical performance data, other inputs included properties of new pavement materials, regional practices, and construction variability.  

Siraj et al (36) conducted a verification of an MEPDG for the state of New Jersey. Nine LTPP and 16 non-LTPP sections in New Jersey were evaluated by applying Level 3 material data and Level 2 traffic data into MEPDG and computing predicted values for rutting, alligator cracking, longitudinal cracking, thermal cracking, and IRI.  These were compared to field measurements and were generally found to be statistically similar to predicted values.  The difference between measured and observed alligator cracking was considered reasonable given the errors in the field data and prediction error from Level 3 inputs. 

Khazanovich et al (37) looked at adapting the MEPDG for designing low-volume PCC roads in Minnesota.  The faulting model produced acceptable results, but the cracking model had to be adjusted using performance data from 65 sections located in Minnesota, Iowa, Wisconsin, and Illinois.  A prototype design catalog was generated using MEPDG Version 0.910, subject to revision when the MEPDG software is finalized.  
Haider et al (38) looked at calibrating the MEPDG for JPCP in Michigan.  The sensitivity analysis included both single variable studies, which identified the most significant variables, and a detailed full factorial analysis, which highlighted the major effects and interaction effects on performance predictions.  The list of most significant variables, once identified, was further refined using engineering judgment and/or local practices.  The interaction effects are expected to be important when interpreting the pavement performance from the perspective of the designer.  

Schram and Abdelrahman (39) in 2006 used pavement management data from Nebraska to calibrate two MEPDG smoothness models at the local project level. The dataset was categorized by surface layer thickness and annual daily truck traffic. This calibration reduced the default model prediction error to nearly half the previous network-level calibration value.  

Swan et al (40) examined the characterization of regional traffic data for the MEPDG, specifically by determining default traffic data for northern and southern regions in Ontario, Canada.  The sensitivity of the results to changes in traffic inputs was explored.  Discussions of the differences between the default loads and the regional spectra are noted.  For example, in Ontario there are fewer heavily overloaded axles, and the peaks between loaded and unloaded axles are more pronounced.  In the north, axle load spectra are heavier and have a higher proportion of fully loaded axles.  The number and type of trucks is found to be the major influence on predicted performance, followed by the axle load spectra.  Some of the traffic parameters, including hourly volume adjustment factors and axle spacing, were not found to have any significant influence on predicted performance.  

Survey of Pavement Design Practice in NYDOT Regional Offices

A survey questionnaire about design practices and local material properties was drafted in cooperation with NYDOT personnel and Dr. Stefan Romanoschi of the University of Texas, Arlington. The four-page form and instructions are reproduced in Appendix A.  The form was sent to all the NYDOT Region Offices.  Completed responses have not been received to date, and thus there were no results to process.

Available MEPDG Models
The Mechanistic Empirical Design Guide (MEPDG) (41) is described as an iterative process for pavement design.  The software system does not produce a specific recommendation for a pavement system consisting of layer types and thickness giving design parameters such as traffic loading, weather conditions and available local aggregates and resources, instead, the software system outputs pavement distresses and smoothness, given certain design criteria.  It is up to the engineer to enter a specific pavement design based on either experience or current convention, and then using specific site conditions such as traffic loading and local weather conditions, the MEPDG will provide a measure on which the design engineer can decide whether the design criteria used is adequate or needs modifications.  A conceptual flow chart adapted from the MEPG design guide is shown in Figure 1 (adapted from (41)).  The design/analysis process consists of three steps; Evaluation, Analysis, and Strategy Selection.  In the Evaluation Stage, the design engineer uses tools available to him such as soil testing in the field and laboratory, availability and type of local paving materials, local climatic conditions, traffic analysis and local and state wide design criteria to create a pavement section that would need to be analyzed.  This pavement section is then inputted into the Analysis Stage of the MEPDG process and the software calculates expected distresses and the timeline on which these distresses will occur.  The engineer then decides whether the expected distresses and associated timeline are within the design criteria and period for this pavement or not.  The design engineer will then decide whether to adopt his particular design or adjust it and rerun the analysis.  Once a certain set of appropriate pavement design sections have been created then the third stage is the selection strategy.  This stage is not guided by the MEPDG software but is left to the particular department of transportation to explore costs, constructability and other political decisions and decide on a final pavement design.

To this end, it is apparently important that the performance models used by the MEPDG for estimating the criteria on which pavement design decision are based be studied and explained as part of the calibration to local conditions (42).  The applicability of these models to the State of New York will also be discussed.  The performance indicators predicted by the MEPDG for Portland Cement Concrete pavements (PCC) and PCC overlays are shown in Table 1.  Prior to explaining the methodology used for the performance indicators, it also noteworthy to discuss someperformamce parameters that are not accounted for in the MEPDG.  The MEPDG does not show friction/skid resistance numbers and does not output any noise attenuation from a particular pavement design.   State DOTs usually use skid resistance as a performance criteria to decide when to rehabilitate a particular pavement section, but in this case will not have these numbers as predictors.  Noise attenuation levels are usually used to decide whether to place noise barriers and/or to use different texturing techniques for the finished pavements.  At certain times this will also influence the type of pavement use (HMA or PCC).  Again in this case the DOT designers will need to use historical numbers and criteria to decide whether a particular pavement design will meet these requirements or not.  The MEPDG does not have the capability to predict durability of particular mix design and in the case of concrete pavement their susceptibility to alkali silica reactivity or D-cracking.  Again the design engineers should use historical data and material testing to verify that these would not be issues that need to deal with.  Other criteria that are not accounted for in the MEPDG and not necessarily related to performance parameters include the use of Single Truck Tires, volume changes in soils, Geogrids used as a reinforcing material, ultra-thin PCC overlays, Jointed Reinforced Concrete Pavement, early-age PCC opening to traffic.  The design engineers are instructed to use other resources to account for these factors.

The MEPDG uses an accumulation of damage as a function of time and truck traffic to provide a distress estimate for the desired analysis period.  The minimum analysis period used is one month except during freeze/thaw conditions when the time period become half a month. The performance indicator equations and explanation follows.  
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Figure 1.  MEPDG Flow Chart

Table 1.  PCC Performance Predictors

	Pavement Type
	Performance Indicator

	Jointed Plain Concrete Pavement (JPCP)
	Mean Joint Faulting

	JPCP
	Joint Load Transfer Efficiency (LTE)

	JPCP
	Load-Related Transverse Slab Cracking  (bottom and surface initiated cracks)

	JPCP
	Joint Spalling (embedded into IRI prediction model)

	Continuously Reinforced Concrete Pavement (CRCP)
	Crack Spacing and Crack Width

	CRCP
	LTE

	CRCP
	Punch outs

	JPCP and CRCP
	Smoothness (IRI)


Distress Prediction Equations for Rigid Pavements and PCC Overlays

Table 1 will be used as a list guide for the performance predictors discussed in this section.  It should be noted that the State of New York does not specify as standard practice the use of continuously reinforced concrete pavements (CRCP), so performance measures that are particular to CRCP will not be discussed as these are not applicable to the state of New York at this time.  CRJCP are also not specified in the State of New York standards at this point in time and these types of pavements are not supported in the current version of the MEPDG program.

Mean Joint Faulting and Joint Load Transfer Efficiency

As discussed above the MEPDG uses a month by month incremental approach to predict mean transvers joint faulting.  These increments are accumulated over the entire desired design period and reported in graph or data format.  The equations used for determining this faulting are listed below, with Table 2 showing the parameters used in these equations and a description of these parameters.
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According to the MEPDG guide, the faulting analysis is only carried out during the occurrence of maximum differential density energy on the subgrade, again defined as the maximum faulting occurring during the nighttime between the hours of 8:00 PM and 8:00 AM.  In addition, the equivalent linear temperature difference for nighttime is determined for each calendar month using Equation 5 below.
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The MEPDG calculates the PCC slab temperature using 11 evenly spaced points through the depth of the slab, hourly, and these temperatures are converted into equivalent temperature differentials.  Using the effective temperature differentials and the corresponding effective k-value and base modulus, the corner deflections is determined using neural network finite element software within the guide, and the initial maximum faulting is determined.  This number is further adjusted for traffic damage. 

The magnitude of the corner deflection is not only controlled by the temperature differentials and the base conditions but also by the joint Load Transfer Efficiencies (LTE).  This is depended on both the type and size and amount of dowel bars used as well as possible aggregate interlock.  Equation 6 is used to calculate LTEs.
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The MEPDG assumes a 20% LTE for aggregate bases, 30% LTE for Asphalt Treated or Concrete Treated bases and 40% LTE for Lean concrete bases.

Table 2.  Equation parameters used in the MEPDG

	Parameter
	Description

	Faultm
	Mean joint faulting at the end of period m (in.)

	ΔFaulti
	Incremental change in mean transverse joint faulting during time period (in.)

	FAULTMAXi
	Maximum mean transverse joint faulting (in.)

	FAULTMAX0
	Initial maximum mean transverse faulting (in.)

	EROD
	Base and Subbase erodibility  factor

	DEi
	Differential density of energy subgrade deformation accumulated during time period i

	δcurling
	Maximum mean monthly PCC slab corner upward deflection due to temperature curling and moisture warping

	Ps
	Subgrade overburden (lb)

	P200
	Percent Subgrade material passing #200 sieve

	WetDays
	Average annual number of days with precipitation greater than 0.1 in.

	C1,2,3,4,5,6,7,12,34
	Global calibration constants 

	C12
	C1+C2*FR0.25

	C34
	C3+C4*FR0.25

	FR
	Freezing Index; Percentage of time the top of base temperature is below 32 ºF

	ΔTm
	Effective temperature differential for time period m

	ΔTt,m
	Mean PCC top-surface nighttime temperature for time period m

	ΔTb,m
	Mean PCC bottom-surface nighttime temperature for time period m

	ΔTsh,m
	Equivalent temperature differential due to reversible shrinkage for time period m, for old concrete

	ΔTPCW
	Equivalent temperature differential due to permanent curl/warp

	LTEjoint
	Total transverse joint LTE (%)

	LTEdowel
	Joint LTE if dowels are the only available mechanism (%)

	LTEbase
	Joint LTE if base is the only available mechanism (%)

	LTEagg
	Joint LTE id aggregate interlock is the only available mechanism (%)


The maximum faulting of Equation 3 is adjusted for traffic damage using the accumulated differential energy (DE).  Using the deflections, the differential energy, shear stress at the corner and maximum dowel bearing capacity (if present) are calculated.  In addition the equations used also calculate the loss of shear capacity due to wheel load repetition, this is characterized in terms of the width of the transverse joint base on functions derived from the analysis of load transfer test data developed by the Portland Cement Association (PCA), and is calculated for a time period of m equal to one month.  Dowel damage is also calculated, to account for the damage that occurs at the dowel-concrete interface due to repeated loadings.  Equation 4 above is then used to calculate the faulting increment for each month period, and using equation 1 the faulting at the end of the current month is determined.  These steps are repeated in the program for the life of the pavement.  Using the global calibration factors, the MEPDG estimates that the standard error for transverse joint faulting is given by equation 7, where FAULT is the predicted mean transverse joint faulting at any given time period m in inches ad described in Table 2.
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The MEPDG was calibrated using test road data from the LTPP program and other national test roads, but as extensive as this data is it still does not account for local conditions in each state.  The implication for the state of New York, is that a local calibration would be necessary to reduce these error values for joint faulting and LTEs.  Local numbers from the test sites around the state of New York would be used to determine the local calibration factors and adjust the C calibration constants in order to reduce the error associated with just using the global calibration factors.

Transverse Slab Cracking 

The MEPDG considers both bottom-up and top-down cracking for PCC pavement.  The guide also specifies that the likelihood of both types of cracking occurring at the same time in a slab is not possible due to its limited potential and thus only one or the other is considered possible at one time.  The percentage of slabs with transverse cracks is used as a measure of the durability of the pavement sections under the given traffic loading conditions.  The following equations are used for predicting the transverse cracking of the slabs.
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Table 3 lists the parameters used in equations 8 through 11 and provide a description for each variable.

It should be noted that factor I from the above equations accounts for change in the PCC modulus of rupture, elasticity and slab/base contact friction as well as deterioration of the shoulder load transfer efficiency over time.  Factor j, accounts for change in the base modulus of elasticity and change in effective dynamic modulus of subgrade reaction.  Factor k accounts for axle type difference, between single tandem and tridem axles for bottom-up cracking and the truck wheel-base dimensions for top-down cracking.

The calculations in the MEPDG for the transverse cracking combines the base and the slab are combined into an equivalent section based on equivalent stresses.  Again the MEPDG was calibrated using the test road data available and the using the global calibration factor the standard error reported is given by equation 12 where CRACK is the predicted transverse cracking based on mean inputs in percent.
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Table 3.  Variables and Description used for Equation 8 through Equation 11

	Variable
	Description

	CRK
	Predicted amount of bottom-up or top-down cracking

	DIF
	Calculated total fatigue damage

	ni,j,k,l,m,n,o
	Applied number of load applications under given conditions

	Ni,j,k,l,m,n,o
	Allowable number of load applications under given conditions


	i
	Age

	j
	Month

	k
	Axle type

	l
	Load level

	m
	Equivalent temperature difference between top and bottom

	n
	Traffic offset

	o
	Hourly truck traffic fraction

	MRi
	PCC Modulus of rupture at age I,(psi)

	σi,j,k,l,m,n,o
	Applied stress under the given conditions

	C1
	Calibration Constant (2.0)

	C2
	Calibration Constant (1.22)

	TCRACK
	Total transverse cracking (%)

	CRKbottom-up
	Predicted amount of bottom-up transverse cracking (fraction)

	CRKtop-down
	Predicted amount of top-down transverse cracking (fraction


As previously discussed, in order for the transverse cracking equation to predict the cracking in the State of New York with better reliability, local calibration parameters need to be used and the calibration constants in the equations above need to be adjusted for local conditions.  These equations account for changes in temperature as well as traffic condition in addition to the local materials used.  Local calibration would greatly enhance the output of these equations.

Smoothness

The MEPDG predicts the pavement longitudinal smoothness as a function of the initial as-constructed profile of the pavement and any changes over time due to traffic distress and foundation movement.  This model was calibrated using the LTPP field data base and was calibrated under various weather conditions. Equation 13 through Equation 16 are used for predicting the pavement smoothness.
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Table 4 lists the variables used in equations 13 through 16 and a description of these variables.
Table 4.  Variable and descriptions used in equations 13 through 16 for IRI measurement.

	Variable
	Description

	IRI
	Predicted IRI, (in./mi)

	IRI1
	Initial smoothness measured as IRI (in./mi)

	CRK
	Percent slabs with transverse cracks

	SPALL
	Percentage of joints with spalling  (medium to high severity)

	TFAULT
	Total joint faulting accumulated per mile (in.)

	C1
	0.8203

	C2
	0.4417

	C3
	0.4929

	C4
	25.24

	SF
	Site Factor

	AGE
	Pavement age (years)

	FI
	Freezing Index (ºF-days)

	P200
	Percent subgrade material passing No.200 sieve

	SCF
	Scaling factor based on site, design and climate

	ACPCC
	PCC air content (%)

	PREFORM
	=1 if preformed sealant is used, =0 otherwise

	f’c
	PCC compressive strength

	FTcycles
	Average annual freeze-thaw cycles

	HPCC
	PCC slab thickness (in)

	WCPCC
	w/c ratio in PCC slab


The standard error of the predicted IRI versus the measured IRI in the global calibration is given in the MEPDG and is show in Equation 17 below.  The factors in the this equation are the variance in initial IRI, cracking, spalling, faulting and an overall model error Se2 = 745.3 (in./mi)
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For the purpose of this research these values will be checked against IRI values from the State of New York and a statistical variation will be calculated.  This variation will determine if this equation is adequate for use in New York, or if further adjustment of the local factors will be conducted in order to achieve better correlation between the predicted IRI using the MEPDG and the actual IRI numbers measured in New York.
The calibration of the MEPDG requires materials property data on all pavement structure components, including PCC, base materials, and subgrade soils.  Also required are climatic data and traffic data.  For generation of the JPCP database for New York, the material data on PCC and base materials is being collected by this research team, while the traffic, climatic, and subgrade material data were collected and analyzed by Dr. Stefan Romanoschi of the University of Texas, Arlington.  All these data will also be used to conduct a local calibration of the MEPDG.

Data from New York JPCP experimental pavements

Coefficient of thermal expansion of PCC

Measuring the coefficient of thermal expansion (CTE) for concrete pavement is a simple procedure which involves measuring the change in length of a concrete specimen due to the change in temperature.  AASHTO TP60-00 “The Standard Method of Test for Coefficient of Thermal Expansion of Hydraulic Cement Concrete” was used. 

Specimen preparation and conditioning
Concrete samples are cored out of the pavement of interest. The core is 4 inches (10 cm) in diameter. The ends of the specimen are sawed to create a smooth surface and to meet the desired thickness of 7 inches (18 cm).  The specimens then must be saturated in water mixed with lime at room temperature. The specimens must be in the bath for at least 48 hours and then weighed until the difference in the weight is less than 0.5%.

Testing

A water bath is prepared that will allow the specimen to fully be submerged in the bath. The specimen thickness is measured and placed in a specially designed stand that holds the core in place. A linear variable displacement transducer (LVDT) is placed above the specimen and the tip is placed in the middle of the core to measure the specimen’s displacement.   The temperature of the water bath is lowered to 10°C (50°F) and maintained at that temperature. The LVDT stand with the core is then lowered into the bath. The specimen must be in the water at that temperature for at least 30 minutes; then the displacement is read. When an “equilibrium” displacement is apparent, record that value as well as the temperature; this will serve as the initial reading.

The temperature of the water is then raised to 50°C (122°F). The same measuring procedure is performed with displacement and temperature.  The CTE value is the difference in displacement readings divided by the initial length and by the difference in temperature (40°C (72°F)).

The temperature of the water is then lowered back down to 10°C (50°F) and the displacement measured one more time. The final reading will result in the second CTE value.

The two CTE values must be within 0.3×10-6 °C-1 (0.17×10-6 °F-1) of one another for the test to be valid. If they meet that standard then the two CTE values are averaged to compute the CTE for that specimen.   Typical CTE values stay near 10×10-6 °C-1 (6×10-6 °F-1) for concrete pavements.
Results

Specimens collected from experimental PCC pavements on I90 near Syracuse, I490 near Rochester and I86 at Hinsdale were tested via the AASHTO TP60-00 method.  The I86 pavement experiment involved placing the PCC over three different sections of an existing JRCP pavement, on each of which the existing pavement was subjected to a different treatment:  rubblization, cracking and seating, or no treatment.  The PCC mix applied on all three sections was the same, but included different batches; the four specimens tested included one from each section plus a second core taken from the untreated section.  Table 5 lists the measured CTEs from the New York specimens.  

Table 5.  Coefficient of thermal expansion for PCC samples from New York.
	Specimen
	CTE (10-6°C-1)
	CTE (10-6°F-1)

	I90 Syracuse
	11.51
	6.39

	I490 Rochester
	12.06
	6.70

	I86 crack and seat
	10.06
	5.59

	I86 untreated #1
	10.52
	5.84

	I86 untreated #2
	10.92
	6.07

	I86 rubblized
	8.58
	4.77

	I86 average
	10.02
	5.57

	I86 standard deviation
	1.02
	0.57


Summary of test methods used for unbound materials and soils
In this research, four types of material were tested (NY I-90 Type 3, NY I-90 Type 4, NY 15 Type 4 and SR 219 Type 4). Sieve analysis, proctor compaction test, resilient modulus, and permanent deformation tests were conducted for each type of material. The following properties and parameters were obtained: gradation; optimum water content and maximum dry density; resilient modulus value and the parameters k1, k2, and k3; and permanent deformation parameters α and µ. Test protocols and standards used in this research are summarized in Table 6.
Table 6.  Test Protocols and Standards for Unbound Materials and Soils.

	AASHTO T 88
	Particle Size Analysis of Soils

	AASHTO T 99
	Moisture-Density Relations of Soils Using a 2.5-kg (5.5-lb) Rammer and a 305-mm (12-in) Drop

	AASHTO T 100
	Specific Gravity of Soils

	AASHTO T 265
	Laboratory Determination of Moisture Content of Soils

	AASHTO T 307
	Determining the Resilient Modulus of Soils and Aggregate Materials

	ASTM C 136-06
	Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates

	ASTM D 698
	Test Methods for Moisture-Density Relations of Soils and Soil-Aggregate Mixtures, Using 5.5 lb (2.5 kg) Rammer and 12 inch (305 mm) Drop

	ASTM D 2487
	Classification of Soils for Engineering Purposes


Sieve Analysis 

ASTM C136 – 06, “Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates” was used. A representative sample of 20 kg (44 lb) for each type of material was sieved. Materials were oven-dried for 24 hours before testing. After completing the sieve process, the material on each sieve was weighed, and the gradation was produced. The aggregate gradations are summarized in Table 7. Measured aggregate graduations for different types of materials are shown in Figure 2. 
Table 7.  Aggregate gradations (percent passing).
	Sieve Size (English)
	2"
	1.5"
	1"
	3/4"
	3/8"
	1/4"
	No. 4
	No. 10
	No. 40
	No. 60
	No. 200

	Sieve Size (mm)
	50.8
	38.1
	25.4
	19.05
	12.7
	9.525
	4.76
	2
	0.42
	0.25
	0.074

	NY I-90 Type 3
	96%
	93%
	84%
	75%
	61%
	53%
	36%
	24%
	8%
	5%
	3%

	NY I-90 Type 4
	99%
	97%
	78%
	61%
	45%
	35%
	21%
	13%
	6%
	4%
	2%

	SR 219 Type 4
	100%
	98%
	93%
	88%
	80%
	74%
	54%
	36%
	6%
	3%
	2%

	NY 15 Type 4
	100%
	92%
	81%
	72%
	62%
	55%
	42%
	35%
	9%
	6%
	4%
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Figure 2. Measured Aggregate Gradations (25.4 mm = 1 in).

Proctor Compaction Test

The proctor compaction test was conducted according to ASTM D698 -91 Test Method using Procedure C. Water was added to the soil type at a predetermined moisture content percentage. A six-inch (15 cm) mold was used, three layers of soils were compacted with 56 blows using a standard proctor hammer. The weights of the specimen and mold were recorded, a representative portion of the specimen was used to determine the water content.  The optimal moisture content and maximum dry density for each type of soil are listed in Table 8. The compaction curves for each type of material are shown in Figure 3 through Figure 6.

Table 8. Optimal Moisture Content and Maximum Dry Density fo New York soils
	Soil Type 
	NY I90 Type 4
	NY I90 Type 3
	SR219 Type 4
	NY15 Type 4

	Optimal water content, w%
	10.4%
	6.1%
	6.9%
	7.3%

	Maximum Dry Density (pcf)
	125.3
	145.4
	138.5
	137.0

	Maximum Dry Density (kg/m3)
	2007
	2329
	2219
	2195


[image: image38.png]2300

2250

2200

[
S
vy
3

Dry Density (kg/m®)
[ES]
=R
ISR
s 3

2000

1950

1900
0%

1%

2%

3%

4%

5%
‘Water Content

6%

7%

8%

9%

10%





Figure 3.  NY15 Type 4 Compaction Curve (1kg/m3 = 0.0624 pcf).
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Figure 4.  NY I-90 Type 4 Compaction Curve (1kg/m3 = 0.0624 pcf).
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Figure 5.  NY I-90 Type 3 Compaction Curve (1kg/m3 = 0.0624 pcf).
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Figure 6.  SR 219 Type 4 Compaction Curve (1kg/m3 = 0.0624 pcf).

Resilient Modulus and Permanent Deformation Test
In resilient modulus and permanent deformation tests, the samples were prepared according to the standard method of sample preparation given in AASHTO T307. The required amount of material was calculated use the optimum water content and maximum dry density. The specimen dimension used in this research was 6 inches (15 cm) diameter and 12 inches (30 cm) height. The specimen was compacted in a compaction mold. After compaction, a rubber membrane was placed around the specimen with the top and bottom sealed. Two Linear Variable Displacement Transducers (LVDT) were mounted to measure the axial displacement. After completion of the test specimen, the repeated triaxial testing was conducted. The test sequences of resilient modulus and permanent deformation test are shown in Table 9. Three stages are included in the test sequences: Conditioning, Resilient modulus test, and Permanent deformation test.

Table 9. Testing Sequences of Resilient Modulus and Permanent Deformation Test. 

	Sequence
	Confining Pressure
	Cyclic Stress
	Contact Stress
	Max. Axial Stress
	Load Cycles

	
	kPa
	psi
	kPa
	psi
	kPa
	psi
	kPa
	psi
	

	Conditioning

	0
	103.4 
	15.0 
	93.1 
	13.5 
	10.3 
	1.5 
	103.4 
	15.0 
	500

	Resilient Modulus

	1
	20.7 
	3.0 
	18.6 
	2.7 
	2.1 
	0.3 
	20.7 
	3.0 
	100

	2
	20.7 
	3.0 
	37.3 
	5.4 
	4.1 
	0.6 
	41.4 
	6.0 
	100

	3
	20.7 
	3.0 
	55.9 
	8.1 
	6.2 
	0.9 
	62.1 
	9.0 
	100

	4
	34.5 
	5.0 
	31.0 
	4.5 
	3.5 
	0.5 
	34.5 
	5.0 
	100

	5
	34.5 
	5.0 
	62.0 
	9.0 
	6.9 
	1.0 
	68.9 
	10.0 
	100

	6
	34.5 
	5.0 
	93.1 
	13.5 
	10.3 
	1.5 
	103.4 
	15.0 
	100

	7
	68.9 
	10.0 
	62.0 
	9.0 
	6.9 
	1.0 
	68.9 
	10.0 
	100

	8
	68.9 
	10.0 
	124.1 
	18.0 
	13.8 
	2.0 
	137.9 
	20.0 
	100

	9
	68.9 
	10.0 
	186.1 
	27.0 
	20.7 
	3.0 
	206.8 
	30.0 
	100

	10
	103.4 
	15.0 
	62.0 
	9.0 
	6.9 
	1.0 
	68.9 
	10.0 
	100

	11
	103.4 
	15.0 
	93.1 
	13.5 
	10.3 
	1.5 
	103.4 
	15.0 
	100

	12
	103.4 
	15.0 
	186.1 
	27.0 
	20.7 
	3.0 
	206.8 
	30.0 
	100

	13
	137.9 
	20.0 
	93.1 
	13.5 
	10.3 
	1.5 
	103.4 
	15.0 
	100

	14
	137.9 
	20.0 
	124.1 
	18.0 
	13.8 
	2.0 
	137.9 
	20.0 
	100

	15
	137.9 
	20.0 
	248.2 
	36.0 
	27.6 
	4.0 
	275.8 
	40.0 
	100

	Permanent Deformation

	　
	20.7 
	3 
	206.8 
	30 
	20.7 
	3 
	227.5 
	33 
	10000


A conditioning process is used to establish steady-state behavior. The specimen needs to be preconditioned by applying 500 repetitions of a load using a haversine-shaped 0.1 second load pulse followed by a 0.9 second rest period. The maximum axial stress of 15 psi (103.4 kPa) and corresponding cyclic axial stress of 13.5 psi (93.1 kPa) are used in conditioning process. Confining pressure is set to be 15 psi (103.4 kPa).  
The resilient modulus test starts after the completion of conditioning process. The test is performed following the 15 loading sequences with different combinations of confining pressures and cyclic stresses (as shown in Table 9). The cycles are repeated 100 times for each loading sequence using a haversine-shaped load pulse. The results of resilient modulus test for different types of material are presented in Appendix B.
The same specimen was used to conduct the permanent deformation test. The confining pressure was set to be 3 psi (21 kPa), a haversine load with a 0.1 second load pulse followed by a 0.9 second rest period was applied up to 10,000 load applications. The maximum axial stress was 33 psi (227.7 kPa) and the corresponding cyclic stress was 30 psi (207 kPa). The axial deformation and the applied load were measured from two LVDTs and a load cell. The data were automatically recorded by the data acquisition system. During data acquisition, data was collected at specified time intervals to save storage space. The selected data points for permanent deformation test are presented in Table 10. Additional results of the permanent deformation test are shown in Appendix C.
Table 10.  Collected Data Points for Permanent Deformation Test.

	1 - 20
	100
	500
	900
	1600
	2800
	6500

	30
	150
	550
	950
	1700
	3000
	7000

	40
	200
	600
	1000
	1800
	3500
	7500

	50
	250
	650
	1100
	1900
	4000
	8000

	60
	300
	700
	1200
	2000
	4500
	8500

	70
	350
	750
	1300
	2200
	5000
	9000

	80
	400
	800
	1400
	2400
	5500
	9500

	90
	450
	850
	1500
	2600
	6000
	10000


Resilient Modulus Parameters
The resilient modulus model used in this research was NCHRP model or MEPDG model. This model was proposed by NCHRP project 1-28A. The relationship is as follows:
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where: 
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 = Resilient Modulus in psi.
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 = 14.696 psi (101.33 kPa = Atmospheric pressure).
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 Regression constants
The resilient modulus of unbound materials can be calculated based on the stress analyses by KENLAYER. In a simplified procedure for determination of MR, σ1= 7.4 psi (51 kPa) and σ2 = σ3 = 2 psi (14 kPa), are suggested to be used, subsequently, θ = 11.4 psi (79 kPa) and τoct= 2.55 psi (17.6 kPa). Material constants and MR calculated for stress state σ1= 7.4 psi (51 kPa) and σ2 = σ3 = 2 psi (14 kPa) for each sample are shown in Table 11. 
Table 11.  Material Constants and MR Values Calculated for Stress State, σ1 = 7.4 psi and σ3 = 2 psi.

	Material Type and Sample #
	k1
	k2
	k3
	Predicted MR    (psi)
	Predicted MR (MPa)
	Average MR (psi) 
	Average MR (MPa)

	NY I90 Type 3 #1
	1572.17
	0.72
	-0.24
	18520
	127.7
	16123
	111.2

	NY I90 Type 3 #2
	1207.04
	0.84
	-0.27
	13726
	94.6
	
	

	NY I90 Type 4 #1
	1035.50
	0.85
	-0.33
	11626
	80.2
	15420
	106.3

	NY I90 Type 4 #2
	1715.36
	0.78
	-0.46
	19214
	132.5
	
	

	NY  15 Type 4 #1
	1112.75
	0.75
	-0.28
	12926
	89.1
	12750
	87.9

	NY  15 Type 4 #2
	1081.84
	0.76
	-0.26
	12575
	86.7
	
	

	SR 219 Type 4 #1
	1132.12
	0.73
	-0.47
	12822
	88.4
	12833
	88.5

	SR 219 Type 4 #2
	1102.53
	0.72
	-0.31
	12843
	88.5
	
	


Permanent Deformation Parameters
The relationship between the permanent deformation and load cycles can be expressed as follows:
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The permanent deformation parameter [image: image62.png]


 and [image: image64.png]


 can be determined by the following equations:
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 = resilient strain,
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 = permanent strain,


N = Number of load cycles
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 = permanent deformation parameters.

A summary of the test results of the permanent deformation parameters is shown in Table 12. 
Table 12.  Permanent deformation parameters. 

	Material Type
	Sample #
	εr at 500th load cycle
	a
	b
	Rutting Parameter µ
	Rutting Parameter α

	NY I90 Type 3
	1
	0.001252
	0.00099
	0.26532
	0.210
	0.735

	
	2
	0.001621
	0.00072
	0.27268
	0.121
	0.727

	NY I90 Type 4
	1
	0.001831
	0.00027
	0.35476
	0.053
	0.645

	
	2
	0.001132
	0.00025
	0.38631
	0.085
	0.614

	NY  15 Type 4
	1
	0.001664
	0.00043
	0.42621
	0.110
	0.574

	
	2
	0.001724
	0.00123
	0.28434
	0.202
	0.716

	SR 219 Type 4
	1
	0.002928
	0.00085
	0.47209
	0.138
	0.528

	
	2
	0.002589
	0.00198
	0.32321
	0.247
	0.677


Performance Data from I490 Victor 

Project Location and Background

The I-490 project site is approximately 16 km (10 mi) south-east of Rochester, New York close to Victor NY, as part of a two year reconstruction project of both the east and west bound lanes of I-490.  The pavement was placed two lanes at a time by a slip form paver.  The jointed plain concrete pavement (JPCP) slab dimensions are 5 meters (16.4 feet) long, 4.27 meters (14 feet) wide, and 250 millimeters (9.84 inches) thick.  The two driving lanes were constructed first, with the 3.6 meter (11.8 feet) passing lane and 3.0 meter (9.8 feet) concrete shoulders installed later.  Typical dowel bar spacing is 305 mm (12 inches) on center, with a dowel bar diameter of 32 mm (1.25 inches).  The typical tie bar spacing is 714 mm (28.1 inches) on center with a diameter of 19 mm (0.75 inches).  The eastbound lanes were constructed in 1999.  Five slabs were studied to determine the effects of varying tie bar spacing.  Additionally, nine sections of ten slabs each were studied to investigate the effect of transverse dowel bar spacing and diameter.  Details on the project beyond what is contained in this report may be found in the Modeling and Monitoring of Pavement Response and Performance Task B report, Volume 1 (43).
The westbound lanes were constructed in 2002.  Two slabs were instrumented in the driving lane to study the environmental effects on the pavement.  Both the eastbound and westbound test sections were paved with NYDOT Class C mix as detailed in Table 13.  The desired 28 day strength of this mix is 31.5 MPa (4.57 ksi).  The concrete has a coefficient of thermal expansion of 12×10-6/°C (6.7×10-6/°F) and elastic modulus of 29,000 MPa (4200 ksi).  The slabs are supported by a 100 mm (4 in) thick cement treated permeable base placed on a 150 mm (6in) thick dense graded aggregate base.

Table 13. PCC Mix Design

	Material
	kg/m3
	pcf

	Water
	158
	9.87

	Cement
	287
	17.9

	Fly Ash
	72
	4.5

	Fine Aggregates
	634
	39.6

	Coarse Aggregates

(#1 Stone, 40% Split)
	454
	28.3

	Coarse Aggregates

(#2 Stone)
	682
	42.6

	Water-Cement Ratio
	0.44


 
Westbound Lanes

In the westbound driving lanes, two adjacent slabs were instrumented to monitor the environmental strain on the slabs as well the vertical deflection.  The concrete strength, base type, base thickness, and drainage conditions were consistent for these two slabs.  The slabs were monitored during construction so that the actual strains and deflections the slab experienced during the curing process could be recorded.  Additional periods of monitoring occurred after the pavement cured.

 
Eastbound Lanes

The first five PCC slabs in the eastbound test section were constructed to study the effect of varying longitudinal tie bar spacing.  The tie bar diameter and length were held constant at 19 mm (0.75 in) and 700 mm (27.6 in) respectively.  Joint A, between Lane 1 and Lane 2, was constructed during the concrete placement and subsequently saw-cut.  Lane 3 was later constructed; resulting in a cold construction joint, joint B, between Lane 2 and Lane 3.  As illustrated in Figure 7, for joint A, the tie bar is centered between Lane 1 and Lane 2.  For joint B the tie bar is installed with the epoxy joint method, and is slightly offset from center.  The epoxy joint method allows for tie bar installation during shoulder placement and after the placement of the driving lane.  The side of the previously poured driving lane is drilled at the desired tie bar locations.  The tie bars are then inserted and secured with epoxy grout.  The shoulder is then placed around the tie bars.  The tie bar configuration for each slab is listed in Table 14 and depicted in Figure 8.  The cross sectional area of the three dowel bar configurations for both the entire slab width as well as one-third of the slab surrounding the right wheel path is listed in Table 15.

Also installed in the eastbound test section of I-490 is a series of slabs with three variations in transverse dowel bar diameters and spacing.  This pavement section includes nine sections consisting of ten slabs each as shown in Figure 9.  The dowel bar length is 450 mm (17.7 inches) with the diameter and spacing as varying as shown in Table 16 and depicted in Figure 10.  The total cross sectional area of steel from the three dowel bar arrangements is given in Table 17.  


[image: image80.wmf]
Figure 7.  Tie Bar Detail (350 mm = 13.8 in, 400 mm = 15.7 in, 700 mm = 27.6 in)
Table 14. I-490 Eastbound Tie Bar Spacing

	Slab

Number
	Number of

Tie Bars
	Tie Bar

Spacing (mm)
	Tie Bar

Spacing (in)

	1
	5
	1075
	42.3

	2
	7
	717
	28.2

	3
	9
	538
	21.2

	4
	11
	430
	16.9

	5
	13
	358
	14.1


    Table 15. I-490 East Cross-Sectional Area of Steel 

	Section
	Slab
	1/3 Slab

	
	(mm2)
	(in2)
	(mm2)
	(in2)

	STD
	11,259
	17.45
	4,021
	6.23

	E1
	10,468
	16.23
	3,695
	5.73

	E2
	10,800
	16.74
	3,436
	5.33
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Figure 8. Tie Bar Configuration
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Figure 9. I-490 East Test Sections Overview

       Table 16. I-490 East Dowel Bar Spacing

	Type
	Bar Diameter 
	Dowel Bar Spacing 

	
	
	
	A
	B
	C
	D

	
	(mm)
	(in)
	(mm)
	(in)
	(mm)
	(in)
	(mm)
	(in)
	(mm)
	(in)

	STD
	32
	1.26
	150
	5.9
	300
	11.8
	150
	5.9
	300
	11.8

	E1
	28
	1.10
	180
	7.1
	240
	9.4
	120
	4.7
	240
	9.4

	E2
	25
	0.98
	105
	4.1
	190
	7.5
	90
	3.5
	190
	7.5
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Figure 10. I-490 East Dowel Bar Arrangement Detail

Table 17.  Cross-sectional dowel bar areas for the three dowel bar arrangements on I490 East.
	 
	Bar cross section
	Number of dowel bars in lane
	Total bar cross section

	 
	
	
	driving
	passing

	Type
	(mm2)
	(in2)
	driving
	passing
	(mm2)
	(in2)
	(mm2)
	(in2)

	STD
	804.2
	1.247
	14
	12
	11259
	17.46
	9651
	14.96

	E1
	615.8
	0.950
	17
	15
	10468
	16.16
	9236
	14.25

	E2
	490.9
	0.754
	22
	18
	10799
	16.59
	8836
	13.58



Initial Falling Weight Deflectometer Test Results 

FWD testing was conducted on the joints of 84 of the 85 slabs in the test section beginning at 10:30 am and continuing until 2:00 pm.  Not all of the collected data is thought to be accurate because some of the calculated load transfer efficiencies (LTE) are significantly greater than the maximum possible LTE of 100%.  These discrepancies most likely result from faulty FWD testing equipment.  For analysis purposes, all LTE values greater than 105% are considered inaccurate and are eliminated from the calculations.  The LTE, deflection in μm/kN and mils/kip, and Joint Support Ratio (JSR) of the different dowel bar test sections for both the 37.4 kN (8.4 kip) and the 50.3 kN (11.3 kip) test loads are compared in Table 18 through Table 23.  These results indicate that as the test progressed the LTE generally increased, corresponding to the flattening of the slabs as the temperature increased.  Additionally, the changes in LTE from sections with different dowel bar arrangements tested in a close timeframe are can be compared in Table 18 through Table 23.  
The STD, E1 and E2 sections from Slab 1 to Slab 25 are tabulated in Table 18 and Table 19.  The E2 sections deflected the least while the STD sections deflected the most in both the approach and leave positions for both test weights.  This corresponds to the average slab curl, with the STD slabs curled 0.5 mm (0.02 in or 20 mil) more than the E2 sections.  The JSR for these sections also follows this trend, with the E2 sections having the highest JSR, E1 sections in the middle and STD sections the lowest JSR.  When the LTE data is examined for these sections, the previously established trend is not followed as closely.  
For the 37.4 kN (8.4 kip) test weight, the E1 approach LTE is an average of 0.4% higher that the E2 approach LTE, with the STD section approach LTE over 10% less than either E1 or E2.  However, in leave position, the LTE for the E2 section is about 4% less than either the STD or E1 LTE.  For the 50.3 kN (11.3 kip) test weight the E2 section did perform better than either the STD or E1 sections, with both the approach and leave LTE over 2% higher than either the STD or E1 efficiencies.  
Upon examining the data for the joints from Slab 26 to Slab 55 in Table 20 and Table 21, it can be seen that the E2 sections once again deflected the least.  However, the E1 sections deflected slightly more that the STD sections in this group.  The JSR results for the 50.3 kN (11.3 kip) test correspond to this data with the E2 and STD slabs having higher JSR’s than the E1 slabs.  The JSR results for the 37.4 kN (8.4 kip) loading was opposite of those expected based on the deflection data, with the E1 slabs having the highest JSR while the E2 slabs had the lowest JSR.
Table 18.  I-490 East 37.4 kN (8.4 kip) FWD, Slabs 1-25, October 26, 2004.
	Joint Number
	Joint Approach
	Joint Leave
	JSR

	
	Deflection
	LTE                  (%)
	Deflection
	LTE                  (%)
	


	
	(μm/kN)
	(mil/kip)
	
	(μm/kN)
	(mil/kip)
	
	

	STD Dowel Bar Arrangement

	1
	0.623
	0.109
	83.8
	0.470
	0.082
	96.1
	0.75

	2
	0.530
	0.093
	64.6
	0.548
	0.096
	83.6
	1.03

	3
	0.507
	0.089
	97.9
	0.502
	0.088
	89.7
	0.99

	4
	0.484
	0.085
	83.6
	0.432
	0.076
	88.3
	0.89

	5
	0.434
	0.076
	107
	0.440
	0.077
	95.1
	1.01

	μ
	0.536
	0.094
	82.5
	0.488
	0.085
	89.4
	0.92

	σ
	0.061
	0.011
	13.7
	0.049
	0.009
	5.2
	0.12

	E1 Dowel Bar Arrangement

	6
	0.444
	0.078
	91.8
	0.414
	0.073
	86.0
	0.93

	7
	0.432
	0.076
	97.9
	0.432
	0.076
	93.6
	1.00

	8
	0.446
	0.078
	90.8
	0.432
	0.076
	90.8
	0.97


	9
	0.398
	0.070
	106.9
	0.460
	0.081
	86.4
	1.15

	10
	0.432
	0.076
	95.8
	0.395
	0.069
	91.9
	0.92

	11
	0.382
	0.067
	95.2
	0.368
	0.064
	88.8
	0.96

	12
	0.392
	0.069
	92.2
	0.426
	0.075
	97.5
	1.09

	13
	0.345
	0.060
	110.2
	0.392
	0.069
	270.4
	1.14

	14
	0.411
	0.072
	94.8
	0.379
	0.066
	85.9
	0.92

	15
	0.426
	0.075
	88.9
	0.415
	0.073
	147.8
	0.97

	μ
	0.421
	0.074
	93.4
	0.413
	0.072
	90.1
	0.97

	σ
	0.024
	0.004
	3.0
	0.031
	0.005
	4.2
	0.06

	E2 Dowel Bar Arrangement

	16
	0.357
	0.063
	97.9
	0.380
	0.067
	147.4
	1.06

	17
	0.369
	0.065
	95.5
	0.437
	0.077
	72.7
	1.18

	18
	0.374
	0.065
	95.5
	0.359
	0.063
	90.2
	0.96

	19
	0.275
	0.048
	115.6
	0.333
	0.058
	230.7
	1.21

	20
	0.366
	0.064
	92.1
	0.374
	0.065
	79.6
	1.02

	21
	0.333
	0.058
	89.0
	0.350
	0.061
	86.0
	1.05

	22
	0.316
	0.055
	91.8
	0.270
	0.047
	106.8
	0.86

	23
	0.278
	0.049
	115.9
	0.369
	0.065
	85.5
	1.33

	24
	0.350
	0.061
	91.3
	0.301
	0.053
	97.5
	0.86

	25
	0.337
	0.059
	91.0
	0.330
	0.058
	93.1
	0.98

	μ
	0.350
	0.061
	93.0
	0.360
	0.063
	86.4
	1.01

	σ
	0.020
	0.004
	3.0
	0.042
	0.007
	8.3
	0.11

	LTE=Load Transfer Efficiency

	JSR=Joint Support Ratio

	Averages (μ) and standard deviations (σ) include only slabs with LTE less than 105%


Table 19.  I-490 East 50.3 kN (11.3 kip) FWD, Slabs 1-25, October 26, 2004.
	Joint         Number
	Joint Approach
	Joint Leave
	JSR

	
	Deflection
	LTE
	Deflection
	LTE
	

	
	(μm/kN)
	(mil/kip)
	(%)
	(μm/kN)
	(mil/kip)
	(%)
	

	STD Dowel Bar Arrangement

	1
	0.619
	0.108
	85.1
	0.610
	0.107
	87.3
	0.99

	2
	0.601
	0.105
	86.0
	0.581
	0.102
	85.7
	0.97

	3
	0.626
	0.110
	82.0
	0.610
	0.107
	80.4
	0.97

	4
	0.553
	0.097
	83.2
	0.552
	0.097
	81.5
	1.00

	5
	0.555
	0.097
	87.3
	0.561
	0.098
	81.6
	1.01

	μ
	0.591
	0.103
	84.7
	0.583
	0.102
	83.3
	0.99

	σ
	0.035
	0.006
	2.1
	0.027
	0.005
	3.0
	0.02

	E1 Dowel Bar Arrangement

	6
	0.505
	0.088
	86.3
	0.482
	0.084
	81.6
	0.96

	7
	0.498
	0.087
	89.3
	0.528
	0.092
	83.0
	1.06

	8
	0.504
	0.088
	81.8
	0.509
	0.089
	81.0
	1.01

	9
	0.502
	0.088
	88.2
	0.504
	0.088
	84.5
	1

	10
	0.512
	0.090
	88.0
	0.505
	0.088
	80.2
	0.99

	11
	0.472
	0.083
	79.6
	0.478
	0.084
	78.4
	1.01

	12
	0.518
	0.091
	74.6
	0.480
	0.084
	198.8
	0.93

	13
	0.481
	0.084
	85.8
	0.495
	0.087
	181.9
	1.03

	14
	0.515
	0.090
	81.7
	0.492
	0.086
	139.0
	0.95

	15
	0.506
	0.089
	82.1
	0.489
	0.086
	105.8
	0.97

	μ
	0.501
	0.088
	83.7
	0.501
	0.088
	81.5
	1

	σ
	0.014
	0.002
	4.6
	0.018
	0.003
	2.1
	0.03

	E2 Dowel Bar Arrangement

	16
	0.472
	0.083
	81.7
	0.455
	0.080
	143.1
	0.96

	17
	0.439
	0.077
	89.9
	0.464
	0.081
	91.9
	1.06

	18
	0.444
	0.078
	87.0
	0.459
	0.080
	85.1
	1.03

	19
	0.380
	0.067
	89.6
	0.392
	0.069
	291.3
	1.03

	20
	0.433
	0.076
	82.9
	0.420
	0.074
	79.2
	0.97

	21
	0.378
	0.066
	89.8
	0.385
	0.067
	86.1
	1.02

	22
	0.338
	0.059
	98.3
	0.395
	0.069
	81.9
	1.17

	23
	0.434
	0.076
	82.5
	0.400
	0.070
	85.5
	0.92

	24
	0.383
	0.067
	89.3
	0.371
	0.065
	88.4
	0.97

	25
	0.418
	0.073
	82.9
	0.404
	0.071
	83.4
	0.97

	μ
	0.412
	0.072
	87.4
	0.412
	0.072
	85.2
	1.01

	σ
	0.041
	0.007
	5.1
	0.034
	0.006
	3.9
	0.08

	LTE=Load Transfer Efficiency

	JSR=Joint Support Ratio

	Averages (μ) and standard deviations (σ) include only slabs with LTE less than 105%


Table 20.  I-490 East 37.4 kN (8.4 kip) FWD, Slabs 26-55, October 26, 2004.
	Joint Number
	Joint Approach
	Joint Leave
	JSR

	
	Deflection
	LTE
	Deflection
	LTE
	

	
	(μm/kN)
	(mil/kip)
	(%)
	(μm/kN)
	(mil/kip)
	(%)
	

	STD Dowel Bar Arrangement

	26
	0.331
	0.058
	98.6
	0.345
	0.060
	89.8
	1.04

	27
	0.308
	0.054
	100.0
	0.336
	0.059
	85.5
	1.09

	28
	0.414
	0.073
	70.8
	0.339
	0.059
	81.1
	0.82

	29
	0.339
	0.059
	97.3
	0.334
	0.058
	100.5
	0.99

	30
	0.334
	0.058
	94.5
	0.316
	0.055
	92.8
	0.95

	31
	0.313
	0.055
	86.8
	0.307
	0.054
	85.6
	0.98

	32
	0.322
	0.056
	88.2
	0.269
	0.047
	106.3
	0.83

	33
	0.325
	0.057
	83.1
	0.284
	0.050
	87.1
	0.87

	34
	0.278
	0.049
	84.1
	0.232
	0.041
	100.0
	0.84

	35
	0.243
	0.043
	101.9
	0.302
	0.053
	78.8
	1.25

	μ
	0.321
	0.056
	90.5
	0.311
	0.054
	89.0
	0.98

	σ
	0.044
	0.008
	9.7
	0.036
	0.006
	7.6
	0.13

	E1 Dowel Bar Arrangement

	36
	0.405
	0.071
	53.6
	0.377
	0.066
	65.2
	0.93

	37
	0.328
	0.057
	91.6
	0.356
	0.062
	82.0
	1.08

	38
	0.365
	0.064
	87.0
	0.261
	0.046
	117.0
	0.72

	39
	0.289
	0.051
	106.9
	0.302
	0.053
	101.5
	1.05

	40
	0.276
	0.048
	114.9
	0.275
	0.048
	111.7
	0.99

	41
	0.330
	0.058
	97.2
	0.385
	0.067
	77.4
	1.17

	42
	0.290
	0.051
	96.8
	0.282
	0.049
	101.6
	0.97

	43
	0.298
	0.052
	94.4
	0.290
	0.051
	96.8
	0.97

	44
	0.278
	0.049
	98.9
	0.276
	0.048
	92.3
	0.99

	45
	0.246
	0.043
	113.7
	0.316
	0.055
	85.0
	1.29

	μ
	0.328
	0.057
	88.5
	0.323
	0.057
	87.7
	1.02

	σ
	0.045
	0.008
	15.9
	0.043
	0.008
	12.8
	0.09

	E2 Dowel Bar Arrangement

	46
	0.286
	0.050
	91.4
	0.275
	0.048
	98.3
	0.96

	47
	0.263
	0.046
	107.6
	0.247
	0.043
	119.8
	0.94

	48
	0.273
	0.048
	117.3
	0.301
	0.053
	102.0
	1.10

	49
	0.256
	0.045
	116.1
	0.240
	0.042
	117.2
	0.93

	50
	0.249
	0.044
	122.1
	0.261
	0.046
	113.5
	1.05

	51
	0.270
	0.047
	119.8
	0.292
	0.051
	107.9
	1.08

	52
	0.255
	0.045
	122.2
	0.324
	0.057
	99.5
	1.27

	53
	0.289
	0.051
	107.4
	0.340
	0.060
	88.8
	1.18

	54
	0.235
	0.041
	133.8
	0.205
	0.036
	147.0
	0.87

	55
	0.331
	0.058
	94.0
	0.299
	0.052
	108.2
	0.90

	μ
	0.308
	0.054
	92.7
	0.310
	0.054
	97.2
	0.96

	σ
	0.032
	0.006
	1.8
	0.029
	0.005
	5.8
	-

	LTE=Load Transfer Efficiency

	JSR=Joint Support Ratio

	Averages (μ) and standard deviations (σ) include only slabs with LTE less than 105%


Table 21.  I-490 East 50.3 kN (11.3 kip) FWD, Slabs 26-55, October 26, 2004.
	Joint Number
	Joint Approach
	Joint Leave
	JSR

	
	Deflection
	LTE
	Deflection
	LTE
	

	
	(μm/kN)
	(mil/kip)
	(%)
	(μm/kN)
	(mil/kip)
	(%)
	

	STD Dowel Bar Arrangement

	26
	0.394
	0.069
	91.1
	0.397
	0.070
	85.1
	1.01

	27
	0.381
	0.067
	88.4
	0.394
	0.069
	80.1
	1.03

	28
	0.385
	0.067
	82.3
	0.383
	0.067
	78.9
	0.99

	29
	0.386
	0.068
	92.9
	0.427
	0.075
	82.7
	1.11

	30
	0.396
	0.069
	86.5
	0.383
	0.067
	86.9
	0.97

	31
	0.334
	0.058
	89.1
	0.364
	0.064
	79.8
	1.09

	32
	0.362
	0.063
	86.8
	0.359
	0.063
	85.1
	0.99

	33
	0.333
	0.058
	87.4
	0.356
	0.062
	76.8
	1.07

	34
	0.342
	0.060
	80.1
	0.354
	0.062
	74.0
	1.04

	35
	0.336
	0.059
	80.1
	0.346
	0.061
	75.4
	1.03

	μ
	0.365
	0.064
	86.5
	0.376
	0.066
	80.5
	1.03

	σ
	0.027
	0.005
	4.4
	0.025
	0.004
	4.4
	0.05

	E1 Dowel Bar Arrangement

	36
	0.463
	0.081
	52.9
	0.435
	0.076
	60.3
	0.94

	37
	0.386
	0.068
	85.3
	0.371
	0.065
	84.7
	0.96

	38
	0.401
	0.070
	85.8
	0.426
	0.075
	78.1
	1.06

	39
	0.396
	0.069
	86.5
	0.415
	0.073
	80.3
	1.05

	40
	0.381
	0.067
	90.8
	0.395
	0.069
	83.6
	1.04

	41
	0.384
	0.067
	87.3
	0.400
	0.070
	83.5
	1.04

	42
	0.370
	0.065
	82.5
	0.373
	0.065
	82.1
	1.01

	43
	0.367
	0.064
	86.7
	0.360
	0.063
	83.9
	0.98

	44
	0.337
	0.059
	87.2
	0.341
	0.060
	84.0
	1.01

	45
	0.336
	0.059
	90.2
	0.342
	0.060
	87.0
	1.02

	μ
	0.382
	0.067
	83.5
	0.386
	0.068
	80.8
	1.01

	σ
	0.036
	0.006
	11.0
	0.034
	0.006
	7.6
	0.04

	E2 Dowel Bar Arrangement

	46
	0.328
	0.057
	89.6
	0.337
	0.059
	85.5
	1.03

	47
	0.349
	0.061
	92.8
	0.352
	0.062
	91.3
	1.01

	48
	0.369
	0.065
	94.2
	0.385
	0.067
	87.3
	1.04

	49
	0.347
	0.061
	91.5
	0.352
	0.062
	87.1
	1.01

	50
	0.318
	0.056
	102.9
	0.339
	0.059
	93.3
	1.07

	51
	0.364
	0.064
	94.1
	0.369
	0.065
	90.2
	1.01

	52
	0.351
	0.061
	97.7
	0.366
	0.064
	92.5
	1.04

	53
	0.370
	0.065
	89.0
	0.378
	0.066
	84.4
	1.02

	54
	0.356
	0.062
	93.6
	0.350
	0.061
	91.9
	0.98

	55
	0.334
	0.058
	101.4
	0.358
	0.063
	94.9
	1.07

	μ
	0.349
	0.061
	94.7
	0.359
	0.063
	89.8
	1.03

	σ
	0.018
	0.003
	4.6
	0.016
	0.003
	3.6
	0.03

	LTE=Load Transfer Efficiency

	JSR=Joint Support Ratio

	Averages (μ) and standard deviations (σ) include only slabs with LTE less than 105%


When comparing the LTE’s for this group, the E2 slabs consistently had the highest efficiency.  Upon comparison of the STD and E1 sections, the STD sections generally had a higher LTE.  While this corresponds to the deflection data as well as the JSR results, it conflicts with the curling data gathered with the profilometer.  The profiles show the STD slabs with an average curling 1 mm (0.04 in or 40 mil) greater than the E1 sections and 1.2 mm (0.047 in or 47 mil) greater than the E2 sections.  To follow the trend established from Slabs 1 through 25, the STD slabs should experience more deflection and have lower LTE’s and JSR’s than the E1 slabs.  This discrepancy may be due to the fact that there was a slight difference between the time the profile surveys were collected and the FWD testing was conducted.  The FWD testing was conducted about 25 minutes after the profile was collected.  These data collections took place between 11:00 am and 12:00 pm while the air temperature was rising.  The rising air temperature may have caused the pavement gradient to rise significantly between the time of the profile and FWD, which would have resulted in the pavement flattening between the collections.  Therefore, the results from the slab warp and the LTE may not correspond directly.  

The deflection data from the joints between slabs 56 to 84 displayed in Table 22 and Table 23 consistently show the E1 slabs deflecting the least.  During the 37.4 kN (8.4 kip) test weight the STD slabs deflected slightly less than the E2 sections while during the 50.3 kN (11.3 kip) test weight the E2 slabs deflected slightly less than the STD slabs.  This is not what is expected from the slab shapes; the E1 section had an average warp of 2.1 mm (0.083 in or 83 mil) while both the STD and E2 sections had an average warp of 1.9 mm (0.075 in or 75 mil) so the E1 section would be expected to deflect the most.  
However, when these curling measurements are compared with the original warping of the slabs of up to 3.6 mm (0.14 in or 140 mil), the difference of 0.2 mm (0.008 in or 8 mil) between all three slab types becomes negligible.  Therefore since the slab curl is nearly the same for the three dowel bar arrangements, the differences in slab performance during this testing time is based primarily on the differences in dowel bar arrangement.  
Upon comparing the LTE’s for the 37.4 kN (8.4 kip) testing, the E1 sections were most efficient for both the approach and leave tests.  The STD sections averaged slightly higher LTE’s than the E2 sections.  For the 50.3 kN (11.3 kip) testing, the E2 sections were most efficient followed closely by the STD sections then the E1 sections.  Within both approach and leave efficiencies test categories for both test weights, the difference between the three dowel bar arrangements never exceeded 4.6%.  In contrast, the LTE difference in some other test sections approached 11%.  The relatively close efficiencies of the 56 to 84 slab sections reinforces that the relaxation of the slabs due to temperature gradient increase resulted in similar slab reactions.   
Table 22. I-490 East 37.4 kN (8.4 kip) FWD, Slabs 56-84, October 26, 2004.
	Joint Number
	Joint Approach
	Joint Leave
	JSR

	
	Deflection
	LTE
	Deflection
	LTE
	

	
	(μm/kN)
	(mil/kip)
	(%)
	(μm/kN)
	(mil/kip)
	(%)
	

	STD Dowel Bar Arrangement

	56
	0.311
	0.054
	97.5
	0.272
	0.048
	109.6
	0.87

	57
	0.299
	0.052
	110.2
	0.301
	0.053
	109.1
	1.01

	58
	0.331
	0.058
	97.2
	0.304
	0.053
	99.5
	0.92

	59
	0.319
	0.056
	91.4
	0.218
	0.038
	132.9
	0.68

	60
	0.25
	0.044
	107.3
	0.231
	0.040
	118.5
	0.92

	61
	0.293
	0.051
	89.1
	0.266
	0.047
	97.1
	0.91

	62
	0.197
	0.034
	118.6
	0.226
	0.040
	113.5
	1.15

	63
	0.279
	0.049
	92.9
	0.304
	0.053
	85.4
	1.09

	64
	0.229
	0.040
	102.7
	0.209
	0.037
	116.1
	0.91

	65
	0.269
	0.047
	95.5
	0.229
	0.040
	122.7
	0.85

	μ
	0.290
	0.051
	95.2
	0.291
	0.051
	94.0
	0.97

	σ
	0.035
	0.006
	4.5
	0.022
	0.004
	7.5
	0.10

	E1 Dowel Bar Arrangement

	66
	0.269
	0.047
	105.7
	0.249
	0.044
	102.5
	0.93

	67
	0.224
	0.039
	109.5
	0.217
	0.038
	110.6
	0.97

	68
	0.261
	0.046
	99.4
	0.273
	0.048
	90.5
	1.05

	69
	0.253
	0.044
	92.8
	0.231
	0.040
	101.3
	0.91

	70
	0.235
	0.041
	98.7
	0.218
	0.038
	103.5
	0.93

	71
	0.221
	0.039
	116.6
	0.246
	0.043
	87.6
	1.11

	72
	0.208
	0.036
	101.5
	0.202
	0.035
	105.3
	0.97

	73
	0.189
	0.033
	122.6
	0.226
	0.040
	89.2
	1.19

	74
	0.223
	0.039
	104.8
	0.214
	0.037
	112.9
	0.96

	75
	0.235
	0.041
	96.8
	0.234
	0.041
	98.0
	0.99

	μ
	0.236
	0.041
	99.0
	0.239
	0.042
	96.1
	0.97

	σ
	0.020
	0.004
	4.1
	0.018
	0.003
	6.8
	0.06

	E2 Dowel Bar Arrangement

	76
	0.191
	0.033
	111.2
	0.197
	0.034
	113.2
	1.03

	77
	0.198
	0.035
	133.1
	0.202
	0.035
	128.0
	1.02

	78
	0.266
	0.047
	108.6
	0.29
	0.051
	103.7
	1.09

	79
	0.296
	0.052
	111.3
	0.319
	0.056
	97.1
	1.08

	80
	0.325
	0.057
	98.6
	0.263
	0.046
	112.8
	0.81

	81
	0.266
	0.047
	108.0
	0.305
	0.053
	93.0
	1.15

	82
	0.295
	0.052
	88.1
	0.223
	0.039
	115.8
	0.76

	83
	0.238
	0.042
	100.6
	0.275
	0.048
	85.6
	1.15

	84
	0.304
	0.053
	96.5
	0.328
	0.057
	87.9
	1.08

	μ
	0.290
	0.051
	96.0
	0.304
	0.053
	93.5
	1.12

	σ
	0.037
	0.006
	5.5
	0.022
	0.004
	7.3
	0.05

	LTE=Load Transfer Efficiency

	JSR=Joint Support Ratio

	Averages (μ) and standard deviations (σ) include only slabs with LTE less than 105%


Table 23. I-490 East 50.3 kN (11.3 kip) FWD, Slabs 56-84, October 26, 2004.
	Joint Number
	Joint Approach
	Joint Leave
	JSR

	
	Deflection
	LTE
	Deflection
	LTE
	

	
	(μm/kN)
	(mil/kip)
	(%)
	(μm/kN)
	(mil/kip)
	(%)
	

	STD Dowel Bar Arrangement

	56
	0.354
	0.062
	94.6
	0.356
	0.062
	92.4
	1.01

	57
	0.367
	0.064
	97.8
	0.368
	0.064
	94.8
	1.00

	58
	0.397
	0.070
	84.9
	0.378
	0.066
	87.1
	0.95

	59
	0.361
	0.063
	88.1
	0.376
	0.066
	84.3
	1.04

	60
	0.354
	0.062
	85.6
	0.356
	0.062
	81.5
	1.01

	61
	0.337
	0.059
	85.2
	0.338
	0.059
	83.9
	1.00

	62
	0.320
	0.056
	83.3
	0.342
	0.060
	80.4
	1.07

	63
	0.342
	0.060
	83.1
	0.335
	0.059
	81.0
	0.98

	64
	0.321
	0.056
	82.3
	0.334
	0.058
	78.9
	1.04

	65
	0.372
	0.065
	78.7
	0.389
	0.068
	74.3
	1.05

	μ
	0.353
	0.062
	86.3
	0.357
	0.063
	83.9
	1.01

	σ
	0.024
	0.004
	5.8
	0.020
	0.004
	6.2
	0.03

	E1 Dowel Bar Arrangement

	66
	0.328
	0.057
	94.8
	0.358
	0.063
	76.2
	1.09

	67
	0.317
	0.056
	84.2
	0.329
	0.058
	80.3
	1.04

	68
	0.343
	0.060
	82.5
	0.346
	0.061
	79.3
	1.01

	69
	0.317
	0.056
	82.1
	0.319
	0.056
	80.4
	1.01

	70
	0.338
	0.059
	76.5
	0.313
	0.055
	79.7
	0.93

	71
	0.301
	0.053
	97.7
	0.301
	0.053
	78.5
	1.00

	72
	0.307
	0.054
	76.7
	0.309
	0.054
	76.8
	1.01

	73
	0.283
	0.050
	94.0
	0.274
	0.048
	85.1
	0.97

	74
	0.336
	0.059
	91.2
	0.286
	0.050
	88.5
	0.85

	75
	0.303
	0.053
	83.1
	0.300
	0.053
	84.8
	0.99

	μ
	0.317
	0.056
	86.3
	0.313
	0.055
	81.0
	0.99

	σ
	0.019
	0.003
	7.6
	0.026
	0.005
	3.9
	0.06

	E2 Dowel Bar Arrangement

	76
	0.297
	0.052
	81.7
	0.299
	0.052
	80.2
	1.00

	77
	0.296
	0.052
	100.0
	0.317
	0.056
	84.9
	1.07

	78
	0.366
	0.064
	91.3
	0.391
	0.068
	83.7
	1.07

	79
	0.394
	0.069
	89.9
	0.384
	0.067
	88.5
	0.97

	80
	0.396
	0.069
	84.2
	0.373
	0.065
	87.2
	0.94

	81
	0.351
	0.061
	89.0
	0.366
	0.064
	84.5
	1.04

	82
	0.341
	0.060
	85.0
	0.335
	0.059
	83.7
	0.98

	83
	0.330
	0.058
	83.5
	0.328
	0.057
	83.4
	0.99

	84
	0.375
	0.066
	87.0
	0.371
	0.065
	87.2
	0.99

	μ
	0.350
	0.061
	88.0
	0.351
	0.061
	84.8
	1.01

	σ
	0.037
	0.006
	5.5
	0.033
	0.006
	2.5
	0.04

	LTE=Load Transfer Efficiency

	JSR=Joint Support Ratio

	Averages (μ) and standard deviations (σ) include only slabs with LTE less than 105%


  October 2006 FWD testing results

Testing on the west bound lanes was conducted on October 11, 2006; the weather was windy and raining which did not allow us to collect any dipstick data.  Falling weight deflectometer tests were conducted both in the morning and afternoon according to the previously illustrated pattern, but due to traffic control limits, the outer wheel path could not be collected.  No distress was observed in the 1.6 km (1 mi) traffic control zone that was provided. A summary of the data from the westbound lanes is in Table 24.  The full set of data is provided in Appendix D.   

Testing on the eastbound lanes was conducted on October 12, 2006; the weather conditions were clear but cold.  Falling weight load transfer measurements as well as mid-panel drops on the dowel bar test sections were conducted.  Due to traffic control limitations, the FWD vehicle could not be positioned safely to collect any meaningful data from the tie bar sections.  A summary of the results is provided in Table 25.  
The test section was inspected for distresses but none were observed.  

Table 24.  FWD data averages and standard deviations for I-490 West, Monroe, Rochester on morning and afternoon of Oct. 11, 2006.

	 
	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	Morning
	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	Average
	10
	44
	0.9208
	5.2581
	0.6029
	3.4426
	82.96%
	84.58%
	0.9388

	Std. Dev.
	0
	0
	0.3010
	1.7189
	0.2693
	1.5377
	1.09%
	7.36%
	0.0352

	Average
	13
	58
	0.9208
	5.2581
	0.6029
	3.4426
	82.96%
	84.58%
	0.9388

	Std. Dev.
	0
	0
	0.3010
	1.7189
	0.2693
	1.5377
	1.09%
	7.36%
	0.0352

	Average
	16
	71
	0.8604
	4.9129
	0.5731
	3.2725
	82.65%
	84.43%
	0.9327

	Std. Dev.
	0
	0
	0.2495
	1.4245
	0.2402
	1.3718
	1.04%
	7.05%
	0.0346

	Afternoon

	Average
	10
	44
	0.9698
	5.5375
	0.6192
	3.5358
	83.77%
	83.77%
	0.9432

	Std. Dev.
	0
	0
	0.2986
	1.7048
	0.2939
	1.6782
	1.81%
	7.20%
	0.0496

	Average
	13
	58
	0.9451
	5.3966
	0.6114
	3.4913
	83.44%
	83.66%
	0.9343

	Std. Dev.
	0
	0
	0.2763
	1.5780
	0.2800
	1.5989
	1.77%
	6.98%
	0.0494

	Average
	16
	71
	0.9069
	5.1785
	0.5919
	3.3799
	83.35%
	83.73%
	0.9366

	Std. Dev.
	0
	0
	0.2553
	1.4575
	0.2651
	1.5136
	1.79%
	6.72%
	0.0487


Table 25.  FWD data averages and standard deviations for I-490 East, Monroe, Rochester on October 12, 2006 for different dowel bar configurations.

	Standard dowels
	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	
	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	Average
	10
	44
	0.5888
	3.3619
	0.5657
	3.2305
	0.2471
	1.4109
	82.39%
	80.25%
	86.26%
	0.9286
	0.9817

	Std. Dev.
	0
	0
	0.1530
	0.8735
	0.1823
	1.0411
	0.0347
	0.1979
	0.88%
	0.85%
	7.40%
	0.0269
	0.0971

	Average
	13
	58
	0.5820
	3.3233
	0.5641
	3.2210
	0.2523
	1.4406
	82.10%
	80.05%
	86.07%
	0.9218
	0.9818

	Std. Dev.
	0
	0
	0.1415
	0.8079
	0.1721
	0.9829
	0.0336
	0.1918
	1.00%
	1.04%
	7.01%
	0.0291
	0.0906

	Average
	16
	71
	0.5694
	3.2513
	0.5534
	3.1601
	0.2535
	1.4475
	81.92%
	80.04%
	86.03%
	0.9186
	0.9825

	Std. Dev.
	0
	0
	0.1324
	0.7561
	0.1567
	0.8947
	0.0328
	0.1871
	0.81%
	0.79%
	6.83%
	0.0259
	0.0792

	E1 dowel bar configuration

	Average
	10
	44
	0.5646
	3.2238
	0.5600
	3.1974
	0.2533
	1.4464
	82.22%
	80.06%
	84.26%
	0.9261
	0.9581

	Std. Dev.
	0
	0
	0.1297
	0.5523
	0.1197
	0.6833
	0.0256
	0.1462
	1.11%
	1.29%
	1.99%
	0.0148
	0.0641

	Average
	13
	58
	0.5581
	3.1868
	0.5533
	3.1595
	0.2571
	1.4681
	82.02%
	80.18%
	83.80%
	0.9203
	0.9591

	Std. Dev.
	0
	0
	0.1188
	0.5109
	0.1106
	0.6313
	0.0248
	0.1417
	0.92%
	1.25%
	1.81%
	0.0139
	0.0603

	Average
	16
	71
	0.5440
	3.1065
	0.5426
	3.0981
	0.2574
	1.4699
	81.89%
	80.09%
	83.65%
	0.9227
	0.9608

	Std. Dev.
	0
	0
	0.1060
	0.4593
	0.1010
	0.5770
	0.0241
	0.1378
	0.92%
	1.13%
	1.75%
	0.0116
	0.0561

	E2 dowel bar configuration

	Average
	10
	44
	0.4914
	2.8058
	0.4709
	2.6888
	0.2411
	1.3766
	82.37%
	80.21%
	84.19%
	0.9220
	0.9939

	Std. Dev.
	0
	0
	0.0809
	0.2001
	0.0366
	0.2088
	0.0123
	0.0701
	0.59%
	1.00%
	1.06%
	0.0094
	0.0834

	Average
	13
	58
	0.4884
	2.7887
	0.4678
	2.6714
	0.2446
	1.3970
	82.15%
	80.38%
	83.78%
	0.9197
	0.9926

	Std. Dev.
	0
	0
	0.0753
	0.1957
	0.0343
	0.1958
	0.0134
	0.0765
	0.82%
	1.10%
	0.98%
	0.0082
	0.0764

	Average
	16
	71
	0.4803
	2.7427
	0.4639
	2.6490
	0.2447
	1.3973
	82.02%
	79.94%
	83.81%
	0.9165
	0.9914

	Std. Dev.
	0
	0
	0.0684
	0.1837
	0.0320
	0.1829
	0.0159
	0.0909
	0.55%
	0.88%
	1.11%
	0.0109
	0.0740


September 2007 testing results

Testing on the westbound lanes was conducted on September 11, 2007.  No visible distress was recorded on the instrumented slabs, but in the traffic control zone, east of the instrumentation section, three slabs had corner breaks.  No faulting was recorded.  Testing on the eastbound lanes was conducted on September 12, 2007.  FWD testing was conducted on the dowel bar test sections.  Faultmeter readings were conducted on the tie bar sections but no faulting was recorded.  

  September 2008 testing results

Testing on the westbound lanes was conducted on September 24, 2008.  Falling weight deflectometer testing was conducted on the sections, with the falling weight applying loads on the approach and leave of each joint as well as mid panel drops.  A summary of the data from the westbound lanes is in Table 26.  The full set of data is provided in Appendix E.   Testing on the eastbound lanes was conducted on September 25, 2008; the weather conditions were clear but cold.  Falling weight load transfer measurements as well as mid-panel drops on the dowel bar test sections were conducted.  Due to traffic control limitations, the FWD vehicle could not be positioned safely to collect any meaningful data from the tie bar sections.  A summary of the results is provided in Table 27.

A comprehensive distress survey was also conducted on September 24, 2008 starting at westbound station 36.4 to include all visible lanes of traffic.  The distress summary is presented in Table 28.  A comprehensive distress survey of the eastbound lanes was conducted on the following day and the results are given in Table 29.  Multiple slabs had “pop outs” but these were noted as minor and not affecting the overall quality of the pavement.   

Table 26.  FWD data averages and standard deviations for I-490 West, Monroe, Rochester on September 24, 2008.

	 
	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	
	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	Average
	10
	44
	0.6701
	3.8263
	0.6198
	3.5389
	0.2268
	1.2951
	80.77%
	83.11%
	88.18%
	0.9325
	1.0002

	Std. Dev.
	0
	0
	0.1082
	0.6178
	0.1013
	0.5785
	0.0296
	0.1693
	1.41%
	1.66%
	4.27%
	0.0301
	0.1299

	Average
	13
	58
	0.6583
	3.7592
	0.6128
	3.4995
	0.2291
	1.3084
	80.90%
	82.90%
	88.53%
	0.9302
	0.9991

	Std. Dev.
	0
	0
	0.1053
	0.6011
	0.0943
	0.5387
	0.0294
	0.1677
	1.26%
	1.30%
	4.40%
	0.0231
	0.1192

	Average
	16
	71
	0.6280
	3.5862
	0.5867
	3.3503
	0.2244
	1.2815
	83.14%
	69.73%
	87.87%
	0.9338
	0.9983

	Std. Dev.
	0
	0
	0.0959
	0.5474
	0.0874
	0.4988
	0.0274
	0.1565
	1.16%
	31.10%
	4.86%
	0.0247
	0.1133


Table 27.  FWD data averages and standard deviations for I-490 East, Monroe, Rochester on September 25, 2008 for different dowel bar configurations.

	Standard dowels
	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	
	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	Average
	10
	44
	0.4118
	2.3515
	0.3797
	2.1680
	0.1960
	1.1193
	80.84%
	83.79%
	80.52%
	0.9232
	1.0712

	Std. Dev.
	0
	0
	0.2327
	1.3286
	0.2075
	1.1849
	0.0560
	0.3196
	1.25%
	2.77%
	13.16%
	0.0437
	0.3995

	Average
	13
	58
	0.4087
	2.3337
	0.3843
	2.1945
	0.2019
	1.1527
	80.94%
	83.44%
	80.20%
	0.9392
	1.0550

	Std. Dev.
	0
	0
	0.2285
	1.3050
	0.2022
	1.1547
	0.0553
	0.3158
	2.42%
	3.86%
	12.85%
	0.0235
	0.3732

	Average
	16
	71
	0.3204
	1.8297
	0.2934
	1.6755
	0.1273
	0.7269
	81.46%
	83.64%
	46.68%
	0.4824
	0.7247

	Std. Dev.
	0
	0
	0.1037
	0.5923
	0.1023
	0.5842
	0.0828
	0.4726
	2.33%
	1.86%
	38.89%
	0.5183
	0.3909

	E1 dowel bar configuration

	Average
	10
	44
	0.3539
	2.0209
	0.3249
	1.8554
	0.2010
	1.1479
	80.54%
	82.94%
	78.24%
	0.8905
	0.9454

	Std. Dev.
	0
	0
	0.1572
	0.8976
	0.1393
	0.7956
	0.0431
	0.2462
	1.98%
	2.04%
	10.51%
	0.1804
	0.1422

	Average
	13
	58
	0.3506
	2.0017
	0.3222
	1.8398
	0.1982
	1.1318
	81.02%
	83.21%
	80.29%
	0.9284
	0.9566

	Std. Dev.
	0
	0
	0.1527
	0.8718
	0.1319
	0.7533
	0.0588
	0.3356
	1.64%
	1.58%
	8.21%
	0.0254
	0.1445

	Average
	16
	71
	0.3406
	1.9450
	0.3007
	1.7171
	0.1982
	1.1318
	80.90%
	83.42%
	80.29%
	0.9284
	0.9587

	Std. Dev.
	0
	0
	0.1372
	0.7836
	0.1323
	0.7556
	0.0588
	0.3356
	1.85%
	1.70%
	8.21%
	0.0254
	0.1255

	E2 dowel bar configuration

	Average
	10
	44
	0.2316
	1.3227
	0.1883
	1.0750
	0.1555
	0.8880
	82.45%
	85.13%
	77.57%
	0.9238
	1.0652

	Std. Dev.
	0
	0
	0.0914
	0.5218
	0.0521
	0.2976
	0.0517
	0.2952
	2.52%
	8.21%
	10.13%
	0.0284
	0.3037

	Average
	13
	58
	0.2338
	1.3353
	0.2064
	1.1786
	0.1611
	0.9199
	82.60%
	84.31%
	79.85%
	0.9247
	1.0363

	Std. Dev.
	0
	0
	0.0914
	0.5217
	0.0354
	0.2019
	0.0409
	0.2337
	2.37%
	2.13%
	6.85%
	0.0334
	0.1680

	Average
	16
	71
	0.2405
	1.3733
	0.2162
	1.2344
	0.1701
	0.9715
	82.71%
	84.67%
	81.54%
	0.9180
	1.0230

	Std. Dev.
	0
	0
	0.0816
	0.4660
	0.0346
	0.1976
	0.0282
	0.1609
	1.87%
	2.05%
	4.49%
	0.0226
	0.1285


Table 28.  Distress Survey, I 490 Westbound September 2008

	Slab No.
	Distress Type

	0
	Start Station W 36.4

	1
	North west corner crack in center lane

	7
	Transverse mark in inner lane (Crack or finish error)

	8
	Small crack on the north edge

	10
	South East corner minor crack in center lane

	15
	South West corner, 1 foot minor edge crack in the center lane

	16
	4901 4403 1106 Sign - Slab 0

	4
	Outer lane center spalling

	9
	Inner lane finish problem

	11
	Inner lane finish problem

	12
	North East corner center lane corner crack 600 mm (2 ft) length x 150 mm (6 in)

	15
	North East corner center lane corner crack 300 m (1ft) length x 75 mm (3 in)

	16
	Station W 36.3

	1
	North West corner crack in center lane w/ missing concrete 75 mm (3 in) x 50 mm (2 in)

	2
	Inner lane finish problem

	3
	Inner lane, polished aggregate slab

	4
	Inner lane, polished aggregate slab

	5
	Inner lane, polished aggregate slab

	6
	Inner lane, polished aggregate slab

	7
	Inner lane, polished aggregate slab

	8
	inner lane, polished aggregate slab (25%)

	14
	4901 4403 1005 sign -Slab 0

	6
	Center lane spalling in center

	10
	Inner lane finish problem

	16
	Inner lane finish problem

	18
	Station W 36.2 

	1
	Inner lane, polished aggregate

	2
	Inner lane, polished aggregate

	3
	Inner lane, polished aggregate

	4
	Inner lane, polished aggregate

	5
	Inner lane, polished aggregate

	6
	Inner lane, polished aggregate

	7
	Inner lane, polished aggregate

	8
	Inner lane, polished aggregate

	9
	Inner lane, polished aggregate

	10
	Inner lane, polished aggregate

	11
	Inner lane, polished aggregate

	12
	Inner lane, polished aggregate


Table 29.  Distress survey, I490 eastbound September 2008

	Slab No.
	Distress Type

	0
	Station E 36.3

	6
	Joint inner lane, minor crack

	15
	Joint installation problem

	21
	South East Corner crack outer lane 200 mm (8 in) x 150 mm (6 in)

	32
	Station E 36.2

	15
	Edge joint blow up (Due to truck accident) 300 mm (1 ft) x 75 mm (3 in)

	31
	Station E 36.1

	5
	Small blowup (25 mm (1 in) x 75 mm (3 in))

	7
	Longitudinal crack inner lane

	8
	Longitudinal crack inner lane

	10
	Longitudinal crack inner lane

	13
	Longitudinal crack inner lane

	48
	Edge joint 50 mm (2 in) x 25 mm (1 in) Center lane South West Corner

	64
	Station E 35.9


 August 2009 testing results

The westbound sections were tested on August 18th; the distress survey results are tabulated in Table 30.  Pictures of the corner cracks are in Figure 11.  Average pavement temperature during this test was 88ºF (31ºC).  During this site visit the sensors were checked but were still non-responsive.  

Table 30.  I490W Distress survey, August 2009

	Slab No.
	Distress Type 

	0
	Station W 36.4

	1
	Corner crack - 2nd lane

	2
	Corner crack - 3rd lane

	10
	Corner crack - 3rd lane

	 29
	Corner crack - 2nd lane

	32
	Corner crack - 2nd lane

	33
	Corner crack - 2nd lane

	34
	Corner crack - 2nd lane

	36
	Corner crack - 2nd lane

	116
	Edge of Rest Area , Past Station W 36.1


The eastbound lanes on I490 were tested on August 19, 2009.  The distress is documented in Table 31.  Falling weight deflectometer readings were conducted on the dowel bar test sections.   The FWD data averages and standard deviations by dowel bar configuration are presented in Table 32.  The full set of data is provided in Appendix F.     

Table 31.  I490E Distress survey, August 2009

	Slab No.
	Distress Type 

	0
	Station W 36.2

	W 35.6
	2 slabs, center lane, concrete missing

	General
	Some construction pop outs, polished aggregates, minor surface cracks
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Figure 11.  Corner cracks identified on I490W distress survey, August 2009.

Table 32.  FWD data averages and standard deviations for I-490 East, Monroe, Rochester on Aug. 19, 2009 for different dowel bar configurations.

	Standard dowels
	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	
	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	Average
	10
	44
	0.2547
	1.4545
	0.2596
	1.4825
	0.1558
	0.8899
	82.86%
	83.16%
	82.29%
	0.9298
	0.9884

	Std. Dev.
	0
	0
	0.0527
	0.3007
	0.0551
	0.3147
	0.0186
	0.1063
	3.08%
	6.78%
	6.43%
	0.0532
	0.1230

	Average
	13
	58
	0.2569
	1.4671
	0.2588
	1.4777
	0.1582
	0.9036
	83.16%
	82.94%
	78.99%
	0.8679
	0.9920

	Std. Dev.
	0
	0
	0.0538
	0.3072
	0.0564
	0.3220
	0.0176
	0.1008
	2.54%
	5.68%
	6.96%
	0.2330
	0.1301

	Average
	18
	80
	0.2506
	1.4307
	0.2532
	1.4456
	0.1547
	0.8836
	83.16%
	82.61%
	84.35%
	0.9052
	0.9864

	Std. Dev.
	0
	0
	0.0484
	0.2762
	0.0493
	0.2817
	0.0167
	0.0954
	1.17%
	3.87%
	5.83%
	0.0175
	0.1091

	E1 dowel bar configuration

	Average
	10
	44
	0.2923
	1.6689
	0.2913
	1.6632
	0.1787
	1.0204
	83.03%
	79.25%
	83.89%
	0.9053
	1.0090

	Std. Dev.
	0
	0
	0.0704
	0.4019
	0.0687
	0.3921
	0.0104
	0.0593
	2.79%
	6.31%
	4.53%
	0.0336
	0.1825

	Average
	13
	58
	0.2955
	1.6874
	0.2918
	1.6665
	0.1796
	1.0254
	83.50%
	82.36%
	83.77%
	0.9223
	1.0101

	Std. Dev.
	0
	0
	0.0689
	0.3934
	0.0686
	0.3920
	0.0105
	0.0597
	2.48%
	6.26%
	8.50%
	0.0255
	0.1673

	Average
	18
	80
	0.2860
	1.6332
	0.2832
	1.6170
	0.1766
	1.0084
	83.54%
	83.98%
	82.19%
	0.9196
	1.0057

	Std. Dev.
	0
	0
	0.0642
	0.3665
	0.0613
	0.3500
	0.0086
	0.0493
	1.44%
	5.51%
	5.60%
	0.0222
	0.1619

	E2 dowel bar configuration

	Average
	10
	44
	0.2641
	1.5083
	0.2617
	1.4941
	0.1756
	1.0028
	84.17%
	80.56%
	83.37%
	0.9083
	0.9867

	Std. Dev.
	0
	0
	0.0577
	0.3296
	0.0588
	0.3360
	0.0166
	0.0948
	2.00%
	8.79%
	8.05%
	0.0309
	0.1507

	Average
	13
	58
	0.2655
	1.5163
	0.2626
	1.4994
	0.1775
	1.0133
	84.60%
	83.39%
	82.36%
	0.9127
	0.9896

	Std. Dev.
	0
	0
	0.0590
	0.3368
	0.0577
	0.3297
	0.0129
	0.0739
	1.33%
	5.37%
	9.31%
	0.0158
	0.1545

	Average
	18
	80
	0.2568
	1.4662
	0.2580
	1.4731
	0.1722
	0.9831
	85.43%
	82.79%
	85.24%
	0.9184
	0.9876

	Std. Dev.
	0
	0
	0.0523
	0.2988
	0.0530
	0.3029
	0.0114
	0.0648
	2.74%
	4.91%
	5.58%
	0.0166
	0.1467


  June 2011 testing results

The eastbound lanes were tested on June 21, 2011.  Falling weight deflectometer testing as well as faulting and distress survey were conducted on these sections.  Due to delays in traffic control implementation, the section testing did not start until 11:00 AM.  The traffic control configuration also excluded the standard dowel bar configuration sections from testing.  The surface temperature at that time was 40.6°C (105ºF).  Distress survey did not show any additional distress beyond what was documented in the previous visits.  Faulting survey did not indicate any faulting at any of the joints.  At mid-day, the falling weight machine suffered an electrical failure and testing was stopped for the day.

The westbound sections were scheduled to be tested on June 22, 2011.  Traffic control closed the lanes, but the FWD machine was not available for testing.  Distress survey did not show any additional distress beyond what was documented previously.  Prior to starting faultmeter readings, a severe thunderstorm went through the area and the traffic control operation had to be discontinued.  Further testing was not able to be scheduled due to time and effort conflicts with the NYDOT office in Rochester.

FWD data summary from the eastbound lanes is shown in Table 33.  As can be seen from this table the load transfer efficiencies are on average around 80% after more than 11 years of service.  The full set of data is given in Appendix G.

Summary of FWD results

Table 34 and Table 35 respectively summarize the approach and leave data collected using the FWD over the course of the project.  For each treatment on each date, the data include the load, the average load transfer efficiency, the standard deviation, and the standard deviation of the mean (the standard deviation divided by the square root of the number of measurements made). While the last data points, taken in June 2011, appear to show that the E2 configuration has the highest LTE, it should be noted that only two measurements of E2 LTEs (compared to 25 or more of the other configurations) were conducted before the FWD malfunctioned.  On earlier dates the LTEs of the three configurations are comparable.  In all cases, the LTEs are at or above the 80% criterion, within error limits, except for E1 in June 2011, which was about 76% at all loads.  

Table 33.  FWD data averages and standard deviations for I-490 East, Monroe, Rochester on June 21, 2011 for different dowel bar configurations.

	E1 dowels
	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	
	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	Average
	10
	44
	0.3786
	2.1621
	0.3589
	2.0491
	0.1676
	0.9571
	82.92%
	80.12%
	90.74%
	0.9193
	1.0571

	Std. Dev.
	0
	0
	0.0597
	0.3412
	0.0595
	0.3396
	0.0122
	0.0696
	1.28%
	1.63%
	3.85%
	0.0124
	0.0378

	Average
	13
	58
	0.3774
	2.1548
	0.3573
	2.0400
	0.1684
	0.9617
	82.63%
	80.92%
	89.30%
	0.9232
	1.0597

	Std. Dev.
	0
	0
	0.0558
	0.3188
	0.0582
	0.3324
	0.0114
	0.0654
	0.94%
	1.30%
	3.25%
	0.0138
	0.0390

	Average
	18
	80
	0.3618
	2.0660
	0.3442
	1.9657
	0.1657
	0.9463
	81.86%
	80.17%
	89.31%
	0.9088
	1.0549

	Std. Dev.
	0
	0
	0.0510
	0.2913
	0.0534
	0.3049
	0.0098
	0.0562
	1.04%
	1.09%
	2.85%
	0.0134
	0.0375

	E2 dowel bar configuration

	Average
	10
	44
	0.2601
	1.4853
	0.2481
	1.4164
	0.1687
	0.9631
	79.66%
	75.66%
	81.88%
	0.8896
	1.0490

	Std. Dev.
	0
	0
	0.0197
	0.1123
	0.0183
	0.1046
	0.0093
	0.0531
	1.32%
	1.90%
	2.29%
	0.0108
	0.0350

	Average
	13
	58
	0.2633
	1.5032
	0.2484
	1.4186
	0.1706
	0.9741
	79.45%
	76.56%
	80.76%
	0.8954
	1.0600

	Std. Dev.
	0
	0
	0.0186
	0.1065
	0.0180
	0.1026
	0.0084
	0.0479
	1.10%
	1.37%
	1.58%
	0.0115
	0.0267

	Average
	18
	80
	0.2618
	1.4947
	0.2485
	1.4190
	0.1728
	0.9870
	78.76%
	76.00%
	80.66%
	0.8831
	1.0540

	Std. Dev.
	0
	0
	0.0169
	0.0964
	0.0168
	0.0962
	0.0086
	0.0490
	0.80%
	1.14%
	1.17%
	0.0095
	0.0296

	E1 dowel bar configuration

	Average
	10
	44
	0.2268
	1.2953
	0.2343
	1.3382
	0.1832
	1.0459
	89.89%
	86.39%
	86.37%
	0.9075
	0.9658

	Std. Dev.
	0
	0
	0.0368
	0.2102
	0.0299
	0.1710
	0.0091
	0.0522
	2.81%
	0.48%
	6.42%
	0.0169
	0.0337

	Average
	13
	58
	0.2308
	1.3180
	0.2359
	1.3468
	0.1852
	1.0575
	90.32%
	87.61%
	85.14%
	0.9159
	0.9766

	Std. Dev.
	0
	0
	0.0374
	0.2134
	0.0311
	0.1774
	0.0119
	0.0680
	2.03%
	2.03%
	5.88%
	0.0158
	0.0298

	Average
	18
	80
	0.2200
	1.2563
	0.2269
	1.2954
	0.1814
	1.0359
	89.66%
	86.67%
	84.81%
	0.1814
	0.9670

	Std. Dev.
	0
	0
	0.0365
	0.2086
	0.0265
	0.1511
	0.0092
	0.0523
	3.50%
	0.74%
	5.76%
	0.0092
	0.0482


Table 34.  Summary of average approach LTEs by date, with  standard deviation and standard deviation of the mean.

	Standard dowels
	Load (kip)
	Load (kN)
	Direction
	Average
	Std. Dev.
	SD of M
	Load (kip)
	Load (kN)
	Average
	Std. Dev.
	SD of M
	Load (kip)
	Load (kN)
	Average
	Std. Dev.
	SD of M

	26-Oct-04
	8.4
	37.4
	A
	90.55%
	9.86%
	2.15%
	11.3
	50.3
	86.08%
	4.58%
	0.92%
	 
	 
	 
	 
	 

	12-Oct-06
	10
	44
	A
	80.25%
	0.85%
	0.20%
	13
	58
	80.05%
	1.04%
	0.25%
	16
	71
	80.04%
	0.79%
	0.19%

	25-Sep-08
	10
	44
	A
	83.79%
	2.77%
	0.55%
	13
	58
	83.44%
	3.86%
	0.77%
	16
	71
	83.64%
	1.86%
	0.37%

	19-Aug-09
	10
	44
	A
	83.16%
	6.78%
	1.70%
	13
	58
	82.94%
	5.68%
	1.42%
	18
	80
	82.61%
	3.87%
	0.97%

	21-Jun-11
	10
	44
	A
	80.11%
	1.67%
	0.33%
	13
	58
	80.89%
	1.27%
	0.25%
	18
	80
	80.23%
	1.16%
	0.23%

	E1 dowel bar configuration
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	26-Oct-04
	8.4
	37.4
	A
	93.38%
	10.05%
	2.19%
	11.3
	50.3
	84.51%
	7.99%
	1.46%
	 
	 
	 
	 
	 

	12-Oct-06
	10
	44
	A
	80.06%
	1.29%
	0.26%
	13
	58
	80.18%
	1.25%
	0.25%
	16
	71
	80.09%
	1.13%
	0.23%

	25-Sep-08
	10
	44
	A
	80.54%
	1.98%
	0.39%
	13
	58
	81.02%
	1.64%
	0.32%
	16
	71
	83.42%
	1.70%
	0.33%

	19-Aug-09
	10
	44
	A
	79.25%
	6.31%
	1.45%
	13
	58
	82.36%
	6.26%
	1.40%
	18
	80
	83.98%
	5.51%
	1.23%

	21-Jun-11
	10
	44
	A
	75.58%
	1.84%
	0.36%
	13
	58
	76.45%
	1.32%
	0.26%
	18
	80
	75.98%
	1.22%
	0.24%

	E2 dowel bar configuration
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	26-Oct-04
	8.4
	37.4
	A
	93.81%
	3.74%
	1.00%
	11.3
	50.3
	90.08%
	5.98%
	1.11%
	 
	 
	 
	 
	 

	12-Oct-06
	10
	44
	A
	80.21%
	1.00%
	0.20%
	13
	58
	80.38%
	1.10%
	0.22%
	16
	71
	79.94%
	0.88%
	0.18%

	25-Sep-08
	10
	44
	A
	85.13%
	8.21%
	1.52%
	13
	58
	84.31%
	2.13%
	0.40%
	16
	71
	84.67%
	2.05%
	0.38%

	19-Aug-09
	10
	44
	A
	80.56%
	8.79%
	1.97%
	13
	58
	83.39%
	5.37%
	1.20%
	18
	80
	82.79%
	4.91%
	1.10%

	21-Jun-11
	10
	44
	A
	86.39%
	0.48%
	0.34%
	13
	58
	87.61%
	2.03%
	1.44%
	18
	80
	86.67%
	0.74%
	0.52%


Table 35.  Summary of average leave LTEs by date, with  standard deviation and standard deviation of the mean.  
	Standard dowels
	Load (kip)
	Load (kN)
	Direction
	Average
	Std. Dev.
	SD of M
	Load (kip)
	Load (kN)
	Average
	Std. Dev.
	SD of M
	Load (kip)
	Load (kN)
	Average
	Std. Dev.
	SD of M

	26-Oct-04
	8.4
	37.4
	L
	90.35%
	6.79%
	1.65%
	11.3
	50.3
	82.40%
	5.07%
	1.01%
	 
	 
	 
	 
	 

	12-Oct-06
	10
	44
	L
	82.39%
	0.88%
	0.21%
	13
	58
	82.10%
	1.00%
	0.24%
	16
	71
	81.92%
	0.81%
	0.19%

	25-Sep-08
	10
	44
	L
	80.84%
	1.25%
	0.25%
	13
	58
	80.94%
	2.42%
	0.48%
	16
	71
	81.46%
	2.33%
	0.47%

	19-Aug-09
	10
	44
	L
	82.86%
	3.08%
	0.80%
	13
	58
	83.16%
	2.54%
	0.66%
	18
	80
	83.16%
	1.17%
	0.30%

	21-Jun-11
	10
	44
	L
	83.16%
	1.10%
	0.22%
	13
	58
	82.87%
	0.95%
	0.19%
	18
	80
	82.15%
	0.98%
	0.19%

	E1 dowel bar configuration
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	26-Oct-04
	8.4
	37.4
	L
	91.10%
	9.07%
	1.89%
	11.3
	50.3
	80.99%
	5.23%
	1.02%
	 
	 
	 
	 
	 

	12-Oct-06
	10
	44
	L
	82.22%
	1.11%
	0.23%
	13
	58
	82.02%
	0.92%
	0.19%
	16
	71
	81.89%
	0.92%
	0.19%

	25-Sep-08
	10
	44
	L
	80.54%
	1.98%
	0.38%
	13
	58
	81.02%
	1.64%
	0.32%
	16
	71
	80.90%
	1.85%
	0.36%

	19-Aug-09
	10
	44
	L
	83.03%
	2.79%
	0.62%
	13
	58
	83.50%
	2.48%
	0.55%
	18
	80
	83.54%
	1.44%
	0.32%

	21-Jun-11
	10
	44
	L
	79.75%
	1.48%
	0.29%
	13
	58
	79.44%
	1.24%
	0.24%
	18
	80
	78.75%
	0.91%
	0.18%

	E2 dowel bar configuration
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	26-Oct-04
	8.4
	37.4
	L
	91.28%
	8.40%
	2.10%
	11.3
	50.3
	86.79%
	4.02%
	0.77%
	 
	 
	 
	 
	 

	12-Oct-06
	10
	44
	L
	82.37%
	0.59%
	0.12%
	13
	58
	82.15%
	0.82%
	0.16%
	16
	71
	82.02%
	0.55%
	0.11%

	25-Sep-08
	10
	44
	L
	82.45%
	2.52%
	0.47%
	13
	58
	82.60%
	2.37%
	0.44%
	16
	71
	82.71%
	1.87%
	0.35%

	19-Aug-09
	10
	44
	L
	84.17%
	2.00%
	0.45%
	13
	58
	84.60%
	1.33%
	0.30%
	18
	80
	85.43%
	2.74%
	0.61%

	21-Jun-11
	10
	44
	L
	89.89%
	2.81%
	1.99%
	13
	58
	90.32%
	2.03%
	1.44%
	18
	80
	89.66%
	3.50%
	2.47%


Performance Data from I86 Hinsdale 

Project Overview and Description

Interstate 86 in Cattaraugus County, New York comprises four lanes of jointed reinforced concrete pavement (JRCP) running in the east-west direction near the town of Hinsdale. When first built in 1972, the pavement structure consisted of 229mm (9 in) JRCP with slabs 18.3m (60ft) long and 3.65m (12ft) wide; the pavement also included dowels at the joints and longitudinal tie-bars [Swart, 2006]. After 34 years of service, NYSDOT decided to rehabilitate the road, which at the time presented severe distresses and a high percentage of cracked slabs. A complete forensic study was carried on in 2006 before rehabilitation started, which found the pavement was in poor serviceability condition, which justified its rehabilitation. The rehabilitation consisted of rubblization of the existing pavement and a 225mm (8.86 in) thick hot mix asphalt (HMA) overlay. Details on the project beyond what is contained in this report may be found in the Modeling and Monitoring of Pavement Response and Performance Task B report, Volume 2 (44).
The rehabilitation project also included the construction of a 2.54 km (1.58 mi) stretch of unbonded concrete overlay divided in three experimental sections, one 820 m (2690 ft) long and the other two 860 m (2822 ft) long. The main purpose of these is to evaluate two fracturing techniques widely used in New York State for the rehabilitation of concrete pavements using unbonded JPCP overlays and compare to not using any fracturing method [Bendaña, Ambrosino & Sargand, 2008]. The sections are located along the southbound lanes of the southern tier expressway between Exit 27 close to Hinsdale and exit 28 close to Cuba in Western New York, shown in the map in Figure 12. In the first section, the existing pavement was cracked and seated before overlaying and it is referred herein as the C&S Section. In the second section, the existing pavement was rubblized before placing the JPCP overlay and it is referred herein as the Rubblized Section. Finally, in the third section or Untreated Section, the existing pavement was not treated prior to overlaying. 

The cross sectional build-up consists of a 225 mm (8.86 in) JPCP overlay resting on either untreated, rubblized, or cracked & seated JRCP with a 75 mm (3 in) asphalt-treated permeable base (ATPB) acting as bond-breaker interlayer between the existing and the new concrete pavement layers. Joints every 4.75 m (15.58 ft) with dowel bars spaced every 305 mm (1 ft) and tie bars along the longitudinal joint were provided. Each experimental section included four instrumented slabs with sensors and gauges to allow measuring of mechanical responses and temperatures of the pavement as described below.

[image: image92.emf]
Figure 12.  I-86 Project Location near Hinsdale and Cuba. [Google Maps, 2011].
Compressive & Flexural Strength Results

SJB Services Inc. of Hamburg carried out the compressive strength (fc) and flexural strength Figure 13 (fr) testing of field-cured concrete cylinders and beams.  (a) shows the results of the compressive strength for all the cylinders tested. The f’c after 28 days averaged 30.50MPa (4.42ksi) and after 90 days the average increased to 32.98MPa (4.78ksi). These values are visibly higher than the design value of 27.58MPa (4.0ksi).  Ambrosino [2007] reported values of compressive strength, elastic modulus and Poisson ratio for three cylinders tested at Ohio University after 30 days of pouring. The values for each of the mentioned properties are summarized in Table 36. Observe that the value of the compressive strength obtained by SJB Services is slightly higher than the value obtained at Ohio University.
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Figure 13.  I86 PCC Material Strength: (a) Compressive Strength, (b) Flexural Strength. 

The flexural strength values obtained by SJB Services, Inc. are shown in Figure 13(b). The average modulus of rupture reached its maximum at 28 days with a value of 3.91MPa (567psi) and decreased for the test at 90 days. Ambrosino [2007] suggested that the decrement could be the result of inappropriate consolidation of the specimens and suggested as well that a reason for this could have been that the better-compacted specimens were tested in the first place. Using the measured average compressive strength at 28 days and the expression proposed by ACI 325.12R (2002),  fr 3.59MPa (521 psi). This value is only 8.2% less than the average  fr = 0.0135[wf’c]0.5 (in MPa) to approximate the flexural strength gives fr = obtained by SJB; therefore, the flexural strength values from testing meet the ACI 2002 specification.

Table 36.  Mechanical properties of PCC overlay material on I86.

	Property
	Value
	Measured by

	Compressive Strength

(28-days)
	 [image: image100.png]f!




	30.50MPa (4.42ksi)
	SJB Services, Inc.

	
	
	27.94MPa (4.05ksi)
	Ohio University

	Modulus of Rupture
	 [image: image102.png]



	3.91MPa (0.567ksi)
	SJB Services, Inc.

	Elastic Modulus
	 [image: image104.png]



	23235.33MPa (3370ksi)
	Ohio University

	Poisson Ratio
	 [image: image106.png]



	0.181
	Ohio University

	Unit Weight
	 [image: image108.png]



	2315kg/m3 (144.5lb/ft3)
	Ohio University


FWD Testing Results

As mentioned above the deflections were measured at the center of the slabs and load transfer testing was performed at the joints along the centerline of the slabs. The data collected was plotted to identify trends or inconsistency within the data. Subsequently, values corresponding to the third drop of the normalized deflection measured by seismometer zero (i.e. at the loading location), the joint load transfer efficiencies (LTE), joint support ratio and spreadability were averaged. The averages and standard deviations for each measurement data are listed in Table 37, Table 38, and Table 39 respectively for crack and seat, rubblized, and untreated experimental sections. In addition, FWD testing was performed also at the sensor locations with the purpose of establishing relationships between these and the strain and displacement responses discussed above.  The FWD data corresponding to the first and second drops are provided in Appendix H. 

FWD Deflections, Load Transfer Efficiency, Joint Support Ratio and Spreadability

Figure 14(a) shows the average of the normalized deflection measured under the loading plate for each of the dates where FWD testing was performed. It can be seen that the NDf0 values at the approach and leave positions are close together with differences no more than 7%. In addition, the normalized deflection varied between 0.89 (m/kN (0.156 mil/kip) and 2.34 (m/kN (0.410 mil/kip) showing the maximum values for the winter 2007 and fall testing sessions which are the coldest periods. In the case of the C&S section, the maximum normalized deflection occurred during the winter 2007 and fall 2008 and the minimum occurred for the fall 2006 period. The rubblized section on the other hand, experienced more steady averages of NDf0
 showing the maximum values for the summer 2006 and winter 2007 sessions while the minimum values were observed for the fall 2006 and 2007 tests. Finally, the untreated section showed highest normalized deflections for the fall 2007 and 2008 periods while the minimum NDf0
 was observed for the summer 2006 test. In general, the rubblized section showed the highest normalized deflections, which is the expected trend since it has the most flexible base among the three sections. The normalized deflection average at the center of the slab showed a higher variability than those at the joints specially in the C&S section which experienced the highest values reaching an average NDf0
 of 4.77 (m/kN (0.836 mil/kip) for the winter 2007 test. Moreover, the highest NDf0
 averages in each section were observed for the testing sessions of winter 2007, spring 2008 and spring 2009. This coincides with a lower compressive stiffness of the base and subgrade due to the thawing process of the subgrade and/or base materials. The lowest values on the other hand, were observed in general for the fall testing sessions. Notice that the March 2007 periods correspond to late winter periods or early spring period, which will explain the similar averages measured in this period compared to those for the spring 2008 and 2009 values.

The load transfer efficiency averages for each section is plotted in Figure 14(b). It can be seen that for the three sections, the LTE values were in general higher compared to the adjacent points for the warmer seasons (i.e. summer and spring periods) which is the expected behavior. Moreover, a direct relationship can be inferred when comparing the LTE values to the corresponding values of the normalized deflections at the joints where an increment in the load transfer efficiency is associated to a decrement in the NDf0
 values. However, a decreasing tendency of the LTE values since soon after paving is observed for the three sections. The LTE values observed for the summer 2006 test were above 80% and dropped to averages of about 75% for the C&S section, and 70% for the rubblized and untreated sections. According to Sargand et al. [2002], these values are considering to be in the fair range (50% to 80%), but notice that a decrement of about 10% in the LTE values in three years is a higher than average rate of deterioration of the load transfer mechanism with time. 

The average of the joint support ratio was calculated for each section and shown in Figure 15(a). It can be seen that the variance of the average JSR values is small despite the tendency of JSR values higher than one for most of the testing sessions in the three sections. The JSR ratio values were between 0.9 and 1.1, a range that is considered acceptable according to Sargand et al. [2002]. However, notice that C&S section showed JSR values higher than one for the majority of the testing sessions which indicates unequal support conditions (i.e. weaker) at the leave location for some of the slabs. Likewise, the rubblized section showed JSR values higher than one, but closer to the unit than those observed in the C&S and untreated section. The untreated section on the other hand, showed the most variations from test to test with JSR values between those showed by the other two sections.

Average spreadability at the mid-slab was plotted for each section in Figure 15(b). It can be seen that the average SPR was between 60% and 70% where the C&S section tended to show highest values. Moreover, the average SPR in the C&S section showed less variation between testing sessions than the other two sections followed by the rubblized section. Lower values of the spreadability compared to the adjacent values were observed during the fall 2006 and spring 2009 testing sessions for all three sections. In addition, SPR values decreased in the rubblized and untreated sections for the spring 2008 and fall 2007 sessions respectively. It seems from the SPR values that the C&S section showed the highest values for the majority of testing session with the exception of the winter 2007 and spring 2009 sessions.
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Figure 14.  Normalized deflection (a) and load transfer efficiency (b) averaged for all sections (1 µm/kN = 0.17526 mil/kip).
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Figure 15.  Joint support ratio (a) and mid-slab spreadability (b) averaged for all sections.

Table 37.  Summary 3rd drop FWD data averages and standard deviations for C&S section (1 µm/kN = 0.17526 mil/kip).
	Section 1: Crack & Seated

	Load Transfer Averages

	Date
	NDf-0
	LTE
	JSR
	MidSlab SPR

	
	(μm/kN)
	(%)
	
	

	
	Approach
	Leave
	MidSlab
	Approach
	Leave
	
	(%)

	Jun-2006
	1.671
	1.772
	-
	84.3
	82.0
	1.054
	-

	Nov-2006
	1.518
	1.613
	1.348
	84.5
	78.3
	1.066
	66.9

	Mar-2007
	2.219
	2.291
	4.768
	77.9
	74.4
	1.038
	74.4

	Oct-2007
	1.607
	1.648
	3.120
	77.0
	74.3
	1.027
	69.9

	May-2008 (1)
	1.709
	1.764
	3.622
	86.2
	84.8
	1.019
	70.5

	May-2008 (2)
	1.662
	1.726
	-
	69.0
	71.2
	1.048
	-

	Oct-2008
	2.128
	2.231
	1.213
	68.4
	70.5
	1.051
	70.5

	May-2009
	1.760
	1.803
	3.294
	75.3
	74.5
	1.017
	62.4

	Load Transfer Standard Deviation

	Jun-2006
	0.174
	0.205
	-
	4.0
	5.9
	0.034
	-

	Nov-2006
	0.176
	0.194
	0.169
	6.4
	6.7
	0.081
	4.2

	Mar-2007
	0.367
	0.317
	1.091
	4.4
	3.9
	0.070
	4.0

	Oct-2007
	0.149
	0.151
	0.520
	4.5
	3.4
	0.047
	3.2

	May-2008 (1)
	0.094
	0.086
	0.457
	5.3
	2.4
	0.040
	3.1

	May-2008 (2)
	0.218
	0.159
	-
	9.7
	4.2
	0.108
	-

	Oct-2008
	0.254
	0.230
	0.179
	5.9
	4.6
	0.046
	3.2

	May-2009
	0.184
	0.215
	0.585
	3.9
	4.6
	0.054
	1.2



Table 38.  Summary of 3rd drop FWD data averages and standard deviations for rubblized section (1 µm/kN = 0.17526 mil/kip).

	Section 2: Rubblized

	Load Transfer Averages

	Date
	NDf-0
	LTE
	JSR
	MidSlab SPR

	
	(μm/kN)
	(%)
	
	

	
	Approach
	Leave
	MidSlab
	Approach
	Leave
	
	(%)

	Jun-2006
	2.148
	2.244
	-
	84.7
	87.1
	1.038
	-

	Nov-2006
	1.703
	1.756
	1.637
	78.7
	74.6
	1.036
	63.7

	Mar-2007
	2.340
	2.309
	2.979
	75.8
	74.7
	0.999
	70.7

	Oct-2007
	1.731
	1.737
	2.412
	68.5
	64.7
	1.012
	66.9

	May-2008 (1)
	1.808
	1.849
	3.361
	80.4
	80.4
	1.001
	68.5

	May-2008 (2)
	1.904
	1.927
	-
	66.7
	73.4
	1.014
	-

	Oct-2008
	2.009
	2.079
	1.117
	68.8
	69.4
	1.039
	65.5

	May-2009
	1.974
	1.981
	3.768
	68.4
	69.7
	0.996
	63.3

	Load Transfer Standard Deviation

	Jun-2006
	0.130
	0.103
	-
	5.9
	5.2
	0.020
	-

	Nov-2006
	0.160
	0.137
	0.138
	4.0
	2.8
	0.025
	1.5

	Mar-2007
	0.432
	0.368
	1.154
	6.8
	4.9
	0.086
	5.7

	Oct-2007
	0.130
	0.134
	0.601
	6.3
	4.7
	0.036
	2.9

	May-2008 (1)
	0.143
	0.141
	0.695
	4.7
	2.8
	0.052
	5.8

	May-2008 (2)
	0.224
	0.153
	-
	8.6
	7.6
	0.038
	-

	Oct-2008
	0.348
	0.324
	0.088
	8.3
	5.7
	0.047
	1.1

	May-2009
	0.166
	0.166
	0.781
	5.4
	4.9
	0.036
	2.4


Table 39.  Summary of 3rd drop FWD data averages and standard deviations for untreated section (1 µm/kN = 0.17526 mil/kip).
	Section 3: Untreated

	Load Transfer Averages

	Date
	NDf-0
	LTE
	JSR
	MidSlab SPR

	
	(μm/kN)
	(%)
	
	

	
	Approach
	Leave
	MidSlab
	Approach
	Leave
	
	(%)

	Jun-2006
	0.886
	0.918
	-
	101.2
	84.7
	1.021
	-

	Nov-2006
	1.306
	1.297
	1.106
	76.6
	77.1
	0.995
	64.9

	Mar-2007
	1.389
	1.415
	2.566
	75.1
	71.8
	1.026
	67.4

	Oct-2007
	1.962
	1.833
	1.109
	60.5
	63.8
	0.938
	68.0

	May-2008 (1)
	1.335
	1.363
	2.503
	73.3
	73.1
	1.017
	63.6

	May-2008 (2)
	1.457
	1.395
	-
	70.2
	79.7
	0.973
	-

	Oct-2008
	1.990
	2.080
	0.980
	68.0
	68.6
	1.050
	71.8

	May-2009
	1.331
	1.360
	2.297
	70.2
	69.9
	1.027
	61.7

	Load Transfer Standard Deviation

	Jun-2006
	0.071
	0.115
	-
	16.6
	7.9
	0.043
	-

	Nov-2006
	0.155
	0.134
	0.078
	6.1
	11.9
	0.045
	2.1

	Mar-2007
	0.246
	0.201
	1.658
	8.7
	5.9
	0.081
	4.3

	Oct-2007
	0.502
	0.426
	0.085
	15.4
	14.1
	0.050
	2.6

	May-2008 (1)
	0.126
	0.120
	1.128
	6.6
	3.3
	0.048
	3.4

	May-2008 (2)
	0.155
	0.119
	-
	6.7
	3.3
	0.032
	-

	Oct-2008
	0.236
	0.202
	0.089
	6.5
	6.1
	0.058
	2.3

	May-2009
	0.171
	0.173
	0.951
	6.6
	5.7
	0.076
	4.6


Forensic Investigations

During distress surveys completed during November 2009 mid-panel top-down cracks were observed in the 90% of the slabs of the untreated section. Mid-panel cracks also were observed in the rubblized and C&S sections but these were considered localized cases given the percentage of cracked slabs. The percentages of cracks observed for each section are listed in Table 40. Additionally, hairline cracks like those in Figure 16 were observed at the tie-bar locations in all three sections.  These top-down cracks, however, are believed to be a consequence of the tie-bar installation procedure used during paving. The tie-bar holes were drilled in the concrete slabs of the passing lane, which was constructed first, and then these were glued with epoxy into the holes before paving the driving lane. The results presented support the initial expectations about the performance of the untreated section and the early conclusions drawn by Bendaña et al. [2008].  Additional surveys conducted in 2010 and 2011 did not show any increase in the number of cracks found in November 2009.  Minor faulting between the asphalt shoulder and the concrete pavement was apparent in limited areas and this was due to the asphalt shoulder paving process.  

These test sections also included some experimental joint treatments.  These joints exhibited signs of distress but were not be considered as part of the overall performance of these concrete sections, since they were localized.


Table 40.  Percentage of cracked slabs observed in distress survey of November 2009.

	Section
	Mid-Panel
	Hairline

	
	% Slabs Cracked
	% Slabs Cracked
	Cracks per Slab

	Cracked and seated
	5%
	40%
	0 – 2

	Rubblized
	5%
	50%
	1 – 3

	Untreated
	90%
	90%
	3 – 6
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Figure 16.  Hairline cracks at tie-bar locations in the untreated section.
Performance Data from I90 Weedsport 

Project Overview and Description

The New State York Thruway Authority (NYSTA) has undertaken a 15-mile (24 km) reconstruction project on Interstate 90 (I-90) in upstate New York at Weedsport, near Syracuse.  The project was a full-depth reconstruction of the pavement structure, and included new Portland cement concrete (PCC) pavement, base and sub-base.  The two test sections were constructed at the end of construction phase A (Figure 17, reproduced from NYSTA, www.thruway.ny.gov).  Details on the project beyond what is contained in this report may be found in the Modeling and Monitoring of Pavement Response and Performance Task B report, Volume 3 (45).
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Figure 17.  Construction schedule of I-90 thruway rehabilitation (NYSTA) (5.1 mi = 8.2 km, 5.2 mi = 8.4 km, 4.9 mi = 7.9 km).
The reconstruction of the I-90 Thruway was based upon the NYSDOT Highway Design Manual (HDM).  The roadway is a principle arterial interstate in an urban region, with an AADT of 34,320 vehicles and experienced less than 1% growth between 2006 and 2009 (NYSDOT, 2011).  The CTPB and DGAB thicknesses were based on the standard design used in the HDM, with an expected design life of 50 years (NYSDOT HDM, 2002).
Properties of Materials 

In order to characterize the material properties found at each test section, subgrade, DGAB, CTPB and PCC test specimens were collected.  ORITE researchers and graduate research assistants recovered subgrade material during TDR and LVDT instrumentation from various depths at each section.  We then combined this material in the laboratory to obtain a composite sample for the entire site.  The DGAB sample was collected from the contractor’s material stockpile in September 2010.  CTPB specimen were cast in cylinders on-site and transported to Ohio University for testing.  FHWA technicians cast concrete beams and cylinders during construction, which were then cured and tested on-site.
Subgrade Properties
In the lab, we processed and tested the subgrade soil samples for classification.  The sample was and dried and broken down to separate collated material.  Next, the soil was wet-washed to determine the quantity passing the No. 200 sieve.  A sieve analysis was then conducted on the remaining dried sample, shown in Table 41.  Finally, the Atterberg limits were determined to classify the soil, as summarized in Table 42.

Table 41.  Subgrade sieve analysis

	Sieve No.
	Diameter 
	Retained
	Passed 

	
	(mm)
	(mil)
	(g)
	(oz)
	(%)
	(g)
	(oz)
	(%)

	4
	4.75
	187
	63
	2.2
	9.30%
	616.5
	21.7
	90.70%

	10
	2
	79
	55
	1.9
	8.10%
	561.5
	19.8
	82.60%

	20
	0.84
	33
	47
	1.7
	6.90%
	514.5
	18.1
	75.70%

	40
	0.425
	16.7
	37
	1.3
	5.40%
	477.5
	16.8
	70.30%

	60
	0.25
	9.8
	38
	1.3
	5.60%
	439.5
	15.5
	64.70%

	100
	0.15
	5.9
	39.5
	1.4
	5.80%
	400
	14.1
	58.90%

	200
	0.075
	2.95
	46
	1.6
	6.80%
	354
	12.5
	52.10%

	pan
	-
	-
	354
	12.5
	52.10%
	-
	-
	-


Table 42.  Atterberg limits

	Property
	Value

	Liquid Limit (LL)
	24.6%

	Plastic Limit (PL)
	13.4%

	Plasticity Index (Ip)
	11.2%

	Group Index (GI)
	2.53


Using the AASHTO and Unified Soil Classification (USC) systems, the soil was classified respectively as A-6 and CL.  Under the USC, the soil was further characterized by the group name sandy lean clay.  

DGAB Properties

The DGAB was placed in two layers with different gradations, classified as NYSDOT Type 3 and Type 4.  Both materials were crushed reclaimed concrete pavement (RCP); however, Type 3 was a finer material used as the upper DGAB layer.  The grain-size distribution of both materials is shown in Figure 18.  ORITE researchers and graduate research assistants performed the resilient modulus tests on both material types.  Deviator stress was varied for different confining stresses to test each sample at different stress levels.  The resilient modulus at a confining stress of 20 kPa (2.9 psi) and a deviator stress of 59 kPa (8.6 psi), chosen as the expected pavement stress state, resulted in a resilient modulus of 142.0 MPa (20.60 ksi) and 134.7 MPa (19.54 ksi) for Type 3 and Type 4, respectively.    
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Figure 18.  Grain-size distribution for NYSDOT Type 3 and Type 4 DGAB (1 mm = 39.4 mil; 25.4 mm = 1 in)

CTPB Properties

The CTPB mix, shown in Table 43, was also tested for mechanical properties.  Test cylinders were cast in September 2009, and additional cylinders were cast for further testing in September 2010.  The contractor verified that the mix design and material sources had not changed over that period, making the samples collected at both times representative of the project.

Table 43.  CTPB mix design for I90
	Material
	kg/m3
	pcf

	Cement
	143
	8.93

	Fine Aggregate
	193
	12.05

	Coarse Aggregate (#1)
	736
	45.95

	Coarse Aggregate (#2)
	673
	42.01

	Water (max.)
	53
	3.31

	Water/cement Ratio (max)
	0.37


The static modulus of elasticity and Poisson’s ratio were found according to the American Society for Testing and Materials (ASTM) C469/C469M using a ring-compressometer, since strain gauges would be difficult to adhere to the material’s irregular surface.  Dial gauges on the ring-compressometer measure strain in both transverse and longitudinal directions.  During loading, strains measurements were taken at a strain of 50µε and at 40% of ultimate compressive strength (ASTM C469/C469M, 2010).  Using these two data points, the static elastic modulus and Poisson’s ratio were calculated.  Figure 19 shows the test setup for the static modulus and Poisson’s ratio test.  After the static modulus test, the ring compressometer device was removed and the specimen was loaded to capacity to determine the ultimate compressive strength of the CTPB sample.
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Figure 19.  Static modulus and Poisson’s ratio test setup for CTPB specimen

Split-cylinder tensile tests were also performed to determine the tensile strength of the CTPB.  For this test, a 15.2 cm (6 in) diameter cylinder was cut into two 15.2 cm (6 in) long specimens.  Each specimen was loaded along its length with two wood shims positioned horizontally along the specimen length to distribute the compressive force during the test (Figure 20).  The specimen was loaded until failure, which occurred along the vertical plane as tensile stresses formed perpendicular to the load direction, shown in Figure 21.
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Figure 20.  Split-cylinder tensile test setup on CTPB sample
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Figure 21.  Failure of specimen during split-cylinder tensile test

Results for the CTPB compressive strength, elastic modulus, and tensile strength are summarized in Table 44.  The range of results indicates the material properties were quite variable.  The variability of the CTPB was related to concrete coverage and specimen unit weight.  The samples with higher strengths were observed to have more cement coverage and greater unit weights.

 Table 44.  CTPB Mechanical Properties for I90 
	Age (day)
	Sample No.
	Compressive Strength
	Tensile Strength
	Elastic Modulus
	Poisson's Ratio
	Unit Weight

	
	
	(kPa)
	(psi)
	(kPa)
	(psi)
	(MPa)
	(ksi)
	
	(kN/m3)
	(pcf)

	14
	1
	3,375
	490
	-
	-
	9,299
	1,349
	0.167
	18.03
	0.1148

	
	2
	7,501
	1,088
	-
	-
	13,975
	2,027
	0.303
	19.13
	0.1218

	28
	1
	5,506
	799
	-
	-
	15,883
	2,304
	0.012
	19.34
	0.1231

	
	2
	-
	-
	1,169
	170
	-
	-
	-
	19.42
	0.1236

	Average
	5,461
	792
	1,169
	170
	13,052
	1,893
	0.161
	18.83
	0.1199

	Std. Dev.
	2,063
	299
	-
	-
	3,388
	491
	0.146
	0.64
	0.0041


Concrete Properties

The specified mix design for the concrete pavement was NYSDOT Class C Modified, as summarized in Table 45.  During paving, test cylinders and beams were cast by FHWA technicians.  The specimen were cured on-site and tested in the mobile FHWA testing laboratory.  Tests conducted on the samples at various curing ages are summarized in Table 46. 

Table 45.  Concrete Mix Design for I90
	Material
	Quantity/m3
	Quantity/ft3

	Cement
	287 kg
	17.9 lb

	Fly Ash
	72 kg
	4.5 lb

	Fine Aggregate
	703 kg
	43.9 lb

	Coarse Aggregate
	1083 kg
	67.6 lb

	Water Reducing Agent
	1172 mL
	112.2 fl oz

	Air Entraining Agent
	96.7 mL
	9.26 fl oz

	Water
	148 kg
	9.2 lb

	Slump
	5.1 ± 1.25cm
	2.0 ± 0.5 in

	Air Content
	6.5 ± 1.5%

	Water/cement Ratio (max.)
	0.44


Table 46.  Concrete Test Results for I90
	Age (days)
	Compressive Strength 
	Modulus of Rupture  
	Compressive Strength 
	Modulus of Rupture 
	Elastic Modulus 
	Poisson's Ratio

	
	(MPa)
	(ksi)
	(MPa)
	(ksi)
	(MPa)
	(ksi)
	(MPa)
	(ksi)
	(MPa)
	(ksi)
	

	7
	24.57
	3.56
	2.87
	0.42
	24.44
	3.54
	3.06
	0.44
	-
	-
	-

	14
	31.20
	4.53
	3.85
	0.56
	29.77
	4.32
	3.74
	0.54
	22431.70
	3253.44
	0.252

	28
	37.44
	5.43
	4.22
	0.61
	37.30
	5.41
	4.27
	0.62
	23843.50
	3458.21
	0.240


Field Forensic Observations

During construction operations, the contractor reported bonding between the CTPB and PCC slab shortly after construction.  When paving was halted at the end of each day, a portion of unfinished pavement was left, which was cut and removed at the beginning of the next day.  When the pavement was removed, the CTPB was adhered to the PCC slab, and was removed with the slab.  During a data collection trip, we visited the material refuse area where used material was stored on site prior to recycling.  As reported by the contractor, the CTPB was bonded to the PCC slabs (Figure 22).  This verifies the claim that the PCC mortar penetrates the porous CTPB structure and forms a bond as the concrete slab cures.
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Figure 22.  Bonded CTPB and PCC slab in refuse pile at I90 construction site

Falling Weight Deflectometer Testing
In this section, the FWD testing results on the base and pavement are presented and discussed.  For the base material test, only deflections at the load center are discussed; however, for the PCC pavement tests, several parameters for pavement stiffness and joint performance are presented for discussion.  Additional results and figures are provided in Appendix I. 
FWD testing reveals stiffness and joint performance characteristics of pavements and base materials.  The device produces a pulse-load by dropping a 250-kg (551 lb) weight onto a 15-cm (6 in) radius plate.  For the base testing, eight geophones were used, configured at 0 cm (0 in), 20.3 cm (8 in), 30.5 cm (12 in), 45.7 cm (18 in), 61 cm (24 in), 91.4 cm (36 in), 122 cm (48 in), 152.4 cm (60 in), and 182.9 cm (72 in) from the load center.  For testing on PCC pavement, the geophones were spaced at 0 cm (0 in), 30.5 cm (12 in), 45.7 cm (18 in), 61 cm (24 in), 91.4 cm (36 in), 122 cm (48 in), 152.4 cm (60 in), and 182.9 cm (72 in) behind the load plate center, with one geophone 30.5 cm (12 in) in front of the load plate.  The loads were applied at 26.7 kN (6.0 kip), 40.0 kN (9.0 kip) and 53.4 kN (12.0 kip) on the base and 40.0 kN (9.0 kip), 53.4 kN (12.0 kip), and 71.2 kN (16 kip) on the pavement.  All readings were normalized to 1 kN (0.22 kip, or to 1 kip (4.45 kN)) prior to the analysis to make comparisons between the different loads.  The geophone readings at the point of loading (D0) are representative of the overall pavement stiffness, while readings at 152.4 cm (60 in) from the load (D60) are representative of the subgrade stiffness.  

Base Testing

FWD testing was done on the CTPB and DGAB layers in both lanes on October 1 2009, prior to PCC paving.  The average normalized D0 deflections are shown in Figure 23.  The separation line between base types shown on this plot is in accordance to site plan dimensions.  The CTPB response was less variable than the DGAB, which typically had greater deflections.  DGAB deflections increased in the region past station 17+350, which can also be seen in the pavement tests on this region.  It is important to note again the location of Section 1 and 2 are between stations 17+331.5 to 17+345 and 17+120 to 17+133.5, respectively.
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Figure 23.  Average normalized D0 deflections on CTPB and DGAB prior to paving (5.714 µm/kN = 1 mil/kip)

PCC Testing

Early-age FWD tests were performed on the right lane at 21-day curing strength.  The thermocouples embedded in the test sections were not recording temperature data during this time due to a power failure.  Therefore, the results discussed in terms of the ambient and pavement surface temperatures as recorded by the FWD testing machine.  During the test, ambient air temperatures were an average of 12.1°C (53.8°F), and PCC surface temperatures were an average of 12.0°C (53.6°F).  The temperatures were nearly constant, indicating slab shape should be constant throughout the test.  These results are summarized in Table 47.  After two years in service, additional tests were conducted in November 2011.  The results from these tests are shown in Table 48.  During the test, ambient air temperatures were an average of 13.6°C (56.5°F), and PCC surface temperatures were an average of 14.2°C (57.6°F).  Tests were done in three positions on each slab: at the joint approach, mid-slab, and joint leave positions.  The mid-slab test indicates pavement stiffness, while the joint tests indicate joint performance and support conditions.  Additional figures for these results can be found in Appendix I.
Table 47.  Summary of FWD results September 29 2009
	
	Date:
	10/29/2009

	 
	Load
	D0 (m/kN)
	D0 (mil/kip)
	LTE (%)
	JSR
	SPR (%)
	D3/D0

	
	(kN)
	(kip)
	M
	JA
	JL
	M
	JA
	JL
	A
	L
	M
	M
	M

	Section 1
	40
	9.0
	0.963
	1.373
	1.412
	0.169
	0.240
	0.247
	84.25%
	81.06%
	1.062
	67.97%
	0.879

	
	53
	11.9
	0.978
	1.405
	1.428
	0.171
	0.246
	0.250
	82.96%
	81.96%
	1.038
	68.54%
	0.876

	
	71
	16.0
	0.972
	1.393
	1.407
	0.170
	0.244
	0.246
	83.47%
	81.79%
	1.038
	68.25%
	0.878

	Section 2
	40
	9.0
	0.75
	1.44
	1.461
	0.131
	0.252
	0.256
	82.70%
	82.18%
	1.057
	72.90%
	0.885

	
	53
	11.9
	0.768
	1.464
	1.477
	0.134
	0.256
	0.258
	83.60%
	83.02%
	1.066
	73.77%
	0.88

	
	71
	16.0
	0.764
	1.441
	1.455
	0.134
	0.252
	0.255
	84.07%
	83.43%
	1.069
	73.51%
	0.889

	
	Note: JA=Joint approach; JL=Joint leave; M=Mid-slab


Table 48.  Summary of FWD results November 15 2011

	
	Date:
	11/15/2011

	
	Load
	D0 (m/kN)
	D0 (mil/kip)
	LTE (%)
	JSR
	SPR (%)
	D3/D0

	
	(kN)
	(kip)
	M
	JA
	JL
	M
	JA
	JL
	A
	L
	M
	M
	M

	Section 1
	44
	9.9
	0.963
	1.416
	1.485
	0.169
	0.248
	0.260
	87.11%
	79.96%
	1.049
	70.15%
	0.89

	
	58
	13.0
	0.974
	1.419
	1.503
	0.170
	0.248
	0.263
	87.43%
	80.18%
	1.060
	70.73%
	0.895

	
	80
	18.0
	0.987
	1.419
	1.495
	0.173
	0.248
	0.262
	86.64%
	79.40%
	1.054
	69.84%
	0.883

	Section 2
	44
	9.9
	0.958
	1.997
	2.111
	0.168
	0.349
	0.369
	95.75%
	90.24%
	1.057
	80.49%
	0.916

	
	58
	13.0
	0.958
	2.002
	2.104
	0.168
	0.350
	0.368
	96.48%
	90.16%
	1.052
	80.46%
	0.922

	
	80
	18.0
	0.937
	1.908
	1.997
	0.164
	0.334
	0.349
	95.57%
	89.48%
	1.048
	80.00%
	0.909

	
	Note: JA=Joint approach; JL=Joint leave; M=Mid-slab


Distress Surveys

As of November of 2011, no distress or faulting has been recorded on the I90 project.  Further observations and tests will be conducted.
Review of MEPDG Data Requirements

The MEPDG program allows three different types of input levels (Level 1 through Level 3).  These levels allow users with varying information on the design project to use either of these levels.  Level 1 is primarily used on pavement designs that have unusual features, materials or traffic conditions and allows the designer the maximum number of inputs that are project specific.  This level is also designed for the most advanced users with intimate knowledge of the particular project under consideration.  This level requires the most input and assumes that the user has access to extensive library of laboratory and in-situ test results.  Level 2 inputs use built-in equations and regression analysis to calculate material properties, traffic and climatic conditions using data from other sites that are similar to the proposed design.  Level 2 inputs in general represent regional information and data.  Level 3 inputs are numbers usually based on the global calibration numbers and are best estimates of what would be expected.  Level 3 inputs allow for the least amount of project specific knowledge, and the predictions would not be calibrated for the specific sites.  This level of input should only be used when no other data is available or possible.

This hierarchical input procedure offers the design engineer the maximum flexibility when entering data into the guide, allowing the mixed use of Levels 1 through Level 3.  But it should be noted, as previously discussed, the error associated with the pavement performance predictors’ increases with the increase in use of Levels 2 and Level 3 inputs and reduction in Level 1 input.  The increase in Level 1 input in addition to local calibration would increase the reliability of the MEPDG and decrease the error associated with the pavement performance predictors.

Table 49 is adapted from the MEPDG and shows the input groups associated with the program, a brief description of each group and the required recalibration input level for better predictability.  As shown in Chapter 4 above, data was collected and laboratory tests conducted to allow for these input levels in order to proceed with the local calibration of the model.  The table excludes HMA and subgrade materials as they are beyond the scope of this report and in addition requirements for CRCP are excluded since CRCP is not used in the State of New York.

Table 49.  Input levels required for MEPDG recalibration

	Input Group
	Input Parameter
	Recalibration Input level Used

	Truck Traffic
	Axle-load Distributions (Single, Tandem, Tridem), Truck Volume Distribution
	Level  1

	
	Lane and Directional Truck Distribution
	Level  1

	
	Tire Pressure
	Level  3

	
	Axle Configuration, tire Spacing
	Level  3

	
	Truck Wander
	Level  3

	Climate
	Temperature, Wind Speed, Cloud Cover, Precipitation, Relative Humidity
	Level  1 weather stations

	All Materials
	Unit Weight
	Level  1

	
	Poisson’s Ratio
	Level  1 & 3

	
	Thermal properties: Conductivity, heat capacity, surface absorptivity
	Level 3

	Material Properties
	PCC
	Elastic Modulus
	Level 1

	
	
	Flexural Strength
	Level 1

	
	
	PCC Coefficient of thermal Expansion
	Level 1

	
	Unbound Layers 
	Resilient Modulus
	Level 1

	
	
	Classification and Volumetric properties
	Level 1

	
	
	Soil-Water Characteristic Relationships
	Level 3

	
	
	Saturated Hydraulic Conductivity
	Level 3

	Existing Pavement
	Condition of existing layers
	Levels 1 and 2 


Calibration of MEPDG Software for New York

The local calibration of the MEPDG was initially started using the MEPDG software version 1.1, which was then the latest version.  Nationally, some problems were identified and reported with this version of the software and its calibration with PCC data.  The New York liaison recommended that the research team wait for the upcoming version of the MEPG (Darwin-ME) before conducting the local calibration.  The research team is presently awaiting delivery of the software to complete the calibration.  
Development of JPCP Design Catalog

Development of the JPCP design catalog is dependent on completion of the local calibration of the MEPDG.  Once the Darwin-ME software is received, the local calibration of the software and the compilation of the JPCP design catalog will be undertaken.
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Appendix A:   Survey form sent to NYDOT regions

[image: image133.jpg]Questionnaire for the Development of an MEPDG-Based Design Procedure
for New Rigid Pavement Structures in New York State

Welcome!

As you may be aware, NYSDOT has embarked onto the difficult task of implementing the new
Mechanistic-Empirical Pavement Design Guide (MEPDG) for the design of pavements in New
York State. A major part of the implementation work is to develop a new design procedure for
flexible pavements based on MEPDG principles. This procedure will likely take the form of a
software program and it will be tailored to the specifics of each Regional Office. It is envisioned
at this stage that, when using this software, a pavement design engineer in a regional office will
need to select from several lists of options the materials, the traffic and the location of the project
to obtain the design solution. He/she will not need to run the MEPDG software because it
requires many complex input variables. Due to its simplicity, this new procedure will be, in
many ways, similar to a design catalog currently used in NYSDOT for rigid pavement structures.
Dr. Julian Bendana is diligently working with a research team from Ohio University to develop
this new design procedure.

You have been selected by the New York State DOT to respond to a questionnaire which gathers
information about your current pavement design practices in the NYSDOT regional offices. This
survey will focus on obtaining information about the most common design and construction
practices used in the construction of rigid (concrete) pavements in you Region. This is essential
information, needed to develop an MEPDG-based design catalog for new rigid pavements in
New York State tailored to each Region.

This questionnaire does not aim in any way to evaluate or critique the pavement design and
construction practices in the NYSDOT regional offices. It is an opportunity for you to provide
the specifics of your pavement design work, and to share insights on your experience with
pavement design in your Region in terms of most typical soils, materials, traffic volume and
performance characteristics.

This questionnaire aims to collect information as complete as possible on the most common
design variable you use in the process of designing new rigid pavements and the characteristics
of the material used in your Region. If you feel that the space provided on the form is not
sufficient or you need to add further information to provide a more complete response, please use
additional page(s). Your help is appreciated.

Please be aware that the MEPDG has also been termed as the 2002 Pavement Design.

Thank you for participation and for sharing your time and expertise with us.

It could take any where from 20 minutes to 4 hours to respond to this questionnaire, depending
on your level of involvement or interest in pavement design in your Regional Office, including

the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and returning the questionnaire. If you feel you are not the best
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[image: image134.jpg]person in your Regional Office to respond to the questionnaire, please forward it to that person
and inform Dr. Bendana about this.

Completion of this survey by (four weeks after being activated) will be appreciated, as there is a
tight timeline to compile the information into a report and forward it to Dr. Julian Bendana.

If you have any questions or issues with this survey please contact Sam Khoury at
khoury@ohio.edu or Dr. Julian Bendafia at jbendana@dot.state.ny.us.
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[image: image135.jpg]A. GENERAL DESIGN INFORMATION

Al. What is/are the typical design life of new rigid pavements?

What is the typical time of the year when:

A2. Construction of base layers is finished

A3. Construction of rigid pavements is finished

A4. Rigid pavements are opened to traffic

B. PERFORMANCE CRITERIA

What is/are the typical expected distress level at the end of the design life of a rigid
pavement

Bl. Terminal International Roughness Index, IRI (in/mile):

B2. Transverse Cracking (% slabs cracked)

B3. Mean Joint Faulting (in)

C. TRAFFIC
What is/are the typical values for:
Cl1. Operational speed (mph):

C2. Design lane width (ft)
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[image: image136.jpg]D. HOT MIX ASPHALT

What do you consider the most representative mixes used in your Region for the
construction of:

DI1. Base courses in full-depth asphalt pavement.

D2. Intermediate (binder) courses

D3. Wearing courses

Please provide on separate sheets two to five mix designs for each of the layers listed
above. The following information is needed for each mix design:

Aggregate gradation and bulk specific gravity
Binder content (%)

Effective binder content (%)

Binder PG grade

D4. For each of the layers listed above give typical thicknesses

E. UNBOUND FOUNDATION LAYERS
The following information is needed for each, aggregate base and subbase layers:
BASE SUBBASE
El. | Gradation (for most common materials,- each)
E2 | Typical layer coefficient you use in the design (range)
E3. | Typical drainage coefficient you use in the design (range)
E4. | Typical modulus you use in the design (psi or MPa)
E5. | CBR value
E6. | The range of layer thicknesses (in)
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[image: image137.jpg]F. BOUND (STABILIZED) FOUNDATION LAYERS

For the materials used in your Region?

BASE LAYER

Chemical Stabilizer

Cement
Stabilized

Soil
Cement

Lime
Cement
Fly Ash

Lime
Fly Ash

Lime
Stabilized
Modified

F1.

Typical stabilizer content
(range)

F2

Typical layer coefficient
you use in the design

(range)

F3.

Typical modulus of rupture
[psi / MPa] (range)

F4.

Typical modulus you use
in the design (psi or MPa)

F5.

The range of layer
thicknesses (in)

SUBBASE LAYER

Chemical Stabilizer

Cement
Stabilized

Soil
Cement

Lime
Cement
Fly Ash

Lime
Fly Ash

Lime
Stabilized
Modified

F1.

Typical stabilizer content
(range)

F2

Typical layer coefficient
you use in the design

(range)

F3.

Typical modulus of rupture
[psi / MPa] (range)

F4.

Typical modulus you use
in the design (psi or MPa)

F5.

The range of layer
thicknesses (in)
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[image: image138.jpg]G. SUBGRADE SOILS

The following information is needed for five most common natural subgrade soil in your

Region:

Soil 1

Soil2

Soil 3

Soil 4

Soil 5

Gl

AASHTO Soil Classification or
Unified Soil Classification

G2

CBR values (range)

G3.

Typical overall modulus you use
in the design (psi or MPa)

G4.

Liquid Limit
Plastic Limit
Optimum Moisture Content
Maximum Dry Unit Weight

G5

Gradation

Passing #200 (0.075 mm) sieve
Passing #4 (4.75 mm) sieve
D60 (mm)

Go6.

What is the probability of
encountering this soil

. DRAINAGE

HI1. Water Table Depth (ft) - range

H2. Pavement Cross Slope (%)
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Appendix B:  Resilient Modulus Results

Resilient Modulus Results for NY I-90 Type 3 Sample # 1 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level
	Confining Stress 
(psi)
	Deviatoric Stress 
(psi)
	MR 
(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.91 
	2.89 
	21573.66 
	1.34E-04
	4.31E-06

	2
	2.91 
	5.74 
	22114.53 
	2.61E-04
	8.46E-04

	3
	2.91 
	8.54 
	23774.64 
	3.61E-04
	2.17E-03

	4
	4.88 
	4.80 
	26449.12 
	1.83E-04
	2.77E-03

	5
	4.88 
	9.44 
	29724.52 
	3.19E-04
	3.66E-03

	6
	4.88 
	13.88 
	32649.95 
	4.29E-04
	5.60E-03

	7
	9.81 
	9.43 
	43413.86 
	2.22E-04
	7.14E-03

	8
	9.81 
	18.61 
	48707.22 
	3.88E-04
	9.36E-03

	9
	9.81 
	27.72 
	50743.93 
	5.66E-04
	1.51E-02

	10
	14.74 
	9.45 
	53446.81 
	1.77E-04
	1.54E-02

	11
	14.74 
	14.06 
	55853.02 
	2.52E-04
	1.57E-02

	12
	14.74 
	27.46 
	63373.35 
	4.39E-04
	1.81E-02

	13
	19.67 
	14.08 
	67939.47 
	2.08E-04
	1.85E-02

	14
	19.67 
	18.46 
	71719.27 
	2.58E-04
	1.89E-02

	15
	19.67 
	39.05 
	75794.13 
	5.34E-04
	2.42E-02


Resilient Modulus Results for NY I-90 Type 3 Sample # 2 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.91
	2.76
	16640.57
	1.66E-04
	6.92E-06

	2
	2.91
	5.61
	16288.56
	3.50E-04
	2.17E-03

	3
	2.91
	8.54
	17414.88
	4.96E-04
	4.66E-03

	4
	4.88
	4.79
	21178.61
	2.32E-04
	6.49E-03

	5
	4.88
	9.46
	25270.69
	3.78E-04
	8.17E-03

	6
	4.88
	13.90
	27002.61
	5.22E-04
	1.12E-02

	7
	9.81
	9.41
	39818.43
	2.48E-04
	1.42E-02

	8
	9.81
	18.60
	43673.99
	4.36E-04
	1.74E-02

	9
	9.81
	27.87
	44428.12
	6.51E-04
	2.42E-02

	10
	14.74
	9.43
	46040.70
	2.07E-04
	2.52E-02

	11
	14.74
	14.05
	50035.97
	2.81E-04
	2.57E-02

	12
	14.74
	27.78
	58197.66
	4.85E-04
	2.87E-02

	13
	19.66
	14.12
	61966.43
	2.30E-04
	2.97E-02

	14
	19.67
	18.68
	67314.51
	2.78E-04
	3.01E-02

	15
	19.67
	38.49
	73336.80
	5.48E-04
	3.61E-02


Resilient Modulus Results for NY I-90 Type 4 Sample # 1 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level 
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.91
	2.72
	14754.13
	1.85E-04
	-5.02E-07

	2
	2.91
	5.59
	15198.79
	3.69E-04
	9.57E-04

	3
	2.91
	8.42
	15425.41
	5.49E-04
	2.76E-03

	4
	4.88
	4.71
	17756.23
	2.68E-04
	3.91E-03

	5
	4.88
	9.49
	19832.82
	4.81E-04
	5.25E-03

	6
	4.88
	14.21
	21181.10
	6.81E-04
	9.42E-03

	7
	9.81
	9.45
	31041.57
	3.13E-04
	1.22E-02

	8
	9.81
	18.52
	35601.38
	5.33E-04
	1.63E-02

	9
	9.81
	27.71
	37483.04
	7.83E-04
	2.69E-02

	10
	14.74
	9.47
	40951.78
	2.31E-04
	2.73E-02

	11
	14.74
	14.07
	42871.17
	3.29E-04
	2.77E-02

	12
	14.74
	27.73
	49928.10
	5.65E-04
	3.13E-02

	13
	19.67
	14.15
	54833.93
	2.58E-04
	3.18E-02

	14
	19.67
	18.57
	58429.59
	3.18E-04
	3.23E-02

	15
	19.67
	38.97
	62732.63
	6.47E-04
	3.91E-02


Resilient Modulus Results for NY I-90 Type 4 Sample # 2 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.91
	2.86
	23012.75
	1.24E-04
	-3.85E-06

	2
	2.91
	5.69
	23282.58
	2.45E-04
	5.71E-04

	3
	2.91
	8.47
	24631.71
	3.46E-04
	1.70E-03

	4
	4.88
	4.79
	29167.26
	1.65E-04
	2.38E-03

	5
	4.88
	9.39
	31898.59
	2.95E-04
	3.04E-03

	6
	4.88
	13.90
	33042.90
	4.26E-04
	5.19E-03

	7
	9.81
	9.41
	47309.52
	2.03E-04
	6.67E-03

	8
	9.81
	18.51
	50443.05
	3.73E-04
	9.04E-03

	9
	9.81
	27.60
	51261.40
	5.66E-04
	1.59E-02

	10
	14.74
	9.45
	59098.85
	1.60E-04
	1.61E-02

	11
	14.74
	14.02
	60657.21
	2.31E-04
	1.64E-02

	12
	14.74
	27.44
	66399.41
	4.19E-04
	1.88E-02

	13
	19.67
	14.04
	75037.80
	1.88E-04
	1.92E-02

	14
	19.67
	18.46
	78933.82
	2.34E-04
	1.96E-02

	15
	19.67
	39.08
	80389.30
	5.06E-04
	2.48E-02


Resilient Modulus Results for NY 15 Type 4 Sample # 1 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level 
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.90
	2.76
	14927.13
	1.85E-04
	2.61E-08

	2
	2.90
	5.60
	15635.12
	3.61E-04
	1.43E-03

	3
	2.90
	8.44
	16715.11
	5.13E-04
	4.59E-03

	4
	4.87
	4.71
	19124.76
	2.47E-04
	4.92E-03

	5
	4.87
	9.38
	21545.74
	4.38E-04
	6.49E-03

	6
	4.87
	13.90
	22586.57
	6.32E-04
	1.18E-02

	7
	9.80
	9.39
	30996.64
	3.05E-04
	1.31E-02

	8
	9.80
	18.48
	34506.10
	5.48E-04
	1.73E-02

	9
	9.80
	27.57
	35764.29
	8.27E-04
	2.97E-02

	10
	14.72
	9.40
	39663.16
	2.38E-04
	2.95E-02

	11
	14.72
	14.00
	40493.51
	3.46E-04
	2.99E-02

	12
	14.72
	27.62
	46596.39
	6.02E-04
	3.37E-02

	13
	19.65
	14.06
	50303.08
	2.79E-04
	3.39E-02

	14
	19.65
	18.58
	52991.11
	3.51E-04
	3.43E-02

	15
	19.65
	38.66
	58196.65
	6.92E-04
	4.16E-02


Resilient Modulus Results for NY 15 Type 4 Sample # 1 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.91
	2.79
	14554.40
	1.91E-04
	8.67E-07

	2
	2.91
	5.61
	15352.81
	3.68E-04
	1.27E-03

	3
	2.91
	8.44
	16408.31
	5.21E-04
	3.98E-03

	4
	4.88
	4.72
	18380.97
	2.57E-04
	4.57E-03

	5
	4.88
	9.38
	21190.29
	4.45E-04
	6.09E-03

	6
	4.88
	13.92
	22279.51
	6.39E-04
	1.09E-02

	7
	9.81
	9.39
	30759.20
	3.10E-04
	1.28E-02

	8
	9.81
	18.48
	34504.72
	5.49E-04
	1.71E-02

	9
	9.81
	27.56
	35759.17
	8.26E-04
	2.95E-02

	10
	14.74
	9.41
	38849.72
	2.42E-04
	2.96E-02

	11
	14.74
	14.00
	40620.17
	3.45E-04
	3.00E-02

	12
	14.74
	27.62
	46373.70
	6.06E-04
	3.39E-02

	13
	19.67
	14.02
	49752.32
	2.82E-04
	3.43E-02

	14
	19.67
	18.54
	52712.36
	3.52E-04
	3.47E-02

	15
	19.67
	38.87
	57751.88
	7.05E-04
	4.29E-02


Resilient Modulus Results for SR 219 Type 4 Sample # 1 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.91
	2.70
	15470.64
	1.75E-04
	-2.62E-06

	2
	2.91
	5.48
	15184.90
	3.63E-04
	1.26E-03

	3
	2.91
	8.31
	15806.22
	5.33E-04
	4.10E-03

	4
	4.88
	4.65
	18843.92
	2.47E-04
	4.77E-03

	5
	4.88
	9.32
	20651.75
	4.54E-04
	6.36E-03

	6
	4.88
	13.88
	21153.12
	6.77E-04
	1.25E-02

	7
	9.81
	9.36
	29778.23
	3.19E-04
	1.44E-02

	8
	9.81
	18.43
	31403.57
	6.06E-04
	2.01E-02

	9
	9.81
	27.37
	31281.49
	9.65E-04
	3.81E-02

	10
	14.74
	9.38
	37154.20
	2.52E-04
	3.83E-02

	11
	14.74
	13.97
	37513.06
	3.73E-04
	3.88E-02

	12
	14.74
	27.53
	40796.75
	6.90E-04
	4.39E-02

	13
	19.67
	14.02
	45498.86
	3.08E-04
	4.44E-02

	14
	19.67
	18.55
	47300.95
	3.93E-04
	4.49E-02

	15
	19.67
	38.84
	48843.65
	8.44E-04
	5.63E-02


Resilient Modulus Results for SR 219 Type 4 Sample # 2 (1 psi = 6.89 kPa, 1 in = 25.4 mm).

	Level
	Confining Stress 

(psi)
	Deviatoric Stress 

(psi)
	MR 

(psi)
	Resilient Strain
	Permanent Deformation (in)

	1
	2.88 
	2.73 
	15054.45 
	1.82E-04
	-3.72E-06

	2
	2.88 
	5.52 
	15267.20 
	3.63E-04
	9.82E-04

	3
	2.88 
	8.32 
	16154.39 
	5.18E-04
	2.77E-03

	4
	4.84 
	4.67 
	18387.01 
	2.56E-04
	3.69E-03

	5
	4.88 
	9.35 
	20872.15 
	4.51E-04
	5.44E-03

	6
	3.97 
	13.97 
	20304.50 
	6.97E-04
	9.17E-03

	7
	9.78 
	9.39 
	29546.48 
	3.28E-04
	1.22E-02

	8
	9.79 
	18.48 
	33004.57 
	5.69E-04
	1.56E-02

	9
	9.79 
	27.45 
	33841.42 
	8.42E-04
	2.42E-02

	10
	14.72 
	9.40 
	37163.37 
	2.53E-04
	2.46E-02

	11
	14.72 
	14.00 
	38621.91 
	3.63E-04
	2.51E-02

	12
	14.72 
	27.52 
	43302.23 
	6.42E-04
	2.81E-02

	13
	19.65 
	14.02 
	46580.18 
	3.02E-04
	2.88E-02

	14
	19.65 
	18.51 
	49180.45 
	3.77E-04
	2.92E-02

	15
	19.66 
	38.83 
	52011.93 
	7.71E-04
	3.63E-02


Appendix C:  Permanent Deformation Test Results
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Permanent Deformation Results for NY I-90 Type 3 Sample #1 (1 in = 25.4 mm).
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Permanent Deformation Results for NY I-90 Type 3 Sample #2 (1 in = 25.4 mm).
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Permanent Deformation Results for NY I-90 Type 4 Sample #1 (1 in = 25.4 mm).
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Permanent Deformation Results for NY I-90 Type 4 Sample #2 (1 in = 25.4 mm).
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Permanent Deformation Results for NY 15 Type 4 Sample #1 (1 in = 25.4 mm).
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Permanent Deformation Results for NY 15 Type 4 Sample #2 (1 in = 25.4 mm).
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Permanent Deformation Results for SR 219 Type 4 Sample #1 (1 in = 25.4 mm).
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Permanent Deformation Results for SR 219 Type 4 Sample #1 (1 in = 25.4 mm).

Appendix D:  FWD Data from I490 October 11-12, 2006

FWD data for I-490 West, Monroe, Rochester on morning of Oct. 11, 2006, with nominal load 44 kN (10 kip).
	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	10
	44
	1.3433
	7.6706
	0.7862
	4.4896
	84.40%
	75.30%
	0.9112

	10
	44
	1.4196
	8.1059
	0.6765
	3.8628
	84.34%
	83.87%
	0.9316

	10
	44
	1.2614
	7.2029
	0.7490
	4.2767
	83.89%
	93.16%
	0.9831

	10
	44
	1.2374
	7.0658
	1.2153
	6.9396
	84.42%
	79.21%
	0.8784

	10
	44
	0.7824
	4.4678
	0.7587
	4.3323
	83.63%
	75.10%
	0.9125

	10
	44
	0.8045
	4.5940
	0.6352
	3.6269
	82.61%
	81.65%
	0.9339

	10
	44
	0.7190
	4.1054
	0.6544
	3.7368
	81.91%
	92.94%
	0.9806

	10
	44
	0.8244
	4.7073
	1.0761
	6.1446
	82.17%
	80.70%
	0.9295

	10
	44
	0.6630
	3.7858
	0.7379
	4.2135
	82.59%
	78.26%
	0.9379

	10
	44
	0.6879
	3.9282
	0.6940
	3.9626
	82.23%
	80.73%
	0.9101

	10
	44
	0.5944
	3.3942
	0.7005
	4.0001
	81.61%
	91.36%
	0.9804

	10
	44
	0.7126
	4.0691
	1.1520
	6.5778
	81.79%
	79.14%
	0.8757

	10
	44
	 
	 
	0.3016
	1.7224
	 
	83.42%
	0.9271

	10
	44
	 
	 
	0.3378
	1.9289
	 
	101.87%
	0.9814

	10
	44
	 
	 
	0.7097
	4.0524
	 
	86.11%
	0.9807

	10
	44
	 
	 
	0.3547
	2.0254
	 
	71.79%
	0.8902

	10
	44
	 
	 
	0.3122
	1.7825
	 
	83.00%
	0.9392

	10
	44
	 
	 
	0.3150
	1.7985
	 
	94.00%
	0.9633

	10
	44
	 
	 
	0.6096
	3.4808
	 
	86.00%
	0.9810

	10
	44
	 
	 
	0.3336
	1.9050
	 
	80.50%
	0.9340

	10
	44
	 
	 
	0.3682
	2.1026
	 
	101.52%
	0.9857

	10
	44
	 
	 
	0.7222
	4.1241
	 
	86.70%
	0.9956

	10
	44
	 
	 
	0.2599
	1.4839
	 
	83.60%
	0.9150

	10
	44
	 
	 
	0.6650
	3.7975
	 
	83.02%
	0.9329

	10
	44
	 
	 
	0.2770
	1.5815
	 
	80.96%
	0.8977

	10
	44
	 
	 
	0.5703
	3.2564
	 
	81.57%
	0.9182

	10
	44
	 
	 
	0.3054
	1.7441
	 
	88.08%
	0.9410

	Average
	0.9208
	5.2581
	0.6029
	3.4426
	82.96%
	84.58%
	0.9388

	Std. Dev.
	0.3010
	1.7189
	0.2693
	1.5377
	1.09%
	7.36%
	0.0352


FWD data for I-490 West, Monroe, Rochester on morning of Oct. 11, 2006, with nominal load 58 kN (13 kip).

	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	13
	58
	1.3056
	7.4550
	0.7753
	4.4273
	83.84%
	75.73%
	0.9059

	13
	58
	1.3271
	7.5781
	0.6650
	3.7974
	84.32%
	83.88%
	0.9341

	13
	58
	1.2026
	6.8673
	0.7328
	4.1844
	83.48%
	92.91%
	0.9771

	13
	58
	1.1962
	6.8307
	1.1703
	6.6826
	84.24%
	78.76%
	0.8693

	13
	58
	0.7799
	4.4534
	0.7525
	4.2968
	83.11%
	74.59%
	0.9011

	13
	58
	0.7922
	4.5238
	0.6282
	3.5874
	82.33%
	81.35%
	0.9276

	13
	58
	0.7143
	4.0787
	0.6442
	3.6787
	81.63%
	92.44%
	0.9727

	13
	58
	0.8158
	4.6583
	1.0281
	5.8706
	82.01%
	80.62%
	0.9201

	13
	58
	0.6603
	3.7703
	0.7081
	4.0434
	82.37%
	78.22%
	0.9321

	13
	58
	0.6705
	3.8285
	0.6770
	3.8656
	82.13%
	81.66%
	0.9059

	13
	58
	0.5926
	3.3840
	0.6832
	3.9012
	81.50%
	91.55%
	0.9742

	13
	58
	0.7094
	4.0509
	1.1168
	6.3773
	81.40%
	78.70%
	0.8668

	13
	58
	 
	 
	0.3078
	1.7577
	 
	84.27%
	0.9154

	13
	58
	 
	 
	0.3424
	1.9552
	 
	99.76%
	0.9469

	13
	58
	 
	 
	0.7061
	4.0319
	 
	86.57%
	0.9763

	13
	58
	 
	 
	0.3558
	2.0320
	 
	72.15%
	0.8894

	13
	58
	 
	 
	0.3210
	1.8331
	 
	83.33%
	0.9238

	13
	58
	 
	 
	0.3203
	1.8292
	 
	93.91%
	0.9578

	13
	58
	 
	 
	0.6052
	3.4559
	 
	86.11%
	0.9725

	13
	58
	 
	 
	0.3390
	1.9359
	 
	81.39%
	0.9209

	13
	58
	 
	 
	0.3706
	2.1160
	 
	100.53%
	0.9787

	13
	58
	 
	 
	0.7147
	4.0813
	 
	86.87%
	0.9878

	13
	58
	 
	 
	0.2657
	1.5172
	 
	83.64%
	0.9050

	13
	58
	 
	 
	0.6589
	3.7625
	 
	83.21%
	0.9262

	13
	58
	 
	 
	0.2865
	1.6357
	 
	81.30%
	0.8984

	13
	58
	 
	 
	0.5608
	3.2022
	 
	82.08%
	0.9137

	13
	58
	 
	 
	0.2913
	1.6634
	 
	84.66%
	0.9133

	Average
	 
	0.8972
	5.1233
	0.5936
	3.3897
	82.70%
	84.45%
	0.9301

	Std. Dev.
	0.2755
	1.5730
	0.2557
	1.4604
	1.06%
	6.99%
	0.0344


FWD data for I-490 West, Monroe, Rochester on morning of Oct. 11, 2006, with nominal load 71 kN (16 kip).

	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	16
	71
	1.2243
	6.9908
	0.7346
	4.1948
	83.99%
	75.93%
	0.9101

	16
	71
	1.2494
	7.1342
	0.6410
	3.6600
	84.05%
	83.73%
	0.9338

	16
	71
	1.1309
	6.4575
	0.7024
	4.0109
	83.51%
	93.01%
	0.9757

	16
	71
	1.1423
	6.5227
	1.1192
	6.3908
	84.08%
	78.49%
	0.8595

	16
	71
	0.7606
	4.3430
	0.7190
	4.1056
	82.97%
	75.19%
	0.9090

	16
	71
	0.7680
	4.3855
	0.6042
	3.4501
	82.11%
	81.18%
	0.9364

	16
	71
	0.6934
	3.9592
	0.6202
	3.5414
	81.48%
	92.36%
	0.9733

	16
	71
	0.7876
	4.4974
	0.9730
	5.5562
	81.95%
	80.74%
	0.9152

	16
	71
	0.6471
	3.6948
	0.6764
	3.8621
	82.63%
	78.44%
	0.9347

	16
	71
	0.6567
	3.7501
	0.6460
	3.6886
	81.95%
	81.49%
	0.9078

	16
	71
	0.5804
	3.3144
	0.6562
	3.7469
	81.62%
	91.94%
	0.9767

	16
	71
	0.6839
	3.9051
	1.0778
	6.1541
	81.42%
	78.31%
	0.8607

	16
	71
	 
	 
	0.3069
	1.7524
	 
	84.54%
	0.9214

	16
	71
	 
	 
	0.3325
	1.8985
	 
	100.70%
	0.9657

	16
	71
	 
	 
	0.6729
	3.8426
	 
	86.20%
	0.9775

	16
	71
	 
	 
	0.3506
	2.0018
	 
	72.88%
	0.8940

	16
	71
	 
	 
	0.3176
	1.8133
	 
	82.96%
	0.9302

	16
	71
	 
	 
	0.3166
	1.8078
	 
	93.83%
	0.9617

	16
	71
	 
	 
	0.5859
	3.3454
	 
	85.81%
	0.9703

	16
	71
	 
	 
	0.3356
	1.9165
	 
	81.07%
	0.9267

	16
	71
	 
	 
	0.3643
	2.0801
	 
	100.77%
	0.9786

	16
	71
	 
	 
	0.6909
	3.9454
	 
	86.71%
	0.9825

	16
	71
	 
	 
	0.2685
	1.5332
	 
	83.24%
	0.9170

	16
	71
	 
	 
	0.6361
	3.6321
	 
	82.86%
	0.9242

	16
	71
	 
	 
	0.2876
	1.6425
	 
	81.00%
	0.9083

	16
	71
	 
	 
	0.5490
	3.1347
	 
	81.81%
	0.9102

	16
	71
	 
	 
	0.2888
	1.6492
	 
	84.53%
	0.9215

	Average
	 
	0.8604
	4.9129
	0.5731
	3.2725
	82.65%
	84.43%
	0.9327

	Std. Dev.
	 
	0.2495
	1.4245
	0.2402
	1.3718
	1.04%
	7.05%
	0.0346


FWD data for I-490 West, Monroe, Rochester on afternoon of Oct. 11, 2006, with nominal load 44 kN (10 kip).

	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	10
	44
	1.2730
	7.2689
	0.7868
	4.4926
	85.47%
	74.66%
	0.9170

	10
	44
	1.2979
	7.4115
	0.6811
	3.8891
	85.76%
	85.67%
	0.9468

	10
	44
	1.4240
	8.1311
	1.1953
	6.8251
	86.07%
	84.99%
	1.0767

	10
	44
	1.2592
	7.1903
	0.8222
	4.6951
	86.84%
	77.20%
	0.9210

	10
	44
	1.3505
	7.7113
	0.6876
	3.9262
	84.77%
	83.77%
	0.9495

	10
	44
	0.8382
	4.7860
	0.7640
	4.3625
	83.02%
	92.19%
	0.9794

	10
	44
	0.7948
	4.5387
	1.1905
	6.7981
	83.24%
	78.26%
	0.8712

	10
	44
	0.7365
	4.2053
	0.8872
	5.0661
	82.01%
	77.74%
	0.9277

	10
	44
	0.8659
	4.9445
	0.8224
	4.6957
	82.53%
	87.85%
	0.9564

	10
	44
	0.6886
	3.9317
	1.2475
	7.1232
	83.75%
	76.87%
	0.8458

	10
	44
	0.7285
	4.1600
	0.3837
	2.1909
	81.76%
	70.89%
	0.8932

	10
	44
	0.6018
	3.4366
	0.3113
	1.7777
	82.01%
	83.55%
	0.9327

	10
	44
	0.7480
	4.2713
	0.3481
	1.9880
	81.71%
	104.37%
	0.9939

	10
	44
	 
	 
	0.7356
	4.2003
	 
	86.13%
	0.9885

	10
	44
	 
	 
	0.3682
	2.1026
	 
	72.78%
	0.8971

	10
	44
	 
	 
	0.3338
	1.9062
	 
	84.60%
	0.9272

	10
	44
	 
	 
	0.3393
	1.9375
	 
	98.02%
	0.9534

	10
	44
	 
	 
	0.6537
	3.7328
	 
	85.24%
	0.9725

	10
	44
	 
	 
	0.3434
	1.9609
	 
	78.93%
	0.9264

	10
	44
	 
	 
	0.3348
	1.9120
	 
	81.68%
	0.9214

	10
	44
	 
	 
	0.7205
	4.1143
	 
	87.30%
	1.0030

	10
	44
	 
	 
	0.2559
	1.4610
	 
	82.98%
	0.9174

	10
	44
	 
	 
	0.6503
	3.7134
	 
	88.46%
	1.0148

	10
	44
	 
	 
	0.2855
	1.6304
	 
	82.90%
	0.9033

	10
	44
	 
	 
	0.6048
	3.4533
	 
	81.71%
	0.8989

	10
	44
	 
	 
	0.2947
	1.6827
	 
	84.12%
	0.9245

	10
	44
	 
	 
	0.6707
	3.8296
	 
	88.80%
	1.0064

	Average
	0.9698
	5.5375
	0.6192
	3.5358
	83.77%
	83.77%
	0.9432

	Std. Dev.
	0.2986
	1.7048
	0.2939
	1.6782
	1.81%
	7.20%
	0.0496


FWD data for I-490 West, Monroe, Rochester on afternoon of Oct. 11, 2006, with nominal load 58 kN (13 kip).

	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	13
	58
	1.2197
	6.9648
	0.7682
	4.3868
	85.03%
	75.06%
	0.9182

	13
	58
	1.2549
	7.1654
	0.6679
	3.8138
	85.12%
	85.16%
	0.9448

	13
	58
	1.3598
	7.7646
	1.1595
	6.6209
	86.09%
	85.02%
	1.0734

	13
	58
	1.2134
	6.9287
	0.7986
	4.5601
	86.50%
	77.22%
	0.9187

	13
	58
	1.2985
	7.4148
	0.6900
	3.9403
	84.37%
	83.24%
	0.9498

	13
	58
	0.8361
	4.7740
	0.7521
	4.2948
	82.86%
	92.18%
	0.9734

	13
	58
	0.7948
	4.5386
	1.1553
	6.5969
	82.67%
	77.80%
	0.8634

	13
	58
	0.7338
	4.1902
	0.8514
	4.8613
	82.18%
	77.16%
	0.9206

	13
	58
	0.8464
	4.8332
	0.7965
	4.5479
	82.09%
	87.79%
	0.9510

	13
	58
	0.6670
	3.8086
	1.2150
	6.9376
	82.94%
	76.73%
	0.8387

	13
	58
	0.7203
	4.1130
	0.3884
	2.2179
	82.33%
	71.90%
	0.8841

	13
	58
	0.6040
	3.4487
	0.3214
	1.8354
	81.16%
	84.38%
	0.9238

	13
	58
	0.7376
	4.2118
	0.3580
	2.0440
	81.39%
	103.54%
	0.9756

	13
	58
	 
	 
	0.7281
	4.1578
	 
	86.50%
	0.9738

	13
	58
	 
	 
	0.3675
	2.0983
	 
	72.82%
	0.8925

	13
	58
	 
	 
	0.3380
	1.9302
	 
	83.51%
	0.9021

	13
	58
	 
	 
	0.3399
	1.9410
	 
	97.32%
	0.9509

	13
	58
	 
	 
	0.6358
	3.6302
	 
	85.35%
	0.9701

	13
	58
	 
	 
	0.3473
	1.9830
	 
	79.48%
	0.9159

	13
	58
	 
	 
	0.3356
	1.9166
	 
	81.77%
	0.9106

	13
	58
	 
	 
	0.7226
	4.1259
	 
	87.32%
	1.0000

	13
	58
	 
	 
	0.2712
	1.5485
	 
	84.23%
	0.9035

	13
	58
	 
	 
	0.6307
	3.6011
	 
	88.14%
	1.0089

	13
	58
	 
	 
	0.2955
	1.6875
	 
	82.16%
	0.8952

	13
	58
	 
	 
	0.5983
	3.4165
	 
	81.61%
	0.8973

	13
	58
	 
	 
	0.2976
	1.6995
	 
	83.15%
	0.9019

	13
	58
	 
	 
	0.6778
	3.8703
	 
	88.36%
	0.9667

	Average
	 
	0.9451
	5.3966
	0.6114
	3.4913
	83.44%
	83.66%
	0.9343

	Std. Dev. 
	0.2763
	1.5780
	0.2800
	1.5989
	1.77%
	6.98%
	0.0494


FWD data for I-490 West, Monroe, Rochester on afternoon of Oct. 11, 2006, with nominal load 71 kN (16 kip).

	Load 
	DO L 
	DO M
	LTE L
	SPR
	D3/D0 M

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	

	16
	71
	1.1581
	6.6128
	0.7256
	4.1433
	84.90%
	76.06%
	0.9189

	16
	71
	1.1850
	6.7666
	0.6404
	3.6567
	85.01%
	85.24%
	0.9459

	16
	71
	1.2880
	7.3549
	1.1030
	6.2984
	86.11%
	84.84%
	1.0760

	16
	71
	1.1507
	6.5707
	0.7619
	4.3506
	86.55%
	77.60%
	0.9195

	16
	71
	1.2466
	7.1185
	0.6647
	3.7954
	84.36%
	83.20%
	0.9452

	16
	71
	0.8169
	4.6645
	0.7277
	4.1555
	82.70%
	91.98%
	0.9772

	16
	71
	0.7700
	4.3970
	1.1150
	6.3670
	82.26%
	77.78%
	0.8625

	16
	71
	0.7100
	4.0543
	0.8179
	4.6704
	81.80%
	77.16%
	0.9211

	16
	71
	0.8147
	4.6523
	0.7749
	4.4246
	81.99%
	88.84%
	0.9511

	16
	71
	0.6579
	3.7566
	1.1754
	6.7119
	82.76%
	76.87%
	0.8348

	16
	71
	0.6963
	3.9758
	0.3862
	2.2050
	82.10%
	71.95%
	0.8932

	16
	71
	0.5910
	3.3745
	0.3197
	1.8255
	81.22%
	84.76%
	0.9168

	16
	71
	0.7044
	4.0223
	0.3448
	1.9687
	81.84%
	102.20%
	0.9755

	16
	71
	 
	 
	0.7060
	4.0316
	 
	86.57%
	0.9733

	16
	71
	 
	 
	0.3615
	2.0640
	 
	73.32%
	0.8950

	16
	71
	 
	 
	0.3311
	1.8909
	 
	83.22%
	0.9129

	16
	71
	 
	 
	0.3339
	1.9066
	 
	97.01%
	0.9551

	16
	71
	 
	 
	0.6238
	3.5622
	 
	85.07%
	0.9653

	16
	71
	 
	 
	0.3457
	1.9737
	 
	80.04%
	0.9221

	16
	71
	 
	 
	0.3410
	1.9471
	 
	82.98%
	0.9156

	16
	71
	 
	 
	0.6954
	3.9708
	 
	86.65%
	0.9896

	16
	71
	 
	 
	0.2719
	1.5524
	 
	84.92%
	0.9183

	16
	71
	 
	 
	0.6005
	3.4288
	 
	88.51%
	1.0040

	16
	71
	 
	 
	0.2943
	1.6804
	 
	81.09%
	0.9057

	16
	71
	 
	 
	0.5765
	3.2916
	 
	81.02%
	0.8907

	16
	71
	 
	 
	0.2980
	1.7014
	 
	83.84%
	0.9137

	16
	71
	 
	 
	0.6449
	3.6827
	 
	87.92%
	0.9904

	Average
	 
	0.9069
	5.1785
	0.5919
	3.3799
	83.35%
	83.73%
	0.9366

	Std. Dev.
	 
	0.2553
	1.4575
	0.2651
	1.5136
	1.79%
	6.72%
	0.0487


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with standard dowel bar configuration under nominal load of 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.8803
	5.0267
	0.8874
	5.0673
	0.2856
	1.6310
	83.55%
	81.63%
	87.25%
	0.9319
	1.0507

	10
	44
	0.8873
	5.0664
	0.9324
	5.3242
	0.3327
	1.9000
	83.06%
	80.98%
	108.85%
	0.9969
	1.0042

	10
	44
	0.8859
	5.0588
	0.9363
	5.3466
	0.2737
	1.5629
	83.10%
	80.84%
	85.76%
	0.9163
	0.7077

	10
	44
	0.6348
	3.6249
	0.6627
	3.7838
	0.2855
	1.6303
	82.30%
	79.78%
	98.10%
	0.9638
	1.0997

	10
	44
	0.7280
	4.1569
	0.7287
	4.1609
	0.2765
	1.5789
	82.66%
	80.17%
	96.44%
	0.9511
	

	10
	44
	0.4768
	2.7225
	0.4533
	2.5882
	0.2425
	1.3848
	82.24%
	79.58%
	82.36%
	0.9134
	1.0599

	10
	44
	0.5456
	3.1153
	0.4804
	2.7431
	0.2402
	1.3718
	81.40%
	80.31%
	83.81%
	0.9170
	1.1011

	10
	44
	0.5926
	3.3841
	0.5290
	3.0205
	0.2235
	1.2760
	82.17%
	81.08%
	83.47%
	0.9343
	1.0428

	10
	44
	0.5931
	3.3870
	0.5516
	3.1498
	0.2377
	1.3571
	82.35%
	79.85%
	81.33%
	0.9336
	0.9083

	10
	44
	0.5283
	3.0168
	0.5010
	2.8608
	0.2036
	1.1625
	82.57%
	80.30%
	82.94%
	0.9639
	0.9045

	10
	44
	0.4868
	2.7797
	0.4531
	2.5876
	0.2123
	1.2120
	81.48%
	80.37%
	82.51%
	0.9059
	1.0005

	10
	44
	0.4997
	2.8532
	0.4534
	2.5889
	0.2158
	1.2321
	82.52%
	78.69%
	81.26%
	0.9073
	0.9717

	10
	44
	0.4963
	2.8338
	0.4406
	2.5157
	0.2151
	1.2281
	80.51%
	78.99%
	81.66%
	0.9069
	0.9791

	10
	44
	0.4664
	2.6631
	0.4313
	2.4631
	0.2053
	1.1722
	80.78%
	79.46%
	80.67%
	0.8808
	0.9394

	10
	44
	0.4470
	2.5525
	0.4052
	2.3138
	0.2227
	1.2717
	82.66%
	79.47%
	84.42%
	0.9190
	

	10
	44
	0.4922
	2.8107
	0.4558
	2.6024
	0.2604
	1.4870
	82.90%
	81.59%
	84.64%
	0.9344
	0.9765

	10
	44
	0.4831
	2.7588
	0.4451
	2.5413
	0.2572
	1.4687
	83.70%
	81.19%
	83.36%
	0.9167
	0.9799

	10
	44
	0.4733
	2.7027
	0.4361
	2.4901
	0.2572
	1.4687
	83.14%
	80.30%
	83.76%
	0.9212
	

	Average
	0.5888
	3.3619
	0.5657
	3.2305
	0.2471
	1.4109
	82.39%
	80.25%
	86.26%
	0.9286
	0.9817

	Std. Dev.
	0.1530
	0.8735
	0.1823
	1.0411
	0.0347
	0.1979
	0.88%
	0.85%
	7.40%
	0.0269
	0.0971


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with standard dowel bar configuration under nominal load of 58 kN (13 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.8541
	4.8768
	0.8711
	4.9741
	0.2954
	1.6869
	83.52%
	81.19%
	86.72%
	0.9423
	1.0455

	13
	58
	0.8295
	4.7364
	0.9107
	5.2004
	0.3378
	1.9286
	82.54%
	80.31%
	108.04%
	1.0023
	0.9976

	13
	58
	0.8731
	4.9855
	0.9086
	5.1882
	0.2806
	1.6023
	82.96%
	80.38%
	84.75%
	0.9222
	0.7261

	13
	58
	0.6546
	3.7381
	0.6597
	3.7670
	0.2913
	1.6633
	82.55%
	79.83%
	97.75%
	0.9625
	1.0840

	13
	58
	0.7052
	4.0267
	0.7151
	4.0835
	0.2756
	1.5736
	82.83%
	80.37%
	93.87%
	0.9545
	

	13
	58
	0.4789
	2.7346
	0.4518
	2.5796
	0.2473
	1.4120
	82.18%
	80.03%
	81.55%
	0.9016
	1.0744

	13
	58
	0.5426
	3.0981
	0.4854
	2.7717
	0.2410
	1.3761
	81.37%
	79.19%
	83.12%
	0.9088
	1.0973

	13
	58
	0.5808
	3.3167
	0.5326
	3.0414
	0.2326
	1.3284
	81.36%
	79.23%
	86.05%
	0.9161
	1.0258

	13
	58
	0.5846
	3.3379
	0.5464
	3.1200
	0.2505
	1.4306
	82.57%
	79.51%
	82.26%
	0.8969
	0.9287

	13
	58
	0.5328
	3.0422
	0.5074
	2.8976
	0.2220
	1.2678
	81.39%
	78.57%
	83.16%
	0.9081
	0.9179

	13
	58
	0.4902
	2.7992
	0.4658
	2.6596
	0.2144
	1.2242
	80.45%
	78.95%
	81.77%
	0.9048
	0.9871

	13
	58
	0.4977
	2.8417
	0.4598
	2.6254
	0.2203
	1.2579
	82.32%
	78.97%
	81.61%
	0.8964
	0.9956

	13
	58
	0.4972
	2.8390
	0.4578
	2.6139
	0.2222
	1.2688
	79.87%
	78.47%
	82.03%
	0.8972
	0.9389

	13
	58
	0.4666
	2.6642
	0.4298
	2.4541
	0.2112
	1.2062
	81.22%
	80.59%
	81.10%
	0.8885
	0.9392

	13
	58
	0.4523
	2.5825
	0.4036
	2.3049
	0.2289
	1.3069
	81.75%
	80.40%
	84.62%
	0.9063
	

	13
	58
	0.4937
	2.8190
	0.4563
	2.6054
	0.2589
	1.4786
	82.64%
	81.28%
	84.19%
	0.9329
	0.9849

	13
	58
	0.4745
	2.7092
	0.4494
	2.5660
	0.2596
	1.4826
	83.67%
	81.55%
	83.18%
	0.9141
	0.9840

	13
	58
	0.4679
	2.6717
	0.4422
	2.5250
	0.2516
	1.4368
	82.65%
	82.05%
	83.45%
	0.9373
	

	Average
	0.5820
	3.3233
	0.5641
	3.2210
	0.2523
	1.4406
	82.10%
	80.05%
	86.07%
	0.9218
	0.9818

	Std. Dev.
	0.1415
	0.8079
	0.1721
	0.9829
	0.0336
	0.1918
	1.00%
	1.04%
	7.01%
	0.0291
	0.0906


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with standard dowel bar configuration under nominal load of 71 kN (16 kip). 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.8138
	4.6468
	0.8340
	4.7625
	0.2960
	1.6899
	83.04%
	81.01%
	86.77%
	0.9310
	1.0354

	16
	71
	0.8212
	4.6893
	0.8635
	4.9308
	0.3376
	1.9277
	82.68%
	80.56%
	107.76%
	0.9929
	1.0012

	16
	71
	0.8292
	4.7350
	0.8645
	4.9366
	0.2799
	1.5981
	82.54%
	80.57%
	84.73%
	0.9147
	0.7539

	16
	71
	0.6380
	3.6429
	0.6518
	3.7216
	0.2880
	1.6447
	82.08%
	80.04%
	96.79%
	0.9564
	1.0689

	16
	71
	0.6955
	3.9711
	0.6966
	3.9778
	0.2783
	1.5894
	82.35%
	80.14%
	93.63%
	0.9438
	

	16
	71
	0.4737
	2.7047
	0.4563
	2.6053
	0.2517
	1.4370
	81.96%
	79.37%
	81.69%
	0.8998
	1.0589

	16
	71
	0.5295
	3.0234
	0.4831
	2.7587
	0.2435
	1.3906
	81.29%
	79.60%
	83.61%
	0.9044
	1.0860

	16
	71
	0.5588
	3.1908
	0.5247
	2.9959
	0.2316
	1.3223
	82.08%
	79.27%
	85.93%
	0.9203
	1.0104

	16
	71
	0.5701
	3.2552
	0.5301
	3.0272
	0.2494
	1.4241
	81.98%
	79.98%
	81.94%
	0.9048
	0.9446

	16
	71
	0.5218
	2.9795
	0.5008
	2.8595
	0.2254
	1.2872
	82.04%
	79.17%
	83.11%
	0.9101
	0.9250

	16
	71
	0.4838
	2.7626
	0.4632
	2.6450
	0.2181
	1.2455
	81.22%
	79.22%
	82.42%
	0.9068
	0.9828

	16
	71
	0.4959
	2.8319
	0.4553
	2.5996
	0.2194
	1.2526
	81.60%
	79.74%
	81.78%
	0.8997
	1.0028

	16
	71
	0.4928
	2.8141
	0.4565
	2.6069
	0.2259
	1.2902
	79.88%
	79.08%
	81.55%
	0.8997
	0.9433

	16
	71
	0.4634
	2.6463
	0.4307
	2.4592
	0.2141
	1.2227
	80.36%
	80.14%
	80.92%
	0.8788
	0.9535

	16
	71
	0.4507
	2.5737
	0.4107
	2.3449
	0.2277
	1.3000
	82.12%
	79.17%
	83.58%
	0.9013
	

	16
	71
	0.4846
	2.7674
	0.4530
	2.5868
	0.2604
	1.4867
	82.24%
	80.85%
	84.89%
	0.9271
	0.9856

	16
	71
	0.4643
	2.6511
	0.4465
	2.5496
	0.2591
	1.4793
	82.86%
	81.59%
	83.28%
	0.9192
	0.9857

	16
	71
	0.4619
	2.6374
	0.4401
	2.5130
	0.2568
	1.4664
	82.22%
	81.30%
	84.11%
	0.9238
	

	Average
	0.5694
	3.2513
	0.5534
	3.1601
	0.2535
	1.4475
	81.92%
	80.04%
	86.03%
	0.9186
	0.9825

	Std. Dev.
	0.1324
	0.7561
	0.1567
	0.8947
	0.0328
	0.1871
	0.81%
	0.79%
	6.83%
	0.0259
	0.0792


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with E1 dowel bar configuration under nominal load of 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.7261
	4.1460
	0.7162
	4.0894
	0.2776
	1.5853
	82.34%
	80.38%
	86.57%
	0.9363
	0.9930

	10
	44
	0.7443
	4.2503
	0.7112
	4.0608
	0.2464
	1.4070
	82.10%
	80.82%
	93.08%
	0.9574
	0.3465

	10
	44
	0.6328
	3.6136
	0.7275
	4.1539
	0.2564
	1.4643
	83.19%
	81.12%
	89.29%
	0.9472
	0.9262

	10
	44
	0.6882
	3.9298
	0.6738
	3.8474
	0.2667
	1.5229
	82.77%
	79.78%
	87.51%
	0.9333
	1.0560

	10
	44
	0.7055
	4.0283
	0.7115
	4.0628
	0.2924
	1.6694
	83.38%
	80.33%
	86.31%
	0.9065
	1.0327

	10
	44
	0.7301
	4.1690
	0.7348
	4.1957
	0.2950
	1.6846
	83.31%
	80.98%
	86.31%
	0.9359
	1.0556

	10
	44
	0.7792
	4.4495
	0.7757
	4.4291
	0.2972
	1.6973
	82.63%
	80.08%
	85.74%
	0.9364
	0.9937

	10
	44
	0.7694
	4.3934
	0.7708
	4.4013
	0.3074
	1.7552
	82.60%
	80.08%
	79.60%
	0.9147
	1.0148

	10
	44
	0.7231
	4.1289
	0.7822
	4.4663
	0.2729
	1.5584
	81.94%
	80.00%
	84.11%
	0.9035
	0.8824

	10
	44
	0.5069
	2.8947
	0.6902
	3.9410
	0.2560
	1.4620
	81.26%
	80.92%
	85.19%
	0.9375
	

	10
	44
	0.4769
	2.7232
	0.4883
	2.7880
	0.2466
	1.4083
	81.98%
	76.60%
	85.17%
	0.9351
	0.9248

	10
	44
	0.5020
	2.8667
	0.4515
	2.5782
	0.2546
	1.4540
	82.77%
	80.71%
	85.05%
	0.9289
	1.0488

	10
	44
	0.5485
	3.1322
	0.4735
	2.7040
	0.2563
	1.4637
	83.20%
	80.77%
	82.64%
	0.9378
	1.0683

	10
	44
	0.4639
	2.6491
	0.5059
	2.8886
	0.2506
	1.4307
	82.72%
	81.43%
	83.05%
	0.9444
	0.9085

	10
	44
	0.4789
	2.7345
	0.4596
	2.6243
	0.2551
	1.4565
	83.04%
	80.74%
	83.36%
	0.9247
	0.9873

	10
	44
	0.4679
	2.6719
	0.4538
	2.5911
	0.2450
	1.3992
	83.14%
	80.47%
	84.41%
	0.9391
	1.0205

	10
	44
	0.4628
	2.6428
	0.4631
	2.6443
	0.2506
	1.4309
	82.64%
	80.05%
	83.02%
	0.9319
	0.9522

	10
	44
	0.4431
	2.5299
	0.4410
	2.5179
	0.2455
	1.4016
	82.77%
	80.63%
	83.74%
	0.9130
	0.9899

	10
	44
	0.4657
	2.6593
	0.4365
	2.4925
	0.2391
	1.3651
	82.80%
	80.88%
	82.38%
	0.9241
	0.9813

	10
	44
	0.4627
	2.6421
	0.4283
	2.4458
	0.2300
	1.3134
	80.14%
	80.80%
	82.83%
	0.9116
	

	10
	44
	0.4219
	2.4092
	0.4420
	2.5240
	0.2125
	1.2134
	80.76%
	78.74%
	81.02%
	0.8990
	0.9067

	10
	44
	0.4702
	2.6849
	0.4008
	2.2884
	0.2094
	1.1960
	81.46%
	80.05%
	79.43%
	0.9031
	1.1002

	10
	44
	0.4510
	2.5751
	0.4409
	2.5176
	0.2070
	1.1817
	79.95%
	78.54%
	78.81%
	0.9021
	0.9691

	10
	44
	0.4283
	2.4458
	0.4273
	2.4398
	0.2089
	1.1930
	80.30%
	78.89%
	83.53%
	0.9239
	0.9194

	10
	44
	
	
	0.3928
	2.2432
	
	
	
	77.66%
	
	
	

	Average
	0.5646
	3.2238
	0.5600
	3.1974
	0.2533
	1.4464
	82.22%
	80.06%
	84.26%
	0.9261
	0.9581

	Std. Dev.
	0.1297
	0.5523
	0.1197
	0.6833
	0.0256
	0.1462
	1.11%
	1.29%
	1.99%
	0.0148
	0.0641


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with E1 dowel bar configuration under nominal load of 58 kN (13 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.7094
	4.0506
	0.7032
	4.0156
	0.2871
	1.6396
	82.63%
	80.02%
	87.32%
	0.9264
	0.9828

	13
	58
	0.7191
	4.1060
	0.6911
	3.9464
	0.2495
	1.4246
	82.24%
	81.16%
	89.77%
	0.9375
	0.3610

	13
	58
	0.6197
	3.5387
	0.7052
	4.0269
	0.2590
	1.4792
	83.31%
	81.12%
	88.63%
	0.9396
	0.9453

	13
	58
	0.6702
	3.8272
	0.6667
	3.8068
	0.2696
	1.5394
	82.92%
	79.57%
	86.82%
	0.9333
	1.0373

	13
	58
	0.6840
	3.9058
	0.6916
	3.9489
	0.2949
	1.6839
	83.12%
	80.48%
	86.10%
	0.9122
	1.0062

	13
	58
	0.7097
	4.0522
	0.6959
	3.9735
	0.2995
	1.7103
	83.74%
	80.62%
	85.56%
	0.9319
	1.0815

	13
	58
	0.7541
	4.3058
	0.7526
	4.2974
	0.3020
	1.7242
	82.59%
	80.32%
	85.89%
	0.9377
	0.9937

	13
	58
	0.7475
	4.2685
	0.7478
	4.2703
	0.3096
	1.7679
	82.29%
	80.19%
	79.06%
	0.9137
	1.0117

	13
	58
	0.7043
	4.0215
	0.7566
	4.3202
	0.2718
	1.5523
	82.34%
	80.57%
	83.00%
	0.9159
	0.8935

	13
	58
	0.5105
	2.9153
	0.6760
	3.8599
	0.2621
	1.4965
	81.38%
	81.01%
	83.75%
	0.9154
	

	13
	58
	0.4795
	2.7381
	0.4925
	2.8121
	0.2523
	1.4404
	80.93%
	76.26%
	84.83%
	0.9279
	0.9276

	13
	58
	0.5038
	2.8770
	0.4568
	2.6086
	0.2607
	1.4884
	82.08%
	80.63%
	84.80%
	0.9184
	1.0440

	13
	58
	0.5471
	3.1243
	0.4769
	2.7234
	0.2623
	1.4977
	82.90%
	81.00%
	83.44%
	0.9311
	1.0624

	13
	58
	0.4720
	2.6952
	0.5067
	2.8933
	0.2526
	1.4425
	82.55%
	81.53%
	82.44%
	0.9346
	0.9064

	13
	58
	0.4737
	2.7049
	0.4593
	2.6224
	0.2569
	1.4668
	82.24%
	80.55%
	83.56%
	0.9202
	0.9961

	13
	58
	0.4724
	2.6973
	0.4575
	2.6122
	0.2469
	1.4097
	82.52%
	81.31%
	84.53%
	0.9361
	1.0060

	13
	58
	0.4617
	2.6366
	0.4602
	2.6279
	0.2493
	1.4233
	82.79%
	80.69%
	83.07%
	0.9274
	0.9767

	13
	58
	0.4476
	2.5558
	0.4495
	2.5665
	0.2466
	1.4082
	81.59%
	80.25%
	82.38%
	0.9199
	0.9734

	13
	58
	0.4637
	2.6480
	0.4375
	2.4984
	0.2446
	1.3966
	81.37%
	80.69%
	82.90%
	0.9129
	0.9917

	13
	58
	0.4650
	2.6554
	0.4339
	2.4776
	0.2357
	1.3459
	81.20%
	80.66%
	81.74%
	0.8993
	

	13
	58
	0.4277
	2.4420
	0.4444
	2.5373
	0.2201
	1.2569
	80.11%
	79.43%
	80.82%
	0.8925
	0.9039

	13
	58
	0.4666
	2.6641
	0.4017
	2.2935
	0.2186
	1.2484
	81.29%
	79.76%
	79.74%
	0.8881
	1.0937

	13
	58
	0.4559
	2.6031
	0.4393
	2.5084
	0.2131
	1.2168
	80.31%
	78.77%
	79.35%
	0.9037
	0.9838

	13
	58
	0.4289
	2.4488
	0.4322
	2.4677
	0.2057
	1.1748
	80.04%
	78.68%
	81.79%
	0.9119
	0.9205

	13
	58
	
	
	0.3978
	2.2716
	
	
	
	79.28%
	
	
	

	Average
	0.5581
	3.1868
	0.5533
	3.1595
	0.2571
	1.4681
	82.02%
	80.18%
	83.80%
	0.9203
	0.9591

	Std. Dev.
	0.1188
	0.5109
	0.1106
	0.6313
	0.0248
	0.1417
	0.92%
	1.25%
	1.81%
	0.0139
	0.0603


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with E1 dowel bar configuration under nominal load of 71 kN (16 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.6838
	3.9047
	0.6760
	3.8599
	0.2847
	1.6254
	82.07%
	80.25%
	87.69%
	0.9389
	0.9897

	16
	71
	0.6851
	3.9121
	0.6690
	3.8200
	0.2474
	1.4125
	82.08%
	80.91%
	89.48%
	0.9424
	0.3698

	16
	71
	0.6029
	3.4428
	0.6723
	3.8388
	0.2601
	1.4854
	82.82%
	80.71%
	88.10%
	0.9379
	0.9578

	16
	71
	0.6418
	3.6651
	0.6439
	3.6769
	0.2719
	1.5525
	82.79%
	79.55%
	86.79%
	0.9300
	1.0349

	16
	71
	0.6466
	3.6923
	0.6664
	3.8052
	0.2963
	1.6920
	83.15%
	80.22%
	85.91%
	0.9116
	1.0053

	16
	71
	0.6810
	3.8888
	0.6699
	3.8252
	
	1.7005
	83.30%
	80.29%
	85.52%
	0.9337
	1.0747

	16
	71
	0.7186
	4.1035
	0.7199
	4.1108
	0.3003
	1.7150
	82.33%
	80.15%
	85.18%
	0.9343
	1.0000

	16
	71
	0.7134
	4.0738
	0.7199
	4.1106
	0.3089
	1.7638
	82.03%
	79.90%
	80.01%
	0.9130
	1.0139

	16
	71
	0.6747
	3.8527
	0.7299
	4.1676
	0.2747
	1.5687
	82.13%
	80.16%
	83.75%
	0.9091
	0.8990

	16
	71
	0.5061
	2.8898
	0.6561
	3.7467
	0.2613
	1.4923
	80.98%
	80.88%
	83.46%
	0.9226
	

	16
	71
	0.4764
	2.7203
	0.4908
	2.8027
	0.2556
	1.4593
	81.14%
	76.57%
	84.80%
	0.9306
	0.9294

	16
	71
	0.4947
	2.8247
	0.4562
	2.6049
	0.2599
	1.4838
	82.59%
	79.92%
	85.15%
	0.9222
	1.0437

	16
	71
	0.5398
	3.0826
	0.4761
	2.7186
	0.2638
	1.5063
	82.91%
	81.38%
	83.10%
	0.9371
	1.0594

	16
	71
	0.4667
	2.6648
	0.5044
	2.8800
	0.2568
	1.4661
	82.18%
	81.59%
	83.02%
	0.9352
	0.9108

	16
	71
	0.4690
	2.6778
	0.4594
	2.6230
	0.2566
	1.4650
	82.40%
	80.44%
	82.84%
	0.9145
	1.0019

	16
	71
	0.4712
	2.6908
	0.4602
	2.6279
	0.2371
	1.3540
	82.74%
	80.83%
	81.74%
	0.9325
	0.9981

	16
	71
	0.4567
	2.6079
	0.4593
	2.6229
	0.2501
	1.4284
	82.48%
	80.57%
	83.15%
	0.9335
	0.9597

	16
	71
	0.4426
	2.5271
	0.4408
	2.5172
	0.2468
	1.4091
	81.67%
	80.30%
	82.76%
	0.9181
	0.9910

	16
	71
	0.4571
	2.6099
	0.4369
	2.4946
	0.2403
	1.3721
	81.05%
	80.79%
	81.71%
	0.9163
	0.9884

	16
	71
	0.4634
	2.6463
	0.4318
	2.4658
	0.2392
	1.3656
	80.18%
	80.25%
	82.32%
	0.9104
	

	16
	71
	0.4245
	2.4240
	0.4431
	2.5300
	0.2220
	1.2678
	80.59%
	79.16%
	79.88%
	0.9037
	0.9192

	16
	71
	0.4609
	2.6317
	0.4073
	2.3256
	0.2187
	1.2489
	81.06%
	79.79%
	79.16%
	0.9027
	1.0857

	16
	71
	0.4480
	2.5583
	0.4422
	2.5249
	0.2162
	1.2344
	80.59%
	79.27%
	79.65%
	0.9096
	0.9747

	16
	71
	0.4315
	2.4637
	0.4310
	2.4611
	0.2117
	1.2087
	80.19%
	79.14%
	82.54%
	0.9050
	0.9311

	16
	71
	
	
	0.4013
	2.2916
	
	
	
	79.17%
	
	
	

	Average
	0.5440
	3.1065
	0.5426
	3.0981
	0.2574
	1.4699
	81.89%
	80.09%
	83.65%
	0.9227
	0.9608

	Std. Dev.
	0.1060
	0.4593
	0.1010
	0.5770
	0.0241
	0.1378
	0.92%
	1.13%
	1.75%
	0.0116
	0.0561


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with E2 dowel bar configuration under nominal load of 44 kN (10 kip).

	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.6848
	3.9101
	0.7024
	4.0111
	0.2400
	1.3707
	82.20%
	78.97%
	88.35%
	0.9083
	1.0120

	10
	44
	0.7125
	4.0687
	0.7109
	4.0593
	0.2486
	1.4198
	82.47%
	80.21%
	83.74%
	0.9202
	0.8417

	10
	44
	0.6524
	3.7251
	0.5983
	3.4166
	0.2393
	1.3663
	81.85%
	79.79%
	83.04%
	0.8991
	0.9215

	10
	44
	0.5380
	3.0720
	0.5514
	3.1484
	0.2276
	1.2997
	81.34%
	78.03%
	82.03%
	0.9074
	0.8689

	10
	44
	0.5170
	2.9523
	0.4791
	2.7355
	0.2314
	1.3211
	82.21%
	79.30%
	80.84%
	0.9091
	0.9388

	10
	44
	0.4557
	2.6024
	0.4497
	2.5681
	0.2287
	1.3059
	83.37%
	80.47%
	85.77%
	0.9220
	1.0106

	10
	44
	0.4613
	2.6343
	0.4545
	2.5952
	0.2227
	1.2717
	81.84%
	79.30%
	82.41%
	0.9143
	1.0398

	10
	44
	0.4618
	2.6368
	0.4726
	2.6985
	0.2348
	1.3410
	82.34%
	78.56%
	86.70%
	0.9099
	0.8770

	10
	44
	0.4548
	2.5972
	0.4145
	2.3666
	0.2378
	1.3577
	82.24%
	81.54%
	84.59%
	0.9248
	1.0879

	10
	44
	0.4437
	2.5336
	0.4509
	2.5745
	0.2405
	1.3734
	82.86%
	79.20%
	84.06%
	0.9127
	 

	10
	44
	0.4672
	2.6680
	0.4425
	2.5270
	0.2362
	1.3486
	81.84%
	78.99%
	85.82%
	0.9273
	1.0613

	10
	44
	0.4932
	2.8165
	0.4697
	2.6819
	0.2487
	1.4199
	82.61%
	80.73%
	83.93%
	0.9227
	0.9381

	10
	44
	0.4652
	2.6566
	0.4406
	2.5158
	0.2366
	1.3508
	82.22%
	80.68%
	83.12%
	0.9186
	0.9557

	10
	44
	0.4507
	2.5738
	0.4211
	2.4043
	0.2315
	1.3218
	82.38%
	80.87%
	84.77%
	0.9309
	1.0037

	10
	44
	0.4508
	2.5741
	0.4226
	2.4132
	0.2396
	1.3684
	82.90%
	81.22%
	82.96%
	0.9241
	1.0942

	10
	44
	0.4752
	2.7133
	0.4624
	2.6405
	0.2539
	1.4498
	82.58%
	80.47%
	84.11%
	0.9289
	1.0109

	10
	44
	0.5089
	2.9056
	0.4674
	2.6691
	0.2467
	1.4087
	81.97%
	80.91%
	84.14%
	0.9145
	0.9561

	10
	44
	0.4692
	2.6791
	0.4469
	2.5521
	0.2489
	1.4212
	82.05%
	79.86%
	84.29%
	0.9407
	1.0096

	10
	44
	0.4729
	2.7003
	0.4512
	2.5767
	0.2544
	1.4527
	83.37%
	81.32%
	83.78%
	0.9417
	1.0517

	10
	44
	0.5238
	2.9910
	0.4746
	2.7099
	0.2575
	1.4703
	83.23%
	81.96%
	82.53%
	0.9300
	 

	10
	44
	0.3776
	2.1564
	0.3517
	2.0085
	0.2156
	1.2310
	81.07%
	79.09%
	84.80%
	0.9208
	0.9944

	10
	44
	0.3923
	2.2401
	0.3498
	1.9972
	0.2310
	1.3190
	82.02%
	80.18%
	85.28%
	0.9217
	1.2022

	10
	44
	0.4532
	2.5877
	0.4205
	2.4011
	0.2663
	1.5207
	83.45%
	80.96%
	85.87%
	0.9398
	1.0783

	10
	44
	0.4699
	2.6834
	0.4534
	2.5891
	0.2565
	1.4649
	82.38%
	81.75%
	83.79%
	0.9253
	0.9115

	10
	44
	0.4319
	2.4662
	0.4133
	2.3601
	0.2521
	1.4394
	82.38%
	80.78%
	84.12%
	0.9364
	 

	Average
	0.4914
	2.8058
	0.4709
	2.6888
	0.2411
	1.3766
	82.37%
	80.21%
	84.19%
	0.9220
	0.9939

	Std. Dev.
	0.0809
	0.2001
	0.0366
	0.2088
	0.0123
	0.0701
	0.59%
	1.00%
	1.06%
	0.0094
	0.0834


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with E2 dowel bar configuration under nominal load of 58 kN (13 kip).

	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.6675
	3.8113
	0.6864
	3.9193
	0.2620
	1.4960
	82.07%
	79.40%
	85.83%
	0.9189
	1.0127

	13
	58
	0.6914
	3.9479
	0.6951
	3.9692
	0.2544
	1.4529
	82.47%
	79.61%
	83.44%
	0.9198
	0.8385

	13
	58
	0.6346
	3.6234
	0.5829
	3.3283
	0.2412
	1.3775
	81.90%
	80.03%
	82.57%
	0.9055
	0.9443

	13
	58
	0.5394
	3.0800
	0.5504
	3.1428
	0.2362
	1.3485
	81.18%
	78.21%
	81.74%
	0.8904
	0.8676

	13
	58
	0.5118
	2.9223
	0.4775
	2.7266
	0.2366
	1.3508
	82.87%
	79.50%
	81.40%
	0.9073
	0.9506

	13
	58
	0.4601
	2.6272
	0.4539
	2.5918
	0.2322
	1.3256
	82.56%
	80.31%
	85.13%
	0.9291
	0.9878

	13
	58
	0.4573
	2.6113
	0.4483
	2.5601
	0.2253
	1.2865
	82.07%
	79.44%
	82.10%
	0.9094
	1.0460

	13
	58
	0.4643
	2.6512
	0.4690
	2.6780
	0.2351
	1.3423
	82.28%
	79.05%
	85.67%
	0.9200
	0.8849

	13
	58
	0.4542
	2.5937
	0.4150
	2.3697
	0.2378
	1.3580
	80.98%
	80.04%
	84.39%
	0.9305
	1.0834

	13
	58
	0.4471
	2.5528
	0.4496
	2.5673
	0.2459
	1.4039
	82.54%
	79.82%
	82.88%
	0.9105
	 

	13
	58
	0.4680
	2.6723
	0.4453
	2.5428
	0.2396
	1.3683
	81.19%
	79.22%
	85.51%
	0.9211
	1.0346

	13
	58
	0.4865
	2.7783
	0.4607
	2.6307
	0.2466
	1.4082
	82.22%
	81.24%
	84.17%
	0.9295
	0.9561

	13
	58
	0.4601
	2.6270
	0.4405
	2.5151
	0.2380
	1.3591
	82.24%
	80.94%
	82.33%
	0.9236
	0.9491

	13
	58
	0.4572
	2.6105
	0.4181
	2.3871
	0.2359
	1.3473
	81.31%
	81.25%
	84.00%
	0.9200
	1.0078

	13
	58
	0.4492
	2.5649
	0.4213
	2.4058
	0.2436
	1.3912
	82.36%
	80.98%
	83.59%
	0.9159
	1.0857

	13
	58
	0.4740
	2.7064
	0.4574
	2.6121
	0.2619
	1.4953
	81.97%
	79.97%
	84.15%
	0.9157
	1.0339

	13
	58
	0.5121
	2.9240
	0.4730
	2.7007
	0.2492
	1.4227
	81.14%
	80.30%
	83.24%
	0.9180
	0.9447

	13
	58
	0.4759
	2.7174
	0.4468
	2.5513
	0.2588
	1.4777
	81.54%
	80.32%
	83.63%
	0.9116
	1.0100

	13
	58
	0.4752
	2.7137
	0.4513
	2.5769
	0.2541
	1.4507
	82.61%
	81.13%
	84.20%
	0.9346
	1.0335

	13
	58
	0.5199
	2.9684
	0.4664
	2.6633
	0.2583
	1.4749
	83.38%
	82.31%
	82.53%
	0.9207
	 

	13
	58
	0.3794
	2.1665
	0.3580
	2.0440
	0.2126
	1.2139
	80.83%
	79.20%
	83.36%
	0.9145
	0.9829

	13
	58
	0.3948
	2.2542
	0.3519
	2.0091
	0.2304
	1.3155
	82.53%
	80.41%
	85.19%
	0.9384
	1.1907

	13
	58
	0.4475
	2.5555
	0.4189
	2.3923
	0.2638
	1.5066
	82.95%
	82.01%
	85.06%
	0.9251
	1.0610

	13
	58
	0.4538
	2.5912
	0.4445
	2.5382
	0.2621
	1.4964
	83.07%
	81.85%
	84.84%
	0.9339
	0.9303

	13
	58
	0.4284
	2.4462
	0.4135
	2.3613
	0.2548
	1.4548
	83.43%
	82.92%
	83.50%
	0.9288
	 

	Average
	0.4884
	2.7887
	0.4678
	2.6714
	0.2446
	1.3970
	82.15%
	80.38%
	83.78%
	0.9197
	0.9926

	Std. Dev.
	0.0753
	0.1957
	0.0343
	0.1958
	0.0134
	0.0765
	0.82%
	1.10%
	0.98%
	0.0082
	0.0764


FWD data for I-490 East, Monroe, Rochester on October 12, 2006 with E2 dowel bar configuration under nominal load of 71 kN (16 kip).

	Load 
	DO L 
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.6409
	3.6594
	0.6672
	3.8098
	0.2623
	1.4975
	81.99%
	78.99%
	86.25%
	0.9176
	0.9954

	16
	71
	0.6652
	3.7985
	0.6641
	3.7921
	0.2570
	1.4672
	82.64%
	80.13%
	83.22%
	0.9227
	0.8596

	16
	71
	0.6102
	3.4843
	0.5708
	3.2596
	0.2422
	1.3832
	81.87%
	79.89%
	82.43%
	0.9064
	0.9478

	16
	71
	0.5268
	3.0082
	0.5411
	3.0895
	0.2351
	1.3425
	81.07%
	78.05%
	81.91%
	0.8995
	0.8741

	16
	71
	0.5052
	2.8848
	0.4730
	2.7007
	0.2384
	1.3614
	82.31%
	79.62%
	82.04%
	0.9030
	0.9549

	16
	71
	0.4542
	2.5938
	0.4516
	2.5790
	0.2338
	1.3352
	82.65%
	79.66%
	84.81%
	0.9192
	0.9983

	16
	71
	0.4519
	2.5804
	0.4509
	2.5745
	0.2263
	1.2925
	81.79%
	78.86%
	82.24%
	0.9031
	1.0284

	16
	71
	0.4534
	2.5889
	0.4637
	2.6477
	0.2308
	1.3176
	82.26%
	78.59%
	85.82%
	0.9128
	0.8811

	16
	71
	0.4499
	2.5687
	0.4086
	2.3330
	0.2396
	1.3682
	81.83%
	80.70%
	83.96%
	0.9204
	1.0930

	16
	71
	0.4456
	2.5446
	0.4466
	2.5500
	0.2482
	1.4175
	81.95%
	79.36%
	83.41%
	0.9137
	 

	16
	71
	0.4596
	2.6243
	0.4458
	2.5453
	0.2387
	1.3632
	81.14%
	78.85%
	85.54%
	0.9185
	1.0252

	16
	71
	0.4780
	2.7296
	0.4570
	2.6094
	0.2461
	1.4055
	82.44%
	80.34%
	83.72%
	0.9209
	0.9494

	16
	71
	0.4498
	2.5682
	0.4339
	2.4775
	0.2331
	1.3309
	82.14%
	80.68%
	83.20%
	0.9213
	0.9557

	16
	71
	0.4494
	2.5663
	0.4147
	2.3678
	0.2317
	1.3228
	81.76%
	80.77%
	84.36%
	0.9237
	1.0112

	16
	71
	0.4433
	2.5313
	0.4193
	2.3943
	0.2412
	1.3770
	82.10%
	80.60%
	83.87%
	0.9218
	1.0757

	16
	71
	0.4672
	2.6675
	0.4511
	2.5756
	0.2634
	1.5043
	82.25%
	79.95%
	83.28%
	0.9182
	1.0523

	16
	71
	0.5039
	2.8773
	0.4747
	2.7103
	0.2514
	1.4356
	81.94%
	80.23%
	82.92%
	0.9214
	0.9541

	16
	71
	0.4757
	2.7163
	0.4529
	2.5859
	0.2611
	1.4908
	81.87%
	79.92%
	83.91%
	0.9190
	0.9917

	16
	71
	0.4682
	2.6736
	0.4491
	2.5643
	0.2585
	1.4763
	82.56%
	80.91%
	84.09%
	0.9304
	1.0340

	16
	71
	0.5132
	2.9306
	0.4644
	2.6515
	0.2616
	1.4937
	83.14%
	82.16%
	82.42%
	0.9248
	 

	16
	71
	0.3805
	2.1725
	0.3655
	2.0872
	0.2033
	1.1608
	80.79%
	78.83%
	82.00%
	0.8805
	0.9840

	16
	71
	0.3935
	2.2467
	0.3597
	2.0537
	0.2351
	1.3423
	81.21%
	79.60%
	85.72%
	0.9162
	1.1718

	16
	71
	0.4438
	2.5344
	0.4214
	2.4064
	0.2644
	1.5095
	82.41%
	80.43%
	85.32%
	0.9195
	1.0503

	16
	71
	0.4520
	2.5808
	0.4427
	2.5276
	0.2639
	1.5067
	82.20%
	80.56%
	85.04%
	0.9239
	0.9223

	16
	71
	0.4266
	2.4360
	0.4082
	2.3312
	0.2506
	1.4312
	82.22%
	80.70%
	83.64%
	0.9341
	 

	Average
	0.4803
	2.7427
	0.4639
	2.6490
	0.2447
	1.3973
	82.02%
	79.94%
	83.81%
	0.9165
	0.9914

	Std. Dev.
	0.0684
	0.1837
	0.0320
	0.1829
	0.0159
	0.0909
	0.55%
	0.88%
	1.11%
	0.0109
	0.0740


Appendix E:  FWD Data from I490 September 24-25, 2008

FWD data for I-490 West, Monroe, Rochester on September 24, 2008 with nominal load 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.6274
	3.5825
	0.5676
	3.2412
	0.2066
	1.1796
	78.48%
	80.88%
	88.34%
	0.8913
	1.2012

	10
	44
	0.7413
	4.2329
	0.6818
	3.8934
	0.2003
	1.1435
	80.18%
	80.03%
	85.50%
	0.9282
	0.9991

	10
	44
	0.7416
	4.2344
	0.6812
	3.8899
	0.2088
	1.1925
	79.43%
	79.28%
	88.95%
	0.9110
	0.9756

	10
	44
	0.7418
	4.2357
	0.6646
	3.7951
	0.2069
	1.1814
	78.88%
	81.88%
	98.91%
	0.9206
	1.0603

	10
	44
	0.7832
	4.4720
	0.7047
	4.0240
	0.2020
	1.1532
	80.06%
	79.67%
	89.16%
	0.9565
	1.0159

	10
	44
	0.7926
	4.5258
	0.7159
	4.0878
	0.2201
	1.2569
	80.70%
	83.67%
	95.31%
	0.9703
	1.1157

	10
	44
	0.8271
	4.7231
	0.7987
	4.5607
	0.2144
	1.2241
	79.97%
	83.26%
	89.76%
	0.9235
	0.9598

	10
	44
	0.8247
	4.7093
	0.7666
	4.3776
	0.2239
	1.2784
	81.36%
	82.21%
	85.51%
	0.9272
	1.0554

	10
	44
	0.8460
	4.8306
	0.8091
	4.6201
	0.2301
	1.3141
	81.41%
	84.06%
	88.26%
	0.9333
	0.9670

	10
	44
	0.8456
	4.8282
	0.7824
	4.4676
	0.2188
	1.2496
	81.08%
	83.82%
	89.72%
	0.9461
	0.8649

	10
	44
	0.7162
	4.0898
	0.6767
	3.8642
	0.1843
	1.0526
	82.44%
	82.68%
	93.10%
	0.9240
	0.8844

	10
	44
	0.6351
	3.6265
	0.5985
	3.4175
	0.1633
	0.9325
	78.72%
	83.88%
	86.11%
	0.8627
	0.9889

	10
	44
	0.6450
	3.6830
	0.5918
	3.3794
	0.1727
	0.9860
	80.94%
	82.14%
	95.13%
	0.9816
	0.9959

	10
	44
	0.6060
	3.4603
	0.5894
	3.3655
	0.1911
	1.0914
	79.18%
	83.12%
	88.62%
	0.9261
	0.7574

	10
	44
	0.4745
	2.7093
	0.4464
	2.5490
	0.2016
	1.1514
	79.45%
	80.78%
	89.95%
	0.8763
	1.1858

	10
	44
	0.5772
	3.2956
	0.5293
	3.0226
	0.2329
	1.3299
	81.02%
	82.00%
	94.91%
	0.9769
	1.1597

	10
	44
	0.6415
	3.6628
	0.6139
	3.5052
	0.2249
	1.2844
	83.79%
	83.83%
	81.59%
	0.9143
	0.7921

	10
	44
	0.5308
	3.0311
	0.4863
	2.7766
	0.2522
	1.4403
	82.04%
	85.87%
	88.74%
	0.9359
	1.2999

	10
	44
	0.7253
	4.1414
	0.6321
	3.6094
	0.2694
	1.5383
	83.99%
	84.64%
	89.49%
	0.9398
	1.1826

	10
	44
	0.8161
	4.6603
	0.7476
	4.2686
	0.2347
	1.3401
	81.72%
	85.44%
	84.24%
	0.9815
	0.8341

	10
	44
	0.6824
	3.8967
	0.6235
	3.5605
	0.2340
	1.3361
	81.48%
	84.72%
	84.29%
	0.9206
	0.9074

	10
	44
	0.5948
	3.3966
	0.5658
	3.2308
	0.2513
	1.4351
	80.59%
	84.18%
	86.07%
	0.9152
	1.0228

	10
	44
	0.6036
	3.4469
	0.5787
	3.3046
	0.2617
	1.4942
	80.22%
	83.43%
	79.15%
	0.9072
	0.9330

	10
	44
	0.5946
	3.3954
	0.5399
	3.0830
	0.2499
	1.4267
	79.85%
	83.47%
	87.24%
	0.9640
	1.0797

	10
	44
	0.6428
	3.6703
	0.5829
	3.3286
	0.2708
	1.5461
	80.92%
	84.75%
	88.69%
	0.9456
	1.0823

	10
	44
	0.6720
	3.8370
	0.6309
	3.6027
	0.2714
	1.5498
	80.37%
	83.39%
	82.47%
	0.9508
	0.9305

	10
	44
	0.6705
	3.8288
	0.5870
	3.3521
	0.2714
	1.5497
	80.54%
	85.28%
	87.06%
	0.9407
	1.0538

	10
	44
	0.6483
	3.7020
	0.6186
	3.5324
	0.2535
	1.4475
	83.85%
	82.94%
	84.22%
	0.8863
	0.8060

	10
	44
	0.5302
	3.0272
	0.4986
	2.8470
	0.2484
	1.4182
	81.46%
	83.72%
	86.22%
	0.9693
	0.9110

	10
	44
	0.4943
	2.8222
	0.4542
	2.5938
	0.2330
	1.3303
	79.87%
	84.08%
	88.83%
	0.9486
	0.9852

	10
	44
	0.5005
	2.8580
	0.4475
	2.5552
	 
	 
	80.00%
	83.42%
	 
	 
	 

	Average
	0.6701
	3.8263
	0.6198
	3.5389
	0.2268
	1.2951
	80.77%
	83.11%
	88.18%
	0.9325
	1.0002

	Std. Dev.
	0.1082
	0.6178
	0.1013
	0.5785
	0.0296
	0.1693
	1.41%
	1.66%
	4.27%
	0.0301
	0.1299


FWD data for I-490 West, Monroe, Rochester on September 24, 2008 with nominal load 58 kN (13 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.6192
	3.5360
	0.5776
	3.2984
	0.2045
	1.1676
	79.00%
	79.48%
	84.23%
	0.8971
	1.1721

	13
	58
	0.7373
	4.2101
	0.6771
	3.8661
	0.2062
	1.1774
	79.75%
	80.25%
	88.59%
	0.9720
	0.9791

	13
	58
	0.7227
	4.1270
	0.6629
	3.7855
	0.2070
	1.1819
	79.53%
	80.48%
	91.26%
	0.9370
	0.9878

	13
	58
	0.7332
	4.1867
	0.6548
	3.7393
	0.2123
	1.2122
	78.64%
	81.61%
	98.49%
	0.9222
	1.0298

	13
	58
	0.7723
	4.4098
	0.6744
	3.8507
	0.2054
	1.1726
	80.68%
	81.92%
	89.72%
	0.9280
	1.0438

	13
	58
	0.7808
	4.4586
	0.7039
	4.0193
	0.2241
	1.2798
	80.28%
	81.93%
	93.60%
	0.9044
	1.1279

	13
	58
	0.8092
	4.6204
	0.7939
	4.5335
	0.2198
	1.2553
	80.37%
	82.07%
	91.37%
	0.9478
	0.9471

	13
	58
	0.8170
	4.6654
	0.7520
	4.2939
	0.2281
	1.3022
	79.65%
	82.09%
	89.91%
	0.9321
	1.0586

	13
	58
	0.8364
	4.7761
	0.7960
	4.5453
	0.2339
	1.3356
	81.33%
	83.55%
	88.89%
	0.9271
	0.9334

	13
	58
	0.8258
	4.7153
	0.7430
	4.2427
	0.2109
	1.2042
	81.14%
	83.90%
	89.91%
	0.9455
	0.8706

	13
	58
	0.7137
	4.0755
	0.6469
	3.6939
	0.1839
	1.0499
	81.59%
	83.40%
	92.47%
	0.9286
	0.9340

	13
	58
	0.6250
	3.5691
	0.6042
	3.4500
	0.1744
	0.9961
	80.50%
	83.99%
	87.85%
	0.9170
	0.9823

	13
	58
	0.6278
	3.5849
	0.5935
	3.3888
	0.1804
	1.0302
	80.74%
	82.37%
	92.76%
	0.9619
	0.9948

	13
	58
	0.5988
	3.4190
	0.5904
	3.3712
	0.1883
	1.0755
	80.85%
	82.72%
	88.84%
	0.9215
	0.7595

	13
	58
	0.4743
	2.7085
	0.4484
	2.5605
	0.2084
	1.1899
	79.64%
	82.47%
	94.70%
	0.9481
	1.1732

	13
	58
	0.5684
	3.2459
	0.5261
	3.0039
	0.2369
	1.3527
	79.81%
	82.09%
	96.82%
	0.9542
	1.1209

	13
	58
	0.6283
	3.5878
	0.5897
	3.3670
	0.2239
	1.2782
	83.85%
	84.79%
	83.53%
	0.9483
	0.8534

	13
	58
	0.5281
	3.0154
	0.5032
	2.8734
	0.2546
	1.4540
	82.45%
	83.36%
	88.57%
	0.9360
	1.2220

	13
	58
	0.6994
	3.9935
	0.6149
	3.5114
	0.2717
	1.5517
	83.71%
	84.65%
	91.40%
	0.9427
	1.2042

	13
	58
	0.8022
	4.5807
	0.7405
	4.2282
	0.2406
	1.3737
	82.09%
	83.74%
	85.19%
	0.9387
	0.8380

	13
	58
	0.6530
	3.7289
	0.6205
	3.5434
	0.2403
	1.3722
	82.29%
	84.16%
	85.19%
	0.9161
	0.8842

	13
	58
	0.5845
	3.3377
	0.5487
	3.1332
	0.2507
	1.4314
	80.11%
	84.38%
	84.14%
	0.9088
	1.0595

	13
	58
	0.5952
	3.3987
	0.5813
	3.3195
	0.2719
	1.5524
	80.75%
	83.29%
	78.37%
	0.8961
	0.9254

	13
	58
	0.5910
	3.3749
	0.5379
	3.0717
	0.2638
	1.5061
	79.17%
	83.03%
	86.83%
	0.9329
	1.0929

	13
	58
	0.6324
	3.6113
	0.5879
	3.3570
	0.2739
	1.5642
	81.34%
	84.43%
	83.86%
	0.9360
	1.0852

	13
	58
	0.6446
	3.6810
	0.6380
	3.6429
	0.2703
	1.5435
	81.78%
	83.67%
	83.97%
	0.9362
	0.9168

	13
	58
	0.6487
	3.7040
	0.5849
	3.3399
	0.2769
	1.5809
	81.65%
	82.05%
	87.91%
	0.9583
	1.0344

	13
	58
	0.6284
	3.5880
	0.6050
	3.4547
	0.2455
	1.4021
	81.58%
	83.79%
	84.72%
	0.8601
	0.7961

	13
	58
	0.5236
	2.9897
	0.4817
	2.7504
	0.2340
	1.3359
	81.36%
	83.25%
	84.29%
	0.9053
	0.9612

	13
	58
	0.4870
	2.7808
	0.4630
	2.6437
	0.2318
	1.3237
	80.17%
	83.09%
	88.59%
	0.9468
	0.9850

	13
	58
	0.5000
	2.8548
	0.4560
	2.6039
	 
	 
	82.05%
	83.80%
	 
	 
	 

	Average
	0.6583
	3.7592
	0.6128
	3.4995
	0.2291
	1.3084
	80.90%
	82.90%
	88.53%
	0.9302
	0.9991

	Std. Dev.
	0.1053
	0.6011
	0.0943
	0.5387
	0.0294
	0.1677
	1.26%
	1.30%
	4.40%
	0.0231
	0.1192


FWD data for I-490 West, Monroe, Rochester on September 24, 2008 with nominal load 71 kN (16 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.5953
	3.3993
	0.5606
	3.2011
	0.2053
	1.1721
	79.16%
	81.29%
	85.92%
	0.9080
	1.1511

	16
	71
	0.6975
	3.9828
	0.6453
	3.6848
	0.2047
	1.1688
	79.62%
	80.49%
	87.36%
	0.9069
	0.9801

	16
	71
	0.6871
	3.9233
	0.6325
	3.6115
	0.2046
	1.1683
	79.47%
	
	 
	0.9313
	0.9835

	16
	71
	0.6924
	3.9536
	0.6220
	3.5519
	0.2060
	1.1764
	78.73%
	81.18%
	98.40%
	0.9760
	1.0392

	16
	71
	0.7384
	4.2164
	0.6464
	3.6910
	0.2027
	1.1573
	80.80%
	
	90.87%
	0.9367
	1.0401

	16
	71
	0.7412
	4.2324
	0.6723
	3.8391
	0.2189
	1.2499
	80.22%
	82.43%
	92.87%
	0.9440
	1.1123

	16
	71
	0.7766
	4.4345
	0.7478
	4.2701
	0.2128
	1.2151
	80.05%
	82.52%
	89.97%
	0.9456
	0.9626

	16
	71
	0.7690
	4.3913
	0.7199
	4.1106
	0.2239
	1.2785
	79.79%
	81.99%
	88.79%
	0.9342
	1.0600

	16
	71
	0.7913
	4.5184
	0.7631
	4.3572
	0.2271
	1.2965
	80.69%
	83.17%
	88.15%
	0.9519
	0.9391

	16
	71
	0.7789
	4.4478
	0.7166
	4.0920
	0.2158
	1.2324
	81.07%
	83.83%
	88.75%
	0.9266
	0.8616

	16
	71
	0.6811
	3.8890
	0.6175
	3.5257
	0.1840
	1.0505
	80.60%
	
	91.75%
	0.9399
	0.9403

	16
	71
	0.6062
	3.4615
	0.5806
	3.3152
	0.1704
	0.9728
	81.35%
	82.77%
	88.43%
	0.9122
	0.9670

	16
	71
	0.6035
	3.4460
	0.5614
	3.2057
	0.1747
	0.9978
	80.06%
	82.59%
	91.36%
	0.9272
	0.9852

	16
	71
	0.5672
	3.2387
	0.5531
	3.1581
	0.1864
	1.0645
	83.61%
	83.12%
	89.34%
	0.9404
	0.7846

	16
	71
	0.4604
	2.6292
	0.4339
	2.4779
	0.2035
	1.1620
	79.36%
	83.00%
	89.81%
	0.9402
	1.1641

	16
	71
	0.5470
	3.1235
	0.5051
	2.8845
	0.2322
	1.3262
	80.60%
	82.42%
	96.50%
	0.9726
	1.1294

	16
	71
	0.6019
	3.4371
	0.5705
	3.2576
	0.2245
	1.2822
	83.56%
	85.36%
	83.09%
	0.9301
	0.8437

	16
	71
	0.5092
	2.9078
	0.4813
	2.7483
	0.2497
	1.4256
	81.91%
	83.82%
	88.83%
	0.9581
	1.2038

	16
	71
	0.6568
	3.7503
	0.5794
	3.3082
	0.2617
	1.4942
	82.46%
	84.62%
	90.84%
	0.9603
	1.2018

	16
	71
	0.7419
	4.2361
	0.6963
	3.9757
	0.2373
	1.3553
	82.33%
	
	85.27%
	0.9462
	0.8471

	16
	71
	0.6295
	3.5947
	0.5898
	3.3678
	0.2338
	1.3350
	81.32%
	84.98%
	85.13%
	0.9231
	0.8881

	16
	71
	0.5597
	3.1962
	0.5238
	2.9909
	0.2480
	1.4160
	81.09%
	83.63%
	84.37%
	0.9234
	1.0776

	16
	71
	0.5662
	3.2332
	0.5644
	3.2229
	0.2609
	1.4897
	80.73%
	83.87%
	70.53%
	0.9301
	0.9344

	16
	71
	0.5742
	3.2787
	0.5274
	3.0116
	0.2557
	1.4599
	81.36%
	83.49%
	86.56%
	0.9478
	1.0640

	16
	71
	0.6036
	3.4465
	0.5612
	3.2043
	0.2666
	1.5220
	80.97%
	84.55%
	87.20%
	0.9346
	1.0691

	16
	71
	0.6139
	3.5054
	0.5999
	3.4256
	0.2611
	1.4910
	81.13%
	82.56%
	84.91%
	0.9311
	0.9460

	16
	71
	0.6216
	3.5497
	0.5675
	3.2404
	0.2700
	1.5417
	81.61%
	0.00%
	86.94%
	0.9289
	1.0368

	16
	71
	0.6039
	3.4481
	0.5883
	3.3595
	0.2377
	1.3570
	82.74%
	83.49%
	83.26%
	0.8349
	0.7942

	16
	71
	0.5008
	2.8597
	0.4673
	2.6683
	0.2325
	1.3274
	80.90%
	83.94%
	85.22%
	0.9316
	0.9679

	16
	71
	0.4720
	2.6949
	0.4523
	2.5827
	0.2206
	1.2596
	80.37%
	83.73%
	87.70%
	0.9389
	0.9750

	16
	71
	0.4810
	2.7466
	0.4410
	2.5182
	 
	 
	81.96%
	82.68%
	 
	 
	 

	Average
	0.6280
	3.5862
	0.5867
	3.3503
	0.2244
	1.2815
	80.96%
	83.14%
	87.87%
	0.9338
	0.9983

	Std. Dev.
	0.0959
	0.5474
	0.0874
	0.4988
	0.0274
	0.1565
	1.20%
	1.16%
	4.86%
	0.0247
	0.1133


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with standard dowel bar configuration under nominal load of 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.7726
	4.4119
	0.6943
	3.9643
	0.2300
	1.3133
	79.16%
	81.70%
	88.47%
	0.9350
	0.9942

	10
	44
	0.6818
	3.8934
	0.6902
	3.9412
	0.2514
	1.4356
	79.62%
	83.28%
	87.94%
	0.9221
	1.1580

	10
	44
	0.8470
	4.8367
	0.7992
	4.5638
	0.2894
	1.6524
	79.47%
	83.64%
	99.72%
	0.9545
	0.8895

	10
	44
	0.7218
	4.1216
	0.7109
	4.0596
	0.2314
	1.3212
	78.73%
	84.35%
	100.12%
	1.0048
	0.7861

	10
	44
	0.8230
	4.6992
	0.5588
	3.1911
	0.2275
	1.2990
	80.80%
	83.18%
	93.00%
	0.9589
	1.2053

	10
	44
	0.6957
	3.9723
	0.6736
	3.8463
	0.2509
	1.4327
	80.22%
	83.12%
	96.33%
	0.9507
	0.9422

	10
	44
	0.6909
	3.9453
	0.6347
	3.6240
	0.2579
	1.4727
	80.05%
	84.37%
	88.94%
	0.9367
	0.4290

	10
	44
	0.5244
	2.9941
	0.2723
	1.5546
	0.1923
	1.0982
	79.79%
	84.30%
	91.42%
	0.9686
	1.3275

	10
	44
	0.3868
	2.2087
	0.3614
	2.0638
	0.1425
	0.8139
	80.69%
	81.19%
	91.83%
	0.9259
	1.0733

	10
	44
	0.4514
	2.5774
	0.3879
	2.2151
	0.1672
	0.9548
	81.07%
	82.92%
	91.48%
	0.9608
	1.1365

	10
	44
	0.1798
	1.0268
	0.4409
	2.5174
	0.1119
	0.6389
	80.60%
	82.52%
	68.70%
	0.9286
	1.1415

	10
	44
	0.2270
	1.2963
	0.1978
	1.1293
	0.1205
	0.6883
	81.35%
	86.18%
	72.02%
	0.9497
	0.6815

	10
	44
	0.1369
	0.7815
	0.1348
	0.7696
	0.0933
	0.5327
	80.06%
	83.21%
	66.18%
	0.8660
	1.0409

	10
	44
	0.2033
	1.1607
	0.1403
	0.8011
	0.0998
	0.5701
	83.61%
	79.34%
	51.50%
	0.9006
	2.0748

	10
	44
	0.2007
	1.1458
	0.2911
	1.6621
	0.0879
	0.5021
	79.36%
	77.93%
	60.61%
	0.8953
	0.4699

	10
	44
	0.1933
	1.1036
	0.1368
	0.7811
	0.2028
	1.1579
	80.60%
	83.07%
	62.24%
	0.7871
	2.2571

	10
	44
	0.3451
	1.9708
	0.3087
	1.7629
	0.2158
	1.2320
	83.56%
	77.99%
	71.14%
	0.9375
	1.0312

	10
	44
	0.3385
	1.9330
	0.3184
	1.8179
	0.2305
	1.3159
	81.91%
	84.75%
	70.15%
	0.9272
	0.9371

	10
	44
	0.3366
	1.9218
	0.2983
	1.7035
	0.2068
	1.1808
	82.46%
	85.87%
	68.36%
	0.8495
	0.9787

	10
	44
	0.3363
	1.9201
	0.2920
	1.6671
	0.2460
	1.4048
	82.33%
	88.97%
	89.17%
	0.9050
	1.2170

	10
	44
	0.2522
	1.4400
	0.2344
	1.3385
	0.2042
	1.1658
	81.32%
	86.31%
	82.67%
	0.9476
	1.0649

	10
	44
	0.2573
	1.4695
	0.2496
	1.4254
	0.2133
	1.2181
	81.09%
	88.19%
	79.39%
	0.9189
	0.9059

	10
	44
	0.2437
	1.3913
	0.2261
	1.2912
	0.2161
	1.2342
	80.73%
	86.32%
	84.94%
	0.9450
	0.9778

	10
	44
	0.2189
	1.2500
	0.2211
	1.2625
	0.2051
	1.1712
	81.36%
	86.25%
	78.35%
	0.8837
	0.9882

	10
	44
	0.2303
	1.3152
	0.2185
	1.2476
	0.2062
	1.1772
	80.97%
	85.84%
	78.39%
	0.9213
	 

	Average
	0.4118
	2.3515
	0.3797
	2.1680
	0.1960
	1.1193
	80.84%
	83.79%
	80.52%
	0.9232
	1.0712

	Std. Dev.
	0.2327
	1.3286
	0.2075
	1.1849
	0.0560
	0.3196
	1.25%
	2.77%
	13.16%
	0.0437
	0.3995


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with standard dowel bar configuration under nominal load of 58 kN (13 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.7694
	4.3936
	0.7012
	4.0038
	0.2356
	1.3454
	79.31%
	81.48%
	88.25%
	0.9324
	1.0084

	13
	58
	0.6614
	3.7765
	0.7071
	4.0376
	0.2552
	1.4573
	79.49%
	82.73%
	89.62%
	0.9484
	1.0988

	13
	58
	0.8215
	4.6910
	0.7769
	4.4363
	0.2891
	1.6508
	80.41%
	82.88%
	94.84%
	0.9570
	0.9064

	13
	58
	0.7075
	4.0400
	0.7042
	4.0212
	0.2450
	1.3993
	80.49%
	84.36%
	95.32%
	0.9562
	0.8189

	13
	58
	0.8428
	4.8125
	0.5767
	3.2931
	0.2561
	1.4625
	81.09%
	84.24%
	96.77%
	0.9530
	1.0800

	13
	58
	0.6821
	3.8949
	0.6228
	3.5565
	0.2534
	1.4468
	81.44%
	84.17%
	91.50%
	0.9605
	1.0263

	13
	58
	0.6906
	3.9432
	0.6392
	3.6501
	0.2672
	1.5259
	80.25%
	83.68%
	88.85%
	0.9448
	0.6127

	13
	58
	0.4954
	2.8288
	0.3917
	2.2366
	0.2012
	1.1491
	80.06%
	83.29%
	88.59%
	0.9203
	0.8722

	13
	58
	0.3731
	2.1305
	0.3416
	1.9508
	0.1612
	0.9207
	81.14%
	82.66%
	91.35%
	0.9634
	1.1635

	13
	58
	0.4539
	2.5919
	0.3975
	2.2697
	0.1646
	0.9397
	81.16%
	83.91%
	92.35%
	0.9557
	1.0808

	13
	58
	0.1731
	0.9885
	0.4296
	2.4531
	0.1452
	0.8291
	83.20%
	82.84%
	63.78%
	0.8924
	1.1303

	13
	58
	0.2249
	1.2845
	0.1914
	1.0930
	0.1170
	0.6680
	80.16%
	84.48%
	62.03%
	0.9170
	0.7886

	13
	58
	0.1609
	0.9188
	0.1509
	0.8619
	0.0914
	0.5220
	75.70%
	85.44%
	92.55%
	0.9777
	0.8770

	13
	58
	0.1710
	0.9762
	0.1324
	0.7559
	0.1002
	0.5724
	79.65%
	85.85%
	58.70%
	0.8991
	2.1701

	13
	58
	0.1994
	1.1386
	0.2873
	1.6404
	0.0983
	0.5610
	78.25%
	82.98%
	53.29%
	0.9125
	0.5125

	13
	58
	0.2065
	1.1790
	0.1472
	0.8407
	0.2157
	1.2319
	81.17%
	82.30%
	72.62%
	0.9738
	2.1243

	13
	58
	0.3487
	1.9909
	0.3127
	1.7858
	0.2182
	1.2458
	79.36%
	85.71%
	70.90%
	0.9349
	1.0189

	13
	58
	0.3433
	1.9604
	0.3187
	1.8196
	0.2305
	1.3161
	79.51%
	83.42%
	63.59%
	0.9239
	0.9981

	13
	58
	0.3417
	1.9513
	0.3181
	1.8161
	0.2161
	1.2338
	80.34%
	82.77%
	67.32%
	0.8996
	0.9151

	13
	58
	0.3286
	1.8766
	0.2911
	1.6620
	0.2397
	1.3688
	77.66%
	66.29%
	80.72%
	0.9271
	1.2319

	13
	58
	0.2547
	1.4545
	0.2459
	1.4039
	0.2067
	1.1803
	82.88%
	85.43%
	83.31%
	0.9507
	1.0252

	13
	58
	0.2584
	1.4757
	0.2521
	1.4393
	0.2127
	1.2145
	85.07%
	85.83%
	78.72%
	0.9327
	0.9276

	13
	58
	0.2395
	1.3678
	0.2338
	1.3351
	0.2193
	1.2522
	84.80%
	86.53%
	77.47%
	0.9553
	0.9382

	13
	58
	0.2385
	1.3620
	0.2194
	1.2526
	0.2054
	1.1727
	85.59%
	86.94%
	80.51%
	0.9601
	0.9953

	13
	58
	0.2301
	1.3137
	0.2183
	1.2467
	0.2016
	1.1509
	85.21%
	85.85%
	82.12%
	0.9307
	 

	Average
	0.4087
	2.3337
	0.3843
	2.1945
	0.2019
	1.1527
	80.94%
	83.44%
	80.20%
	0.9392
	1.0550

	Std. Dev.
	0.2285
	1.3050
	0.2022
	1.1547
	0.0553
	0.3158
	2.42%
	3.86%
	12.85%
	0.0235
	0.3732


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with standard dowel bar configuration under nominal load of 71 kN (16 kip). 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.7162
	4.0894
	0.6707
	3.8297
	0.2281
	1.3025
	79.91%
	82.59%
	89.56%
	0.9397
	0.9170

	16
	71
	0.6165
	3.5203
	0.6150
	3.5118
	0.2478
	1.4149
	79.59%
	82.99%
	 
	0.9624
	1.2009

	16
	71
	0.7605
	4.3423
	0.7386
	4.2174
	0.2690
	1.5363
	84.92%
	82.55%
	95.07%
	0.9752
	0.8753

	16
	71
	0.6336
	3.6180
	0.6464
	3.6913
	0.1657
	0.9464
	80.23%
	83.35%
	93.08%
	0.9706
	1.0234

	16
	71
	0.7951
	4.5400
	0.6615
	3.7775
	0.2388
	1.3634
	80.94%
	84.03%
	96.90%
	0.9848
	0.9310

	16
	71
	0.6724
	3.8393
	0.6159
	3.5169
	0.2517
	1.4371
	80.35%
	84.19%
	93.35%
	0.9348
	0.8975

	16
	71
	0.6431
	3.6722
	0.5528
	3.1563
	0.2585
	1.4759
	81.31%
	84.28%
	89.10%
	0.9491
	0.7024

	16
	71
	0.5255
	3.0008
	0.3882
	2.2169
	0.2014
	1.1500
	80.90%
	83.60%
	89.12%
	0.9330
	0.8739

	16
	71
	0.3674
	2.0978
	0.3393
	1.9374
	0.1568
	0.8954
	80.40%
	82.97%
	90.68%
	0.9373
	1.0817

	16
	71
	0.4343
	2.4801
	0.3670
	2.0957
	0.1652
	0.9435
	80.50%
	83.11%
	92.08%
	0.9526
	1.1446

	16
	71
	0.2152
	1.2288
	0.4201
	2.3987
	0.1506
	0.8602
	81.10%
	82.22%
	83.96%
	0.8932
	1.1239

	16
	71
	0.2207
	1.2603
	0.1950
	1.1137
	0.1308
	0.7469
	81.34%
	82.11%
	78.96%
	0.9130
	0.9906

	16
	71
	0.2124
	1.2131
	0.1932
	1.1032
	0.1414
	0.8077
	81.38%
	82.91%
	62.14%
	0.8617
	1.0697

	16
	71
	0.2173
	1.2408
	0.2067
	1.1801
	0.1257
	0.7176
	80.11%
	80.08%
	64.28%
	0.8835
	1.3092

	16
	71
	0.2292
	1.3087
	0.2706
	1.5449
	0.1268
	0.7241
	78.43%
	82.31%
	53.13%
	0.9263
	0.6980

	16
	71
	0.2158
	1.2322
	0.1889
	1.0784
	0.2066
	1.1799
	80.47%
	83.44%
	74.24%
	0.8581
	1.6300

	16
	71
	0.3406
	1.9451
	0.3078
	1.7578
	0.2138
	1.2206
	80.33%
	80.92%
	81.41%
	0.9238
	1.0203

	16
	71
	0.3347
	1.9114
	0.3141
	1.7936
	0.2201
	1.2566
	78.99%
	83.27%
	68.77%
	0.9211
	0.9781

	16
	71
	0.3278
	1.8716
	0.3072
	1.7543
	0.2139
	1.2213
	79.39%
	83.27%
	74.30%
	0.9184
	0.9291

	16
	71
	0.3180
	1.8158
	0.2854
	1.6299
	0.2274
	1.2982
	79.25%
	84.06%
	79.37%
	0.9208
	1.2067

	16
	71
	0.2497
	1.4256
	0.2371
	1.3538
	0.2025
	1.1566
	84.30%
	84.88%
	80.94%
	0.9404
	1.0189

	16
	71
	0.2465
	1.4077
	0.2416
	1.3795
	0.2053
	1.1723
	85.39%
	86.97%
	82.56%
	0.9212
	0.9501

	16
	71
	0.2395
	1.3674
	0.2295
	1.3107
	0.0000
	0.0000
	85.71%
	87.30%
	 
	 
	0.9403

	16
	71
	0.2384
	1.3611
	0.2158
	1.2324
	0.2096
	1.1966
	86.62%
	88.49%
	80.22%
	0.9012
	0.9924

	16
	71
	0.2163
	1.2348
	0.2142
	1.2231
	0.1990
	1.1366
	84.62%
	85.14%
	80.20%
	0.9275
	 

	Average
	0.3995
	2.2810
	0.3769
	2.1522
	0.1903
	1.0864
	81.46%
	83.64%
	81.45%
	0.9271
	1.0210

	Std. Dev.
	0.2029
	1.1587
	0.1821
	1.0395
	0.0579
	0.3308
	2.33%
	1.86%
	11.36%
	0.0320
	0.1933


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with E1 dowel bar configuration under nominal load of 44 kN (10 kip).  

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.5459
	3.1170
	0.5033
	2.8737
	0.2186
	1.2482
	77.75%
	83.26%
	85.51%
	0.9158
	1.1176

	10
	44
	0.5330
	3.0438
	0.5624
	3.2115
	0.2223
	1.2692
	79.44%
	83.50%
	91.37%
	0.9592
	0.9030

	10
	44
	0.5867
	3.3501
	0.5079
	2.9002
	0.2145
	1.2246
	80.93%
	83.00%
	91.57%
	0.9583
	1.0321

	10
	44
	0.5107
	2.9163
	0.5242
	2.9933
	0.2081
	1.1883
	80.60%
	83.23%
	91.76%
	0.9794
	0.9693

	10
	44
	0.6742
	3.8496
	0.5081
	2.9013
	0.2488
	1.4205
	81.59%
	84.30%
	88.95%
	0.9437
	0.9862

	10
	44
	0.5412
	3.0903
	0.5011
	2.8611
	0.2334
	1.3327
	77.98%
	83.48%
	86.89%
	0.9577
	0.9674

	10
	44
	0.5557
	3.1730
	0.4847
	2.7678
	0.2404
	1.3725
	80.69%
	81.10%
	89.33%
	0.9775
	0.8852

	10
	44
	0.5071
	2.8954
	0.4291
	2.4499
	0.2258
	1.2896
	78.66%
	83.33%
	86.58%
	0.9623
	0.9373

	10
	44
	0.4343
	2.4800
	0.4021
	2.2962
	0.2131
	1.2170
	81.62%
	81.56%
	85.77%
	0.9303
	1.0103

	10
	44
	0.4417
	2.5225
	0.4063
	2.3200
	0.1849
	1.0560
	80.60%
	81.36%
	87.26%
	0.9429
	0.5664

	10
	44
	0.4133
	2.3598
	0.3553
	2.0289
	0.2740
	1.5647
	79.73%
	80.19%
	62.35%
	0.9231
	0.9588

	10
	44
	0.3513
	2.0062
	0.3407
	1.9452
	0.2801
	1.5995
	82.28%
	85.34%
	81.27%
	0.9170
	1.1771

	10
	44
	0.3914
	2.2348
	0.4010
	2.2898
	0.1411
	0.8057
	81.92%
	83.00%
	79.87%
	0.9195
	0.5841

	10
	44
	0.2601
	1.4850
	0.2342
	1.3376
	0.1781
	1.0168
	82.13%
	84.19%
	63.82%
	0.9444
	1.1000

	10
	44
	0.2730
	1.5588
	0.2577
	1.4713
	0.2120
	1.2108
	82.29%
	83.40%
	63.86%
	0.9296
	0.9776

	10
	44
	0.2768
	1.5808
	0.2519
	1.4382
	0.1721
	0.9827
	77.78%
	83.73%
	55.34%
	0.0000
	0.7144

	10
	44
	0.1859
	1.0616
	0.1799
	1.0275
	0.1269
	0.7247
	
	79.49%
	82.88%
	0.9041
	0.9213

	10
	44
	0.2415
	1.3789
	0.1658
	0.9466
	0.1359
	0.7760
	82.33%
	84.58%
	58.67%
	0.9159
	0.8548

	10
	44
	0.1534
	0.8761
	0.1417
	0.8092
	0.1257
	0.7177
	82.16%
	77.35%
	68.30%
	0.9163
	1.0350

	10
	44
	0.1470
	0.8392
	0.1467
	0.8376
	0.1260
	0.7194
	84.68%
	87.77%
	75.25%
	0.8718
	0.9743

	10
	44
	0.2312
	1.3202
	0.2226
	1.2709
	0.2010
	1.1480
	80.59%
	83.04%
	72.51%
	0.8792
	0.8985

	10
	44
	0.2117
	1.2089
	0.2000
	1.1419
	0.2085
	1.1903
	79.63%
	84.88%
	77.48%
	0.8952
	1.0479

	10
	44
	0.2254
	1.2870
	0.2096
	1.1966
	0.2448
	1.3980
	82.30%
	83.94%
	75.52%
	0.9224
	1.0464

	10
	44
	0.2258
	1.2893
	0.2193
	1.2521
	0.2175
	1.2421
	81.42%
	84.40%
	76.87%
	0.8904
	0.9329

	10
	44
	0.1962
	1.1203
	0.2045
	1.1680
	0.2188
	1.2496
	81.22%
	80.98%
	75.89%
	0.8773
	1.0389

	10
	44
	0.2242
	1.2804
	0.2125
	1.2135
	0.1832
	1.0461
	77.88%
	83.26%
	77.65%
	0.9135
	0.9446

	10
	44
	0.2170
	1.2391
	0.2007
	1.1462
	0.1719
	0.9816
	75.81%
	81.68%
	79.95%
	0.8973
	 

	Average
	0.3539
	2.0209
	0.3249
	1.8554
	0.2010
	1.1479
	80.54%
	82.94%
	78.24%
	0.8905
	0.9454

	Std. Dev.
	0.1572
	0.8976
	0.1393
	0.7956
	0.0431
	0.2462
	1.98%
	2.04%
	10.51%
	0.1804
	0.1422


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with E1 dowel bar configuration under nominal load of 58 kN (13 kip). 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.5485
	3.1318
	0.4856
	2.7726
	0.2192
	1.2514
	82.56%
	83.33%
	87.40%
	0.9534
	1.1159

	13
	58
	0.5225
	2.9837
	0.5418
	3.0940
	0.2194
	1.2529
	80.48%
	82.97%
	89.38%
	0.9846
	0.8810

	13
	58
	0.5716
	3.2640
	0.4774
	2.7258
	0.2212
	1.2633
	79.97%
	83.65%
	91.49%
	0.9394
	1.1054

	13
	58
	0.5024
	2.8689
	0.5277
	3.0130
	0.2135
	1.2190
	81.48%
	84.35%
	93.12%
	0.9699
	0.9425

	13
	58
	0.6669
	3.8079
	0.4973
	2.8399
	0.2509
	1.4327
	80.89%
	84.21%
	88.05%
	0.9443
	0.9766

	13
	58
	0.5390
	3.0777
	0.4857
	2.7734
	0.2398
	1.3693
	80.31%
	83.03%
	85.51%
	0.9689
	0.9898

	13
	58
	0.5388
	3.0768
	0.4808
	2.7452
	0.2447
	1.3971
	80.22%
	82.00%
	88.40%
	0.9595
	0.8461

	13
	58
	0.4972
	2.8388
	0.4068
	2.3226
	0.2260
	1.2908
	80.32%
	83.24%
	88.67%
	0.9639
	1.0608

	13
	58
	0.4154
	2.3722
	0.4315
	2.4639
	0.2163
	1.2353
	81.49%
	81.47%
	87.14%
	0.9356
	0.8730

	13
	58
	0.4374
	2.4975
	0.3767
	2.1511
	0.2020
	1.1537
	80.40%
	82.15%
	87.94%
	0.9112
	0.7846

	13
	58
	0.4093
	2.3372
	0.3586
	2.0474
	0.2718
	1.5519
	78.54%
	78.69%
	63.52%
	0.9174
	0.9732

	13
	58
	0.3477
	1.9851
	0.3490
	1.9926
	0.2840
	1.6220
	81.25%
	82.25%
	80.81%
	0.9238
	1.0979

	13
	58
	0.3942
	2.2510
	0.3831
	2.1877
	0.1444
	0.8247
	81.95%
	83.15%
	79.04%
	0.9184
	0.5343

	13
	58
	0.2315
	1.3217
	0.2047
	1.1689
	0.2234
	1.2758
	81.45%
	83.05%
	76.83%
	0.9076
	1.2591

	13
	58
	0.2778
	1.5865
	0.2577
	1.4718
	0.2134
	1.2187
	80.52%
	85.43%
	61.71%
	0.9264
	1.0220

	13
	58
	0.2523
	1.4404
	0.2634
	1.5042
	0.0000
	0.0000
	81.75%
	81.55%
	 
	 
	0.7913

	13
	58
	0.1803
	1.0297
	0.2084
	1.1902
	0.1279
	0.7302
	80.42%
	84.63%
	74.55%
	0.8852
	0.8080

	13
	58
	0.2389
	1.3642
	0.1684
	0.9617
	0.1294
	0.7391
	80.65%
	85.16%
	69.03%
	0.9262
	0.8730

	13
	58
	0.1533
	0.8756
	0.1470
	0.8396
	0.1265
	0.7224
	82.25%
	85.45%
	79.62%
	0.9247
	1.0348

	13
	58
	0.1610
	0.9194
	0.1522
	0.8688
	0.1249
	0.7132
	86.92%
	84.19%
	73.94%
	0.9025
	0.9809

	13
	58
	0.2401
	1.3709
	0.2243
	1.2806
	0.2118
	1.2097
	81.56%
	83.49%
	75.31%
	0.9112
	0.9051

	13
	58
	0.2152
	1.2289
	0.2030
	1.1590
	0.2076
	1.1856
	82.03%
	84.88%
	78.07%
	0.9082
	1.1059

	13
	58
	0.2347
	1.3400
	0.2245
	1.2817
	0.2464
	1.4071
	82.12%
	80.62%
	76.48%
	0.9246
	1.0124

	13
	58
	0.2316
	1.3225
	0.2273
	1.2977
	0.2181
	1.2454
	79.81%
	82.50%
	76.99%
	0.9032
	0.8754

	13
	58
	0.2026
	1.1569
	0.1989
	1.1359
	0.2160
	1.2334
	81.53%
	85.36%
	74.77%
	0.8944
	1.0807

	13
	58
	0.2297
	1.3114
	0.2150
	1.2276
	0.1818
	1.0379
	78.22%
	83.61%
	78.06%
	0.9151
	0.9422

	13
	58
	0.2250
	1.2850
	0.2026
	1.1567
	0.1708
	0.9751
	78.34%
	82.37%
	81.61%
	0.9186
	 

	Average
	0.3506
	2.0017
	0.3222
	1.8398
	0.1982
	1.1318
	81.02%
	83.21%
	80.29%
	0.9284
	0.9566

	Std. Dev.
	0.1527
	0.8718
	0.1319
	0.7533
	0.0588
	0.3356
	1.64%
	1.58%
	8.21%
	0.0254
	0.1445


FWD data for I-490 East, Monroe, Rochester on Sep. 24, 2008 with E1 dowel bar configuration under nominal load of 71 kN (16 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.5023
	2.8682
	0.4721
	2.6958
	0.2192
	1.2514
	80.46%
	83.29%
	87.40%
	0.9534
	1.0771

	16
	71
	0.5236
	2.9899
	0.5085
	2.9038
	0.2194
	1.2529
	80.07%
	83.54%
	89.38%
	0.9846
	0.9173

	16
	71
	0.5414
	3.0914
	0.4665
	2.6637
	0.2212
	1.2633
	80.30%
	84.39%
	91.49%
	0.9394
	1.1394

	16
	71
	0.4839
	2.7630
	0.5315
	3.0352
	0.2135
	1.2190
	80.08%
	83.91%
	93.12%
	0.9699
	0.9049

	16
	71
	0.6169
	3.5226
	0.4810
	2.7467
	0.2509
	1.4327
	80.76%
	83.44%
	88.05%
	0.9443
	 

	16
	71
	0.5102
	2.9130
	0.0000
	0.0000
	0.2398
	1.3693
	80.59%
	 
	85.51%
	0.9689
	 

	16
	71
	0.5161
	2.9469
	0.4566
	2.6071
	0.2447
	1.3971
	80.35%
	82.42%
	88.40%
	0.9595
	0.8685

	16
	71
	0.4639
	2.6491
	0.3965
	2.2642
	0.2260
	1.2908
	81.67%
	82.26%
	88.67%
	0.9639
	1.0483

	16
	71
	0.4048
	2.3116
	0.4157
	2.3736
	0.2163
	1.2353
	80.71%
	82.58%
	87.14%
	0.9356
	0.9134

	16
	71
	0.4179
	2.3863
	0.3797
	2.1679
	0.2020
	1.1537
	78.09%
	81.18%
	87.94%
	0.9112
	0.7494

	16
	71
	0.3945
	2.2527
	0.3445
	1.9669
	0.2718
	1.5519
	78.10%
	78.69%
	63.52%
	0.9174
	0.9733

	16
	71
	0.3419
	1.9525
	0.3353
	1.9144
	0.2840
	1.6220
	81.24%
	83.64%
	80.81%
	0.9238
	1.0852

	16
	71
	0.3737
	2.1340
	0.3638
	2.0775
	0.1444
	0.8247
	82.27%
	82.85%
	79.04%
	0.9184
	0.6241

	16
	71
	0.2362
	1.3487
	0.2271
	1.2965
	0.2234
	1.2758
	82.32%
	84.64%
	76.83%
	0.9076
	1.1356

	16
	71
	0.2726
	1.5564
	0.2578
	1.4723
	0.2134
	1.2187
	81.66%
	83.68%
	61.71%
	0.9264
	0.9986

	16
	71
	0.2476
	1.4141
	0.2575
	1.4703
	0.0000
	0.0000
	80.23%
	83.30%
	 
	 
	0.7624

	16
	71
	0.2069
	1.1814
	0.1963
	1.1210
	0.1279
	0.7302
	84.98%
	85.65%
	74.55%
	0.8852
	0.9376

	16
	71
	0.2187
	1.2487
	0.1841
	1.0510
	0.1294
	0.7391
	82.06%
	85.68%
	69.03%
	0.9262
	0.9681

	16
	71
	0.1883
	1.0753
	0.1782
	1.0175
	0.1265
	0.7224
	82.07%
	87.64%
	79.62%
	0.9247
	0.9912

	16
	71
	0.1912
	1.0921
	0.1766
	1.0085
	0.1249
	0.7132
	81.45%
	81.99%
	73.94%
	0.9025
	0.9920

	16
	71
	0.2318
	1.3235
	0.2222
	1.2687
	0.2118
	1.2097
	81.98%
	82.65%
	75.31%
	0.9112
	0.9055

	16
	71
	0.2104
	1.2013
	0.2012
	1.1488
	0.2076
	1.1856
	83.25%
	85.79%
	78.07%
	0.9082
	1.1287

	16
	71
	0.2324
	1.3271
	0.2271
	1.2966
	0.2464
	1.4071
	83.22%
	83.33%
	76.48%
	0.9246
	0.9886

	16
	71
	0.2287
	1.3061
	0.2245
	1.2818
	0.2181
	1.2454
	80.00%
	83.10%
	76.99%
	0.9032
	0.8956

	16
	71
	0.2025
	1.1566
	0.2010
	1.1480
	0.2160
	1.2334
	82.31%
	83.94%
	74.77%
	0.8944
	1.0577

	16
	71
	0.2177
	1.2432
	0.2126
	1.2142
	0.1818
	1.0379
	77.12%
	83.21%
	78.06%
	0.9151
	0.9466

	16
	71
	0.2208
	1.2608
	0.2013
	1.1494
	0.1708
	0.9751
	76.83%
	82.12%
	81.61%
	0.9186
	 

	Average
	0.3406
	1.9450
	0.3007
	1.7171
	0.1982
	1.1318
	80.90%
	83.42%
	80.29%
	0.9284
	0.9587

	Std. Dev.
	0.1372
	0.7836
	0.1323
	0.7556
	0.0588
	0.3356
	1.85%
	1.70%
	8.21%
	0.0254
	0.1255


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with E2 dowel bar configuration under nominal load of 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.3543
	2.0233
	0.2301
	1.3139
	0.1429
	0.8161
	79.10%
	83.25%
	86.37%
	0.9563
	0.7019

	10
	44
	0.2623
	1.4977
	0.1615
	0.9223
	0.0892
	0.5093
	81.75%
	85.00%
	85.08%
	0.9784
	1.0521

	10
	44
	0.2103
	1.2008
	0.1699
	0.9704
	0.1041
	0.5946
	77.57%
	84.84%
	81.55%
	0.9080
	1.4027

	10
	44
	0.2128
	1.2152
	0.2384
	1.3612
	0.1342
	0.7664
	79.45%
	77.63%
	81.66%
	0.9240
	0.5459

	10
	44
	0.2736
	1.5625
	0.1301
	0.7431
	0.1321
	0.7541
	77.49%
	84.42%
	83.05%
	0.9371
	1.2054

	10
	44
	0.6428
	3.6703
	0.1569
	0.8957
	0.0735
	0.4199
	80.92%
	81.56%
	78.18%
	0.9425
	1.3266

	10
	44
	0.1665
	0.9509
	0.2081
	1.1882
	0.1216
	0.6942
	82.49%
	83.99%
	91.93%
	0.9082
	0.9216

	10
	44
	0.1443
	0.8241
	0.1918
	1.0950
	0.1086
	0.6200
	81.98%
	82.38%
	82.82%
	0.9135
	0.9937

	10
	44
	0.1699
	0.9703
	0.1906
	1.0882
	0.1153
	0.6581
	81.56%
	84.15%
	82.77%
	0.9144
	0.8731

	10
	44
	0.2530
	1.4448
	0.1664
	0.9501
	0.1372
	0.7834
	81.85%
	84.13%
	83.74%
	0.9681
	1.1886

	10
	44
	0.1628
	0.9294
	0.1429
	0.8160
	0.1496
	0.8542
	80.16%
	85.46%
	81.36%
	0.8489
	1.1556

	10
	44
	0.1818
	1.0382
	0.1652
	0.9430
	0.1544
	0.8816
	82.52%
	87.88%
	63.73%
	0.9155
	1.0660

	10
	44
	0.1816
	1.0367
	0.1761
	1.0053
	0.0000
	0.0000
	88.26%
	86.11%
	41.19%
	 
	0.5606

	10
	44
	0.1648
	0.9408
	0.0987
	0.5635
	0.1390
	0.7935
	85.77%
	119.31%
	57.07%
	0.9246
	2.1925

	10
	44
	0.2003
	1.1437
	0.2164
	1.2355
	0.1726
	0.9855
	81.61%
	62.10%
	78.00%
	0.9346
	0.9130

	10
	44
	0.1903
	1.0868
	0.1975
	1.1280
	0.1649
	0.9417
	85.27%
	86.64%
	71.86%
	0.9352
	1.1355

	10
	44
	0.2380
	1.3592
	0.2243
	1.2808
	0.1876
	1.0713
	81.43%
	84.35%
	62.65%
	0.8810
	0.9103

	10
	44
	0.2466
	1.4082
	0.2042
	1.1659
	0.1920
	1.0964
	84.86%
	86.50%
	73.28%
	0.8980
	1.1577

	10
	44
	0.2435
	1.3907
	0.2364
	1.3498
	0.1950
	1.1133
	81.37%
	83.95%
	73.03%
	0.9216
	0.9858

	10
	44
	0.2394
	1.3671
	0.2330
	1.3306
	0.1970
	1.1248
	84.86%
	85.48%
	78.77%
	0.9665
	1.0059

	10
	44
	0.1633
	0.9327
	0.1592
	0.9090
	0.1573
	0.8980
	82.99%
	85.79%
	81.55%
	0.9255
	1.1768

	10
	44
	0.1813
	1.0354
	0.1873
	1.0696
	0.2042
	1.1660
	79.72%
	84.04%
	79.86%
	0.9198
	 

	10
	44
	0.2090
	1.1933
	0.0000
	0.0000
	0.1849
	1.0558
	83.84%
	 
	82.33%
	0.9439
	 

	10
	44
	0.1813
	1.0352
	0.2071
	1.1825
	0.1577
	0.9004
	85.49%
	87.24%
	80.57%
	0.8959
	1.0722

	10
	44
	0.2312
	1.3202
	0.2220
	1.2679
	0.2017
	1.1517
	83.21%
	83.79%
	80.97%
	0.9179
	0.9822

	10
	44
	0.2414
	1.3787
	0.2181
	1.2454
	0.2128
	1.2150
	82.68%
	86.72%
	81.69%
	0.9231
	1.0408

	10
	44
	0.2410
	1.3759
	0.2270
	1.2961
	0.2207
	1.2603
	85.20%
	87.67%
	82.26%
	0.9024
	1.0718

	10
	44
	0.2589
	1.4781
	0.2433
	1.3892
	0.2240
	1.2789
	82.85%
	86.10%
	82.70%
	0.9659
	1.0578

	10
	44
	0.2710
	1.5475
	0.2574
	1.4696
	0.2361
	1.3479
	84.74%
	83.05%
	79.63%
	0.8945
	 

	Average
	0.2316
	1.3227
	0.1883
	1.0750
	0.1555
	0.8880
	82.45%
	85.13%
	77.57%
	0.9238
	1.0652

	Std. Dev.
	0.0914
	0.5218
	0.0521
	0.2976
	0.0517
	0.2952
	2.52%
	8.21%
	10.13%
	0.0284
	0.3037


FWD data for I-490 East, Monroe, Rochester on Sep. 25, 2008 with E2 dowel bar configuration under nominal load of 58 kN (13 kip). 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.4059
	2.3178
	0.2955
	1.6876
	0.1715
	0.9795
	79.19%
	81.03%
	87.61%
	0.9286
	0.6303

	13
	58
	0.2394
	1.3668
	0.1863
	1.0638
	0.1027
	0.5865
	81.64%
	82.49%
	85.76%
	0.9683
	0.9595

	13
	58
	0.2135
	1.2189
	0.1788
	1.0207
	0.1094
	0.6249
	77.65%
	81.80%
	80.71%
	0.8884
	1.4217

	13
	58
	0.2025
	1.1561
	0.2541
	1.4512
	0.1396
	0.7971
	80.25%
	82.77%
	85.33%
	0.9637
	0.6799

	13
	58
	0.2693
	1.5379
	0.1728
	0.9866
	0.1250
	0.7136
	78.44%
	84.24%
	85.14%
	0.9221
	1.2662

	13
	58
	0.6324
	3.6113
	0.2188
	1.2492
	0.1016
	0.5799
	81.34%
	82.50%
	81.76%
	0.9036
	1.0010

	13
	58
	0.1942
	1.1088
	0.2190
	1.2505
	0.1127
	0.6436
	80.33%
	82.28%
	86.66%
	0.9016
	0.8472

	13
	58
	0.1592
	0.9090
	0.1855
	1.0595
	0.1109
	0.6331
	82.61%
	83.71%
	82.31%
	0.8884
	1.0721

	13
	58
	0.1722
	0.9831
	0.1989
	1.1359
	0.1179
	0.6733
	81.19%
	80.89%
	77.28%
	0.9356
	0.8254

	13
	58
	0.2389
	1.3643
	0.1642
	0.9375
	0.1216
	0.6944
	81.40%
	83.29%
	79.71%
	0.9237
	1.1658

	13
	58
	0.1620
	0.9251
	0.1493
	0.8523
	0.1447
	0.8261
	81.10%
	82.62%
	76.27%
	0.8808
	1.1413

	13
	58
	0.1850
	1.0561
	0.1703
	0.9727
	0.1480
	0.8452
	85.87%
	86.23%
	67.24%
	0.9273
	1.0054

	13
	58
	0.1783
	1.0179
	0.1713
	0.9780
	0.1317
	0.7521
	83.51%
	86.82%
	72.71%
	1.0337
	1.0308

	13
	58
	0.1735
	0.9904
	0.1766
	1.0081
	0.1381
	0.7885
	81.53%
	79.11%
	53.32%
	0.9431
	1.2069

	13
	58
	0.1987
	1.1348
	0.2131
	1.2167
	0.1672
	0.9545
	82.02%
	83.57%
	70.03%
	0.9734
	0.9238

	13
	58
	0.2071
	1.1823
	0.1968
	1.1240
	0.1598
	0.9124
	84.79%
	86.96%
	82.27%
	0.9136
	1.0948

	13
	58
	0.2361
	1.3481
	0.2155
	1.2305
	0.1862
	1.0634
	83.50%
	84.91%
	82.31%
	0.8624
	1.0469

	13
	58
	0.2503
	1.4291
	0.2256
	1.2882
	0.1996
	1.1398
	86.07%
	84.73%
	81.38%
	0.9306
	1.0691

	13
	58
	0.2349
	1.3412
	0.2412
	1.3773
	0.1945
	1.1105
	82.68%
	86.21%
	83.07%
	0.9193
	1.0026

	13
	58
	0.2432
	1.3884
	0.2418
	1.3809
	0.1933
	1.1035
	84.51%
	85.80%
	77.74%
	0.9175
	1.0167

	13
	58
	0.1621
	0.9255
	0.1534
	0.8759
	0.1545
	0.8820
	84.56%
	86.26%
	81.03%
	0.8846
	1.1379

	13
	58
	0.1822
	1.0401
	0.1745
	0.9967
	0.2002
	1.1431
	86.62%
	84.01%
	81.58%
	0.9299
	1.2715

	13
	58
	0.2040
	1.1648
	0.2219
	1.2673
	0.1831
	1.0453
	85.29%
	86.58%
	83.10%
	0.9404
	0.8604

	13
	58
	0.1761
	1.0055
	0.1910
	1.0904
	0.1527
	0.8721
	85.83%
	86.89%
	81.36%
	0.9052
	1.0900

	13
	58
	0.2291
	1.3082
	0.2080
	1.1874
	0.2042
	1.1660
	82.83%
	85.55%
	81.92%
	0.9459
	1.0565

	13
	58
	0.2435
	1.3902
	0.2197
	1.2546
	0.2166
	1.2369
	83.66%
	87.21%
	81.32%
	0.9424
	1.0408

	13
	58
	0.2495
	1.4247
	0.2287
	1.3058
	0.2143
	1.2237
	83.85%
	85.85%
	81.40%
	0.9137
	1.0870

	13
	58
	0.2645
	1.5101
	0.2486
	1.4194
	0.2288
	1.3066
	79.53%
	85.05%
	83.48%
	0.9150
	1.0653

	13
	58
	0.2743
	1.5665
	0.2648
	1.5120
	0.2416
	1.3799
	83.52%
	85.59%
	81.92%
	0.9140
	 

	Average
	0.2338
	1.3353
	0.2064
	1.1786
	0.1611
	0.9199
	82.60%
	84.31%
	79.85%
	0.9247
	1.0363

	Std. Dev.
	0.0914
	0.5217
	0.0354
	0.2019
	0.0409
	0.2337
	2.37%
	2.13%
	6.85%
	0.0334
	0.1680


FWD data for I-490 East, Monroe, Rochester on Sep. 24, 2008 with E2 dowel bar configuration under nominal load of 71 kN (16 kip). 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	16
	71
	0.3769
	2.1524
	0.2845
	1.6247
	0.1822
	1.0402
	80.24%
	81.87%
	87.93%
	0.9381
	0.8594

	16
	71
	0.2973
	1.6978
	0.2445
	1.3963
	0.1394
	0.7960
	79.23%
	81.83%
	83.47%
	0.9006
	0.8808

	16
	71
	0.2681
	1.5310
	0.2154
	1.2298
	0.1321
	0.7546
	80.24%
	83.14%
	81.97%
	0.9167
	1.2256

	16
	71
	0.2219
	1.2673
	0.2640
	1.5072
	0.1424
	0.8131
	80.11%
	83.08%
	83.92%
	0.9335
	1.1759

	16
	71
	0.2613
	1.4922
	0.3104
	1.7723
	0.1349
	0.7703
	81.25%
	85.21%
	83.26%
	0.9303
	0.6677

	16
	71
	0.6036
	3.4465
	0.2073
	1.1835
	0.1440
	0.8221
	80.97%
	84.06%
	84.73%
	0.9235
	1.0071

	16
	71
	0.2205
	1.2593
	0.2087
	1.1919
	0.1341
	0.7657
	80.11%
	82.42%
	86.02%
	0.9058
	0.9744

	16
	71
	0.2093
	1.1950
	0.2034
	1.1614
	0.1354
	0.7733
	82.85%
	84.08%
	83.64%
	0.9307
	1.0622

	16
	71
	0.2060
	1.1763
	0.2160
	1.2337
	0.1405
	0.8020
	81.03%
	82.27%
	78.57%
	0.9188
	0.9154

	16
	71
	0.2348
	1.3409
	0.1978
	1.1292
	0.1416
	0.8088
	80.61%
	84.12%
	85.33%
	0.9020
	0.9862

	16
	71
	0.1934
	1.1046
	0.1752
	1.0005
	0.1611
	0.9199
	81.86%
	83.26%
	82.76%
	0.9089
	1.0387

	16
	71
	0.1922
	1.0972
	0.1820
	1.0391
	0.1582
	0.9034
	85.14%
	85.59%
	61.05%
	0.9249
	1.0331

	16
	71
	0.1967
	1.1231
	0.1880
	1.0735
	0.1769
	1.0104
	81.74%
	85.06%
	82.36%
	0.8249
	0.8427

	16
	71
	0.1825
	1.0419
	0.1584
	0.9046
	0.1529
	0.8731
	84.79%
	91.49%
	80.15%
	0.9173
	1.2453

	16
	71
	0.1933
	1.1040
	0.1973
	1.1266
	0.1644
	0.9388
	83.95%
	84.74%
	83.40%
	0.9293
	1.0209

	16
	71
	0.1919
	1.0959
	0.2014
	1.1502
	0.1717
	0.9805
	84.26%
	86.98%
	79.75%
	0.9032
	1.0886

	16
	71
	0.2313
	1.3206
	0.2193
	1.2520
	0.1852
	1.0574
	82.53%
	82.90%
	81.61%
	0.8974
	1.0188

	16
	71
	0.2520
	1.4387
	0.2234
	1.2755
	0.1932
	1.1034
	82.28%
	83.26%
	83.59%
	0.9229
	1.0604

	16
	71
	0.2326
	1.3279
	0.2369
	1.3526
	0.1876
	1.0712
	83.30%
	84.87%
	78.74%
	0.9216
	0.9971

	16
	71
	0.2416
	1.3795
	0.2362
	1.3487
	0.1903
	1.0865
	84.12%
	84.38%
	79.88%
	0.9346
	1.0038

	16
	71
	0.1627
	0.9288
	0.1553
	0.8868
	0.1591
	0.9086
	85.28%
	85.88%
	80.04%
	0.8974
	1.1536

	16
	71
	0.1802
	1.0292
	0.1792
	1.0231
	0.1894
	1.0815
	84.79%
	82.66%
	80.41%
	0.9265
	1.2481

	16
	71
	0.2029
	1.1584
	0.2236
	1.2769
	0.1881
	1.0741
	83.74%
	86.04%
	82.94%
	0.9218
	0.8606

	16
	71
	0.1946
	1.1112
	0.1925
	1.0990
	0.1685
	0.9620
	83.86%
	86.78%
	81.87%
	0.9233
	1.0821

	16
	71
	0.2333
	1.3324
	0.2083
	1.1891
	0.1876
	1.0714
	83.09%
	84.53%
	81.03%
	0.9351
	1.0608

	16
	71
	0.2388
	1.3634
	0.2209
	1.2615
	0.2109
	1.2045
	85.14%
	86.07%
	80.73%
	0.9215
	1.0211

	16
	71
	0.2383
	1.3606
	0.2256
	1.2881
	0.2097
	1.1972
	85.31%
	87.17%
	81.96%
	0.9462
	1.0749

	16
	71
	0.2519
	1.4384
	0.2425
	1.3847
	0.2197
	1.2546
	82.33%
	85.01%
	82.53%
	0.9510
	1.0374

	16
	71
	0.2644
	1.5100
	0.2516
	1.4364
	0.2328
	1.3295
	84.37%
	86.71%
	80.88%
	0.9130
	 

	Average
	0.2405
	1.3733
	0.2162
	1.2344
	0.1701
	0.9715
	82.71%
	84.67%
	81.54%
	0.9180
	1.0230

	Std. Dev.
	0.0816
	0.4660
	0.0346
	0.1976
	0.0282
	0.1609
	1.87%
	2.05%
	4.49%
	0.0226
	0.1285


Appendix F:  FWD data from I490 East, August 19, 2009.

FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with standard dowel bar configuration under nominal load of 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.3125
	1.7846
	0.3216
	1.8365
	0.1640
	0.9365
	84.62%
	91.98%
	76.38%
	0.9114
	1.0254

	10
	44
	0.3339
	1.9065
	0.3298
	1.8832
	0.1713
	0.9781
	83.18%
	91.48%
	91.99%
	0.8788
	0.8744

	10
	44
	0.3020
	1.7244
	0.2884
	1.6467
	0.1733
	0.9897
	83.39%
	70.48%
	80.12%
	0.9434
	1.1177

	10
	44
	0.3388
	1.9346
	0.3223
	1.8405
	0.1895
	1.0821
	83.13%
	76.31%
	89.97%
	0.9394
	1.1171

	10
	44
	0.2886
	1.6482
	0.3601
	2.0560
	0.1765
	1.0080
	83.28%
	74.93%
	93.46%
	0.8935
	 

	10
	44
	0.2240
	1.2793
	0.2837
	1.6202
	0.1579
	0.9019
	82.82%
	83.57%
	80.17%
	0.8726
	0.7556

	10
	44
	0.2097
	1.1974
	0.2144
	1.2242
	0.1520
	0.8681
	78.24%
	87.50%
	82.91%
	1.0000
	0.9891

	10
	44
	0.2425
	1.3844
	0.2120
	1.2108
	0.1461
	0.8343
	85.54%
	70.91%
	89.71%
	1.0867
	1.2310

	10
	44
	0.2417
	1.3799
	0.2610
	1.4906
	0.1441
	0.8227
	83.13%
	89.59%
	85.77%
	0.9122
	0.9453

	10
	44
	0.2238
	1.2781
	0.2468
	1.4091
	0.1441
	0.8230
	73.59%
	85.71%
	 
	0.8993
	0.8736

	10
	44
	0.1956
	1.1168
	0.2156
	1.2310
	0.1364
	0.7787
	85.17%
	81.53%
	73.92%
	0.8889
	0.9309

	10
	44
	0.2055
	1.1736
	0.2007
	1.1459
	0.1368
	0.7813
	84.86%
	86.26%
	76.38%
	0.9097
	1.0295

	10
	44
	0.1961
	1.1198
	0.2066
	1.1797
	0.1347
	0.7694
	84.06%
	84.26%
	74.15%
	0.9648
	0.9620

	10
	44
	0.2022
	1.1548
	0.1988
	1.1349
	0.1328
	0.7583
	84.91%
	82.94%
	80.41%
	0.9433
	0.9974

	10
	44
	0.3037
	1.7343
	0.1982
	1.1320
	0.1485
	0.8480
	83.02%
	89.05%
	79.49%
	0.9103
	 

	10
	44
	 
	 
	0.2940
	1.6787
	0.1853
	1.0583
	 
	84.09%
	79.57%
	0.9231
	 

	Average
	0.2547
	1.4545
	0.2596
	1.4825
	0.1558
	0.8899
	82.86%
	83.16%
	82.29%
	0.9298
	0.9884

	Std. Dev.
	0.0527
	0.3007
	0.0551
	0.3147
	0.0186
	0.1063
	3.08%
	6.78%
	6.43%
	0.0532
	0.1230


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with standard dowel bar configuration under nominal load of 58 kN (13 kip)
	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.3188
	1.8206
	0.3205
	1.8301
	0.1684
	0.9614
	82.82%
	89.35%
	75.38%
	0.9383
	1.04

	13
	58
	0.3385
	1.9331
	0.3337
	1.9056
	0.1722
	0.9832
	82.20%
	78.17%
	 
	0.9264
	0.87

	13
	58
	0.3040
	1.7358
	0.2900
	1.6559
	0.1756
	1.0029
	83.38%
	84.11%
	94.18%
	0.9389
	1.10

	13
	58
	0.3338
	1.9060
	0.3200
	1.8271
	0.1926
	1.1000
	82.81%
	77.02%
	85.88%
	0.9781
	1.13

	13
	58
	0.2871
	1.6392
	0.3619
	2.0664
	0.1692
	0.9664
	82.96%
	83.30%
	81.33%
	0.9644
	 

	13
	58
	0.2281
	1.3023
	0.2830
	1.6161
	0.1585
	0.9050
	83.85%
	77.61%
	78.45%
	0.9140
	0.76

	13
	58
	0.2190
	1.2503
	0.2150
	1.2277
	0.1542
	0.8804
	83.54%
	91.39%
	84.69%
	0.9727
	0.98

	13
	58
	0.2762
	1.5769
	0.2105
	1.2018
	0.1562
	0.8921
	78.23%
	84.82%
	77.03%
	0.0000
	1.23

	13
	58
	0.2474
	1.4126
	0.2589
	1.4784
	0.1551
	0.8859
	83.52%
	84.32%
	67.24%
	0.9148
	0.96

	13
	58
	0.1801
	1.0282
	0.2487
	1.4199
	0.1456
	0.8314
	90.42%
	80.00%
	78.77%
	0.9095
	0.79

	13
	58
	0.1996
	1.1398
	0.1969
	1.1246
	0.1383
	0.7895
	85.14%
	96.84%
	77.54%
	0.8932
	1.01

	13
	58
	0.2099
	1.1984
	0.1996
	1.1399
	0.1372
	0.7834
	83.23%
	81.69%
	65.63%
	0.8971
	1.02

	13
	58
	0.2017
	1.1517
	0.2044
	1.1669
	0.1370
	0.7821
	81.61%
	81.67%
	75.47%
	0.9212
	0.98

	13
	58
	0.2114
	1.2071
	0.2009
	1.1474
	0.1358
	0.7755
	81.09%
	79.60%
	81.50%
	0.8966
	1.01

	13
	58
	0.2986
	1.7048
	0.2028
	1.1580
	0.1507
	0.8607
	82.61%
	75.08%
	81.04%
	0.9186
	 

	13
	58
	 
	 
	0.2938
	1.6779
	0.1851
	1.0572
	 
	81.99%
	80.65%
	0.9022
	 

	Average
	0.2569
	1.4671
	0.2588
	1.4777
	0.1582
	0.9036
	83.16%
	82.94%
	78.99%
	0.8679
	0.99

	Std. Dev.
	0.0538
	0.3072
	0.0564
	0.3220
	0.0176
	0.1008
	2.54%
	5.68%
	6.96%
	0.2330
	0.13


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with standard dowel bar configuration under nominal load of 80 kN (18 kip).  

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	18
	80
	0.3048
	1.7404
	0.3124
	1.7840
	0.1627
	0.9291
	84.24%
	82.60%
	83.78%
	0.9226
	1.0310

	18
	80
	0.3296
	1.8819
	0.3221
	1.8393
	0.1696
	0.9683
	82.08%
	80.82%
	83.85%
	0.9058
	0.8884

	18
	80
	0.2987
	1.7055
	0.2862
	1.6341
	0.1730
	0.9876
	83.14%
	78.28%
	97.43%
	0.9115
	1.0893

	18
	80
	0.3229
	1.8439
	0.3117
	1.7800
	0.1826
	1.0424
	82.44%
	82.77%
	93.88%
	0.9070
	1.0649

	18
	80
	0.2764
	1.5786
	0.3320
	1.8956
	0.1713
	0.9784
	82.70%
	79.49%
	94.62%
	0.9323
	 

	18
	80
	0.2212
	1.2633
	0.2749
	1.5697
	0.1555
	0.8879
	83.33%
	80.92%
	80.90%
	0.9020
	0.7770

	18
	80
	0.2174
	1.2415
	0.2136
	1.2196
	0.1503
	0.8584
	82.06%
	88.94%
	83.46%
	0.8493
	0.9593

	18
	80
	0.2489
	1.4212
	0.2049
	1.1699
	0.1493
	0.8527
	83.85%
	84.83%
	79.67%
	0.9028
	1.2274

	18
	80
	0.2399
	1.3697
	0.2515
	1.4359
	0.1520
	0.8678
	82.80%
	85.42%
	85.32%
	0.9088
	0.9400

	18
	80
	0.1970
	1.1247
	0.2364
	1.3498
	0.1398
	0.7982
	83.76%
	87.66%
	81.68%
	0.9164
	0.8898

	18
	80
	0.1963
	1.1207
	0.2103
	1.2010
	0.1352
	0.7719
	85.28%
	78.74%
	81.09%
	0.8905
	0.9761

	18
	80
	0.2075
	1.1848
	0.2053
	1.1723
	0.1354
	0.7734
	84.13%
	88.11%
	78.13%
	0.9084
	0.9897

	18
	80
	0.2037
	1.1632
	0.2032
	1.1603
	0.1367
	0.7805
	80.34%
	85.47%
	82.62%
	0.9061
	0.9925

	18
	80
	0.2059
	1.1760
	0.2017
	1.1515
	0.1333
	0.7609
	83.74%
	75.86%
	78.26%
	0.9037
	0.9981

	18
	80
	0.2881
	1.6451
	0.2013
	1.1494
	0.1488
	0.8500
	83.54%
	79.01%
	83.82%
	0.9091
	 

	18
	80
	 
	 
	0.2831
	1.6165
	0.1805
	1.0306
	 
	82.75%
	81.14%
	0.9063
	 

	Average
	0.2506
	1.4307
	0.2532
	1.4456
	0.1547
	0.8836
	83.16%
	82.61%
	84.35%
	0.9052
	0.9864

	Std. Dev.
	0.0484
	0.2762
	0.0493
	0.2817
	0.0167
	0.0954
	1.17%
	3.87%
	5.83%
	0.0175
	0.1091


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with E1 dowel bar configuration under nominal load of 44 kN (10 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.3413
	1.9488
	0.3289
	1.8782
	0.1779
	1.0159
	80.80%
	74.60%
	84.54%
	0.9112
	0.8881

	10
	44
	0.2949
	1.6842
	0.2921
	1.6680
	0.1665
	0.9509
	85.40%
	83.58%
	85.24%
	0.9156
	0.8944

	10
	44
	0.2750
	1.5702
	0.2613
	1.4919
	0.1662
	0.9489
	83.14%
	80.00%
	91.04%
	0.9020
	1.3130

	10
	44
	0.3384
	1.9325
	0.3430
	1.9588
	0.1680
	0.9596
	84.59%
	82.69%
	72.32%
	0.8397
	1.3450

	10
	44
	0.4629
	2.6432
	0.4614
	2.6346
	0.1834
	1.0473
	83.37%
	76.05%
	84.22%
	0.9080
	0.7706

	10
	44
	0.3582
	2.0455
	0.3555
	2.0302
	0.1768
	1.0097
	83.94%
	81.76%
	86.11%
	0.9308
	0.9825

	10
	44
	0.3727
	2.1282
	0.3493
	1.9947
	0.1865
	1.0648
	82.21%
	76.58%
	83.98%
	0.9042
	0.9469

	10
	44
	0.3307
	1.8886
	0.3308
	1.8889
	0.1958
	1.1180
	82.78%
	
	88.10%
	0.8977
	1.0509

	10
	44
	0.3483
	1.9888
	0.3476
	1.9850
	0.1905
	1.0878
	83.54%
	69.97%
	80.92%
	0.9048
	1.0254

	10
	44
	0.3514
	2.0067
	0.3565
	2.0355
	0.1781
	1.0170
	82.37%
	90.60%
	85.56%
	0.8889
	 

	10
	44
	0.2198
	1.2553
	0.2284
	1.3042
	0.1793
	1.0238
	83.12%
	81.25%
	90.68%
	0.9282
	1.3837

	10
	44
	0.3038
	1.7350
	0.3160
	1.8046
	0.1928
	1.1009
	82.57%
	81.65%
	75.78%
	0.9048
	0.8799

	10
	44
	0.2743
	1.5663
	0.2781
	1.5878
	0.1913
	1.0924
	81.51%
	
	83.49%
	0.8794
	0.9014

	10
	44
	0.2630
	1.5015
	0.2507
	1.4313
	0.1738
	0.9922
	77.49%
	86.00%
	86.74%
	0.9448
	0.9436

	10
	44
	0.2322
	1.3260
	0.2365
	1.3505
	0.1830
	1.0451
	80.42%
	85.71%
	85.49%
	0.9053
	0.9040

	10
	44
	0.2429
	1.3869
	0.2138
	1.2208
	0.1875
	1.0704
	77.78%
	68.33%
	85.49%
	0.8316
	1.2226

	10
	44
	0.2185
	1.2478
	0.2614
	1.4926
	0.1707
	0.9747
	88.74%
	67.16%
	82.32%
	0.9310
	0.8365

	10
	44
	0.2244
	1.2815
	0.2187
	1.2485
	0.1625
	0.9279
	84.07%
	77.03%
	79.86%
	0.9818
	0.9310

	10
	44
	0.1881
	1.0743
	0.2036
	1.1623
	0.1646
	0.9400
	88.54%
	83.50%
	81.99%
	0.8916
	0.9419

	10
	44
	0.2044
	1.1669
	0.1917
	1.0948
	 
	 
	84.13%
	80.00%
	 
	 
	 

	Average
	0.2923
	1.6689
	0.2913
	1.6632
	0.1787
	1.0204
	83.03%
	79.25%
	83.89%
	0.9053
	1.0090

	Std. Dev.
	0.0704
	0.4019
	0.0687
	0.3921
	0.0104
	0.0593
	2.79%
	6.31%
	4.53%
	0.0336
	0.1825


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with E1 dowel bar configuration under nominal load of 58 kN (13 kip).  

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.3346
	1.9107
	0.3234
	1.8466
	0.1765
	1.0078
	83.33%
	76.40%
	80.42%
	0.9353
	0.8957

	13
	58
	0.2925
	1.6704
	0.2897
	1.6540
	0.1650
	0.9422
	85.19%
	89.39%
	96.92%
	0.9019
	0.9141

	13
	58
	0.2757
	1.5742
	0.2648
	1.5120
	0.1763
	1.0067
	84.83%
	79.71%
	98.09%
	0.8839
	1.3073

	13
	58
	0.3401
	1.9419
	0.3462
	1.9766
	0.1679
	0.9585
	84.07%
	86.11%
	89.79%
	0.9630
	1.3564

	13
	58
	0.4640
	2.6495
	0.4695
	2.6810
	0.1821
	1.0400
	81.14%
	82.16%
	77.10%
	0.8839
	0.7664

	13
	58
	0.3630
	2.0727
	0.3599
	2.0548
	0.1834
	1.0474
	82.44%
	79.78%
	 
	0.9298
	1.0143

	13
	58
	0.3783
	2.1603
	0.3650
	2.0841
	0.1891
	1.0797
	84.06%
	74.43%
	93.37%
	0.9447
	0.8907

	13
	58
	0.3301
	1.8850
	0.3251
	1.8562
	0.1989
	1.1356
	84.03%
	88.47%
	72.41%
	0.9157
	1.0303

	13
	58
	0.3593
	2.0515
	0.3349
	1.9125
	0.1977
	1.1286
	83.37%
	81.11%
	92.03%
	0.9461
	1.0433

	13
	58
	0.3517
	2.0082
	0.3494
	1.9953
	0.1759
	1.0045
	82.94%
	92.22%
	79.50%
	0.9269
	 

	13
	58
	0.2231
	1.2737
	0.2333
	1.3323
	0.1841
	1.0512
	84.24%
	84.35%
	75.76%
	0.9692
	1.3213

	13
	58
	0.3063
	1.7491
	0.3083
	1.7605
	0.1884
	1.0758
	80.65%
	80.79%
	79.61%
	0.9423
	0.9242

	13
	58
	0.2763
	1.5779
	0.2849
	1.6271
	0.1835
	1.0476
	84.43%
	86.48%
	88.75%
	0.9213
	0.9192

	13
	58
	0.2340
	1.3360
	0.2619
	1.4957
	0.1762
	1.0060
	88.76%
	80.55%
	79.52%
	0.9027
	0.9190

	13
	58
	0.2374
	1.3555
	0.2407
	1.3746
	0.1801
	1.0282
	87.43%
	87.68%
	92.91%
	0.9234
	0.8931

	13
	58
	0.2409
	1.3757
	0.2150
	1.2276
	0.1677
	0.9576
	78.22%
	65.38%
	82.24%
	0.9333
	1.1036

	13
	58
	0.2659
	1.5186
	0.2373
	1.3547
	0.1874
	1.0701
	79.16%
	88.86%
	72.41%
	0.8773
	0.9436

	13
	58
	0.2311
	1.3197
	0.2239
	1.2783
	0.1721
	0.9826
	82.26%
	81.70%
	73.27%
	0.9139
	0.8721

	13
	58
	0.1997
	1.1402
	0.1952
	1.1148
	0.1598
	0.9126
	85.16%
	76.17%
	83.75%
	0.9091
	1.0679

	13
	58
	0.2062
	1.1773
	0.2085
	1.1905
	 
	 
	84.25%
	85.47%
	 
	 
	 

	Average
	0.2955
	1.6874
	0.2918
	1.6665
	0.1796
	1.0254
	83.50%
	82.36%
	83.77%
	0.9223
	1.0101

	Std. Dev.
	0.0689
	0.3934
	0.0686
	0.3920
	0.0105
	0.0597
	2.48%
	6.26%
	8.50%
	0.0255
	0.1673


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with E1 dowel bar configuration under nominal load of 80 kN (18 kip).  

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	18
	80
	0.3261
	1.8623
	0.3147
	1.7968
	0.1745
	0.9964
	81.87%
	88.33%
	 
	0.9167
	0.8801

	18
	80
	0.2829
	1.6157
	0.2769
	1.5813
	0.1628
	0.9296
	84.10%
	83.10%
	80.72%
	0.9201
	0.9309

	18
	80
	0.2681
	1.5310
	0.2578
	1.4720
	0.1654
	0.9443
	83.69%
	81.40%
	86.30%
	0.9414
	1.2656

	18
	80
	0.3284
	1.8750
	0.3263
	1.8630
	0.1659
	0.9473
	83.04%
	85.01%
	79.24%
	0.9132
	1.3408

	18
	80
	0.4413
	2.5198
	0.4374
	2.4979
	0.1746
	0.9969
	83.33%
	79.22%
	89.19%
	0.9155
	0.7873

	18
	80
	0.3486
	1.9905
	0.3444
	1.9667
	0.1744
	0.9956
	84.24%
	81.63%
	86.48%
	0.9195
	1.0224

	18
	80
	0.3638
	2.0776
	0.3521
	2.0107
	0.1852
	1.0577
	82.30%
	89.90%
	85.35%
	0.9333
	0.8727

	18
	80
	0.3247
	1.8540
	0.3073
	1.7547
	0.1913
	1.0924
	84.87%
	83.07%
	79.15%
	0.9352
	1.0789

	18
	80
	0.3385
	1.9330
	0.3315
	1.8931
	0.1935
	1.1051
	83.39%
	92.04%
	 
	0.9441
	1.0123

	18
	80
	0.3384
	1.9320
	0.3356
	1.9163
	0.1745
	0.9962
	82.74%
	89.86%
	77.08%
	0.9088
	 

	18
	80
	0.2186
	1.2483
	0.2288
	1.3067
	0.1807
	1.0320
	82.42%
	76.75%
	82.91%
	0.9566
	1.3016

	18
	80
	0.2934
	1.6754
	0.2978
	1.7007
	0.1768
	1.0095
	82.68%
	84.04%
	79.03%
	0.9396
	0.9141

	18
	80
	0.2682
	1.5317
	0.2723
	1.5547
	0.1773
	1.0126
	84.00%
	84.25%
	 
	0.9312
	0.9371

	18
	80
	0.2484
	1.4184
	0.2551
	1.4569
	0.1743
	0.9952
	83.30%
	88.52%
	76.87%
	0.9275
	0.9253

	18
	80
	0.2345
	1.3390
	0.2361
	1.3481
	0.1777
	1.0147
	84.45%
	88.10%
	83.41%
	0.9167
	0.9292

	18
	80
	0.2283
	1.3037
	0.2194
	1.2527
	0.1865
	1.0651
	84.56%
	76.85%
	77.30%
	0.8670
	1.1687

	18
	80
	0.2537
	1.4486
	0.2564
	1.4640
	0.1770
	1.0110
	79.63%
	80.93%
	74.65%
	0.8824
	0.8416

	18
	80
	0.2183
	1.2463
	0.2158
	1.2321
	0.1799
	1.0272
	86.05%
	71.81%
	96.59%
	0.8876
	0.9467

	18
	80
	0.1940
	1.1080
	0.2043
	1.1664
	0.1631
	0.9312
	85.83%
	93.11%
	80.80%
	0.9151
	0.9477

	18
	80
	0.2021
	1.1543
	0.1936
	1.1055
	 
	 
	84.40%
	81.77%
	 
	 
	 

	Average
	0.2860
	1.6332
	0.2832
	1.6170
	0.1766
	1.0084
	83.54%
	83.98%
	82.19%
	0.9196
	1.0057

	Std. Dev.
	0.0642
	0.3665
	0.0613
	0.3500
	0.0086
	0.0493
	1.44%
	5.51%
	5.60%
	0.0222
	0.1619


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with E2 dowel bar configuration under nominal load of 44 kN (10 kip).  

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.3935
	2.2469
	0.3941
	2.2501
	0.1857
	1.0606
	84.27%
	80.45%
	97.55%
	0.9231
	1.0775

	10
	44
	0.4216
	2.4071
	0.4246
	2.4245
	0.1841
	1.0515
	82.15%
	71.76%
	87.60%
	0.9337
	0.6965

	10
	44
	0.3010
	1.7185
	0.2957
	1.6886
	0.1696
	0.9685
	87.55%
	75.82%
	 
	0.9231
	0.7850

	10
	44
	0.2444
	1.3958
	0.2321
	1.3255
	0.1647
	0.9402
	79.09%
	73.83%
	88.89%
	0.8693
	1.1366

	10
	44
	0.2708
	1.5461
	0.2638
	1.5066
	0.1611
	0.9199
	85.04%
	90.20%
	79.72%
	0.9281
	0.9439

	10
	44
	0.2417
	1.3803
	0.2490
	1.4221
	0.1543
	0.8810
	83.69%
	70.42%
	101.68%
	0.8993
	1.1930

	10
	44
	0.3136
	1.7910
	0.2971
	1.6965
	0.1573
	0.8982
	82.41%
	73.94%
	 
	0.8846
	0.8962

	10
	44
	0.2716
	1.5509
	0.2662
	1.5203
	0.1661
	0.9484
	84.47%
	86.31%
	82.15%
	0.9576
	1.0597

	10
	44
	0.2696
	1.5393
	0.2822
	1.6111
	0.1709
	0.9759
	83.27%
	70.65%
	88.33%
	0.8750
	0.7768

	10
	44
	0.2186
	1.2483
	0.2192
	1.2515
	0.1538
	0.8781
	87.61%
	84.72%
	79.59%
	0.9675
	 

	10
	44
	0.1996
	1.1396
	0.2080
	1.1878
	0.1743
	0.9954
	83.33%
	82.95%
	70.46%
	0.8610
	0.9366

	10
	44
	0.2065
	1.1793
	0.1948
	1.1125
	0.1696
	0.9685
	84.55%
	98.07%
	84.48%
	0.9337
	1.1421

	10
	44
	0.2216
	1.2656
	0.2225
	1.2706
	0.1735
	0.9905
	81.86%
	92.02%
	85.89%
	0.9121
	0.9540

	10
	44
	0.2294
	1.3100
	0.2123
	1.2121
	0.1872
	1.0687
	83.19%
	74.31%
	79.99%
	0.8804
	0.9899

	10
	44
	0.2163
	1.2353
	0.2101
	1.1998
	0.2002
	1.1429
	86.89%
	63.11%
	73.16%
	0.8925
	1.1771

	10
	44
	0.2437
	1.3915
	0.2473
	1.4123
	0.2246
	1.2824
	85.02%
	86.03%
	75.54%
	0.8632
	0.9932

	10
	44
	0.2522
	1.4403
	0.2457
	1.4027
	0.1844
	1.0527
	85.12%
	86.27%
	83.14%
	0.8956
	0.9869

	10
	44
	0.2379
	1.3586
	0.2424
	1.3844
	0.1803
	1.0295
	84.65%
	83.54%
	73.27%
	0.9076
	1.1860

	10
	44
	0.2853
	1.6293
	0.2875
	1.6418
	0.1706
	0.9739
	84.01%
	77.89%
	86.32%
	0.9438
	0.8290

	10
	44
	0.2437
	1.3918
	0.2384
	1.3612
	0.1801
	1.0285
	85.20%
	88.84%
	82.86%
	0.9149
	 

	Average
	0.2641
	1.5083
	0.2617
	1.4941
	0.1756
	1.0028
	84.17%
	80.56%
	83.37%
	0.9083
	0.9867

	Std. Dev.
	0.0577
	0.3296
	0.0588
	0.3360
	0.0166
	0.0948
	2.00%
	8.79%
	8.05%
	0.0309
	0.1507


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with E2 dowel bar configuration under nominal load of 58 kN (13 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.3966
	2.2647
	0.3906
	2.2303
	0.1895
	1.0819
	84.73%
	85.71%
	80.14%
	0.9322
	1.0777

	13
	58
	0.4272
	2.4391
	0.4209
	2.4035
	0.1863
	1.0636
	83.49%
	77.63%
	74.62%
	0.9174
	0.7087

	13
	58
	0.3060
	1.7474
	0.2983
	1.7033
	0.1688
	0.9637
	82.14%
	79.43%
	84.41%
	0.9078
	0.8118

	13
	58
	0.2442
	1.3946
	0.2421
	1.3827
	0.1637
	0.9345
	85.03%
	76.04%
	97.71%
	0.8990
	1.1289

	13
	58
	0.2732
	1.5600
	0.2734
	1.5609
	0.1638
	0.9353
	86.03%
	81.79%
	73.19%
	0.9091
	0.8915

	13
	58
	0.2470
	1.4103
	0.2437
	1.3915
	0.1560
	0.8906
	83.83%
	87.31%
	109.04%
	0.9296
	1.2251

	13
	58
	0.3106
	1.7738
	0.2985
	1.7046
	0.1611
	0.9198
	81.69%
	88.24%
	91.36%
	0.9234
	0.8852

	13
	58
	0.2750
	1.5705
	0.2643
	1.5090
	0.1713
	0.9779
	84.76%
	77.90%
	80.60%
	0.8903
	1.0684

	13
	58
	0.2785
	1.5905
	0.2824
	1.6123
	0.1731
	0.9883
	83.77%
	78.81%
	81.15%
	0.8992
	0.8067

	13
	58
	0.2299
	1.3127
	0.2278
	1.3007
	0.1738
	0.9922
	85.17%
	82.86%
	83.53%
	0.9295
	 

	13
	58
	0.2027
	1.1577
	0.2122
	1.2115
	0.1738
	0.9925
	84.56%
	83.06%
	90.69%
	0.8769
	0.9779

	13
	58
	0.2013
	1.1495
	0.2075
	1.1847
	0.1724
	0.9843
	85.67%
	88.03%
	77.30%
	0.9261
	1.0773

	13
	58
	0.2181
	1.2456
	0.2235
	1.2763
	0.1768
	1.0097
	83.28%
	75.83%
	80.63%
	0.9049
	0.9489

	13
	58
	0.2226
	1.2710
	0.2121
	1.2110
	0.1810
	1.0337
	85.39%
	84.59%
	70.77%
	0.9027
	0.9119

	13
	58
	0.2209
	1.2615
	0.1934
	1.1044
	0.2000
	1.1420
	85.62%
	95.26%
	74.90%
	0.9122
	1.2259

	13
	58
	0.2408
	1.3752
	0.2371
	1.3538
	0.2100
	1.1993
	87.38%
	93.53%
	79.05%
	0.9418
	1.0689

	13
	58
	0.2562
	1.4632
	0.2534
	1.4471
	0.1825
	1.0421
	84.10%
	79.82%
	72.41%
	0.9102
	0.9376

	13
	58
	0.2344
	1.3383
	0.2376
	1.3568
	0.1838
	1.0494
	85.33%
	86.53%
	79.81%
	0.9198
	1.2160

	13
	58
	0.2838
	1.6203
	0.2889
	1.6498
	0.1802
	1.0290
	84.60%
	82.65%
	77.74%
	0.9011
	0.8445

	13
	58
	0.2415
	1.3793
	0.2440
	1.3932
	0.1814
	1.0357
	85.43%
	82.81%
	88.18%
	0.9211
	 

	Average
	0.2655
	1.5163
	0.2626
	1.4994
	0.1775
	1.0133
	84.60%
	83.39%
	82.36%
	0.9127
	0.9896

	Std. Dev.
	0.0590
	0.3368
	0.0577
	0.3297
	0.0129
	0.0739
	1.33%
	5.37%
	9.31%
	0.0158
	0.1545


FWD data for I-490 East, Monroe, Rochester on Aug. 19, 2009 with E2 dowel bar configuration under nominal load of 80 kN (18 kip).  

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/DO M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	18
	80
	0.3607
	2.0599
	0.3766
	2.1507
	0.1868
	1.0669
	94.61%
	78.55%
	91.92%
	0.9241
	1.0745

	18
	80
	0.4086
	2.3332
	0.4047
	2.3109
	0.1803
	1.0293
	82.87%
	86.88%
	84.18%
	0.9156
	0.7184

	18
	80
	0.2940
	1.6790
	0.2907
	1.6601
	0.1682
	0.9606
	82.94%
	80.31%
	82.22%
	0.9252
	0.8093

	18
	80
	0.2434
	1.3898
	0.2353
	1.3435
	0.1646
	0.9397
	83.88%
	80.00%
	77.29%
	0.9414
	1.1247

	18
	80
	0.2655
	1.5163
	0.2646
	1.5110
	0.1575
	0.8995
	84.30%
	85.56%
	88.39%
	0.9336
	0.9136

	18
	80
	0.2414
	1.3786
	0.2418
	1.3804
	0.1548
	0.8841
	83.52%
	88.96%
	95.14%
	0.9271
	1.2060

	18
	80
	0.2975
	1.6987
	0.2916
	1.6648
	0.1577
	0.9003
	83.39%
	83.74%
	78.57%
	0.9119
	0.8955

	18
	80
	0.2628
	1.5005
	0.2611
	1.4908
	0.1682
	0.9605
	84.46%
	82.02%
	92.51%
	0.8924
	1.0577

	18
	80
	0.2709
	1.5469
	0.2761
	1.5767
	0.1677
	0.9575
	84.46%
	83.88%
	86.32%
	0.8917
	0.8143

	18
	80
	0.2248
	1.2837
	0.2249
	1.2840
	0.1730
	0.9879
	85.14%
	77.30%
	82.91%
	0.8954
	 

	18
	80
	0.1983
	1.1323
	0.2105
	1.2021
	0.1597
	0.9118
	85.35%
	92.55%
	90.12%
	0.9536
	0.9648

	18
	80
	0.2038
	1.1636
	0.2031
	1.1598
	0.1648
	0.9412
	87.07%
	80.39%
	82.73%
	0.9192
	1.0896

	18
	80
	0.2227
	1.2716
	0.2213
	1.2638
	0.1705
	0.9738
	81.96%
	75.95%
	93.08%
	0.9206
	0.9775

	18
	80
	0.2143
	1.2236
	0.2163
	1.2353
	0.1749
	0.9989
	85.11%
	91.67%
	75.07%
	0.9080
	0.9364

	18
	80
	0.2112
	1.2060
	0.2026
	1.1568
	0.1889
	1.0789
	87.05%
	77.89%
	77.94%
	0.9184
	1.2082

	18
	80
	0.2343
	1.3377
	0.2448
	1.3976
	0.1989
	1.1359
	87.11%
	83.26%
	84.38%
	0.9022
	1.0288

	18
	80
	0.2504
	1.4295
	0.2518
	1.4379
	0.1804
	1.0301
	86.58%
	77.78%
	86.44%
	0.9193
	0.9168

	18
	80
	0.2294
	1.3102
	0.2309
	1.3183
	0.1787
	1.0204
	86.13%
	86.91%
	87.12%
	0.9429
	1.2046

	18
	80
	0.2698
	1.5405
	0.2781
	1.5880
	0.1733
	0.9895
	84.37%
	85.14%
	86.00%
	0.9193
	0.8370

	18
	80
	0.2315
	1.3218
	0.2328
	1.3292
	0.1742
	0.9946
	88.38%
	77.07%
	82.51%
	0.9060
	 

	Average
	0.2568
	1.4662
	0.2580
	1.4731
	0.1722
	0.9831
	85.43%
	82.79%
	85.24%
	0.9184
	0.9876

	Std. Dev.
	0.0523
	0.2988
	0.0530
	0.3029
	0.0114
	0.0648
	2.74%
	4.91%
	5.58%
	0.0166
	0.1467


Appendix G:  I490 Eastbound FWD data collected June 21, 2011

FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E1 dowel bar configuration under nominal load of 44 kN (10 kip). 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.3707
	2.1166
	0.3622
	2.0684
	0.1665
	0.9505
	82.97%
	80.61%
	90.59%
	0.9222
	1.0393

	10
	44
	0.3765
	2.1497
	0.3993
	2.2802
	0.1646
	0.9397
	82.93%
	78.34%
	88.66%
	0.9146
	1.0652

	10
	44
	0.4254
	2.4289
	0.3634
	2.0751
	0.1820
	1.0391
	83.81%
	82.83%
	91.62%
	0.9337
	1.0771

	10
	44
	0.3914
	2.2351
	0.3067
	1.7511
	0.1684
	0.9614
	84.24%
	80.66%
	84.52%
	0.9162
	1.0669

	10
	44
	0.3272
	1.8682
	0.3276
	1.8704
	0.1616
	0.9225
	82.30%
	79.69%
	91.60%
	0.8994
	1.0533

	10
	44
	0.3450
	1.9700
	0.3585
	2.0472
	0.1546
	0.8828
	82.30%
	80.79%
	92.05%
	0.9221
	1.0645

	10
	44
	0.3816
	2.1792
	0.3376
	1.9279
	0.1660
	0.9480
	84.00%
	76.88%
	89.11%
	0.9080
	1.0337

	10
	44
	0.3490
	1.9929
	0.3424
	1.9552
	0.1785
	1.0195
	83.92%
	79.82%
	95.66%
	0.9091
	1.0521

	10
	44
	0.3603
	2.0571
	0.3617
	2.0653
	0.1632
	0.9319
	81.74%
	78.87%
	88.89%
	0.9136
	1.0615

	10
	44
	0.3840
	2.1924
	0.3059
	1.7470
	0.1623
	0.9266
	82.06%
	78.81%
	89.76%
	0.9130
	1.0511

	10
	44
	0.3216
	1.8363
	0.4324
	2.4691
	0.1676
	0.9568
	83.17%
	78.04%
	83.44%
	0.9152
	0.9336

	10
	44
	0.4037
	2.3052
	0.3945
	2.2524
	0.1590
	0.9082
	80.86%
	81.79%
	97.63%
	0.9114
	1.0659

	10
	44
	0.4204
	2.4008
	0.3738
	2.1346
	0.1959
	1.1188
	85.23%
	80.22%
	89.41%
	0.9067
	1.0502

	10
	44
	0.3926
	2.2417
	0.3790
	2.1642
	0.1724
	0.9844
	83.38%
	82.26%
	91.76%
	0.9408
	1.0810

	10
	44
	0.4097
	2.3395
	0.3551
	2.0280
	0.1962
	1.1201
	84.00%
	82.29%
	92.45%
	0.9433
	1.0600

	10
	44
	0.3764
	2.1495
	0.2652
	1.5146
	0.1516
	0.8656
	83.60%
	79.92%
	88.05%
	0.9200
	1.0703

	10
	44
	0.2839
	1.6211
	0.4243
	2.4230
	0.1575
	0.8995
	82.56%
	81.67%
	98.30%
	0.9167
	1.1374

	10
	44
	0.4826
	2.7558
	0.5527
	3.1558
	0.1775
	1.0137
	82.98%
	77.86%
	92.26%
	0.9371
	1.0129

	10
	44
	0.5598
	3.1966
	0.3915
	2.2355
	0.1728
	0.9866
	81.60%
	79.74%
	91.37%
	0.9471
	1.0748

	10
	44
	0.4208
	2.4028
	0.3647
	2.0825
	0.1810
	1.0334
	83.25%
	81.11%
	90.52%
	0.9167
	1.0434

	10
	44
	0.3805
	2.1728
	0.3818
	2.1799
	0.1636
	0.9341
	81.60%
	78.13%
	97.26%
	0.9006
	1.0947

	10
	44
	0.4179
	2.3863
	0.3201
	1.8276
	0.1591
	0.9087
	80.79%
	78.73%
	85.57%
	0.9172
	1.1241

	10
	44
	0.3598
	2.0544
	0.2671
	1.5250
	0.1476
	0.8429
	80.00%
	82.06%
	86.15%
	0.9167
	1.0465

	10
	44
	0.2795
	1.5959
	0.3024
	1.7266
	0.1586
	0.9058
	83.88%
	81.97%
	93.65%
	0.9226
	1.0165

	10
	44
	0.3074
	1.7551
	0.3013
	1.7207
	0.1624
	0.9273
	84.62%
	79.86%
	88.19%
	0.9182
	1.0520

	10
	44
	0.3170
	1.8102
	 
	 
	 
	 
	84.14%
	 
	 
	 
	 

	Average
	0.3786
	2.1621
	0.3589
	2.0491
	0.1676
	0.9571
	82.92%
	80.12%
	90.74%
	0.9193
	1.0571

	Std. Dev.
	0.0597
	0.3412
	0.0595
	0.3396
	0.0122
	0.0696
	1.28%
	1.63%
	3.85%
	0.0124
	0.0378


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E1 dowel bar configuration under nominal load of 58 kN (13 kip).

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.3682
	2.1023
	0.3658
	2.0888
	0.1640
	0.9367
	83.61%
	80.17%
	89.27%
	0.9406
	1.0100

	13
	58
	0.3694
	2.1096
	0.4057
	2.3166
	0.1665
	0.9510
	82.65%
	78.88%
	87.28%
	0.9182
	1.0414

	13
	58
	0.4225
	2.4126
	0.3676
	2.0990
	0.1760
	1.0050
	83.06%
	82.89%
	86.76%
	0.9402
	1.0336

	13
	58
	0.3799
	2.1695
	0.3056
	1.7448
	0.1728
	0.9865
	83.20%
	81.28%
	86.16%
	0.9127
	1.0681

	13
	58
	0.3264
	1.8637
	0.3273
	1.8692
	0.1610
	0.9194
	82.52%
	79.72%
	90.99%
	0.9194
	1.0727

	13
	58
	0.3512
	2.0052
	0.3588
	2.0488
	0.1548
	0.8840
	82.43%
	80.08%
	92.63%
	0.9175
	1.0764

	13
	58
	0.3862
	2.2052
	0.3310
	1.8903
	0.1723
	0.9840
	82.84%
	81.52%
	90.03%
	0.9159
	1.0702

	13
	58
	0.3543
	2.0230
	0.3437
	1.9624
	0.1746
	0.9973
	83.30%
	81.15%
	90.37%
	0.9127
	1.0440

	13
	58
	0.3588
	2.0488
	0.3645
	2.0816
	0.1648
	0.9412
	82.24%
	80.21%
	87.48%
	0.9083
	1.0500

	13
	58
	0.3828
	2.1857
	0.3050
	1.7413
	0.1630
	0.9307
	81.94%
	80.15%
	89.17%
	0.9263
	1.0681

	13
	58
	0.3257
	1.8599
	0.4341
	2.4787
	0.1734
	0.9902
	82.52%
	78.92%
	84.21%
	0.9043
	0.9256

	13
	58
	0.4018
	2.2944
	0.3899
	2.2264
	0.1679
	0.9587
	80.34%
	81.71%
	94.22%
	0.9103
	1.0822

	13
	58
	0.4219
	2.4093
	0.3743
	2.1371
	0.1938
	1.1069
	84.39%
	81.78%
	88.46%
	0.9216
	1.0480

	13
	58
	0.3922
	2.2398
	0.3785
	2.1613
	0.1940
	1.1075
	84.05%
	82.29%
	93.53%
	0.9449
	1.0739

	13
	58
	0.4065
	2.3211
	0.3504
	2.0008
	0.1861
	1.0627
	83.46%
	83.01%
	90.23%
	0.9350
	1.0626

	13
	58
	0.3723
	2.1260
	0.2674
	1.5266
	0.1539
	0.8787
	83.43%
	80.39%
	85.56%
	0.9171
	1.0753

	13
	58
	0.2875
	1.6417
	0.4189
	2.3918
	0.1572
	0.8975
	82.46%
	81.64%
	95.23%
	0.9423
	1.1441

	13
	58
	0.4792
	2.7365
	0.5412
	3.0901
	0.1750
	0.9991
	82.70%
	79.47%
	93.41%
	0.9524
	1.0085

	13
	58
	0.5457
	3.1162
	0.3842
	2.1937
	0.1738
	0.9923
	81.64%
	80.51%
	89.00%
	0.9430
	1.0791

	13
	58
	0.4146
	2.3674
	0.3615
	2.0642
	0.1747
	0.9973
	83.24%
	81.99%
	89.05%
	0.9274
	1.0613

	13
	58
	0.3837
	2.1907
	0.3758
	2.1458
	0.1620
	0.9253
	82.64%
	78.96%
	93.83%
	0.9167
	1.0792

	13
	58
	0.4056
	2.3158
	0.3227
	1.8425
	0.1592
	0.9089
	81.46%
	79.77%
	83.47%
	0.9202
	1.0898

	13
	58
	0.3517
	2.0080
	0.2657
	1.5173
	0.1501
	0.8574
	80.65%
	83.52%
	84.89%
	0.9040
	1.0667

	13
	58
	0.2834
	1.6184
	0.2967
	1.6941
	0.1574
	0.8987
	83.24%
	81.59%
	90.02%
	0.9187
	1.0640

	13
	58
	0.3157
	1.8025
	0.2956
	1.6877
	0.1619
	0.9245
	82.52%
	81.38%
	87.35%
	0.9116
	1.0971

	13
	58
	0.3243
	1.8516
	 
	 
	 
	 
	81.78%
	 
	 
	 
	 

	Average
	0.3774
	2.1548
	0.3573
	2.0400
	0.1684
	0.9617
	82.63%
	80.92%
	89.30%
	0.9232
	1.0597

	Std. Dev.
	0.0558
	0.3188
	0.0582
	0.3324
	0.0114
	0.0654
	0.94%
	1.30%
	3.25%
	0.0138
	0.0390


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E1 dowel bar configuration under nominal load of 80 kN (18 kip) 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	18
	80
	0.3473
	1.9833
	0.3438
	1.9631
	0.1608
	0.9180
	82.66%
	80.16%
	90.61%
	0.9308
	1.0218

	18
	80
	0.3513
	2.0058
	0.3813
	2.1772
	0.1621
	0.9257
	82.01%
	78.82%
	87.17%
	0.8969
	1.0424

	18
	80
	0.3975
	2.2696
	0.3470
	1.9812
	0.1763
	1.0065
	82.50%
	82.01%
	90.01%
	0.9238
	1.0508

	18
	80
	0.3646
	2.0818
	0.2941
	1.6795
	0.1673
	0.9552
	82.82%
	80.38%
	85.54%
	0.9027
	1.0705

	18
	80
	0.3148
	1.7978
	0.3164
	1.8067
	0.1583
	0.9042
	81.15%
	78.33%
	90.46%
	0.8932
	1.0353

	18
	80
	0.3276
	1.8705
	0.3409
	1.9463
	0.1500
	0.8567
	81.00%
	80.27%
	91.65%
	0.9104
	1.0661

	18
	80
	0.3634
	2.0749
	0.3182
	1.8168
	0.1655
	0.9453
	82.84%
	80.04%
	90.67%
	0.9078
	1.0471

	18
	80
	0.3331
	1.9023
	0.3315
	1.8928
	0.1722
	0.9833
	82.91%
	80.34%
	90.82%
	0.9082
	1.0518

	18
	80
	0.3486
	1.9908
	0.3488
	1.9917
	0.1616
	0.9225
	81.30%
	79.32%
	87.51%
	0.9021
	1.0582

	18
	80
	0.3691
	2.1075
	0.2949
	1.6839
	0.1623
	0.9270
	81.38%
	79.85%
	89.06%
	0.8962
	1.0619

	18
	80
	0.3131
	1.7881
	0.4207
	2.4020
	0.1690
	0.9651
	82.15%
	78.35%
	85.08%
	0.8997
	0.9187

	18
	80
	0.3864
	2.2067
	0.3781
	2.1588
	0.1659
	0.9476
	79.91%
	80.84%
	93.83%
	0.9044
	1.0574

	18
	80
	0.3998
	2.2828
	0.3624
	2.0692
	0.1903
	1.0866
	83.95%
	81.32%
	87.90%
	0.9102
	1.0451

	18
	80
	0.3787
	2.1624
	0.3673
	2.0975
	0.1784
	1.0187
	82.78%
	81.37%
	88.58%
	0.9265
	1.0733

	18
	80
	0.3943
	2.2513
	0.3394
	1.9378
	0.1799
	1.0274
	82.53%
	82.24%
	89.50%
	0.9243
	1.0598

	18
	80
	0.3597
	2.0537
	0.2636
	1.5055
	0.1533
	0.8754
	82.52%
	80.04%
	84.85%
	0.9037
	1.0812

	18
	80
	0.2851
	1.6277
	0.4037
	2.3054
	0.1563
	0.8925
	81.40%
	81.17%
	95.74%
	0.9275
	1.1315

	18
	80
	0.4568
	2.6085
	0.5116
	2.9214
	0.1747
	0.9977
	82.34%
	79.29%
	92.98%
	0.9349
	1.0071

	18
	80
	0.5153
	2.9423
	0.3708
	2.1174
	0.1723
	0.9840
	80.97%
	80.03%
	89.01%
	0.9180
	1.0785

	18
	80
	0.3999
	2.2835
	0.3504
	2.0007
	0.1745
	0.9961
	82.45%
	81.13%
	87.37%
	0.9065
	1.0393

	18
	80
	0.3641
	2.0793
	0.3637
	2.0768
	0.1630
	0.9306
	81.85%
	78.63%
	93.55%
	0.8993
	1.0789

	18
	80
	0.3924
	2.2406
	0.3146
	1.7966
	0.1601
	0.9142
	80.20%
	78.82%
	85.97%
	0.8982
	1.0880

	18
	80
	0.3423
	1.9548
	0.2625
	1.4987
	0.1502
	0.8578
	79.53%
	81.13%
	86.31%
	0.8783
	1.0583

	18
	80
	0.2778
	1.5862
	0.2905
	1.6588
	0.1562
	0.8917
	82.38%
	79.80%
	90.31%
	0.9094
	1.0597

	18
	80
	0.3078
	1.7578
	0.2899
	1.6556
	0.1624
	0.9271
	81.99%
	80.63%
	88.15%
	0.9056
	1.0911

	18
	80
	0.3163
	1.8064
	 
	 
	 
	 
	80.72%
	 
	 
	 
	 

	Average
	0.3618
	2.0660
	0.3442
	1.9657
	0.1657
	0.9463
	81.86%
	80.17%
	89.31%
	0.9088
	1.0549

	Std. Dev.
	0.0510
	0.2913
	0.0534
	0.3049
	0.0098
	0.0562
	1.04%
	1.09%
	2.85%
	0.0134
	0.0375


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E2 dowel bar configuration under nominal load of 44 kN (10 kip)
	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.3032
	1.7316
	0.2959
	1.6897
	0.1691
	0.9653
	81.36%
	78.35%
	77.85%
	0.8848
	1.0248

	10
	44
	0.2419
	1.3813
	0.2329
	1.3297
	0.1549
	0.8843
	81.70%
	75.98%
	82.96%
	0.8882
	1.0388

	10
	44
	0.2783
	1.5894
	0.2539
	1.4498
	0.1558
	0.8897
	78.60%
	73.90%
	84.48%
	0.8750
	1.0963

	10
	44
	0.2731
	1.5594
	0.2425
	1.3848
	0.1641
	0.9369
	78.79%
	78.81%
	79.83%
	0.8938
	1.1261

	10
	44
	0.2812
	1.6059
	0.2755
	1.5734
	0.1668
	0.9526
	79.12%
	72.59%
	80.14%
	0.8834
	1.0207

	10
	44
	0.2469
	1.4096
	0.2256
	1.2884
	0.1755
	1.0019
	78.01%
	72.40%
	82.33%
	0.8721
	1.0941

	10
	44
	0.2740
	1.5647
	0.2516
	1.4364
	0.1732
	0.9892
	79.70%
	75.20%
	86.81%
	0.8947
	1.0893

	10
	44
	0.2857
	1.6313
	0.2558
	1.4609
	0.1736
	0.9914
	79.14%
	78.57%
	82.36%
	0.8882
	1.1167

	10
	44
	0.2632
	1.5031
	0.2465
	1.4077
	0.1570
	0.8964
	77.82%
	75.10%
	83.80%
	0.8831
	1.0678

	10
	44
	0.2525
	1.4416
	0.2348
	1.3405
	0.1695
	0.9681
	79.03%
	75.00%
	80.39%
	0.9102
	1.0754

	10
	44
	0.2790
	1.5929
	0.2637
	1.5056
	0.1844
	1.0530
	79.27%
	75.10%
	80.85%
	0.8895
	1.0580

	10
	44
	0.2518
	1.4377
	0.2464
	1.4068
	0.1746
	0.9970
	81.38%
	76.54%
	82.42%
	0.9059
	1.0220

	10
	44
	0.2581
	1.4737
	0.2499
	1.4271
	0.1832
	1.0460
	82.68%
	75.92%
	84.27%
	0.8944
	1.0326

	10
	44
	0.2502
	1.4287
	0.2364
	1.3496
	0.1805
	1.0305
	80.99%
	78.11%
	84.68%
	0.9034
	1.0586

	10
	44
	0.3020
	1.7242
	0.2866
	1.6368
	0.1776
	1.0139
	78.62%
	74.38%
	83.61%
	0.8908
	1.0534

	10
	44
	0.2666
	1.5223
	0.2681
	1.5307
	0.1691
	0.9653
	82.10%
	75.77%
	77.70%
	0.8848
	0.9945

	10
	44
	0.2348
	1.3408
	0.2272
	1.2974
	0.1721
	0.9826
	79.13%
	73.42%
	80.40%
	0.8810
	1.0335

	10
	44
	0.2531
	1.4453
	0.2395
	1.3677
	0.1676
	0.9573
	78.28%
	75.54%
	83.54%
	0.8834
	1.0568

	10
	44
	0.2392
	1.3659
	0.2307
	1.3175
	0.1632
	0.9318
	78.45%
	76.00%
	84.44%
	0.8994
	1.0367

	10
	44
	0.2453
	1.4006
	0.2413
	1.3778
	0.1742
	0.9945
	80.75%
	74.89%
	80.38%
	0.8698
	1.0165

	10
	44
	0.2475
	1.4130
	0.2506
	1.4311
	0.1606
	0.9169
	79.67%
	77.46%
	81.95%
	0.8782
	0.9874

	10
	44
	0.2487
	1.4200
	0.2413
	1.3778
	0.1643
	0.9381
	79.25%
	77.02%
	80.66%
	0.9000
	1.0306

	10
	44
	0.2404
	1.3725
	0.2388
	1.3636
	0.1534
	0.8759
	79.74%
	75.00%
	79.35%
	0.8851
	1.0065

	10
	44
	0.2271
	1.2967
	0.2161
	1.2341
	0.1797
	1.0261
	79.00%
	72.99%
	82.40%
	0.9080
	1.0507

	10
	44
	0.2605
	1.4874
	0.2503
	1.4295
	0.1530
	0.8738
	80.08%
	78.93%
	79.29%
	0.8919
	1.0405

	10
	44
	0.2590
	1.4792
	0.2475
	1.4133
	 
	 
	78.57%
	74.07%
	 
	 
	1.0466

	Average
	0.2601
	1.4853
	0.2481
	1.4164
	0.1687
	0.9631
	79.66%
	75.66%
	81.88%
	0.8896
	1.0490

	Std. Dev.
	0.0197
	0.1123
	0.0183
	0.1046
	0.0093
	0.0531
	1.32%
	1.90%
	2.29%
	0.0108
	0.0350


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E2 dowel bar configuration under nominal load of 58 kN (13 kip) 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.2985
	1.7047
	0.2905
	1.6585
	0.1708
	0.9752
	81.28%
	78.96%
	77.88%
	0.8978
	1.0278

	13
	58
	0.2441
	1.3936
	0.2313
	1.3209
	0.1558
	0.8896
	81.56%
	76.70%
	82.10%
	0.9034
	1.0550

	13
	58
	0.2748
	1.5690
	0.2550
	1.4560
	0.1567
	0.8950
	78.57%
	75.52%
	81.92%
	0.8750
	1.0776

	13
	58
	0.2765
	1.5789
	0.2522
	1.4403
	0.1691
	0.9653
	78.79%
	76.28%
	79.67%
	0.8750
	1.0962

	13
	58
	0.2850
	1.6274
	0.2783
	1.5892
	0.1698
	0.9696
	78.28%
	74.39%
	78.77%
	0.8850
	1.0240

	13
	58
	0.2502
	1.4284
	0.2249
	1.2842
	0.1768
	1.0093
	78.42%
	75.59%
	80.32%
	0.8809
	1.1123

	13
	58
	0.2742
	1.5659
	0.2534
	1.4471
	0.1760
	1.0050
	79.44%
	74.78%
	84.17%
	0.9103
	1.0821

	13
	58
	0.2855
	1.6300
	0.2604
	1.4870
	0.1740
	0.9933
	78.84%
	77.91%
	81.22%
	0.9048
	1.0962

	13
	58
	0.2691
	1.5367
	0.2458
	1.4035
	0.1573
	0.8982
	76.75%
	75.91%
	82.23%
	0.8900
	1.0949

	13
	58
	0.2533
	1.4463
	0.2333
	1.3321
	0.1738
	0.9925
	79.46%
	76.55%
	80.09%
	0.9091
	1.0857

	13
	58
	0.2794
	1.5953
	0.2616
	1.4936
	0.1730
	0.9876
	79.78%
	77.52%
	79.01%
	0.8922
	1.0681

	13
	58
	0.2568
	1.4662
	0.2426
	1.3855
	0.1770
	1.0109
	80.83%
	78.88%
	79.56%
	0.8889
	1.0583

	13
	58
	0.2734
	1.5610
	0.2516
	1.4368
	0.1847
	1.0544
	79.28%
	76.19%
	80.79%
	0.8984
	1.0864

	13
	58
	0.2562
	1.4631
	0.2435
	1.3907
	0.1829
	1.0442
	80.78%
	77.81%
	81.55%
	0.9091
	1.0521

	13
	58
	0.3010
	1.7185
	0.2846
	1.6253
	0.1755
	1.0019
	80.57%
	76.33%
	80.86%
	0.9095
	1.0573

	13
	58
	0.2842
	1.6231
	0.2693
	1.5377
	0.1719
	0.9815
	77.63%
	76.34%
	78.22%
	0.8855
	1.0556

	13
	58
	0.2417
	1.3803
	0.2276
	1.2995
	0.1725
	0.9847
	79.56%
	76.08%
	80.53%
	0.8908
	1.0622

	13
	58
	0.2553
	1.4580
	0.2412
	1.3774
	0.1766
	1.0087
	78.81%
	77.36%
	84.51%
	0.8932
	1.0585

	13
	58
	0.2436
	1.3908
	0.2302
	1.3144
	0.1690
	0.9647
	79.75%
	75.74%
	81.36%
	0.8834
	1.0581

	13
	58
	0.2492
	1.4229
	0.2453
	1.4009
	0.1756
	1.0029
	80.49%
	74.15%
	81.14%
	0.8913
	1.0157

	13
	58
	0.2506
	1.4307
	0.2380
	1.3591
	0.1595
	0.9109
	79.03%
	77.14%
	79.79%
	0.9009
	1.0526

	13
	58
	0.2527
	1.4432
	0.2381
	1.3599
	0.1687
	0.9632
	79.10%
	77.99%
	80.61%
	0.9018
	1.0612

	13
	58
	0.2441
	1.3939
	0.2427
	1.3860
	0.1604
	0.9158
	79.50%
	75.78%
	79.99%
	0.8915
	1.0057

	13
	58
	0.2276
	1.2994
	0.2166
	1.2366
	0.1807
	1.0319
	79.26%
	75.09%
	81.86%
	0.9198
	1.0508

	13
	58
	0.2599
	1.4841
	0.2529
	1.4440
	0.1568
	0.8955
	80.35%
	79.46%
	80.74%
	0.8986
	1.0278

	13
	58
	0.2580
	1.4732
	0.2483
	1.4180
	 
	 
	79.59%
	76.20%
	 
	 
	1.0389

	Average
	0.2633
	1.5032
	0.2484
	1.4186
	0.1706
	0.9741
	79.45%
	76.56%
	80.76%
	0.8954
	1.0600

	Std. Dev.
	0.0186
	0.1065
	0.0180
	0.1026
	0.0084
	0.0479
	1.10%
	1.37%
	1.58%
	0.0115
	0.0267


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E2 dowel bar configuration under nominal load of 80 kN (18 kip) 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	18
	80
	0.2939
	1.6782
	0.2866
	1.6364
	0.1728
	0.9868
	79.77%
	78.17%
	79.35%
	0.8808
	1.0256

	18
	80
	0.2422
	1.3830
	0.2325
	1.3277
	0.1594
	0.9104
	80.14%
	75.97%
	82.24%
	0.8790
	1.0416

	18
	80
	0.2717
	1.5517
	0.2538
	1.4493
	0.1579
	0.9015
	78.08%
	75.67%
	81.67%
	0.8741
	1.0707

	18
	80
	0.2758
	1.5748
	0.2488
	1.4207
	0.1713
	0.9783
	77.29%
	77.12%
	79.84%
	0.8775
	1.1084

	18
	80
	0.2845
	1.6244
	0.2777
	1.5854
	0.1722
	0.9830
	77.62%
	73.61%
	78.50%
	0.8651
	1.0246

	18
	80
	0.2519
	1.4386
	0.2276
	1.2996
	0.1803
	1.0294
	78.13%
	73.82%
	80.11%
	0.8675
	1.1070

	18
	80
	0.2723
	1.5549
	0.2526
	1.4422
	0.1807
	1.0318
	79.16%
	75.06%
	82.33%
	0.8959
	1.0781

	18
	80
	0.2828
	1.6150
	0.2570
	1.4677
	0.1781
	1.0169
	78.23%
	77.78%
	81.61%
	0.8885
	1.1004

	18
	80
	0.2645
	1.5102
	0.2448
	1.3976
	0.1606
	0.9169
	77.37%
	75.75%
	80.70%
	0.8768
	1.0806

	18
	80
	0.2553
	1.4578
	0.2327
	1.3285
	0.1770
	1.0108
	78.79%
	76.72%
	80.48%
	0.8939
	1.0974

	18
	80
	0.2772
	1.5829
	0.2612
	1.4916
	0.1753
	1.0012
	78.85%
	75.92%
	80.59%
	0.8814
	1.0612

	18
	80
	0.2527
	1.4428
	0.2456
	1.4025
	0.1796
	1.0257
	79.68%
	75.87%
	79.43%
	0.8857
	1.0288

	18
	80
	0.2705
	1.5445
	0.2518
	1.4379
	0.1882
	1.0747
	80.17%
	76.01%
	80.53%
	0.8855
	1.0741

	18
	80
	0.2564
	1.4641
	0.2429
	1.3870
	0.1835
	1.0478
	79.50%
	77.65%
	80.78%
	0.8913
	1.0556

	18
	80
	0.2944
	1.6810
	0.2836
	1.6191
	0.1803
	1.0294
	79.17%
	75.96%
	81.12%
	0.8921
	1.0382

	18
	80
	0.2762
	1.5772
	0.2687
	1.5343
	0.1723
	0.9841
	79.17%
	75.80%
	78.11%
	0.8841
	1.0280

	18
	80
	0.2448
	1.3979
	0.2298
	1.3123
	0.1726
	0.9853
	78.40%
	75.87%
	81.00%
	0.8820
	1.0652

	18
	80
	0.2547
	1.4543
	0.2391
	1.3654
	0.1721
	0.9827
	77.48%
	76.56%
	82.09%
	0.8808
	1.0651

	18
	80
	0.2438
	1.3922
	0.2331
	1.3310
	0.1720
	0.9823
	78.40%
	76.16%
	81.28%
	0.8738
	1.0459

	18
	80
	0.2494
	1.4239
	0.2442
	1.3942
	0.1783
	1.0181
	79.54%
	74.07%
	80.95%
	0.8803
	1.0213

	18
	80
	0.2504
	1.4301
	0.2394
	1.3670
	0.1637
	0.9345
	78.72%
	76.67%
	79.59%
	0.8789
	1.0461

	18
	80
	0.2506
	1.4308
	0.2406
	1.3739
	0.1702
	0.9720
	78.78%
	75.99%
	80.94%
	0.8937
	1.0414

	18
	80
	0.2449
	1.3985
	0.2462
	1.4061
	0.1603
	0.9152
	78.55%
	74.83%
	79.24%
	0.8754
	0.9946

	18
	80
	0.2284
	1.3042
	0.2174
	1.2415
	0.1836
	1.0483
	79.15%
	75.39%
	82.36%
	0.9088
	1.0506

	18
	80
	0.2610
	1.4906
	0.2560
	1.4618
	0.1590
	0.9077
	78.95%
	77.43%
	81.68%
	0.8853
	1.0197

	18
	80
	0.2556
	1.4596
	0.2473
	1.4124
	 
	 
	78.76%
	76.24%
	 
	 
	1.0334

	Average
	0.2618
	1.4947
	0.2485
	1.4190
	0.1728
	0.9870
	78.76%
	76.00%
	80.66%
	0.8831
	1.0540

	Std. Dev.
	0.0169
	0.0964
	0.0168
	0.0962
	0.0086
	0.0490
	0.80%
	1.14%
	1.17%
	0.0095
	0.0296


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E1 dowel bar configuration under nominal load of 44 kN (10 kip) 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	10
	44
	0.2529
	1.4440
	0.2555
	1.4591
	0.1883
	1.0751
	87.90%
	86.06%
	81.44%
	0.9149
	0.9897

	10
	44
	0.2008
	1.1467
	0.2132
	1.2173
	0.1891
	1.0800
	91.88%
	86.73%
	95.82%
	0.9355
	0.9420

	10
	44
	 
	 
	 
	 
	0.1923
	1.0983
	 
	 
	83.46%
	0.9110
	 

	10
	44
	 
	 
	 
	 
	0.1851
	1.0572
	 
	 
	91.72%
	0.9076
	 

	10
	44
	 
	 
	 
	 
	0.1869
	1.0673
	 
	 
	90.88%
	0.9081
	 

	10
	44
	 
	 
	 
	 
	0.1704
	0.9729
	 
	 
	78.29%
	0.8935
	 

	10
	44
	 
	 
	 
	 
	0.1700
	0.9706
	 
	 
	83.02%
	0.8817
	 

	Average
	0.2268
	1.2953
	0.2343
	1.3382
	0.1832
	1.0459
	89.89%
	86.39%
	86.37%
	0.9075
	0.9658

	Std. Dev.
	0.0368
	0.2102
	0.0299
	0.1710
	0.0091
	0.0522
	2.81%
	0.48%
	6.42%
	0.0169
	0.0337


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E1 dowel bar configuration under nominal load of 58 kN (13 kip) 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	13
	58
	0.2572
	1.4689
	0.2578
	1.4722
	0.1950
	1.1135
	88.89%
	86.18%
	79.75%
	0.9027
	0.9977

	13
	58
	0.2044
	1.1670
	0.2139
	1.2214
	0.1880
	1.0735
	91.76%
	89.05%
	94.87%
	0.9474
	0.9555

	13
	58
	 
	 
	 
	 
	0.2002
	1.1430
	 
	 
	83.22%
	0.9163
	 

	13
	58
	 
	 
	 
	 
	0.1867
	1.0661
	 
	 
	88.78%
	0.9184
	 

	13
	58
	 
	 
	 
	 
	0.1881
	1.0743
	 
	 
	88.89%
	0.9190
	 

	13
	58
	 
	 
	 
	 
	0.1692
	0.9659
	 
	 
	78.75%
	0.9058
	 

	13
	58
	 
	 
	 
	 
	0.1692
	0.9662
	 
	 
	81.71%
	0.9013
	 

	Average
	0.2308
	1.3180
	0.2359
	1.3468
	0.1852
	1.0575
	90.32%
	87.61%
	85.14%
	0.9159
	0.9766

	Std. Dev.
	0.0374
	0.2134
	0.0311
	0.1774
	0.0119
	0.0680
	2.03%
	2.03%
	5.88%
	0.0158
	0.0298


FWD data for I-490 East, Monroe, Rochester on June 21, 2011 with E1 dowel bar configuration under nominal load of 80 kN (18 kip) 

	Load
	DO L
	DO A
	DO M
	LTE L
	LTE A
	SPR
	D3/D0 M
	JSR

	(kip)
	(kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	(mil/kip)
	(µm/kN)
	
	
	
	
	

	18
	80
	0.2459
	1.4038
	0.2456
	1.4023
	0.1878
	1.0724
	87.19%
	86.14%
	79.68%
	0.1878
	1.0011

	18
	80
	0.1942
	1.1088
	0.2081
	1.1885
	0.1835
	1.0476
	92.13%
	87.19%
	94.68%
	0.1835
	0.9329

	18
	80
	 
	 
	 
	 
	0.1951
	1.1139
	 
	 
	83.62%
	0.1951
	 

	18
	80
	 
	 
	 
	 
	0.1821
	1.0398
	 
	 
	87.92%
	0.1821
	 

	18
	80
	 
	 
	 
	 
	0.1820
	1.0391
	 
	 
	87.90%
	0.1820
	 

	18
	80
	 
	 
	 
	 
	0.1695
	0.9679
	 
	 
	78.02%
	0.1695
	 

	18
	80
	 
	 
	 
	 
	0.1700
	0.9709
	 
	 
	81.82%
	0.1700
	 

	Average
	0.2200
	1.2563
	0.2269
	1.2954
	0.1814
	1.0359
	89.66%
	86.67%
	84.81%
	0.1814
	0.9670

	Std. Dev.
	0.0365
	0.2086
	0.0265
	0.1511
	0.0092
	0.0523
	3.50%
	0.74%
	5.76%
	0.0092
	0.0482


Appendix H: Supplemental falling weight testing data from I86 Hinsdale
Summarized FWD Test Data Averages (1 μm/kN = 0.175 mil/kip).

	Date
	Drop 1
	Drop 2
	Drop 3

	
	NDf-0
	LTE
	JSR
	MidSlab

SPR
	NDf-0
	LTE
	JSR
	MidSlab

SPR
	NDf-0
	LTE
	JSR
	MidSlab

SPR

	
	(μm/kN)
	(%)
	
	
	(μm/kN)
	
	
	
	(μm/kN)
	
	
	

	
	Approach
	Leave
	MidSlab
	Approach
	Leave
	
	(%)
	Approach
	Leave
	MidSlab
	Approach
	Leave
	
	(%)
	Approach
	Leave
	MidSlab
	Approach
	Leave
	
	(%)

	Section 1: Crack & Seated

	Jun-2006
	1.631
	1.769
	
	80.0
	79.9
	1.076
	
	1.663
	1.779
	
	86.3
	81.2
	1.069
	
	1.671
	1.772
	
	84.3
	82.0
	1.054
	

	Nov-2006
	1.493
	1.545
	1.363
	78.1
	74.3
	1.038
	62.3
	1.402
	1.458
	1.147
	87.6
	82.8
	1.050
	75.6
	1.518
	1.613
	1.348
	84.5
	78.3
	1.066
	66.9

	Mar-2007
	2.113
	2.195
	4.623
	76.8
	72.9
	1.043
	74.1
	2.174
	2.250
	4.720
	77.4
	73.8
	1.040
	74.2
	2.219
	2.291
	4.768
	77.9
	74.4
	1.038
	74.4

	Oct-2007
	1.494
	1.545
	3.097
	76.6
	72.3
	1.034
	69.4
	1.556
	1.601
	3.114
	76.8
	73.8
	1.030
	69.8
	1.607
	1.648
	3.120
	77.0
	74.3
	1.027
	69.9

	May-2008 (1)
	1.609
	1.683
	3.805
	87.9
	84.7
	1.027
	70.0
	1.750
	1.808
	3.785
	87.0
	84.4
	1.028
	70.1
	1.709
	1.764
	3.622
	86.2
	84.8
	1.019
	70.5

	May-2008 (2)
	1.609
	1.683
	
	67.9
	67.3
	1.031
	
	1.657
	1.741
	
	67.1
	68.4
	1.064
	
	1.662
	1.726
	
	69.0
	71.2
	1.048
	

	Oct-2008
	2.146
	2.277
	1.156
	65.7
	66.2
	1.065
	70.8
	2.163
	2.281
	1.188
	67.0
	68.1
	1.060
	70.5
	2.128
	2.231
	1.213
	68.4
	70.5
	1.051
	70.5

	May-2009
	1.750
	1.797
	3.394
	72.4
	72.2
	1.023
	62.0
	1.773
	1.824
	3.387
	74.5
	73.2
	1.025
	62.2
	1.760
	1.803
	3.294
	75.3
	74.5
	1.017
	62.4

	Section 2: Rubblized

	Jun-2006
	2.090
	2.220
	-
	85.1
	84.7
	1.056
	-
	2.151
	2.234
	-
	84.8
	86.6
	1.023
	-
	2.148
	2.244
	-
	84.7
	87.1
	1.038
	-

	Nov-2006
	1.571
	1.635
	1.595
	76.6
	72.3
	1.041
	62.8
	1.632
	1.687
	1.606
	77.3
	73.8
	1.036
	63.3
	1.703
	1.756
	1.637
	78.7
	74.6
	1.036
	63.7

	Mar-2007
	2.270
	2.279
	2.918
	74.6
	73.3
	1.012
	70.3
	2.315
	2.302
	2.968
	75.3
	74.2
	1.005
	70.5
	2.340
	2.309
	2.979
	75.8
	74.7
	0.999
	70.7

	Oct-2007
	1.604
	1.626
	2.403
	65.5
	64.2
	1.014
	66.5
	1.673
	1.686
	2.400
	67.1
	62.8
	1.011
	66.8
	1.731
	1.737
	2.412
	68.5
	64.7
	1.012
	66.9

	May-2008 (1)
	1.831
	1.873
	3.482
	77.9
	78.0
	1.017
	68.0
	1.863
	1.896
	3.481
	79.8
	79.3
	1.012
	68.8
	1.808
	1.849
	3.361
	80.4
	80.4
	1.001
	68.5

	May-2008 (2)
	1.917
	1.946
	-
	61.4
	67.9
	1.020
	-
	1.937
	1.968
	-
	64.1
	71.1
	1.020
	-
	1.904
	1.927
	-
	66.7
	73.4
	1.014
	-

	Oct-2008
	2.023
	2.114
	1.075
	65.5
	65.8
	1.049
	64.1
	2.042
	2.120
	1.109
	66.8
	67.5
	1.043
	64.9
	2.009
	2.079
	1.117
	68.8
	69.4
	1.039
	65.5

	May-2009
	1.972
	1.990
	3.853
	65.9
	65.7
	1.001
	62.7
	1.991
	2.012
	3.868
	66.3
	67.5
	1.005
	62.3
	1.974
	1.981
	3.768
	68.4
	69.7
	0.996
	63.3

	Section 3: Untreated

	Jun-2006
	0.876
	0.920
	-
	73.4
	81.1
	1.032
	-
	0.883
	0.932
	-
	96.2
	82.3
	1.045
	-
	0.886
	0.918
	-
	101.2
	84.7
	1.021
	-

	Nov-2006
	1.226
	1.215
	1.027
	74.6
	73.3
	0.995
	64.4
	1.275
	1.261
	1.071
	75.1
	73.8
	0.995
	64.4
	1.306
	1.297
	1.106
	76.6
	77.1
	0.995
	64.9

	Mar-2007
	1.335
	1.360
	2.600
	73.4
	69.8
	1.029
	66.9
	1.366
	1.387
	2.545
	74.5
	71.2
	1.026
	67.2
	1.389
	1.415
	2.566
	75.1
	71.8
	1.026
	67.4

	Oct-2007
	1.942
	1.809
	1.021
	57.7
	63.1
	0.939
	68.0
	1.969
	1.828
	1.080
	59.6
	63.8
	0.936
	67.8
	1.962
	1.833
	1.109
	60.5
	63.8
	0.938
	68.0

	May-2008 (1)
	1.325
	1.362
	2.652
	71.2
	70.4
	1.028
	63.0
	1.345
	1.379
	2.616
	72.3
	71.5
	1.024
	63.3
	1.335
	1.363
	2.503
	73.3
	73.1
	1.017
	63.6

	May-2008 (2)
	1.446
	1.406
	-
	67.1
	76.3
	0.986
	-
	1.469
	1.402
	-
	67.9
	78.5
	0.972
	-
	1.457
	1.395
	-
	70.2
	79.7
	0.973
	-

	Oct-2008
	2.065
	2.146
	0.940
	64.4
	64.6
	1.051
	71.8
	2.050
	2.139
	0.973
	66.2
	66.3
	1.053
	71.1
	1.990
	2.080
	0.980
	68.0
	68.6
	1.050
	71.8

	May-2009
	1.307
	1.332
	2.439
	68.6
	67.5
	1.031
	61.2
	1.326
	1.361
	2.417
	69.8
	68.2
	1.039
	61.0
	1.331
	1.360
	2.297
	70.2
	69.9
	1.027
	61.7


FWD Test Data (20-June-2006) (1 μm/kN = 0.175 mil/kip).

	20-June-2006

	Joint
	NDf-0
	LTE
	JSR

	
	(mils/kip)
	(%)
	

	
	Approach
	Leave
	Approach
	Leave
	

	N
	Type
	Drop 1
	Drop 2
	Drop 3
	Drop 1
	Drop 2
	Drop 3
	Drop 1
	Drop 2
	Drop 3
	Drop 1
	Drop 2
	Drop 3
	Drop 1
	Drop 2
	Drop 3

	Section 3: Untreated

	1
	RJ
	0.147
	0.147
	0.150
	0.156
	0.163
	0.157
	52.5
	102.3
	107.0
	88.8
	86.3
	89.3
	1.019
	1.090
	1.023

	2
	RJ
	0.157
	0.154
	0.150
	0.149
	0.148
	0.148
	73.0
	84.6
	85.9
	83.8
	87.6
	89.7
	0.945
	0.952
	0.983

	3
	RJ
	0.167
	0.172
	0.176
	0.184
	0.190
	0.196
	72.6
	81.2
	81.3
	71.3
	72.1
	70.9
	1.074
	1.088
	1.090

	4
	RJ
	0.142
	0.146
	0.144
	0.149
	0.149
	0.147
	88.2
	99.5
	113.1
	81.8
	84.4
	85.7
	1.028
	1.024
	1.018

	5
	RJ
	0.153
	0.154
	0.155
	0.167
	0.166
	0.156
	80.5
	113.3
	118.5
	79.8
	81.3
	88.0
	1.094
	1.071
	0.990

	6
	SJ
	0.201
	0.207
	0.207
	0.198
	0.194
	0.190
	119.9
	87.3
	107.8
	80.0
	71.2
	73.0
	0.941
	0.907
	0.914

	7
	SJ
	0.175
	0.180
	0.172
	0.172
	0.179
	0.175
	82.6
	91.3
	88.5
	83.3
	80.6
	83.1
	1.006
	1.025
	1.054

	8
	SJ
	0.155
	0.144
	0.151
	0.144
	0.146
	0.146
	108.3
	75.0
	110.1
	84.4
	82.2
	81.5
	0.987
	1.033
	1.000

	9
	SJ
	0.156
	0.204
	0.203
	0.191
	0.204
	0.203
	88.3
	115.9
	111.8
	83.5
	85.3
	82.4
	0.903
	1.018
	1.034

	10
	SJ
	0.201
	0.203
	0.203
	0.189
	0.193
	0.196
	90.9
	84.3
	86.3
	84.0
	84.5
	83.0
	0.988
	0.983
	1.352

	Section 2: Rubblized

	1
	SJ
	0.413
	0.418
	0.411
	0.420
	0.437
	0.422
	94.1
	89.8
	94.7
	90.4
	87.3
	88.5
	0.995
	1.031
	1.038

	2
	SJ
	0.481
	0.479
	0.475
	0.531
	0.534
	0.521
	87.9
	85.0
	90.0
	93.1
	94.5
	94.4
	1.116
	1.099
	1.084

	3
	SJ
	0.444
	0.446
	0.442
	0.459
	0.461
	0.451
	98.3
	106.9
	105.8
	88.5
	88.9
	90.6
	1.020
	1.020
	1.023

	4
	SJ
	0.406
	0.425
	0.418
	0.452
	0.468
	0.453
	89.5
	92.0
	94.3
	93.3
	93.3
	93.0
	1.084
	1.082
	1.088

	5
	SJ
	0.380
	0.391
	0.382
	0.399
	0.410
	0.406
	90.7
	89.0
	89.5
	85.2
	85.0
	85.6
	1.044
	1.038
	1.076

	6
	RJ
	0.400
	0.404
	0.413
	0.417
	0.428
	0.422
	81.6
	83.8
	78.6
	76.8
	80.0
	81.5
	1.005
	1.055
	1.012

	7
	RJ
	0.347
	0.369
	0.364
	0.366
	0.366
	0.377
	90.3
	87.8
	93.2
	90.1
	91.3
	90.2
	1.071
	0.986
	1.027

	8
	RJ
	0.367
	0.379
	0.373
	0.434
	0.400
	0.398
	81.3
	78.4
	81.4
	74.0
	80.7
	82.5
	1.172
	1.015
	1.057

	9
	RJ
	0.341
	0.354
	0.353
	0.359
	0.371
	0.379
	85.7
	84.4
	82.3
	88.9
	89.2
	87.4
	1.052
	1.050
	1.060

	10
	RJ
	0.375
	0.377
	0.378
	0.369
	0.391
	0.389
	86.7
	89.7
	88.0
	94.0
	91.8
	93.9
	0.979
	1.011
	1.033

	Section 1: Crack & Seated

	1
	RJ
	0.281
	0.297
	0.298
	0.302
	0.306
	0.306
	90.2
	83.5
	86.8
	90.0
	91.0
	92.0
	1.063
	1.022
	1.023

	2
	RJ
	0.292
	0.274
	0.279
	0.310
	0.320
	0.313
	94.3
	97.3
	88.4
	72.7
	73.7
	75.2
	1.053
	1.164
	1.118

	3
	RJ
	0.279
	0.287
	0.285
	0.317
	0.302
	0.308
	71.7
	87.5
	83.9
	77.4
	83.7
	83.3
	1.114
	1.049
	1.072

	4
	RJ
	0.282
	0.278
	0.289
	0.295
	0.291
	0.291
	80.2
	87.6
	83.2
	86.4
	86.2
	86.9
	1.052
	1.055
	1.015

	5
	RJ
	0.346
	0.353
	0.358
	0.380
	0.385
	0.387
	58.9
	78.4
	77.1
	72.2
	74.2
	76.2
	1.094
	1.086
	1.052

	6
	SJ
	0.273
	0.277
	0.274
	0.261
	0.271
	0.265
	83.9
	85.5
	86.8
	84.6
	85.8
	86.2
	0.944
	0.961
	0.968

	7
	SJ
	0.268
	0.267
	0.263
	0.270
	0.274
	0.275
	70.9
	85.1
	92.9
	85.7
	86.7
	86.0
	1.000
	1.028
	1.038

	8
	SJ
	0.334
	0.337
	0.337
	0.365
	0.379
	0.376
	75.7
	72.3
	72.2
	73.7
	73.3
	74.0
	1.090
	1.119
	1.119

	9
	RJ
	0.272
	0.282
	0.276
	0.280
	0.290
	0.284
	76.3
	86.7
	88.2
	81.6
	79.5
	80.5
	1.020
	1.024
	1.041

	10
	RJ
	0.248
	0.268
	0.265
	0.284
	0.288
	0.283
	88.8
	83.2
	82.5
	79.1
	80.1
	79.9
	1.139
	1.081
	1.057


FWD Test Data (C&S Section, 28-Novemeber-2006) (1 μm/kN = 0.175 mil/kip).
	Section 1: Cracked & Seated

	28-November-2006

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.263
	0.298
	0.296
	0.301
	0.261
	0.308
	0.232
	0.192
	0.221
	91.4
	83.4
	85.9
	80.4
	92.5
	78.9
	1.141
	0.876
	1.045
	66.2
	81.4
	73.3

	2
	RJ
	0.299
	0.276
	0.293
	0.301
	0.292
	0.307
	0.244
	0.176
	0.225
	76.4
	85.9
	82.1
	75.6
	80.4
	77.6
	1.010
	1.057
	1.039
	63.0
	86.3
	70.0

	3
	RJ
	0.269
	0.246
	0.266
	0.288
	0.288
	0.304
	0.227
	0.211
	0.230
	86.4
	97.4
	92.0
	78.9
	80.7
	78.3
	1.070
	1.175
	1.149
	65.6
	72.2
	68.8

	4
	RJ
	0.284
	0.249
	0.292
	0.303
	0.251
	0.289
	0.228
	0.174
	0.227
	82.0
	96.2
	84.3
	72.9
	91.8
	81.5
	1.070
	1.006
	0.996
	61.5
	80.4
	64.9

	5
	RJ
	0.294
	0.251
	0.299
	0.301
	0.287
	0.307
	0.223
	0.189
	0.222
	70.8
	85.6
	74.3
	67.9
	73.8
	71.0
	1.021
	1.138
	1.024
	61.7
	73.1
	65.6

	6
	RJ
	0.239
	0.210
	0.251
	0.269
	0.253
	0.275
	0.192
	0.192
	0.203
	84.6
	98.9
	85.3
	72.0
	80.2
	75.9
	1.127
	1.204
	1.097
	67.6
	70.1
	69.4

	7
	RJ
	0.261
	0.254
	0.274
	0.278
	0.268
	0.280
	0.214
	0.190
	0.224
	79.7
	84.6
	81.6
	73.1
	78.0
	77.8
	1.052
	1.052
	1.024
	61.8
	70.3
	63.6

	8
	RJ
	0.266
	0.297
	0.292
	0.324
	0.316
	0.353
	0.249
	0.232
	0.267
	86.9
	80.7
	85.7
	68.0
	73.1
	68.0
	1.226
	1.061
	1.215
	64.3
	69.9
	64.4

	9
	RJ
	0.294
	0.308
	0.331
	0.344
	0.329
	0.369
	0.273
	0.250
	0.279
	82.9
	83.1
	81.2
	69.4
	76.5
	70.8
	1.168
	1.069
	1.121
	63.5
	70.1
	65.7

	10
	RJ
	0.316
	0.308
	0.335
	0.306
	0.315
	0.335
	0.249
	0.206
	0.275
	80.7
	85.7
	82.0
	82.0
	82.5
	79.8
	0.963
	1.023
	1.005
	64.6
	77.4
	63.0

	11
	RJ
	0.298
	0.256
	0.311
	0.236
	0.277
	0.316
	0.239
	0.174
	0.269
	79.6
	97.5
	83.9
	97.3
	86.6
	79.8
	0.789
	1.087
	1.014
	60.3
	82.1
	60.1

	12
	RJ
	0.253
	0.293
	0.301
	0.284
	0.324
	0.331
	0.240
	0.180
	0.246
	73.6
	66.7
	68.5
	67.8
	63.8
	66.2
	1.130
	1.108
	1.106
	57.7
	76.3
	61.5

	13
	RJ
	0.292
	0.240
	0.294
	0.283
	0.232
	0.316
	0.202
	0.187
	0.235
	75.6
	95.1
	81.6
	77.4
	98.3
	74.9
	0.967
	0.964
	1.071
	66.4
	73.9
	63.2

	14
	RJ
	0.260
	0.213
	0.286
	0.255
	0.266
	0.258
	0.210
	0.184
	0.237
	76.8
	98.5
	77.8
	75.1
	78.0
	83.8
	0.980
	1.244
	0.904
	65.8
	76.2
	64.2

	15
	RJ
	0.280
	0.225
	0.261
	0.278
	0.280
	0.289
	0.225
	0.190
	0.202
	73.6
	95.4
	87.0
	72.5
	75.9
	77.7
	0.989
	1.244
	1.104
	61.0
	73.1
	71.6

	16
	RJ
	0.230
	0.259
	0.261
	0.237
	0.241
	0.256
	0.238
	0.182
	0.231
	87.6
	81.4
	84.7
	83.5
	85.0
	84.7
	1.032
	0.933
	0.984
	59.5
	77.4
	65.5

	17
	RJ
	0.302
	0.216
	0.278
	0.263
	0.271
	0.310
	0.287
	0.108
	0.280
	59.6
	89.7
	75.7
	68.3
	70.6
	67.1
	0.874
	1.250
	1.107
	53.2
	129.7
	59.4

	18
	RJ
	0.216
	0.234
	0.257
	0.212
	0.280
	0.281
	0.179
	0.161
	0.194
	95.1
	89.8
	89.2
	94.0
	75.4
	79.4
	0.980
	1.197
	1.094
	68.0
	76.9
	68.6

	19
	RJ
	0.248
	0.215
	0.247
	0.238
	0.239
	0.267
	0.194
	0.174
	0.202
	77.8
	94.8
	87.4
	79.0
	82.8
	78.2
	0.957
	1.118
	1.090
	64.2
	72.9
	66.9

	20
	RJ
	0.262
	0.247
	0.275
	0.247
	0.294
	0.299
	0.219
	0.188
	0.221
	78.6
	87.3
	82.5
	83.6
	74.1
	75.7
	0.935
	1.191
	1.093
	65.0
	76.1
	68.2

	21
	RJ
	0.297
	0.237
	0.254
	0.303
	0.249
	0.282
	0.226
	0.192
	0.209
	69.4
	91.0
	89.1
	65.3
	85.4
	78.8
	1.025
	1.047
	1.107
	63.3
	75.1
	72.0

	22
	RJ
	0.248
	0.218
	0.260
	0.244
	0.212
	0.276
	0.236
	0.217
	0.233
	82.0
	98.6
	86.7
	83.0
	99.6
	80.6
	0.987
	0.971
	1.064
	61.4
	67.9
	65.6

	23
	RJ
	0.249
	0.235
	0.270
	0.267
	0.241
	0.250
	0.204
	0.194
	0.197
	76.8
	86.5
	79.5
	71.9
	84.0
	86.5
	1.069
	1.034
	0.927
	65.0
	70.6
	72.5

	24
	RJ
	0.270
	0.243
	0.250
	0.288
	0.218
	0.252
	0.238
	0.160
	0.238
	76.0
	89.8
	91.5
	69.4
	98.9
	88.7
	1.067
	0.898
	1.007
	61.7
	89.3
	65.8

	25
	RJ
	0.235
	0.232
	0.238
	0.282
	0.239
	0.266
	0.219
	0.251
	0.226
	89.6
	94.9
	97.0
	73.4
	90.1
	84.9
	1.203
	1.031
	1.121
	70.8
	64.4
	72.0

	26
	RJ
	0.257
	0.222
	0.237
	0.244
	0.253
	0.260
	0.228
	0.198
	0.193
	74.4
	90.7
	89.2
	77.0
	78.1
	80.3
	0.950
	1.143
	1.101
	62.3
	71.9
	75.4

	27
	RJ
	0.209
	0.181
	0.205
	0.254
	0.219
	0.211
	0.233
	0.124
	0.242
	91.4
	110.9
	102.3
	74.1
	88.8
	97.2
	1.207
	1.210
	1.023
	57.1
	101.7
	60.7

	28
	RJ
	0.270
	0.232
	0.261
	0.306
	0.229
	0.287
	0.285
	0.261
	0.230
	75.0
	92.5
	87.8
	65.6
	94.8
	80.0
	1.125
	0.983
	1.097
	54.4
	60.7
	69.8

	29
	RJ
	0.239
	0.269
	0.272
	0.245
	0.255
	0.271
	 
	
	 
	77.0
	73.4
	76.8
	75.1
	77.0
	75.6
	1.032
	0.946
	0.998
	
	
	 

	30
	SJ
	0.288
	0.220
	0.258
	0.275
	0.219
	0.253
	0.249
	0.202
	0.210
	71.6
	97.8
	87.0
	72.8
	95.6
	85.6
	0.959
	0.996
	0.988
	61.0
	74.0
	73.3

	31
	SJ
	0.263
	0.223
	0.263
	0.292
	0.221
	0.223
	0.227
	0.198
	0.213
	74.6
	92.5
	82.6
	64.9
	90.6
	94.1
	1.113
	0.989
	0.851
	61.2
	73.3
	71.1

	32
	SJ
	0.308
	0.250
	0.290
	0.295
	0.235
	0.287
	0.205
	0.229
	0.237
	68.4
	88.3
	80.2
	69.8
	91.6
	79.7
	0.966
	0.943
	0.985
	69.0
	64.1
	64.7

	33
	SJ
	0.260
	0.249
	0.288
	0.284
	0.231
	0.245
	0.255
	0.229
	0.252
	77.6
	85.1
	77.4
	67.9
	86.5
	88.5
	1.094
	0.935
	0.851
	58.5
	65.8
	63.0

	34
	RJ
	0.265
	0.217
	0.227
	0.231
	0.250
	0.249
	0.230
	0.185
	0.211
	58.8
	76.8
	78.8
	65.8
	64.1
	69.7
	0.876
	1.158
	1.107
	56.8
	69.6
	64.6

	35
	RJ
	0.294
	0.258
	0.254
	0.316
	0.270
	0.286
	0.185
	0.116
	0.168
	66.4
	78.6
	83.0
	61.1
	74.3
	72.9
	1.076
	1.046
	1.116
	55.4
	85.8
	66.2

	36
	RJ
	0.252
	0.216
	0.215
	0.285
	0.246
	0.268
	 
	
	 
	74.5
	89.8
	95.5
	69.5
	82.6
	79.5
	1.126
	1.135
	1.248
	
	
	 

	37
	RJ
	0.231
	0.194
	0.211
	0.235
	0.187
	0.221
	0.306
	0.247
	0.265
	73.6
	90.7
	87.6
	71.3
	93.7
	83.2
	1.014
	0.967
	1.042
	56.2
	67.9
	65.6

	38
	RJ
	0.252
	0.224
	0.244
	0.233
	0.227
	0.257
	0.213
	0.226
	0.211
	69.5
	82.8
	80.5
	75.0
	79.6
	74.5
	0.921
	1.014
	1.051
	69.3
	66.9
	74.1

	39
	RJ
	0.262
	0.197
	0.247
	0.234
	0.206
	0.246
	0.266
	0.211
	0.265
	73.0
	101.2
	84.8
	78.7
	93.5
	82.1
	0.891
	1.044
	1.002
	60.2
	75.7
	65.3

	40
	RJ
	0.212
	0.216
	0.209
	0.220
	0.181
	0.231
	0.284
	0.216
	0.225
	76.6
	80.7
	88.5
	74.2
	94.3
	78.8
	1.040
	0.839
	1.109
	59.3
	78.1
	77.3

	41
	RJ
	0.271
	0.224
	0.271
	0.250
	0.265
	0.254
	0.251
	0.180
	0.250
	72.3
	91.5
	79.3
	77.5
	76.1
	82.7
	0.922
	1.184
	0.940
	61.6
	83.9
	65.3

	42
	RJ
	0.259
	0.242
	0.250
	0.257
	0.223
	0.250
	0.249
	0.217
	0.249
	74.8
	84.0
	86.2
	73.8
	88.7
	84.6
	0.992
	0.925
	1.005
	60.9
	69.8
	64.3

	43
	RJ
	0.249
	0.244
	0.263
	0.302
	0.244
	0.315
	0.233
	0.257
	0.283
	83.0
	88.0
	87.6
	68.3
	89.6
	73.8
	1.221
	0.994
	1.196
	68.7
	65.8
	63.0

	44
	RJ
	0.260
	0.236
	0.258
	0.322
	0.265
	0.261
	0.281
	0.243
	0.255
	78.9
	91.6
	90.0
	63.6
	81.3
	88.9
	1.240
	1.114
	1.000
	59.7
	69.6
	69.9

	45
	RJ
	0.212
	0.408
	0.288
	0.264
	0.266
	0.306
	0.297
	0.279
	0.301
	97.0
	53.6
	81.2
	74.7
	80.2
	74.4
	1.245
	0.658
	1.062
	64.1
	68.8
	66.6

	46
	RJ
	0.328
	0.297
	0.322
	0.305
	0.279
	0.306
	0.260
	0.247
	0.260
	63.0
	72.3
	71.7
	66.6
	76.7
	75.2
	0.923
	0.936
	0.946
	63.4
	66.3
	65.2

	47
	RJ
	0.237
	0.229
	0.239
	0.251
	0.251
	0.251
	0.300
	0.270
	0.277
	80.8
	87.2
	88.6
	75.1
	80.4
	85.1
	1.058
	1.093
	1.048
	59.6
	65.2
	64.8

	48
	RJ
	0.220
	0.239
	0.249
	0.219
	0.198
	0.322
	 
	 
	 
	82.1
	78.7
	80.5
	80.2
	93.2
	60.3
	1.000
	0.833
	1.307
	 
	 
	 


FWD Test Data (Rubblized Section, 28-Novemeber-2006) (1 μm/kN = 0.175 mil/kip).
	Section 2: Rubblized

	28-November-2006

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.267
	0.276
	0.292
	0.275
	0.288
	0.304
	0.312
	0.311
	0.316
	76.9
	78.2
	79.1
	72.6
	73.4
	74.3
	1.031
	1.046
	1.037
	65.5
	65.7
	65.8

	2
	RJ
	0.294
	0.307
	0.323
	0.306
	0.320
	0.332
	0.320
	0.319
	0.322
	81.9
	82.5
	83.5
	77.7
	79.0
	79.1
	1.035
	1.041
	1.040
	62.4
	62.9
	63.8

	3
	RJ
	0.316
	0.331
	0.348
	0.324
	0.335
	0.346
	0.285
	0.285
	0.291
	67.3
	66.9
	69.0
	69.3
	72.0
	73.2
	1.020
	1.012
	0.995
	62.0
	62.9
	63.4

	4
	SJ
	0.303
	0.313
	0.325
	0.307
	0.317
	0.328
	0.314
	0.317
	0.319
	81.2
	81.7
	82.7
	76.6
	78.0
	78.7
	1.014
	1.015
	1.011
	62.7
	63.1
	63.7

	5
	SJ
	0.290
	0.301
	0.314
	0.283
	0.294
	0.306
	0.284
	0.288
	0.297
	76.4
	77.8
	79.0
	75.6
	76.7
	78.4
	0.982
	0.977
	0.964
	64.9
	65.4
	65.6

	6
	SJ
	0.306
	0.313
	0.328
	0.301
	0.314
	0.328
	0.233
	0.239
	0.248
	74.3
	76.5
	76.9
	72.6
	73.5
	75.0
	0.976
	0.995
	0.998
	62.2
	63.0
	63.4

	7
	SJ
	0.267
	0.281
	0.291
	0.288
	0.297
	0.312
	0.242
	0.247
	0.258
	82.1
	79.9
	81.9
	72.3
	74.5
	75.7
	1.075
	1.051
	1.054
	61.4
	62.0
	62.4

	8
	SJ
	0.302
	0.316
	0.330
	0.285
	0.297
	0.308
	0.258
	0.266
	0.272
	70.1
	69.8
	72.5
	72.1
	73.0
	74.8
	0.947
	0.940
	0.945
	61.5
	61.7
	62.7

	9
	RJ
	0.267
	0.280
	0.294
	0.276
	0.285
	0.296
	0.281
	0.280
	0.282
	73.9
	74.1
	76.1
	69.6
	71.4
	72.1
	1.028
	1.014
	1.010
	65.0
	65.6
	65.5

	10
	RJ
	0.248
	0.260
	0.267
	0.262
	0.268
	0.282
	0.282
	0.282
	0.284
	82.0
	81.2
	83.2
	75.2
	77.1
	77.1
	1.073
	1.033
	1.056
	61.0
	60.8
	61.6

	11
	RJ
	0.252
	0.261
	0.269
	0.270
	0.279
	0.288
	0.243
	0.239
	0.251
	77.6
	77.6
	78.9
	70.9
	72.4
	73.6
	1.072
	1.063
	1.057
	60.9
	63.3
	62.6

	12
	RJ
	0.237
	0.244
	0.255
	0.259
	0.265
	0.275
	0.252
	0.258
	0.265
	79.4
	80.3
	81.5
	71.6
	73.2
	74.2
	1.090
	1.087
	1.082
	60.0
	60.5
	61.1

	13
	RJ
	0.269
	0.278
	0.291
	0.282
	0.288
	0.301
	0.263
	0.270
	0.276
	76.7
	78.1
	79.5
	71.3
	74.1
	75.0
	1.047
	1.031
	1.041
	62.5
	62.7
	63.7

	14
	RJ
	0.315
	0.323
	0.335
	0.322
	0.331
	0.341
	0.322
	0.321
	0.323
	69.3
	71.7
	73.9
	64.0
	65.7
	67.5
	1.024
	1.027
	1.027
	64.1
	64.8
	65.0

	15
	RJ
	0.304
	0.314
	0.327
	0.323
	0.331
	0.339
	0.251
	0.260
	0.269
	76.3
	77.3
	78.4
	72.0
	73.1
	74.5
	1.059
	1.053
	1.044
	65.4
	64.6
	65.3

	16
	RJ
	0.277
	0.288
	0.300
	0.280
	0.290
	0.302
	0.300
	0.305
	0.306
	79.6
	78.8
	79.8
	76.0
	76.2
	76.8
	1.012
	1.008
	1.010
	64.4
	64.2
	64.6

	17
	RJ
	0.278
	0.287
	0.299
	0.273
	0.284
	0.300
	0.245
	0.248
	0.255
	75.1
	77.2
	78.7
	74.1
	75.1
	75.9
	0.992
	0.994
	1.006
	61.1
	62.0
	62.6

	18
	RJ
	0.253
	0.265
	0.278
	0.268
	0.278
	0.292
	0.276
	0.279
	0.285
	80.3
	80.8
	81.8
	75.8
	76.3
	76.1
	1.054
	1.051
	1.061
	61.9
	62.1
	62.7


FWD Test Data (Untreated Section, 28-Novemeber-2006) (1 μm/kN = 0.175 mil/kip).
	Section 3: Untreated

	28-November-2006

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.283
	0.296
	0.283
	0.274
	0.283
	0.279
	0.188
	0.202
	0.204
	83.8
	85.8
	85.1
	84.8
	84.4
	84.9
	0.966
	0.964
	0.973
	66.9
	66.2
	66.4

	2
	RJ
	0.249
	0.255
	0.251
	0.246
	0.254
	0.248
	0.169
	0.176
	0.185
	84.4
	84.7
	85.5
	83.0
	83.5
	84.4
	0.996
	1.003
	0.991
	68.2
	68.6
	68.2

	3
	RJ
	0.245
	0.250
	0.247
	0.232
	0.241
	0.240
	0.176
	0.185
	0.189
	80.2
	82.1
	83.1
	82.4
	83.3
	84.4
	0.952
	0.974
	0.976
	67.3
	67.0
	66.6

	4
	RJ
	0.252
	0.258
	0.254
	0.258
	0.264
	0.264
	0.191
	0.200
	0.201
	78.7
	79.9
	81.3
	73.3
	75.8
	76.4
	1.021
	1.022
	1.028
	65.5
	64.9
	65.2

	5
	RJ
	0.254
	0.259
	0.257
	0.246
	0.253
	0.254
	0.186
	0.192
	0.198
	81.7
	81.1
	82.4
	80.5
	81.1
	81.6
	0.983
	0.984
	0.981
	65.6
	65.6
	66.2

	6
	RJ
	0.227
	0.231
	0.237
	0.233
	0.240
	0.242
	0.163
	0.175
	0.183
	76.3
	77.2
	78.6
	73.6
	73.9
	75.9
	1.024
	1.035
	1.023
	69.1
	68.6
	69.1

	7
	RJ
	0.248
	0.253
	0.252
	0.259
	0.266
	0.268
	0.179
	0.186
	0.193
	81.0
	82.7
	82.5
	75.4
	75.0
	76.8
	1.056
	1.064
	1.047
	68.0
	68.2
	68.1

	8
	RJ
	0.221
	0.230
	0.235
	0.228
	0.235
	0.242
	0.166
	0.172
	0.181
	77.0
	76.8
	78.4
	74.5
	75.1
	76.3
	1.033
	1.028
	1.031
	69.8
	68.9
	68.0

	9
	RJ
	0.247
	0.253
	0.257
	0.241
	0.249
	0.253
	0.169
	0.178
	0.186
	75.5
	76.4
	78.2
	74.9
	75.4
	76.8
	0.991
	0.997
	0.991
	67.6
	67.9
	68.2

	10
	RJ
	0.221
	0.228
	0.237
	0.239
	0.245
	0.252
	0.163
	0.171
	0.180
	84.0
	84.5
	85.8
	78.9
	79.1
	80.4
	1.071
	1.072
	1.063
	68.4
	68.3
	68.4

	11
	RJ
	0.225
	0.232
	0.238
	0.227
	0.235
	0.240
	0.162
	0.170
	0.178
	76.1
	77.0
	78.4
	72.9
	74.1
	74.2
	1.005
	1.007
	1.008
	69.0
	67.9
	67.6

	12
	RJ
	0.214
	0.223
	0.228
	0.214
	0.221
	0.225
	0.174
	0.179
	0.185
	75.0
	74.6
	75.9
	75.9
	75.1
	77.2
	0.995
	0.993
	0.990
	66.5
	66.7
	66.4

	13
	RJ
	0.234
	0.253
	0.246
	0.233
	0.240
	0.245
	0.193
	0.201
	0.207
	73.4
	71.2
	75.7
	71.6
	72.8
	74.9
	1.000
	0.955
	0.988
	62.1
	62.8
	63.3

	14
	RJ
	0.276
	0.282
	0.288
	0.256
	0.269
	0.270
	0.168
	0.180
	0.185
	74.8
	74.9
	76.5
	77.3
	75.7
	79.1
	0.922
	0.949
	0.939
	63.9
	63.8
	64.8

	15
	RJ
	0.218
	0.227
	0.235
	0.230
	0.240
	0.244
	0.183
	0.191
	0.197
	74.4
	75.2
	76.5
	71.2
	71.0
	73.5
	1.058
	1.049
	1.034
	64.4
	64.4
	66.0

	16
	RJ
	0.228
	0.241
	0.240
	0.219
	0.233
	0.239
	0.162
	0.166
	0.175
	72.6
	70.9
	74.0
	70.8
	70.3
	72.0
	0.986
	0.990
	1.000
	63.1
	64.7
	64.4

	17
	RJ
	0.187
	0.193
	0.200
	0.203
	0.208
	0.213
	0.168
	0.181
	0.186
	82.6
	82.9
	83.6
	75.6
	75.5
	77.2
	1.084
	1.077
	1.075
	64.6
	63.7
	65.1

	18
	RJ
	0.236
	0.244
	0.251
	0.215
	0.223
	0.231
	0.175
	0.197
	0.202
	62.1
	63.7
	66.2
	63.7
	64.4
	66.9
	0.911
	0.918
	0.927
	67.9
	64.9
	66.3

	19
	RJ
	0.237
	0.250
	0.248
	0.221
	0.231
	0.232
	0.195
	0.215
	0.213
	69.4
	69.6
	72.4
	73.4
	74.2
	75.3
	0.932
	0.925
	0.937
	63.9
	61.5
	65.5

	20
	RJ
	0.228
	0.239
	0.243
	0.223
	0.238
	0.238
	0.196
	0.207
	0.219
	75.6
	75.3
	77.6
	75.6
	74.7
	77.7
	0.981
	1.000
	0.982
	64.0
	63.9
	64.4

	21
	RJ
	0.259
	0.272
	0.279
	0.256
	0.266
	0.275
	0.196
	0.208
	0.216
	70.0
	70.9
	74.7
	69.7
	71.6
	73.8
	0.992
	0.982
	0.991
	66.2
	65.9
	66.9

	22
	RJ
	0.256
	0.265
	0.268
	0.242
	0.253
	0.256
	0.176
	0.188
	0.198
	70.1
	70.9
	72.7
	74.6
	74.9
	77.1
	0.946
	0.955
	0.955
	64.6
	64.8
	65.1

	23
	RJ
	0.219
	0.230
	0.241
	0.215
	0.224
	0.231
	0.174
	0.183
	0.190
	70.5
	70.8
	71.5
	74.3
	74.4
	76.3
	0.976
	0.976
	0.955
	66.1
	66.3
	66.5

	24
	RJ
	0.232
	0.241
	0.247
	0.217
	0.227
	0.235
	0.178
	0.193
	0.197
	72.9
	72.2
	74.6
	76.0
	77.1
	77.9
	0.936
	0.940
	0.948
	64.0
	62.1
	63.8

	25
	RJ
	0.222
	0.231
	0.237
	0.205
	0.213
	0.221
	0.185
	0.192
	0.199
	76.2
	75.6
	77.9
	80.9
	81.6
	82.3
	0.924
	0.918
	0.931
	63.0
	63.5
	63.6

	26
	RJ
	0.207
	0.216
	0.225
	0.213
	0.224
	0.233
	0.168
	0.182
	0.183
	75.9
	76.6
	77.4
	72.6
	73.1
	74.2
	1.031
	1.037
	1.033
	65.2
	63.3
	66.3

	27
	RJ
	0.209
	0.218
	0.227
	0.216
	0.220
	0.230
	0.175
	0.189
	0.197
	79.3
	79.9
	80.9
	77.2
	79.1
	78.8
	1.020
	1.000
	1.013
	65.7
	63.2
	64.5

	28
	RJ
	0.219
	0.228
	0.240
	0.217
	0.231
	0.243
	0.191
	0.200
	0.204
	69.1
	69.3
	71.0
	67.2
	65.9
	67.6
	0.986
	1.010
	1.013
	60.9
	61.4
	62.8

	29
	RJ
	0.216
	0.226
	0.226
	0.220
	0.228
	0.234
	0.169
	0.181
	0.188
	78.7
	79.1
	82.0
	75.5
	76.3
	77.7
	1.030
	1.018
	1.027
	62.9
	61.8
	63.2

	30
	RJ
	0.207
	0.220
	0.224
	0.212
	0.219
	0.224
	0.162
	0.167
	0.173
	68.6
	68.2
	71.5
	65.0
	65.0
	66.8
	1.031
	1.000
	1.008
	62.3
	63.7
	63.9

	31
	RJ
	0.205
	0.214
	0.224
	0.202
	0.210
	0.221
	0.167
	0.175
	0.183
	74.6
	75.2
	77.4
	73.3
	74.6
	76.2
	0.990
	0.978
	0.992
	63.4
	63.4
	64.1

	32
	RJ
	0.224
	0.229
	0.239
	0.197
	0.208
	0.215
	0.169
	0.178
	0.188
	62.2
	64.4
	66.7
	66.8
	67.2
	69.3
	0.880
	0.912
	0.903
	64.9
	64.9
	65.4

	33
	RJ
	0.189
	0.201
	0.208
	0.194
	0.203
	0.213
	0.162
	0.174
	0.178
	78.7
	77.6
	79.8
	74.2
	75.4
	76.1
	1.022
	1.008
	1.018
	62.3
	62.1
	63.2

	34
	RJ
	0.184
	0.194
	0.197
	0.192
	0.196
	0.207
	0.153
	0.158
	0.171
	76.7
	76.2
	79.0
	71.8
	73.3
	73.9
	1.052
	1.033
	1.052
	66.4
	67.5
	67.0

	35
	RJ
	0.181
	0.188
	0.196
	0.187
	0.192
	0.199
	0.150
	0.159
	0.163
	78.4
	79.5
	80.8
	72.7
	74.1
	76.0
	1.029
	1.017
	1.012
	62.7
	63.4
	63.6

	36
	RJ
	0.190
	0.196
	0.203
	0.191
	0.198
	0.205
	0.160
	0.165
	0.171
	71.9
	72.6
	74.5
	68.7
	69.6
	71.5
	1.006
	1.008
	1.009
	63.8
	64.4
	65.5

	37
	RJ
	0.193
	0.200
	0.207
	0.203
	0.203
	0.212
	0.162
	0.174
	0.180
	72.9
	73.5
	75.1
	66.8
	69.4
	156.9
	1.050
	1.012
	1.027
	66.5
	65.6
	67.5

	38
	RJ
	0.199
	0.210
	0.217
	0.192
	0.198
	0.203
	0.183
	0.188
	0.195
	71.9
	71.0
	73.2
	71.9
	72.1
	74.6
	0.962
	0.942
	0.932
	62.5
	62.0
	61.8

	39
	RJ
	0.191
	0.201
	0.204
	0.192
	0.199
	0.206
	0.187
	0.196
	0.207
	78.0
	77.7
	78.7
	75.8
	75.6
	76.7
	1.006
	0.996
	1.003
	64.4
	64.1
	64.6

	40
	RJ
	0.201
	0.208
	0.218
	0.197
	0.203
	0.212
	0.198
	0.204
	0.211
	75.0
	74.7
	76.0
	73.0
	73.7
	75.1
	0.984
	0.977
	0.972
	60.5
	61.5
	62.3

	41
	RJ
	0.184
	0.190
	0.200
	0.196
	0.204
	0.210
	0.204
	0.203
	0.213
	75.4
	75.9
	77.8
	70.3
	69.9
	71.0
	1.057
	1.075
	1.057
	68.4
	69.6
	69.0

	42
	RJ
	0.205
	0.210
	0.219
	0.196
	0.203
	0.212
	0.165
	0.166
	0.174
	74.4
	76.3
	77.8
	77.4
	77.8
	79.2
	0.954
	0.966
	0.975
	61.7
	62.7
	62.9

	43
	RJ
	0.202
	0.211
	0.216
	0.207
	0.212
	0.217
	0.197
	0.201
	0.206
	71.2
	70.9
	73.2
	67.5
	68.0
	69.3
	1.016
	1.004
	1.008
	64.8
	66.0
	66.3

	44
	RJ
	0.194
	0.202
	0.211
	0.194
	0.200
	0.207
	0.191
	0.194
	0.197
	76.9
	76.7
	79.1
	75.3
	76.3
	78.5
	1.000
	1.000
	1.000
	63.3
	63.0
	64.0

	45
	RJ
	0.182
	0.176
	0.186
	0.184
	0.191
	0.194
	0.198
	0.193
	0.193
	73.7
	76.8
	76.5
	68.8
	69.9
	71.9
	1.012
	1.086
	1.042
	60.3
	61.7
	62.6

	46
	RJ
	0.185
	0.194
	0.203
	0.175
	0.179
	0.189
	0.186
	0.188
	0.192
	69.1
	70.0
	71.6
	73.3
	74.2
	74.4
	0.943
	0.926
	0.937
	60.9
	61.7
	62.0

	47
	RJ
	0.173
	0.182
	0.189
	0.181
	0.188
	0.194
	0.202
	0.202
	0.206
	72.6
	73.0
	73.8
	66.5
	66.8
	69.0
	1.037
	1.022
	1.019
	61.1
	62.6
	62.6

	48
	RJ
	0.182
	0.187
	0.194
	0.191
	0.194
	0.205
	0.211
	0.216
	0.212
	75.4
	75.8
	76.5
	70.6
	71.6
	100.3
	1.035
	1.030
	1.043
	58.5
	58.4
	60.0

	49
	RJ
	0.177
	0.189
	0.193
	0.164
	0.177
	0.184
	0.210
	0.213
	0.214
	71.1
	70.0
	72.2
	72.9
	71.9
	73.8
	0.934
	0.933
	0.954
	61.8
	60.8
	61.6

	50
	RJ
	0.200
	0.203
	0.212
	0.204
	0.211
	0.216
	0.185
	0.188
	0.192
	72.7
	74.6
	74.4
	69.3
	70.7
	72.3
	1.027
	1.039
	1.025
	63.3
	63.6
	63.9

	51
	RJ
	0.193
	0.200
	0.210
	0.192
	0.199
	0.207
	0.204
	0.209
	0.215
	76.0
	76.1
	76.8
	74.2
	75.1
	76.9
	0.995
	0.992
	0.977
	65.6
	65.2
	65.2

	52
	RJ
	0.261
	0.270
	0.275
	0.213
	0.223
	0.231
	0.178
	0.185
	0.191
	59.5
	60.1
	61.7
	68.2
	68.5
	69.2
	0.818
	0.834
	0.840
	62.9
	62.7
	63.2

	53
	RJ
	0.199
	0.207
	0.215
	0.190
	0.206
	0.209
	0.182
	0.186
	0.199
	79.9
	80.7
	82.0
	79.0
	78.3
	79.8
	0.957
	0.996
	0.977
	63.8
	65.5
	65.5

	54
	RJ
	0.207
	0.217
	0.227
	0.207
	0.213
	0.222
	0.179
	0.176
	0.182
	70.1
	69.6
	71.1
	64.4
	64.9
	65.2
	1.000
	0.981
	0.978
	61.9
	63.6
	63.7

	55
	RJ
	0.175
	0.177
	0.188
	0.190
	0.197
	0.205
	0.185
	0.189
	0.198
	80.5
	82.8
	82.7
	73.0
	72.5
	73.9
	1.085
	1.104
	1.088
	63.6
	64.6
	64.7

	56
	RJ
	0.171
	0.176
	0.185
	0.175
	0.177
	0.186
	0.182
	0.186
	0.193
	77.4
	78.5
	80.1
	76.1
	77.6
	76.9
	1.025
	1.000
	1.003
	64.6
	64.6
	64.6

	57
	RJ
	0.203
	0.215
	0.223
	0.210
	0.215
	0.226
	0.169
	0.178
	0.187
	77.2
	77.0
	78.5
	73.3
	75.2
	76.3
	1.032
	1.004
	1.014
	64.5
	64.7
	64.8

	58
	RJ
	0.185
	0.193
	0.202
	0.193
	0.204
	0.216
	0.200
	0.217
	0.227
	83.9
	85.8
	86.7
	77.3
	76.8
	77.4
	1.040
	1.063
	1.057
	58.9
	58.1
	59.2

	59
	RJ
	0.273
	0.294
	0.306
	0.249
	0.268
	0.283
	0.186
	0.194
	0.203
	49.6
	48.9
	48.5
	63.8
	63.8
	63.3
	0.913
	0.912
	0.928
	63.9
	65.0
	65.3

	60
	RJ
	0.201
	0.210
	0.219
	0.202
	0.209
	0.220
	 
	
	 
	80.2
	81.5
	82.6
	77.9
	79.6
	79.9
	1.016
	1.004
	1.006
	
	
	 

	61
	SJ
	0.202
	0.211
	0.217
	0.192
	0.199
	0.207
	0.201
	0.199
	0.208
	71.4
	70.8
	72.6
	75.4
	72.4
	72.6
	0.947
	0.946
	0.958
	60.0
	61.1
	60.5

	62
	SJ
	0.186
	0.189
	0.197
	0.194
	0.200
	0.202
	0.159
	0.167
	0.168
	76.4
	79.6
	79.8
	71.3
	74.0
	75.8
	1.040
	1.047
	1.028
	63.4
	62.6
	63.6

	63
	SJ
	0.190
	0.198
	0.198
	0.189
	0.193
	0.198
	0.177
	0.181
	0.187
	73.9
	74.1
	75.2
	73.4
	72.4
	73.4
	1.006
	0.984
	0.991
	65.0
	64.7
	64.1

	64
	SJ
	0.183
	0.187
	0.193
	0.176
	0.182
	0.188
	0.197
	0.201
	0.209
	73.7
	73.0
	75.2
	72.1
	73.5
	73.5
	0.965
	0.983
	0.981
	60.6
	60.4
	60.3

	65
	SJ
	0.169
	0.177
	0.183
	0.159
	0.168
	0.174
	0.189
	0.192
	0.194
	79.0
	78.3
	78.3
	79.1
	78.6
	78.4
	0.943
	0.949
	0.943
	60.3
	59.9
	59.7


FWD Test Data (C&S Section, 20-March-2007) (1 μm/kN = 0.175 mil/kip).
	Section 1: Cracked & Seated

	20-March-2007

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.306
	0.319
	0.326
	0.361
	0.373
	0.378
	0.782
	0.799
	0.803
	80.5
	81.8
	82.3
	69.6
	71.5
	72.9
	1.169
	1.151
	1.147
	76.1
	76.3
	76.6

	2
	RJ
	0.392
	0.399
	0.404
	0.390
	0.400
	0.406
	0.594
	0.607
	0.614
	70.3
	72.0
	73.1
	66.3
	67.6
	68.5
	0.990
	1.002
	1.002
	65.8
	66.0
	66.3

	3
	RJ
	0.289
	0.299
	0.308
	0.336
	0.345
	0.351
	0.520
	0.524
	0.518
	84.3
	85.6
	86.1
	74.4
	75.5
	75.7
	1.157
	1.151
	1.141
	67.4
	67.2
	67.4

	4
	RJ
	0.364
	0.372
	0.379
	0.385
	0.395
	0.403
	0.725
	0.733
	0.736
	72.8
	74.2
	74.7
	69.0
	71.0
	71.8
	1.058
	1.062
	1.058
	68.3
	68.4
	68.4

	5
	RJ
	0.380
	0.392
	0.399
	0.408
	0.416
	0.422
	0.737
	0.745
	0.748
	75.5
	77.0
	77.6
	72.4
	73.8
	74.3
	1.070
	1.060
	1.058
	69.7
	69.9
	69.9

	6
	RJ
	0.264
	0.279
	0.290
	0.288
	0.297
	0.302
	0.354
	0.365
	0.371
	77.9
	78.2
	79.0
	71.0
	72.5
	73.4
	1.080
	1.063
	1.048
	66.6
	66.8
	66.8

	7
	RJ
	0.260
	0.268
	0.273
	0.293
	0.299
	0.303
	0.571
	0.573
	0.576
	82.6
	83.4
	83.8
	73.0
	74.9
	75.2
	1.120
	1.109
	1.102
	69.8
	69.7
	69.8

	8
	RJ
	0.364
	0.374
	0.382
	0.384
	0.396
	0.404
	0.723
	0.737
	0.742
	71.1
	73.0
	73.6
	67.0
	67.6
	68.2
	1.053
	1.062
	1.061
	75.8
	76.0
	76.2

	9
	RJ
	0.352
	0.364
	0.369
	0.361
	0.369
	0.374
	0.737
	0.752
	0.755
	85.6
	85.4
	85.8
	82.6
	82.5
	82.8
	1.023
	1.013
	1.011
	74.7
	74.8
	75.1

	10
	RJ
	0.319
	0.333
	0.342
	0.301
	0.316
	0.326
	0.625
	0.643
	0.653
	76.4
	76.7
	76.9
	76.6
	76.2
	76.7
	0.942
	0.949
	0.951
	77.4
	77.7
	78.0

	11
	RJ
	0.349
	0.363
	0.371
	0.408
	0.418
	0.421
	0.803
	0.820
	0.832
	80.5
	81.2
	81.6
	72.4
	73.2
	74.4
	1.160
	1.146
	1.135
	74.6
	74.4
	74.4

	12
	RJ
	0.383
	0.392
	0.397
	0.440
	0.448
	0.453
	0.778
	0.795
	0.805
	83.4
	83.2
	83.6
	73.8
	74.4
	74.9
	1.155
	1.148
	1.140
	75.7
	75.8
	75.9

	13
	RJ
	0.338
	0.357
	0.365
	0.335
	0.352
	0.362
	0.695
	0.710
	0.719
	77.3
	77.7
	78.6
	77.7
	77.6
	78.6
	0.988
	0.987
	0.989
	76.7
	77.1
	77.2

	14
	RJ
	0.339
	0.352
	0.359
	0.378
	0.387
	0.391
	0.685
	0.705
	0.711
	84.1
	82.9
	82.9
	73.7
	74.6
	75.0
	1.108
	1.096
	1.091
	69.7
	69.9
	70.0

	15
	RJ
	0.375
	0.389
	0.399
	0.384
	0.398
	0.407
	0.767
	0.779
	0.789
	77.8
	78.3
	79.0
	74.3
	75.0
	75.6
	1.025
	1.020
	1.025
	74.5
	74.9
	75.2

	16
	RJ
	0.339
	0.346
	0.356
	0.336
	0.343
	0.351
	0.881
	0.902
	0.915
	78.0
	80.2
	79.8
	74.7
	76.6
	77.8
	0.988
	0.993
	0.983
	77.3
	77.7
	78.1

	17
	RJ
	0.412
	0.432
	0.448
	0.376
	0.393
	0.409
	0.771
	0.791
	0.793
	71.5
	72.7
	73.9
	72.7
	72.4
	72.7
	0.912
	0.917
	0.926
	78.6
	78.3
	78.8

	18
	SJ
	0.348
	0.360
	0.372
	0.318
	0.333
	0.339
	0.860
	0.875
	0.878
	80.8
	81.0
	81.0
	84.4
	84.0
	84.5
	0.922
	0.932
	0.926
	72.6
	72.6
	72.8

	19
	SJ
	0.351
	0.361
	0.368
	0.358
	0.370
	0.378
	0.812
	0.819
	0.823
	79.4
	79.8
	80.3
	77.7
	77.7
	78.1
	1.018
	1.022
	1.021
	85.9
	86.1
	86.3

	20
	SJ
	0.405
	0.416
	0.422
	0.423
	0.433
	0.440
	0.949
	0.954
	0.957
	79.9
	80.9
	80.8
	77.0
	77.1
	77.7
	1.038
	1.037
	1.039
	77.1
	77.2
	77.4

	21
	SJ
	0.460
	0.468
	0.475
	0.406
	0.411
	0.415
	0.863
	0.865
	0.879
	75.5
	75.7
	76.3
	85.2
	86.0
	86.1
	0.885
	0.880
	0.880
	67.3
	67.1
	67.1

	22
	SJ
	0.347
	0.363
	0.377
	0.344
	0.356
	0.369
	0.931
	0.954
	0.966
	77.9
	78.6
	78.8
	77.2
	77.9
	78.5
	0.997
	0.987
	0.984
	75.4
	75.5
	75.9

	23
	RJ
	0.367
	0.375
	0.381
	0.386
	0.396
	0.404
	0.966
	0.985
	0.994
	72.3
	73.3
	73.9
	70.0
	70.1
	70.4
	1.054
	1.060
	1.062
	75.8
	76.0
	76.1

	24
	RJ
	0.381
	0.394
	0.399
	0.383
	0.393
	0.398
	1.005
	1.027
	1.042
	70.3
	69.9
	70.7
	67.5
	67.7
	68.2
	1.005
	0.998
	0.992
	77.0
	77.1
	77.3

	25
	RJ
	0.335
	0.351
	0.361
	0.385
	0.398
	0.407
	1.006
	1.026
	1.042
	79.8
	79.6
	80.1
	69.6
	70.9
	71.8
	1.141
	1.131
	1.126
	77.3
	77.7
	78.0

	26
	RJ
	0.380
	0.389
	0.397
	0.385
	0.390
	0.396
	0.999
	1.021
	1.036
	77.8
	77.7
	78.3
	76.5
	77.0
	77.3
	1.005
	1.002
	1.002
	72.9
	73.0
	73.1

	27
	RJ
	0.345
	0.353
	0.359
	0.394
	0.400
	0.403
	1.068
	1.083
	1.092
	70.9
	70.2
	70.1
	63.9
	66.0
	67.0
	1.128
	1.127
	1.128
	76.4
	76.5
	76.8

	28
	RJ
	0.393
	0.398
	0.407
	0.365
	0.370
	0.379
	1.002
	1.033
	1.050
	76.1
	77.0
	76.9
	79.9
	81.0
	81.3
	0.932
	0.926
	0.922
	78.8
	79.1
	79.4

	29
	RJ
	0.501
	0.509
	0.515
	0.516
	0.523
	0.528
	1.054
	1.080
	1.101
	74.3
	74.1
	74.1
	70.3
	70.7
	71.3
	1.025
	1.026
	1.034
	76.4
	76.2
	76.5

	30
	RJ
	0.344
	0.357
	0.367
	0.371
	0.380
	0.389
	0.998
	1.023
	1.015
	80.2
	80.0
	80.3
	73.7
	74.4
	75.2
	1.072
	1.064
	1.054
	72.8
	72.3
	71.5

	31
	RJ
	0.551
	0.551
	0.557
	0.539
	0.541
	0.549
	0.842
	0.861
	0.877
	73.6
	74.3
	74.9
	73.1
	74.0
	74.7
	0.979
	0.981
	0.978
	75.3
	75.2
	75.5

	32
	RJ
	0.512
	0.515
	0.523
	0.464
	0.475
	0.482
	1.047
	1.071
	1.084
	71.0
	72.8
	73.7
	78.3
	78.6
	78.9
	0.917
	0.923
	0.926
	77.1
	77.2
	77.6

	33
	RJ
	0.428
	0.439
	0.447
	0.408
	0.423
	0.435
	0.936
	0.955
	0.967
	74.5
	74.9
	75.4
	77.7
	77.7
	77.9
	0.959
	0.961
	0.966
	76.5
	76.5
	76.8


FWD Test Data (Rubblized Section, 20-March-2007) (1 μm/kN = 0.175 mil/kip).
	Section 2: Rubblized

	20-March-2007

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.401
	0.403
	0.396
	0.441
	0.440
	0.435
	0.290
	0.298
	0.299
	70.8
	72.3
	74.4
	69.2
	73.2
	74.6
	1.106
	1.091
	1.096
	61.0
	61.8
	61.9

	2
	RJ
	0.490
	0.501
	0.505
	0.550
	0.547
	0.539
	0.254
	0.258
	0.261
	84.9
	83.4
	82.8
	70.4
	71.9
	71.6
	1.121
	1.094
	1.077
	64.7
	66.5
	66.7

	3
	SJ
	0.334
	0.347
	0.351
	0.321
	0.328
	0.332
	0.284
	0.290
	0.291
	81.9
	81.7
	81.8
	82.8
	84.2
	84.2
	0.961
	0.947
	0.945
	62.8
	63.6
	63.9

	4
	SJ
	0.340
	0.350
	0.354
	0.320
	0.328
	0.331
	0.329
	0.332
	0.332
	79.6
	80.0
	80.2
	83.0
	83.3
	83.2
	0.938
	0.937
	0.932
	66.0
	67.0
	67.5

	5
	SJ
	0.617
	0.614
	0.604
	0.628
	0.609
	0.590
	0.240
	0.250
	0.254
	71.1
	71.2
	71.2
	56.7
	60.0
	61.1
	1.022
	0.995
	0.982
	66.6
	66.6
	67.3

	6
	SJ
	0.392
	0.398
	0.398
	0.356
	0.362
	0.362
	0.232
	0.239
	0.242
	79.5
	79.6
	79.9
	86.6
	86.4
	86.3
	0.909
	0.917
	0.907
	62.8
	63.6
	63.9

	7
	SJ
	0.410
	0.417
	0.421
	0.353
	0.361
	0.364
	0.234
	0.241
	0.245
	67.1
	68.1
	68.1
	78.6
	79.2
	79.0
	0.869
	0.871
	0.867
	64.0
	64.3
	64.7

	8
	RJ
	0.401
	0.407
	0.413
	0.384
	0.388
	0.389
	0.280
	0.282
	0.284
	67.7
	69.2
	70.2
	69.9
	69.9
	70.7
	0.957
	0.955
	0.948
	69.9
	70.3
	70.3

	9*
	RJ
	0.405
	0.412
	0.413
	0.400
	0.397
	0.396
	0.323
	0.323
	0.325
	79.9
	80.4
	80.5
	79.7
	80.4
	80.2
	0.980
	0.972
	0.969
	61.8
	62.5
	62.7

	10*
	RJ
	0.363
	0.370
	0.376
	0.359
	0.363
	0.364
	0.294
	0.294
	0.294
	71.6
	71.9
	71.7
	71.5
	72.3
	72.9
	0.986
	0.977
	0.966
	61.0
	61.4
	61.3

	11*
	RJ
	0.420
	0.427
	0.436
	0.437
	0.434
	0.431
	0.276
	0.285
	0.288
	80.5
	79.9
	79.9
	72.3
	73.1
	74.2
	1.034
	1.018
	0.997
	61.8
	62.8
	63.1

	12*
	RJ
	0.573
	0.568
	0.569
	0.443
	0.451
	0.456
	0.428
	0.418
	0.410
	57.1
	60.1
	61.7
	80.3
	80.8
	81.0
	0.772
	0.795
	0.806
	67.3
	67.6
	67.6

	13
	RJ
	0.395
	0.402
	0.411
	0.421
	0.428
	0.429
	1.024
	1.038
	1.033
	73.4
	74.4
	74.2
	62.4
	64.6
	65.7
	1.072
	1.069
	1.059
	79.2
	79.2
	79.3

	14
	RJ
	0.542
	0.548
	0.551
	0.392
	0.410
	0.407
	0.191
	0.196
	0.196
	65.6
	66.4
	66.7
	88.4
	87.7
	86.3
	0.731
	0.762
	0.748
	64.7
	64.9
	65.3

	15
	RJ
	0.436
	0.449
	0.453
	0.491
	0.488
	0.489
	0.717
	0.721
	0.705
	86.2
	85.8
	85.6
	73.1
	74.3
	74.4
	1.131
	1.110
	1.097
	71.8
	71.0
	70.9

	16
	RJ
	0.388
	0.399
	0.407
	0.370
	0.377
	0.379
	0.290
	0.293
	0.294
	73.3
	73.4
	73.6
	72.5
	72.9
	73.4
	0.953
	0.948
	0.939
	66.9
	67.7
	67.4

	17
	RJ
	0.312
	0.329
	0.336
	0.306
	0.312
	0.317
	0.619
	0.619
	0.611
	72.5
	72.9
	73.0
	70.9
	72.4
	73.7
	0.977
	0.965
	0.959
	69.9
	69.5
	69.5

	18
	RJ
	0.370
	0.380
	0.381
	0.379
	0.385
	0.386
	0.486
	0.494
	0.495
	57.4
	59.4
	61.1
	57.1
	60.6
	62.4
	1.025
	1.006
	1.008
	70.7
	70.8
	70.8

	19
	RJ
	0.414
	0.420
	0.419
	0.422
	0.420
	0.419
	0.421
	0.422
	0.420
	77.5
	78.0
	78.4
	77.1
	77.0
	77.7
	1.015
	0.998
	0.997
	65.1
	65.2
	65.3

	20
	RJ
	0.417
	0.427
	0.434
	0.477
	0.478
	0.472
	0.604
	0.619
	0.623
	81.6
	81.7
	81.9
	76.2
	77.3
	77.6
	1.131
	1.113
	1.088
	70.6
	71.0
	71.2

	21
	RJ
	0.313
	0.323
	0.325
	0.322
	0.333
	0.337
	0.714
	0.729
	0.735
	78.8
	79.2
	80.0
	74.3
	74.5
	75.5
	1.029
	1.029
	1.028
	76.0
	75.9
	76.0

	22
	RJ
	0.438
	0.442
	0.437
	0.411
	0.416
	0.419
	0.561
	0.561
	0.564
	64.8
	66.0
	68.6
	69.3
	70.4
	70.5
	0.941
	0.935
	0.952
	70.5
	70.8
	70.8

	23
	RJ
	0.274
	0.288
	0.295
	0.279
	0.290
	0.298
	0.516
	0.530
	0.536
	77.7
	77.6
	78.2
	73.7
	75.9
	76.9
	1.019
	1.008
	1.009
	68.5
	68.3
	68.3

	24
	RJ
	0.378
	0.390
	0.402
	0.437
	0.444
	0.447
	0.612
	0.629
	0.637
	83.4
	83.3
	83.3
	74.4
	74.6
	74.4
	1.155
	1.137
	1.115
	74.1
	74.1
	74.3

	25
	RJ
	0.287
	0.301
	0.309
	0.324
	0.333
	0.340
	0.622
	0.642
	0.651
	86.5
	86.8
	87.2
	77.6
	78.4
	78.2
	1.124
	1.114
	1.111
	76.3
	76.3
	76.5

	26
	RJ
	0.298
	0.309
	0.316
	0.299
	0.309
	0.317
	0.614
	0.634
	0.639
	66.9
	69.0
	70.1
	67.7
	69.7
	69.8
	1.003
	1.008
	1.004
	75.5
	75.3
	75.5

	27
	RJ
	0.359
	0.366
	0.367
	0.349
	0.353
	0.355
	0.507
	0.507
	0.509
	70.9
	72.4
	72.8
	71.1
	71.3
	72.0
	0.977
	0.978
	0.977
	69.0
	69.0
	69.1

	28
	RJ
	0.275
	0.281
	0.293
	0.298
	0.307
	0.314
	0.650
	0.671
	0.680
	78.4
	80.8
	81.0
	72.1
	73.0
	74.4
	1.078
	1.092
	1.077
	78.8
	78.7
	79.2

	29
	RJ
	0.400
	0.408
	0.414
	0.389
	0.390
	0.396
	0.669
	0.688
	0.698
	74.7
	75.3
	76.1
	75.5
	76.4
	76.6
	0.969
	0.960
	0.960
	79.9
	80.0
	80.4

	30
	RJ
	0.550
	0.550
	0.556
	0.549
	0.538
	0.530
	0.702
	0.724
	0.729
	76.6
	76.7
	76.9
	78.2
	78.0
	78.1
	0.989
	0.980
	0.963
	77.7
	77.7
	78.0

	31
	RJ
	0.436
	0.442
	0.445
	0.452
	0.453
	0.453
	0.623
	0.638
	0.649
	81.4
	81.0
	81.8
	80.6
	79.6
	79.5
	1.035
	1.027
	1.019
	75.3
	75.4
	75.6


FWD Test Data (Untreated Section, 20-March-2007) (1 μm/kN = 0.175 mil/kip).
	Section 3: Untreated

	20-March-2007

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.268
	0.264
	0.265
	0.266
	0.267
	0.268
	0.172
	0.178
	0.182
	50.5
	54.2
	56.7
	53.6
	56.9
	58.6
	0.999
	1.012
	1.014
	65.4
	65.7
	65.8

	2
	RJ
	0.199
	0.204
	0.207
	0.222
	0.227
	0.230
	0.184
	0.193
	0.199
	76.5
	75.8
	76.1
	73.1
	74.5
	75.2
	1.117
	1.110
	1.110
	68.3
	68.4
	68.7

	3
	RJ
	0.251
	0.257
	0.262
	0.243
	0.248
	0.253
	0.158
	0.167
	0.173
	52.8
	51.1
	50.9
	65.5
	67.2
	68.4
	0.963
	0.968
	0.971
	67.8
	67.7
	67.5

	4
	RJ
	0.225
	0.230
	0.235
	0.239
	0.239
	0.242
	0.176
	0.182
	0.187
	74.7
	75.8
	76.4
	69.1
	70.6
	71.6
	1.059
	1.039
	1.034
	66.9
	67.4
	67.7

	5
	RJ
	0.233
	0.240
	0.246
	0.237
	0.241
	0.245
	0.203
	0.206
	0.208
	60.9
	61.2
	61.8
	57.8
	60.9
	62.5
	1.018
	1.001
	0.992
	59.7
	60.9
	61.5

	6
	RJ
	0.193
	0.199
	0.203
	0.248
	0.255
	0.259
	0.216
	0.219
	0.222
	82.5
	82.1
	82.4
	65.0
	66.4
	67.1
	1.284
	1.274
	1.274
	61.4
	62.3
	62.6

	7
	RJ
	0.191
	0.193
	0.193
	0.208
	0.212
	0.215
	0.182
	0.184
	0.186
	68.4
	69.4
	70.7
	63.0
	65.1
	65.1
	1.090
	1.098
	1.119
	63.9
	65.0
	65.4

	8
	RJ
	0.175
	0.178
	0.180
	0.181
	0.184
	0.186
	0.196
	0.197
	0.198
	80.8
	81.2
	81.6
	77.7
	77.9
	79.0
	1.032
	1.036
	1.032
	59.2
	60.1
	61.0

	9
	RJ
	0.178
	0.184
	0.188
	0.203
	0.210
	0.215
	0.176
	0.178
	0.180
	82.2
	81.8
	82.1
	70.1
	71.7
	71.7
	1.141
	1.136
	1.134
	63.3
	64.4
	65.1

	10
	RJ
	0.181
	0.185
	0.190
	0.190
	0.195
	0.197
	0.223
	0.224
	0.223
	78.9
	80.0
	79.6
	75.5
	76.1
	77.1
	1.050
	1.056
	1.038
	63.0
	64.1
	64.9

	11
	RJ
	0.209
	0.210
	0.214
	0.232
	0.235
	0.240
	0.186
	0.189
	0.192
	93.0
	95.3
	95.5
	66.4
	67.2
	67.9
	1.114
	1.125
	1.123
	61.8
	62.3
	62.8

	12
	RJ
	0.168
	0.174
	0.180
	0.181
	0.185
	0.186
	0.179
	0.182
	0.187
	83.2
	82.1
	81.1
	72.4
	74.0
	74.9
	1.075
	1.063
	1.037
	67.0
	68.2
	68.1

	13
	RJ
	0.242
	0.247
	0.251
	0.222
	0.229
	0.235
	0.198
	0.200
	0.201
	59.8
	61.2
	62.8
	63.1
	63.1
	64.0
	0.920
	0.925
	0.935
	61.1
	61.5
	61.8

	14
	RJ
	0.200
	0.205
	0.211
	0.215
	0.220
	0.224
	0.211
	0.218
	0.223
	68.3
	69.6
	70.8
	64.1
	65.8
	67.0
	1.071
	1.067
	1.061
	68.2
	68.0
	67.9

	15
	RJ
	0.178
	0.184
	0.189
	0.179
	0.186
	0.191
	0.207
	0.211
	0.210
	77.3
	78.2
	79.0
	74.9
	75.2
	75.4
	1.006
	1.008
	1.013
	63.8
	64.1
	65.2

	16
	RJ
	0.290
	0.297
	0.286
	0.262
	0.267
	0.265
	0.819
	0.775
	0.744
	71.5
	73.6
	73.7
	76.0
	77.3
	76.6
	0.902
	0.912
	0.917
	77.6
	77.8
	77.8

	17
	RJ
	0.339
	0.343
	0.331
	0.285
	0.291
	0.290
	1.090
	1.114
	1.116
	72.8
	74.8
	75.9
	76.2
	77.4
	77.5
	0.844
	0.857
	0.872
	76.4
	76.4
	76.5

	18
	RJ
	0.322
	0.329
	0.329
	0.289
	0.297
	0.303
	0.998
	0.924
	0.895
	64.2
	66.2
	67.8
	69.1
	70.5
	71.6
	0.903
	0.911
	0.919
	72.7
	71.5
	71.6

	19
	RJ
	0.264
	0.275
	0.281
	0.288
	0.290
	0.299
	0.916
	0.860
	0.852
	73.3
	74.1
	75.0
	65.4
	67.9
	68.4
	1.090
	1.058
	1.062
	69.7
	69.7
	69.9

	20
	RJ
	0.270
	0.278
	0.282
	0.275
	0.276
	0.284
	0.940
	0.893
	0.884
	73.8
	75.3
	75.9
	70.9
	73.0
	72.9
	1.013
	0.993
	0.998
	66.5
	65.8
	65.9

	21*
	RJ
	0.273
	0.277
	0.284
	0.266
	0.269
	0.277
	0.497
	0.477
	0.485
	72.5
	73.6
	74.1
	72.4
	73.3
	73.0
	0.971
	0.972
	0.979
	63.7
	63.8
	63.5

	22*
	RJ
	0.222
	0.224
	0.230
	0.235
	0.237
	0.241
	0.900
	0.880
	0.891
	73.0
	74.6
	75.1
	69.6
	70.6
	71.4
	1.063
	1.055
	1.043
	71.2
	70.4
	70.3

	23*
	RJ
	0.268
	0.274
	0.282
	0.288
	0.293
	0.302
	0.591
	0.576
	0.598
	77.7
	78.9
	79.2
	70.2
	71.0
	71.8
	1.072
	1.070
	1.065
	67.1
	67.0
	67.1

	24*
	RJ
	0.239
	0.240
	0.244
	0.236
	0.238
	0.244
	0.769
	0.725
	0.728
	73.2
	74.9
	75.8
	71.8
	73.5
	73.5
	0.990
	0.993
	1.002
	65.8
	65.7
	65.7

	25
	RJ
	0.226
	0.232
	0.240
	0.227
	0.228
	0.237
	0.723
	0.687
	0.695
	78.0
	78.7
	78.9
	74.3
	76.1
	76.7
	1.006
	0.985
	0.982
	77.1
	76.8
	76.9

	26
	SJ
	0.323
	0.325
	0.329
	0.271
	0.275
	0.286
	0.493
	0.484
	0.495
	63.9
	66.1
	67.9
	76.0
	76.9
	76.5
	0.843
	0.848
	0.868
	65.1
	65.4
	65.4

	27
	SJ
	0.286
	0.285
	0.290
	0.299
	0.302
	0.312
	0.431
	0.431
	0.445
	81.2
	83.1
	83.5
	78.9
	79.7
	78.4
	1.042
	1.059
	1.069
	64.0
	64.4
	64.9

	28
	SJ
	0.242
	0.249
	0.257
	0.251
	0.253
	0.259
	0.544
	0.532
	0.533
	80.5
	80.0
	80.8
	75.3
	76.7
	76.5
	1.036
	1.020
	1.025
	68.4
	68.3
	68.1

	29
	SJ
	0.224
	0.229
	0.235
	0.204
	0.213
	0.220
	0.535
	0.520
	0.516
	75.4
	76.9
	76.8
	80.0
	80.1
	79.4
	0.913
	0.936
	0.941
	70.3
	70.1
	70.1

	30
	SJ
	0.245
	0.249
	0.257
	0.235
	0.238
	0.245
	0.413
	0.410
	0.425
	77.5
	77.7
	77.5
	77.7
	78.3
	78.1
	0.955
	0.959
	0.963
	59.7
	60.5
	60.5

	31
	RJ
	0.235
	0.241
	0.249
	0.240
	0.244
	0.252
	0.561
	0.564
	0.590
	76.5
	77.8
	78.3
	74.9
	75.3
	75.7
	1.018
	1.013
	1.012
	70.3
	70.6
	70.8

	32
	RJ
	0.221
	0.229
	0.236
	0.212
	0.219
	0.226
	0.569
	0.561
	0.582
	78.0
	78.3
	79.0
	78.7
	79.2
	79.7
	0.962
	0.958
	0.959
	68.1
	68.5
	69.0

	33
	RJ
	0.248
	0.259
	0.267
	0.233
	0.243
	0.251
	0.549
	0.536
	0.543
	79.5
	80.0
	80.5
	82.8
	83.7
	83.0
	0.940
	0.939
	0.940
	68.0
	67.9
	68.0

	34
	RJ
	0.292
	0.299
	0.312
	0.299
	0.308
	0.319
	0.369
	0.370
	0.382
	65.9
	68.8
	69.8
	57.2
	59.5
	60.3
	1.018
	1.033
	1.035
	63.8
	64.2
	64.5

	35
	RJ
	0.216
	0.225
	0.233
	0.245
	0.252
	0.259
	0.502
	0.502
	0.523
	83.8
	85.0
	86.3
	71.7
	74.0
	75.3
	1.136
	1.121
	1.115
	68.4
	68.6
	68.7


FWD Test Data (C&S and Rubblized Sections, 31-October-2007) (1 μm/kN = 0.175 mil/kip).
	31-October-2007

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	Section 1: Cracked & Seated

	1
	RJ
	0.293
	0.302
	0.313
	0.286
	0.295
	0.309
	0.537
	0.545
	0.560
	72.6
	74.4
	74.7
	69.8
	72.6
	72.1
	0.975
	0.974
	0.981
	68.0
	68.7
	68.3

	2
	RJ
	0.234
	0.246
	0.254
	0.259
	0.273
	0.281
	0.486
	0.489
	0.487
	79.1
	80.3
	81.2
	70.4
	71.9
	72.4
	1.111
	1.108
	1.101
	68.3
	68.4
	68.4

	3
	RJ
	0.261
	0.272
	0.283
	0.272
	0.284
	0.290
	0.591
	0.590
	0.584
	71.3
	72.2
	72.5
	70.4
	70.5
	71.2
	1.036
	1.040
	1.028
	69.4
	70.0
	69.7

	4
	RJ
	0.274
	0.289
	0.297
	0.281
	0.294
	0.303
	0.528
	0.520
	0.509
	71.9
	71.5
	72.4
	70.4
	71.3
	71.9
	1.027
	1.022
	1.022
	67.2
	66.8
	67.0

	5
	RJ
	0.218
	0.228
	0.236
	0.227
	0.236
	0.241
	0.393
	0.395
	0.396
	76.3
	77.1
	77.7
	72.0
	75.2
	77.6
	1.033
	1.034
	1.019
	68.2
	68.3
	68.2

	6
	RJ
	0.223
	0.226
	0.232
	0.226
	0.231
	0.235
	0.400
	0.391
	0.386
	82.3
	84.5
	84.2
	77.3
	79.0
	80.0
	1.005
	1.017
	1.017
	64.9
	65.4
	65.5

	7
	RJ
	0.277
	0.287
	0.296
	0.290
	0.300
	0.309
	0.622
	0.626
	0.636
	68.3
	68.9
	69.7
	65.2
	67.1
	68.0
	1.042
	1.046
	1.045
	75.0
	76.2
	76.5

	8
	RJ
	0.282
	0.290
	0.295
	0.278
	0.282
	0.291
	0.634
	0.647
	0.660
	77.4
	77.8
	77.4
	75.9
	77.4
	77.4
	0.985
	0.973
	0.991
	72.0
	72.8
	73.0

	9
	RJ
	0.273
	0.285
	0.294
	0.257
	0.269
	0.278
	0.588
	0.608
	0.619
	74.5
	73.3
	73.0
	75.4
	75.1
	74.8
	0.943
	0.940
	0.940
	67.2
	67.5
	67.8

	10
	RJ
	0.269
	0.281
	0.293
	0.299
	0.309
	0.316
	0.633
	0.643
	0.644
	82.1
	80.7
	80.4
	70.6
	73.7
	74.3
	1.125
	1.103
	1.090
	68.3
	69.0
	69.0

	11
	RJ
	0.264
	0.277
	0.288
	0.295
	0.303
	0.311
	0.556
	0.540
	0.522
	80.6
	80.8
	80.8
	73.3
	73.6
	74.9
	1.115
	1.093
	1.082
	73.0
	73.8
	73.7

	12
	RJ
	0.271
	0.286
	0.296
	0.276
	0.289
	0.300
	0.540
	0.549
	0.554
	82.2
	80.0
	80.5
	76.8
	77.7
	77.5
	1.015
	1.008
	1.013
	70.7
	71.3
	71.6

	13
	SJ
	0.316
	0.321
	0.331
	0.279
	0.293
	0.301
	0.679
	0.692
	0.698
	80.7
	81.6
	81.8
	78.9
	75.0
	76.9
	0.880
	0.914
	0.908
	75.0
	74.8
	74.9

	14
	SJ
	0.256
	0.264
	0.271
	0.271
	0.281
	0.288
	0.687
	0.662
	0.632
	77.0
	76.9
	77.1
	70.0
	69.5
	69.6
	1.058
	1.059
	1.055
	69.0
	68.3
	68.2

	15
	SJ
	0.287
	0.301
	0.310
	0.317
	0.323
	0.330
	0.681
	0.637
	0.598
	74.3
	73.5
	73.2
	71.1
	64.4
	66.3
	1.107
	1.065
	1.061
	70.5
	69.9
	69.7

	16
	SJ
	0.311
	0.317
	0.322
	0.296
	0.299
	0.306
	0.680
	0.685
	0.693
	71.1
	72.2
	73.1
	74.5
	76.4
	77.1
	0.959
	0.945
	0.951
	68.6
	68.9
	68.6

	17
	SJ
	0.271
	0.281
	0.290
	0.275
	0.286
	0.297
	0.605
	0.588
	0.576
	73.3
	73.6
	74.1
	70.5
	70.6
	71.1
	1.023
	1.022
	1.023
	70.7
	70.2
	70.0

	Section 2: Rubblized

	1
	RJ
	0.286
	0.299
	0.311
	0.287
	0.302
	0.311
	0.342
	0.346
	0.352
	62.1
	64.1
	66.2
	63.0
	60.7
	60.5
	1.004
	1.013
	1.002
	64.2
	65.5
	65.4

	2
	RJ
	0.286
	0.308
	0.317
	0.293
	0.310
	0.318
	0.309
	0.316
	0.320
	76.4
	77.0
	78.5
	72.8
	75.6
	75.4
	1.025
	1.008
	1.004
	61.0
	61.3
	62.0

	3
	RJ
	0.319
	0.335
	0.348
	0.320
	0.329
	0.337
	0.286
	0.290
	0.296
	53.4
	54.4
	55.2
	56.7
	61.0
	63.5
	1.010
	0.988
	0.981
	61.5
	62.4
	62.9

	4
	SJ
	0.331
	0.344
	0.359
	0.337
	0.344
	0.357
	0.336
	0.342
	0.346
	59.1
	60.9
	61.8
	56.5
	59.7
	61.1
	1.013
	1.000
	0.996
	64.8
	65.3
	65.7

	5
	SJ
	0.302
	0.318
	0.324
	0.330
	0.339
	0.348
	0.355
	0.360
	0.363
	68.3
	68.3
	69.5
	59.0
	59.7
	61.2
	1.082
	1.059
	1.060
	67.6
	67.6
	67.6

	6
	SJ
	0.352
	0.368
	0.380
	0.446
	0.456
	0.470
	0.287
	0.291
	0.294
	104.1
	103.8
	104.4
	70.6
	73.0
	72.4
	1.259
	1.232
	1.230
	64.3
	64.6
	65.0

	7
	SJ
	0.340
	0.351
	0.360
	0.289
	0.297
	0.310
	0.262
	0.266
	0.273
	54.1
	56.7
	57.9
	58.6
	60.8
	61.9
	0.850
	0.848
	0.860
	63.4
	63.7
	64.2

	8
	SJ
	0.371
	0.384
	0.396
	0.335
	0.341
	0.353
	0.351
	0.356
	0.357
	35.8
	38.4
	40.3
	36.9
	41.7
	43.2
	0.908
	0.895
	0.902
	66.8
	66.2
	66.0

	9
	RJ
	0.262
	0.273
	0.283
	0.269
	0.276
	0.286
	0.417
	0.404
	0.403
	64.5
	66.9
	68.1
	60.2
	61.7
	62.4
	1.020
	1.014
	1.016
	68.8
	69.9
	69.5

	10
	RJ
	0.267
	0.282
	0.291
	0.267
	0.278
	0.289
	0.449
	0.454
	0.458
	75.6
	76.3
	77.6
	70.2
	71.9
	72.5
	1.000
	0.994
	1.016
	67.2
	67.3
	67.3

	11
	RJ
	0.266
	0.277
	0.285
	0.270
	0.277
	0.287
	0.506
	0.509
	0.512
	67.7
	68.3
	69.5
	68.6
	66.4
	67.0
	1.016
	1.003
	1.007
	68.3
	67.8
	67.7

	12
	RJ
	0.248
	0.260
	0.268
	0.251
	0.263
	0.270
	0.349
	0.347
	0.351
	63.4
	65.0
	66.0
	71.4
	55.7
	62.1
	1.013
	1.006
	1.007
	63.9
	64.8
	64.8

	13
	RJ
	0.282
	0.288
	0.297
	0.266
	0.276
	0.284
	0.310
	0.312
	0.316
	58.3
	60.9
	63.3
	59.6
	61.0
	63.0
	0.941
	0.962
	0.967
	64.6
	64.3
	64.5

	14
	RJ
	0.283
	0.295
	0.305
	0.314
	0.325
	0.333
	0.645
	0.642
	0.639
	68.1
	71.1
	71.9
	60.1
	53.3
	59.3
	1.103
	1.110
	1.105
	68.8
	68.7
	68.4

	15
	RJ
	0.314
	0.321
	0.336
	0.321
	0.329
	0.342
	0.529
	0.517
	0.510
	63.2
	66.3
	67.1
	59.9
	63.1
	63.6
	1.023
	1.034
	1.032
	70.1
	70.2
	69.9

	16
	RJ
	0.271
	0.282
	0.291
	0.284
	0.289
	0.298
	0.517
	0.515
	0.517
	69.9
	71.0
	72.2
	67.0
	61.1
	64.5
	1.054
	1.031
	1.034
	71.3
	71.7
	71.5

	17
	RJ
	0.286
	0.296
	0.304
	0.275
	0.288
	0.296
	0.391
	0.392
	0.396
	63.4
	64.5
	65.9
	60.8
	62.1
	63.0
	0.963
	0.973
	0.970
	68.2
	67.9
	68.4


FWD Test Data (Untreated Section, 31-October-2007) (1 μm/kN = 0.175 mil/kip).
	Section 3: Untreated

	31-October-2007

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.402
	0.404
	0.398
	0.319
	0.323
	0.326
	0.200
	0.212
	0.215
	47.7
	49.8
	51.3
	73.3
	75.1
	75.8
	0.795
	0.804
	0.817
	74.0
	74.1
	74.3

	2
	RJ
	0.585
	0.578
	0.558
	0.540
	0.528
	0.510
	0.193
	0.204
	0.208
	28.2
	30.8
	32.5
	26.1
	27.3
	28.6
	0.936
	0.920
	0.912
	71.4
	70.1
	70.0

	3
	RJ
	0.322
	0.329
	0.325
	0.333
	0.336
	0.333
	0.176
	0.189
	0.193
	77.3
	78.2
	79.2
	73.9
	74.2
	73.6
	1.042
	1.022
	1.016
	68.5
	68.2
	68.6

	4
	RJ
	0.275
	0.287
	0.291
	0.271
	0.279
	0.279
	0.165
	0.176
	0.180
	62.2
	63.5
	63.8
	64.3
	62.6
	60.9
	0.985
	0.970
	0.962
	67.5
	66.5
	66.1

	5
	RJ
	0.326
	0.334
	0.335
	0.313
	0.316
	0.318
	0.162
	0.173
	0.179
	60.2
	61.0
	61.5
	66.0
	66.7
	67.6
	0.959
	0.946
	0.945
	67.2
	66.3
	66.9

	6
	RJ
	0.263
	0.270
	0.273
	0.253
	0.259
	0.263
	0.160
	0.167
	0.173
	73.2
	74.7
	74.6
	73.7
	74.2
	73.7
	0.961
	0.959
	0.964
	65.7
	66.4
	66.4

	7
	RJ
	0.300
	0.301
	0.302
	0.284
	0.287
	0.289
	0.165
	0.174
	0.180
	63.5
	66.0
	67.1
	65.0
	66.7
	68.2
	0.945
	0.951
	0.952
	69.9
	69.9
	69.9

	8
	RJ
	0.364
	0.357
	0.351
	0.323
	0.328
	0.332
	0.185
	0.197
	0.203
	53.1
	57.9
	59.8
	65.3
	67.7
	68.8
	0.895
	0.927
	0.942
	65.7
	66.7
	67.1

	9
	RJ
	0.394
	0.410
	0.418
	0.367
	0.374
	0.379
	0.181
	0.190
	0.196
	32.8
	34.0
	34.9
	45.9
	46.2
	47.3
	0.924
	0.910
	0.902
	65.3
	65.3
	65.5

	10
	RJ
	0.250
	0.255
	0.254
	0.233
	0.235
	0.241
	0.201
	0.208
	0.215
	71.6
	73.9
	74.5
	73.5
	73.3
	72.5
	0.930
	0.932
	0.943
	65.3
	65.8
	66.2

	11
	RJ
	0.259
	0.269
	0.273
	0.249
	0.256
	0.261
	0.179
	0.189
	0.194
	64.8
	65.7
	66.7
	67.4
	67.9
	64.7
	0.957
	0.959
	0.959
	67.2
	66.9
	67.0

	12
	SJ
	0.254
	0.258
	0.264
	0.267
	0.276
	0.279
	0.182
	0.193
	0.194
	57.7
	59.6
	59.5
	51.7
	51.7
	53.2
	1.053
	1.064
	1.053
	61.2
	61.3
	62.1

	13
	SJ
	0.231
	0.241
	0.249
	0.218
	0.232
	0.237
	0.168
	0.176
	0.178
	71.4
	70.8
	70.2
	70.4
	70.6
	71.1
	0.951
	0.961
	0.949
	61.8
	62.8
	63.7

	14
	SJ
	0.260
	0.268
	0.273
	0.247
	0.249
	0.254
	0.176
	0.179
	0.185
	55.6
	56.8
	57.4
	55.4
	56.5
	56.4
	0.960
	0.926
	0.927
	64.2
	66.4
	66.1

	15
	SJ
	0.213
	0.223
	0.226
	0.232
	0.237
	0.239
	0.192
	0.196
	0.201
	63.3
	63.8
	64.9
	53.7
	56.0
	56.0
	1.097
	1.071
	1.065
	64.6
	65.3
	65.7

	16
	SJ
	0.185
	0.193
	0.199
	0.172
	0.183
	0.188
	0.197
	0.202
	0.205
	76.0
	75.8
	76.5
	71.9
	76.0
	69.6
	0.933
	0.955
	0.950
	61.8
	62.0
	61.9


FWD Test Data (C&S Section, 6-May-2008) (1 μm/kN = 0.175 mil/kip).
	Section 1: Cracked & Seated

	6-May-2008

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.297
	0.308
	0.310
	0.320
	0.324
	0.318
	0.648
	0.637
	0.609
	90.0
	89.5
	90.2
	85.1
	85.6
	 
	1.067
	1.049
	1.039
	69.2
	69.4
	70.1

	2
	R
	0.305
	0.319
	0.308
	0.336
	0.343
	0.337
	0.613
	0.618
	0.600
	89.9
	90.6
	91.0
	81.0
	82.9
	82.0
	1.101
	1.078
	1.078
	72.2
	72.8
	72.9

	3
	R
	0.296
	0.308
	0.293
	0.300
	0.310
	0.301
	0.596
	0.592
	0.574
	87.5
	84.9
	91.5
	85.9
	83.3
	86.8
	1.019
	1.003
	0.992
	67.3
	67.2
	67.6

	4
	R
	0.284
	0.284
	0.279
	0.295
	0.301
	0.295
	0.685
	0.692
	0.679
	85.3
	88.9
	87.9
	83.8
	83.5
	 
	1.027
	1.061
	1.040
	70.1
	71.1
	70.8

	5
	R
	0.298
	0.298
	0.293
	0.310
	0.316
	0.311
	0.715
	0.712
	0.683
	85.3
	85.6
	79.2
	82.8
	81.7
	83.1
	1.026
	1.055
	1.046
	71.9
	71.8
	72.1

	6
	R
	0.327
	0.323
	0.312
	0.325
	0.321
	0.312
	0.817
	0.807
	0.766
	83.5
	87.1
	85.4
	84.1
	85.5
	84.1
	0.997
	0.979
	0.980
	73.7
	74.1
	74.5

	7
	R
	0.323
	0.325
	0.323
	0.315
	0.321
	0.310
	0.590
	0.581
	0.528
	95.0
	83.8
	77.6
	89.7
	89.9
	88.4
	0.946
	0.975
	0.954
	65.5
	64.5
	65.7

	8
	S
	0.329
	0.329
	0.314
	0.331
	0.333
	0.319
	0.632
	0.605
	0.561
	90.8
	87.0
	83.7
	84.4
	85.3
	86.5
	1.027
	1.018
	1.004
	67.3
	67.5
	 

	9
	S
	0.280
	0.279
	0.278
	0.289
	0.298
	0.290
	0.504
	0.486
	0.450
	85.9
	88.4
	95.8
	84.6
	85.5
	83.0
	1.020
	1.020
	1.026
	66.3
	67.1
	67.5

	10
	S
	0.331
	0.338
	0.325
	0.372
	0.370
	0.359
	0.540
	0.527
	0.491
	98.0
	87.9
	95.0
	83.1
	81.8
	81.7
	1.122
	1.099
	1.124
	68.6
	67.6
	 

	11
	S
	0.390
	0.388
	0.369
	0.402
	0.394
	0.382
	0.548
	0.537
	0.508
	84.2
	86.9
	86.0
	83.3
	87.1
	85.4
	1.028
	1.017
	1.020
	65.7
	66.0
	66.2

	12
	S
	0.347
	0.346
	0.335
	0.383
	0.389
	0.379
	0.640
	0.637
	0.586
	94.9
	92.8
	90.9
	85.3
	84.4
	83.9
	1.112
	1.128
	1.115
	69.4
	67.6
	68.3

	13
	R
	0.285
	0.286
	0.277
	0.299
	0.296
	0.287
	 
	 
	 
	86.8
	85.3
	87.3
	85.4
	83.1
	84.5
	1.035
	1.023
	1.022
	 
	 
	 


FWD Test Data (Rubblized Section, 6-May-2008) (1 μm/kN = 0.175 mil/kip).
	Section 2: Rubblized

	6-May-2008

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.330
	0.337
	0.329
	0.315
	0.325
	0.321
	0.571
	0.576
	0.557
	68.5
	72.9
	72.4
	80.4
	79.8
	79.6
	0.953
	0.925
	0.874
	62.6
	62.4
	62.7

	2
	R
	0.360
	0.369
	0.360
	0.388
	0.387
	0.380
	0.412
	0.413
	0.399
	79.0
	86.5
	83.9
	78.4
	80.0
	81.9
	1.073
	1.058
	1.029
	59.2
	60.0
	60.5

	3
	R
	0.313
	0.326
	0.316
	0.339
	0.347
	0.339
	0.411
	0.405
	0.391
	83.2
	82.9
	84.2
	74.5
	81.2
	80.8
	1.082
	1.061
	1.075
	62.4
	63.0
	63.5

	4
	S
	0.314
	0.319
	0.312
	0.346
	0.347
	0.333
	0.403
	0.395
	0.379
	86.1
	88.2
	89.0
	81.1
	82.7
	82.8
	1.110
	1.097
	1.078
	60.9
	61.7
	62.3

	5
	S
	0.305
	0.313
	0.306
	0.321
	0.327
	0.323
	0.529
	0.531
	0.512
	89.2
	89.4
	89.6
	83.6
	85.9
	84.3
	1.032
	1.034
	1.051
	
	59.5
	60.9

	6
	S
	0.345
	0.355
	0.348
	0.347
	0.348
	0.345
	0.416
	0.407
	0.389
	80.8
	81.7
	80.4
	79.4
	81.3
	81.5
	0.981
	0.977
	0.974
	60.7
	61.0
	61.1

	7
	S
	0.339
	0.343
	0.332
	0.342
	0.334
	0.334
	0.469
	0.467
	0.452
	84.2
	80.9
	83.0
	82.8
	83.5
	82.2
	1.017
	0.993
	1.029
	62.9
	62.3
	62.1

	8
	S
	0.323
	0.334
	0.322
	0.313
	0.313
	0.307
	0.428
	0.427
	0.412
	80.5
	79.4
	81.0
	83.2
	83.6
	83.1
	1.004
	1.030
	0.980
	59.4
	59.0
	59.8

	9
	R
	0.311
	0.301
	0.296
	0.291
	0.292
	0.288
	0.507
	0.503
	0.494
	76.6
	84.1
	82.5
	86.7
	84.9
	82.3
	0.933
	0.964
	0.963
	60.4
	
	62.3

	10
	R
	0.311
	0.315
	0.305
	0.303
	0.305
	0.301
	0.454
	0.456
	0.441
	83.3
	82.0
	85.8
	85.7
	88.1
	84.8
	0.943
	0.943
	0.960
	60.3
	60.6
	61.1

	11
	R
	0.290
	0.295
	0.292
	0.307
	0.309
	0.309
	0.482
	0.482
	0.470
	84.3
	85.2
	84.8
	77.7
	81.1
	81.3
	1.022
	1.039
	1.034
	59.5
	
	60.0

	12
	R
	0.288
	0.302
	0.290
	0.300
	0.309
	0.298
	0.453
	0.451
	0.434
	87.4
	84.3
	82.6
	74.4
	76.1
	80.1
	1.031
	1.025
	1.023
	57.8
	58.1
	58.7

	13
	R
	0.323
	0.332
	0.322
	0.315
	0.315
	0.312
	0.739
	0.739
	0.707
	71.5
	71.8
	76.1
	76.7
	81.2
	79.9
	0.973
	0.945
	0.950
	70.2
	70.1
	70.3

	14
	R
	0.374
	0.384
	0.372
	0.382
	0.388
	0.371
	0.860
	0.851
	0.824
	81.8
	76.4
	80.6
	83.8
	81.2
	80.7
	1.030
	1.026
	1.031
	68.8
	70.3
	70.2

	15
	R
	0.345
	0.351
	0.341
	0.365
	0.371
	0.359
	0.780
	0.771
	0.744
	78.8
	80.4
	79.2
	76.2
	75.7
	78.2
	1.068
	1.050
	1.027
	69.6
	70.1
	70.1

	16
	R
	0.316
	0.324
	0.325
	0.330
	
	0.325
	0.726
	0.725
	0.711
	78.2
	83.8
	82.6
	74.9
	
	78.2
	1.035
	
	0.968
	73.5
	74.2
	74.4

	17
	R
	0.359
	0.364
	0.349
	0.331
	0.336
	0.329
	0.624
	0.616
	0.594
	70.1
	73.0
	70.3
	75.2
	77.6
	 
	0.909
	0.914
	0.913
	71.2
	72.1
	71.7

	18
	R
	0.307
	0.316
	0.306
	0.323
	0.326
	0.320
	0.732
	0.731
	0.702
	83.2
	83.0
	86.0
	82.3
	80.1
	85.6
	1.050
	1.023
	0.998
	73.5
	73.2
	73.3

	19
	R
	0.341
	0.334
	0.323
	0.342
	0.347
	0.339
	0.637
	0.628
	0.607
	72.3
	79.0
	73.3
	77.0
	77.0
	77.2
	0.984
	1.020
	1.008
	73.5
	73.9
	74.0

	20
	R
	0.323
	0.326
	0.311
	0.331
	0.328
	0.316
	0.606
	0.617
	0.593
	80.7
	79.3
	77.4
	77.6
	78.1
	 
	1.024
	1.003
	1.016
	74.0
	72.9
	74.0

	21
	R
	0.319
	0.320
	0.310
	0.346
	0.339
	0.324
	0.650
	0.654
	0.631
	74.6
	75.3
	76.2
	71.3
	70.8
	74.2
	1.092
	1.060
	1.022
	73.5
	73.2
	73.1

	22
	R
	0.301
	0.310
	0.296
	0.303
	0.310
	0.300
	0.717
	0.722
	0.698
	73.9
	83.0
	80.8
	81.0
	83.1
	82.3
	0.989
	0.992
	0.998
	74.1
	
	74.6

	23
	R
	0.334
	0.341
	0.324
	0.342
	0.345
	0.335
	0.625
	0.636
	0.604
	75.3
	75.1
	84.0
	76.8
	77.9
	 
	1.033
	1.015
	0.996
	70.9
	69.6
	70.4

	24
	R
	0.283
	0.283
	0.273
	0.293
	0.302
	0.294
	0.594
	0.591
	0.564
	78.4
	80.6
	85.7
	77.4
	78.8
	78.8
	1.039
	1.067
	1.033
	70.4
	70.4
	70.2

	25
	R
	0.288
	0.295
	0.290
	0.317
	0.328
	0.317
	0.616
	0.624
	0.608
	77.7
	77.6
	78.8
	72.2
	74.0
	 
	1.072
	1.101
	1.095
	75.3
	75.2
	75.3


FWD Test Data (Untreated Section, 6-May-2008) (1 μm/kN = 0.175 mil/kip).

	Section 3: Untreated

	6-May-2008

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.302
	0.293
	0.303
	0.290
	0.281
	0.282
	0.203
	0.200
	0.208
	48.0
	53.5
	53.3
	60.9
	67.2
	69.2
	0.956
	0.930
	0.890
	67.7
	71.5
	70.0

	2
	R
	0.271
	0.268
	0.260
	0.297
	0.298
	0.278
	0.202
	0.215
	0.206
	56.1
	60.2
	67.8
	62.5
	66.0
	72.2
	1.094
	1.125
	1.063
	69.2
	65.6
	68.3

	3
	R
	0.294
	0.292
	0.303
	0.302
	0.315
	0.314
	0.203
	0.208
	0.209
	74.2
	77.8
	78.1
	72.0
	72.4
	73.0
	1.027
	1.074
	1.058
	72.0
	72.1
	72.5

	4
	R
	0.299
	0.309
	0.295
	0.282
	0.280
	0.284
	0.176
	0.193
	0.193
	51.7
	47.1
	51.2
	70.6
	72.7
	72.7
	0.944
	0.923
	0.968
	66.9
	64.0
	65.2

	5
	R
	0.229
	0.257
	0.247
	0.259
	0.253
	0.258
	0.162
	0.173
	0.174
	49.0
	50.8
	50.4
	61.6
	66.6
	68.1
	1.115
	0.965
	1.023
	67.0
	67.9
	69.0

	6
	R
	0.247
	0.235
	0.250
	0.257
	0.268
	0.255
	0.188
	0.205
	0.199
	66.2
	74.4
	70.6
	69.1
	69.2
	75.4
	1.050
	1.142
	1.023
	59.4
	61.4
	64.2

	7
	R
	0.233
	0.247
	0.245
	0.238
	0.227
	0.233
	0.210
	0.218
	0.218
	67.0
	64.3
	65.3
	71.4
	76.8
	76.1
	1.038
	0.925
	0.969
	64.6
	64.8
	64.0

	8
	R
	0.227
	0.232
	0.232
	0.232
	0.231
	0.240
	0.190
	0.197
	0.196
	72.9
	73.2
	74.7
	67.6
	72.2
	69.6
	1.034
	0.989
	1.038
	64.7
	65.3
	66.1

	9
	R
	0.227
	0.256
	0.245
	0.236
	0.255
	0.247
	0.176
	0.194
	0.187
	60.0
	52.4
	57.3
	74.9
	70.6
	74.7
	1.029
	0.997
	0.995
	69.1
	60.6
	68.3

	10
	R
	0.239
	0.236
	0.235
	0.220
	0.235
	0.236
	0.199
	0.197
	0.190
	63.1
	70.5
	72.8
	72.7
	74.1
	76.6
	0.925
	1.000
	1.003
	53.7
	63.0
	64.9

	11
	R
	0.219
	0.238
	0.245
	0.234
	0.239
	0.237
	0.191
	0.200
	0.204
	75.0
	69.2
	69.0
	66.7
	69.9
	 
	1.056
	0.990
	0.947
	64.8
	63.9
	64.0

	12
	R
	0.222
	0.236
	0.234
	0.251
	0.236
	0.244
	0.185
	0.203
	0.198
	60.3
	
	67.5
	53.7
	55.5
	 
	1.141
	0.989
	1.043
	67.1
	63.4
	66.2

	13
	R
	0.213
	0.214
	0.217
	0.234
	0.245
	0.231
	0.194
	0.225
	0.208
	71.5
	73.0
	71.2
	66.7
	67.8
	72.4
	1.073
	1.141
	1.074
	68.7
	61.6
	64.9

	14
	R
	0.232
	0.218
	0.230
	0.238
	0.220
	0.230
	0.202
	0.191
	0.206
	68.8
	72.3
	70.3
	63.0
	70.4
	 
	1.068
	1.027
	1.033
	65.0
	69.1
	66.8

	15
	R
	0.234
	0.244
	0.240
	0.244
	0.243
	0.249
	0.189
	0.194
	0.197
	73.2
	66.6
	66.9
	70.0
	71.5
	71.6
	1.053
	1.028
	1.044
	65.6
	64.3
	63.6

	16
	R
	0.216
	0.205
	0.213
	0.208
	0.225
	0.215
	0.182
	0.194
	0.200
	62.8
	68.6
	71.0
	74.6
	67.2
	74.3
	0.964
	1.118
	1.036
	70.2
	69.1
	68.2

	17
	R
	0.237
	0.231
	0.238
	0.216
	0.225
	0.221
	0.191
	0.185
	0.182
	63.0
	65.0
	66.1
	75.9
	70.7
	76.0
	0.903
	0.964
	0.924
	46.5
	62.9
	63.9

	18
	R
	0.228
	0.228
	0.215
	0.231
	0.233
	0.233
	0.215
	0.207
	0.205
	67.0
	71.4
	74.3
	64.1
	67.5
	68.0
	1.030
	1.026
	1.093
	61.1
	64.0
	64.6

	19
	R
	0.209
	0.224
	0.219
	0.234
	0.248
	0.240
	0.214
	0.216
	0.213
	71.1
	71.6
	77.5
	67.8
	67.0
	70.3
	1.128
	1.136
	1.127
	67.0
	67.3
	67.8

	20
	R
	0.241
	0.219
	0.226
	0.230
	0.220
	0.220
	0.260
	0.259
	0.248
	69.4
	73.1
	69.7
	68.3
	74.9
	76.8
	0.949
	0.981
	0.983
	61.3
	62.6
	63.1

	21
	R
	0.211
	0.212
	0.219
	0.222
	0.217
	0.213
	0.352
	0.328
	0.309
	72.2
	80.5
	78.5
	71.6
	77.4
	79.8
	1.036
	1.000
	0.966
	62.3
	64.5
	64.8

	22
	R
	0.234
	0.228
	0.239
	0.244
	0.245
	0.242
	0.367
	0.343
	0.315
	77.1
	76.8
	74.8
	68.0
	69.5
	72.0
	1.043
	1.069
	1.000
	58.8
	58.8
	60.1

	23
	R
	0.212
	0.205
	0.206
	0.204
	0.222
	0.226
	0.470
	0.419
	0.380
	71.4
	77.7
	79.5
	72.3
	70.2
	69.9
	0.958
	1.073
	1.076
	61.5
	63.3
	63.5

	24
	R
	0.233
	0.243
	0.241
	0.255
	0.251
	0.254
	0.301
	0.286
	0.262
	74.3
	72.2
	72.7
	65.4
	69.1
	69.7
	1.086
	1.045
	1.064
	61.2
	61.1
	63.5

	25
	R
	0.234
	0.237
	0.237
	0.236
	0.234
	0.225
	0.490
	0.454
	0.416
	70.1
	72.3
	71.6
	64.6
	68.6
	71.5
	1.005
	0.993
	0.935
	61.4
	63.5
	62.1

	26
	R
	0.221
	0.244
	0.233
	0.244
	0.254
	0.256
	0.476
	0.430
	0.389
	82.4
	75.7
	79.1
	67.1
	70.7
	71.7
	1.116
	1.051
	1.119
	60.3
	60.4
	63.0

	27
	R
	0.213
	0.212
	0.200
	0.207
	0.216
	0.212
	0.465
	0.412
	0.365
	66.7
	66.0
	69.8
	66.7
	66.0
	67.4
	0.969
	1.000
	1.040
	60.2
	62.0
	62.1

	28
	R
	0.212
	0.208
	0.216
	0.219
	0.226
	0.221
	0.411
	0.386
	0.349
	72.7
	75.7
	76.8
	74.9
	71.0
	72.4
	1.026
	1.055
	1.029
	59.3
	58.3
	59.1

	29
	R
	0.201
	0.218
	0.207
	0.217
	0.214
	0.212
	0.485
	0.474
	0.430
	68.0
	69.6
	72.7
	65.8
	68.1
	68.7
	1.066
	0.966
	0.985
	62.9
	61.7
	61.6

	30
	R
	0.222
	0.216
	0.218
	0.207
	0.214
	0.212
	0.494
	0.461
	0.411
	70.0
	73.4
	73.5
	70.6
	73.9
	73.5
	0.935
	0.992
	0.968
	59.0
	59.1
	59.5

	31
	R
	0.217
	0.221
	0.220
	0.233
	0.236
	0.226
	0.547
	0.523
	0.466
	69.7
	73.9
	75.2
	69.2
	70.7
	75.9
	1.082
	1.087
	1.051
	63.1
	63.0
	63.4

	32
	R
	0.217
	0.220
	0.229
	0.243
	0.245
	0.246
	0.389
	0.358
	0.329
	66.0
	71.6
	68.8
	66.2
	66.4
	67.4
	1.129
	1.117
	1.076
	62.6
	62.9
	63.8

	33
	R
	0.224
	0.223
	0.236
	0.239
	0.231
	0.240
	0.546
	0.542
	0.484
	79.7
	79.0
	75.0
	71.4
	76.9
	75.7
	1.074
	1.033
	1.008
	61.9
	61.0
	61.8

	34
	R
	0.247
	0.259
	0.254
	0.265
	0.264
	0.262
	0.396
	0.361
	0.322
	71.6
	73.6
	76.2
	69.4
	71.0
	72.6
	1.090
	1.046
	1.029
	60.8
	61.8
	60.6

	35
	R
	0.227
	0.236
	0.239
	0.210
	0.217
	0.228
	0.553
	0.547
	0.509
	63.7
	66.5
	67.7
	73.6
	72.9
	70.1
	0.905
	0.907
	0.940
	55.5
	57.1
	57.7

	36
	R
	0.204
	0.216
	0.215
	0.212
	0.225
	0.215
	0.595
	0.596
	0.590
	72.4
	76.9
	75.2
	73.3
	69.9
	73.9
	1.032
	1.035
	0.972
	63.6
	62.9
	62.2

	37
	R
	0.226
	0.226
	0.229
	0.243
	0.259
	0.246
	0.582
	0.583
	0.553
	80.3
	80.1
	80.1
	69.9
	68.8
	72.8
	1.053
	1.123
	1.045
	63.2
	62.4
	62.2

	38
	R
	0.203
	0.211
	0.194
	0.212
	0.216
	0.209
	0.662
	0.659
	0.630
	76.8
	77.6
	79.8
	72.8
	68.8
	74.7
	1.032
	1.035
	1.077
	68.0
	69.0
	68.4

	39
	R
	0.271
	0.276
	0.268
	0.272
	0.278
	0.271
	0.538
	0.509
	0.465
	73.3
	72.8
	74.4
	72.0
	70.0
	72.4
	0.996
	1.027
	1.000
	65.7
	65.9
	54.5

	40
	R
	0.222
	0.234
	0.219
	0.223
	0.239
	0.232
	 
	
	 
	75.0
	75.0
	80.4
	76.7
	72.6
	76.7
	1.010
	1.029
	1.031
	
	
	 

	41
	R
	0.206
	0.210
	0.214
	0.221
	0.227
	0.227
	0.498
	0.497
	0.484
	78.6
	80.9
	76.8
	71.4
	71.1
	74.2
	1.064
	1.066
	1.055
	64.7
	64.8
	64.9

	42
	R
	0.252
	0.255
	0.253
	0.262
	0.277
	0.271
	0.597
	0.592
	0.583
	77.5
	77.5
	77.9
	77.5
	75.1
	73.9
	1.040
	1.058
	1.077
	64.4
	64.7
	64.9

	43
	R
	0.228
	0.233
	0.233
	0.240
	0.243
	0.243
	0.623
	0.612
	0.597
	63.1
	68.6
	76.3
	72.4
	74.6
	 
	1.039
	1.025
	1.029
	60.5
	
	60.5

	44
	R
	0.224
	0.224
	0.218
	0.233
	0.237
	0.239
	0.661
	0.651
	0.631
	68.9
	75.8
	72.3
	65.9
	67.0
	67.2
	1.024
	1.044
	1.056
	62.5
	63.0
	63.6

	45
	R
	0.223
	0.238
	0.229
	0.231
	0.227
	0.226
	0.644
	0.654
	0.641
	
	79.6
	74.6
	76.0
	78.0
	78.2
	1.030
	0.958
	0.978
	64.1
	63.6
	63.4

	46
	R
	0.212
	0.213
	0.209
	0.220
	0.234
	0.228
	0.675
	0.689
	0.663
	69.7
	68.1
	76.3
	67.3
	67.7
	67.1
	1.036
	1.096
	1.058
	66.1
	65.6
	66.1

	47
	R
	0.220
	0.220
	0.215
	0.218
	0.213
	0.217
	0.600
	0.592
	0.566
	78.4
	77.4
	81.3
	80.5
	78.0
	78.6
	0.980
	0.974
	1.023
	62.6
	63.6
	63.5

	48
	R
	0.209
	0.217
	0.209
	0.227
	0.229
	0.229
	0.549
	0.542
	0.526
	67.4
	66.3
	71.8
	64.2
	66.2
	67.7
	1.074
	1.042
	1.062
	64.7
	64.7
	64.7

	49
	R
	0.212
	0.210
	0.212
	0.227
	0.221
	0.220
	0.213
	0.223
	0.216
	77.1
	81.4
	78.7
	71.2
	75.2
	75.6
	1.068
	1.051
	1.038
	66.0
	63.9
	65.4

	50
	R
	0.237
	0.244
	0.237
	0.235
	0.238
	0.233
	0.674
	0.676
	0.637
	66.2
	73.9
	71.3
	70.3
	71.1
	70.6
	1.024
	1.000
	1.003
	65.8
	64.9
	66.0

	51
	R
	0.232
	0.241
	0.242
	0.234
	0.238
	0.231
	0.683
	0.689
	0.659
	71.6
	72.4
	73.2
	69.0
	71.7
	72.7
	1.009
	0.973
	0.972
	61.8
	60.7
	60.7

	52
	R
	0.223
	0.229
	0.225
	0.235
	0.230
	0.231
	0.724
	0.723
	0.702
	71.3
	69.2
	74.9
	70.4
	77.5
	75.1
	1.054
	0.989
	1.028
	64.9
	64.7
	65.2

	53
	R
	0.235
	0.235
	0.228
	0.227
	0.233
	0.229
	0.643
	0.636
	0.612
	74.2
	75.7
	73.2
	73.5
	72.9
	75.2
	0.940
	0.972
	0.963
	61.9
	61.8
	62.0

	54
	R
	0.252
	0.253
	0.250
	0.254
	0.251
	0.246
	0.551
	0.559
	0.538
	69.4
	71.2
	71.7
	69.3
	67.2
	69.3
	0.983
	0.968
	0.978
	65.3
	64.0
	 

	55
	R
	0.225
	0.232
	0.234
	0.235
	0.241
	0.234
	0.580
	0.582
	0.558
	81.7
	69.7
	70.4
	70.4
	70.4
	73.1
	1.054
	1.000
	0.989
	64.3
	63.1
	63.9

	56
	R
	0.221
	0.210
	0.212
	0.224
	0.225
	0.220
	0.512
	0.508
	0.491
	76.6
	78.0
	78.2
	66.8
	77.2
	71.9
	1.005
	1.035
	1.011
	63.4
	63.1
	63.5

	57
	R
	0.215
	0.214
	0.211
	0.203
	0.207
	0.203
	0.510
	0.506
	0.485
	76.6
	78.8
	80.5
	82.7
	81.9
	79.6
	0.964
	0.961
	0.956
	64.0
	64.3
	64.7

	58
	R
	0.207
	0.208
	0.209
	0.223
	0.217
	0.211
	0.624
	0.616
	0.608
	72.6
	79.6
	81.9
	69.3
	73.1
	 
	1.086
	1.056
	1.030
	66.4
	66.9
	66.7

	59
	R
	0.259
	0.270
	0.257
	0.266
	0.270
	0.263
	0.577
	0.574
	0.548
	79.1
	67.6
	74.8
	73.8
	71.7
	72.3
	1.021
	0.982
	0.988
	59.3
	59.7
	59.7

	60
	R
	0.209
	0.211
	0.214
	0.218
	0.220
	0.220
	0.653
	0.655
	0.628
	78.6
	76.7
	74.4
	73.0
	75.3
	74.1
	1.021
	1.035
	0.991
	65.9
	65.5
	65.0

	61
	R
	0.250
	0.251
	0.248
	0.238
	0.238
	0.238
	0.741
	0.741
	0.724
	78.5
	77.8
	79.1
	77.4
	79.0
	79.1
	0.973
	0.960
	0.985
	67.6
	67.3
	67.2

	62
	R
	0.263
	0.271
	0.272
	0.249
	0.255
	0.256
	0.635
	0.622
	0.603
	69.5
	70.1
	70.2
	79.7
	75.4
	74.2
	0.950
	0.954
	0.928
	56.9
	57.0
	57.4

	63
	R
	0.254
	0.257
	0.249
	0.273
	0.273
	0.266
	0.705
	0.699
	0.675
	79.2
	75.8
	78.1
	69.0
	70.6
	72.2
	1.061
	1.078
	1.075
	57.7
	57.3
	57.8

	64
	R
	0.258
	0.260
	0.250
	0.271
	0.269
	0.265
	0.744
	0.738
	0.710
	79.3
	79.5
	80.0
	73.0
	75.4
	75.2
	1.030
	1.013
	1.027
	55.9
	56.4
	56.3

	65
	R
	0.234
	0.230
	0.225
	0.243
	0.240
	0.233
	0.588
	0.581
	0.559
	70.3
	72.9
	73.7
	69.9
	72.2
	70.2
	1.048
	1.039
	1.022
	57.0
	57.7
	57.4

	66
	R
	0.262
	0.269
	0.256
	0.261
	0.251
	0.253
	0.723
	0.707
	0.690
	82.9
	73.6
	80.0
	72.0
	79.9
	77.8
	0.983
	0.944
	0.966
	58.7
	59.6
	59.5

	67
	R
	0.256
	0.258
	0.255
	0.269
	0.284
	0.273
	0.812
	0.792
	0.759
	80.8
	80.6
	80.2
	76.7
	72.3
	75.6
	1.047
	1.092
	1.045
	
	62.2
	62.6

	68
	R
	0.229
	0.229
	0.224
	0.249
	0.249
	0.238
	0.942
	0.925
	0.887
	80.0
	81.4
	81.2
	75.0
	70.6
	77.0
	1.067
	1.086
	1.054
	66.1
	65.6
	65.8

	69
	R
	0.235
	0.234
	0.228
	0.240
	0.246
	0.232
	0.849
	0.832
	0.812
	77.6
	75.4
	77.7
	75.3
	72.7
	75.7
	1.023
	1.028
	1.027
	61.9
	62.2
	61.9

	70
	S
	0.302
	0.293
	0.282
	0.243
	0.242
	0.235
	0.660
	0.661
	0.632
	69.6
	70.7
	71.3
	82.5
	84.5
	84.9
	1.032
	1.007
	0.997
	61.9
	61.8
	61.8

	71
	S
	0.295
	0.294
	0.283
	0.290
	0.283
	0.274
	0.556
	0.549
	0.526
	80.4
	76.6
	79.7
	80.6
	81.2
	82.7
	0.956
	0.963
	0.967
	61.9
	62.2
	61.8

	72
	S
	0.246
	0.247
	0.241
	0.242
	0.245
	0.238
	0.519
	0.523
	0.499
	83.0
	83.6
	81.4
	84.5
	85.2
	81.1
	0.978
	0.997
	0.997
	57.7
	58.8
	58.4

	73
	S
	0.223
	0.221
	0.218
	0.213
	0.215
	0.210
	0.697
	0.693
	0.667
	81.6
	79.5
	77.8
	82.0
	82.2
	81.4
	0.965
	0.963
	0.963
	63.8
	64.4
	64.2

	74
	S
	0.337
	0.325
	0.308
	0.318
	0.310
	0.292
	0.503
	0.514
	0.495
	81.4
	81.0
	79.2
	83.6
	80.2
	81.8
	0.973
	0.966
	0.996
	55.4
	55.6
	56.0


FWD Test Data (7-May-2008) (1 μm/kN = 0.175 mil/kip).
	7-May-2008

	Joint
	NDf-0
	LTE
	JSR

	
	(mils/kip)
	(%)
	

	
	Approach
	Leave
	Approach
	Leave
	

	N
	Type
	Drop1
	Drop 2
	Drop 3
	Drop1
	Drop 2
	Drop 3
	Drop1
	Drop 2
	Drop 3
	Drop1
	Drop 2
	Drop 3
	Drop1
	Drop 2
	Drop 3

	Section 3: Untreated

	1
	R
	0.281
	0.292
	0.283
	0.270
	0.268
	0.267
	50.7
	56.3
	60.4
	75.0
	77.1
	77.8
	1.051
	0.981
	1.007

	2
	R
	0.285
	0.285
	0.286
	0.264
	0.260
	0.259
	63.7
	66.3
	66.1
	80.8
	83.5
	83.7
	0.932
	0.922
	0.918

	3
	R
	0.268
	0.262
	0.258
	0.256
	0.254
	0.251
	
	64.0
	68.0
	71.8
	75.2
	77.1
	0.946
	0.974
	0.980

	4
	S
	0.267
	0.273
	0.271
	0.293
	0.302
	0.295
	74.9
	73.9
	74.7
	64.9
	65.6
	67.5
	1.091
	1.094
	1.085

	5
	S
	0.242
	0.241
	0.241
	0.268
	0.268
	0.265
	80.3
	82.1
	79.8
	68.6
	68.2
	71.4
	1.096
	1.117
	1.093

	6
	S
	0.262
	0.264
	0.259
	0.279
	0.282
	0.281
	71.2
	73.9
	74.9
	65.7
	68.0
	65.3
	1.090
	1.076
	1.085

	7
	S
	0.233
	0.234
	0.234
	0.276
	0.275
	0.270
	72.0
	73.5
	77.2
	54.7
	60.4
	58.7
	1.193
	1.186
	1.161

	8
	S
	0.208
	0.211
	0.210
	0.191
	0.197
	0.201
	86.0
	83.3
	81.8
	80.5
	82.1
	82.4
	0.935
	0.929
	0.967

	9
	R
	0.223
	0.233
	0.231
	0.220
	0.223
	0.222
	69.0
	65.9
	71.7
	70.8
	74.4
	75.6
	0.975
	0.953
	0.959

	10
	R
	0.213
	0.220
	0.218
	0.217
	0.212
	0.215
	77.1
	79.7
	79.0
	81.0
	82.5
	82.8
	1.016
	0.966
	0.977

	11
	R
	0.250
	0.252
	0.256
	0.250
	0.256
	0.252
	75.2
	75.0
	75.7
	78.2
	78.1
	80.8
	0.996
	1.033
	0.995

	Section 2: Rubblized

	1
	R
	0.351
	0.350
	0.345
	0.370
	0.367
	0.359
	69.5
	66.7
	70.9
	60.1
	63.3
	63.9
	1.051
	1.058
	1.051

	2
	R
	0.361
	0.364
	0.358
	0.358
	0.359
	0.349
	53.5
	62.0
	63.0
	73.1
	76.8
	81.3
	0.991
	0.995
	0.982

	3
	R
	0.384
	0.386
	0.389
	0.363
	0.366
	0.369
	51.5
	51.3
	54.3
	71.5
	74.5
	77.0
	0.965
	0.948
	0.959

	4
	S
	0.353
	0.358
	0.357
	0.367
	0.368
	0.367
	66.9
	68.6
	69.6
	68.2
	70.1
	72.9
	1.061
	1.043
	1.046

	5
	S
	0.350
	0.343
	0.351
	0.371
	0.379
	0.372
	70.3
	72.3
	72.5
	69.7
	70.9
	72.5
	1.050
	1.040
	1.039

	6
	S
	0.467
	0.479
	0.469
	0.495
	0.496
	0.488
	21.6
	24.6
	23.0
	23.9
	24.1
	26.6
	1.043
	1.035
	1.041

	7
	S
	0.332
	0.338
	0.333
	0.352
	0.353
	0.356
	61.8
	62.2
	64.4
	64.5
	67.3
	67.6
	1.023
	1.017
	1.031

	8
	S
	0.423
	0.426
	0.417
	0.419
	0.427
	0.415
	34.8
	35.6
	40.2
	41.2
	42.1
	44.5
	0.971
	1.008
	1.008

	9
	R
	0.309
	0.311
	0.303
	0.327
	0.337
	0.325
	64.7
	66.4
	70.1
	57.6
	60.5
	64.4
	1.068
	1.075
	1.053

	10
	R
	0.288
	0.295
	0.281
	0.296
	0.298
	0.295
	73.1
	78.0
	79.1
	75.8
	79.1
	79.9
	1.015
	1.011
	1.009

	11
	R
	0.321
	0.329
	0.324
	0.331
	0.341
	0.328
	56.1
	59.8
	62.8
	69.4
	72.1
	74.0
	1.028
	1.030
	1.027

	Section 1: Crack & Seated

	1
	R
	0.289
	0.301
	0.295
	0.327
	0.336
	0.331
	74.2
	71.5
	76.5
	63.4
	64.6
	66.4
	1.123
	1.116
	1.121

	2
	R
	0.289
	0.296
	0.294
	0.276
	0.295
	0.290
	
	64.1
	65.8
	66.8
	69.5
	74.3
	0.938
	0.983
	0.983

	3
	R
	0.326
	0.333
	0.336
	0.326
	0.336
	0.340
	74.8
	77.2
	76.0
	71.2
	71.8
	73.0
	0.993
	1.025
	1.000

	4
	S
	0.245
	0.254
	0.258
	0.247
	0.256
	0.260
	82.4
	82.1
	82.3
	80.4
	82.0
	80.4
	1.014
	0.997
	1.015

	5
	S
	0.235
	0.242
	0.241
	0.257
	0.268
	0.268
	79.4
	79.9
	81.8
	73.2
	72.9
	73.3
	1.079
	1.092
	1.100

	6
	S
	0.268
	0.282
	0.281
	0.316
	0.323
	0.324
	73.3
	73.8
	74.8
	65.7
	65.9
	66.4
	1.177
	1.138
	1.134

	7
	S
	0.261
	0.279
	0.282
	0.249
	0.252
	0.256
	76.4
	79.3
	80.8
	74.8
	75.2
	76.2
	1.017
	1.051
	1.031

	8
	S
	0.250
	0.254
	0.258
	0.284
	0.290
	0.295
	83.6
	79.3
	82.2
	69.0
	72.2
	72.7
	1.198
	1.196
	1.202

	9
	R
	0.254
	0.256
	0.258
	0.266
	0.268
	0.267
	57.5
	61.3
	63.3
	63.9
	65.2
	68.1
	1.044
	1.066
	1.049

	10
	R
	0.321
	0.324
	0.326
	0.292
	0.304
	0.301
	55.5
	50.1
	53.8
	74.3
	72.9
	77.1
	0.914
	0.929
	0.916

	11
	R
	0.211
	0.231
	0.237
	0.281
	0.289
	0.285
	77.5
	78.2
	78.5
	64.4
	66.1
	68.3
	1.172
	1.265
	1.218


FWD Test Data (C&S Section, 21-October-2008) (1 μm/kN = 0.175 mil/kip).
	Section 1: Cracked & Seated

	21-October-2008

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.295
	0.304
	0.302
	0.347
	0.344
	0.340
	0.197
	0.197
	0.204
	80.3
	82.6
	81.1
	72.7
	74.7
	76.1
	1.156
	1.131
	1.119
	 
	71.2
	69.7

	2
	R
	0.369
	0.374
	0.368
	0.390
	0.388
	0.383
	0.192
	0.199
	0.202
	64.8
	63.9
	66.0
	64.1
	65.9
	68.1
	1.057
	1.045
	1.029
	70.8
	71.8
	71.8

	3
	R
	0.352
	0.359
	0.356
	0.367
	0.368
	0.364
	0.192
	0.207
	0.210
	68.3
	62.6
	66.7
	68.0
	71.6
	72.4
	1.041
	1.023
	1.035
	78.9
	76.6
	76.7

	4
	R
	0.358
	0.370
	0.366
	0.368
	0.381
	0.377
	0.257
	0.267
	0.266
	70.6
	69.9
	72.8
	77.7
	77.5
	79.7
	1.015
	1.025
	1.012
	78.4
	77.5
	77.2

	5
	R
	0.378
	0.373
	0.371
	0.398
	0.396
	0.390
	0.228
	0.233
	0.240
	72.0
	77.0
	74.8
	74.7
	75.7
	76.7
	1.062
	1.076
	1.057
	73.3
	74.0
	72.6

	6
	R
	0.398
	0.405
	0.395
	0.418
	0.417
	0.407
	0.254
	0.258
	0.260
	66.3
	68.0
	69.2
	68.8
	70.0
	71.7
	1.062
	1.033
	1.029
	
	69.8
	69.4

	7
	R
	0.350
	0.349
	0.352
	0.395
	0.403
	0.391
	0.204
	0.211
	0.216
	70.5
	72.7
	74.6
	66.1
	66.9
	70.0
	1.124
	1.151
	1.110
	71.7
	73.0
	72.4

	8
	R
	0.400
	0.406
	0.399
	0.433
	0.437
	0.426
	0.198
	0.208
	0.210
	70.5
	71.7
	73.1
	67.9
	69.1
	71.0
	1.084
	1.083
	1.069
	71.8
	71.2
	72.0

	9
	R
	0.398
	0.394
	0.385
	0.395
	0.391
	0.389
	0.199
	0.203
	0.207
	60.8
	63.5
	66.5
	65.1
	67.7
	70.5
	1.009
	0.998
	1.005
	70.1
	69.3
	70.5

	10
	R
	0.283
	0.290
	0.293
	0.308
	0.311
	0.314
	0.183
	0.186
	0.193
	66.4
	67.7
	69.3
	64.3
	66.8
	68.6
	1.082
	1.066
	1.072
	68.4
	70.2
	70.1

	11
	R
	0.356
	0.361
	0.364
	0.379
	0.388
	0.384
	0.209
	0.204
	0.210
	67.8
	68.4
	68.7
	63.6
	64.3
	66.0
	1.072
	1.079
	1.059
	
	72.6
	71.6

	12
	R
	0.361
	0.368
	0.365
	0.366
	0.382
	0.373
	0.241
	0.248
	0.257
	67.4
	68.5
	69.2
	69.3
	70.0
	73.8
	0.982
	1.021
	1.010
	71.6
	73.2
	72.7

	13
	R
	0.479
	0.479
	0.470
	0.506
	0.504
	0.493
	0.252
	0.265
	0.267
	67.0
	68.9
	71.3
	63.4
	66.2
	69.0
	1.056
	1.054
	1.051
	69.4
	68.3
	69.2

	14
	S
	0.368
	0.372
	0.372
	0.383
	0.390
	0.385
	0.213
	0.221
	0.226
	73.1
	72.8
	74.9
	70.8
	69.9
	69.7
	1.036
	1.045
	1.034
	66.1
	68.2
	67.7

	15
	S
	0.349
	0.352
	0.352
	0.393
	0.395
	0.389
	0.203
	0.210
	0.212
	68.9
	69.4
	69.9
	63.1
	62.7
	63.8
	1.101
	1.123
	1.113
	
	66.1
	66.9

	16
	S
	0.386
	0.393
	0.392
	0.420
	0.427
	0.418
	0.187
	0.195
	0.199
	51.7
	53.1
	53.8
	52.0
	53.6
	54.7
	1.071
	1.075
	1.067
	
	66.7
	67.7

	17
	S
	0.341
	0.356
	0.351
	0.397
	0.400
	0.388
	0.201
	0.212
	0.216
	67.8
	66.9
	67.9
	58.8
	59.9
	62.0
	1.174
	1.124
	1.098
	63.4
	63.4
	63.9

	18
	S
	0.349
	0.356
	0.357
	0.365
	0.376
	0.375
	0.199
	0.204
	0.207
	65.8
	66.2
	67.5
	66.4
	65.9
	65.2
	1.054
	1.068
	1.047
	
	61.7
	62.5

	19
	R
	0.352
	0.352
	0.349
	0.371
	0.369
	0.357
	0.169
	0.176
	0.180
	54.4
	55.9
	58.4
	58.5
	61.0
	64.6
	1.060
	1.047
	1.034
	65.7
	66.0
	66.8

	20
	R
	0.477
	0.480
	0.459
	0.448
	0.447
	0.434
	0.160
	0.158
	0.161
	59.9
	60.2
	60.7
	74.3
	74.6
	77.2
	0.942
	0.937
	0.947
	66.0
	67.5
	69.3

	21
	R
	0.354
	0.353
	0.344
	0.410
	0.403
	0.390
	0.187
	0.192
	0.197
	61.5
	61.6
	63.4
	60.1
	61.8
	63.9
	1.161
	1.143
	1.137
	
	68.6
	68.3

	22
	R
	0.349
	0.344
	0.334
	0.378
	0.368
	0.352
	0.178
	0.182
	0.186
	68.2
	69.8
	71.9
	59.9
	65.7
	68.5
	1.090
	1.078
	1.054
	64.8
	65.2
	64.7

	23
	R
	0.394
	0.398
	0.391
	0.462
	0.454
	0.435
	0.173
	0.174
	0.181
	58.0
	62.8
	61.0
	60.2
	61.8
	64.5
	1.169
	1.139
	1.105
	
	69.0
	69.1

	24
	R
	0.439
	0.438
	0.418
	0.440
	0.436
	0.424
	0.174
	0.187
	0.190
	54.2
	57.1
	60.6
	60.0
	62.7
	66.6
	1.010
	1.020
	1.026
	 
	64.9
	65.9


FWD Test Data (Rubblized Section, 21-October-2008) (1 μm/kN = 0.175 mil/kip).
	Section 2: Rubblized

	21-October-2008

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.394
	0.399
	0.387
	0.420
	0.417
	0.404
	0.215
	0.222
	0.222
	59.1
	59.4
	64.2
	56.4
	59.2
	62.4
	1.069
	1.046
	1.059
	64.7
	65.1
	65.7

	2
	R
	0.401
	0.404
	0.393
	0.399
	0.399
	0.391
	0.201
	0.207
	0.209
	53.9
	57.5
	62.1
	65.2
	68.7
	 
	1.003
	0.998
	0.997
	62.8
	63.7
	64.9

	3
	R
	0.435
	0.435
	0.429
	0.435
	0.434
	0.422
	0.196
	0.200
	0.204
	50.1
	51.0
	53.8
	62.6
	65.7
	67.6
	0.985
	0.973
	0.977
	64.7
	65.3
	65.3

	4
	S
	0.463
	0.457
	0.446
	0.480
	0.473
	0.462
	0.210
	0.212
	0.216
	55.2
	56.8
	57.9
	62.6
	64.2
	65.9
	1.041
	1.042
	1.040
	69.6
	71.0
	70.8

	5
	S
	0.481
	0.478
	0.470
	0.541
	0.534
	0.521
	0.216
	0.225
	0.229
	64.2
	64.7
	65.6
	60.3
	61.4
	62.3
	1.103
	1.108
	1.100
	69.2
	69.1
	69.5

	6
	S
	0.607
	0.602
	0.587
	0.653
	0.639
	0.614
	0.188
	0.196
	0.199
	17.1
	19.8
	21.7
	18.6
	21.1
	23.0
	1.087
	1.069
	1.044
	
	68.2
	68.3

	7
	S
	0.487
	0.482
	0.469
	0.476
	0.471
	0.459
	0.176
	0.184
	0.189
	51.4
	51.6
	52.8
	60.6
	63.7
	65.3
	0.972
	0.971
	0.985
	70.7
	69.2
	69.7

	8
	S
	0.659
	0.646
	0.615
	0.694
	0.669
	0.637
	0.189
	0.188
	0.194
	34.0
	37.0
	40.0
	30.8
	33.7
	36.6
	1.061
	1.052
	1.054
	63.5
	67.5
	66.7

	9
	R
	0.396
	0.394
	0.383
	0.398
	0.403
	0.390
	0.185
	0.186
	0.189
	62.5
	64.2
	66.5
	63.0
	63.9
	66.2
	1.011
	1.021
	1.021
	63.5
	64.9
	65.1

	10
	R
	0.350
	0.353
	0.352
	0.354
	0.361
	0.358
	0.174
	0.181
	0.184
	72.5
	74.1
	74.9
	72.9
	74.4
	74.6
	1.003
	1.021
	1.016
	63.2
	64.1
	64.7

	11
	R
	0.422
	0.418
	0.410
	0.456
	0.452
	0.437
	0.165
	0.172
	0.175
	69.9
	71.7
	72.8
	66.2
	68.1
	70.3
	1.093
	1.088
	1.063
	63.6
	65.0
	64.7

	12
	R
	0.393
	0.394
	0.385
	0.407
	0.403
	0.390
	0.189
	0.193
	0.196
	61.9
	61.8
	66.0
	61.9
	64.6
	67.9
	1.017
	1.030
	1.013
	58.1
	65.1
	66.0

	13
	R
	0.457
	0.456
	0.445
	0.439
	0.439
	0.430
	0.195
	0.203
	0.203
	52.3
	53.5
	56.5
	63.7
	66.5
	68.3
	0.963
	0.967
	0.961
	67.2
	66.4
	68.4

	14
	R
	0.382
	0.385
	0.377
	0.405
	0.397
	0.392
	0.211
	0.216
	0.219
	64.8
	66.2
	69.1
	62.2
	65.5
	67.7
	1.061
	1.030
	1.045
	65.0
	
	65.9

	15
	R
	0.461
	0.460
	0.444
	0.461
	0.459
	0.443
	0.192
	0.203
	0.203
	48.0
	53.3
	56.0
	61.2
	64.9
	68.6
	1.005
	1.000
	1.000
	66.7
	67.6
	67.5

	16
	R
	0.415
	0.407
	0.399
	0.474
	0.465
	0.447
	0.209
	0.214
	0.215
	57.8
	61.8
	66.1
	53.2
	57.3
	61.1
	1.148
	1.146
	1.121
	63.2
	62.7
	66.3

	17
	R
	0.357
	0.358
	0.356
	0.396
	0.391
	0.385
	0.189
	0.198
	0.199
	65.9
	66.7
	69.0
	52.9
	54.6
	57.7
	1.126
	1.096
	1.081
	66.2
	65.5
	66.5

	18
	R
	0.349
	0.351
	0.352
	0.334
	0.339
	0.338
	0.206
	0.209
	0.212
	64.5
	65.5
	67.9
	71.1
	72.3
	74.0
	0.962
	0.957
	0.963
	
	66.8
	66.4

	19
	R
	0.274
	0.281
	0.281
	0.297
	0.302
	0.301
	0.194
	0.204
	0.207
	81.0
	80.5
	81.1
	77.7
	77.1
	77.0
	1.067
	1.071
	1.055
	64.6
	63.2
	64.5

	20
	R
	0.307
	0.316
	0.314
	0.334
	0.340
	0.342
	0.172
	0.181
	0.184
	64.8
	67.1
	68.2
	64.2
	64.1
	64.2
	1.084
	1.072
	1.090
	63.4
	63.5
	64.4

	21
	R
	0.261
	0.266
	0.267
	0.287
	0.289
	0.292
	0.164
	0.167
	0.169
	78.0
	79.8
	80.8
	73.5
	74.6
	75.4
	1.089
	1.091
	1.096
	
	
	65.2

	22
	R
	0.310
	0.324
	0.318
	0.310
	0.317
	0.313
	0.171
	0.180
	0.182
	63.6
	62.8
	62.5
	66.7
	68.2
	70.5
	0.996
	0.982
	0.984
	62.1
	63.3
	63.3

	23
	R
	0.253
	0.257
	0.256
	0.283
	0.290
	0.285
	 
	
	0.179
	75.8
	80.8
	79.1
	74.5
	74.4
	75.3
	1.123
	1.134
	1.102
	
	
	64.5

	24
	R
	0.254
	0.265
	0.263
	0.268
	0.280
	0.277
	0.168
	0.175
	0.177
	78.6
	77.3
	78.3
	75.1
	72.0
	75.3
	1.076
	1.073
	1.075
	64.4
	63.8
	65.1

	25
	R
	0.291
	0.300
	0.292
	0.316
	0.316
	0.310
	0.184
	0.188
	0.192
	70.0
	67.9
	68.1
	61.3
	63.9
	65.7
	1.080
	1.050
	1.049
	65.8
	66.7
	65.9

	26
	R
	0.277
	0.285
	0.285
	0.299
	0.302
	0.301
	0.184
	0.185
	0.189
	81.4
	80.2
	81.3
	75.8
	76.9
	78.4
	1.063
	1.050
	1.057
	63.8
	65.5
	65.8


FWD Test Data (Untreated Section, 21-October-2008) (1 μm/kN = 0.175 mil/kip).
	Section 3: Untreated

	21-October-2008

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.455
	0.448
	0.419
	0.430
	0.422
	0.400
	0.185
	0.190
	0.193
	58.6
	63.6
	67.8
	64.5
	67.9
	71.5
	0.953
	0.948
	0.939
	
	
	 

	2
	R
	0.387
	0.387
	0.374
	0.408
	0.425
	0.406
	0.164
	0.175
	0.173
	51.5
	54.8
	57.2
	51.1
	55.9
	60.2
	1.064
	1.100
	1.093
	76.3
	
	77.5

	3
	R
	0.449
	0.438
	0.419
	0.462
	0.457
	0.441
	0.156
	0.159
	0.162
	62.2
	65.1
	66.0
	62.8
	65.1
	67.0
	1.017
	1.042
	1.049
	
	72.2
	71.2

	4
	R
	0.357
	0.352
	0.339
	0.363
	0.358
	0.348
	0.158
	0.168
	0.170
	60.8
	65.4
	68.4
	61.7
	65.0
	68.9
	1.032
	1.024
	1.035
	71.4
	69.5
	69.7

	5
	R
	0.317
	0.316
	0.314
	0.345
	0.339
	0.335
	0.182
	0.192
	0.192
	57.4
	57.9
	60.0
	54.8
	56.0
	60.0
	1.113
	1.077
	1.070
	75.6
	73.1
	72.3

	6
	R
	0.330
	0.329
	0.328
	0.372
	0.372
	0.369
	0.153
	0.163
	0.165
	71.9
	71.9
	72.3
	59.2
	59.5
	60.6
	1.140
	1.133
	1.129
	
	
	 

	7
	R
	0.405
	0.401
	0.386
	0.424
	0.417
	0.401
	0.144
	0.152
	0.154
	57.9
	59.7
	62.0
	61.6
	64.0
	65.8
	1.055
	1.044
	1.041
	72.9
	72.4
	72.9

	8
	R
	0.382
	0.376
	0.362
	0.373
	0.362
	0.352
	0.160
	0.152
	0.158
	59.9
	61.3
	63.5
	65.8
	69.2
	70.9
	0.991
	0.971
	0.976
	68.9
	71.8
	71.3

	9
	R
	0.396
	0.389
	0.372
	0.395
	0.384
	0.368
	0.160
	0.170
	0.164
	64.2
	61.9
	66.7
	64.6
	67.9
	70.6
	1.011
	0.991
	0.995
	67.8
	66.1
	68.4

	10
	S
	0.565
	0.544
	0.519
	0.786
	0.723
	0.654
	0.163
	0.166
	0.166
	35.3
	38.1
	40.7
	26.0
	29.4
	32.8
	1.373
	1.320
	1.267
	76.7
	76.9
	76.7

	11
	S
	0.490
	0.484
	0.463
	0.497
	0.477
	0.451
	0.164
	0.168
	0.172
	57.8
	60.0
	59.9
	59.1
	62.0
	63.6
	1.021
	0.984
	0.972
	75.1
	75.8
	75.2

	12
	S
	0.829
	0.782
	0.702
	0.880
	0.806
	0.715
	0.207
	0.204
	0.205
	57.5
	58.8
	60.6
	51.7
	53.4
	55.2
	1.066
	1.042
	1.024
	
	
	 

	13
	S
	0.804
	0.755
	0.685
	0.763
	0.712
	0.652
	0.195
	0.205
	0.203
	53.7
	54.5
	55.3
	68.5
	70.0
	71.3
	0.957
	0.954
	0.961
	
	
	 

	14
	S
	0.368
	0.359
	0.346
	0.391
	0.390
	0.373
	0.186
	0.189
	0.189
	68.7
	70.3
	71.1
	73.3
	72.9
	74.1
	1.082
	1.096
	1.085
	
	73.3
	74.1

	15
	R
	0.331
	0.331
	0.321
	0.325
	0.331
	0.322
	0.163
	0.170
	0.172
	61.5
	64.1
	65.3
	67.5
	66.5
	69.8
	0.986
	1.005
	1.008
	
	70.2
	69.4

	16
	R
	0.293
	0.291
	0.286
	0.325
	0.326
	0.325
	0.156
	0.161
	0.158
	75.5
	74.4
	76.6
	76.8
	76.6
	77.7
	1.091
	1.135
	1.138
	70.8
	70.7
	72.6

	17
	R
	0.294
	0.303
	0.299
	0.337
	0.340
	0.334
	0.148
	0.153
	0.154
	70.7
	71.1
	69.8
	63.0
	62.3
	63.9
	1.128
	1.118
	1.108
	70.7
	71.6
	72.7

	18
	R
	0.334
	0.335
	0.328
	0.359
	0.361
	0.353
	0.192
	0.197
	0.200
	80.7
	80.3
	80.0
	77.1
	78.3
	78.5
	1.077
	1.085
	1.074
	70.5
	71.7
	71.2

	19
	R
	0.330
	0.332
	0.332
	0.344
	0.350
	0.346
	0.182
	0.183
	0.188
	69.4
	75.7
	76.2
	74.4
	73.5
	74.8
	1.061
	1.068
	1.042
	72.7
	72.7
	72.4


FWD Test Data (C&S Section, 13-May-2009) (1 μm/kN = 0.175 mil/kip).
	Section 1: Cracked & Seated

	13-May-2009

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.348
	0.359
	0.360
	0.386
	0.382
	0.373
	0.533
	0.525
	0.506
	69.1
	64.1
	65.6
	58.3
	62.5
	66.6
	1.088
	1.043
	1.029
	60.3
	60.0
	 

	2
	S
	0.316
	0.323
	0.324
	0.341
	0.352
	0.353
	0.587
	0.581
	0.553
	71.1
	73.7
	73.3
	66.7
	65.0
	67.7
	1.088
	1.082
	1.085
	61.7
	62.4
	 

	3
	S
	0.342
	0.350
	0.349
	0.422
	0.420
	0.414
	0.752
	0.750
	0.731
	
	66.7
	69.2
	50.1
	53.8
	54.0
	1.203
	1.191
	1.170
	64.8
	64.3
	64.7

	4
	S
	0.419
	0.428
	0.426
	0.444
	0.451
	0.442
	0.631
	0.628
	0.603
	53.1
	47.8
	47.8
	45.7
	48.0
	50.3
	1.056
	1.047
	1.020
	62.3
	
	 

	5
	S
	0.316
	0.318
	0.319
	0.320
	0.330
	0.329
	0.660
	0.662
	0.644
	68.8
	71.9
	73.4
	
	67.8
	 
	0.990
	1.023
	1.017
	64.3
	64.7
	65.0

	6
	S
	0.381
	0.387
	0.386
	0.398
	0.399
	0.396
	0.656
	0.658
	0.641
	55.5
	52.6
	51.4
	47.8
	50.0
	52.5
	1.035
	1.030
	1.002
	63.5
	
	 

	7
	R
	0.311
	0.320
	0.316
	0.312
	0.317
	0.314
	0.666
	0.662
	0.649
	69.1
	68.5
	70.8
	63.7
	67.1
	 
	0.986
	0.980
	0.973
	63.5
	
	 

	8
	R
	0.316
	0.321
	0.320
	0.334
	0.342
	0.336
	0.577
	0.584
	0.567
	76.2
	73.7
	76.2
	67.2
	68.4
	70.6
	1.056
	1.062
	1.046
	61.4
	61.4
	61.3

	9
	R
	0.335
	0.340
	0.336
	0.344
	0.345
	0.341
	0.643
	0.644
	0.630
	60.6
	64.4
	65.5
	66.3
	66.9
	69.2
	1.033
	1.002
	1.011
	61.7
	62.0
	 

	10
	R
	0.308
	0.312
	0.314
	0.301
	0.309
	0.306
	0.703
	0.698
	0.680
	59.7
	63.6
	65.6
	65.8
	68.0
	68.8
	0.951
	0.974
	0.967
	62.0
	62.4
	 

	11
	R
	0.341
	0.347
	0.348
	0.330
	0.340
	0.335
	0.848
	0.851
	0.830
	73.1
	70.5
	71.9
	73.2
	73.4
	74.4
	0.968
	0.976
	0.973
	65.7
	
	 

	12
	R
	0.410
	0.403
	0.395
	0.397
	0.403
	0.397
	0.979
	0.985
	0.971
	69.0
	70.6
	73.0
	73.7
	73.0
	73.5
	0.957
	1.004
	0.989
	66.7
	
	66.4

	13
	R
	0.389
	0.389
	0.386
	0.396
	0.397
	0.391
	0.771
	0.785
	0.760
	71.2
	68.4
	71.0
	70.6
	71.4
	73.3
	1.017
	0.994
	0.990
	63.8
	63.2
	64.1

	14
	R
	0.357
	0.357
	0.354
	0.368
	0.371
	0.361
	0.758
	0.759
	0.738
	65.1
	64.6
	66.3
	61.1
	61.0
	65.8
	1.015
	1.014
	1.005
	63.3
	62.4
	63.0

	15
	R
	0.386
	0.387
	0.378
	0.347
	0.358
	0.353
	0.567
	0.567
	0.549
	57.1
	58.0
	62.1
	66.7
	67.4
	69.2
	0.900
	0.942
	0.909
	58.9
	58.6
	 

	16
	R
	0.338
	0.340
	0.336
	0.354
	0.359
	0.359
	0.781
	0.783
	0.763
	63.9
	67.8
	70.8
	61.4
	61.7
	64.9
	1.036
	1.056
	1.063
	66.4
	66.0
	66.0

	17
	R
	0.371
	0.371
	0.369
	0.376
	0.375
	0.370
	0.685
	0.692
	0.678
	58.8
	57.0
	62.8
	57.7
	60.6
	62.0
	1.003
	1.011
	1.000
	67.2
	67.0
	 

	18
	R
	0.364
	0.364
	0.355
	0.358
	0.353
	0.346
	0.460
	0.461
	0.454
	57.0
	61.3
	65.0
	63.8
	65.4
	68.2
	0.985
	0.973
	0.982
	60.0
	60.1
	60.1

	19
	R
	0.316
	0.322
	0.324
	0.327
	0.330
	0.320
	0.543
	0.545
	0.539
	58.5
	61.2
	60.5
	59.5
	63.8
	68.1
	1.014
	1.028
	0.996
	61.1
	61.8
	61.9

	20
	R
	0.288
	0.297
	0.294
	0.296
	0.303
	0.302
	0.606
	0.619
	0.584
	79.3
	81.2
	79.5
	77.2
	81.3
	81.7
	1.008
	1.020
	1.004
	58.3
	
	 


FWD Test Data (Rubblized Section, 13-May-2009) (1 μm/kN = 0.175 mil/kip).
	Section 2: Rubblized

	13-May-2009

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	RJ
	0.286
	0.299
	0.311
	0.287
	0.302
	0.311
	0.342
	0.346
	0.352
	62.1
	64.1
	66.2
	63.0
	60.7
	60.5
	1.004
	1.013
	1.002
	64.2
	65.5
	65.4

	2
	RJ
	0.286
	0.308
	0.317
	0.293
	0.310
	0.318
	0.309
	0.316
	0.320
	76.4
	77.0
	78.5
	72.8
	75.6
	75.4
	1.025
	1.008
	1.004
	61.0
	61.3
	62.0

	3
	RJ
	0.319
	0.335
	0.348
	0.320
	0.329
	0.337
	0.286
	0.290
	0.296
	53.4
	54.4
	55.2
	56.7
	61.0
	63.5
	1.010
	0.988
	0.981
	61.5
	62.4
	62.9

	4
	SJ
	0.331
	0.344
	0.359
	0.337
	0.344
	0.357
	0.336
	0.342
	0.346
	59.1
	60.9
	61.8
	56.5
	59.7
	61.1
	1.013
	1.000
	0.996
	64.8
	65.3
	65.7

	5
	SJ
	0.302
	0.318
	0.324
	0.330
	0.339
	0.348
	0.355
	0.360
	0.363
	68.3
	68.3
	69.5
	59.0
	59.7
	61.2
	1.082
	1.059
	1.060
	67.6
	67.6
	67.6

	6
	SJ
	0.352
	0.368
	0.380
	0.446
	0.456
	0.470
	0.287
	0.291
	0.294
	104.1
	103.8
	104.4
	70.6
	73.0
	72.4
	1.259
	1.232
	1.230
	64.3
	64.6
	65.0

	7
	SJ
	0.340
	0.351
	0.360
	0.289
	0.297
	0.310
	0.262
	0.266
	0.273
	54.1
	56.7
	57.9
	58.6
	60.8
	61.9
	0.850
	0.848
	0.860
	63.4
	63.7
	64.2

	8
	SJ
	0.371
	0.384
	0.396
	0.335
	0.341
	0.353
	0.351
	0.356
	0.357
	35.8
	38.4
	40.3
	36.9
	41.7
	43.2
	0.908
	0.895
	0.902
	66.8
	66.2
	66.0

	9
	RJ
	0.262
	0.273
	0.283
	0.269
	0.276
	0.286
	0.417
	0.404
	0.403
	64.5
	66.9
	68.1
	60.2
	61.7
	62.4
	1.020
	1.014
	1.016
	68.8
	69.9
	69.5

	10
	RJ
	0.267
	0.282
	0.291
	0.267
	0.278
	0.289
	0.449
	0.454
	0.458
	75.6
	76.3
	77.6
	70.2
	71.9
	72.5
	1.000
	0.994
	1.016
	67.2
	67.3
	67.3

	11
	RJ
	0.266
	0.277
	0.285
	0.270
	0.277
	0.287
	0.506
	0.509
	0.512
	67.7
	68.3
	69.5
	68.6
	66.4
	67.0
	1.016
	1.003
	1.007
	68.3
	67.8
	67.7

	12
	RJ
	0.248
	0.260
	0.268
	0.251
	0.263
	0.270
	0.349
	0.347
	0.351
	63.4
	65.0
	66.0
	71.4
	55.7
	62.1
	1.013
	1.006
	1.007
	63.9
	64.8
	64.8

	13
	RJ
	0.282
	0.288
	0.297
	0.266
	0.276
	0.284
	0.310
	0.312
	0.316
	58.3
	60.9
	63.3
	59.6
	61.0
	63.0
	0.941
	0.962
	0.967
	64.6
	64.3
	64.5

	14
	RJ
	0.283
	0.295
	0.305
	0.314
	0.325
	0.333
	0.645
	0.642
	0.639
	68.1
	71.1
	71.9
	60.1
	53.3
	59.3
	1.103
	1.110
	1.105
	68.8
	68.7
	68.4

	15
	RJ
	0.314
	0.321
	0.336
	0.321
	0.329
	0.342
	0.529
	0.517
	0.510
	63.2
	66.3
	67.1
	59.9
	63.1
	63.6
	1.023
	1.034
	1.032
	70.1
	70.2
	69.9

	16
	RJ
	0.271
	0.282
	0.291
	0.284
	0.289
	0.298
	0.517
	0.515
	0.517
	69.9
	71.0
	72.2
	67.0
	61.1
	64.5
	1.054
	1.031
	1.034
	71.3
	71.7
	71.5

	17
	RJ
	0.286
	0.296
	0.304
	0.275
	0.288
	0.296
	0.391
	0.392
	0.396
	63.4
	64.5
	65.9
	60.8
	62.1
	63.0
	0.963
	0.973
	0.970
	68.2
	67.9
	68.4


FWD Test Data (Untreated Section, 13-May-2009) (1 μm/kN = 0.175 mil/kip).

	Section 3: Untreated

	13-May-2009

	Joint
	NDf-0
	LTE
	JSR
	Mid-Slab SPR

	
	(mils/kip)
	(%)
	
	

	
	Approach
	Leave
	Mid-Slab
	Approach
	Leave
	
	(%)

	N
	Type
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop
	Drop

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	R
	0.210
	0.218
	0.219
	0.233
	0.240
	0.240
	0.216
	0.218
	0.217
	61.9
	64.4
	66.8
	60.6
	61.2
	64.2
	1.101
	1.096
	1.097
	63.7
	64.4
	65.3

	2
	R
	0.221
	0.230
	0.220
	0.199
	0.207
	0.213
	0.174
	0.169
	0.166
	52.4
	51.9
	53.1
	69.0
	64.7
	68.6
	0.962
	0.958
	0.917
	64.8
	65.2
	65.5

	3
	R
	0.240
	0.244
	0.244
	0.226
	0.231
	 
	0.205
	0.178
	0.179
	65.0
	65.2
	67.0
	64.0
	67.8
	 
	1.000
	1.011
	 
	66.4
	65.2
	67.1

	4
	R
	0.201
	0.204
	0.207
	0.209
	0.214
	0.211
	0.146
	0.147
	0.147
	61.7
	64.5
	66.1
	55.2
	57.6
	58.8
	0.939
	1.034
	0.916
	63.7
	64.4
	65.3

	5
	R
	0.157
	0.161
	0.167
	0.188
	0.191
	0.191
	0.153
	0.161
	0.159
	61.3
	72.3
	69.7
	63.5
	63.6
	66.3
	1.181
	1.165
	1.123
	62.5
	63.7
	64.6

	6
	R
	
	0.190
	0.199
	0.212
	0.221
	0.219
	0.200
	0.204
	0.204
	
	69.7
	69.4
	61.4
	61.3
	63.4
	 
	1.217
	1.168
	65.2
	65.3
	66.2

	7
	R
	0.223
	0.231
	0.233
	0.239
	0.232
	0.231
	0.423
	0.395
	0.366
	66.1
	68.9
	70.7
	69.5
	68.7
	68.3
	1.183
	1.096
	1.121
	58.0
	58.5
	59.1

	8
	R
	0.230
	0.238
	0.238
	0.260
	0.266
	0.265
	0.207
	0.210
	0.204
	75.5
	73.7
	73.9
	64.4
	64.8
	67.1
	1.197
	1.172
	1.160
	63.5
	63.2
	64.7

	9
	R
	0.231
	0.230
	0.232
	0.232
	0.233
	0.235
	0.338
	0.321
	0.304
	68.8
	68.8
	69.9
	70.0
	72.6
	74.4
	1.010
	1.033
	1.016
	61.6
	62.3
	63.0

	10
	R
	0.244
	0.248
	0.250
	0.239
	0.252
	0.252
	0.566
	0.491
	0.426
	65.4
	65.3
	65.9
	64.2
	66.7
	65.7
	0.991
	1.020
	1.015
	65.8
	65.7
	65.9

	11
	R
	0.267
	0.276
	0.275
	0.238
	0.246
	0.248
	0.384
	0.355
	0.330
	73.0
	72.7
	73.7
	78.3
	77.4
	79.1
	0.869
	0.889
	0.902
	58.9
	59.5
	60.3

	12
	R
	0.239
	0.247
	0.246
	0.223
	0.234
	0.233
	0.323
	
	0.283
	66.5
	63.4
	63.9
	62.5
	59.8
	57.8
	0.917
	0.943
	0.939
	59.8
	
	61.5

	13
	R
	0.227
	0.229
	0.226
	0.219
	0.222
	0.222
	0.490
	0.475
	0.441
	66.0
	70.3
	68.7
	69.7
	71.1
	72.5
	0.961
	0.964
	0.978
	65.3
	65.3
	65.4

	14
	R
	0.203
	0.206
	0.206
	0.197
	0.201
	0.201
	0.549
	0.554
	0.542
	71.3
	70.6
	73.4
	70.8
	73.6
	74.3
	0.983
	0.976
	0.988
	62.5
	62.9
	62.8

	15
	R
	0.219
	0.223
	0.228
	0.223
	0.226
	0.227
	0.535
	0.483
	0.422
	73.2
	76.8
	74.6
	72.0
	71.0
	72.9
	1.010
	1.019
	0.986
	64.8
	65.2
	65.5

	16
	R
	0.247
	0.255
	0.257
	0.257
	0.262
	0.260
	0.406
	0.402
	0.396
	72.4
	72.0
	73.4
	70.3
	68.7
	70.9
	1.031
	1.020
	1.022
	54.5
	54.8
	55.7

	17
	R
	0.256
	0.262
	0.260
	0.293
	0.297
	0.299
	0.384
	0.376
	0.361
	67.1
	68.4
	69.1
	58.8
	60.7
	62.5
	1.134
	1.127
	1.141
	51.0
	52.0
	53.1

	18
	R
	0.329
	0.334
	0.338
	0.333
	0.338
	0.339
	0.509
	0.510
	0.496
	50.2
	50.0
	48.6
	57.9
	58.3
	 
	1.014
	1.013
	1.009
	57.6
	57.0
	 

	19
	R
	0.224
	0.229
	0.228
	0.229
	0.236
	0.235
	0.688
	0.701
	0.682
	72.1
	74.4
	75.9
	75.1
	71.7
	73.1
	1.005
	1.022
	1.014
	63.8
	
	 

	20
	R
	0.250
	0.254
	0.253
	0.248
	0.253
	0.251
	0.565
	0.562
	0.528
	70.4
	68.1
	72.2
	68.2
	68.4
	70.0
	0.987
	0.990
	0.976
	64.2
	63.9
	 

	21
	R
	0.233
	0.239
	0.240
	0.235
	0.241
	0.239
	0.560
	0.560
	0.533
	76.9
	75.8
	77.6
	75.0
	77.2
	78.6
	1.000
	1.000
	0.987
	60.0
	60.2
	 

	22
	R
	0.232
	0.235
	0.235
	0.245
	0.246
	0.244
	0.722
	0.723
	0.702
	75.6
	77.5
	74.9
	70.6
	73.0
	73.9
	1.057
	1.039
	1.032
	
	60.2
	 

	23
	R
	0.199
	0.202
	0.205
	0.212
	0.216
	0.216
	0.537
	0.545
	0.537
	71.4
	72.4
	72.2
	66.1
	70.0
	71.6
	1.055
	1.057
	1.042
	61.9
	61.5
	61.7

	24
	R
	0.235
	0.235
	0.239
	0.231
	0.238
	0.235
	0.392
	0.390
	0.376
	74.6
	78.2
	76.0
	77.3
	78.1
	77.1
	0.972
	1.011
	0.990
	58.0
	57.9
	58.4

	25
	R
	0.227
	0.233
	0.232
	0.263
	0.267
	0.265
	0.464
	0.467
	0.454
	74.5
	75.9
	74.6
	64.9
	64.8
	66.5
	1.172
	1.155
	1.154
	56.7
	57.0
	57.1

	26
	R
	0.207
	0.213
	0.211
	0.217
	0.221
	0.219
	0.585
	0.588
	0.576
	76.8
	77.8
	77.9
	69.4
	70.4
	70.8
	1.059
	1.039
	1.038
	57.6
	
	 

	27
	R
	0.205
	0.207
	0.208
	0.210
	0.216
	0.213
	0.615
	0.619
	0.620
	72.3
	72.1
	74.6
	71.3
	73.1
	74.1
	1.022
	1.036
	1.015
	58.7
	
	58.3

	28
	S
	0.260
	0.264
	0.260
	0.233
	0.243
	0.241
	0.503
	0.502
	0.473
	67.8
	74.1
	69.7
	73.3
	71.8
	72.7
	0.890
	0.907
	0.919
	60.3
	60.1
	 

	29
	S
	0.225
	0.225
	0.229
	0.224
	0.228
	0.229
	0.443
	0.425
	0.397
	78.2
	77.6
	77.0
	81.2
	77.7
	76.7
	1.000
	1.007
	0.986
	60.2
	60.4
	 

	30
	S
	0.234
	0.239
	0.236
	0.232
	0.240
	0.243
	0.436
	0.428
	0.404
	67.3
	73.9
	75.0
	69.2
	72.0
	70.4
	1.000
	1.007
	1.024
	
	58.0
	58.5

	31
	S
	0.211
	0.217
	0.218
	0.219
	0.221
	0.225
	0.619
	0.617
	0.603
	75.8
	71.8
	72.0
	74.7
	69.6
	67.7
	1.042
	1.004
	1.034
	62.8
	63.0
	 

	32
	S
	0.233
	0.232
	0.231
	0.200
	0.207
	0.206
	0.412
	0.411
	0.409
	73.0
	69.3
	69.3
	74.7
	76.4
	76.8
	0.863
	0.893
	0.888
	54.4
	55.7
	 

	33
	R
	0.225
	0.227
	0.231
	0.223
	0.227
	0.227
	0.624
	0.623
	0.608
	
	74.8
	73.0
	71.1
	74.7
	75.8
	1.015
	0.996
	0.984
	61.3
	49.8
	50.4


Normalized Strain and Mid-Slab Spreadability at Sensor Locations (1st and 2nd Drop) (1 μm/kN = 0.175 mil/kip).

	Drop
	Date
	Normalized Deflection
	Spreadability

	
	
	((m/kN)
	(%)

	
	
	A
	B
	C
	D
	I
	J
	K
	L
	T
	U
	V
	W
	K
	T
	V

	Drop 1
	Section 1: Cracked & Seated

	
	Jun-2006
	1.760
	1.671
	1.418
	1.458
	1.600
	1.550
	1.443
	1.574
	1.486
	1.597
	1.660
	1.696
	55.3
	58.4
	55.1

	
	Nov-2006
	
	
	1.350
	1.326
	
	1.437
	2.332
	3.591
	1.427
	1.432
	1.414
	1.609
	42.8
	63.7
	72.5

	
	Mar-2007
	
	
	2.297
	2.021
	
	1.878
	3.424
	2.005
	3.751
	1.920
	4.378
	2.416
	72.3
	72.2
	76.7

	
	Oct-2007
	
	
	2.018
	1.432
	
	1.442
	2.703
	1.497
	2.746
	1.660
	3.278
	1.863
	66.4
	68.2
	67.4

	
	May-2008
	
	
	
	1.539
	
	1.634
	2.994
	1.618
	2.605
	1.547
	3.029
	1.961
	64.1
	69.1
	70.6

	
	Oct-2008
	
	
	1.164
	1.430
	
	1.555
	1.148
	2.158
	1.214
	1.842
	1.480
	2.528
	72.8
	69.1
	71.1

	
	May-2009
	
	
	1.207
	1.530
	
	1.650
	1.607
	1.820
	
	
	
	
	57.9
	
	

	
	Section 2: Rubblized

	
	Jun-2006
	1.976
	2.195
	1.937
	1.826
	2.421
	1.890
	1.820
	1.893
	1.780
	1.691
	1.817
	1.922
	54.6
	55.5
	52.8

	
	Nov-2006
	
	
	1.368
	1.218
	
	1.352
	1.301
	1.304
	1.305
	1.173
	1.267
	1.298
	61.1
	59.2
	60.4

	
	Mar-2007
	
	
	2.484
	1.750
	
	1.504
	1.970
	1.335
	2.628
	1.461
	1.860
	1.764
	66.9
	64.0
	61.4

	
	Oct-2007
	
	
	1.770
	1.439
	
	1.383
	2.123
	1.212
	2.248
	1.231
	1.852
	1.320
	66.0
	62.4
	62.7

	
	May-2008
	
	
	
	1.600
	
	1.489
	2.204
	1.599
	2.372
	1.399
	2.387
	1.548
	66.3
	69.3
	67.1

	
	Oct-2008
	
	
	1.546
	1.895
	
	1.978
	1.024
	1.948
	1.087
	1.754
	1.093
	1.810
	
	
	

	
	May-2009
	
	
	1.882
	
	
	1.547
	2.131
	1.535
	
	
	
	
	66.0
	
	

	
	Section 3: Untreated

	
	Jun-2006
	1.373
	1.333
	1.223
	1.164
	1.478
	1.219
	1.235
	1.240
	1.142
	1.106
	1.168
	1.141
	59.5
	57.5
	55.3

	
	Nov-2006
	
	
	1.384
	1.085
	
	1.148
	
	1.075
	1.396
	1.046
	2.366
	1.372
	
	50.8
	34.7

	
	Mar-2007
	
	
	1.444
	2.045
	
	1.339
	3.147
	1.460
	1.691
	1.324
	2.092
	1.411
	59.0
	63.8
	65.6

	
	Oct-2007
	
	
	1.194
	1.888
	
	1.274
	1.228
	1.238
	1.146
	1.200
	1.152
	1.368
	67.3
	70.7
	69.1

	
	May-2008
	
	
	
	1.630
	
	1.344
	3.134
	1.652
	3.191
	1.426
	3.333
	1.570
	67.4
	71.1
	69.4

	
	Oct-2008
	
	
	1.644
	2.175
	
	2.212
	1.259
	2.581
	1.446
	2.446
	1.409
	2.677
	75.9
	75.6
	72.7

	
	May-2009
	
	
	1.466
	1.462
	
	1.498
	1.747
	1.468
	
	
	
	
	65.7
	
	

	Drop 2
	Section 1: Cracked & Seated

	
	Jun-2006
	1.762
	1.740
	1.399
	1.509
	1.650
	1.536
	1.461
	1.643
	1.509
	1.565
	1.707
	1.777
	58.8
	55.7
	55.7

	
	Nov-2006
	
	
	1.212
	1.465
	
	1.263
	2.240
	2.783
	1.300
	1.270
	1.320
	1.648
	45.4
	71.5
	79.9

	
	Mar-2007
	
	
	2.371
	2.095
	
	1.962
	3.538
	2.072
	3.799
	1.975
	4.490
	2.495
	72.1
	72.3
	76.9

	
	Oct-2007
	
	
	2.043
	1.486
	
	1.486
	2.759
	1.527
	2.732
	1.721
	3.284
	1.855
	66.3
	69.0
	67.9

	
	May-2008
	
	
	
	1.544
	
	1.679
	2.958
	1.657
	2.583
	1.563
	3.011
	1.899
	64.3
	69.1
	71.4

	
	Oct-2008
	
	
	1.195
	1.505
	
	1.579
	1.205
	2.197
	1.235
	1.845
	1.511
	2.525
	71.5
	70.9
	72.1

	
	May-2009
	
	
	1.237
	1.580
	
	1.666
	1.585
	1.878
	
	
	
	
	60.0
	
	

	
	Section 2: Rubblized

	
	Jun-2006
	2.043
	2.280
	2.001
	1.837
	2.508
	1.979
	1.834
	1.903
	1.820
	1.735
	1.852
	1.921
	57.1
	57.4
	54.6

	
	Nov-2006
	
	
	1.443
	1.276
	
	1.444
	1.336
	1.377
	1.327
	1.230
	1.295
	1.366
	62.1
	60.2
	60.2

	
	Mar-2007
	
	
	2.540
	1.835
	
	1.668
	2.040
	1.404
	2.690
	1.525
	1.940
	1.797
	66.9
	63.8
	60.8

	
	Oct-2007
	
	
	1.803
	1.457
	
	1.462
	2.152
	1.257
	2.230
	1.232
	1.859
	1.378
	66.6
	63.9
	63.4

	
	May-2008
	
	
	
	1.608
	
	1.494
	2.215
	1.659
	2.467
	1.449
	2.396
	1.550
	66.8
	68.4
	67.8

	
	Oct-2008
	
	
	1.552
	1.930
	
	2.007
	1.066
	1.990
	1.104
	1.812
	1.124
	1.861
	64.9
	62.6
	62.9

	
	May-2009
	
	
	1.919
	
	
	1.526
	2.148
	1.552
	
	
	
	
	65.7
	
	

	
	Section 3: Untreated

	
	Jun-2006
	1.433
	1.422
	1.213
	1.208
	1.460
	1.303
	1.217
	1.246
	1.150
	1.098
	1.222
	1.132
	56.3
	57.8
	53.6

	
	Nov-2006
	
	
	1.289
	1.228
	
	1.163
	
	1.387
	1.497
	1.131
	1.828
	1.395
	
	50.1
	43.7

	
	Mar-2007
	
	
	1.474
	1.983
	
	1.359
	3.027
	1.528
	1.737
	1.346
	2.095
	1.430
	60.7
	64.2
	66.1

	
	Oct-2007
	
	
	1.257
	1.964
	
	1.324
	1.242
	1.314
	1.256
	1.244
	1.232
	1.350
	69.1
	69.0
	68.4

	
	May-2008
	
	
	
	1.606
	
	1.502
	3.056
	1.662
	3.076
	1.404
	3.299
	1.554
	70.0
	71.2
	69.9

	
	Oct-2008
	
	
	1.609
	2.188
	
	2.242
	1.317
	2.563
	1.475
	2.430
	1.392
	2.649
	74.6
	74.8
	72.6

	
	May-2009
	
	
	1.480
	1.486
	
	1.495
	1.761
	1.492
	
	
	
	
	65.3
	
	


Appendix I:  Supplemental FWD Response Data from I90, Weedsport

FWD Test Results – PCC Pavement

[image: image147.png]Deflection {(Lm/kN)

2.5

1
‘ 1
1
2 ! |
LY 81 o ! ‘T T |
EANUITROMTTUNY
. d
i J LI iy
N RTLE Moy L
! e
1 1
1
1
1
1
05 .
1
1
1
0 T ! T T T 1
174100 174150 174200 174250 174300 174350

Station

*CTPB
mDGAB





D0 at joints – Left lane (5.714µm/kN = 1 mil/kip)
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D0 at joints – Right lane (5.714µm/kN = 1 mil/kip)
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D60 at mid-slab – Left lane (5.714µm/kN = 1 mil/kip)
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D60 at mid-slab – Right lane (5.714µm/kN = 1 mil/kip)
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D0 at mid-slab – Left lane (5.714µm/kN = 1 mil/kip)
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D0 at mid-slab – Right lane (5.714µm/kN = 1 mil/kip)
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Spreadability – Left lane
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Spreadability – Right lane
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AREA72 – Left lane (2.54cm = 1 in)
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AREA72 – Right lane (2.54cm = 1 in)  
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Subgrade k-value – Left lane (1MPa/m = 3.70 lb/in3)

[image: image158.png]+CTPB
B DGAB

=}
@

(w/zw/NW) Y

60

40

20

17+150 174200 174250 174300 174350

17+100

Station




 
Subgrade k-value – Right lane (1MPa/m = 3.70 lb/in3)
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LTE approach position – Left lane 
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LTE approach position – Right lane
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JSR – Left lane 
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