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EXECUTIVE SUMMARY 
 
In 1997, six instrumented pavement test cells were constructed on the interstate (mainline) 
portion of the Minnesota Road Research project (MnROAD).  Three of those test cells were 
ultra-thin whitetopping (UTW) overlays, placed on the interstate portion of MnROAD in an 
attempt to accelerate their response to heavy traffic volumes and loadings.  Other than a couple 
of days each month, when live traffic was diverted from the test sections, the test cells were 
exposed to heavy traffic and the harsh environment of central Minnesota.  By June 2004, 
approximately 6,000,000 CESALs (concrete equivalent single axle loads) had been applied to the 
driving (right) lane of the test sections.  At that time, the ultra-thin whitetopping test cells 93-95 
had deteriorated to such an extent, that live traffic could no longer safely pass over them.   
 
In order to keep traffic flowing across the other MnROAD interstate test sections, four new thin 
whitetopping (TWT) test cells, designated test cells 60-63, were constructed on October 4, 2004 
to replace the three failing ultra-thin whitetopping sections.  The designs incorporated the 
variables of slab thickness (4 or 5 inches) and joint sealing (sealed or unsealed).  Panel sizes 
were all 5 feet long by 6 feet wide.  Due to the degree of deterioration in the original UTW test 
cells, the entire thickness of UTW concrete and 2 inches of HMA below that was removed 
during the milling process. 
 
The research objectives for Cells 60-63 include: 1) study the seasonal performance of 4 and 5 
inch thin whitetopping under heavy interstate traffic, 2) examine the difference in the bonding 
behavior of TWT sections, particularly in regards to whether contraction joints need to be sealed, 
3) determine if there exists a critical TWT thickness that reduces reflective cracking originating 
from the bond with the hot-mixed asphalt layer, 4) continue developing a database of TWT 
behavior that could be used to develop a rational design method for TWT. 
 
As with most test cells at MnROAD, load response and environmental instrumentation was 
installed into the new TWT sections during construction.  Due to the short duration of  
construction activities, a contract was written to secure assistance with instrument installation 
and material sample testing.  The contract was awarded to a team consisting of Dr. W. James 
Wilde from Minnesota State University, Mankato (MSU), and a subcontractor, Dr. Julie 
Vandenbossche from the University of Pittsburgh.  This team also assisted with post construction 
field testing and organization of some of the material testing, which was performed by Mn/DOT 
and the University of Minnesota Civil Engineering laboratories. 
 
To determine the structural contribution of the various pavement layers, Falling Weight 
Deflectometer (FWD) testing was conducted on both the milled HMA surface and the completed 
whitetopping surfaces. 
 
Temperature curling and moisture warping movements of the new whitetopping slabs were 
measured during the first 72 hours of curing.  Data collection was accomplished by project team 
members from Minnesota State University Mankato (MSU), Mn/DOT, and researchers from the 
University of Pittsburgh.  The results show the built-in upward curl in the slabs that was caused 
by the environmental conditions present during the construction and curing of the whitetopping. 



  
  
 

MnROAD PCC test Cells 60-63 will provide valuable data toward the understanding of early age 
thin-whitetopping behavior and contribute toward new mechanistic-empirical design methods.  
These cells incorporate the knowledge, techniques, and lessons learned from the first 7 years of 
experience with the MnROAD ultra-thin whitetopping test cells.  This report assembled all the 
pertinent construction information for test Cells 60-63, and will be a useful reference for future 
research involving these cells. 
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CHAPTER 1 
INTRODUCTION 

Introduction 
In 1997, six instrumented pavement test cells were constructed on the interstate (mainline) 
portion of the Minnesota Road Research project (MnROAD).  Three of those test cells were 
ultra-thin whitetopping (UTW) overlays, while the other three were thin-whitetopping (TWT) 
overlays. 
 
The whitetopping test cells were placed on the interstate portion of MnROAD in an attempt to 
accelerate their response to heavy traffic volumes and loadings.  Other than brief (3 to 4 days) 
removal of live traffic from the interstate test sections each month, the test cells were exposed to 
heavy traffic and the harsh environment of central Minnesota.  By June 2004, approximately 
6,000,000 CESALs (concrete equivalent single axle loads) had been applied to the driving (right) 
lane of the test sections.  At that time, the ultra-thin whitetopping test cells 93-95 had 
deteriorated to such an extent, that live traffic could no longer safely pass over them. 
 
Faced with the need to keep live interstate traffic traveling over the remaining mainline test 
sections at MnROAD, reconstruction plans for the failing ultra-thin whitetopping test cells were 
immediately prepared.  The decision was made to add test cells that further complete an 
experimental design matrix of whitetopping sections, first conceived by former Mn/DOT 
employee Julie Vandenbossche.  The final designs incorporate one panel size and two different 
whitetopping thicknesses.  The other variable was whether the contraction joints were to be 
sealed.  To accommodate these variables, four shorter length test cells (designated Cells 60-63) 
were designed to fit in the space previously occupied by UTW test cells 93-95. 
 
Given the advanced degree of deterioration in the original UTW test cells (see Figure 1.1), there 
was concern about the ability to bond new thin-whitetopping test cells to the existing hot-mixed 
asphalt (HMA) surface after milling.  The decision was made to mill off an additional inch of 
HMA during the removal of the UTW.  This resulted in lowering the finished grade by one inch, 
which had to be tapered in over a short distance on either end of the new section being 
constructed.  The result following construction was positive, in that the traveling public does not 
detect the short distance of grade drop.  The unfortunate side effect was that the original HMA 
shoulders also had to be reconstructed, however they were in poor condition anyway. 
 
Figures 1.2 and 1.3 show the locations of the original UTW test cells and new TWT test cells, 
respectively.  Note that the original TWT test cells 92, 96, and 97 remain in service on the 
mainline (interstate) section of MnROAD.  
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Figure 1.1  Extensive corner cracking in MnROAD UTW Test Cell 94, driving lane 
(November 2003).  
 
Table 1.1 shows the design details for new test Cells 60-63. These test cells were designed to 
answer several questions regarding thin-whitetopping.  Those questions were: 

1) Given the best performing panel size from the original UTW and TWT test cells (5 feet 
long, 6 feet wide), how thin can the whitetopping overlay be and still perform well? 

2) Given the current definition of thin-whitetopping (4 inches> thickness < 8 inches), will 
there be a difference in the bonding behavior between 4-inch and 5-inch test sections?  In 
other words, is bond to the HMA still required for 4 or 5 inch thick TWT? 

3) At what HMA and TWT thicknesses does reflective cracking stop?  Initial observations 
indicate a 5-inch thick TWT may be enough to significantly reduce or eliminate 
reflection cracking from the bonded (thermal cracked) HMA below.  That may depend, 
however, on the thickness and stiffness of the underlying HMA. 

4) Is the practice of sealing all contraction joints necessary?  With the significantly higher 
number of joints in TWT sections, any savings related to the sealing of contraction joints 
must be examined.  Does the lack of sealed joints significantly affect the rate of layer 
debonding or other distresses that occur in TWT? 
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Cell 93 
UTW 
 
4” Thick 
4’x4’ Panels 
Polypropylene Fibers 
9” HMA Base 

Cell 94 
UTW 
 
3” Thick 
4’x4’ Panels 
Polypropylene Fibers 
10” HMA Base 

Cell 95 
UTW 
 
3” Thick 
5’x6’ Panels 
Polyolefin Fibers 
10” HMA Base 

Cell 96 
TWT 
 
6” Thick 
5’x6’ Panels 
Polyprop Fibers 
7” HMA Base 

Cell 97 
TWT 
 
6” Thick 
10’x12’ Panels 
Polyprop Fibers 
7” HMA Base 

Cell 92 
TWT 
 
6” Thick 
10’x12’ Panels 
Doweled Joints 
Polyprop Fibers 
7” HMA Base 

300’ 300’ 299’ 174’ 174’ 174’ 

 
Figure 1.2  Map of original UTW and TWT test cells at MnROAD. 

 
 

Cell 60 
TWT 
 
5” Thick 
5’x6’ Panels 
Sealed Joints 
7” HMA Base 

Cell 61 
TWT 
 
5” Thick 
5’x6’ Panels 
Unsealed Joints 
7” HMA Base 

Cell 62 
TWT 
 
4” Thick 
5’x6’ Panels 
Sealed Joints 
8” HMA Base 

Cell 63 
TWT 
 
4” Thick 
5’x6’ Panels 
Unsealed Joints 
8” HMA Base 

Cell 96 
TWT 
 
6” Thick 
5’x6’ Panels 
Polyprop Fibers 
7” HMA Base 

Cell 97 
TWT 
 
6” Thick 
10’x12’ Panels 
Polyprop Fibers 
7” HMA Base 

Cell 92 
TWT 
 
6” Thick 
10’x12’ Panels 
Doweled Joints 
Polyprop Fibers 
7” HMA Base 

225’ 225’ 225’ 224’ 174’ 174’ 174’ 

15’ TAPER, 1” GRADE CHANGE 
 

Figure 1.3  Map showing location of new TWT test cells 60-63 at MnROAD. 

 

 

Table 1.1  MnROAD thin-whitetopping test cells 60-63 design details. 
Cell Length Slab Depth Panel Size Required Milling Joints Sealed 

60 225’ 5”PCC 6’ W x 5’ L 4” PCC, 2” AC,  
2”-3” AC SHLDR 

Yes 

61 225’ 5”PCC  6’ x 5’ 4-3” PCC, 2-3” AC, 
2”-3” AC SHLDR  

No 

62 225’ 4” PCC  6’ x 5’ 3” PCC, 2” AC, 
2”-3” AC SHLDR 

Yes 

63 225’ 4” PCC  6’ x 5’ 3” PCC, 2” AC, 
2”-3” AC SHLDR 

No 
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As with most test cells at MnROAD, a large number of instruments were installed into the new 
TWT sections during construction.  Figures 1.4 and 1.5 show the sensor layout in test cells 60.  
Sensor location details and maps can be found in Chapter 2 and Appendix A. 
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Figure 1.4  Sensor layout for MnROAD thin whitetopping Test Cell 60 (Area 1, driving lane). 
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Figure 1.5  Sensor layout for MnROAD thin whitetopping Test Cell 60 (Area 2, passing lane). 

 



 

7 

Test Cell Descriptions 
Cells 60-61 
Cells 60 and 61 were constructed with 5 inches (127 mm) of jointed plain concrete pavement 
placed over 7 inches (178 mm) of milled hot-mixed asphalt (HMA) pavement (constructed in 
1993).  The milling involved removal of 3-4 inches (76-102 mm) of ultra-thin whitetopping, and 
2-3 inches (51-76 mm) of existing HMA. Total length of each cell is 225 feet (69 m) and lane 
widths are 12 feet (3.7 m).  The panels are 5 feet (1.5 m) long, 6 feet (1.8 m) wide, the transverse 
joints are undoweled, and no centerline tie steel was installed.  The transverse joints are 
perpendicular to the centerline and are sealed in Cell 60 with Mn/DOT specification 3723 
material (hot-pour joint sealant).  Shoulders consist of Mn/DOT SPWEB230B “shoulder mix” 
asphalt.  See Figure 1.6 or a view of the cross-section.  Cells 60-63 were constructed using 
Mn/DOT’s concrete pavement mix specifications for 2004. Table 1.2 contains the concrete mix 
design formula for all of the new test cells. 
 
 

6’ 6’ 10’ 6’ 6’ Var. 

CL 

5” PCC Thin 
Whitetopping 7” HMA 2” HMA 

Shoulder 

3’ 

 
Figure 1.6  Cross-section for MnROAD test cells 60-61. 
 

Cells 62-63 
Cells 62-63 were constructed with 4 inches (102 mm) of jointed plain concrete pavement over 8 
inches (203 mm) of milled hot-mixed asphalt (HMA) pavement (placed in 1993).  The milling 
involved removal of 3 inches (76 mm) of ultra-thin whitetopping, and 2 inches (51 mm) of 
existing HMA.  Total length of each cell is 225 feet (69 m) and 224 feet (68 m) for Cells 62 and 
63, respectively.  Lane widths are 12 feet (3.7 m).  The panels are 5 feet (1.5 m) long, 6 feet (1.8 
m) wide, the transverse joints are undoweled, and no centerline tie steel was installed.  The 
transverse joints are perpendicular to the centerline and are sealed in Cell 62 with Mn/DOT 
specification 3723 material (hot-pour joint sealant).  Shoulders consist of Mn/DOT SPWEB230B 
“shoulder mix” asphalt.  See Figure 1.7 for a view of the cross-section.   
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TABLE 1.2  MnROAD Cells 60-63 concrete mix design worksheet. 

Supplier: 
Bauerly Concrete- 
Albertville 

S.P. 8816-607 
 

Aggregate Sources 
 CA #1 CA #2 CA #3 Sand 

Pit Number 148002  148002  N.A.  171041     

Pit Name Mille Lacs  Mille Lacs    Agg. Ind. 
Nearest 
Town Milaca  Milaca     Elk River 

Size CA –50   (¾”)  CA –2    (1 ½”)    Sand        
Sp. G. & 
Abs. 2.75 / 0.010  2.77 / 0.006    2.63 / 0.009  

(Provided by MN/DOT) 
Cementitious Sources 

  Cement Fly Ash Other 

Manufacturer/Distributor Holcim  LaFarge   

Mill/Power Plant Mason City  NSP @ Eagan   

Type/Class I  Class C   

Specific Gravity 3.15  2.65   
 

Mix Design 

MN/DOT Mix Number  3A21 - 5     
Water (lbs/C.Y.)  228     
Cement (lbs/C.Y.)  400     
Fly Ash (lbs/C.Y.)  170     
Other Cementitious (lbs/C.Y.)       
W/CM Ratio  0.40     
Sand (Oven Dry, lbs/C.Y.)  1206     
CA #1 (Oven Dry, lbs/C.Y.)  866     
CA #2 (Oven Dry, lbs/C.Y.)  1059     
CA #3 (Oven Dry, lbs/C.Y.)       
% Air Content  6.5     
Admix. # 1 (oz/100 # CM)  34.0  (KB-1000)     
Admix. # 2 (oz/100 # CM)  11.5  (VR)     
Admix. # 3 (oz/100 # CM)       
Air Mix 250 as needed       
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6’ 6’ 10’ 6’ 6’ Var. 

CL 

4” PCC Thin 
Whitetopping 8” HMA 2” HMA 

Shoulder 

3’ 

 
Figure 1.7  Cross-section for MnROAD test cells 62-63. 
 

Research Objectives 
The research objectives for Cells 60-63 include the following: 

1. Study the seasonal performance of 4 inch (102 mm) and 5 inch (127 mm) thin 
whitetopping (TWT) under heavy (and high speed) interstate traffic. 

2.  Examine the difference in the bonding behavior between 4-inch and 5-inch thick 
TWT sections, particularly in regards to whether contraction joints need to be sealed. 

3. Determine if there exists a critical TWT thickness that significantly reduces reflective 
cracking originating from the bond with the hot-mixed asphalt (HMA) layer. 

4. Continue developing a database of TWT behavior that could be used to develop a 
rational design method for TWT. 

 
Construction Contract 
This project (Mn/DOT project number: S.P. 8816-607) was let on June 25, 2004.  The contract 
was awarded to Progressive Contractors, Inc. (PCI) of St. Michael, MN.  Total bid price was 
$160,615.40.  Construction began on October 4, 2004, and was complete by November 18, 2004.  
 
For more information on the construction sequence of Cells 60-63, an event log can be found in 
Appendix B. 
 
Research Assistance Contract 
Due to the large number of sensors that needed to be installed in a short amount of time during 
construction, and a small number of available Mn/DOT staff members, a contract was written to 
secure assistance with instrument installation.  The contract was awarded to a team consisting of 
Dr. W. James Wilde and several students from Minnesota State University, Mankato (MSU), and 
a subcontractor, Dr. Julie Vandenbossche and two students from the University of Pittsburgh.  
This team also assisted with post construction field testing and organization of some of the 
material testing, which was performed by Mn/DOT and the University of Minnesota Civil 
Engineering laboratories.  Portions of this report were excerpted from the final report (1) written 
by Jim Wilde as part of the assistance contract. 
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CHAPTER 2 
INSTRUMENTATION AND DATA COLLECTION 

Instrumentation of Cells 60-63 
An important feature of the MnROAD project is the extensive infrastructure available to support 
the instrumentation of pavement sections.  New test cells 60-63 were all built with electronic 
sensors embedded in them, to measure the pavement’s response to load and environmental 
effects.  Table 2.1 summarizes the type and number of sensors in each of the new cells.  
Appendix A contains more information regarding the function and location of the sensors. 
Figures A1-A6 (Appendix A) show the layout of the sensors in each cell. 
 
TABLE 2.1  Sensor types and quantities for Test Cells 60-63. 

Quantities 
Sensor 
Code 

 
Sensor Type 

 
Manufacturer 

Measurement 
Type 

 Cell 60 Cell 61 Cell 62 Cell 63 
CE PML-60-2LT  Tokyo Sokki Strain 36 20 20 20 
GD Model 3900  Geokon Strain 2    
IV Invar Reference Rod Mn/DOT Elevation 2  2  

MM EGP-5-120 Micro-Meas. Strain 4    
MH Moisture Sensor Sensirion Humidity 10  10  
TC Thermocouple (T-Type) Omega Temperature 14  14  
VW 4200A-2 Vibrating Wire Geokon Strain 20 20 20 20 
KB KM-100BT Tokyo Sokki Strain 4    
VG 4202 Vibrating Wire Geokon Strain 2    
VM 4200L Vibration Wire Geokon Strain 2    

 
Installation procedures and photos of select sensors can be found in Appendix C.  For further 
information on installation techniques, please contact the Road Research Section in the Mn/DOT 
Office of Materials. 
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Data Collection Systems 
Table 2.2 lists the equipment being utilized to gather data from the sensors installed in test Cells 
60-63. 
 
TABLE 2.2  Data collection equipment used in Test Cells 60-63. 
 
Equipment 

 
Purpose 

Optim Electronics MEGADAC Collect dynamic strain data from sensors. 

Campbell Scientific CR23X datalogger Collect temperature and static strain data from 
thermocouple and vibrating wire sensors. 

NetMedia Basic-X-24 Collect data from concrete humidity and temperature 
sensors. 

 
Equipment for Early Age Testing 
One of the research objectives for the new test cells was the characterization of the early age 
behavior of thin-whitetopping slabs, particularly related to slab curl and warp. Beginning as soon 
as the concrete set, a 72 hour around the clock data collection program was carried out.  This 
section describes the special equipment that was installed to accomplish the early-age testing.  
Specific details on the curl and warp testing will be described in Chapter 4. 
 
During the early age data collection period, one measurement of interest was the expansion and 
contraction of a slab over time at various points on its surface.  This data can later be compared 
to the measurements recorded by the embedded vibrating wire (VW) strain sensors.  To 
accomplish this measurement, stainless steel screws (with a tapered hole drilled into the head of 
the screw) were inserted into the fresh concrete before it set.  The locations of the screws, also 
known as “gage studs”, are shown in Appendix D, Figures D1-D8.  Distance measurements 
between two gage studs are taken with digital calipers fitted with tapered tips.   
 
Another measurement of interest was the profile shape of the slabs over time.  This was 
accomplished using a FACE Dipstick® device.  This device measures elevation differences 
between points as it is “walked” across a slab.  To fully characterize the slab curl and warp 
however, fixed elevation reference points are needed.  To accomplish that, 12 foot (3.6 m) long 
invar (Type 36) rods were installed beside the pavement at transverse joint locations in the 
sensor areas.  See Figures A1 and A4 for their location (labeled as “IV” sensors) in Cells 60 and 
62.   The design of a typical invar reference rod installation is shown in Figure 2.1.  
 
Further detailed information on the post construction testing is covered in Chapter 4.  
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PCC slab 
(TWT) 

Existing HMA 

HMA shoulder 

3” diameter PVC cap assembly
placed in concrete pad 

0.75” dia. Invar 36 rod and 2” dia. 
Invar rod top piece attached 
during elevation testing periods 

144” long, 0.75” dia. 
Invar 36 rod 

72” long, 1.5” dia. 
PVC pipe filled with 
lubricant (to prevent 
frost heave) 

Subgrade 

 
Figure 2.1 Typical invar (IV) reference rod design. 
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CHAPTER 3 
MATERIAL SAMPLING AND TESTING 

Material Samples 
During the construction or rehabilitation of test cells at the MnROAD project, it is standard 
practice to obtain material samples for immediate and future characterization.  Table 3.1 
summarizes the quantity and type of standard tests performed on concrete material samples taken 
during the construction of new test cells 60-63. 
 
Table 3.1  Material samples taken during construction. 

 
 
Test (Standard) 

 
Number of 

Samples Taken  

 
 

Test Age 
4 1 day 
4 3 days 
4 7 days 
4 28 days 
4 90 days 

Compressive Strength  
 (ASTM C 39) 
       

8 365 days 
Elastic Modulus  
 (ASTM C 469)  

 
4 

 
28 days 

Poisson’s Ratio  
 (ASTM C 469) 

 
4 

 
28 days 

4 28 days 
4 90 days 

Flexural Strength – Third 
Point 

 (ASTM C 78) 4 365 days 
Coefficient of Thermal 

Expansion 
 (AASHTO TP-60) 

 
 
8 

 
 

varies 
Drying Shrinkage  
 (ASTM C 341-96) 

 
8 

 
varies 

 
 
Laboratory Testing Results 
This section summarizes the results of the laboratory testing performed by the University of 
Minnesota and the Minnesota Department of Transportation.  The University of Minnesota 
structures laboratory tested the concrete samples for compressive strength, flexural strength, 
elastic modulus, and Poisson’s ratio.  Tables showing detailed results can be found in Appendix 
E.    
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Compressive Strength 
Table 3.2 lists the results from the 28-day (actually 29-day) compressive strength testing done on 
the concrete samples.  Additional data can be found in Table E1 of Appendix E.  The concrete 
mix was the same for all of the test cells. 

 
Table 3.2  Compressive strength test results (Age=29 days). 

Test Cell Compressive Strength (psi) 
60 4161 
61 3659 
62 3998 
63 4520 

Average 4085 
Std. Dev. 358 

 
Elastic Modulus and Poisson’s Ratio 
The elastic modulus of the concrete was measured by the University of Minnesota (U of M) 
structures laboratory at 8 and 14 days.  Twenty-eight day (actual=29 day) elastic modulus data 
was obtained by the Mn/DOT Maplewood laboratory.  The Poisson’s ratio data from the U of M 
may not be valid, due to an equipment malfunction during the test.  That data is presented, but 
can be used only with appropriate caution.  Table 3.3 provides a summary of 29-day elastic 
modulus and Poisson’s ratio results for cells 60-63.  Additional data can be found in Table E2 of 
Appendix E. 
 
Table 3.3  Elastic modulus and Poisson’s ratio test results (Age=29 days). 

Test Cell Elastic modulus (psi) Poisson’s ratio 
60 4575761 0.08 
61 4416350 0.11 
62 4890067 0.13 
63 5019722 0.11 

Average 4725475 0.11 
Std. Dev. 277875 0.02 

 

Flexural Strength 
Table 3.4 lists the results from the 28-day flexural strength testing done on the concrete samples.  
Additional data can be found in Table E3 of Appendix E.   
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Table 3.4  Flexural strength test results (Age=28 days). 

Test Cell Modulus of Rupture (psi) 
60 595 
61 545 
62 575 
63 560 

Average 569 
Std. Dev. 21.4 

 

Coefficient of Thermal Expansion 
Tests to determine the coefficient of thermal expansion (COTE) of the whitetopping concrete 
mix were done by Mn/DOT, at the Maplewood Laboratory.  Tests were all performed on a 
stainless steel test stand according to the AASHTO TP-60 standard.  Table 3.5 lists the average 
COTE determined from three measurements using two different methods.  The column labeled 
“T_CTE” represents the COTE based on measurements taken when thermal equilibrium of a 
specimen was reached, based on the internal temperature of the specimen.  The column labeled 
“L_CTE” represents the COTE based on measurements taken when thermal equilibrium of a 
sample was reached, based on the measured length of the specimen.  Additional data can be 
found in Table E4 of Appendix E.   
 

Table 3.5  Coefficient of thermal expansion for concrete mix in Cells 60-63.  
T_TCE based on thermal equilibrium using internal specimen temperature. 
L_TCE based on thermal equilibrium using length measurements. 

COTE (mm/mm/ºC)  
Test Cell T_CTE L_CTE 

60 7.4 7.4 
61 7.9 7.9 
62 7.0 6.8 
63 7.4 7.2 

 
 
Drying Shrinkage 
Testing to determine the drying shrinkage of the whitetopping concrete mix was done by 
Mn/DOT, at the Maplewood Laboratory.  Tests were performed according to the ASTM C 341-
96 standard.  Table 3.6 lists the drying shrinkage measured 223 days after paving (6/06/2005).  
Figure 3.1 shows the entire history of drying shrinkage measurements taken for this project.  
More specific data can be found in Tables E5-E12 of Appendix E. 
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Table 3.6  Drying shrinkage of concrete specimens from Cells 60-63 (Age=223 days). 

Test Cell Specimen ID Drying Shrinkage (microstrain) 
60-04-CB-007 484 60 
60-04-CB-008 408 
61-04-CB-007 465 61 
61-04-CB-008 396 
62-04-CB-007 445 62 
62-04-CB-008 418 
63-04-CB-007 465 63 
63-04-CB-008 458 
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Figure 3.1  Drying shrinkage trends for concrete samples from Cells 60-63. 
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Concrete Material Testing During Paving (Mn/DOT Quality 
Control) 
Concrete slump and air content tests were performed as the concrete was being placed.  Test 
results are summarized in Appendix F, Table F1. 
 

Characterization of Existing HMA (FWD Testing) 
Falling Weight Deflectometer (FWD) testing was carried out both before, and shortly following, 
construction of Cells 60-63.  Testing before the placement of the concrete was done to 
characterize the strength and condition of the hot-mixed asphalt (HMA) after being milled.  
Testing was conducted in several “lanes” parallel to the centerline, very similar to routine FWD 
testing on hot-mixed asphalt test cells.  Figure 3.2 shows the corresponding file name for each 
lane tested.  Note that the third character in the file name indicates which “lane” was tested. 
Additional HMA testing maps can be found in Figures G1 to G4 in Appendix G. 
 
FWD testing was also performed as soon as the concrete would safely support the FWD testing 
rig.  Testing maps can be found in Figures G5 to G8 in Appendix G.  These test point locations 
also serve as the long-term (routine) monitoring locations.  
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Figure 3.2  FWD testing locations on milled HMA surface for MnROAD Test Cell 60 
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CHAPTER 4 

POST CONSTRUCTION TESTING 
 
Testing Description 
This chapter describes the testing that was undertaken during the 72 hours after placement of the 
whitetopping pavement in cells 60 and 62 at the MnROAD test facility.  In addition to the project 
team from Minnesota State University Mankato (MSU) and Mn/DOT, researchers from the 
University of Pittsburgh traveled to the MnROAD site during this time.   
 
The intent of this testing effort was to measure the temperature curling and moisture warping 
movements of new whitetopping slabs during their first 72 hours of curing.  This included the 
possibility of identifying the time when the transverse joints first crack.  The embedded sensors 
in the whitetopping and HMA layers were activated, and data was being automatically collected 
and stored during the profile measurements.    
 
Pavement Profile Testing 
In order to measure the pavement profiles during the first 72 hours after placement, two 
Dipstick® profile measurement devices were required.  These devices are manufactured by the 
FACE Companies, in Norfolk, VA.  The research assistance contract called for the purchase of 
one device and the rental of another.   
 
The profile testing of selected slabs in cells 60 and 62 began at approximately 10:00 PM on 
Tuesday, October 26, 2004, (approximately 10 hours after placement) and ended at 
approximately 9:00 AM on Friday, October 29, 2004.  In order to maintain a high degree of 
repeatability in the data, each Dipstick device was assigned to measure slabs in only one cell.  
Due to the nearly continuous measurement periods over several days (and nights), there were 
multiple operators for each device.  
 
The basic panel profile testing plan and associated data file labels are shown in Figures 4.1 and 
4.2.   The slabs tested in Cell 60 were in the driving lane and between stations 115520 and 
115540.  The slabs tested in Cell 62 were in the driving lane and between stations 115950 and 
115970.  Each run began with one leg of the Dipstick device on a invar reference rod, and the 
other leg resting on the intersection point of the run lines in the corner of a slab.  Then the 
operator would “walk” the device down a test path and back, returning to rest one leg of the 
Dipstick on the reference rod again to close the loop.  If the loop did not close (compare to the 
beginning measurement) within ±0.003  inches, the run was repeated. 
 
The naming convention for data files was determined by the day of measurement (1 through 4), 
the second digit of the cell number, the slab letter designation, the run letter designation, and the 
time of day, in military notation.  For example, a profile measured at 3:14PM on the first day 
(the day of paving) on cell 60, slab A, along run E would be labeled “10AE1514”.  The Dipstick 
data filename has the extension “.F#S”.  There are other files associated with each Dipstick run, 
but they do not contain data pertinent to the actual slab profiles.   
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C A B D

EE

Slab A Slab B

Profile Measurements
Location of Elevation Rods  

Figure 4.1   Run labels for individual slab pairs. 
 

Figure 4.2 shows the overall location of slab profile measurements in relation to the slabs in 
which the vibrating wire strain gauges were placed.  
 
 

VW Sensor VW Sensor

Slab A Slab B Slab C Slab D

Profile Measurements
Location of Elevation Rods  

Figure 4.2  Slab profile locations for each cell measured. 
 
 
As mentioned previously, gage studs were installed into the profiled slabs in order to collect 
changes in joint width that could be compared to VW sensor readings. Figure 4.3 indicates the 
locations of gage studs on the slabs, and their numbering scheme.  More detailed maps showing 
gage stud locations can be found in Appendix D, Figures D1-D8.  Measurements were taken at 
the beginning of each round of Dipstick profiling.  
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Figure 4.3  Slab gage stud locations for each cell measured. 
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Each slab in the profile measurement operation was profiled in three directions many times 
during the 72 hours after placement.  In addition to the profile measurements, a large amount of 
temperature data was used in an analysis performed by the University of Pittsburgh.  The 
following section presents a sample of the data to indicate the format of the analysis results.  The 
full results of the analysis, including the raw data used to obtain the typical plots shown below, 
are available in a CD-ROM on file in the Road Research Section of the Mn/DOT Office of 
Materials. 
 
Profile Data Analysis 
The analysis of the profile data included temperature data from embedded thermocouples and 
thermistors mounted on many of the sensors.  The temperature data was compiled and presented 
as shown in Figure 4.4.  For this and all other temperature data on the CD-ROM, the beginning 
point, where the cumulative time equals zero, was selected as 8:17AM on October 26, 2004.  
That is the time when concrete was first placed in cell 60.  This serves as a reference point for all 
other temperature sensors in cells 60 through 63, regardless of the time concrete was actually 
placed at the specific sensor locations. 
 
Figure 4.5 shows a typical equivalent linear temperature gradient calculated for cell 60 using 
thermocouple data.  This graph is indicative of this and other analyses conducted on the 
temperature data through the depth of the slabs.  
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Figure 4.4  Typical plot of thermocouple data. 
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Equivalent Linear Gradient from Cell 60 Thermocouples 
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Figure 4.5  Typical equivalent linear temperature gradient plot. 
 
 
Some notes were made regarding the temperature data analysis, and are recorded here. 
Dates and Times 
• Calendar day 300 corresponds with October 26, 2004, which is the date the concrete was 

placed, and the first day of Dipstick operations on the slabs.  From this time forward, profiles 
were measured continuously for approximately 72 hours.  There were some times when 
profiles could not be measured due to rain.   

• Time zero for all graphs corresponds with 8:17AM on October 26, 2004, when the concrete 
was placed in cell 60. That time was chosen based on a spike in thermocouple readings, since 
the actual time was not recorded. 

• Sawing of the joints began the morning of October 27, 2004.  However, excessive spalling at 
the sawcuts was observed, so sawing was stopped (prior to the test area in cell 60) and 
resumed at about 10:00 PM on October 27, 2004. 

Gaps in Data 
• Thermocouple data is unavailable for cell 62 until day 304 (October 30, 2004). Thermistor 

data from the humidity sensors (XH) was analyzed for cell 62 to substitute for the 
thermocouple data, however this data was not complete and the resulting temperature 
moment does not reflect that found concurrently in cell 60. Therefore, the XH sensors in cell 
62 were seen as insufficient to substitute for the thermocouple data. 

• From a graph of each cell 62 XH mid-panel sensor versus time, it was determined that the 
sensors were not at the depths indicated.  Each sensor was matched with its corresponding 
depth based on the temperature measurement.  



 

23 

• Validity for replacing thermocouple data with XH data was analyzed by comparing the 
thermocouple data with XH data in cell 60, where both data sets were complete.  The 
resulting temperature moment was similar but since the sensors were not as close to the 
surface, the temperature moments calculated for the XH gages were not as high.  

• At mid-panel, two cell 60 XH sensors and one cell 62 XH sensor was malfunctioning.  This 
was easily apparent by a constant reading of -40 for many time intervals.  

• Validity for using thermocouple data from cell 60 for cell 62 was analyzed by comparing cell 
60 and cell 62 thermocouple data from when both sets of sensors were functioning (from day 
304). Although the points of zero moment were the same, cell 60 (5 inches) reaches more 
extremes than cell 62 (4 inches) so the substitution was deemed unsound. 

 
Figure 4.6 shows a typical set of data collected and processed to indicate the diagonal profile of a 
slab.  As discussed previously, the entire set of processed profile data (transverse, longitudinal, 
and diagonal runs), as well as the raw data are provided on the associated CD-ROM. 
 
The profile data shown in Figure 4.6 shows nineteen diagonal measurements taken over the four 
days of profile testing.  Figure 4.7 shows similar information as Figure 4.6, for transverse 
profiles.  Individual runs are rotated in the plots to remove any transverse and/or longitudinal 
slope in the roadway.  The individual runs were also adjusted vertically so that the beginning 
point, the elevation of the invar rod associated with that slab, was set to zero.  Therefore, the first 
data point indicates where the Dipstick device stepped off the invar rod and onto the slab.   
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Figure 4.6  Typical diagonal profiles from Dipstick data.   
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Cell 62 Slab B Transverse Rotated Elevations
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Figure 4.7  Typical transverse profiles from Dipstick data. 
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CHAPTER 5 
CONCLUSIONS 

 
New PCC test Cells 60-63 will provide valuable data toward the understanding of early age thin-
whitetopping behavior and contribute toward new mechanistic-empirical design methods.  These 
cells incorporate the knowledge, techniques, and lessons learned from the first 7 years of 
experience with the MnROAD ultra-thin whitetopping test cells.  
 
This report assembled all the pertinent construction information for test Cells 60-63, and will be 
a useful reference for future research involving these cells. 
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Sensor Type #  Sensors in   
Cell 60 

#  Sensors in   
Cell 61 

# Sensors in 
 Cell 62 

# Sensors in 
 Cell 63 

CE 36 20 20 20 

GD 2    

IV 2  2  

KB 4    

MH 10  10  

MM 4    

TC 14  14  

VG 2    

VM 2    

VW 20 20 20 20 
 
Sensor definition and type of measurement: 
CE = 120 Ohm Concrete Embedment Strain Gage: dynamic and static strain 
GD = Full Bridge Strain Gage: dynamic strain 
IV = Invar Reference Rod: elevation reference point  
KB = Strain Transducer: static strain 
MH = Custom Humidity Sensor: relative humidity in concrete pavement 
MM = 120 Ohm Concrete Embedment Strain Gage: dynamic and static strain 
TC = Thermal Couple: temperature of the soil and pavement 
VG = Vibrating Wire Strain Gage (short gage length): static strain in concrete 
VM = Vibrating Wire Strain Gage (low modulus case): static strain in concrete 
VW = Vibrating Wire Strain Gage: static strain in concrete 
 
Table A1. Summary of MnROAD sensors installed in Cells 60-63. 
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CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
60 CE 1 115549.32 -10.06 0.66 TRANSVERSE 
60 CE 2 115549.32 -10.06 4.30 TRANSVERSE 
60 CE 3 115547.13 -11.69 0.72 LONGITUDINAL 
60 CE 4 115547.13 -11.69 4.72 LONGITUDINAL 
60 CE 5 115547.20 -9.03 0.54 LONGITUDINAL 
60 CE 6 115547.20 -9.03 4.30 LONGITUDINAL 
60 CE 7 115547.27 -6.38 0.90 LONGITUDINAL 
60 CE 8 115547.27 -6.38 4.40 LONGITUDINAL 
60 CE 9 115545.00 -11.79 0.84 LONGITUDINAL 
60 CE 10 115545.00 -11.79 4.70 LONGITUDINAL 
60 CE 11 115537.09 -11.62 1.08 LONGITUDINAL 
60 CE 12 115537.09 -11.62 4.70 LONGITUDINAL 
60 CE 13 115537.13 -9.02 0.66 LONGITUDINAL 
60 CE 14 115537.13 -9.02 4.30 LONGITUDINAL 
60 CE 15 115537.24 -6.45 0.84 LONGITUDINAL 
60 CE 16 115537.24 -6.45 4.30 LONGITUDINAL 
60 CE 17 115534.87 -11.72 1.02 LONGITUDINAL 
60 CE 18 115534.87 -11.72 4.90 LONGITUDINAL 
60 CE 19 115535.01 -10.06 0.54 TRANSVERSE 
60 CE 20 115535.01 -10.06 4.30 TRANSVERSE 
60 CE 80 115402.51 11.58 3.60 LONGITUDINAL 
60 CE 81 115402.51 11.58 5.60 LONGITUDINAL 
60 CE 82 115402.53 8.89 3.24 LONGITUDINAL 
60 CE 83 115402.53 8.89 5.20 LONGITUDINAL 
60 CE 84 115400.36 11.58 3.78 LONGITUDINAL 
60 CE 85 115400.36 11.58 5.80 LONGITUDINAL 
60 CE 86 115400.36 9.96 3.66 TRANSVERSE 
60 CE 87 115400.36 9.96 5.70 TRANSVERSE 
60 CE 88 115392.53 11.61 3.78 LONGITUDINAL 
60 CE 89 115392.53 11.61 5.80 LONGITUDINAL 
60 CE 90 115392.62 9.00 3.66 LONGITUDINAL 
60 CE 91 115392.62 9.00 5.70 LONGITUDINAL 
60 CE 92 115390.37 11.62 3.78 LONGITUDINAL 
60 CE 93 115390.37 11.62 5.80 LONGITUDINAL 
60 CE 94 115390.36 9.90 3.66 TRANSVERSE 
60 CE 95 115390.36 9.90 5.70 TRANSVERSE 
60 GD 1 115539.13 -10.22 0.66 TRANSVERSE 
60 GD 2 115539.13 -10.22 3.80 TRANSVERSE 
60 IV 1 115525.00 -13.30   
60 IV 2 115535.00 -13.25   
60 MM 1 115545.07 -10.08 0.72 TRANSVERSE 
60 MM 2 115545.07 -10.08 4.70 TRANSVERSE 
60 MM 3 115544.43 -10.09 0.66 TRANSVERSE 
60 MM 4 115544.43 -10.09 4.70 TRANSVERSE 

Table A2.  Cell 60 sensor locations and orientations (page 1 of 4). 
 



 A-3 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
60 MH 1 115544.01 -11.78 0.24  
60 MH 2 115544.01 -11.78 0.87  
60 MH 3 115544.01 -11.78 2.00  
60 MH 4 115544.01 -11.78 3.63  
60 MH 5 115544.01 -11.78 4.13  
60 MH 6 115542.35 -9.08 0.12  
60 MH 7 115542.35 -9.08 0.62  
60 MH 8 115542.35 -9.08 2.12  
60 MH 9 115542.35 -9.08 3.62  
60 MH 10 115542.35 -9.08 4.12  
60 XH 1 115544.01 -11.78 0.24  
60 XH 2 115544.01 -11.78 0.87  
60 XH 3 115544.01 -11.78 2.00  
60 XH 4 115544.01 -11.78 3.63  
60 XH 5 115544.01 -11.78 4.13  
60 XH 6 115542.35 -9.08 0.12  
60 XH 7 115542.35 -9.08 0.62  
60 XH 8 115542.35 -9.08 2.12  
60 XH 9 115542.35 -9.08 3.62  
60 XH 10 115542.35 -9.08 4.12  
60 TC 1 115544.29 -11.71 0.24  
60 TC 2 115544.29 -11.71 0.74  
60 TC 3 115544.29 -11.71 2.24  
60 TC 4 115544.29 -11.71 3.74  
60 TC 5 115544.29 -11.71 4.24  
60 TC 6 115544.29 -11.71 8.24  
60 TC 7 115544.29 -11.71 11.74  
60 TC 8 115542.59 -9.05 0.12  
60 TC 9 115542.59 -9.05 0.62  
60 TC 10 115542.59 -9.05 2.12  
60 TC 11 115542.59 -9.05 3.62  
60 TC 12 115542.59 -9.05 4.12  
60 TC 13 115542.59 -9.05 8.12  
60 TC 14 115542.59 -9.05 11.62  

Table A2 (con’t.)  Cell 60 sensor locations and orientations (page 2 of 4). 
 
 
 
 
 
 
 
 
 
 
 



 A-4 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
60 VW 1 115534.34 -9.00 0.48 TRANSVERSE 
60 XV 1 115534.34 -9.00 0.48  
60 VW 2 115534.34 -9.00 3.50 TRANSVERSE 
60 XV 2 115534.34 -9.00 3.50  
60 VW 3 115532.26 -11.67 0.72 LONGITUDINAL 
60 XV 3 115532.26 -11.67 0.72  
60 VW 4 115532.26 -11.67 3.70 LONGITUDINAL 
60 XV 4 115532.26 -11.67 3.70  
60 VW 5 115532.23 -9.10 0.30 LONGITUDINAL 
60 XV 5 115532.23 -9.10 0.30  
60 VW 6 115532.23 -9.10 3.30 LONGITUDINAL 
60 XV 6 115532.23 -9.10 3.30  
60 VW 7 115532.27 -6.50 0.36 LONGITUDINAL 
60 XV 7 115532.27 -6.50 0.36  
60 VW 8 115532.27 -6.50 3.40 LONGITUDINAL 
60 XV 8 115532.27 -6.50 3.40  
60 VW 9 115530.12 -11.71 0.60 LONGITUDINAL 
60 XV 9 115530.12 -11.71 0.60  
60 VW 10 115530.12 -11.71 3.60 LONGITUDINAL 
60 XV 10 115530.12 -11.71 3.60  
60 VW 11 115529.53 -9.00 0.54 TRANSVERSE 
60 XV 11 115529.53 -9.00 0.54  
60 VW 12 115529.53 -9.00 3.50 TRANSVERSE 
60 XV 12 115529.53 -9.00 3.50  
60 VW 13 115527.34 -11.76 0.84 LONGITUDINAL 
60 XV 13 115527.34 -11.76 0.84  
60 VW 14 115527.34 -11.76 3.80 LONGITUDINAL 
60 XV 14 115527.34 -11.76 3.80  
60 VW 15 115527.30 -9.00 0.36 LONGITUDINAL 
60 XV 15 115527.30 -9.00 0.36  
60 VW 16 115527.30 -9.00 3.40 LONGITUDINAL 
60 XV 16 115527.30 -9.00 3.40  
60 VW 17 115527.27 -6.48 0.66 LONGITUDINAL 
60 XV 17 115527.27 -6.48 0.66  
60 VW 18 115527.27 -6.48 3.70 LONGITUDINAL 
60 XV 18 115527.27 -6.48 3.70  
60 VW 19 115525.13 -11.76 0.42 LONGITUDINAL 
60 XV 19 115525.13 -11.76 0.42  
60 VW 20 115525.13 -11.76 3.40 LONGITUDINAL 
60 XV 20 115525.13 -11.76 3.40  
60 VG 1 115524.49 -8.84 0.60 TRANSVERSE 
60 XG 1 115524.49 -8.84 0.60  
60 VG 2 115524.49 -8.84 3.60 TRANSVERSE 
60 XG 2 115524.49 -8.84 3.60  

Table A2 (con’t.)  Cell 60 sensor locations and orientations (page 3 of 4). 
 



 A-5 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
60 VM 1 115522.32 -8.96 0.36 LONGITUDINAL 
60 XM 1 115522.32 -8.96 0.36  
60 VM 2 115522.32 -8.96 3.40 LONGITUDINAL 
60 XM 2 115522.32 -8.96 3.40  
60 KB 1 115524.43 -9.34 0.36 TRANSVERSE 
60 XB 1 115524.43 -9.34 0.36  
60 KB 2 115524.43 -9.34 3.40 TRANSVERSE 
60 XB 2 115524.43 -9.34 3.40  
60 KB 3 115522.21 -9.37 0.30 LONGITUDINAL 
60 XB 3 115522.21 -9.37 0.30  
60 KB 4 115522.21 -9.37 3.30 LONGITUDINAL 
60 XB 4 115522.21 -9.37 3.30  

Table A2 (con’t.)  Cell 60 sensor locations and orientations (page 4 of 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 A-6 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
61 CE 1 115574.60 -9.94 0.78 TRANSVERSE 
61 CE 2 115574.60 -9.94 4.53 TRANSVERSE 
61 CE 3 115572.40 -11.66 1.20 LONGITUDINAL 
61 CE 4 115572.40 -11.66 5.08 LONGITUDINAL 
61 CE 5 115572.50 -9.00 0.72 LONGITUDINAL 
61 CE 6 115572.50 -9.00 4.47 LONGITUDINAL 
61 CE 7 115572.47 -6.33 0.78 LONGITUDINAL 
61 CE 8 115572.47 -6.33 4.53 LONGITUDINAL 
61 CE 9 115570.25 -11.65 0.90 LONGITUDINAL 
61 CE 10 115570.25 -11.65 5.03 LONGITUDINAL 
61 CE 11 115567.45 -11.61 1.20 LONGITUDINAL 
61 CE 12 115567.45 -11.61 4.83 LONGITUDINAL 
61 CE 13 115567.54 -8.97 0.66 LONGITUDINAL 
61 CE 14 115567.54 -8.97 4.41 LONGITUDINAL 
61 CE 15 115567.52 -6.29 0.72 LONGITUDINAL 
61 CE 16 115567.52 -6.29 4.35 LONGITUDINAL 
61 CE 17 115565.32 -11.66 0.90 LONGITUDINAL 
61 CE 18 115565.32 -11.66 4.40 LONGITUDINAL 
61 CE 19 115565.35 -10.00 0.78 TRANSVERSE 
61 CE 20 115565.35 -10.00 4.41 TRANSVERSE 
61 VW 1 115584.54 -9.03 0.54 TRANSVERSE 
61 XV 1 115584.54 -9.03 0.54  
61 VW 2 115584.54 -9.03 3.50 TRANSVERSE 
61 XV 2 115584.54 -9.03 3.50  
61 VW 3 115582.35 -11.57 0.90 LONGITUDINAL 
61 XV 3 115582.35 -11.57 0.90  
61 VW 4 115582.35 -11.57 3.90 LONGITUDINAL 
61 XV 4 115582.35 -11.57 3.90  
61 VW 5 115582.40 -9.07 0.60 LONGITUDINAL 
61 XV 5 115582.40 -9.07 0.60  
61 VW 6 115582.40 -9.07 3.60 LONGITUDINAL 
61 XV 6 115582.40 -9.07 3.60  
61 VW 7 115582.38 -6.44 0.66 LONGITUDINAL 
61 XV 7 115582.38 -6.44 0.66  
61 VW 8 115582.38 -6.44 3.70 LONGITUDINAL 
61 XV 8 115582.38 -6.44 3.70  
61 VW 9 115580.17 -11.60 1.20 LONGITUDINAL 
61 XV 9 115580.17 -11.60 1.20  
61 VW 10 115580.17 -11.60 4.20 LONGITUDINAL 
61 XV 10 115580.17 -11.60 4.20  

Table A3.  Cell 61 sensor locations and orientations (page 1 of 2). 
 
 
 
 
 



 A-7 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
61 VW 11 115579.54 -9.00 0.54 TRANSVERSE 
61 XV 11 115579.54 -9.00 0.54  
61 VW 12 115579.54 -9.00 3.50 TRANSVERSE 
61 XV 12 115579.54 -9.00 3.50  
61 VW 13 115577.35 -11.61 1.02 LONGITUDINAL 
61 XV 13 115577.35 -11.61 1.02  
61 VW 14 115577.35 -11.61 4.00 LONGITUDINAL 
61 XV 14 115577.35 -11.61 4.00  
61 VW 15 115577.34 -9.27 0.72 LONGITUDINAL 
61 XV 15 115577.34 -9.27 0.72  
61 VW 16 115577.34 -9.27 3.70 LONGITUDINAL 
61 XV 16 115577.34 -9.27 3.70  
61 VW 17 115577.46 -6.40 0.54 LONGITUDINAL 
61 XV 17 115577.46 -6.40 0.54  
61 VW 18 115577.46 -6.40 3.50 LONGITUDINAL 
61 XV 18 115577.46 -6.40 3.50  
61 VW 19 115575.23 -11.57 1.02 LONGITUDINAL 
61 XV 19 115575.23 -11.57 1.02  
61 VW 20 115575.23 -11.57 4.00 LONGITUDINAL 
61 XV 20 115575.23 -11.57 4.00  

Table A3 (con’t.)  Cell 61 sensor locations and orientations (page 2 of 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 A-8 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
62 CE 1 116000.42 -9.86 0.84 TRANSVERSE 
62 CE 2 116000.42 -9.86 3.59 TRANSVERSE 
62 CE 3 116002.60 -11.59 1.44 LONGITUDINAL 
62 CE 4 116002.60 -11.59 4.38 LONGITUDINAL 
62 CE 5 116002.52 -8.77 1.08 LONGITUDINAL 
62 CE 6 116002.52 -8.77 4.08 LONGITUDINAL 
62 CE 7 116002.58 -6.20 1.02 LONGITUDINAL 
62 CE 8 116002.58 -6.20 3.46 LONGITUDINAL 
62 CE 9 116000.41 -11.53 1.38 LONGITUDINAL 
62 CE 10 116000.41 -11.53 4.40 LONGITUDINAL 
62 CE 11 115997.53 -11.53 1.14 LONGITUDINAL 
62 CE 12 115997.53 -11.53 3.89 LONGITUDINAL 
62 CE 13 115997.48 -8.85 0.78 LONGITUDINAL 
62 CE 14 115997.48 -8.85 3.41 LONGITUDINAL 
62 CE 15 115997.54 -6.22 1.08 LONGITUDINAL 
62 CE 16 115997.54 -6.22 3.46 LONGITUDINAL 
62 CE 17 115995.32 -11.63 1.14 LONGITUDINAL 
62 CE 18 115995.32 -11.63 4.10 LONGITUDINAL 
62 CE 19 115999.66 -9.90 0.90 TRANSVERSE 
62 CE 20 115999.66 -9.90 3.53 TRANSVERSE 
62 IV 1 115955.00 -13.15   
62 IV 2 115965.00 -13.10   
62 MH 1 115954.69 -11.48 0.48  
62 MH 2 115954.69 -11.48 0.61  
62 MH 3 115954.69 -11.48 1.74  
62 MH 4 115954.69 -11.48 2.74  
62 MH 5 115954.69 -11.48 3.37  
62 MH 6 115952.48 -8.93 0.36  
62 MH 7 115952.48 -8.93 0.86  
62 MH 8 115952.48 -8.93 1.86  
62 MH 9 115952.48 -8.93 2.86  
62 MH 10 115952.48 -8.93 3.11  
62 XH 1 115954.69 -11.48 0.48  
62 XH 2 115954.69 -11.48 0.61  
62 XH 3 115954.69 -11.48 1.74  
62 XH 4 115954.69 -11.48 2.74  
62 XH 5 115954.69 -11.48 3.37  
62 XH 6 115952.48 -8.93 0.36  
62 XH 7 115952.48 -8.93 0.86  
62 XH 8 115952.48 -8.93 1.86  
62 XH 9 115952.48 -8.93 2.86  
62 XH 10 115952.48 -8.93 3.11  

Table A4.  Cell 62 sensor locations and orientations (page 1 of 3). 
 
 
 



 A-9 

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
62 TC 1 115954.39 -11.52 0.48  
62 TC 2 115954.39 -11.52 0.98  
62 TC 3 115954.39 -11.52 1.98  
62 TC 4 115954.39 -11.52 2.98  
62 TC 5 115954.39 -11.52 3.48  
62 TC 6 115954.39 -11.52 7.98  
62 TC 7 115954.39 -11.52 11.98  
62 TC 8 115952.17 -8.94 0.48  
62 TC 9 115952.17 -8.94 0.98  
62 TC 10 115952.17 -8.94 1.98  
62 TC 11 115952.17 -8.94 2.98  
62 TC 12 115952.17 -8.94 3.48  
62 TC 13 115952.17 -8.94 7.98  
62 TC 14 115952.17 -8.94 11.98  
62 VW 1 115964.56 -8.91 0.24 TRANSVERSE 
62 XV 1 115964.56 -8.91 0.24  
62 VW 2 115964.56 -8.91 2.20 TRANSVERSE 
62 XV 2 115964.56 -8.91 2.20  
62 VW 3 115962.43 -11.44 0.78 LONGITUDINAL 
62 XV 3 115962.43 -11.44 0.78  
62 VW 4 115962.43 -11.44 2.80 LONGITUDINAL 
62 XV 4 115962.43 -11.44 2.80  
62 VW 5 115962.47 -8.91 0.30 LONGITUDINAL 
62 XV 5 115962.47 -8.91 0.30  
62 VW 6 115962.47 -8.91 2.30 LONGITUDINAL 
62 XV 6 115962.47 -8.91 2.30  
62 VW 7 115962.54 -6.24 0.48 LONGITUDINAL 
62 XV 7 115962.54 -6.24 0.48  
62 VW 8 115962.54 -6.24 2.50 LONGITUDINAL 
62 XV 8 115962.54 -6.24 2.50  
62 VW 9 115960.33 -11.58 0.72 LONGITUDINAL 
62 XV 9 115960.33 -11.58 0.72  
62 VW 10 115960.33 -11.58 2.70 LONGITUDINAL 
62 XV 10 115960.33 -11.58 2.70  

Table A4 (con’t.)  Cell 62 sensor locations and orientations (page 2 of 3). 
 
 
 
 
 
 
 
 
 
 



 A-10

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
62 VW 11 115959.67 -8.87 0.30 TRANSVERSE 
62 XV 11 115959.67 -8.87 0.30  
62 VW 12 115959.67 -8.87 2.30 TRANSVERSE 
62 XV 12 115959.67 -8.87 2.30  
62 VW 13 115957.50 -11.43 0.66 LONGITUDINAL 
62 XV 13 115957.50 -11.43 0.66  
62 VW 14 115957.50 -11.43 2.70 LONGITUDINAL 
62 XV 14 115957.50 -11.43 2.70  
62 VW 15 115957.56 -8.78 0.36 LONGITUDINAL 
62 XV 15 115957.56 -8.78 0.36  
62 VW 16 115957.56 -8.78 2.40 LONGITUDINAL 
62 XV 16 115957.56 -8.78 2.40  
62 VW 17 115957.59 -6.33 0.48 LONGITUDINAL 
62 XV 17 115957.59 -6.33 0.48  
62 VW 18 115957.59 -6.33 2.50 LONGITUDINAL 
62 XV 18 115957.59 -6.33 2.50  
62 VW 19 115955.45 -11.44 0.90 LONGITUDINAL 
62 XV 19 115955.45 -11.44 0.90  
62 VW 20 115955.45 -11.44 2.90 LONGITUDINAL 
62 XV 20 115955.45 -11.44 2.90  

Table A4 (con’t.)  Cell 62 sensor locations and orientations (page 3 of 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 A-11

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
63 CE 1 116024.38 -10.00 0.78 TRANSVERSE 
63 CE 2 116024.38 -10.00 3.80 TRANSVERSE 
63 CE 3 116022.04 -11.56 1.02 LONGITUDINAL 
63 CE 4 116022.04 -11.56 3.90 LONGITUDINAL 
63 CE 5 116022.09 -8.84 0.66 LONGITUDINAL 
63 CE 6 116022.09 -8.84 3.41 LONGITUDINAL 
63 CE 7 116022.28 -6.23 0.96 LONGITUDINAL 
63 CE 8 116022.28 -6.23 3.46 LONGITUDINAL 
63 CE 9 116019.92 -11.53 1.08 LONGITUDINAL 
63 CE 10 116019.92 -11.53 3.96 LONGITUDINAL 
63 CE 11 116016.98 -11.51 1.14 LONGITUDINAL 
63 CE 12 116016.98 -11.51 4.20 LONGITUDINAL 
63 CE 13 116017.05 -8.86 0.90 LONGITUDINAL 
63 CE 14 116017.05 -8.86 3.46 LONGITUDINAL 
63 CE 15 116017.07 -6.23 1.08 LONGITUDINAL 
63 CE 16 116017.07 -6.23 3.46 LONGITUDINAL 
63 CE 17 116014.83 -11.54 1.08 LONGITUDINAL 
63 CE 18 116014.83 -11.54 4.10 LONGITUDINAL 
63 CE 19 116014.82 -9.91 0.72 TRANSVERSE 
63 CE 20 116014.82 -9.91 3.70 TRANSVERSE 
63 VW 1 116034.56 -8.93 0.42 TRANSVERSE 
63 XV 1 116034.56 -8.93 0.42  
63 VW 2 116034.56 -8.93 2.40 TRANSVERSE 
63 XV 2 116034.56 -8.93 2.40  
63 VW 3 116032.33 -11.55 0.78 LONGITUDINAL 
63 XV 3 116032.33 -11.55 0.78  
63 VW 4 116032.33 -11.55 2.80 LONGITUDINAL 
63 XV 4 116032.33 -11.55 2.80  
63 VW 5 116032.43 -9.00 0.48 LONGITUDINAL 
63 XV 5 116032.43 -9.00 0.48  
63 VW 6 116032.43 -9.00 2.50 LONGITUDINAL 
63 XV 6 116032.43 -9.00 2.50  
63 VW 7 116032.39 -6.38 0.72 LONGITUDINAL 
63 XV 7 116032.39 -6.38 0.72  
63 VW 8 116032.39 -6.38 2.70 LONGITUDINAL 
63 XV 8 116032.39 -6.38 2.70  
63 VW 9 116030.13 -11.55 0.48 LONGITUDINAL 
63 XV 9 116030.13 -11.55 0.48  
63 VW 10 116030.13 -11.55 2.50 LONGITUDINAL 
63 XV 10 116030.13 -11.55 2.50  

Table A5.  Cell 63 sensor locations and orientations (page 1 of 2). 
 
 
 
 
 



 A-12

CELL MODEL SEQ STATION 
OFFSET 

(FT) 
DEPTH 

(IN) ORIENTATION 
63 VW 11 116029.53 -8.90 0.48 TRANSVERSE 
63 XV 11 116029.53 -8.90 0.48  
63 VW 12 116029.53 -8.90 2.50 TRANSVERSE 
63 XV 12 116029.53 -8.90 2.50  
63 VW 13 116027.36 -11.53 0.96 LONGITUDINAL 
63 XV 13 116027.36 -11.53 0.96  
63 VW 14 116027.36 -11.53 3.00 LONGITUDINAL 
63 XV 14 116027.36 -11.53 3.00  
63 VW 15 116027.45 -9.00 0.54 LONGITUDINAL 
63 XV 15 116027.45 -9.00 0.54  
63 VW 16 116027.45 -9.00 2.50 LONGITUDINAL 
63 XV 16 116027.45 -9.00 2.50  
63 VW 17 116027.52 -6.33 0.66 LONGITUDINAL 
63 XV 17 116027.52 -6.33 0.66  
63 VW 18 116027.52 -6.33 2.70 LONGITUDINAL 
63 XV 18 116027.52 -6.33 2.70  
63 VW 19 116025.16 -11.57 1.14 LONGITUDINAL 
63 XV 19 116025.16 -11.57 1.14  
63 VW 20 116025.16 -11.57 3.10 LONGITUDINAL 
63 XV 20 116025.16 -11.57 3.10  

Table A5 (con’t.)  Cell 63 sensor locations and orientations (page 2 of 2). 
 
 
 
 
 

Cell
Sensor 
Type Sequence

60 CE 88
60 CE 89
60 CE 90
60 CE 91
60 CE 92
60 CE 93
60 CE 94
60 CE 95  

Table A6.  Sensors mounted in unbonded panel.  They will be used to determine the 
effect of bonding on measured dynamic strain response. 
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Figure A1.  Sensor layout for MnROAD thin whitetopping Test Cell 60 (Area 1, driving lane). 
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Figure A2.  Sensor layout for MnROAD thin whitetopping Test Cell 60 (Area 2, passing lane). 
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Figure A3.  Sensor layout for MnROAD thin whitetopping Test Cell 61 (driving lane). 
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Figure A4.  Sensor layout for MnROAD thin whitetopping Test Cell 62 (Area 1, driving lane). 
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Figure A5.  Sensor layout for MnROAD thin whitetopping Test Cell 62 (Area 2, driving lane). 
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Figure A6.  Sensor layout for MnROAD thin whitetopping Test Cell 63 (driving lane). 
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Construction Event Log 
The following summarizes major events that occurred during the 7 week construction 
period. Mn/DOT research activities took place both prior to and following the contract 
period. 
 
October 4,2004 - The contractor (PCI) milled the existing ultra-thin whitetopping 

concrete and hot-mix asphalt (Cells 93-95) to the design depths.  
Milling of the mainline pavement was accomplished through four full-
depth passes of the milling machine.  The outside (passing lane) 
shoulder (HMA) required one pass (3 inches deep) of the milling 
machine, and the inside (driving lane) shoulder (HMA) required two 
passes (3 inches deep) of the milling machine.  Millings were placed in 
the MnROAD stockpile area. 

October 6 - Mn/DOT researchers began to place sensors for new thin- 
whitetopping test cells 60-63. 

October 22 - The contractor mobilized some of the concrete paving equipment to 
 MnROAD. 

October 25 - Contractor mobilized remaining concrete pavement equipment to 
MnROAD.  Meeting held between Mn/DOT and contractor to the 
discuss following unique details: 
1) Milled HMA surface needs to be swept as clean as possible. 
2) Joint sawing locations near sensor areas will be marked by 

Mn/DOT. 
3) Several sensor areas needed to be untextured on surface. 
4) Requested that paver vibrator be lifted in sensor areas. 
5) Each end of the paving project incorporates a 1-inch elevation drop 

in a 20-foot distance (transitions to existing pavement). 
October 26 - Contractor places concrete in Cells 60-63.  The paver traveled from 

  west to east.  The following details were recorded throughout the day: 
 7:40 AM - First load of concrete arrived.  Very stiff mix, added 15  
   gallons of water to mix at the paver, resulting in a 1 ⅝ inch  
   slump. 
 8:30 AM - Paver passes first set of sensors in Cell 60. 
 8:34 AM - Load 4: Added 5 gallons of water to mix. 
 8:44 AM - Load 5: Added 15 gallons of water to mix. 
    2 inch slump, 7.1% air content. 

 8:52 AM - Load 6: Added 10 gallons of water to mix.  Cylinders and 
beams made.  Slump test = 1.25 inches, 7% air content, 
68°F mix temperature. 

 8:57 AM - Load 7: Added 8 gallons of water to mix. 
 9:04 AM - Load 8: No extra water added.  Contractor began using air 

compressor to do additional cleaning of surface along edge 
of shoulder. 
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October 26 (con’t.) 
 9:13 AM - Load 9: No extra water added. 

 9:20 AM - Paver passes (clears) Cell 60 sensors. 
 9:24 AM - Paver passes (clears) Cell 61 sensors. 
 9:26 AM - Load 10: Cylinders and beams made.  Slump test = 2 inches, 

8% air content, 63°F mix temperature.  Some 
instrumentation dowels sticking up out of pavement in Cell 
60 had to be cut down below surface. 

 9:34 AM - Load 11: No extra water added. 
 9:40 AM - Load 12: No extra water added. 
 9:45 AM - Load 13: No extra water added.  End of load very stiff. 
 9:56 AM - Load 14: Added 4 gallons of water to mix.  Slump test = 1.5 

inches, 7.8% air content, 63°F mix temperature. 
 10:00 AM - Load 15: Added 5 gallons of water to mix.  Paver passed 

station 1157+50. 
 10:09 AM - Load 16: Added 7 gallons of water to mix.  Paver passed 

station 1157+50. 
 10:17 AM - Load 17: No extra water added.  Paver passed transition to 

Cell 62 (4 inch thick to 5 inch thick PCC). 
 10:26 AM - Load 18: Added 8 gallons of water to mix. 
 10:34 AM - Load 19: Added 10 gallons of water to mix.  Slump test = 

1.5 inches, 8.0% air content, 68°F mix temperature. 
 10:38 AM - Load 20: Added 10 gallons of water to mix. 
 10:45 AM - Load 21: Added 10 gallons of water to mix.  Cylinders and 

beams made.  Slump and air content tests taken.  Packed 
concrete around sensors in Cell 62. 

 10:52 AM - Load 22: Added 10 gallons of water to mix. 
 10:56 AM - Load 23: Added 10 gallons of water to mix. 
 11:02 AM - Load 24: Added 8 gallons of water to mix.  Load 25 rejected  

= mix too wet. 
 11:15 AM - Load 26: Added 8 gallons of water to mix.  Cylinders and 

beams made.  Slump and air content tests taken. 
 11:24 AM - Load 27: No extra water added. 
 11:30 AM - Load 28: Added 5 gallons of water to mix. 
 11:39 AM - Load 29: Added 2 gallons of water to mix.  Adjusted ticket. 
 11:47 AM - Load 30: Added 7 gallons of water to mix. 
 11:52 AM - Load 31: Added 8 gallons of water to mix. 
 11:59 AM - Last truck load. 
  6:30 PM - Pavement still too green to saw joints. 

October 27 -  5:00 AM - Pavement still too green to saw joints. 
 11:00 AM - Sawed several joints, but still too green to continue. 
  
 
 
October 27 (con’t.) 
 12:00 PM - Stopped contractor from sawing additional joints.  Joints 
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     were still spalling.  Requested that contractor resume in a  
     few hours.  Informed contractor that joints were being 
     sawed too deep. 
 

 10:00 PM - Contractor resumed sawing joints.  Completed sawing 
before 12:00AM (10-28-04). 

 
November 2  - Contractor sealed joints in Cells 60 and 62. 
 
November 8 -  Meeting with contractor to discuss paving of hot-mixed asphalt  
   shoulder. 
 
November 9  - Discussions with contractor on the area shoulder being milled too 
   deep. 

 
November 16 -  3:45 PM - Tack coat placed on passing lane shoulder. 
   4:42 PM - First, second, third and fourth loads of hot-mixed asphalt 
     arrive. 
   4:49 PM - Shoulder paving begins. 
   5:08 PM - First pass of Dynapac breakdown roller.  Note that 4% 
     slope was maintained, instead of even mat thickness. 
   5:22 PM - Started paving tapered section. 
   5:35 PM - Large load dumped in front of paving machine, resulting in 
     the machine becoming stuck. 
   5:45 PM - Resumed paving. 
   6:00 PM - Paving ended for that day. 
   6:15 PM - Started second pass with small roller on taper section. 
   6:30 PM - Noted that the passing shoulder was higher than the  
     whitetopping surface in the location where the large load  
     was dumped.  This would result in poor drainage for the  
     whitetopping during rain events. 
 
November 17 -  7:00 AM - Contractor removed 82 feet of passing lane shoulder (in 
     taper area) due to slope toward whitetopping lane. 
 10:01 AM - Last load of hot-mixed asphalt placed on driving lane 
     shoulder. 
 10:16 AM - Began repaving of passing lane shoulder (taper section). 
 10:19 AM - Started rubber tire rolling on inside (driving lane) shoulder. 
 10:35 AM - Finished paving shoulders. 
 10:52 AM - Final roller pass on inside shoulder.  No rubber tire roller 
     on repaved section of passing lane. 
   1:00 PM - Mn/DOT backfilled shoulder areas to match hot-mixed 
     asphalt shoulder. 
November 18 -  7:45 AM - Contractor saws (longitudinal) lane/shoulder joints. 
   8:45 AM - Sawing completed. 
 10:30 AM - Contractor finishes cleaning joints. 
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 11:30 AM - Contractor finishes sealing lane/shoulder joints. 
   2:30 PM - Mn/DOT places lane striping.  Project complete. 
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Sensor Installation Procedures 

The installation techniques used for Cells 60-63 sensors came not only from experience gained at the 

MnROAD project, but from other projects completed both in Minnesota and other states in the U.S.  

Many of the installation procedures are very similar for several types of sensors, therefore only unique 

differences will be described in more detail. 

 

Sensor types CE, MH, MM, VG were mounted between (hung from) four 12 inch long, 0.5 inch 

diameter wood dowels using 22 gauge steel wire.   The wood dowels were inserted into 0.5 inch 

diameter holes drilled into the milled hot-mix asphalt (HMA) layer using a masonry drill bit.  Small 

notches were cut into the dowels to prevent the steel support wires from sliding down during 

placement of the concrete.  Photo C1 shows CE and GD sensors installed on the milled HMA. Photo 

C2 shows MM and CE sensors mounted.  Photos C3 and C4 show MH and TC sensors.  Due to the 

close vertical spacing of the MH sensors, they were installed in alternating directions.  TC sensors 

that were to be embedded into the concrete were mounted on a wood dowel using small plastic zip 

ties.  TC sensors mounted in the HMA were installed by inserting the end of the sensor into holes drill 

the desired depth, then securing it with an epoxy material. 

 
Figure C1.  Typical sensor installation on wood dowels.  CE sensors are white, GD sensors are 
the tubular ones shown on the right. 
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Figure C2.  Typical sensor installation on wood dowels.  The brown sensors in the foreground, 
center, are type MM, the white sensors are type CE. 
 

 
Figure C3.  Typical sensor installation on wood dowels.  Due to close proximity, MH sensors 
(right side) were mounted in alternating directions.  Shown on the left is a TC tree.  Adjacent 
to the tree are two TC sensors mounted into the HMA. 
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 Figure C4.  MH and TC sensors. 
 
Sensor types GD, KB, VM, VW were also mounted on (hung from) 12 inch long, 0.5 inch diameter 

wood dowels.  Due to the stiffer construction of these sensors, they were mounted on just two 

dowels using heavy-duty plastic zip ties.   Photo E5 shows GD sensors mounted.  Photo E6 shows 

VW sensors.  Photos E7 and E8 show VW, VM, VG and KB sensors mounted. 

 

Lead wires for all sensor types were routed through PVC conduits trenched through the shoulder 

areas. 
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Figure C5.  GD sensors in Cell 60. 
 

 
Figure C6.  VW sensors in Cell 60. 
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Figure C7.  VG, VM, and KB sensors in Cell 60. 
 

 
Figure C8.  VG, VM, and KB sensors in Cell 60.  VG sensors, shown in the foreground on the 
left, were mounted using fine gauge steel wire. 
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To evaluate the effect of bonding between PCC and HMA on the load response, two panels in the 

passing lane of Cell 60 were instrumented.  One panel contains CE sensors mounted 1 inch above the 

milled HMA surface.  The other panel has the same sensor layout, with a sheet of plastic beneath to 

provide an unbonded interface between the PCC and HMA.  Photos C9 and C10 show the two panel 

arrangements. 

 

 
Figure C9.  CE sensors mounted over typical milled HMA surface in passing lane of Cell 60. 
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Figure C10.  CE sensors mounted over plastic sheet on milled HMA surface in passing lane of 
Cell 60. 
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Figure D1.  Cell 60 gage stud locations (Page 1 of 2).  
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Figure D1 (con’t).  Cell 60 gage stud locations (Page 2 of 2). 
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Figure D2.  Cell 61 gage stud locations (Page 1 of 2). 
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Figure D2 (con’t).  Cell 61 gage stud locations (Page 2 of 2). 
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Figure D3.  Cell 62 gage stud locations (West locations). 
 
 
 
 
 
 

P35 P34 P33 

72
.5

” 

58
” 57
.5

” 

1.
75

” 

2.
13

” 

58
” 

58
” 

J 
24

26
 

2.13” 2.13” 

2” 1.75” 1.75” 1.88” 2.25” 2.5” 

1.
88

” 

1.
88

” 

1.88” 2” 

2”
 

2”
 

2” 2.13” 

2”
 

2” 

72
.5

” 

60” 60” 60” 

J 
24

25
 

58
” 

58
” 

72
.5

” 

58
” 

2.13” 

57
.7

5”
 

1.75” 

1.62” 

1.
75

” 



 

D-6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D4.  Cell 62 gage stud locations (East locations). 
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Figure D5.  Cell 63 gage stud locations (Page 1 of 2). 
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Figure D5 (con’t).  Cell 63 gage stud locations (Page 2 of 2). 
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Table E1.  Compressive strength (ASTM C39) testing results for Cells 60-63. 

Specimen ID Cell Age 
(days) Tested By Date  / Time 

(10/27/04 14:40)

Curing 
Condition 

(Water, Moist 
Room)

Avg. 
Diameter 

(in)

Maximum 
Applied 

Load (lbf)

Fracture Type (e.g., 
cone) Area (in2)

Compression 
Strength (psi)

Compression 
Strength 
(MPa)

60-04-CC-002 60 1 C. Evenson 10/27/2004 Air 5.98 11300 Cone 28.0862 402 2.8
61-04-CC-002 61 1 C. Evenson 10/27/2004 Air 6.00 11890 Cone 28.2743 421 2.9
62-04-CC-002 62 1 C. Evenson 10/27/2004 Air 6.00 12050 Cone 28.2743 426 2.9
63-04-CC-002 63 1 C. Evenson 10/27/2004 2 hr. water 6.00 16620 Cone 28.2743 588 4.1
6004CC003 60 3 UMN - Yut, lliya 10/29/2004 Water 6.00 63330 Columnar 28.2743 2240 15.4
6104CC003 61 3 UMN - Yut, lliya 10/29/2004 Water 6.00 54240 Columnar 28.2743 1918 13.2
6204CC003 62 3 UMN - Yut, lliya 10/29/2004 Water 6.00 40660 Columnar 28.2743 1438 9.9
6304CC003 63 3 UMN - Yut, lliya 10/29/2004 Water 6.00 61160 Columnar 28.2743 2163 14.9
6004CC004 60 7 UMN - Yut, lliya 11/2/2004 Water 3684 25.4
6104CC004 61 7 UMN - Yut, lliya 11/2/2004 Water 3104 21.4
6204CC004 62 7 UMN - Yut, lliya 11/2/2004 Water 3653 25.2
6304CC004 63 7 UMN - Yut, lliya 11/2/2004 Water 3583 24.7
60-04-CC-005 60 29 C. Evenson 11/24/2004 Moist Room 6.00 117660 Cone&Shear 28.2743 4161 28.7
61-04-CC-005 61 29 C. Evenson 11/24/2004 Moist Room 5.98 102760 Cone&Shear 28.0862 3659 25.2
62-04-CC-005 62 29 C. Evenson 11/24/2004 Moist Room 5.99 112660 Cone&Shear 28.1802 3998 27.5
63-04-CC-005 63 29 C. Evenson 11/24/2004 Moist Room 5.98 126960 Cone 28.0862 4520 31.1
60-04-CC-006 60 90 C. Evenson 1/24/2005 Moist Room 5.98 131790 Shear 28.0862 4692 32.3
61-04-CC-006 61 90 C. Evenson 1/24/2005 Moist Room 5.98 111690 Shear 28.0862 3977 27.4
62-04-CC-006 62 90 C. Evenson 1/24/2005 Moist Room 6.00 126810 Cone&Shear 28.2743 4485 30.9
63-04-CC-006 63 90 C. Evenson 1/24/2005 Moist Room 6.00 143990 Cone 28.2743 5093 35.1
60-04-CC-007 60 365 C. Evenson 10/26/2005 Curing Tank 5.98 143780 Cone & Shear 28.0862 5119.2 35.3
61-04-CC-007 61 365 C. Evenson 10/26/2005 Curing Tank 5.99 119380 Shear 28.1331 4243.4 29.2
62-04-CC-007 62 365 C. Evenson 10/26/2005 Curing Tank 5.99 144280 Shear 28.1331 5128.5 35.3
63-04-CC-007 63 365 C. Evenson 10/26/2005 Curing Tank 5.99 152170 Shear 28.1331 5408.9 37.3
60-04-CC-001 60 365 C. Evenson / U of M 10/26/2005 Moist Room 5.98 165780 Cone & Shear 28.0862 5902.6 40.7
61-04-CC-001 61 365 C. Evenson / U of M 10/26/2005 Moist Room 6.00 139720 Cone 28.2743 4941.6 34.0
62-04-CC-001 62 365 C. Evenson/ U of M 10/26/2005 Moist Room 5.98 148950 Cone & Shear 28.0862 5303.3 36.5
63-04-CC-001 63 365 C. Evenson / U of M 10/26/2005 Moist Room 6.00 165110 Shear 28.2743 5839.6 40.2  
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Table E2.  Elastic modulus and Poisson’s Ratio (ASTM C469) testing results for Cells 60-63. 

Test Cell Specimen ID Test Date
Age 

(days)
Sample 

diameter (in)
Gage 

Length (in)
Average f'c 

(psi)

Average 
Modulus of 

Elasticity (psi)
Average 

Poisson's Ratio
60 60-04-CC-001 11/3/2004 8 3960000 0.24*
60 60-04-CC-007 11/24/2004 29 5.98 8 4161 4575761 0.08
61 61-04-CC-001 11/3/2004 8 5180000
61 61-04-CC-007 11/24/2004 29 5.985 8 4120 4416350 0.11
62 62-04-CC-001 11/3/2004 8 3920000
62 62-04-CC-007 11/24/2004 29 5.985 8 3998 4890067 0.13
63 63-04-CC-001 11/3/2004 8 3890000
63 63-04-CC-007 11/24/2004 29 5.985 8 4520 5019722 0.11

* Laboratory reported equipment problems during test.  
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Table E3.  Flexural strength (ASTM C78) testing results for Cells 60-63. 

Cell Specimen ID Date  / Time Age 
(days)

Avg. 
Depth 

(in)

Avg. 
Width 

(in)

Span 
Length 

(in)

Modulus of 
Rupture (psi)

60 60-04-CB-001 10/27/04 9:05 1 5.95 6.00 18 140
61 61-04-CB-001 10/27/04 9:45 1 6.00 6.00 18 115
62 62-04-CB-001 10/27/04 11:11 1 6.00 6.15 18 130
63 63-04-CB-001 10/27/04 11:38 1 5.90 6.00 18 135
60 60-04-CB-002 10/29/04 3 18 584
61 61-04-CB-002 10/29/04 3 18 478
62 62-04-CB-002 10/29/04 3 18 527
63 63-04-CB-002 10/29/04 3 18 537
60 60-04-CB-003 11/2/04 7 18 780
61 61-04-CB-003 11/2/04 7 18 646
62 62-04-CB-003 11/2/04 7 18 633
63 63-04-CB-003 11/2/04 7 18 discard
60 60-04-CB-004 11/23/04 13:25 28 6.00 6.15 18 595
61 61-04-CB-004 11/23/04 13:45 28 6.00 6.05 18 545
62 62-04-CB-004 11/23/04 14:00 28 6.00 6.10 18 575
63 63-04-CB-004 11/23/04 14:15 28 6.00 6.10 18 560
60 60-04-CB-006 1/24/05 10:32 90 6.00 6.10 18 635
61 61-04-CB-006 1/24/05 10:02 90 6.00 6.10 18 535
62 62-04-CB-006 1/24/05 10:18 90 5.95 6.20 18 640
63 63-04-CB-006 1/24/05 10:04 90 6.00 6.10 18 645
60 60-04-CB-005 10/27/05 10:39 365 6.00 6.20 18 735
61 61-04-CB-005 10/27/05 11:08 365 6.05 6.10 18 585
62 62-04-CB-005 10/27/05 11:26 365 6.00 6.20 18 660
63 63-04-CB-005 10/27/05 14:05 365 6.00 6.20 18 665  



E-4  

Table E4.  Coefficient of thermal expansion for concrete mix in Cells 60-63.   

1 2 3 4 5 1 2 3 4 5
60 60-04-CC-008 4" x  8" Cylinder 1/19/2005 8.9 7.3 7.5 7.4 8.6 7.3 7.5 7.3
61 61-04-CC-008 4" x  8" Cylinder 2/4/2005 7.2 8.0 7.8 7.9 8.0 7.2 8.0 8.0 7.8 7.8

62-04-CC-008 4" x  8" Cylinder 2/11/2005 7.1 7.7 7.0 6.7 8.2 7.1 7.7 6.8 6.6 8.1
62-04-CC-009 4" x  8" Cylinder 4/27/2005 6.3 6.6 7.0 7.0 7.1 6.1 6.5 6.9 6.9 7.0

63 63-04-CC-008 4" x  8" Cylinder 1/25/2005 6.8 11.1 7.1 7.4 7.5 6.3 11.1 7.0 7.3 7.3
*Unadjusted CTE values are contained in this table w.r.t. actual specimen lengths and calibration term
Test completion:  2 successive tests yield CTE values within 0.3 mm/mm/°C

Cell

62

Replicate Number Replicate Number
Thermal Equilibrium Using Internal Specimen Temp. Thermal Equilibrium Using Length Meas.

COTE (mm/mm/°C)*

Date testedSpecimen TypeSpecimen ID
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Table E5.  Drying shrinkage data for Cell 60, specimen 60-04-CB-007.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 8:45 70 - 7728.4 2.792 383.0808   0 0     
11/2/04 10:34 73 34 7775.0 2.914 383.2028 0.1220 6.1 6     

11/9/04 9:17 72.1 24 7788.3 2.846 383.1348 -0.0680 6.9 13     
11/17/04 14:38 73.7 39 7798.6 2.861 383.1498 0.0150 8.2 21     
11/24/04 11:05 73.5 21 7805.9 2.860 383.1488 -0.0010 6.9 28     

12/2/04 10:19 73 21 7813.0 2.865 383.1538 0.0050 8.0 36     
12/3/04 12:30 73.1 22 7813.7 2.860 383.1488 -0.0050 0.0 0 0 0.00 
12/10/04 9:07 75 49 7714.4 2.785 383.0738 -0.0750 6.9 7 200 0.02 
12/17/04 9:43 75.1 54 7701.3 2.752 383.0408 -0.0330 7.0 14 286 0.03 

12/23/04 10:12 75.3 48 7693.1 2.736 383.0248 -0.0160 6.0 20 328 0.03 
12/30/04 8:56 74.9 52 7686.4 2.726 383.0148 -0.0100 6.9 27 354 0.04 

1/7/05 8:52 74.6 51 7682.2 2.721 383.0098 -0.0050 8.0 35 367 0.04 
1/14/05 15:00 74.7 50 7678.9 2.710 382.9988 -0.0110 7.3 42 395 0.04 

1/21/05 9:55 74.2 49 7676.6 2.705 382.9938 -0.0050 6.8 49 408 0.04 
1/27/05 15:32 74.3 50 7674.4 2.701 382.9898 -0.0040 6.2 55 419 0.04 

2/3/05 15:10 74.6 51 7673.0 2.697 382.9858 -0.0040 7.0 62 429 0.04 
2/10/05 14:13 74.2 50 7671.1 2.698 382.9868 0.0010 7.0 69 427 0.04 
2/17/05 14:38 74.2 50 7670.2 2.694 382.9828 -0.0040 7.0 76 437 0.04 
2/24/05 14:48 74.2 50 7669.0 2.690 382.9788 -0.0040 7.0 83 448 0.04 

4/7/05 14:11 74.0 50 7663.2 2.680 382.9688 -0.0100 42.0 125 474 0.05 
5/5/05 14:39 73.5 51 7661.5 2.677 382.9658 -0.0030 28.0 153 482 0.05 
6/6/05 14:26 76.2 54 7660.3 2.676 382.9648 -0.0010 32.0 185 484 0.05 

Conditioned Base Length:  383.150 
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Table E6.  Drying shrinkage data for Cell 60, specimen 60-04-CB-008.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 9:00 70.0 - 7692.6 2.489 382.7778   0 0     
11/2/04 10:20 73.0 34 7735.6 2.505 382.7938 0.0160 6.1 6     

11/9/04 9:18 72.0 24 7747.1 2.428 382.7168 -0.0770 7.0 13     
11/17/04 14:36 73.8 39 7757.4 2.499 382.7878 0.0710 8.2 21     
11/24/04 11:06 73.3 21 7764.7 2.496 382.7848 -0.0030 6.9 28     

12/2/04 10:20 73.0 21 7772.0 2.502 382.7908 0.0060 8.0 36     
12/9/04 10:22 74.0 30 7778.1 2.494 382.7828 -0.0080 7.0 43     
12/16/04 9:06 72.8 30 7781.8 2.495 382.7838 0.0010 6.9 50     
12/17/04 8:08 71.8 30 7780.0 2.494 382.7828 -0.0010 0.0 0 0 0 

12/23/04 10:23 75.5 48 7684.0 2.430 382.7188 -0.0640 6.1 6 168 0.02 
12/30/04 8:57 75.0 52 7668.9 2.398 382.6868 -0.0320 6.9 13 252 0.03 

1/7/05 8:54 74.7 51 7660.8 2.385 382.6738 -0.0130 8.0 21 286 0.03 
1/14/05 15:01 74.7 50 7655.8 2.372 382.6608 -0.0130 7.3 28 320 0.03 

1/21/05 9:57 74.2 50 7652.3 2.368 382.6568 -0.0040 6.8 35 330 0.03 
1/27/05 15:34 74.3 50 7649.6 2.362 382.6508 -0.0060 6.2 41 346 0.03 

2/3/05 15:11 74.7 51 7647.3 2.359 382.6478 -0.0030 7.0 48 354 0.04 
2/10/05 14:14 74.4 51 7644.8 2.358 382.6468 -0.0010 7.0 55 356 0.04 
2/17/05 14:40 74.3 51 7643.4 2.355 382.6438 -0.0030 7.0 62 364 0.04 
2/24/05 14:48 74.3 51 7642.2 2.353 382.6418 -0.0020 7.0 69 369 0.04 

4/7/05 14:12 74.0 50 7635.2 2.341 382.6298 -0.0120 42.0 111 401 0.04 
5/5/05 14:40 73.6 52 7633.4 2.339 382.6278 -0.0020 28.0 139 406 0.04 
6/6/05 14:25 76.1 54 7631.8 2.338 382.6268 -0.0010 32.0 171 408 0.04 

Conditioned Base Length:  382.783 
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Table E7.  Drying shrinkage data for Cell 61, specimen 61-04-CB-007.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 9:35 70.0 - 7621.6 2.286 382.5748   0 0     
11/2/04 10:22 73.0 34 7662.9 2.378 382.6668 0.0920 6.0 6     

11/9/04 9:23 71.7 27 7677.6 2.345 382.6338 -0.0330 7.0 13     
11/17/04 14:36 73.9 38 7688.8 2.313 382.6018 -0.0320 8.2 21     
11/24/04 11:10 73.0 21 7697.8 2.311 382.5998 -0.0020 6.9 28     

12/2/04 10:13 72.7 22 7705.7 2.316 382.6048 0.0050 8.0 36     
12/3/04 12:31 73.0 22 7706.3 2.311 382.5998 -0.0050 0.0 0 0 0 
12/10/04 9:08 75.0 49 7596.0 2.237 382.5258 -0.0740 6.9 7 196 0.02 
12/17/04 9:42 75.1 54 7581.9 2.204 382.4928 -0.0330 7.0 14 282 0.03 
12/23/04 8:58 75.2 54 7573.7 2.191 382.4798 -0.0130 6.0 20 316 0.03 
12/30/04 8:55 74.9 52 7566.9 2.181 382.4698 -0.0100 7.0 27 342 0.03 

1/7/05 8:56 74.7 51 7563.0 2.172 382.4608 -0.0090 8.0 35 366 0.04 
1/14/05 15:02 74.7 50 7559.9 2.158 382.4468 -0.0140 7.3 42 403 0.04 

1/21/05 9:59 74.2 50 7557.9 2.160 382.4488 0.0020 6.8 49 397 0.04 
1/27/05 15:36 74.3 50 7556.3 2.152 382.4408 -0.0080 6.2 55 418 0.04 

2/3/05 15:12 74.7 51 7554.9 2.149 382.4378 -0.0030 7.0 62 426 0.04 
2/10/05 14:15 74.4 51 7553.2 2.147 382.4358 -0.0020 7.0 69 431 0.04 
2/17/05 14:41 74.3 51 7552.6 2.148 382.4368 0.0010 7.0 76 429 0.04 
2/24/05 14:49 74.4 51 7551.8 2.148 382.4368 0.0000 7.0 83 429 0.04 

4/7/05 14:13 74.0 51 7546.9 2.140 382.4288 -0.0080 42.0 125 450 0.04 
5/5/05 14:41 73.6 52 7545.8 2.137 382.4258 -0.0030 28.0 153 457 0.05 
6/6/05 14:24 76.1 54 7445.4 2.134 382.4228 -0.0030 32.0 185 465 0.05 

Conditioned Base Length:  382.601 
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Table E8.  Drying shrinkage data for Cell 61, specimen 61-04-CB-008.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 9:50 69 - 7612.3 2.858 383.1468   0 0     
11/2/04 10:24 73 34 7665.9 2.952 383.2408 0.0940 6.0 6     

11/9/04 9:25 71.6 24 7686.7 2.935 383.2238 -0.0170 7.0 13     
11/17/04 14:27 74.1 38 7693 2.929 383.2178 -0.0060 8.2 21     
11/24/04 11:12 73.0 21 7701.7 2.925 383.2138 -0.0040 6.9 28     

12/2/04 10:14 72.7 21 7709.4 2.931 383.2198 0.0060 8.0 36     
12/9/04 10:24 74 31 7715.2 2.922 383.2108 -0.0090 7.0 43     
12/16/04 9:07 72.8 30 7719.7 2.922 383.2108 0.0000 6.9 50     
12/17/04 8:12 71.8 30 7719.4 2.921 383.2098 -0.0010 0.0 0 0 0 

12/23/04 10:22 75.5 48 7605.3 2.854 383.1428 -0.0670 6.1 6 177 0.02 
12/30/04 8:58 75.0 52 7589.3 2.822 383.1108 -0.0320 6.9 13 260 0.03 

1/7/05 8:57 74.7 51 7581.2 2.812 383.1008 -0.0100 8.0 21 286 0.03 
1/14/05 15:03 74.7 50 7576.1 2.798 383.0868 -0.0140 7.3 28 323 0.03 
1/21/05 10:01 74.3 51 7572.8 2.796 383.0848 -0.0020 6.8 35 328 0.03 
1/27/05 15:37 74.6 51 7570.2 2.791 383.0798 -0.0050 6.2 41 341 0.03 

2/3/05 15:13 74.7 51 7568.1 2.788 383.0768 -0.0030 7.0 48 349 0.03 
2/10/05 14:17 74.4 51 7565.8 2.789 383.0778 0.0010 7.0 55 346 0.03 
2/17/05 14:42 74.3 51 7564.9 2.784 383.0728 -0.0050 7.0 62 359 0.04 
2/24/05 14:50 74.4 51 7563.8 2.784 383.0728 0.0000 7.0 69 359 0.04 

4/7/05 14:15 74.1 51 7557.9 2.772 383.0608 -0.0120 42.0 111 391 0.04 
5/5/05 14:43 73.6 52 7556.4 2.771 383.0598 -0.0010 28.0 139 393 0.04 
6/6/05 14:23 76.0 54 7555.7 2.770 383.0588 -0.0010 32.0 171 396 0.04 

Conditioned Base Length:  383.210 
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Table E9.  Drying shrinkage data for Cell 62, specimen 62-04-CB-007.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 10:45 70 - 7621.2 2.280 382.5688   0 0     

11/2/04 10:30 73 34 7674.0 2.425 382.7138 0.1450 6.0 6     
11/9/04 9:27 71.5 24 7688.8 2.404 382.6928 -0.0210 7.0 13     

11/17/04 14:23 74.3 37 7698.9 2.390 382.6788 -0.0140 8.2 21     
11/24/04 11:16 73.0 21 7707.1 2.381 382.6698 -0.0090 6.9 28     

12/2/04 10:27 73 21 7715.9 2.387 382.6758 0.0060 8.0 36     
12/9/04 10:26 73.8 31 7721.2 2.372 382.6608 -0.0150 7.0 43     
12/16/04 9:02 72.9 30 7726.0 2.372 382.6608 0.0000 6.9 50     
12/17/04 8:19 71.8 31 7726.6 2.373 382.6618 0.0010 0.0 0 0 0 

12/23/04 10:13 75.3 48 7615.5 2.303 382.5918 -0.0700 6.1 6 181 0.02 
12/30/04 9:00 75.0 50 7599.3 2.268 382.5568 -0.0350 6.9 13 273 0.03 

1/7/05 8:58 74.7 51 7590.8 2.255 382.5438 -0.0130 8.0 21 307 0.03 
1/14/05 15:04 74.7 50 7585.5 2.239 382.5278 -0.0160 7.3 28 348 0.03 
1/21/05 10:02 74.3 51 7581.9 2.234 382.5228 -0.0050 6.8 35 362 0.04 
1/27/05 15:38 74.6 51 7579.1 2.228 382.5168 -0.0060 6.2 41 377 0.04 

2/3/05 15:15 74.7 51 7576.5 2.224 382.5128 -0.0040 7.0 48 388 0.04 
2/10/05 14:18 74.4 51 7574.3 2.224 382.5128 0.0000 7.0 55 388 0.04 
2/17/05 14:44 74.4 51 7572.9 2.221 382.5098 -0.0030 7.0 62 395 0.04 
2/24/05 14:51 74.4 51 7571.3 2.218 382.5068 -0.0030 7.0 69 403 0.04 

4/7/05 14:16 74.1 51 7564.3 2.207 382.4958 -0.0110 42.0 111 432 0.04 
5/5/05 14:44 73.7 52 7562.5 2.204 382.4928 -0.0030 28.0 139 440 0.04 
6/6/05 14:22 76.0 54 7561.1 2.202 382.4908 -0.0020 32.0 171 445 0.04 

Conditioned Base Length:  382.661 
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Table E10.  Drying shrinkage data for Cell 62, specimen 62-04-CB-008.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 11:00 70 - 7721.1 2.478 382.7668   0 0     

11/2/04 10:36 73 35 7771.6 2.609 382.8978 0.1310 6.0 6     
11/9/04 9:30 71.5 24 7784.1 2.580 382.8688 -0.0290 7.0 13     

11/17/04 14:36 74.2 37 7794.5 2.552 382.8408 -0.0280 8.2 21     
11/24/04 11:18 73.0 21 7800.3 2.548 382.8368 -0.0040 6.9 28     

12/2/04 10:29 73 21 7807.4 2.554 382.8428 0.0060 8.0 36     
12/9/04 10:27 73.8 31 7812.5 2.548 382.8368 -0.0060 7.0 43     
12/16/04 9:03 72.9 30 7816.3 2.548 382.8368 0.0000 6.9 50     
12/17/04 8:20 71.8 31 7816.7 2.548 382.8368 0.0000 0.0 0 0 0 

12/23/04 10:10 75.1 48 7713.2 2.484 382.7728 -0.0640 6.1 6 167 0.02 
12/30/04 9:01 75.0 52 7697.5 2.449 382.7378 -0.0350 7.0 13 259 0.03 

1/7/05 9:00 74.7 51 7689.3 2.438 382.7268 -0.0110 8.0 21 287 0.03 
1/14/05 15:05 74.8 50 7684.0 2.423 382.7118 -0.0150 7.3 28 327 0.03 
1/21/05 10:03 74.4 51 7680.6 2.418 382.7068 -0.0050 6.8 35 340 0.03 
1/27/05 15:39 74.6 51 7677.8 2.412 382.7008 -0.0060 6.2 41 355 0.04 

2/3/05 15:16 74.8 51 7675.6 2.409 382.6978 -0.0030 7.0 48 363 0.04 
2/10/05 14:20 74.4 51 7673.4 2.410 382.6988 0.0010 7.0 55 360 0.04 
2/17/05 14:45 74.4 51 7672.6 2.406 382.6948 -0.0040 7.0 62 371 0.04 
2/24/05 14:52 74.5 51 7670.7 2.404 382.6928 -0.0020 7.0 69 376 0.04 

4/7/05 14:17 74.1 51 7663.8 2.392 382.6808 -0.0120 42.0 111 407 0.04 
5/5/05 14:45 73.7 52 7662.0 2.39 382.6788 -0.0020 28.0 139 413 0.04 
6/6/05 14:21 76.0 54 7660.7 2.388 382.6768 -0.0020 32.0 171 418 0.04 

Conditioned Base Length:  382.837 
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Table E11.  Drying shrinkage data for Cell 63, specimen 63-04-CB-007.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 11:15 71 - 7706.7 2.767 383.0558   0 0     

11/2/04 10:37 73 35 7758.9 2.721 383.0098 -0.0460 6.0 6     
11/9/04 9:33 71.5 25 7772.0 2.701 382.9898 -0.0200 7.0 13     

11/17/04 14:20 74.7 36 7781.5 2.699 382.9878 -0.0020 8.2 21     
11/24/04 11:21 73.2 21 7788.1 2.697 382.9858 -0.0020 6.9 28     

12/2/04 10:23 73 21 7794.6 2.699 382.9878 0.0020 8.0 36     
12/3/04 12:37 73.1 21 7796.1 2.697 382.9858 -0.0020 0.0 0 0 0 
12/10/04 9:09 75 49 7699.0 2.614 382.9028 -0.0830 6.9 7 219 0.02 
12/17/04 9:39 75.2 54 7685.0 2.585 382.8738 -0.0290 7.0 14 295 0.03 
12/23/04 9:06 75.1 54 7676.8 2.568 382.8568 -0.0170 6.0 20 339 0.03 
12/30/04 8:52 75.0 52 7669.4 2.558 382.8468 -0.0100 7.0 27 366 0.04 

1/7/05 9:01 74.7 51 7665.2 2.554 382.8428 -0.0040 8.0 35 376 0.04 
1/14/05 15:06 74.8 50 7661.5 2.543 382.8318 -0.0110 7.3 42 405 0.04 
1/21/05 10:04 74.4 51 7659.1 2.541 382.8298 -0.0020 6.8 49 410 0.04 
1/27/05 15:40 74.6 51 7657.1 2.537 382.8258 -0.0040 6.2 55 420 0.04 

2/3/05 15:17 74.8 51 7655.2 2.536 382.8248 -0.0010 7.0 62 423 0.04 
2/10/05 14:21 74.4 51 7653.6 2.536 382.8248 0.0000 7.0 69 423 0.04 
2/17/05 14:47 74.5 51 7652.5 2.535 382.8238 -0.0010 7.0 76 426 0.04 
2/24/05 14:53 74.5 51 7651.4 2.534 382.8228 -0.0010 7.0 83 428 0.04 

4/7/05 14:18 74.2 51 7644.9 2.525 382.8138 -0.0090 42.0 125 452 0.05 
5/5/05 14:46 73.7 52 7643.1 2.523 382.8118 -0.0020 28.0 153 457 0.05 
6/6/05 14:20 76.0 54 7642.0 2.520 382.8088 -0.0030 32.0 185 465 0.05 

Conditioned Base Length:  382.987 
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Table E12.  Drying shrinkage data for Cell 63, specimen 63-04-CB-008.   

Date  / Time 
Temp. 

(ºF) 
RH 
(%) 

Weight 
(g) 

Length 
(mm) 

Gage 
Length: 
Length - 

2(g.s.) (mm) 
Δ Length 

(mm) 
Time 

(Days) 

Cumula-
tive Time 

(days) 

Drying 
Shrinkage 

(ue) 
Drying 

Shrinkage (%) 
10/27/04 11:25 71 - 7738.0 2.523 382.8118   0 0     

11/2/04 10:38 73.0 35 7790.4 2.646 382.9348 0.1230 6.0 6     
11/9/04 9:36 71.4 24 7804.2 2.628 382.9168 -0.0180 7.0 13     

11/17/04 14:22 74.5 36 7813.4 2.600 382.8888 -0.0280 8.2 21     
11/24/04 11:23 73.2 21 7820.4 2.598 382.8868 -0.0020 6.9 28     

12/2/04 10:24 73.0 21 7827.4 2.600 382.8888 0.0020 8.0 36     
12/3/04 12:38 73.1 21 7827.9 2.596 382.8848 -0.0040 0.0 0 0 0 
12/10/04 9:11 75.0 50 7731.1 2.518 382.8068 -0.0780 6.9 7 210 0.02 
12/17/04 9:40 75.2 54 7717.4 2.496 382.7848 -0.0220 7.0 14 268 0.03 

12/23/04 10:07 75.2 48 7709.3 2.474 382.7628 -0.0220 6.0 20 325 0.03 
12/30/04 8:53 75.0 52 7702.6 2.462 382.7508 -0.0120 6.9 27 357 0.04 

1/7/05 9:03 74.7 51 7698.4 2.458 382.7468 -0.0040 8.0 35 367 0.04 
1/14/05 15:07 74.8 51 7695.2 2.447 382.7358 -0.0110 7.3 42 396 0.04 
1/21/05 10:06 74.5 51 7692.8 2.445 382.7338 -0.0020 6.8 49 401 0.04 
1/27/05 15:42 74.6 51 7690.9 2.441 382.7298 -0.0040 6.2 55 411 0.04 

2/3/05 15:19 74.8 51 7689.3 2.439 382.7278 -0.0020 7.0 62 417 0.04 
2/10/05 14:23 74.4 51 7687.6 2.440 382.7288 0.0010 7.0 69 414 0.04 
2/17/05 14:48 74.5 51 7686.7 2.438 382.7268 -0.0020 7.0 76 419 0.04 
2/24/05 14:54 74.5 51 7685.3 2.435 382.7238 -0.0030 7.0 83 427 0.04 

4/7/05 14:19 74.2 51 7679.5 2.426 382.7148 -0.0090 42.0 125 451 0.05 
5/5/05 14:47 73.8 52 7677.9 2.424 382.7128 -0.0020 28.0 153 456 0.05 
6/6/05 14:19 76.0 54 7676.6 2.423 382.7118 -0.0010 32.0 185 458 0.05 

Conditioned Base Length:  382.887 
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Date Time Mix Type
Slump 

(in)

Water 
Added 
(gal) Air (%)

Test 
cylinder 

cast
Test beam 

cast Location Comments

10/26/2004 7:40 3A21-5 1 15 Cell 60
10/26/2004 8:44 3A21-5 2 15 7.1 Cell 60
10/26/2004 8:52 3A21-5 1.25 10 7 Cell 60 68o mix temperature
10/26/2004 9:26 3A21-5 2 0 8 x x Cell 61 63o mix temperature
10/26/2004 9:56 3A21-5 1.5 4 7.8 Cell 61 63o mix temperature
10/26/2004 10:34 3A21-5 1.5 10 8 Cell 62 68o mix temperature
10/26/2004 10:45 3A21-5 x 10 x x x Cell 62
10/26/2004 11:15 3A21-5 x 8 x x x Cell 63  

Table F1.  Slump and air content test results for unhardened concrete samples in Cells 60-63. 
 
 
 



 

APPENDIX G 
 

FWD Testing Maps 
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Figure G1  FWD testing locations on milled HMA in test cell 60.  Future TWT panel 
locations are shown for reference. 
 

P45

P46

Fi
le

: 6
03

28
00

4

Fi
le

: 6
02

28
00

4

Fi
le

: 6
01

28
00

4

6' 9'3'

J2345

1.0

4.0 4.0 4.0 4.0

9' 6' 3'

4.0

115380

115385

2.0 2.0 2.0 2.0

115550

115505

115540

2.0

J2339

115500

115495

115510

115545

115490

115520

115515

P39

P38
1.0 1.0 1.0

115535

1155301.0

115525

P16
115420

P17

P6

J2310

P7

P8

115365

4.0

115370

P18
115430J2320

P19

P15

P13

P23
115455

P24
115460

5'

6' 6' 6'P25

115435
P20

115440
P21

115445
P22

6'

3.0 3.0

P14

P29

P12

P10
115390

P11

115405

P9

115335

115465

MATCH LINE
P0

115340
P1

115345

115485

115480

115470
P26

J2329

P28

2.5'P5

P2

J2301

115350

115355
P3

P4
115360

115475
P27

P37

P30
2.0

P31

P32

P42

P43

115450

115400

P35

115375

115410

115415

115425

C
en

te
rli

ne

Fi
le

: 6
06

28
00

4

3.0 3.0 3.0 3.0

P33

P44
115555

L R

115465

L R
115560

MATCH LINE

115395

Fi
le

: 6
05

28
00

4

Fi
le

: 6
07

28
00

4

P34

P41

P36

P40

Test Point # 

Offset 



G-2 

 

 
 
Figure G2  FWD testing locations on milled HMA in test cell 61.  Future TWT panel 
locations are shown for reference. 
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Figure G3  FWD testing locations on milled HMA in test cell 62.  Future TWT panel 
locations are shown for reference. 
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Figure G4  FWD testing locations on milled HMA in test cell 63.  Future TWT panel 
locations are shown for reference. 
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Figure G5  Post construction and routine FWD testing locations in test cell 60. 
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Figure G6  Post construction and routine FWD testing locations in test cell 61. 
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Figure G7  Post construction and routine FWD testing locations in test cell 62. 
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Figure G8  Post construction and routine FWD testing locations in test cell 63. 
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