APPENDIX  D

ANALYSIS OF GENERIC SPANS FOR NON FORMULA B TRUCKS

This Appendix consists of the following sections:

· INTRODUCTION

· ANALYSIS OF GENERIC SPANS FOR CANDIDATE LOAD MODELS

· Representative non-Formula B Legal Trucks


· COMPARISON OF LOAD EFFECTS

Introduction

Survey findings reported in Chapter 2 indicate that a significant portion of the legal SHV population belongs in the category commonly referred to as “grandfather trucks”. They exceed FBF gross weight limits (( 80 K) and limits for axle groups. States such as PA, SC, and FL do not apply FBF to trucks weighing 73.28K or less on Interstate and other highways. Many more States either do not apply FBF or use a modified Bridge Formula to non-Interstate highways. The most common grandfathered truck seen in many States is the tri-axle dump truck that can weigh up to 75,000 pounds with a total wheelbase of less than 20 feet. They are legal under State law in some States with grandfather rights and are free to operate unrestricted, except as limited by bridge posting. Weight-limit posting for these vehicles seems to be the only safeguard the States have to protect their bridges from overstress or failure. 

From the data set non Formula B trucks, certain trucks were identified as being the most severe in their class, based upon the excess load over the FBF limit (Table D-1). 

TABLE D-1
More severe non-Formula B trucks

	DOT
	Truck Designation
	No of Axles
	Total Spacing
	Truck Weight (Kips)
	FBF   Limit for Gross Wt (K)
	Excess Over FBF Limit (K)

	Delaware
	DE 3
	3
	16.83
	70.00
	48.60
	21.40

	Florida
	SU3
	3
	15.17
	66.00
	47.40
	18.60

	 
	 
	 
	 
	 
	 
	 

	Connecticut
	Construction Vehicle T4
	4
	18.20
	76.50
	54.10
	22.40

	Delaware
	DE 4
	4
	17.00
	73.00
	52.90
	20.10

	Florida
	SU4
	4
	18.34
	70.00
	53.70
	16.30

	Pennsylvania
	ML80
	4
	18.00
	75.48
	54.00
	21.48


The heavier, more compact vehicles were selected for the analysis of load effects on the test suite of simple and continuous spans. This was done to minimize the computation effort associated with determining load effects. For the 3 axle dump trucks, Delaware DE3 and Florida SU3 were selected as the most severe. For the 4 axle dump trucks, Florida SU4, Connecticut T4, Delaware DE4, and Pennsylvania ML80 were selected (Fig D-1). Maximum moments and shears were calculated for the suite of simple and continuous span bridges with span ranges from 10 feet to 200 feet.  Bridges having transverse members were also included in this study. Floorbeam spacings from 10 feet to 30 feet in one-foot increments were included (Table D-10). The governing load models from the analysis of bridge spans are summarized in the tables given below. 
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Figure D-1  More Severe Non-Formula B Trucks

Analysis of Generic Spans FOR CANDIDATE LOAD MODLES

From Table D-5 It is evident that truck models Delaware DE3 (for 3 axle truck) and Connecticut T4 (for 4 axle trucks) impose the highest load effects in most longitudinal spans up to 200 ft (see Fig 12.2-1). For transverse beams with stringer spans from 10 ft to 30 foot, Connecticut T4 will govern live load reactions (Table D-10). The tables below show the spans for which these non-Formula B trucks govern over the Notional Rating Load NRL (developed in Phase I for Formula B trucks) and HS20 (truck or lane) loads. These trucks control mostly for the shorter spans. The controlling span ranges for moments and shears are as follows:

    TABLE D-2 Governing span ranges

	Span Ranges Governed by DE3 and T4

	Force Effect
	DE3
	T4

	Simple Span Bending
	10’ to 40’
	10’ to 95’

	Simple Span Shear
	10’ to 70’
	10’ to 170’

	Two-Span Cont. Positive Bending
	10’ to 45’
	10’ to 110’

	Two-Span Cont. Negative Bending
	10’ to 20’
	10’ to 25’

	Two-Span Cont. Shear
	10’ to 55’
	10’ to 110’

	Three-Span Cont. Positive Bending
	10’ to 40’
	10’ to 100’

	Three-Span Cont. Negative Bending
	10’
	10’ to 45’

	Three-Span Cont. Shear
	10’ to 50’
	10’ to 100’

	Four-Span Cont. Positive Bending
	10’ to 40’
	10’ to 95’

	Four-Span Cont. Negative Bending
	---
	10’ to 35’

	Four-Span Cont. Shear
	10’ to 50’
	10’ to 100’


The moment ratios obtained by dividing the non-Formula B load effects by the NRL or HS20 load effects provide a quick metric of the degree of overstress in the various span configurations. The results are summarized in the table below. The overstress ratios ranged from 1.05 to 1.50 for DE3 and from 1.04 to 1.35 for T4 (Table D-3 and Tables D-6 thru D-9). This clearly demonstrates the significant overstress that will result from non-Formula B trucks in spans load rated using either HS20 or the NRL load model specified for Formula B vehicles. HS20 and NRL are therefore not suitable envelope load models for grandfathered trucks.

 TABLE D-3 Maximum overstress ratios
	 Maximum Overstress Ratios for Spans from 10 ft to 200 ft.

	Force Effect
	Maximum Overstress Ratio  = DE3 / NRL or HS20
	Maximum Overstress Ratio  = T4 / NRL or HS20

	Simple Span Bending
	1.45
	1.27

	Simple Span Shear
	1.47
	1.29

	Two-Span Cont. Positive Bending
	1.50
	1.28

	Two-Span Cont. Negative Bending
	1.11
	1.25

	Two-Span Cont. Shear
	1.40
	1.24

	Three-Span Cont. Positive Bending
	1.47
	1.35

	Three-Span Cont. Negative Bending
	1.11
	1.13

	Three-Span Cont. Shear
	1.42
	1.33

	Four-Span Cont. Positive Bending
	1.46
	1.33

	Four-Span Cont. Negative Bending
	1.05
	1.04

	Four-Span Cont. Shear
	1.40
	1.30


The HL-93 load model prescribed in the LRFD Specifications was defined such that the extreme load effects of the model are approximately the same as the exclusion trucks, which were taken to represent the extremes involved in present truck traffic (1993). This model consists of the design truck, design tandem, and the design lane, where the load effects of the design truck or the design tandem must be superimposed on the load effect of the design lane. As the HL-93 envelopes all exclusion traffic in the United States it can also serve as a screening load model for bridges that may be exposed to grandfathered trucks on a regular basis. The LRFR Manual requires that an initial check be performed based upon the HL-93 loading, in the same manner as was done in the MCE Manual for the HS20 loading. The main difference here is that the HL93 check will serve to identify bridges at risk from grandfathered loads whereas the HS20 rating is a check only for trucks that comply with federal weight laws. To further illustrate this point the DE3 and T4 truck moments were compared with HL93 moments, and as seen in Table D-4, the HL93 moments will envelope both these extreme trucks. Hence, HL93, a load model already familiar to many bridge engineers, should replace the NRL as a single envelope rating load model for bridges exposed to non-Formula B trucks.


      TABLE D-4 Longitudinal moments compared with HL93
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TABLE D-5    Governing load models for non-Formula B trucks

TABLE D-6 
Governing load effect ratios  -- simple spans 
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TABLE D-7   Governing load effect ratios  -- two span continuous
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TABLE D-8
Governing load effect ratios  -- three span continuous
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NCHRP 12-63 Phase II

   TABLE D-9   Governing load effect ratios -- four span continuous
TABLE D-10  
Live load reactions on transverse floorbeams
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Representative non-Formula B Legal Trucks


Trucks DE3 and T4 are the most severe of the family of 3 and 4 axle grandfather loads. They can be used as representative of grandfather trucks, currently in use as state legal loads for rating and posting, for LRFR calibration and rating. The States can also use the calibrated load factor (L but apply a nominal loading based on their own non-Formula B truck. This will allow the states to post for their own grandfathered trucks by the LRFR process. Since there are many variations to federal weight law exclusions among the states, some flexibility in substituting state-specific grandfathered legal loads will be an important feature for national implementation. DE3 and T4 may be represented as two calibration trucks in the LRFR Manual that the states may use to benchmark their own vehicles. 
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 Figure D-2  Governing non-Formula B trucks

COMPARISON OF LOAD EFFECTS

Comparison of Unfactored Moments

The unfactored moments (no impact) induced by these vehicles on longitudinal members are compared in Table D-11. As seen in the table below, the HL-93 serves as a reasonable envelope loading for the typical upper bound single-unit exclusion vehicles that are legal in the various states.

TABLE D-11 Unfactored Longitudinal Moments: HL-93 vs Exclusion Vehicles
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Comparison of Factored Moments

Comparing factored load effects with impact will provide a more reliable measure of the variability in load ratings than the raw moments given above, as the distribution factor will be the same for all standard trucks. Table D-11 and Fig D-3 compare the factored HL-93 moments to the factored EX-3 and EX-4 moments for a site with an ADTT ≥ 5000. The moment ratios indicate that the factored HL-93 moments will exceed the factored exclusion truck moments at the Inventory level. Thus, if HL-93 has a RF ≥ 1.0 the bridge will have sufficient capacity for the EX-3 and EX-4 trucks. This validates the LRFR rating guideline based on using HL-93 as a first level screening check. LRFR A6.1.7.1 states that the design load rating can serve as a screening process to identify bridges that should be load rated for legal loads. Bridges that pass the design load check (RF ≥ 1) at the Inventory level will have satisfactory load rating for all legal loads.
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Figure D-3 Ratios of Factored Longitudinal Moments HL-93 vs EX  Trucks

TABLE D-12  Ratios of Factored Longitudinal Moments HL-93 vs EX Trucks
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				GOVERNING LOAD MODELS (Grandfather Trucks, NRL, & HS20)

				Exterior Span (ft.)		Simple Spans								Two Span Continuous  (Equal Spans)

						Moment 3 Axle		Shear 3 Axle		Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle

				10		DE3		DE3		Conn T4		Conn T4		DE3		SU3		DE3		HS20		Conn T4		Conn T4		HS20		SU3		DE3		HS20		HS20		Conn. T4		HS20		HS20		DE3		HS20		HS20		Conn. T4

				15		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				20		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				25		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				30		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				35		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				40		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				45		NRL		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				50		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		HS20		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				55		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				60		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				65		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				70		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				75		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				80		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				85		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				90		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				95		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				100		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		NRL		HS20		Conn. T4

				110		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				120		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				130		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				140		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				150		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				160		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		HS20		HS20		HS20		HS20		HS20		HS20

				170		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL

				180		HS20		HS20		HS20		HS20		NRL		HS20		HS20		NRL		HS20		NRL

				190		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL

				200		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL





Ratios Simple Sp

		

						GOVERNING LOAD EFFECT RATIOS

						Span (ft.)		Simple Spans

								Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

						10		DE3		1.45		DE3		1.47		Conn T4		1.27		Conn T4		1.29

						15		DE3		1.34		DE3		1.33		Conn T4		1.38		Conn T4		1.33

						20		DE3		1.21		DE3		1.26		Conn T4		1.30		Conn T4		1.28

						25		DE3		1.11		DE3		1.25		Conn T4		1.21		Conn T4		1.29

						30		DE3		1.07		DE3		1.24		Conn T4		1.16		Conn T4		1.30

						35		DE3		1.04		DE3		1.19		Conn T4		1.13		Conn T4		1.26

						40		DE3		1.01		DE3		1.15		Conn T4		1.10		Conn T4		1.22

						45		NRL		0.99		DE3		1.11		Conn T4		1.07		Conn T4		1.18

						50		NRL		0.97		DE3		1.08		Conn T4		1.06		Conn T4		1.15

						55		NRL		0.96		DE3		1.05		Conn T4		1.05		Conn T4		1.13

						60		NRL		0.95		DE3		1.03		Conn T4		1.04		Conn T4		1.11

						65		NRL		0.95		DE3		1.02		Conn T4		1.03		Conn T4		1.09

						70		NRL		0.94		DE3		1.00		Conn T4		1.02		Conn T4		1.08

						75		NRL		0.93		NRL		1.00		Conn T4		1.02		Conn T4		1.07

						80		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						85		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						90		NRL		0.92		NRL		0.97		Conn T4		1.01		Conn T4		1.05

						95		NRL		0.92		NRL		0.96		Conn T4		1.00		Conn T4		1.04

						100		NRL		0.92		NRL		0.96		NRL		1.00		Conn T4		1.04

						110		NRL		0.91		NRL		0.95		NRL		0.99		Conn T4		1.03

						120		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						130		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						140		NRL		0.90		NRL		0.93		NRL		0.99		Conn T4		1.01

						150		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						160		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						170		NRL		0.90		NRL		0.92		NRL		0.98		Conn T4		1.00

						180		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						190		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						200		HS20		0.89		HS20		0.91		HS20		0.98		HS20		0.99





2-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Each Span (ft.)		Two Span Continuous  (Equal Spans)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		DE3		1.50		SU3		1.11		DE3		1.40		HS20		1.28		Conn T4		1.25		Conn T4		1.24

		15		DE3		1.36		DE3		1.22		DE3		1.27		Conn T4		1.35		Conn T4		1.18		Conn T4		1.27

		20		DE3		1.25		DE3		1.17		DE3		1.19		Conn T4		1.31		Conn T4		1.19		Conn T4		1.23

		25		DE3		1.14		HS20		1.09		DE3		1.18		Conn T4		1.23		Conn T4		1.14		Conn T4		1.25

		30		DE3		1.10		HS20		0.95		DE3		1.17		Conn T4		1.19		HS20		1.02		Conn T4		1.24

		35		DE3		1.06		HS20		0.92		DE3		1.13		Conn T4		1.15		HS20		1.01		Conn T4		1.20

		40		DE3		1.03		HS20		0.96		DE3		1.09		Conn T4		1.11		HS20		1.05		Conn T4		1.17

		45		DE3		1.01		HS20		0.94		DE3		1.05		Conn T4		1.09		HS20		1.03		Conn T4		1.13

		50		NRL		0.99		HS20		0.93		DE3		1.02		Conn T4		1.07		HS20		1.02		Conn T4		1.10

		55		NRL		0.98		HS20		0.92		DE3		1.00		Conn T4		1.06		HS20		1.00		Conn T4		1.08

		60		NRL		0.97		HS20		0.91		NRL		0.98		Conn T4		1.05		HS20		1.00		Conn T4		1.06

		65		NRL		0.96		HS20		0.90		NRL		0.97		Conn T4		1.04		HS20		0.99		Conn T4		1.05

		70		NRL		0.95		HS20		0.90		NRL		0.96		Conn T4		1.03		HS20		0.98		Conn T4		1.04

		75		NRL		0.94		HS20		0.90		NRL		0.95		Conn T4		1.03		HS20		0.98		Conn T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.95		Conn T4		1.02		HS20		0.98		Conn T4		1.03

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.02		HS20		0.98		Conn T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn T4		1.02

		95		NRL		0.93		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		100		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		110		NRL		0.92		HS20		0.88		NRL		0.92		Conn T4		1.00		HS20		0.97		Conn T4		1.00

		120		NRL		0.92		HS20		0.88		NRL		0.92		NRL		1.00		HS20		0.97		NRL		1.00

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		NRL		0.98

		170		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		180		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		190		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		200		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98





3-Span Cont

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Three Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.47		SU3		1.06		DE3		1.42		HS20		1.35		HS20		1.13		Conn. T4		1.33

		15		DE3		1.27		HS20		1.11		DE3		1.27		Conn. T4		1.26		HS20		1.06		Conn. T4		1.29

		20		DE3		1.19		HS20		1.02		DE3		1.22		Conn. T4		1.27		HS20		1.03		Conn. T4		1.27

		25		DE3		1.12		HS20		0.96		DE3		1.19		Conn. T4		1.20		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.07		HS20		0.97		DE3		1.17		Conn. T4		1.15		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.03		HS20		0.97		DE3		1.12		Conn. T4		1.12		Conn. T4		1.06		Conn. T4		1.19

		40		DE3		1.01		HS20		0.93		DE3		1.08		Conn. T4		1.09		Conn. T4		1.02		Conn. T4		1.15

		45		NRL		0.99		HS20		0.93		DE3		1.04		Conn. T4		1.07		Conn. T4		1.02		Conn. T4		1.12

		50		NRL		0.98		HS20		0.91		DE3		1.01		Conn. T4		1.06		HS20		1.00		Conn. T4		1.09

		55		NRL		0.97		HS20		0.91		NRL		0.99		Conn. T4		1.05		HS20		1.00		Conn. T4		1.07

		60		NRL		0.96		HS20		0.90		NRL		0.99		Conn. T4		1.04		HS20		0.98		Conn. T4		1.07

		65		NRL		0.95		HS20		0.90		NRL		0.97		Conn. T4		1.03		HS20		0.99		Conn. T4		1.05

		70		NRL		0.95		HS20		0.89		NRL		0.96		Conn. T4		1.03		HS20		0.98		Conn. T4		1.04

		75		NRL		0.94		HS20		0.89		NRL		0.95		Conn. T4		1.02		HS20		0.98		Conn. T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.94		Conn. T4		1.02		HS20		0.97		Conn. T4		1.02

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.01

		95		NRL		0.92		HS20		0.89		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		100		NRL		0.92		HS20		0.88		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.92		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.98

		170

		180

		190

		200





4-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Four Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.46		HS20		0.98		DE3		1.40		HS20		1.33		HS20		1.04		Conn. T4		1.30

		15		DE3		1.24		HS20		1.05		DE3		1.25		Conn T4		1.24		HS20		1.01		Conn. T4		1.26

		20		DE3		1.18		HS20		1.01		DE3		1.21		Conn T4		1.26		HS20		1.03		Conn. T4		1.25

		25		DE3		1.09		HS20		0.97		DE3		1.19		Conn T4		1.18		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.05		HS20		0.97		DE3		1.16		Conn T4		1.14		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.02		HS20		0.95		DE3		1.11		Conn T4		1.10		Conn. T4		1.04		Conn. T4		1.18

		40		DE3		1.00		HS20		0.93		DE3		1.07		Conn T4		1.08		HS20		1.02		Conn. T4		1.14

		45		NRL		0.98		HS20		0.92		DE3		1.04		Conn T4		1.06		HS20		1.00		Conn. T4		1.12

		50		NRL		0.97		HS20		0.91		DE3		1.01		Conn T4		1.05		HS20		1.00		Conn. T4		1.09

		55		NRL		0.96		HS20		0.90		NRL		0.99		Conn T4		1.04		HS20		0.99		Conn. T4		1.07

		60		NRL		0.95		HS20		0.90		NRL		0.98		Conn T4		1.03		HS20		0.98		Conn. T4		1.06

		65		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.05

		70		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.04

		75		NRL		0.93		HS20		0.89		NRL		0.95		Conn T4		1.01		HS20		0.97		Conn. T4		1.03

		80		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		85		NRL		0.92		HS20		0.88		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.00		HS20		0.97		Conn. T4		1.02

		95		NRL		0.92		HS20		0.88		NRL		0.93		Conn T4		1.00		HS20		0.96		Conn. T4		1.00

		100		NRL		0.92		HS20		0.88		NRL		0.93		NRL		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		0.99		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.90		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.98

		150		NRL		0.88		HS20		0.86		HS20		0.89		NRL		0.96		HS20		0.94		HS20		0.97

		160		HS20		0.88		HS20		0.86		HS20		0.89		HS20		0.96		HS20		0.94		HS20		0.96

		170
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														LIVE LOAD MOMENTS ON LONGITUDINAL STRINGERS OR GIRDERS (SIMPLE SPAN)

														Live Load Moments in KIP FT Per Lane with 33% IM

								Span		Del. DE3		Conn.T4		PA ML80 (4-Axle)		Design Load				Ratio=  HL93/DE3				Ratio=  HL93/T4				Ratio=  HL93/ML80

								FT								HL93

								20		282.8		303.8		292.6		296.0				1.05				0.97				1.01

								21								315.7

								22								335.6

								23				366.6				355.6								0.97

								24								375.8

								25		374.4		408.4		392.4		396.2				1.06				0.97				1.01

								26								416.7

								27								437.3

								28				479.4				458.2								0.96

								29								479.2

								30		490.5		530.1		505.9		500.3				1.02				0.94				0.99

								32								543.1

								34								586.5

								36				682.1				630.5								0.92

								38								675.2

								40		723.1		783.6		748.4		722.0				1.00				0.92				0.96

								42								781.2

								44								843.5

								46				935.9				906.4								0.97

								48								970.0

								50		955.7		1037.4		991.2		1034.0				1.08				1.00				1.04

								52								1099.0

								54								1164.0

								56				1189.8				1230.0								1.03

								58								1297.0

								60		1188.4		1291.4		1234.4		1364.0				1.15				1.06				1.11

								70		1421.1		1545.6		1477.8		1711.0				1.20				1.11				1.16

								80		1653.9		1799.8		1721.2		2073.0				1.25				1.15				1.20

								90		1886.5		2054.1		1964.5		2451.0				1.30				1.19				1.25

								100		2119.2		2308.2		2208.1		2846.0				1.34				1.23				1.29

								120		2584.7		2816.8		2695.1		3682.0				1.42				1.31				1.37

								140		3050.2		3325.4		3182.3		4582.0				1.50				1.38				1.44

								160		3515.7		3834.0		3669.5		5546.0				1.58				1.45				1.51

								180		3981.1		4342.7		4156.6		6574.0				1.65				1.51				1.58

								200		4446.6		4851.3		4643.8		7665.0				1.72				1.58				1.65

								250								10672.0

								300								14077.0





Ratios

		

		RATIOS OF LONGITUDINAL MOMENTS (NO IMPACT)

								Moments in K-Ft

		Span Length		Excl. (kft)		FAM-3 (kft)		HL93		FBF		R=EXCL/FAM-3		R=EXCL/HL93		R=EXCL/FBF								HS20		R=EXCL/HS20				EX-3		EX-4				Ratio   = EX-3/HL93		Ratio  =    EX-4/HL93

		10						88.0																						81.0		70.9				0.92		0.81

		20		224.8		137.8		232.0		176.2		1.63		0.97		1.28						80		160.0		1.41				212.6		228.4				0.92		0.98

		30		397.8		225.8		397.0		335.2		1.76		1.00		1.19						141		282.0		1.41				368.8		398.6				0.93		1.00

		40		619.2		349.6		578.0		510.0		1.77		1.07		1.21						224.9		449.8		1.38				543.7		589.2				0.94		1.02

		50		845.5		474.0		820.0		703.6		1.78		1.03		1.20						314		628.0		1.35				718.6		780.0				0.88		0.95

		60		1072.5		618.4		1088.0		897.6		1.73		0.99		1.19						403.3		806.6		1.33				893.5		971.0				0.82		0.89

		70		1299.8		796.0		1372.0		1091.0		1.63		0.95		1.19						492.8		985.6		1.32				1068.5		1162.1				0.78		0.85

		80		1609.5		974.2		1672.0		1290.0		1.65		0.96		1.25						582.4		1164.8		1.38				1243.5		1353.2				0.74		0.81

		90		1976.1		1152.8		1988.0		1489.9		1.71		0.99		1.33						672.2		1344.4		1.47				1418.4		1544.4				0.71		0.78

		100		2348.6		1343.0		2320.0		1689.9		1.75		1.01		1.39						762		1524.0		1.54				1593.4		1735.5				0.69		0.75

		110		2721.1		1542.8		2668.0		1889.8		1.76		1.02		1.44														1768.4		1926.7				0.66		0.72

		120		3093.5		1742.6		3032.0		2089.8		1.78		1.02		1.48						941.6		1883.2		1.64				1943.4		2117.9				0.64		0.70

		130		3466.3		1942.3		3412.0		2289.8		1.78		1.02		1.51														2118.4		2309.1				0.62		0.68

		140		3839.0		2142.2		3808.0		2489.8		1.79		1.01		1.54						1121.4		2242.8		1.71				2293.4		2500.3				0.60		0.66

		150		4211.6		2342.0		4220.0		2689.8		1.80		1.00		1.57														2468.4		2691.5				0.58		0.64

		160						4647.5																						2643.4		2882.7				0.57		0.62

		180						5551.1																						2993.3		3265.2				0.54		0.59

		200						6520.6																						3343.3		3647.6				0.51		0.56
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		Span		Exclusion Vehicles				Design Load		Ratio =   1.75HL-93 /   1.6 EX-3		Ratio =   1.75HL-93 /   1.6 EX-4

		FT		1.6 x EX-3		1.6 x EX-4		1.75 x HL93

		20		452.3		484.2		518.0		1.15		1.07						282.7		302.6		296

		21		480.6		517.9		552.5		1.15		1.07						300.4		323.7		315.7

		22		509.3		551.7		587.3		1.15		1.06						318.3		344.8		335.6

		23		537.6		585.1		622.3		1.16		1.06						336		365.7		355.6

		24		566.1		618.2		657.7		1.16		1.06						353.8		386.4		375.8

		25		594.6		651.5		693.4		1.17		1.06						371.6		407.2		396.2

		26		630.6		685.0		729.2		1.16		1.06						394.1		428.1		416.7

		27		667.5		722.4		765.3		1.15		1.06						417.2		451.5		437.3

		28		704.3		763.4		801.9		1.14		1.05						440.2		477.1		458.2

		29		741.3		802.7		838.6		1.13		1.04						463.3		501.7		479.2

		30		779.0		843.8		875.5		1.12		1.04						486.9		527.4		500.3

		32		853.6		924.8		950.4		1.11		1.03						533.5		578		543.1

		34		927.7		1006.4		1026.4		1.11		1.02						579.8		629		586.5

		36		1002.2		1087.0		1103.4		1.10		1.02						626.4		679.4		630.5

		38		1076.0		1168.0		1181.6		1.10		1.01						672.5		730		675.2

		40		1151.2		1249.4		1263.5		1.10		1.01						719.5		780.9		722

		42		1225.8		1330.9		1367.1		1.12		1.03						766.1		831.8		781.2

		44		1299.8		1411.7		1476.1		1.14		1.05						812.4		882.3		843.5

		46		1374.1		1493.4		1586.2		1.15		1.06						858.8		933.4		906.4

		48		1448.2		1573.8		1697.5		1.17		1.08						905.1		983.6		970

		50		1523.2		1655.7		1809.5		1.19		1.09						952		1034.8		1034

		52		1597.9		1736.8		1923.3		1.20		1.11						998.7		1085.5		1099

		54		1672.2		1817.9		2037.0		1.22		1.12						1045.1		1136.2		1164

		56		1746.2		1899.8		2152.5		1.23		1.13						1091.4		1187.4		1230

		58		1820.3		1980.2		2269.8		1.25		1.15						1137.7		1237.6		1297

		60		1895.5		2062.1		2387.0		1.26		1.16						1184.7		1288.8		1364

		70		2268.0		2468.5		2994.3		1.32		1.21						1417.5		1542.8		1711

		80		2640.3		2875.2		3627.8		1.37		1.26						1650.2		1797		2073

		90		3012.5		3282.1		4289.3		1.42		1.31						1882.8		2051.3		2451

		100		3384.6		3689.0		4980.5		1.47		1.35						2115.4		2305.6		2846

		120		4129.1		4502.6		6443.5		1.56		1.43						2580.7		2814.1		3682

		140		4873.4		5316.3		8018.5		1.65		1.51						3045.9		3322.7		4582

		160		5618.1		6130.1		9705.5		1.73		1.58						3511.3		3831.3		5546

		180		6362.9		6943.4		11504.5		1.81		1.66						3976.8		4339.6		6574

		200		7107.7		7756.8		13413.8		1.89		1.73						4442.3		4848		7665

		250		8969.6		9791.4		18676.0		2.08		1.91						5606		6119.6		10672

		300		10831.7		11826.2		24634.8		2.27		2.08						6769.8		7391.4		14077
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														LIVE LOAD MOMENTS ON LONGITUDINAL STRINGERS OR GIRDERS (SIMPLE SPAN)

														Live Load Moments in KIP FT Per Lane with 33% IM

								Span		Del. DE3		Conn.T4		PA ML80 (4-Axle)		Design Load				Ratio=  HL93/DE3				Ratio=  HL93/T4				Ratio=  HL93/ML80

								FT								HL93

								20		282.8		303.8		292.6		296.0				1.05				0.97				1.01

								21								315.7

								22								335.6

								23				366.6				355.6								0.97

								24								375.8

								25		374.4		408.4		392.4		396.2				1.06				0.97				1.01

								26								416.7

								27								437.3

								28				479.4				458.2								0.96

								29								479.2

								30		490.5		530.1		505.9		500.3				1.02				0.94				0.99

								32								543.1

								34								586.5

								36				682.1				630.5								0.92

								38								675.2

								40		723.1		783.6		748.4		722.0				1.00				0.92				0.96

								42								781.2

								44								843.5

								46				935.9				906.4								0.97

								48								970.0

								50		955.7		1037.4		991.2		1034.0				1.08				1.00				1.04

								52								1099.0

								54								1164.0

								56				1189.8				1230.0								1.03

								58								1297.0

								60		1188.4		1291.4		1234.4		1364.0				1.15				1.06				1.11

								70		1421.1		1545.6		1477.8		1711.0				1.20				1.11				1.16

								80		1653.9		1799.8		1721.2		2073.0				1.25				1.15				1.20

								90		1886.5		2054.1		1964.5		2451.0				1.30				1.19				1.25

								100		2119.2		2308.2		2208.1		2846.0				1.34				1.23				1.29

								120		2584.7		2816.8		2695.1		3682.0				1.42				1.31				1.37

								140		3050.2		3325.4		3182.3		4582.0				1.50				1.38				1.44

								160		3515.7		3834.0		3669.5		5546.0				1.58				1.45				1.51

								180		3981.1		4342.7		4156.6		6574.0				1.65				1.51				1.58

								200		4446.6		4851.3		4643.8		7665.0				1.72				1.58				1.65

								250								10672.0

								300								14077.0





Ratios

		

		RATIOS OF LONGITUDINAL MOMENTS (NO IMPACT)

								Moments in K-Ft

		Span Length		Excl. (kft)		FAM-3 (kft)		HL93		FBF		R=EXCL/FAM-3		R=EXCL/HL93		R=EXCL/FBF								HS20		R=EXCL/HS20				DE3		T4				Ratio =DE3/HL-93		Ratio =T4/HL-93

		10						88.0																						81.0		70.9				0.92		0.81

		20		224.8		137.8		232.0		176.2		1.63		0.97		1.28						80		160.0		1.41				212.6		228.4				0.92		0.98

		30		397.8		225.8		397.0		335.2		1.76		1.00		1.19						141		282.0		1.41				368.8		398.6				0.93		1.00

		40		619.2		349.6		578.0		510.0		1.77		1.07		1.21						224.9		449.8		1.38				543.7		589.2				0.94		1.02

		50		845.5		474.0		820.0		703.6		1.78		1.03		1.20						314		628.0		1.35				718.6		780.0				0.88		0.95

		60		1072.5		618.4		1088.0		897.6		1.73		0.99		1.19						403.3		806.6		1.33				893.5		971.0				0.82		0.89

		70		1299.8		796.0		1372.0		1091.0		1.63		0.95		1.19						492.8		985.6		1.32				1068.5		1162.1				0.78		0.85

		80		1609.5		974.2		1672.0		1290.0		1.65		0.96		1.25						582.4		1164.8		1.38				1243.5		1353.2				0.74		0.81

		90		1976.1		1152.8		1988.0		1489.9		1.71		0.99		1.33						672.2		1344.4		1.47				1418.4		1544.4				0.71		0.78

		100		2348.6		1343.0		2320.0		1689.9		1.75		1.01		1.39						762		1524.0		1.54				1593.4		1735.5				0.69		0.75

		110		2721.1		1542.8		2668.0		1889.8		1.76		1.02		1.44														1768.4		1926.7				0.66		0.72

		120		3093.5		1742.6		3032.0		2089.8		1.78		1.02		1.48						941.6		1883.2		1.64				1943.4		2117.9				0.64		0.70

		130		3466.3		1942.3		3412.0		2289.8		1.78		1.02		1.51														2118.4		2309.1				0.62		0.68

		140		3839.0		2142.2		3808.0		2489.8		1.79		1.01		1.54						1121.4		2242.8		1.71				2293.4		2500.3				0.60		0.66

		150		4211.6		2342.0		4220.0		2689.8		1.80		1.00		1.57														2468.4		2691.5				0.58		0.64

		160						4647.5																						2643.4		2882.7				0.57		0.62

		180						5551.1																						2993.3		3265.2				0.54		0.59

		200						6520.6																						3343.3		3647.6				0.51		0.56





Sheet3

		






_1203578527.ppt


    16

   27

   27

    19

    19

    19

   16

12.33’

4.5’

4.5’

4.5’

  8’

GVW = 70 Kips

GVW = 73 Kips

Delaware  DE 3

Delaware  DE 4

   18.7

   18.7

   18.7

   13.9

4.17’

4.17’

10’

GVW = 70 Kips

Florida  SU4

 20.6

10’

4’

GVW = 73.28 Kips

Pennsylvania ML80

 20.6

 20.6

4’

  13.68

   13.5

   18

 22.5

 22.5

9’-7”

4’-1”

4’-6”

GVW = 76.5 Kips

Connecticut Construction Vehicle  T4

L = 18’-2”

   22

    22

    22

11’

4.17’

GVW = 66 Kips

Florida  SU3








_1177847583.xls
Sheet1

		

																				NCHRP 12-63

																						STRINGER LIVE LOAD REACTIONS ON

																						TRANSVERSE FLOOR BEAMS & CAPS

																						(INTERMEDIATE TRANVERSE BEAMS)

																						(Simple Span Only)

								NCHRP 12-63 Phase II

				LIVE LOAD REACTIONS (R) IN KIPS PER WHEEL LINE ON TRANSVERSE FLOORBEAMS (No Impact)

				STRINGER SPAN (FT)		TYPE OF LOADING

						TYPE 3		TYPE 3S2		TYPE 3-3		Governing AASHTO Legal		HS-20		T3		T4		T5		T6		T7		T8		DE3		SU3		T4		SU4		Governing Grandfather Truck -- T4

				10		13.6		12.4		11.2		13.6		16.0		13.6		15.4		15.0		15.0		14.3		13.7		20.9		17.4		22.8		20.3		22.8

				11		13.9		12.7		11.5		13.9		16.0		14.5		15.9		15.9		16.2		15.5		14.8		21.5		17.8		23.6		21.0		23.6

				12		14.2		13.1		11.7		14.2		16.0		15.2		16.3		16.7		17.3		16.5		15.8		21.9		19.1		23.2		21.6		23.2

				13		14.4		13.7		11.9		14.4		16.0		15.8		16.7		17.3		18.1		17.8		17.4		22.7		20.2		24.8		22.1		24.8

				14		14.6		14.2		12.0		14.6		16.0		16.4		17.0		17.9		18.9		18.9		18.8		23.6		21.1		25.4		22.5		25.4

				15		14.8		14.6		12.2		14.8		17.3		16.8		17.7		18.7		19.6		19.8		20.0		24.4		21.9		26.3		23.2		26.3

				16		15.3		15.0		12.3		15.3		18.5		17.2		18.3		19.5		20.1		20.6		21.0		25.0		22.6		27.0		24.0		27.0

				17		15.8		15.4		12.7		15.8		19.5		17.6		18.8		20.2		20.6		21.4		21.9		25.6		23.2		27.7		24.6		27.7

				18		16.4		15.6		13.3		16.4		20.4		17.9		19.2		20.8		21.1		22.0		22.8		26.2		23.7		28.3		25.2		28.3

				19		16.8		15.9		13.7		16.8		21.3		18.2		19.6		21.3		21.8		22.9		23.7		26.6		24.2		28.8		25.7		28.8

				20		17.2		16.1		14.2		17.2		22.0		18.4		20.0		21.8		22.5		23.7		24.5		27.0		24.7		29.3		26.2		29.3

				21		17.6		16.3		14.5		17.6		22.7		18.7		20.3		22.2		23.0		24.4		25.2		27.4		25.1		29.7		26.6		29.7

				22		18.0		16.5		14.9		18.0		23.3		18.9		20.6		22.6		23.6		25.0		25.9		27.8		25.4		30.1		27.0		30.1

				23		18.3		16.7		15.2		18.3		23.8		19.1		20.9		23.0		24.1		25.6		26.5		28.1		25.7		30.4		27.3		30.4

				24		18.5		16.9		15.5		18.5		24.3		19.2		21.2		23.3		24.5		26.2		27.1		28.4		26.1		30.8		27.7		30.8

				25		18.8		17.0		15.7		18.8		24.8		19.4		21.4		23.6		25.0		26.7		27.6		28.6		26.3		31.1		27.9		31.1

				26		19.0		17.5		16.2		19.0		25.2		19.5		21.6		23.9		25.3		27.2		28.1		28.9		26.6		31.3		28.2		31.3

				27		19.3		18.2		16.8		19.3		25.6		19.7		21.8		24.2		25.7		27.6		28.5		29.1		26.8		31.6		28.5		31.6

				28		19.5		18.8		17.5		19.5		26.0		19.8		22.0		24.4		26.0		28.0		28.9		29.3		27.0		31.8		28.7		31.8

				29		19.7		19.4		18.0		19.7		26.3		19.9		22.2		24.7		26.3		28.4		29.3		29.5		27.3		32.1		28.9		32.1

				30		19.9		20.1		18.8		20.1		26.7		20.0		22.3		24.9		26.6		28.7		29.7		29.7		27.4		32.3		29.1		32.3
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										NCHRP 12-63  PHASE II

				GOVERNING LOAD MODELS (Grandfather Trucks, NRL, & HS20)

				Exterior Span (ft.)		Simple Spans								Two Span Continuous  (Equal Spans)

						Moment 3 Axle		Shear 3 Axle		Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle

				10		DE3		DE3		Conn T4		Conn T4		DE3		SU3		DE3		HS20		Conn T4		Conn T4		HS20		SU3		DE3		HS20		HS20		Conn. T4		HS20		HS20		DE3		HS20		HS20		Conn. T4

				15		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				20		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				25		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				30		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				35		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				40		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				45		NRL		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				50		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		HS20		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				55		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				60		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				65		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				70		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				75		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				80		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				85		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				90		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				95		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				100		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		NRL		HS20		Conn. T4

				110		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				120		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				130		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				140		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				150		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				160		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		HS20		HS20		HS20		HS20		HS20		HS20

				170		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL

				180		HS20		HS20		HS20		HS20		NRL		HS20		HS20		NRL		HS20		NRL

				190		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL

				200		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL





Ratios Simple Sp

		

						GOVERNING LOAD EFFECT RATIOS

						Span (ft.)		Simple Spans

								Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

						10		DE3		1.45		DE3		1.47		Conn T4		1.27		Conn T4		1.29

						15		DE3		1.34		DE3		1.33		Conn T4		1.38		Conn T4		1.33

						20		DE3		1.21		DE3		1.26		Conn T4		1.30		Conn T4		1.28

						25		DE3		1.11		DE3		1.25		Conn T4		1.21		Conn T4		1.29

						30		DE3		1.07		DE3		1.24		Conn T4		1.16		Conn T4		1.30

						35		DE3		1.04		DE3		1.19		Conn T4		1.13		Conn T4		1.26

						40		DE3		1.01		DE3		1.15		Conn T4		1.10		Conn T4		1.22

						45		NRL		0.99		DE3		1.11		Conn T4		1.07		Conn T4		1.18

						50		NRL		0.97		DE3		1.08		Conn T4		1.06		Conn T4		1.15

						55		NRL		0.96		DE3		1.05		Conn T4		1.05		Conn T4		1.13

						60		NRL		0.95		DE3		1.03		Conn T4		1.04		Conn T4		1.11

						65		NRL		0.95		DE3		1.02		Conn T4		1.03		Conn T4		1.09

						70		NRL		0.94		DE3		1.00		Conn T4		1.02		Conn T4		1.08

						75		NRL		0.93		NRL		1.00		Conn T4		1.02		Conn T4		1.07

						80		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						85		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						90		NRL		0.92		NRL		0.97		Conn T4		1.01		Conn T4		1.05

						95		NRL		0.92		NRL		0.96		Conn T4		1.00		Conn T4		1.04

						100		NRL		0.92		NRL		0.96		NRL		1.00		Conn T4		1.04

						110		NRL		0.91		NRL		0.95		NRL		0.99		Conn T4		1.03

						120		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						130		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						140		NRL		0.90		NRL		0.93		NRL		0.99		Conn T4		1.01

						150		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						160		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						170		NRL		0.90		NRL		0.92		NRL		0.98		Conn T4		1.00

						180		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						190		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						200		HS20		0.89		HS20		0.91		HS20		0.98		HS20		0.99





2-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Each Span (ft.)		Two Span Continuous  (Equal Spans)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		DE3		1.50		SU3		1.11		DE3		1.40		HS20		1.28		Conn T4		1.25		Conn T4		1.24

		15		DE3		1.36		DE3		1.22		DE3		1.27		Conn T4		1.35		Conn T4		1.18		Conn T4		1.27

		20		DE3		1.25		DE3		1.17		DE3		1.19		Conn T4		1.31		Conn T4		1.19		Conn T4		1.23

		25		DE3		1.14		HS20		1.09		DE3		1.18		Conn T4		1.23		Conn T4		1.14		Conn T4		1.25

		30		DE3		1.10		HS20		0.95		DE3		1.17		Conn T4		1.19		HS20		1.02		Conn T4		1.24

		35		DE3		1.06		HS20		0.92		DE3		1.13		Conn T4		1.15		HS20		1.01		Conn T4		1.20

		40		DE3		1.03		HS20		0.96		DE3		1.09		Conn T4		1.11		HS20		1.05		Conn T4		1.17

		45		DE3		1.01		HS20		0.94		DE3		1.05		Conn T4		1.09		HS20		1.03		Conn T4		1.13

		50		NRL		0.99		HS20		0.93		DE3		1.02		Conn T4		1.07		HS20		1.02		Conn T4		1.10

		55		NRL		0.98		HS20		0.92		DE3		1.00		Conn T4		1.06		HS20		1.00		Conn T4		1.08

		60		NRL		0.97		HS20		0.91		NRL		0.98		Conn T4		1.05		HS20		1.00		Conn T4		1.06

		65		NRL		0.96		HS20		0.90		NRL		0.97		Conn T4		1.04		HS20		0.99		Conn T4		1.05

		70		NRL		0.95		HS20		0.90		NRL		0.96		Conn T4		1.03		HS20		0.98		Conn T4		1.04

		75		NRL		0.94		HS20		0.90		NRL		0.95		Conn T4		1.03		HS20		0.98		Conn T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.95		Conn T4		1.02		HS20		0.98		Conn T4		1.03

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.02		HS20		0.98		Conn T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn T4		1.02

		95		NRL		0.93		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		100		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		110		NRL		0.92		HS20		0.88		NRL		0.92		Conn T4		1.00		HS20		0.97		Conn T4		1.00

		120		NRL		0.92		HS20		0.88		NRL		0.92		NRL		1.00		HS20		0.97		NRL		1.00

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		NRL		0.98

		170		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		180		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		190		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		200		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98





3-Span Cont

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Three Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.47		SU3		1.06		DE3		1.42		HS20		1.35		HS20		1.13		Conn. T4		1.33

		15		DE3		1.27		HS20		1.11		DE3		1.27		Conn. T4		1.26		HS20		1.06		Conn. T4		1.29

		20		DE3		1.19		HS20		1.02		DE3		1.22		Conn. T4		1.27		HS20		1.03		Conn. T4		1.27

		25		DE3		1.12		HS20		0.96		DE3		1.19		Conn. T4		1.20		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.07		HS20		0.97		DE3		1.17		Conn. T4		1.15		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.03		HS20		0.97		DE3		1.12		Conn. T4		1.12		Conn. T4		1.06		Conn. T4		1.19

		40		DE3		1.01		HS20		0.93		DE3		1.08		Conn. T4		1.09		Conn. T4		1.02		Conn. T4		1.15

		45		NRL		0.99		HS20		0.93		DE3		1.04		Conn. T4		1.07		Conn. T4		1.02		Conn. T4		1.12

		50		NRL		0.98		HS20		0.91		DE3		1.01		Conn. T4		1.06		HS20		1.00		Conn. T4		1.09

		55		NRL		0.97		HS20		0.91		NRL		0.99		Conn. T4		1.05		HS20		1.00		Conn. T4		1.07

		60		NRL		0.96		HS20		0.90		NRL		0.99		Conn. T4		1.04		HS20		0.98		Conn. T4		1.07

		65		NRL		0.95		HS20		0.90		NRL		0.97		Conn. T4		1.03		HS20		0.99		Conn. T4		1.05

		70		NRL		0.95		HS20		0.89		NRL		0.96		Conn. T4		1.03		HS20		0.98		Conn. T4		1.04

		75		NRL		0.94		HS20		0.89		NRL		0.95		Conn. T4		1.02		HS20		0.98		Conn. T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.94		Conn. T4		1.02		HS20		0.97		Conn. T4		1.02

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.01

		95		NRL		0.92		HS20		0.89		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		100		NRL		0.92		HS20		0.88		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.92		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.98

		170

		180

		190

		200





4-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Four Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.46		HS20		0.98		DE3		1.40		HS20		1.33		HS20		1.04		Conn. T4		1.30

		15		DE3		1.24		HS20		1.05		DE3		1.25		Conn T4		1.24		HS20		1.01		Conn. T4		1.26

		20		DE3		1.18		HS20		1.01		DE3		1.21		Conn T4		1.26		HS20		1.03		Conn. T4		1.25

		25		DE3		1.09		HS20		0.97		DE3		1.19		Conn T4		1.18		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.05		HS20		0.97		DE3		1.16		Conn T4		1.14		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.02		HS20		0.95		DE3		1.11		Conn T4		1.10		Conn. T4		1.04		Conn. T4		1.18

		40		DE3		1.00		HS20		0.93		DE3		1.07		Conn T4		1.08		HS20		1.02		Conn. T4		1.14

		45		NRL		0.98		HS20		0.92		DE3		1.04		Conn T4		1.06		HS20		1.00		Conn. T4		1.12

		50		NRL		0.97		HS20		0.91		DE3		1.01		Conn T4		1.05		HS20		1.00		Conn. T4		1.09

		55		NRL		0.96		HS20		0.90		NRL		0.99		Conn T4		1.04		HS20		0.99		Conn. T4		1.07

		60		NRL		0.95		HS20		0.90		NRL		0.98		Conn T4		1.03		HS20		0.98		Conn. T4		1.06

		65		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.05

		70		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.04

		75		NRL		0.93		HS20		0.89		NRL		0.95		Conn T4		1.01		HS20		0.97		Conn. T4		1.03

		80		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		85		NRL		0.92		HS20		0.88		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.00		HS20		0.97		Conn. T4		1.02

		95		NRL		0.92		HS20		0.88		NRL		0.93		Conn T4		1.00		HS20		0.96		Conn. T4		1.00

		100		NRL		0.92		HS20		0.88		NRL		0.93		NRL		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		0.99		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.90		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.98

		150		NRL		0.88		HS20		0.86		HS20		0.89		NRL		0.96		HS20		0.94		HS20		0.97

		160		HS20		0.88		HS20		0.86		HS20		0.89		HS20		0.96		HS20		0.94		HS20		0.96

		170

		180

		190

		200
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										NCHRP 12-63  PHASE II

				GOVERNING LOAD MODELS (Grandfather Trucks, NRL, & HS20)

				Exterior Span (ft.)		Simple Spans								Two Span Continuous  (Equal Spans)

						Moment 3 Axle		Shear 3 Axle		Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle

				10		DE3		DE3		Conn T4		Conn T4		DE3		SU3		DE3		HS20		Conn T4		Conn T4		HS20		SU3		DE3		HS20		HS20		Conn. T4		HS20		HS20		DE3		HS20		HS20		Conn. T4

				15		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				20		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				25		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				30		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				35		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				40		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				45		NRL		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				50		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		HS20		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				55		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				60		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				65		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				70		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				75		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				80		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				85		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				90		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				95		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				100		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		NRL		HS20		Conn. T4

				110		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				120		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				130		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				140		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				150		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				160		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		HS20		HS20		HS20		HS20		HS20		HS20

				170		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL

				180		HS20		HS20		HS20		HS20		NRL		HS20		HS20		NRL		HS20		NRL

				190		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL

				200		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL





Ratios Simple Sp

		

						GOVERNING LOAD EFFECT RATIOS

						Span (ft.)		Simple Spans

								Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

						10		DE3		1.45		DE3		1.47		Conn T4		1.27		Conn T4		1.29

						15		DE3		1.34		DE3		1.33		Conn T4		1.38		Conn T4		1.33

						20		DE3		1.21		DE3		1.26		Conn T4		1.30		Conn T4		1.28

						25		DE3		1.11		DE3		1.25		Conn T4		1.21		Conn T4		1.29

						30		DE3		1.07		DE3		1.24		Conn T4		1.16		Conn T4		1.30

						35		DE3		1.04		DE3		1.19		Conn T4		1.13		Conn T4		1.26

						40		DE3		1.01		DE3		1.15		Conn T4		1.10		Conn T4		1.22

						45		NRL		0.99		DE3		1.11		Conn T4		1.07		Conn T4		1.18

						50		NRL		0.97		DE3		1.08		Conn T4		1.06		Conn T4		1.15

						55		NRL		0.96		DE3		1.05		Conn T4		1.05		Conn T4		1.13

						60		NRL		0.95		DE3		1.03		Conn T4		1.04		Conn T4		1.11

						65		NRL		0.95		DE3		1.02		Conn T4		1.03		Conn T4		1.09

						70		NRL		0.94		DE3		1.00		Conn T4		1.02		Conn T4		1.08

						75		NRL		0.93		NRL		1.00		Conn T4		1.02		Conn T4		1.07

						80		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						85		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						90		NRL		0.92		NRL		0.97		Conn T4		1.01		Conn T4		1.05

						95		NRL		0.92		NRL		0.96		Conn T4		1.00		Conn T4		1.04

						100		NRL		0.92		NRL		0.96		NRL		1.00		Conn T4		1.04

						110		NRL		0.91		NRL		0.95		NRL		0.99		Conn T4		1.03

						120		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						130		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						140		NRL		0.90		NRL		0.93		NRL		0.99		Conn T4		1.01

						150		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						160		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						170		NRL		0.90		NRL		0.92		NRL		0.98		Conn T4		1.00

						180		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						190		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						200		HS20		0.89		HS20		0.91		HS20		0.98		HS20		0.99





2-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Each Span (ft.)		Two Span Continuous  (Equal Spans)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		DE3		1.50		SU3		1.11		DE3		1.40		HS20		1.28		Conn T4		1.25		Conn T4		1.24

		15		DE3		1.36		DE3		1.22		DE3		1.27		Conn T4		1.35		Conn T4		1.18		Conn T4		1.27

		20		DE3		1.25		DE3		1.17		DE3		1.19		Conn T4		1.31		Conn T4		1.19		Conn T4		1.23

		25		DE3		1.14		HS20		1.09		DE3		1.18		Conn T4		1.23		Conn T4		1.14		Conn T4		1.25

		30		DE3		1.10		HS20		0.95		DE3		1.17		Conn T4		1.19		HS20		1.02		Conn T4		1.24

		35		DE3		1.06		HS20		0.92		DE3		1.13		Conn T4		1.15		HS20		1.01		Conn T4		1.20

		40		DE3		1.03		HS20		0.96		DE3		1.09		Conn T4		1.11		HS20		1.05		Conn T4		1.17

		45		DE3		1.01		HS20		0.94		DE3		1.05		Conn T4		1.09		HS20		1.03		Conn T4		1.13

		50		NRL		0.99		HS20		0.93		DE3		1.02		Conn T4		1.07		HS20		1.02		Conn T4		1.10

		55		NRL		0.98		HS20		0.92		DE3		1.00		Conn T4		1.06		HS20		1.00		Conn T4		1.08

		60		NRL		0.97		HS20		0.91		NRL		0.98		Conn T4		1.05		HS20		1.00		Conn T4		1.06

		65		NRL		0.96		HS20		0.90		NRL		0.97		Conn T4		1.04		HS20		0.99		Conn T4		1.05

		70		NRL		0.95		HS20		0.90		NRL		0.96		Conn T4		1.03		HS20		0.98		Conn T4		1.04

		75		NRL		0.94		HS20		0.90		NRL		0.95		Conn T4		1.03		HS20		0.98		Conn T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.95		Conn T4		1.02		HS20		0.98		Conn T4		1.03

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.02		HS20		0.98		Conn T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn T4		1.02

		95		NRL		0.93		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		100		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		110		NRL		0.92		HS20		0.88		NRL		0.92		Conn T4		1.00		HS20		0.97		Conn T4		1.00

		120		NRL		0.92		HS20		0.88		NRL		0.92		NRL		1.00		HS20		0.97		NRL		1.00

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		NRL		0.98

		170		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		180		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		190		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		200		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98





3-Span Cont

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Three Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.47		SU3		1.06		DE3		1.42		HS20		1.35		HS20		1.13		Conn. T4		1.33

		15		DE3		1.27		HS20		1.11		DE3		1.27		Conn. T4		1.26		HS20		1.06		Conn. T4		1.29

		20		DE3		1.19		HS20		1.02		DE3		1.22		Conn. T4		1.27		HS20		1.03		Conn. T4		1.27

		25		DE3		1.12		HS20		0.96		DE3		1.19		Conn. T4		1.20		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.07		HS20		0.97		DE3		1.17		Conn. T4		1.15		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.03		HS20		0.97		DE3		1.12		Conn. T4		1.12		Conn. T4		1.06		Conn. T4		1.19

		40		DE3		1.01		HS20		0.93		DE3		1.08		Conn. T4		1.09		Conn. T4		1.02		Conn. T4		1.15

		45		NRL		0.99		HS20		0.93		DE3		1.04		Conn. T4		1.07		Conn. T4		1.02		Conn. T4		1.12

		50		NRL		0.98		HS20		0.91		DE3		1.01		Conn. T4		1.06		HS20		1.00		Conn. T4		1.09

		55		NRL		0.97		HS20		0.91		NRL		0.99		Conn. T4		1.05		HS20		1.00		Conn. T4		1.07

		60		NRL		0.96		HS20		0.90		NRL		0.99		Conn. T4		1.04		HS20		0.98		Conn. T4		1.07

		65		NRL		0.95		HS20		0.90		NRL		0.97		Conn. T4		1.03		HS20		0.99		Conn. T4		1.05

		70		NRL		0.95		HS20		0.89		NRL		0.96		Conn. T4		1.03		HS20		0.98		Conn. T4		1.04

		75		NRL		0.94		HS20		0.89		NRL		0.95		Conn. T4		1.02		HS20		0.98		Conn. T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.94		Conn. T4		1.02		HS20		0.97		Conn. T4		1.02

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.01

		95		NRL		0.92		HS20		0.89		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		100		NRL		0.92		HS20		0.88		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.92		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.98

		170

		180

		190

		200





4-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Four Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.46		HS20		0.98		DE3		1.40		HS20		1.33		HS20		1.04		Conn. T4		1.30

		15		DE3		1.24		HS20		1.05		DE3		1.25		Conn T4		1.24		HS20		1.01		Conn. T4		1.26

		20		DE3		1.18		HS20		1.01		DE3		1.21		Conn T4		1.26		HS20		1.03		Conn. T4		1.25

		25		DE3		1.09		HS20		0.97		DE3		1.19		Conn T4		1.18		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.05		HS20		0.97		DE3		1.16		Conn T4		1.14		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.02		HS20		0.95		DE3		1.11		Conn T4		1.10		Conn. T4		1.04		Conn. T4		1.18

		40		DE3		1.00		HS20		0.93		DE3		1.07		Conn T4		1.08		HS20		1.02		Conn. T4		1.14

		45		NRL		0.98		HS20		0.92		DE3		1.04		Conn T4		1.06		HS20		1.00		Conn. T4		1.12

		50		NRL		0.97		HS20		0.91		DE3		1.01		Conn T4		1.05		HS20		1.00		Conn. T4		1.09

		55		NRL		0.96		HS20		0.90		NRL		0.99		Conn T4		1.04		HS20		0.99		Conn. T4		1.07

		60		NRL		0.95		HS20		0.90		NRL		0.98		Conn T4		1.03		HS20		0.98		Conn. T4		1.06

		65		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.05

		70		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.04

		75		NRL		0.93		HS20		0.89		NRL		0.95		Conn T4		1.01		HS20		0.97		Conn. T4		1.03

		80		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		85		NRL		0.92		HS20		0.88		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.00		HS20		0.97		Conn. T4		1.02

		95		NRL		0.92		HS20		0.88		NRL		0.93		Conn T4		1.00		HS20		0.96		Conn. T4		1.00

		100		NRL		0.92		HS20		0.88		NRL		0.93		NRL		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		0.99		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.90		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.98

		150		NRL		0.88		HS20		0.86		HS20		0.89		NRL		0.96		HS20		0.94		HS20		0.97

		160		HS20		0.88		HS20		0.86		HS20		0.89		HS20		0.96		HS20		0.94		HS20		0.96

		170

		180

		190

		200
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										NCHRP 12-63  PHASE II

				GOVERNING LOAD MODELS (Grandfather Trucks, NRL, & HS20)

				Exterior Span (ft.)		Simple Spans								Two Span Continuous  (Equal Spans)

						Moment 3 Axle		Shear 3 Axle		Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle		Pos. Moment 3 Axle		Neg. Moment 3 Axle		Shear 3 Axle		Pos. Moment 4 Axle		Neg. Moment 4 Axle		Shear 4 Axle

				10		DE3		DE3		Conn T4		Conn T4		DE3		SU3		DE3		HS20		Conn T4		Conn T4		HS20		SU3		DE3		HS20		HS20		Conn. T4		HS20		HS20		DE3		HS20		HS20		Conn. T4

				15		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				20		DE3		DE3		Conn T4		Conn T4		DE3		DE3		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		HS20		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				25		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		Conn T4		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				30		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				35		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		Conn. T4		Conn. T4

				40		DE3		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		DE3		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		DE3		HS20		DE3		Conn T4		HS20		Conn. T4

				45		NRL		DE3		Conn T4		Conn T4		DE3		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		Conn. T4		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				50		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		DE3		Conn. T4		HS20		Conn. T4		NRL		HS20		DE3		Conn T4		HS20		Conn. T4

				55		NRL		DE3		Conn T4		Conn T4		NRL		HS20		DE3		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				60		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				65		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				70		NRL		DE3		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				75		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				80		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				85		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				90		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				95		NRL		NRL		Conn T4		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		Conn T4		HS20		Conn. T4

				100		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		NRL		Conn. T4		HS20		Conn. T4		NRL		HS20		NRL		NRL		HS20		Conn. T4

				110		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		Conn T4		HS20		Conn T4		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				120		NRL		NRL		NRL		Conn T4		NRL		HS20		NRL		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				130		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				140		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				150		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20		NRL		HS20		HS20

				160		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL		NRL		HS20		HS20		NRL		HS20		HS20		HS20		HS20		HS20		HS20		HS20		HS20

				170		NRL		NRL		NRL		Conn T4		NRL		HS20		HS20		NRL		HS20		NRL

				180		HS20		HS20		HS20		HS20		NRL		HS20		HS20		NRL		HS20		NRL

				190		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL

				200		HS20		HS20		HS20		HS20		HS20		HS20		HS20		NRL		HS20		NRL





Ratios Simple Sp

		

						GOVERNING LOAD EFFECT RATIOS

						Span (ft.)		Simple Spans

								Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

						10		DE3		1.45		DE3		1.47		Conn T4		1.27		Conn T4		1.29

						15		DE3		1.34		DE3		1.33		Conn T4		1.38		Conn T4		1.33

						20		DE3		1.21		DE3		1.26		Conn T4		1.30		Conn T4		1.28

						25		DE3		1.11		DE3		1.25		Conn T4		1.21		Conn T4		1.29

						30		DE3		1.07		DE3		1.24		Conn T4		1.16		Conn T4		1.30

						35		DE3		1.04		DE3		1.19		Conn T4		1.13		Conn T4		1.26

						40		DE3		1.01		DE3		1.15		Conn T4		1.10		Conn T4		1.22

						45		NRL		0.99		DE3		1.11		Conn T4		1.07		Conn T4		1.18

						50		NRL		0.97		DE3		1.08		Conn T4		1.06		Conn T4		1.15

						55		NRL		0.96		DE3		1.05		Conn T4		1.05		Conn T4		1.13

						60		NRL		0.95		DE3		1.03		Conn T4		1.04		Conn T4		1.11

						65		NRL		0.95		DE3		1.02		Conn T4		1.03		Conn T4		1.09

						70		NRL		0.94		DE3		1.00		Conn T4		1.02		Conn T4		1.08

						75		NRL		0.93		NRL		1.00		Conn T4		1.02		Conn T4		1.07

						80		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						85		NRL		0.93		NRL		0.98		Conn T4		1.01		Conn T4		1.06

						90		NRL		0.92		NRL		0.97		Conn T4		1.01		Conn T4		1.05

						95		NRL		0.92		NRL		0.96		Conn T4		1.00		Conn T4		1.04

						100		NRL		0.92		NRL		0.96		NRL		1.00		Conn T4		1.04

						110		NRL		0.91		NRL		0.95		NRL		0.99		Conn T4		1.03

						120		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						130		NRL		0.91		NRL		0.94		NRL		0.99		Conn T4		1.02

						140		NRL		0.90		NRL		0.93		NRL		0.99		Conn T4		1.01

						150		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						160		NRL		0.90		NRL		0.93		NRL		0.98		Conn T4		1.01

						170		NRL		0.90		NRL		0.92		NRL		0.98		Conn T4		1.00

						180		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						190		HS20		0.90		HS20		0.92		HS20		0.98		HS20		1.00

						200		HS20		0.89		HS20		0.91		HS20		0.98		HS20		0.99





2-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Each Span (ft.)		Two Span Continuous  (Equal Spans)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		DE3		1.50		SU3		1.11		DE3		1.40		HS20		1.28		Conn T4		1.25		Conn T4		1.24

		15		DE3		1.36		DE3		1.22		DE3		1.27		Conn T4		1.35		Conn T4		1.18		Conn T4		1.27

		20		DE3		1.25		DE3		1.17		DE3		1.19		Conn T4		1.31		Conn T4		1.19		Conn T4		1.23

		25		DE3		1.14		HS20		1.09		DE3		1.18		Conn T4		1.23		Conn T4		1.14		Conn T4		1.25

		30		DE3		1.10		HS20		0.95		DE3		1.17		Conn T4		1.19		HS20		1.02		Conn T4		1.24

		35		DE3		1.06		HS20		0.92		DE3		1.13		Conn T4		1.15		HS20		1.01		Conn T4		1.20

		40		DE3		1.03		HS20		0.96		DE3		1.09		Conn T4		1.11		HS20		1.05		Conn T4		1.17

		45		DE3		1.01		HS20		0.94		DE3		1.05		Conn T4		1.09		HS20		1.03		Conn T4		1.13

		50		NRL		0.99		HS20		0.93		DE3		1.02		Conn T4		1.07		HS20		1.02		Conn T4		1.10

		55		NRL		0.98		HS20		0.92		DE3		1.00		Conn T4		1.06		HS20		1.00		Conn T4		1.08

		60		NRL		0.97		HS20		0.91		NRL		0.98		Conn T4		1.05		HS20		1.00		Conn T4		1.06

		65		NRL		0.96		HS20		0.90		NRL		0.97		Conn T4		1.04		HS20		0.99		Conn T4		1.05

		70		NRL		0.95		HS20		0.90		NRL		0.96		Conn T4		1.03		HS20		0.98		Conn T4		1.04

		75		NRL		0.94		HS20		0.90		NRL		0.95		Conn T4		1.03		HS20		0.98		Conn T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.95		Conn T4		1.02		HS20		0.98		Conn T4		1.03

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.02		HS20		0.98		Conn T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn T4		1.02

		95		NRL		0.93		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		100		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.01		HS20		0.97		Conn T4		1.01

		110		NRL		0.92		HS20		0.88		NRL		0.92		Conn T4		1.00		HS20		0.97		Conn T4		1.00

		120		NRL		0.92		HS20		0.88		NRL		0.92		NRL		1.00		HS20		0.97		NRL		1.00

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		NRL		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		NRL		0.98

		170		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		180		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		190		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98

		200		HS20		0.90		HS20		0.88		HS20		0.90		NRL		0.98		HS20		0.96		NRL		0.98





3-Span Cont

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Three Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.47		SU3		1.06		DE3		1.42		HS20		1.35		HS20		1.13		Conn. T4		1.33

		15		DE3		1.27		HS20		1.11		DE3		1.27		Conn. T4		1.26		HS20		1.06		Conn. T4		1.29

		20		DE3		1.19		HS20		1.02		DE3		1.22		Conn. T4		1.27		HS20		1.03		Conn. T4		1.27

		25		DE3		1.12		HS20		0.96		DE3		1.19		Conn. T4		1.20		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.07		HS20		0.97		DE3		1.17		Conn. T4		1.15		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.03		HS20		0.97		DE3		1.12		Conn. T4		1.12		Conn. T4		1.06		Conn. T4		1.19

		40		DE3		1.01		HS20		0.93		DE3		1.08		Conn. T4		1.09		Conn. T4		1.02		Conn. T4		1.15

		45		NRL		0.99		HS20		0.93		DE3		1.04		Conn. T4		1.07		Conn. T4		1.02		Conn. T4		1.12

		50		NRL		0.98		HS20		0.91		DE3		1.01		Conn. T4		1.06		HS20		1.00		Conn. T4		1.09

		55		NRL		0.97		HS20		0.91		NRL		0.99		Conn. T4		1.05		HS20		1.00		Conn. T4		1.07

		60		NRL		0.96		HS20		0.90		NRL		0.99		Conn. T4		1.04		HS20		0.98		Conn. T4		1.07

		65		NRL		0.95		HS20		0.90		NRL		0.97		Conn. T4		1.03		HS20		0.99		Conn. T4		1.05

		70		NRL		0.95		HS20		0.89		NRL		0.96		Conn. T4		1.03		HS20		0.98		Conn. T4		1.04

		75		NRL		0.94		HS20		0.89		NRL		0.95		Conn. T4		1.02		HS20		0.98		Conn. T4		1.03

		80		NRL		0.94		HS20		0.89		NRL		0.94		Conn. T4		1.02		HS20		0.97		Conn. T4		1.02

		85		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.93		HS20		0.89		NRL		0.94		Conn. T4		1.01		HS20		0.97		Conn. T4		1.01

		95		NRL		0.92		HS20		0.89		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		100		NRL		0.92		HS20		0.88		NRL		0.93		Conn. T4		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.92		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		150		NRL		0.91		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.99

		160		NRL		0.90		HS20		0.88		HS20		0.90		NRL		0.99		HS20		0.96		HS20		0.98

		170

		180

		190

		200





4-Span Cont.

		GOVERNING LOAD EFFECT RATIOS

		Exterior Span (ft.)		Four Span Continuous  (Ext. Span=0.8xInt Span)

				Pos. Moment 3 Axle		Ratio= DE3/NRL		Neg. Moment 3 Axle		Ratio= DE3/NRL		Shear 3 Axle		Ratio= DE3/NRL		Pos. Moment 4 Axle		Ratio= T4/NRL		Neg. Moment 4 Axle		Ratio= T4/NRL		Shear 4 Axle		Ratio= T4/NRL

		10		HS20		1.46		HS20		0.98		DE3		1.40		HS20		1.33		HS20		1.04		Conn. T4		1.30

		15		DE3		1.24		HS20		1.05		DE3		1.25		Conn T4		1.24		HS20		1.01		Conn. T4		1.26

		20		DE3		1.18		HS20		1.01		DE3		1.21		Conn T4		1.26		HS20		1.03		Conn. T4		1.25

		25		DE3		1.09		HS20		0.97		DE3		1.19		Conn T4		1.18		Conn. T4		1.06		Conn. T4		1.26

		30		DE3		1.05		HS20		0.97		DE3		1.16		Conn T4		1.14		Conn. T4		1.07		Conn. T4		1.24

		35		DE3		1.02		HS20		0.95		DE3		1.11		Conn T4		1.10		Conn. T4		1.04		Conn. T4		1.18

		40		DE3		1.00		HS20		0.93		DE3		1.07		Conn T4		1.08		HS20		1.02		Conn. T4		1.14

		45		NRL		0.98		HS20		0.92		DE3		1.04		Conn T4		1.06		HS20		1.00		Conn. T4		1.12

		50		NRL		0.97		HS20		0.91		DE3		1.01		Conn T4		1.05		HS20		1.00		Conn. T4		1.09

		55		NRL		0.96		HS20		0.90		NRL		0.99		Conn T4		1.04		HS20		0.99		Conn. T4		1.07

		60		NRL		0.95		HS20		0.90		NRL		0.98		Conn T4		1.03		HS20		0.98		Conn. T4		1.06

		65		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.05

		70		NRL		0.94		HS20		0.89		NRL		0.96		Conn T4		1.02		HS20		0.98		Conn. T4		1.04

		75		NRL		0.93		HS20		0.89		NRL		0.95		Conn T4		1.01		HS20		0.97		Conn. T4		1.03

		80		NRL		0.93		HS20		0.89		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		85		NRL		0.92		HS20		0.88		NRL		0.94		Conn T4		1.01		HS20		0.97		Conn. T4		1.02

		90		NRL		0.92		HS20		0.89		NRL		0.93		Conn T4		1.00		HS20		0.97		Conn. T4		1.02

		95		NRL		0.92		HS20		0.88		NRL		0.93		Conn T4		1.00		HS20		0.96		Conn. T4		1.00

		100		NRL		0.92		HS20		0.88		NRL		0.93		NRL		1.00		HS20		0.97		Conn. T4		1.01

		110		NRL		0.91		HS20		0.88		HS20		0.92		NRL		1.00		HS20		0.96		HS20		1.00

		120		NRL		0.91		HS20		0.88		HS20		0.92		NRL		0.99		HS20		0.96		HS20		0.99

		130		NRL		0.91		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.99

		140		NRL		0.90		HS20		0.88		HS20		0.91		NRL		0.99		HS20		0.96		HS20		0.98

		150		NRL		0.88		HS20		0.86		HS20		0.89		NRL		0.96		HS20		0.94		HS20		0.97

		160		HS20		0.88		HS20		0.86		HS20		0.89		HS20		0.96		HS20		0.94		HS20		0.96

		170

		180

		190

		200






