APPENDIX  B

WIM DATA ANALYSIS

Multi-Axle Truck Configurations meeting Formula B

The intent of this project was to investigate short multi-axle trucks at or under 80,000 pounds. Weigh-in-motion data served as another good source for obtaining information on SHVs in the traffic stream in various states. The purpose of the WIM studies was to obtain information on unusual truck configurations by analyzing actual truck data. The truck data used for this analysis was obtained at remote WIM sites and not at weigh stations, which are usually bypassed by some heavier vehicles. The data has served as a valuable source of up-to-date information on unusual truck configurations meeting Formula B and the prevalence of such trucks in the various States. Short heavy trucks are defined here as those that are legal (according to the FHWA Formula B) but induce a load effect exceeding the maximum load effect of the three AASHTO legal rating vehicles.
Recent WIM data, obtained from FHWA, covering the following 18 states were analyzed in Phase I: Ohio, Kansas, Nebraska, Rhode Island, Minnesota, Virginia, Connecticut, Alabama, Arkansas, Washington, Kentucky, Pennsylvania, California, Idaho, Missouri, Michigan, North Carolina, and Montana. Most of the WIM data was obtained over a time period from 2001 to 2003 (see Table 8). Three states had WIM data from 1997. Each data set pertained to a specific month and year for a given State. The data in a dataset may have been obtained from various WIM sites within the State during that month. The States were selected for the quality and quantity of WIM data available to the Research team and the mix of heavy vehicles observed in the traffic stream. States having short trucks with five or more axles were of particular interest.  The States were also selected to ensure that different regions of the country were represented in the data set, to the extent possible in this limited study.

Table 8 provides an overview of the WIM data used on this project. The number of trucks weighed in a State during each month of data collection ranged from 17,356 to 2,525,640 (see Table 8). Most States had data for two months included in the screening (except Kansas, Michigan, and Missouri). For each truck in the available WIM data set, an automated procedure discussed in Section 2.3 was used to identify the short heavy vehicles of interest, which were then subjected to further manual screening and sorting prior to inclusion in the list of trucks making the shortlist for each WIM dataset. Tables B-1 thru B-5 below summarizes the mean axle spacings and weights computed for the list of trucks given in the spreadsheets for each state (a disk containing summary WIM data files for each state is available upon request). The table columns provide the mean values for the axle configurations of trucks that meet Formula B and cause an overstress in bridge spans when compared with moments and shears induced by AASHTO legal trucks. As seen in the spreadsheet tables, even though the number of trucks weighed may be very large only a very small percentage of these trucks meet the screening criteria. Trucks that qualify for inclusion may be in the order of a few dozen trucks for every 100,000 trucks measured. In a statistical sense, this situation is similar to the presence of overweight permit vehicles in the normal traffic stream. Both vehicle types cause overstress, except that the trucks under investigation are legal under State and federal weight laws.

The Research Team did not independently validate the accuracy of the existing WIM data from eighteen states used in the analysis. A 10% to 15% margin of error on axle weights is not uncommon in WIM data. Accuracy of axle spacing is generally much better than for axle weights. The use of WIM data in this project was mainly to extract information on unusual axle configurations (number and spacing of axles) seen in the traffic stream and not to calibrate load models. The level of accuracy inherent in the WIM data is considered acceptable for this use. The axle loads for the candidate load models were manually maximized in accordance with Formula B limits. The only limited use of axle weight data in the modeling was in ascertaining the probable locations of lift axles, which commonly have lower and variable axle loads compared with the fixed axles of the same axle group. 

TABLE B–1 Summary of WIM Data Analysis Results ( Formula B trucks Causing Overstress in 40’ – 100’ Spans 

	State
	 #  of Axles
	Axle1 (k)
	Axle2 (k)
	Axle3  (k)
	Axle4  (k)
	Axle5  (k)
	Axle6  (k)
	Axle7 (k)
	Axle8  (k)
	Total Wt (k)
	Sp.1-2 (ft)
	Sp.2-3 (ft)
	Sp.3-4  (ft)
	Sp.4-5 (ft)
	Sp.5-6 (ft)
	Sp.6-7 (ft)
	Sp.7-8 (ft)
	Spacing Total (ft)

	OH
	3
	12.62
	16.86
	16.46
	 
	 
	 
	 
	 
	45.88
	11.19
	4.30
	 
	 
	 
	 
	 
	15.49

	OH
	3
	13.81
	16.84
	16.66
	 
	 
	 
	 
	 
	47.33
	12.22
	4.53
	 
	 
	 
	 
	 
	16.75

	RI
	3
	14.08
	18.30
	15.88
	 
	 
	 
	 
	 
	48.25
	13.01
	4.70
	 
	 
	 
	 
	 
	17.71

	RI
	3
	13.45
	18.08
	15.88
	 
	 
	 
	 
	 
	47.41
	12.79
	4.37
	 
	 
	 
	 
	 
	17.16

	MN
	3
	14.99
	17.13
	16.32
	 
	 
	 
	 
	 
	48.58
	12.57
	4.26
	 
	 
	 
	 
	 
	16.83

	MN
	3
	14.16
	16.54
	16.72
	 
	 
	 
	 
	 
	47.45
	12.48
	4.03
	 
	 
	 
	 
	 
	16.51

	AL
	3
	13.74
	17.49
	16.25
	 
	 
	 
	 
	 
	47.48
	12.24
	4.26
	 
	 
	 
	 
	 
	16.50

	AR
	3
	13.36
	16.89
	15.97
	 
	 
	 
	 
	 
	46.22
	11.23
	4.14
	 
	 
	 
	 
	 
	15.37

	AR
	3
	12.61
	17.30
	15.74
	 
	 
	 
	 
	 
	45.66
	11.00
	4.16
	 
	 
	 
	 
	 
	15.16

	KY
	3
	13.14
	16.99
	16.25
	 
	 
	 
	 
	 
	46.38
	11.70
	4.05
	 
	 
	 
	 
	 
	15.75

	KY
	3
	12.73
	17.14
	15.81
	 
	 
	 
	 
	 
	45.67
	10.92
	3.92
	 
	 
	 
	 
	 
	14.84

	CA
	3
	13.14
	17.15
	16.47
	 
	 
	 
	 
	 
	46.80
	12.03
	4.34
	 
	 
	 
	 
	 
	16.38

	CA
	3
	15.55
	18.41
	15.55
	 
	 
	 
	 
	 
	49.62
	14.10
	4.43
	 
	 
	 
	 
	 
	18.53

	ID
	3
	14.20
	17.01
	16.60
	 
	 
	 
	 
	 
	47.85
	12.74
	4.31
	 
	 
	 
	 
	 
	17.05

	ID
	3
	13.84
	17.81
	15.38
	 
	 
	 
	 
	 
	47.08
	12.30
	4.18
	 
	 
	 
	 
	 
	16.48

	MO
	3
	14.06
	16.59
	13.84
	 
	 
	 
	 
	 
	44.49
	8.93
	4.10
	 
	 
	 
	 
	 
	13.04

	MI
	3
	13.12
	17.37
	16.33
	 
	 
	 
	 
	 
	46.79
	11.98
	4.32
	 
	 
	 
	 
	 
	16.30

	NC
	3
	12.82
	17.16
	16.80
	 
	 
	 
	 
	 
	46.88
	12.33
	4.29
	 
	 
	 
	 
	 
	16.63

	NC
	3
	12.27
	17.05
	15.51
	 
	 
	 
	 
	 
	44.84
	11.04
	3.72
	 
	 
	 
	 
	 
	14.76

	MT
	3
	13.65
	17.49
	15.88
	 
	 
	 
	 
	 
	47.24
	12.41
	4.32
	 
	 
	 
	 
	 
	16.73

	MT
	3
	14.28
	17.31
	16.21
	 
	 
	 
	 
	 
	47.96
	12.95
	4.10
	 
	 
	 
	 
	 
	17.05


TABLE B–2 Summary of WIM Data Analysis Results ( Formula B trucks Causing Overstress in 40’ – 100’ Spans 

	State
	#  of Axles
	Axle1 (k)
	Axle2 (k)
	Axle3  (k)
	Axle4  (k)
	Axle5  (k)
	Axle6  (k)
	Axle7 (k)
	Axle8  (k)
	Total Wt (k)
	Sp.1-2 (ft)
	Sp.2-3 (ft)
	Sp.3-4  (ft)
	Sp.4-5 (ft)
	Sp.5-6 (ft)
	Sp.6-7 (ft)
	Sp.7-8 (ft)
	Spacing Total (ft)

	OH
	4
	13.09
	11.52
	14.37
	14.02
	 
	 
	 
	 
	52.99
	12.49
	4.28
	4.56
	 
	 
	 
	 
	21.34

	OH
	4
	12.47
	10.80
	15.00
	13.89
	 
	 
	 
	 
	52.18
	11.89
	4.31
	4.39
	 
	 
	 
	 
	20.59

	KS
	4
	12.36
	10.32
	15.06
	14.71
	 
	 
	 
	 
	52.45
	12.15
	4.40
	4.26
	 
	 
	 
	 
	20.82

	NE
	4
	12.62
	9.85
	14.82
	14.43
	 
	 
	 
	 
	51.72
	12.31
	4.19
	4.19
	 
	 
	 
	 
	20.69

	NE
	4
	12.26
	10.81
	16.10
	13.23
	 
	 
	 
	 
	52.39
	13.51
	4.46
	4.19
	 
	 
	 
	 
	22.17

	RI
	4
	13.17
	13.42
	14.05
	11.81
	 
	 
	 
	 
	52.45
	13.30
	4.26
	4.35
	 
	 
	 
	 
	21.92

	RI
	4
	13.73
	9.54
	13.81
	14.06
	 
	 
	 
	 
	51.13
	10.82
	4.26
	4.43
	 
	 
	 
	 
	19.51

	MN
	4
	12.77
	9.32
	15.73
	15.03
	 
	 
	 
	 
	52.87
	12.78
	4.73
	4.55
	 
	 
	 
	 
	22.06

	MN
	4
	12.82
	8.66
	15.68
	14.57
	 
	 
	 
	 
	51.74
	11.78
	4.35
	4.26
	 
	 
	 
	 
	20.40

	VA
	4
	13.35
	7.26
	16.23
	15.37
	 
	 
	 
	 
	52.22
	11.98
	4.22
	4.27
	 
	 
	 
	 
	20.45

	VA
	4
	13.02
	7.89
	16.07
	15.75
	 
	 
	 
	 
	52.74
	11.70
	4.41
	4.36
	 
	 
	 
	 
	20.48

	CT
	4
	12.80
	12.28
	14.07
	14.08
	 
	 
	 
	 
	53.23
	12.41
	4.35
	4.51
	 
	 
	 
	 
	21.28

	CT
	4
	12.25
	11.40
	14.71
	14.48
	 
	 
	 
	 
	52.83
	12.94
	4.17
	4.53
	 
	 
	 
	 
	21.64

	AL
	4
	10.51
	10.36
	14.92
	13.74
	 
	 
	 
	 
	49.54
	12.35
	3.93
	4.48
	 
	 
	 
	 
	20.76

	AL
	4
	11.12
	10.92
	12.55
	16.10
	 
	 
	 
	 
	50.69
	10.88
	3.83
	4.14
	 
	 
	 
	 
	18.85

	AR
	4
	12.38
	10.35
	14.70
	14.32
	 
	 
	 
	 
	51.75
	11.32
	4.13
	4.31
	 
	 
	 
	 
	19.76

	AR
	4
	11.34
	8.81
	15.51
	14.91
	 
	 
	 
	 
	50.56
	11.35
	4.12
	4.18
	 
	 
	 
	 
	19.65

	WA
	4
	12.67
	10.53
	15.64
	13.45
	 
	 
	 
	 
	52.29
	12.99
	4.63
	4.68
	 
	 
	 
	 
	22.31

	WA
	4
	12.42
	8.07
	15.92
	15.40
	 
	 
	 
	 
	51.81
	11.51
	4.62
	4.51
	 
	 
	 
	 
	20.64

	KY
	4
	12.30
	9.93
	14.74
	14.43
	 
	 
	 
	 
	51.40
	11.90
	4.17
	4.28
	 
	 
	 
	 
	20.35

	KY
	4
	12.24
	9.22
	15.09
	14.31
	 
	 
	 
	 
	50.85
	12.19
	4.09
	4.14
	 
	 
	 
	 
	20.43

	PA
	4
	12.22
	11.12
	15.15
	14.56
	 
	 
	 
	 
	53.05
	13.77
	4.44
	4.52
	 
	 
	 
	 
	22.73

	PA
	4
	12.31
	11.91
	15.00
	13.76
	 
	 
	 
	 
	52.98
	13.89
	4.44
	4.56
	 
	 
	 
	 
	22.88

	CA
	4
	15.19
	14.53
	15.73
	8.85
	 
	 
	 
	 
	54.35
	14.12
	4.58
	4.44
	 
	 
	 
	 
	23.14

	CA
	4
	15.78
	13.01
	15.45
	9.75
	 
	 
	 
	 
	54.12
	13.29
	4.62
	4.49
	 
	 
	 
	 
	22.40


TABLE B–3 Summary of WIM Data Analysis Results ( Formula B trucks Causing Overstress in 40’ – 100’ Spans 

	State
	#  of Axles
	Axle1 (k)
	Axle2 (k)
	Axle3  (k)
	Axle4  (k)
	Axle5  (k)
	Axle6  (k)
	Axle7 (k)
	Axle8  (k)
	Total Wt (k)
	Sp.1-2 (ft)
	Sp.2-3 (ft)
	Sp.3-4  (ft)
	Sp.4-5 (ft)
	Sp.5-6 (ft)
	Sp.6-7 (ft)
	Sp.7-8 (ft)
	Spacing Total (ft)

	ID
	4
	11.96
	8.15
	16.07
	16.06
	 
	 
	 
	 
	52.24
	11.95
	4.98
	4.52
	 
	 
	 
	 
	21.45

	ID
	4
	12.32
	8.22
	16.08
	15.66
	 
	 
	 
	 
	52.30
	11.78
	4.79
	4.54
	 
	 
	 
	 
	21.11

	MO
	4
	11.95
	9.52
	15.27
	14.93
	 
	 
	 
	 
	51.67
	13.14
	3.92
	4.18
	 
	 
	 
	 
	21.25

	MI
	4
	12.29
	10.96
	14.64
	13.75
	 
	 
	 
	 
	51.63
	11.08
	4.21
	4.37
	 
	 
	 
	 
	19.66

	NC
	4
	12.06
	8.50
	15.55
	15.38
	 
	 
	 
	 
	51.49
	11.47
	4.56
	4.24
	 
	 
	 
	 
	20.27

	NC
	4
	11.50
	8.79
	15.14
	15.02
	 
	 
	 
	 
	50.44
	10.69
	4.33
	4.07
	 
	 
	 
	 
	19.09

	MT
	4
	10.95
	9.06
	15.92
	15.40
	 
	 
	 
	 
	51.66
	12.39
	4.87
	4.23
	 
	 
	 
	 
	21.49

	MT
	4
	11.20
	9.46
	15.69
	14.95
	 
	 
	 
	 
	51.62
	12.29
	4.68
	4.30
	 
	 
	 
	 
	21.28

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	OH
	5
	13.03
	8.21
	11.35
	12.87
	13.11
	 
	 
	 
	58.56
	11.01
	4.01
	4.75
	4.59
	 
	 
	 
	24.36

	OH
	5
	11.18
	8.05
	11.39
	13.72
	14.00
	 
	 
	 
	58.35
	10.22
	3.76
	4.69
	4.54
	 
	 
	 
	23.21

	KS
	5
	10.51
	7.99
	7.33
	13.40
	13.03
	 
	 
	 
	52.26
	9.29
	3.64
	4.01
	4.08
	 
	 
	 
	21.02

	MN
	5
	12.89
	8.91
	12.98
	13.94
	9.96
	 
	 
	 
	58.66
	12.11
	4.48
	4.30
	4.40
	 
	 
	 
	25.30

	MN
	5
	14.03
	7.57
	11.71
	14.05
	11.04
	 
	 
	 
	58.42
	12.22
	4.42
	4.21
	4.65
	 
	 
	 
	25.51

	VA
	5
	12.00
	6.64
	6.33
	15.46
	14.83
	 
	 
	 
	55.30
	10.32
	3.87
	3.85
	4.24
	 
	 
	 
	22.28

	VA
	5
	11.58
	6.71
	7.54
	14.87
	15.25
	 
	 
	 
	55.96
	10.60
	3.91
	3.89
	4.20
	 
	 
	 
	22.62

	AR
	5
	9.84
	8.61
	8.81
	13.70
	13.79
	 
	 
	 
	54.76
	11.14
	3.75
	4.11
	4.20
	 
	 
	 
	21.99

	AR
	5
	12.30
	9.26
	12.40
	12.73
	13.07
	 
	 
	 
	59.76
	10.66
	3.93
	4.02
	4.26
	 
	 
	 
	22.87

	WA
	5
	12.57
	7.12
	8.91
	15.55
	13.34
	 
	 
	 
	57.49
	11.15
	4.29
	4.23
	4.46
	 
	 
	 
	24.13

	WA
	5
	11.89
	7.40
	8.20
	14.93
	15.33
	 
	 
	 
	57.75
	9.41
	3.49
	3.58
	4.54
	 
	 
	 
	21.02

	KY
	5
	13.04
	8.46
	10.24
	13.62
	11.23
	 
	 
	 
	56.69
	10.63
	3.84
	3.89
	3.98
	 
	 
	 
	22.35

	KY
	5
	12.88
	7.88
	9.80
	14.08
	12.26
	 
	 
	 
	56.89
	12.23
	4.22
	3.98
	4.17
	 
	 
	 
	24.59

	ID
	5
	12.38
	5.88
	7.17
	15.51
	14.17
	 
	 
	 
	55.11
	11.23
	4.13
	3.85
	4.43
	 
	 
	 
	23.64

	ID
	5
	10.63
	5.98
	6.62
	14.79
	15.95
	 
	 
	 
	53.99
	11.00
	3.74
	3.74
	4.54
	 
	 
	 
	23.01

	MO
	5
	10.36
	6.76
	8.55
	14.66
	14.64
	 
	 
	 
	54.96
	10.45
	4.05
	4.02
	4.26
	 
	 
	 
	22.79


TABLE B–4  Summary of WIM Data Analysis Results ( Formula B trucks Causing Overstress in 40’ – 100’ Spans 
	State
	#  of Axles
	Axle1 (k)
	Axle2 (k)
	Axle3  (k)
	Axle4  (k)
	Axle5  (k)
	Axle6  (k)
	Axle7 (k)
	Axle8  (k)
	Total Wt (k)
	Sp.1-2 (ft)
	Sp.2-3 (ft)
	Sp.3-4  (ft)
	Sp.4-5 (ft)
	Sp.5-6 (ft)
	Sp.6-7 (ft)
	Sp.7-8 (ft)
	Spacing Total (ft)

	MI
	5
	10.13
	8.76
	15.12
	11.27
	14.13
	 
	 
	 
	59.40
	10.18
	5.23
	7.65
	5.34
	 
	 
	 
	28.40

	NC
	5
	12.46
	6.63
	6.56
	15.33
	15.22
	 
	 
	 
	56.20
	9.76
	3.82
	4.06
	4.41
	 
	 
	 
	22.04

	NC
	5
	11.38
	5.85
	5.96
	14.93
	15.18
	 
	 
	 
	53.30
	8.72
	3.48
	3.65
	4.00
	 
	 
	 
	19.85

	MT
	5
	11.34
	8.09
	12.58
	15.19
	9.20
	 
	 
	 
	56.88
	10.76
	5.25
	4.53
	4.26
	 
	 
	 
	24.80

	MT
	5
	12.17
	6.22
	11.45
	14.89
	11.54
	 
	 
	 
	56.65
	10.79
	4.76
	4.40
	4.28
	 
	 
	 
	24.23

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	KY
	6
	17.05
	7.64
	6.69
	7.50
	13.52
	12.42
	 
	 
	64.83
	8.85
	3.28
	3.28
	3.72
	4.04
	 
	 
	23.17

	KY
	6
	14.06
	5.82
	5.66
	5.40
	15.75
	15.84
	 
	 
	62.53
	10.03
	3.55
	4.37
	3.74
	4.23
	 
	 
	25.93

	OH
	6
	13.18
	6.61
	7.65
	9.77
	12.25
	12.36
	 
	 
	61.83
	9.46
	3.64
	3.96
	4.11
	4.66
	 
	 
	25.82

	OH
	6
	14.84
	5.09
	7.60
	9.83
	13.45
	12.69
	 
	 
	63.52
	8.56
	3.45
	3.60
	3.68
	5.70
	 
	 
	24.98

	NC
	6
	12.55
	7.10
	6.75
	7.25
	14.61
	14.31
	 
	 
	62.57
	9.47
	3.85
	4.02
	3.94
	4.43
	 
	 
	25.53

	NC
	6
	13.56
	5.50
	5.83
	5.78
	15.14
	15.20
	 
	 
	60.70
	9.06
	3.37
	3.40
	3.70
	4.35
	 
	 
	23.87

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MN
	6
	7.56
	12.81
	12.93
	9.72
	12.57
	11.81
	 
	 
	67.39
	10.89
	4.26
	9.49
	4.28
	4.24
	 
	 
	33.17

	MN
	6
	11.09
	9.84
	9.02
	8.53
	14.28
	11.98
	 
	 
	64.72
	11.68
	4.20
	6.53
	4.07
	4.54
	 
	 
	31.03

	VA
	6
	7.17
	14.44
	14.00
	4.08
	13.34
	9.59
	 
	 
	62.73
	12.79
	4.26
	8.53
	4.59
	3.93
	 
	 
	34.11

	MI
	6
	9.19
	8.38
	14.16
	10.20
	11.69
	10.54
	 
	 
	64.16
	9.38
	4.82
	7.49
	4.70
	4.83
	 
	 
	31.22

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	OH
	6
	13.04
	6.31
	10.29
	13.51
	11.37
	8.01
	 
	 
	62.51
	7.24
	3.50
	3.94
	4.21
	7.96
	 
	 
	26.86

	OH
	6
	15.34
	7.14
	10.23
	11.55
	11.87
	8.66
	 
	 
	64.78
	8.11
	4.27
	3.84
	4.38
	11.86
	 
	 
	32.46

	WA
	6
	18.27
	6.62
	6.03
	12.32
	12.32
	11.74
	 
	 
	67.31
	8.85
	3.93
	3.81
	4.43
	12.75
	 
	 
	33.76

	WA
	6
	16.88
	7.30
	5.90
	12.79
	12.62
	11.50
	 
	 
	66.99
	9.29
	3.75
	4.41
	4.44
	12.31
	 
	 
	34.21

	ID
	6
	15.80
	5.05
	5.28
	14.48
	14.28
	6.22
	 
	 
	61.14
	6.62
	4.46
	4.24
	4.41
	12.46
	 
	 
	 

	ID
	6
	16.13
	5.66
	6.37
	13.47
	13.05
	7.35
	 
	 
	62.01
	6.89
	4.55
	3.82
	4.43
	12.64
	 
	 
	 


TABLE B–5 Summary of WIM Data Analysis Results ( Formula B trucks Causing Overstress in 40’ – 100’ Spans 

	State
	#  of Axles
	Axle1 (k)
	Axle2 (k)
	Axle3  (k)
	Axle4  (k)
	Axle5  (k)
	Axle6  (k)
	Axle7 (k)
	Axle8  (k)
	Total Wt (k)
	Sp.1-2 (ft)
	Sp.2-3 (ft)
	Sp.3-4  (ft)
	Sp.4-5 (ft)
	Sp.5-6 (ft)
	Sp.6-7 (ft)
	Sp.7-8 (ft)
	Spacing Total (ft)

	MT
	6
	15.16
	6.44
	6.46
	13.78
	13.39
	7.58
	 
	 
	63.27
	7.27
	4.35
	3.66
	4.31
	12.01
	 
	 
	31.60

	MT
	6
	14.67
	6.79
	6.67
	13.29
	12.89
	8.30
	 
	 
	63.15
	6.91
	4.31
	3.80
	4.25
	12.01
	 
	 
	31.28

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	OH
	7
	8.88
	10.16
	10.47
	6.71
	7.99
	13.67
	13.82
	 
	71.76
	11.76
	3.97
	6.35
	3.75
	3.83
	3.97
	 
	33.65

	OH
	7
	9.10
	11.04
	10.68
	6.62
	8.52
	13.19
	12.67
	 
	71.82
	11.59
	3.93
	5.93
	3.67
	3.67
	3.91
	 
	32.70

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MN
	7
	17.15
	8.11
	8.11
	8.88
	8.33
	5.79
	12.90
	 
	69.30
	9.26
	3.53
	8.44
	4.18
	3.53
	9.84
	 
	33.77

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MN
	7
	9.52
	8.86
	5.13
	6.83
	13.07
	12.42
	7.77
	 
	63.58
	5.13
	8.02
	3.67
	4.04
	4.30
	5.48
	 
	30.64

	WA
	7
	8.09
	7.98
	7.13
	7.72
	13.45
	12.90
	6.40
	 
	63.66
	5.96
	8.15
	3.66
	4.15
	4.48
	7.10
	 
	33.50

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	VA
	7
	11.03
	1.54
	13.89
	11.47
	6.84
	14.55
	11.91
	 
	71.22
	9.51
	3.61
	4.26
	8.20
	3.93
	3.93
	 
	33.45

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MI
	7
	7.74
	7.03
	10.52
	9.41
	9.89
	10.78
	9.45
	 
	64.83
	8.15
	4.29
	4.36
	4.25
	4.35
	4.38
	 
	 

	KY
	7
	18.45
	5.22
	5.15
	5.73
	5.29
	13.45
	14.70
	 
	67.99
	10.16
	3.39
	3.50
	3.50
	3.61
	4.59
	 
	28.74

	KY
	7
	13.82
	8.16
	8.57
	5.81
	7.46
	14.52
	14.92
	 
	73.24
	11.09
	3.61
	4.54
	3.37
	3.77
	4.15
	 
	30.55

	NC
	7
	9.16
	9.89
	11.61
	6.64
	9.20
	10.53
	10.87
	 
	67.89
	12.18
	4.07
	4.28
	5.07
	3.93
	3.91
	 
	33.46

	NC
	7
	10.23
	10.83
	12.30
	6.07
	9.15
	11.61
	11.37
	 
	71.56
	12.15
	4.20
	4.08
	4.71
	4.02
	3.99
	 
	33.16

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ID
	7
	16.76
	6.54
	6.47
	12.79
	12.49
	3.68
	6.25
	 
	64.98
	6.56
	4.81
	3.82
	4.59
	4.26
	8.85
	 
	32.90

	MT
	7
	15.69
	7.60
	7.80
	10.50
	10.06
	5.29
	7.57
	 
	65.12
	6.51
	4.36
	3.61
	4.26
	4.01
	8.55
	 
	31.30

	MT
	7
	15.74
	8.07
	8.46
	10.90
	11.00
	5.75
	7.93
	 
	68.51
	6.59
	4.43
	3.63
	4.26
	4.10
	8.56
	 
	31.57

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MI
	8
	7.40
	7.02
	8.89
	8.64
	8.46
	8.46
	8.87
	8.62
	66.35
	8.22
	3.89
	3.92
	3.86
	3.86
	3.90
	3.88
	31.53


Truck Overweight statistics

In Phase II, the Research Team has collected new WIM data using existing sites and hardware, to provide quantitative information on overweight statistics, the occurrence of side-by-side truck loadings. WIM data collected in Phase II of this project provided the statistical information to make an independent assessment of multiple presence probabilities and overload statistics for use in calibration. New WIM data with refined time stamps has provided independent data to examine past assumptions of multiple presence probabilities. Side-by-side occurrences as a function of headway distance between two trucks were checked by using the truck arrival time stamps and the speed of individual trucks. The findings are discussed in Section 2.3 of this report. Truck overweight statistics obtained from the Idaho WIM data are presented in this Appendix.

WIM data was collected in Idaho on Interstate 84 using a WIM and classifier setup for high resolution time stamps for a period of 6 days in Oct and Nov 2004. The site has two lanes in each direction, a nominal ADT of 18000 in all four lanes, with 26% truck traffic. Combined Gross Vehicle Weight (GVW) statistics for all Idaho trucks measured over the six days was assembled as a first step in the data analysis. The Mean and Standard Deviation (STD) was determined for all trucks and for trucks that fall in the top 20% by weight as shown in the following tables. The trucks belong to the following FHWA classes: single light trucks (FHWA classes 4 and 5), single SHVs (FHWA classes 6 and 7), tractor trailers ( FHWA classes 8,9 & 10), and double trailer trucks (all other classes). (See FHWA classification Fig B-1).

TABLE B-6  Idaho Truck Weight Statistics[image: image2.wmf]Data

Date/Lanes

Duration

0 or 1

2 or 3

(hrs)

Mean

STD

Mean

STD

Mean

STD

Mean

STD

10/26-27/4

Lanes 0&2

2208

222

2958

19.7

69.7

30.1

55.9

27.8

105.0

12.2

102.5

6.0

10/26-27/4 

Lanes 1&3

2444

187

2764

22.8

62.8

43.1

37.3

25.9

127.7

23.9

110.3

4.9

10/27-28/4 

Lanes 0&2

2409

213

2698

23.3

68.2

31.1

60.4

31.1

107.6

13.0

105.7

9.5

10/27-28/4 

Lanes 1&3

2797

182

3119

22.9

66.7

44.5

40.4

27.5

132.4

21.6

121.7

9.0

10/28-29/4 

Lanes 0&2

2127

248

2509

22.7

69.1

30.3

59.8

36.5

107.1

12.5

108.5

16.3

10/28-29/4 

Lanes 1&3

2510

213

2875

22.7

69.4

48.7

39.1

25.4

143.8

25.8

N/A

 3

N/A

 3

10/31/04 

Lanes 0&2

1096

96

1773

16.1

59.3

35.2

40.6

35.0

104.8

11.8

104.8

11.6

10/31/4 

Lanes 1&3

1804

80

2792

16.2

68.7

41.7

39.4

13.7

129.6

27.3

N/A

 3

N/A

 3

11/1/4 

Lanes 0&2

479

67

1169

11.2

62.0

32.4

47.7

42.2

108.0

13.2

115.0

18.8

11/1/04 

Lanes 1&3

896

47

2037

11.1

72.6

52.0

35.1

20.2

155.0

23.5

N/A

 3

N/A

 3

Notes: 1. No data are available for Oct.29 to Oct.31.

          2. ADTT is calculated using the recorded vehicles.

          3. N/A = No truck observed 

          4. Lanes 0,1 are right lanes; lanes 2,3 are left lanes
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Figure B-1  FHWA truck classifications 

It is likely that a portion of the very heavy trucks in the top 20% would be double-trailers that are common in the Western States. Therefore the degree of overloading of trucks is not easily ascertained by examining the GVW statistics alone. To this end, the data was grouped by truck type and normalized using Idaho legal trucks as follows:

1. To get a larger sample size suitable for statistical analyses, truck measurements in all lanes for all six days were combined into a single database.

2. Truck types were grouped as follows:

a. Single unit trucks ( Classes 6 (3-axles) and 7 (4 or more axles). Total of 313 trucks were identified.

b. Single-trailer trucks ( Class 9 (5-axle), Total of 9226 trucks.

3. The axle configurations and axle weight data were examined to edit out bad data. Maximum moments induced by each truck on simple spans of varying lengths were determined by passing each truck through the moment influence lines for 30 ft, 60 ft, 90 ft and 120 ft spans.

4. Maximum moments induced by the Idaho Type 3 legal load (Figure B-2) and Idaho Type 3S2 legal load (79 Kip tractor semi-trailer) were determined for the same spans.

[image: image3.wmf]Data

Date/Lanes

Duration

0 or 1

2 or 3

(hrs)

Mean

STD

Mean

STD

Mean

STD

Mean

STD

10/26-27/4

Lanes 0&2

2208

222

2958

19.7

69.7

30.1

55.9

27.8

105.0

12.2

102.5

6.0

10/26-27/4 

Lanes 1&3

2444

187

2764

22.8

62.8

43.1

37.3

25.9

127.7

23.9

110.3

4.9

10/27-28/4 

Lanes 0&2

2409

213

2698

23.3

68.2

31.1

60.4

31.1

107.6

13.0

105.7

9.5

10/27-28/4 

Lanes 1&3

2797

182

3119

22.9

66.7

44.5

40.4

27.5

132.4

21.6

121.7

9.0

10/28-29/4 

Lanes 0&2

2127

248

2509

22.7

69.1

30.3

59.8

36.5

107.1

12.5

108.5

16.3

10/28-29/4 

Lanes 1&3

2510

213

2875

22.7

69.4

48.7

39.1

25.4

143.8

25.8

N/A

 3

N/A

 3

10/31/04 

Lanes 0&2

1096

96

1773

16.1

59.3

35.2

40.6

35.0

104.8

11.8

104.8

11.6

10/31/4 

Lanes 1&3

1804

80

2792

16.2

68.7

41.7

39.4

13.7

129.6

27.3

N/A

 3

N/A

 3

11/1/4 

Lanes 0&2

479

67

1169

11.2

62.0

32.4

47.7

42.2

108.0

13.2

115.0

18.8

11/1/04 

Lanes 1&3

896

47

2037

11.1

72.6

52.0

35.1

20.2

155.0

23.5

N/A

 3

N/A

 3

Notes: 1. No data are available for Oct.29 to Oct.31.

          2. ADTT is calculated using the recorded vehicles.

          3. N/A = No truck observed 

          4. Lanes 0,1 are right lanes; lanes 2,3 are left lanes
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Figure B-2   Idaho Type 3 Legal Truck   (54 Kips)

5. Actual truck moments in step 3) were normalized by dividing by the legal load moments from step 4).

6. The normalized moments for each truck type was sorted to obtain the top one-fifth trucks based on induced moments. This represents the heavy truck population for this site that will be used in the calibration studies.

7. The mean, standard deviation (STD), and coefficient of variation (COV) for the top 20% trucks in each truck type was determined as statistical measures for truck overloads.

Even though the SHV population was the primary focus of this project, the larger volume of 5-axle tractor trailers were also selected for evaluation of overload statistics as it would provide useful information on the overall traffic exposure and overload probabilities at the site. The analysis results were as follows:

a. The mean for top 20% SHVs was between 1.05 and 1.15, significantly higher than the 0.95 used in the LRFD and LRFR calibrations.

b. The COV for top 20% SHV trucks was 0.20 (0.25 from Nowak’s data).

c. The mean for top 20% 5-axle semis varied between 1.02 and 1.07 for spans in the 60 ft to 120 ft range. Higher than the 0.95 used in LRFD and LRFR. The mean for the 30 ft span was 1.21. This could be attributed to axle loads of trailer trucks that govern moments in short spans. It should be noted that axle loads from WIM data have far greater uncertainty than gross truck weights.

d. The COV for the top 20% 5-axle semis was between 0.07 and 0.10. This value is much lower than the 0.20 for the SHVs.

Some fraction of the overloads is clearly permit trucks. Idaho allows permit vehicles up to 105.5 Kips on Interstates, such as this site. The permit trucks in the truck population cannot be distinguished from the WIM data. Also, it should be noted that the 3 and 4 axle SHVs were normalized using the 3-axle state legal truck. If a legal 4-axle truck was used for normalization, the bias would have been lower. Idaho state legal loads do not contain a 4-axle SHV.

Similar statistical parameters will be extracted from the WIM data collected at the Michigan and Ohio sites for this project. Data from all three sites will be considered in the live load calibrations.

TABLE B-7  Idaho SHV Truck Statistics

	FHWA Groups 6 & 7 Single Truck Moments Normalized Using Idaho Legal Type 3 Truck

	

	
	SPAN

	Statistic
	30 ft
	60 ft
	90 ft
	120 ft

	Mean Top 20%
	1.05
	1.10
	1.14
	1.15

	STD Top 20%
	0.20
	0.22
	0.22
	0.23

	COV Top 20%
	0.19
	0.20
	0.20
	0.20

	Mean All Trucks
	0.54
	0.58
	0.60
	0.61

	STD All Trucks
	0.30
	0.32
	0.32
	0.32

	COV All Trucks
	0.56
	0.54
	0.53
	0.52

	Total No of Trucks
	313
	313
	313
	313


TABLE B-8  Idaho Semi-Trailer Truck Statistics

	All 5 Axle Semi Trailer Trucks (FHWA Group 9) Normalized Using Idaho Type 3S2 (GVW = 79 K)

	
	SPAN

	Statistic
	30 ft
	60 ft
	90 ft
	120 ft

	Mean Top 20%
	1.21
	1.04
	1.02
	1.07

	STD Top 20%
	0.13
	0.11
	0.08
	0.07

	COV Top 20%
	0.10
	0.10
	0.08
	0.07

	Mean All Trucks
	0.87
	0.76
	0.76
	0.79

	STD All Trucks
	0.26
	0.21
	0.20
	0.22

	COV All Trucks
	0.30
	0.28
	0.27
	0.27

	Total No of Trucks
	9226
	9226
	9226
	9226
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s-s occurence

		Side-by-side occurrences																Black Canyon I-84, IDAHO

				# of trucks								Side-by-side occurrence as a function of headway distance

		Date/Lanes		Lane				ADTT		Data Duration		<5ft				<10ft				<15ft				<20ft				<25ft				<30ft				<35ft				<40ft				<50ft				<60ft

				0 or 1		2 or 3				(hrs)		# of 
cases		%		# of cases		%		# of 
cases		%		# of 
cases		%		# of 
cases		%		# of 
cases		%		# of 
cases		%		# of 
cases		%		# of 
cases		%		# of 
cases		%

		10/26-27/4
Lanes 0&2		2208		222		2958		19.7		0		0		0		0		0		0		2		0.0823045267		2		0.0823045267		2		0.0823045267		2		0.0823045267		2		0.0823045267		4		0.1646090535		4		0.1646090535

		10/26-27/4 
Lanes 1&3		2444		187		2764		22.8		0		0		1		0.0380083618		2		0.0760167237		3		0.1140250855		4		0.1520334474		4		0.1520334474		4		0.1520334474		4		0.1520334474		4		0.1520334474		6		0.228050171

		10/27-28/4 
Lanes 0&2		2409		213		2698		23.3		1		0.0381388253		7		0.2669717773		9		0.3432494279		10		0.3813882532		17		0.6483600305		21		0.8009153318		25		0.9534706331		29		1.1060259344		35		1.3348588863		36		1.3729977117

		10/27-28/4 
Lanes 1&3		2797		182		3119		22.9		2		0.067136623		3		0.1007049345		4		0.1342732461		6		0.2014098691		10		0.3356831151		11		0.3692514267		11		0.3692514267		16		0.5370929842		19		0.6377979188		22		0.7385028533

		10/28-29/4 
Lanes 0&2		2127		248		2509		22.7		3		0.1263157895		4		0.1684210526		6		0.2526315789		8		0.3368421053		10		0.4210526316		13		0.5473684211		14		0.5894736842		17		0.7157894737		21		0.8842105263		26		1.0947368421

		10/28-29/4 
Lanes 1&3		2510		213		2875		22.7		0		0		2		0.0734484025		6		0.2203452075		6		0.2203452075		7		0.2570694087		7		0.2570694087		8		0.29379361		10		0.3672420125		19		0.6977598237		25		0.9181050312

		10/31/04 
Lanes 0&2		1096		96		1773		16.1		0		0		1		0.0838926174		1		0.0838926174		1		0.0838926174		1		0.0838926174		3		0.2516778523		4		0.3355704698		5		0.4194630872		6		0.5033557047		6		0.5033557047

		10/31/4 
Lanes 1&3		1804		80		2792		16.2		0		0		0		0		1		0.0530785563		1		0.0530785563		2		0.1061571125		2		0.1061571125		2		0.1061571125		2		0.1061571125		2		0.1061571125		2		0.1061571125

		11/1/4 
Lanes 0&2		479		67		1169		11.2		1		0.1831501832		2		0.3663003663		3		0.5494505495		3		0.5494505495		5		0.9157509158		5		0.9157509158		5		0.9157509158		5		0.9157509158		5		0.9157509158		5		0.9157509158

		11/1/04 
Lanes 1&3		896		47		2037		11.1		0		0		0		0		0		0		0		0		0		0		2		0.2120890774		4		0.4241781548		5		0.5302226935		6		0.6362672322		6		0.6362672322

		Notes:  1. No data are available for Oct.29 to Oct.31.

		2. ADTT is calculated using the recorded vehicles.

		3. Lanes 0,1 are right lanes; lanes 2,3 are left lanes





mean std gvw

		GVW statistics												Black Canyon I-84, IDAHO

				# of Trucks				ADTT		Data				GVW statistics (kips)

		Date/Lanes		Lane						Duration				Lane 0/1				Lane 2/3								Top20% Lane0/1				Top20% Lane2/3

				0 or 1		2 or 3				(hrs)				Mean		STD		Mean		STD						Mean		STD		Mean		STD

		10/26-27/4
Lanes 0&2		2208		222		2958		19.7				69.7		30.1		55.9		27.8						105.0		12.2		102.5		6.0

		10/26-27/4 
Lanes 1&3		2444		187		2764		22.8				62.8		43.1		37.3		25.9						127.7		23.9		110.3		4.9

		10/27-28/4 
Lanes 0&2		2409		213		2698		23.3				68.2		31.1		60.4		31.1						107.6		13.0		105.7		9.5

		10/27-28/4 
Lanes 1&3		2797		182		3119		22.9				66.7		44.5		40.4		27.5						132.4		21.6		121.7		9.0

		10/28-29/4 
Lanes 0&2		2127		248		2509		22.7				69.1		30.3		59.8		36.5						107.1		12.5		108.5		16.3

		10/28-29/4 
Lanes 1&3		2510		213		2875		22.7				69.4		48.7		39.1		25.4						143.8		25.8

		10/31/04 
Lanes 0&2		1096		96		1773		16.1				59.3		35.2		40.6		35.0						104.8		11.8		104.8		11.6

		10/31/4 
Lanes 1&3		1804		80		2792		16.2				68.7		41.7		39.4		13.7						129.6		27.3

		11/1/4 
Lanes 0&2		479		67		1169		11.2				62.0		32.4		47.7		42.2						108.0		13.2		115.0		18.8

		11/1/04 
Lanes 1&3		896		47		2037		11.1				72.6		52.0		35.1		20.2						155.0		23.5

		Notes: 1. No data are available for Oct.29 to Oct.31.

		2. ADTT is calculated using the recorded vehicles.

		3. N/A = No truck observed

		4. Lanes 0,1 are right lanes; lanes 2,3 are left lanes






