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INTRODUCTION

Three concrete pavement test items, LRS, MRS, and HRS, were constructed at the NAPTF in April, 1999. The cross sections are shown in Figure 1. Material properties from lab tests for each layer are presented in Table 2. The detailed coordinates for the sections, loads and other important information can be found and downloaded from the website: http://www.airporttech.tc.faa.gov/naptf/.  Comprehensive FWD tests were conducted in summer of June 1999 for all three test items.  The FWD loading points included slab centers, corners, transverse and longitudinal joints.  The three test items were tested again from October 1999 to February 2000 (cold weather) using the FAA’s Heavy Weight Deflectometer (HWD).  On February 14, 2000, the three test items were trafficked using two different gear loads as shown in Figure 2.  Sixty-six (66) wander positions were used for trafficking.  Wander information, including the gear center and tire center locations, is presented in Figure 3 and Table 1. A total of 154 strain gages were installed in each test item and their locations are presented in Figure 4.  Strain gage responses were evaluated under loading in wander position Pass 1 as shown in Figure 3. The percentage of strain gage data reliability for the three test items LRS, MRS and HRS are 88, 86 and 88 percent respectively, see Table 3.  A few examples of strain gage histories are presented in Figures 5 through  8.  The number following the gage ID indicates the spacing between the gage and the longitudinal joint.  In Figure 5(a) “2 ft” following CSG-147 means the distance between the gage and the joint is 2 ft. or “1 ft” following CSG-324 in Figure 8(a) indicates 1 ft to the west corner. 

THE PAVEMENT FAILURE MODES

Before traffic with wander was applied, many slow rolling tests under  a 30,000 lbs wheel load were applied at different locations of the test items for measuring the pavement responses.  No distresses were observed during the slow rolling loads.  The corresponding data is available upon request.  On February 14, 2000, the three test items were tested using two different types of loading (Figure 2) at both sides of the pavement (north and south) using the wander positions shown in Figure 3. A 45,000 lbs wheel load was selected based on design calculations.  The expected pavement life was roughly 1,000 to 10,000 passes using different failure models in existence.  Each complete wander contained sixty-six passes.  A distress survey was planned to be conducted after the first wander (66 passes) was completed.  However, cracks were observed after 28 passes and the test was stopped.  The distresses observed after the 28 passes are presented in Figure 9.  Corner cracks were observed at almost every corner of MRS and HRS (black curves. The colored cracks were developed later under more traffic).  Only four longitudinal cracks indicated by letter “A” were observed in LRS due to the 28 passes on Feb. 14, 2000. All corner cracks in LRS were observed later when more traffic was applied.  The crack sizes are defined and listed in Figure 10. The largest corner cracks were developed in HRS and the smallest corner cracks were developed in LRS. 

Temperature variations for the indoor slabs were expected and verified to be limited and the effects of the moisture gradient on the slab curling had not been sufficiently recognized at that time of testing. However, elevation surveys were done shortly after the pavement construction was completed and four days before the traffic test started.  Each slab elevation was measured at nine points (four corners, four joints and one at the center). The 3D pavement surfaces based on the surveyed data are presented in Figure 12.  The comparison of the two graphs indicates the presence of significant curling on February 14, 2000. The curling existence had been also verified by analyzing the FWD data at the centers, joints and corners of each slab. 

The following factors are worth emphasizing:

The test plan was developed after consulting many experts considering the need for practical application and basic theoretical research; 

All the slabs in test items HRS and MRS were cracked within 28 passes; 

Both, similarity and difference of failure modes were discovered in the three test items;

The three test items were built on subgrades with different strengths (CBR = 3-4, 7-8 and > 20) and test data area available;

The construction quality was well controlled from the material properties to the thickness of each layer. This has been verified by Lab tests, NDT, coring and full scale data.

Strain gages were installed at all possible critical locations, including slab centers, corners and transverse and longitudinal joints;

Multiple strain gages were installed to verify gage reliability.  Therefore, comparisons of the responses of those sensors are very valuable in finding the true behavior of the tested pavement;

The 28 passes covered all the important loading locations (nine locations defined as “Track Number” as shown in Figure 3) for developing critical responses of the pavement.

More than 10,000 strain gage histories under the 28 passes are of high-quality making analysis of how a slab was cracked possible. A close up of slab 3, Lane 1 in HRS is depicted in Figure 11.  Crack B can be clearly detected by analyzing the records of CSG 12.  After comparing the gage histories shown in Figure 13 to 15, the crack initialization happened during Pass 9 as shown in Figure 3  can be concluded (Event No = 13 if the data is obtained from the website) and the crack propagated further under passes 11 to 14 in Figure 15.     

SUGGESTED RESEARCH TOPICS

Using mechanistic models and the full scale test data, one or more of the following questions could be answered:

Why did corner cracks become a major failure mode in all of the three test items at the NAPTF?

Why was the largest corner crack in HRS and the smallest in LRS?

Why did the longitudinal cracks first develop in LRS and not develop in MRS or HRS?

All failure modes were in the form of “Top-Down” cracking.  Are current design methods good enough to avoid the “Top-Down” cracking risk in PCC pavements? How can the design procedures be improved?  

HOW TO GET STRAIN GAGE HISTORIES FROM THE FAA WEBSITE

 Strain gage data can be easily obtained following these steps:

Go to: http://www.airporttech.tc.faa.gov/naptf/;  

Click “Custom Query” under the left column “NAPTF”;     

Type in (or you may copy) “Select * from dynamic_data where sensorid in (select sensorid from spus where sensorname in ('csg-147','csg-155','csg-127','csg-119','csg-154')) and eventno =5” in the box under “Please enter Your SQL Command” then click “Submit”,  five strain gage histories under “Event Number 5” (Pass 1, Truck number -4 in Figure 3) will be listed in a table. The right side of the table is shown as below.
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Click “download”, the record will be downloaded to an excel table, then it can be copied and saved into a new excel file in your computer. After each record has been downloaded and copied, the curves in Figure 5(a) can be easily created.  

Simply replacing the strain gage names and/or the “eventno” in (3), you may get any gage histories recorded on Feb. 14, 2000 for your analysis.

HOW TO FIND THE STRAIN GAGE NAME AND LOCATION  

The detailed location (coordinates) of each strain gage is available at the same website mentioned above. Therefore, you can analyze the behavior of slab crack at any location that you are interested in. 

Click “sensors” under NAPTF;

Click “Concrete Strain Gages”

The following (example) table will appear. It contains the location information for all of concrete strain sensors.
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Concrete Strain Gages

Concrete Strain Gages

SensorName TestltemID Item Location X |Location_Y  Location_z

(Feet) (Feet) (inches)
CSG-225 LRS-1 CSG-225 21 -10.25 1.5
CSG-235 LRS-1 CSG-235 24 -10.25 1.5
CSG-230 LRS-1 CSG-230 27 -10.25 1.5
CSG-206 LRS-1 CSG-206 30 -10.25 1.5
CSG-233 LRS-1 CSG-233 33 -10.25 1.5
CSG-204 LRS-1 CSG-204 36 -10.25 1.5

CSG-274 LRS-1 CSG-274 39 -10.25 1.5




Click “Test Item Diagram” under “NAPTF”, following diagram appears:
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At the NAPTF the West end is defined as X=0. Each slab is 20 by 20 ft. Therefore, X = 21 to 39 and Y = 10.25 ft indicate the longitudinal joint in the North side of LRS, slab 2. Z = 1.5 inch indicates the gages located 1.5 inch from the slab surface. Therefore, if you are interested in the upper gage responses in slab 2, south of LRS, you use the sensor name listed in the table to get their records following the instruction in “How to Get Strain Gage Histories from the website”. Simply change the event number in the Query, you may get the gage records under any pass (or event number). 

The locations of each wheel (defined by “Track No.” in Figure 3) of first 28 passes are depicted in Figure 3. The information for other passes (or eventno) until each section was completely failed and all tests were stopped can also be obtained from the website.  

[image: image24.emf] H R S  M R S  L R S   A v e r a g e  S m a l l  L e n g t h  (a)  7 8 . 0  7 2 . 5  5 4 . 9   A v e r a g e  L a r g e  L e n g t h  (b)  9 8 . 3  9 2 . 2  7 9 . 1    



LRS



MRS



HRS

FIGURE 1.  CROSS SECTION OF THREE PCC TEST ITEMS

TABLE 1.  CARRIAGE AND TIRE POSITION

	Pass No.
	Center of

Carriage 1
	Center of Left Tire
	Center of Right Tire
	Center of

Carriage 2
	Center of Left Tire
	Center of Right Tire

	1
	-16.2
	-18.45
	-13.95
	8.92
	6.67
	11.17

	2
	-16.2
	-18.45
	-13.95
	8.92
	6.67
	11.17

	3
	-14.5
	-16.75
	-12.25
	10.63
	8.38
	12.88

	4
	-14.5
	-16.75
	-12.25
	10.63
	8.38
	12.88

	5
	-12.78
	-15.03
	-10.53
	12.32
	10.07
	14.57

	6
	-12.78
	-15.03
	-10.53
	12.32
	10.07
	14.57

	7
	-11.09
	-13.34
	-8.84
	14.04
	11.79
	16.29

	8
	-11.09
	-13.34
	-8.84
	14.04
	11.79
	16.29

	9
	-9.38
	-11.63
	-7.13
	15.75
	13.5
	18

	10
	-9.38
	-11.63
	-7.13
	15.75
	13.5
	18

	11
	-10.23
	-12.48
	-7.98
	14.89
	12.64
	17.14

	12
	-10.23
	-12.48
	-7.98
	14.89
	12.64
	17.14

	13
	-11.95
	-14.2
	-9.7
	13.18
	10.93
	15.43

	14
	-11.95
	-14.2
	-9.7
	13.18
	10.93
	15.43

	15
	-13.65
	-15.9
	-11.4
	11.48
	9.23
	13.73

	16
	-13.65
	-15.9
	-11.4
	11.48
	9.23
	13.73

	17
	-15.35
	-17.6
	-13.1
	9.77
	7.52
	12.02

	18
	-15.35
	-17.6
	-13.1
	9.77
	7.52
	12.02

	19
	-16.2
	-18.45
	-13.95
	8.92
	6.67
	11.17

	20
	-16.2
	-18.45
	-13.95
	8.92
	6.67
	11.17

	21
	-16.2
	-18.45
	-13.95
	8.92
	6.67
	11.17

	22
	-14.5
	-16.75
	-12.25
	10.63
	8.38
	12.88

	23
	-14.5
	-16.75
	-12.25
	10.63
	8.38
	12.88

	24
	-12.78
	-15.03
	-10.53
	12.33
	10.08
	14.58

	25
	-12.78
	-15.03
	-10.53
	12.33
	10.08
	14.58

	26
	-11.09
	-13.34
	-8.84
	14.04
	11.79
	16.29

	27
	-11.09
	-13.34
	-8.84
	14.04
	11.79
	16.29

	28
	-11.09
	-13.34
	-8.84
	14.04
	11.79
	16.29

	
	
	
	
	
	
	


In the tests on Feb. 14, 2000, Event Number = Pass Number + 4 (The first four events were pretests and not available at the website). For example, Pass No. 1 (Table 2) = Event No. 5 (website)

TABLE 2.  MATERIAL PROPERTIES FOR LRS, MRS AND HRS TEST ITEMS BY LAB TESTS
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FIGURE 2. GEAR CONFIGURATIONS AND POSITIVE Y DIRECTION (SOUTH)

TABLE 3.  STRAIN GAGE RELIABILITY CHECKED AT THE BEGINNING OF THE TESTS ON FEB. 14, 2000 (USING THE DATA UNDER THE LOAD PASS 1, TRUCK -4, EVENT NO = 5 AT THE WEBSITE)

	LRS

	Total Number of Strain Gages
	154
	100%

	Number of gages without signal or invalid
	5
	3.2

	Number of questionable data
	13
	8.4

	Number of gages providing good data
	136
	88.3

	MRS

	Total Number of Strain Gages
	154
	100%

	Number of gages without signal or invalid
	10
	6.5

	Number of questionable data
	11
	7.1

	Number of gages providing good data
	133
	86.4

	HRS

	Total Number of Strain Gages
	154
	100%

	Number of gages without signal or invalid
	12
	7.8

	Number of questionable data
	6
	3.9

	Number of gages providing good data
	136
	88.3


[image: image25.bmp]
FIGURE 3. LOCATIONS OF TIRES FOR DIFFERENT PASSES IN TESTS ON FEB. 14, 2000. PASS 1 = EVENTNO 5, PASS 2 = EVENTNO 6 …

[image: image26.wmf]Lane 2

Lane 3

Lane 1

Slab 1

Slab 2

Slab 3

Slab 4

Slab 5

NORTH

 100 Feet 

 60 Feet 

Feb 14

>Feb 14

<Feb 14

[image: image27.wmf]Lane 2

Lane 3

Lane 1

Slab 1

Slab 2

Slab 3

Slab 4

Slab 5

NORTH

 100 Feet 

 60 Feet 

[image: image28.wmf]Lane 2

Lane 3

Lane 1

Slab 1

Slab 2

Slab 3

Slab 4

Slab 5

NORTH

 100 Feet 

 60 Feet 

[image: image29.wmf]b

a

a

b

a

a

b

b


[image: image30.emf] H R S  M R S  L R S   A v e r a g e  S m a l l  L e n g t h  (a)  7 8 . 0  7 2 . 5  5 4 . 9   A v e r a g e  L a r g e  L e n g t h  (b)  9 8 . 3  9 2 . 2  7 9 . 1    

[image: image31.bmp]























FIGURE  4.  CONCRETE STRAIN GAGE LOCATIONS IN ITEM LRS
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[image: image7.emf]Strain Histories, 1.5 in from Slab Surface

Transverse Joint, South Slab 3, West to East, EventNo = 5
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FIGURE 5.  STRAIN RECORDS OF GAGES AT THE TRANSVERSE JOINT, SLAB 3 UNDER PASS 1 (EVENTNO = 5), SOUTH SIDE OF LRS, FEB. 14, 2000. A FOUR WHEEL GEAR MOVED FROM THE WEST TO THE EAST.
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[image: image9.emf]Strain Histories, 1.5 in from Slab Surface

Transverse Joint, South Slab 3, West to East, EventNo = 6
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FIGURE 6.  STRAIN RECORDS OF GAGES AT THE TRANSVERSE JOINT, SLAB 3 UNDER PASS 2 (EVENTNO = 6), SOUTH SIDE OF LRS, FEB. 14, 2000. A FOUR WHEEL GEAR MOVED FROM EAST TO WEST.
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[image: image11.emf]Strain Histories, 1.5 in from Slab Surface

Transverse Joint, South Slab 3, West to East, EventNo = 13
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FIGURE 7.  STRAIN RECORDS OF GAGES AT THE TRANSVERSE JOINT, SLAB 3 UNDER PASS 9 (EVENTNO = 13), SOUTH SIDE OF LRS, FEB. 14, 2000
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[image: image13.emf]Strain Histories, 1.5 in from Slab Surface

Longitudinal Joint, South Slab 3, West to East, EventNo = 9
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FIGURE 8. STRAIN RECORDS OF GAGES AT THE LONGITUDINAL JOINT, SLAB 3 UNDER PASS 5 (EVENTNO = 9), SOUTH SIDE OF MRS, FEB. 14, 2000




(a)
Scaled Crack Map of LRS (From Feb. 14 TO April 10, 2000)
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(b)
Crack Map of MRS (From February 14 to April 5, 2000)


(c)
Scaled Crack Map of HRS (From February 14 to March 8, 2000)
FIGURE 9. OBSERVED FAILURE MODES FOR LRS, MRS AND HRS



FIGURE 10.  AVERAGE CORNER CRACK SIZES (INCHES) IN LRS, MRS AND HRS
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FIGURE 11. SLAB 3 CLOSE-UP, LANE 1, HRS
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(a)
HRS.  The selected six slab 3-D surface surveyed in April 1999
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(b)
HRS.  The selected six slab 3-D surface surveyed in Feb. 8, 2000

FIGURE 12. 3-D SURFACE GENERATED USING ELEVATION SURVEY DATA, SHORTLY AFTER CONSTRUCTION AND BEFORE TRAFFIC TESTS
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FIGURE 13.  STRAINS OF CSG-12 (FIGURE 11) UNDER LOAD EVENT NUMBER 5, 6, 9, 10 (PASS NUMBER 1,2,5,6 IN FIGURE 3)

[image: image19.emf]CGS-12, Upper, North HRS, Slab 3 
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FIGURE 14. STRAINS OF CSG-12 (FIGURE 11) UNDER LOAD EVENT NUMBER 11, 12, 13, 14 (PASS NUMBER 7,8,9,10 IN FIGURE 3 )
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FIGURE 15.
STRAINS OF CSG-12 (FIGURE 11) UNDER LOAD EVENT NUMBER 15, 16, 17, 18 (PASS NUMBER 11,12,13,14 IN FIGURE 3)

TWO EXAMPLES

The “Query Method” needs more examples in the WEB site to get data. This method is good for users who know SQL more or less. Such type of users can get any information available in the database by appropriate “query” statements. Following are two examples:

(1) Select a group of strain gages to get desired strain histories under a specific event number, see results in Figure 6:

“Select * from dynamic_data where sensorid in (select sensorid from spus where sensorname in ('csg-147','csg-155','csg-127','csg-119','csg-154')) and eventno =5”. 

This statement can bring the records of five strains on screen in a few minutes; Change the gage names and/or the value of “eventno”, user may get all strain information for other gages and under another eventno representing another load.

(2)
Select the peak histories (Peak 1 and/peak 2) of a strain gage under a specific load location defined by the track number. See the results in Figures 17: 

Select sensorid, eventno, peak1, peak2, sensorrecord   from dynamic_data where sensorid in (select sensorid from spus where sensorname in ('csg-233')) and eventno in

(select eventno from traffic where trackno=0) order by eventno

[image: image21.emf]Strain Hostory of CSG223(Lower) vs. CSG233(Upper), 
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Figure 16
Definition of Peak 1 and Peak 2 for upper and lower strain gages
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Figure 17
At the 74th Track 0, the Crack was Initialized from the Longitudinal Joint

[image: image23.emf]Gage 261, Upper, Track 4, Peak 1
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Figure 18
At the 42nd Track 4, the Crack Reached to the Transverse Joint

Every wander has 66 passes, 10 of Track 0 and 4 of Track 4. Therefore, the 74th track 0 was within the 8th wander (7*66 + 24 = 486 Total passes).  The 42nd track 4 was within the 11th wander (10 *66 + 10 = 670 total passes). Therefore, the longitudinal crack occurred earlier than propagated towards the transverse joint and generated the corner crack.

Also, the maximum top-down strain recorded by the upper gage at the longitudinal joint  was 57 micro strain, and recorded by the upper gage at the transverse joint was 53 micro strain. Therefore, the crack initialized at the longitudinal joint. 
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