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QUARTERLY PROGRESS REPORT
QUARTER 10
The Impact of Wide-Base Tires on Pavement Damage – A National Study

1. Work performed
During this quarter, the following tasks have been accomplished:
· It was determined that MEPDG’s methodology for calculating loading frequency is not the most appropriate procedure. The loading waveform is being extracted from the FEM output database. The length of the finite element model was verified for appropriateness to determine the pulse time duration (Appendix A). This pulse time will be used in the master curve of each material to determine its modulus at that frequency. This is a relevant input variable for transfer functions.
· Pavement measured response data are being stored on an SQL server. The design for an online database for accessing experimental measurements was initiated.
· Field cores from the Florida and UC-Davis test sections were collected and shipped to ICT for laboratory testing. Preparation of the cores for specific testing geometries has been completed for Florida specimens and is 80% completed for UC-Davis specimens. In addition, dimensions of test specimens of field cores have been determined, and gage points needed for mounting of strain gages during testing have been installed (Appendix B).
· The load inputs were modified from contact stresses to nodal forces. Hence, the finite element models (FEM) were run using nodal forces. Progress can be seen in Appendix C

2. Work to be accomplished next quarter
· Laboratory characterization of materials from Florida and UC-Davis sections will be obtained and testing will be concluded.
· Loose mix collected from the Ohio plant during HMA production for test sections will be compacted to match field measured densities. Laboratory-compacted specimens will be prepared to specific testing geometries.
· The initial framework for LCA will be completed.
· The database of pavement responses from the Florida, California, and Ohio sections will continue to be added as the instrument responses are filtered and categorized. 

3. Problems encountered
· There was significant delay in obtaining cores from UC-Davis; this resulted in some testing delays.

4. Current and cumulative expenditures
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Figure 1. Project’s expenditure

5. Planned, actual, and cumulative percentage of effort
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Figure 2. Project’s Progress







APPENDIX A
LOADING WAVEFORM CALCULATION
Loulizi et al. (2002) determined that the loading waveform can be estimated from the evolution of the vertical stress as the tire traverses the entire model. In addition, the authors suggested that the rising portion of the waveform up to the maximum provides sufficient information to measure the pulse duration. The time at which the normalized stress is 0.01 was defined as the start of the waveform. The pulse duration can be calculated as twice the time for the rising portion.

[bookmark: _GoBack]However, it was observed that the loading waveform does not dissipate to zero, which may be due to the boundary conditions (insufficient wheel path). The way to alleviate this issue is to increase the size of the FEM model, which will lead to a significant increase in computation time. Therefore, a case was compared with the established boundary conditions and twice the wheel path. The responses are compared for the two cases; the differences are shown in Figure A-1.

Figure A- 1. Percent difference between responses of two varying wheel paths


Further details about the loading cases and response values are provided in Tables A-1 and A-2. As shown in Table A-1, the wall clock time for computing the case that has twice the length of wheel path is fourfolds. The responses for the two cases are shown in Table A-2. Although the relative percentage difference was as high as 12.6 for the shear strain at the base layer, the absolute difference was only 1.8 με, which was deemed to be negligible. In terms of the other responses, the relative percentage difference was below 10. Therefore, the established boundary conditions were deemed to be sufficient and the maximum response values were not compromised. 
Table A- 1. Duration of the loading cases
	Case
	No. of Steps
	Wheel Path Length (mm)
	Wall Clock Time (hr)
	End Step

	L4_AC412W_B150W
	17
	1360
	34.2
	17

	L4_AC412W_B150W_2xSteps
	34
	2380
	96.0
	25


[bookmark: _Ref368553327]
Table A- 2. Responses of the cases compared
	Response
	L4_AC412W_B150W
	L4_AC412W_B150W_2xSteps

	e33_botAC(με)
	63.9
	67.8

	e33_surfAC (με)
	101.3
	104.4

	e22_sg (με)
	95
	97.4

	e22_ac (με)
	57.4
	59.9

	e23_ac (με)
	68
	68.1

	e23_base (με)
	11.1
	12.9

	e23_sg(με)
	35.9
	38.8

	sig_mis (MPa)
	1.1
	1.1




	



APPENDIX B
LABORATORY SAMPLE PREPARATION

In order to prepare test specimens from the field cores, individual materials/lifts must first be separated at the interfaces as seen in Figure B-1, and the bottom of the asphalt layer adjacent to a base course material must be cleaned or sawed to a usable state, i.e., relatively clean, smooth, flat face parallel to the opposing face of the specimen.

[image: C:\Users\arcoenen\Documents\my documents from laptop\Wide Base\Photos from lab\IMG_20131003_091117_471.jpg]       [image: C:\Users\arcoenen\Documents\my documents from laptop\Wide Base\Photos from lab\IMG_20131003_091544_465.jpg]       [image: C:\Users\arcoenen\Documents\my documents from laptop\Wide Base\Photos from lab\IMG_20131003_091709_721.jpg]
Figure B- 1. Preparation of field cores (left) by removal of partially adhered base course (center) followed by separation at layer interfaces (right)

After separation at the interface, the resultant disc-shaped specimens can be notched and/or cored to meet the test specific geometries needed such as DCT and SCB as shown in Figure B-2. It should be noted that all individual layers/lifts may not meet the minimal thickness requirements as stated in the standard, but precise specimen dimensions are measured and cross-sectional areas computed as all materials will be tested for completeness.
The minimum required dimensions are determined by the nominal maximum aggregate size which varies by material and is summarized in Table B-1.  The Performance Grade (PG) of the asphalt binder for each material is also shown as this is used to specify testing temperatures for each material.
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Figure B- 2. Prepared specimens of three materials/layers for DCT (left) and SCB (right)

Table B- 1. Description of FL-TT Materials/Layers
	Florida Test Track Materials

	A
	4.75 mm (PG 76-22)

	B
	12.5 mm (PG 76-22)

	C
	12.5 mm (PG 67-22)



Densities of field cores were determined using both the saturated surface dry (SSD) method as well as the Corelok device to determine any variation from measurement method as well as core location. Figure B-3 to B-5 show the resulting air void percentages calculated for 24 of the cores taken from the Florida Test Track section.  The blue bars show air voids as measured using the SSD method, whereas the red indicate values found using the Corelok device.  The red and blue dashed (horizontal) lines indicate the average air void percentage for the 24 specimens shown as found by each method.  This allows for identifying any cores that may show abnormalities or inconsistencies in volumetrics.  Specimens greater than + 1% air voids from the average will not be tested as they are considered outliers based on volumetrics and are expected to produce unreliable results if included in the study.


Figure B- 3. FL-TT Material An air voids, averages of 17.7% and 17.6%



Figure B- 4. FL-TT Material B air voids, averages of 12.5% and 12.1%


Figure B- 5. FL-TT Material C air voids, averages of 10.4% and 10.3%



APPENDIX C
FINITE ELEMENT MODELING
The status of the thick and thin pavement modeling is shown in Tables C-1 and C-2. The green-highlighted cells indicate completed analysis. The first column lists the pavement structure considered and the loading cases L1 to L12.
Table C- 1. Status of thick pavement cases
	Thick
	LOAD CASE

	
	WBT
	DTA

	
	L1
	L2
	L3
	L4
	L11
	L5
	L6
	L7
	L8
	L9
	L10
	L12

	AC125W_B150W
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	AC125W_B150S
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	AC125S_B150W
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	AC125S_B150S
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	AC125W_B600W
	3
	3
	 
	3
	 
	3
	3
	3
	3
	3
	3
	3

	AC125W_B600S
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	AC125S_B600W
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	AC125S_B600S
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	AC412W_B150W
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	AC412W_B150S
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	AC412S_B150W
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	AC412S_B150S
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	AC412W_B600W
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AC412W_B600S
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AC412S_B600W
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AC412S_B600S
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
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Table C- 2. Status of thin pavement cases
	 
	AC75W_B150W_SGW
	AC75S_B150S_SGS
	AC125W_B600W_SGW
	AC125S_B600S_SGS
	AC125W_B150W_SGW
	AC125S_B150S_SGS
	AC75W_B600W_SGW
	AC75S_B600S_SGS
	AC75W_B150W_SGS
	AC75S_B150S_SGW
	AC125W_B600W_SGS
	AC125S_B600S_SGW
	AC125W_B150W_SGS
	AC125S_B150S_SGW
	AC75W_B600W_SGS
	AC75S_B600S_SGW
	AC75W_B150S_SGW
	AC75W_B150S_SGS
	AC125W_B600S_SGW
	AC125W_B600S_SGS
	AC125W_B150S_SGW
	AC125W_B150S_SGS
	AC75W_B600S_SGW
	AC75W_B600S_SGS
	AC75S_B150W_SGW
	AC75S_B150W_SGS
	AC75S_B600W_SGW
	AC75S_B600W_SGS
	AC125S_B150W_SGW
	AC125S_B150W_SGS
	AC125S_B600W_SGW
	AC125S_B600W_SGS

	L1
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	3
	3
	3
	3
	0
	0
	3
	3
	0
	0
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L2
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	3
	3
	3
	3
	0
	0
	3
	3
	0
	0
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L3
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	
	
	0
	0
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L4
	3
	3
	3
	3
	3
	3
	
	0
	3
	3
	0
	0
	3
	3
	0
	0
	3
	3
	0
	0
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L5
	3
	3
	3
	3
	3
	3
	
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L6
	3
	3
	3
	3
	3
	3
	
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L7
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L8
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L9
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L10
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L11
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	3
	3
	0
	0
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	L12
	3
	3
	3
	3
	3
	3
	3
	0
	3
	3
	0
	0
	0
	0
	0
	0
	3
	
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



L4_AC412W_B150W	e33_bot	e33_surf	e22_sg	e22_ac	e23_ac	e23_base	e23_sg	sig_mis**	63.9	101.3	95	57.4	68	11.1	35.9	1.1000000000000001	L4_AC412W_B150W_2xSteps	e33_bot	e33_surf	e22_sg	e22_ac	e23_ac	e23_base	e23_sg	sig_mis**	67.8	104.4	97.4	59.9	68.099999999999994	12.9	38.799999999999997	1.1000000000000001	
Microstrain


Florida Test Track Specimens, Material A
SSD	0.17673453685781604	0.16335052601203115	0.15906392004401115	0.16282363401676059	0.20339876218544828	0.18640940312884113	0.17318984558119843	0.15692371409385908	0.19802677508978361	0.17552185938346487	0.1696598980948455	0.16228663906991347	0.18875429594500626	0.17250741340353193	0.16457811194653282	0.16088505063095848	0.19728333906848239	0.18573359761251007	0.17267747776668696	0.1637800313710488	0.19621627076905357	0.19072671625014082	0.18942289089503539	0.17496052696273834	Corelok	0.17699999999999999	0.16200000000000001	0.157	0.161	0.20399999999999999	0.186	0.17199999999999999	0.156	0.19700000000000001	0.17399999999999999	0.16800000000000001	0.161	0.189	0.17299999999999999	0.16400000000000001	0.159	0.19700000000000001	0.186	0.17100000000000001	0.16400000000000001	0.19600000000000001	0.19	0.189	0.17299999999999999	Specimen Number

Air Voids
Florida Test Track Specimens, Material B
SSD	0.1340214176735437	0.13026843276326838	0.11531937749312282	0.11840927594916095	0.14167197289735911	0.13376077443413803	0.12672203379047686	0.11632942974656879	0.13483809789880608	0.12823668014948875	0.12629331307705827	0.11193300547671436	0.13970755806537138	0.1240315530565812	0.12099391943402249	0.11446822492607045	0.13430971100949263	0.12789499241408375	0.11796022695519415	0.1153784579260857	0.13392436900542404	0.12229098120042736	0.12019973417962238	0.11400322308054855	Corelok	0.13100000000000001	0.127	0.111	0.114	0.13700000000000001	0.13	0.124	0.113	0.13	0.125	0.121	0.108	0.13500000000000001	0.11799999999999999	0.11600000000000001	0.109	0.13	0.122	0.114	0.111	0.129	0.11799999999999999	0.11600000000000001	0.109	Specimen Number

Air Voids
Florida Test Track Specimens, Material C
SSD	0.10566436958485259	0.10684980306766156	0.10823929293337164	9.5817700698188846E-2	0.11132909949472181	0.1063561020350875	0.10884682248406419	0.10230908046919873	0.11132729053418977	0.10398214298459107	0.10464291813952065	9.8539189491596013E-2	0.10903892017595851	0.10077185935273902	9.700342252040639E-2	9.5144653942537571E-2	0.11210741781742639	0.10063413545579658	9.792433802173961E-2	9.7150853454585517E-2	0.11017291684609576	0.102380427173282	9.9137276539063457E-2	0.10053352088813949	Corelok	0.104	0.106	0.108	9.4E-2	0.111	0.108	0.111	0.105	0.11	0.10299999999999999	0.104	9.7000000000000003E-2	0.11	0.10100000000000001	9.5000000000000001E-2	9.4E-2	0.111	9.9000000000000005E-2	9.7000000000000003E-2	9.6000000000000002E-2	0.109	0.10100000000000001	0.1	0.10100000000000001	Specimen Number

Air Voids
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