APPENDIX F

RECOMMENDED REVISIONS TO THE AASHTO MANUALS

This Appendix consists of the following sections:

· INTRODUCTION

· RECOMMENDED REVISIONS TO THE AASHTO MANUAL FOR CONDITION EVALUATION (MCE) FOR FORMULA B SHVs

· RECOMMENDED REVISIONS TO THE AASHTO LRFR MANUAL FOR  FOR FORMULA B SHVs

· RECOMMENDED REVISIONS TO THE AASHTO LRFR MANUAL FOR  FOR NON- FORMULA B SHVs

Introduction

A key objective of this research is to prepare draft recommended revisions to the AASHTO Guide Manual for Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges. The revisions cover recommended load models and load factors for single-unit trucks meeting Formula B (Phase I) and those not meeting Formula B (Phase II). Draft recommended revisions with commentary and illustrative examples for Phases I and II were prepared and submitted to the Project Panel for review and comment. Following review of these documents, the Research Team addressed comments emanating from the reviews and finalized the recommended revisions. 

Task 17 was accomplished in two parts. The first part, pertaining to Phase I recommendations, was completed during Phase I research (Tasks 1 thru 9). Draft recommended revisions (with commentary) to the AASHTO MCE and LRFR Manuals from Phase I research were completed and submitted to the Program Manager on September 7, 2004. Panel comments on the draft revisions were received on October 11, 2004. The revised version was prepared and submitted on November 15, 2004, along with written responses to Panel comments.

In December 2004, at the request of Chairman Woods, the recommended revisions to the Manuals were prepared in the AASHTO SCOBS agenda format for circulation to other T18 committee members prior to the AASHTO annual meeting. At the 2005 AASHTO Bridge Meeting the SCOBS adopted the recommended revisions to the AASHTO Manuals developed under NCHRP 12-63 Phase I. At this meeting, AASHTO also adopted the LRFR Manual to replace the 1994 Manual for Condition Evaluation and adopt it as “The Manual for Bridge Evaluation”. As required by the approved ballot item, Section 6 of the new manual will include Allowable Stress and Load Factor rating methods with no priority placed on any rating method. The new Manual for Bridge Evaluation is currently under development by Lichtenstein for AASHTO and will include the new legal load models adopted at the 2005 AASHTO Bridge Meeting.

In February 2006, draft recommended revisions to the LRFR Manual for non-Formula B SHVs developed under NCHRP Project 12-63 Phase II was submitted for Panel review and comment.  The representative non-Formula B calibration trucks and calibrated load factors for these and other similar state legal loads are suitable for use with single unit trucks with gross vehicle weight less than or equal to 80,000 pounds that do not meet Federal Formula B axle weight and spacing limits.  These factors are intended for inclusion in the AASHTO Guide Manual for Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges. Panel comments received on the recommended revisions were incorporated in the revised version.

Recommended revisions to the AASHTO Manuals from Phases I and II, the primary products of this research, are presented in a format similar to the actual specifications and commentary. The proposed revisions are shown in underlined text.

6.7 LOADINGS

This section discusses the loads to be used in determining the load effects in the basic rating equa​tion (6‑la).

6.7.1 Dead Load (D)

The dead load effects of the structure should be computed in accordance with the conditions existing at the time of analysis. Minimum unit weight of materials to be used in computing the dead load stresses should be in accordance with current AASHTO Design Specifications.

For composite members, the portion of the dead load acting on the noncomposite section and the por​tion acting on the composite section should be determined.

Care should be exercised in estimating the weight of concrete decks since significant variations of deck thickness have been found, particularly on bridges built prior to 1965.

Nominal values of dead weight should be based on dimensions shown on the plans with allowances for normal construction tolerances.

The approximate overlay thickness should be mea​sured at the time of the inspection.

6.7.2 Rating Live Load

The extreme live load force effect to be used in the basic rating equation (6‑la) should be determined using the HS20 truck or lane loading as defined in the AASHTO Design Specifications and shown in Figures 6.7.2.1 and 6.7.2.2, or the Notional Rating Load NRL shown in Figure 6.7.2.3 for single-unit trucks that meet Formula B. Other loadings used by Bridge Owners for posting and permit deci​sions are discussed in Section 7.

6.7.2.1 Wheel Loads (Deck)

In general, stresses in the deck do not control the load rating except in special cases. The calculation of bending moments in the deck should be in accordance with AASHTO Design Specifications. Wheel loads should be in accordance with the current AASHTO Design Specifications.

6.7.2.2 Truck Loads

The live or moving loads to be applied on the deck for determining the rating should be the Standard AASHTO “HS” loading or the notional NRL loading.

The number of traffic lanes to be loaded, and the transverse placement of wheel lines should be in conformance with the current AASHTO Design Specifications and the following:

Roadway widths from 18 to 20 feet should have two design lanes, each equal to one‑half the roadway width. Live loadings should be centered in these lanes.

(2) = Roadway widths less than 18 feet should carry one traffic lane only.

When conditions of traffic movements and volume would warrant it, fewer traffic lanes than specified by AASHTO may be considered.

6.7.2.3 Lane Loads

The Bridge Owner may use the Standard AASHTO HS lane load for all span lengths where it may result in load effects which are greater than those produced by the AASHTO standard HS truck or the notional NRL loading.
6.7.2.4 Sidewalk Loadings

Sidewalk loadings used in calculations for safe load capacity ratings should be the probable maxi​mum loads anticipated. Because of site variations, the determination of loading to be used will require engineering judgment, but in no case should it exceed the value given in AASHTO Design Specifications.

The Operating level should be considered when full truck and sidewalk live loads act simultaneously on the bridge.

6.7.2.5 Live Load Effects (L)

Live load moments in longitudinal stringers and girders may be calculated using the moment table, Appendix A3, for live load moments produced by the HS20 load, and the moment table, Appendix A3-1, for live load moments produced by the NRL loading.  

[image: image15.wmf]Span

Design Load

FT

SU4

SU5

SU6

SU7

HL93

20

213.3

223.4

234.3

234.3

234.3

296.0

21

227.2

240.2

253.5

253.5

253.5

315.7

22

241.3

256.7

272.9

272.9

272.9

335.6

23

255.1

273.4

292.1

293.1

293.1

355.6

24

269.2

289.9

311.5

314.9

314.9

375.8

25

283.0

306.7

330.6

336.6

336.6

396.2

26

296.9

323.2

350.1

358.6

360.4

416.7

27

311.0

339.9

369.2

380.4

385.2

437.3

28

328.2

356.4

388.6

402.2

409.6

458.2

29

346.1

373.2

407.8

424.0

434.4

479.2

30

363.9

389.7

427.1

445.8

458.9

500.3

32

399.5

422.9

465.8

489.4

508.1

543.1

34

435.2

457.5

504.3

533.3

557.3

586.5

36

471.1

498.2

546.4

577.0

608.9

630.5

38

506.7

539.2

592.4

626.7

661.8

675.2

40

542.5

579.9

638.4

678.3

715.0

722.0

42

578.3

620.8

684.4

729.6

768.2

781.2

44

614.2

661.5

730.7

781.2

821.1

843.5

46

649.8

702.5

776.7

832.8

874.3

906.4

48

685.7

743.5

822.7

884.2

927.5

970.0

50

721.7

784.4

868.8

935.8

980.6

1034.0

52

757.6

825.4

915.0

987.4

1033.7

1099.0

54

793.2

866.4

961.1

1038.7

1086.9

1164.0

56

829.1

907.3

1007.3

1090.3

1140.1

1230.0

58

865.0

948.6

1053.4

1141.9

1193.3

1297.0

60

900.8

989.5

1099.4

1193.4

1246.2

1364.0

70

1080.1

1194.9

1330.3

1451.0

1512.1

1711.0

80

1259.5

1400.5

1561.2

1708.7

1777.9

2073.0

90

1438.8

1606.1

1792.0

1966.3

2043.8

2451.0

100

1618.3

1812.0

2022.9

2224.0

2309.7

2846.0

120

1977.2

2223.8

2484.8

2739.3

2841.5

3682.0

140

2336.3

2635.7

2946.9

3254.6

3373.4

4582.0

160

2695.1

3047.7

3408.9

3770.0

3905.4

5546.0

180

3054.2

3459.7

3871.1

4285.4

4437.4

6574.0

200

3413.3

3871.9

4333.1

4800.8

4969.3

7665.0

250

4311.1

4902.4

5488.4

6089.3

6299.1

10672.0

300

5208.5

5932.9

6643.9

7377.5

7629.1

14077.0

Appendix B.6.3-1

Live Load Moments in Kip-Ft Per Lane with 33% Impact 

NRL

Specialized Hauling Vehicles



7.4 POSTING OF BRIDGES

7.4.2    Posting Loads

The live load to be used in the rating equation (6-1a) for posting considerations should be any of the three typical legal loads shown in Figure 7.4.3.1, any of the four single unit legal loads shown in Figure 7.4.3.2 or state legal loads. For spans over 200 feet in length the selected legal load should be spaced with 30 feet clear distance between vehicles to simulate a train of vehicles in one lane and a single vehicle load should be applied in the adjacent lanes(s).
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Bold values are based on standard lane loading. All other values based on standard truck loading. 

Type of Loading (With Impact)

Live Load Moment in Foot-Kips Per Wheel Line

APPENDIX A3-1

Type of Loading (Without Impact)

Span Feet 

c/c

LIVE LOAD MOMENTS ON LONGITUDINAL STRINGERS OR GIRDERS
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APPENDIX A4-1

All values are based on standard truck loadings

TYPE OF LOADING

LIVE LOAD REACTIONS (R) IN KIPS PER WHEEL LINE                           

NO IMPACT

STRINGER LIVE LOAD REACTIONS ON TRANSVERSE FLOOR BEAMS & CAPS                                              

(INTERMEDIATE TRANSVERSE BEAMS) (Simple Span Only)

STRINGER 

SPAN 

FEET
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22.6

24.0

29

20.7

22.5

22.4

22.4

22.8

24.4

30

21.2

22.6

22.6

22.6

23.1

24.8

APPENDIX A5-1

All values are based on standard truck loadings

TYPE OF LOADING

LIVE LOAD REACTIONS (R) IN KIPS PER WHEEL LINE                           

NO IMPACT

STRINGER LIVE LOAD REACTIONS ON TRANSVERSE FLOOR BEAMS & CAPS                                              

(END TRANSVERSE BEAMS) (Simple Span Only)

STRINGER 

SPAN 

FEET
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COMMENTARY

C6.7.2 Rating Live Load

Federal regulations require the reporting of Inventory and Operating ratings uniformly, based on the AASHTO Standard HS loading.

The NRL loading represents a single load model that will envelop the load effects on simple and continuous span bridges of the worst possible Formula B single unit truck configurations up to 80,000 lbs. It is called “notional” because it is not intended to represent any particular truck.  Vehicles considered to be representative of the newer Formula B configurations were obtained through the analysis of weigh-in-motion data and other truck and survey data obtained from the States (Ref. NCHRP Project 12-63 Interim Report Oct. 2003). The single NRL load model with a maximum gross weight of 80,000 lbs produces moments and shears that exceed the load effects for a series of 3 to 8 axle single unit trucks allowed to operate under current federal weight laws (Ref. NCHRP 12-63).


Trucks weighing up to 80,000 lbs are typically allowed unrestricted operation and are generally considered ‘legal’ provided they meet weight guidelines of Federal Bridge Formula B (Formula B). In the past, the maximum legal weight for short wheelbase trucks was usually determined by Formula B rather than by the 80,000 lb gross weight limit. Since the adoption of the AASHTO family of three legal loads, the trucking industry has introduced specialized single unit trucks with closely-spaced multiple axles that make it possible for these short wheelbase trucks to carry the maximum load of up to 80,000 lbs and still meet Formula B. The current AASHTO legal loads selected at the time to closely match the Formula B in the short, medium and long truck length ranges do not represent these newer axle configurations. These specialized hauling vehicles cause force effects that exceed the stresses induced by HS20 by up to 22% and by the Type 3, 3S2, or 3-3 posting vehicles by over 50% in certain cases. The shorter spans are most sensitive to axle configurations.    

In the NRL loading, axles that do not contribute to the maximum load effect under consideration shall be neglected. For instance, axles that do not contribute to the maximum positive moments need to be neglected or they will contribute to bending in the opposite (negative) direction. This requirement may only affect certain continuous bridges, usually with short span lengths. The drive axle spacing of 6 feet may also be increased up to 14 feet to maximize load effects. Increasing the drive axle spacing to 14 feet could result in a slight increase in moments for continuous bridges. 

Bridges that rate for the NRL loading will have adequate load capacity for all legal single unit Formula B truck configurations up to 80,000 lbs. 

C6.7.2.2 Truck Loads



The probability of having a series of closely spaced heavy vehicles of the maximum allowable weight becomes greater as the maximum allowed weight for each unit becomes less. That is, it is more likely to have a train of light‑weight vehicles than to have a train of heavy‑weight vehicles. This makes it necessary to consider more than one vehicle in the same lane under some conditions. For example, vehi​cles should be spaced at distances of 30 feet clear or more in the same lane to produce maximum load effect when the safe loading per vehicle or vehicle combinations is less than 12 tons.


It is unnecessary to consider more than one NRL loading per lane, as the HS20 lane loading will govern for the longer span configurations.
COMMENTARY

C7.4.2
Posting Loads


For bridges with RF < 1.0 for the NRL loading, a posting analysis should be performed to resolve posting requirements for single unit multi-axle trucks. While a single envelope NRL loading can provide considerable simplification of load rating computations, additional legal loads for posting are needed to give more accurate posting values. Certain multi-axle Formula B configurations that cause the highest load effects appear to be common only in some States, and they should not lead to reduced postings in all States. 

Setting weight limits for posting often requires the evaluator to determine safe load capacities for legal truck types that operate within a given State, in accordance with State posting practices. The four single unit Formula B legal loads shown in Figure 7.4.3.2 includes the worst 4-axle (SU4), worst 5-axle (SU5), worst 6-axle (SU6) and worst 7-axle (SU7) trucks (7-axle is also representative of 8-axle trucks) identified in the NCHRP 12-63 study. This series of loads affords the evaluator the flexibility of selecting only posting loads that model commercial Formula B trucks in a particular State or jurisdiction.

The more compact four and five axle trucks that produce the highest moment or shear per unit weight of truck will often govern the posting value (result in the lowest weight limit). States that post bridges for a single tonnage for all single unit trucks may consider it desirable to reduce the number of new posting loads that need to be evaluated. Here it would be appropriate to use truck SU5 as a single representative posting load for the series of Formula B truck configurations with 5 to 8 axles. This simplification will introduce added conservatism in posting, especially for short span bridges. It should be noted that situations could arise where a bridge may have a RF > 1.0 for SU5 but may not rate (RF < 1.0) for SU6 or SU7. Here the SU5 load model is being utilized to determine a single posting load for a bridge that has adequate capacity for SU5 but not for the heavier trucks.

APPENDIX B

ILLUSTRATIVE EXAMPLES

Example B1

Rate for the single-unit Formula B Loads.

ML+I from Manual Appendix A 3-1:

	SPAN
	HS20
	NRL
	SU4
	SU5
	SU6
	SU7

	60’
	512.2
	595.1
	430.2
	472.5
	525.0
	569.9

	70’
	619.2
	714.2
	510.2
	564.4
	628.3
	685.4


By interpolation:

	65’
	565.7
	654.7
	470.2
	518.5
	576.7
	627.7


Apply distribution factor DF = 1.33:

	65’
	751
	870.8
	625.4
	689.6
	767.0
	834.8


Load Factor Rating:


Capacity of Section


MR = 2914 ft - k.


Dead Load



MDL = 439 ft – k.


Superimposed Dead Loads
MSDL = 129 ft – k.

Inv. RF =

2914 – 1.3 (439 + 129)
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      2.17 (ML+I)

Opr. RF =

2914 – 1.3 (439 + 129)
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26
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358.6
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27
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339.9
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385.2

437.3

28

328.2

356.4

388.6

402.2

409.6

458.2

29

346.1

373.2

407.8

424.0

434.4

479.2

30

363.9

389.7

427.1

445.8

458.9

500.3

32

399.5

422.9

465.8

489.4

508.1

543.1

34

435.2

457.5

504.3

533.3

557.3

586.5

36

471.1

498.2

546.4

577.0

608.9

630.5

38

506.7

539.2

592.4

626.7

661.8

675.2

40

542.5

579.9

638.4

678.3

715.0

722.0

42

578.3

620.8

684.4

729.6

768.2

781.2

44

614.2

661.5

730.7

781.2

821.1

843.5

46

649.8

702.5

776.7

832.8

874.3

906.4

48

685.7

743.5

822.7

884.2

927.5

970.0

50

721.7

784.4

868.8

935.8

980.6

1034.0

52

757.6

825.4

915.0

987.4

1033.7

1099.0

54

793.2

866.4

961.1

1038.7

1086.9

1164.0

56

829.1

907.3

1007.3

1090.3

1140.1

1230.0

58

865.0

948.6

1053.4

1141.9

1193.3

1297.0

60

900.8

989.5

1099.4

1193.4

1246.2

1364.0

70

1080.1

1194.9

1330.3

1451.0

1512.1

1711.0

80

1259.5

1400.5

1561.2

1708.7

1777.9

2073.0

90

1438.8

1606.1

1792.0

1966.3

2043.8

2451.0

100

1618.3

1812.0

2022.9

2224.0

2309.7

2846.0

120

1977.2

2223.8

2484.8

2739.3

2841.5

3682.0

140

2336.3

2635.7

2946.9

3254.6

3373.4

4582.0

160

2695.1

3047.7

3408.9

3770.0

3905.4

5546.0

180

3054.2

3459.7

3871.1

4285.4

4437.4

6574.0

200

3413.3

3871.9

4333.1

4800.8

4969.3

7665.0

250

4311.1

4902.4

5488.4

6089.3

6299.1

10672.0

300

5208.5

5932.9

6643.9

7377.5

7629.1

14077.0

Appendix B.6.3-1

Live Load Moments in Kip-Ft Per Lane with 33% Impact 

NRL

Specialized Hauling Vehicles





      1.3 (ML+I)

Strength Rating Factors:

	
	HS
	NRL
	SU4
	SU5
	SU6
	SU7

	Inventory  
	1.33
	1.15
	1.60
	1.45
	1.31
	1.20

	Operating
	2.22
	1.92
	2.67
	2.42
	2.19
	2.00


Check Serviceability Criteria:




 0.95 Fy – fD - fDL
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RF =




  1.67 fL+I

      

34.2 – 9.35 – 2.16
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      =

 1.67 (M L+I  x 12 x 1.0 / 787.7)  
Serviceability Rating Factors  (Controls)

	HS
	NRL
	SU4
	SU5
	SU6
	SU7

	1.19
	1.03
	1.43
	1.29
	1.16
	1.07


As Notional Rating Load NRL RF  > 1.0 for strength and serviceability, the bridge has adequate capacity for all legal loads, including the single-unit Formula B trucks.

Example B2.

Rate for the single-unit Formula B loads.

ML+I  from Manual Appendix A 3-1.

	SPAN
	HS20
	NRL
	SU4
	SU5
	SU6
	SU7

	26’
	144.4
	176.2
	145.1
	158.0
	171.1
	175.2


Apply distribution factor DF = 1.087

	26’
	157.0
	191.5
	157.7
	171.7
	186.0
	190.4


Load Factor Rating:
Capacity of Section

MU = 443 ft – k





MDL = 109.9  ft – k

      443 – 1.3 (109.9)

Inv.
RF = 




2.17 (ML+I)

      443 – 1.3 (109.9)

Opr.
RF = 




1.3 (ML+I)

Strength Rating Factors:

	
	HS
	NRL
	SU4
	SU5
	SU6
	SU7

	Inventory  
	0.88
	0.72
	0.88
	0.81
	0.74
	0.73

	Operating
	1.47
	1.20
	1.47
	1.35
	1.24
	1.22


Load Capacity in Tons:
	Load
	HS
	NRL
	SU4
	SU5
	SU6
	SU7

	W (Tons)
	36
	40
	27
	31
	34.8
	38.8

	Inv. Cap.
	31.7
	28.8
	23.8
	25.1
	25.8
	28.3

	Opr. Cap.
	52.9
	48.0
	39.7
	41.9
	43.2
	47.3


The bridge has inadequate Inventory load capacity for the notional rating load NRL, and the posting loads SU4, SU5, SU6 and SU7.

FORMULA B SHVs

6.2 LOADS FOR EVALUATION

6.2.3 Transient Loads

6.2.3.1   Vehicular Live Loads (Gravity Loads): LL


The nominal live loads to be used in the evaluation of bridges are selected based upon the purpose and intended use of the evaluation results. Live load models for load rating include:

Design Load:

HL-93 Design Load per LRFD Specifications

Legal Loads:

AASHTO Legal loads as specified in Articles 6.4.4.2.1.1 and 6.4.4.2.1.2, or, State legal loads.

Permit Load:

Actual Permit Truck

Load factors for vehicular live loads appropriate for use in load rating are as given in Table 6-5 specified in Articles 6.4.3.2.2, 6.4.4.2.3, and 6.4.5.4.2.


State legal loads having only minor variations from the AASHTO legal loads (see Appendices B6.2 and B6.2-2) should be evaluated using the same procedures and factors specified for AASHTO trucks in this Manual.


State legal loads significantly heavier than the AASHTO legal loads should be load rated using load factors specified for routine permits in this Manual, if the span has sufficient capacity for AASHTO legal loads.

C6.2.3.1


 
The evaluation of bridge components to include the effects of longitudinal braking forces, specified in LRFD Article 3.6.4 in combination with dead and live load effects, should be done only where the evaluator has concerns about the longitudinal stability of the structure.

Bridges that do not have sufficient capacity for the HL-93 loading should be evaluated for legal loads in accordance with the provisions of Article 6.4.4 to determine the need for load posting or strengthening. Legal loads for rating given in Article 6.4.4.2.1.1 that model routine commercial traffic are the same family of three AASHTO trucks (Type 3, Type 3S2, Type 3-3) used in current and previous AASHTO evaluation Manuals. The newly introduced single-unit legal load models given in Article 6.4.4.2.1.2 represent the increasing presence of Formula B multi-axle specialized hauling vehicles in the traffic stream in many States. 
6.4 LOAD RATING PROCEDURES

6.4.4.2 Live Loads and Load Factors

6.4.4.2.1 Live Loads 

6.4.4.2.1.1 Routine Commercial Traffic

The AASHTO legal vehicles and lane-type load models shown in Appendix B6.2 shall be used for load rating bridges for routine legal commercial traffic.
For all span lengths the critical load effects shall be taken as the larger of the following:
· For all load effects, AASHTO legal vehicles (Type 3, Type 3S2, Type 3-3; applied separately)

· For negative moments and reactions at interior supports, a lane load of 0.2 KLF combined with two AASHTO Type 3-3 multiplied by 0.75 heading in the same direction separated by 30 ft. 

In addition, for span lengths greater than 200 ft., critical load effects shall be created by:

· AASHTO Type 3-3 multiplied by 0.75 and combined with a lane load of 0.2 KLF.

Dynamic load allowance shall be applied to the AASHTO legal vehicles and not the lane loads. If the ADTT is less than 500, the lane load may be excluded and the 0.75 factor changed to 1.0 if, in the engineer’s judgment, it is warranted. 

C6.4.4.2.1.1

Usually bridges are load rated for all three AASHTO trucks and lane loads to determine the governing loading and governing load rating. A safe load capacity in Tons may be computed for each vehicle type (see Article 6.4.4.4). When the lane type load model governs the load rating, the equivalent truck weight for use in calculating a safe load capacity for the bridge shall be taken as 80 KIPS.


AASHTO legal vehicles, designated as Type 3, Type 3S2, and Type 3-3 are sufficiently representative of average truck configurations in use today, and are used as vehicle models for load rating. These vehicles are also suitable for bridge posting purposes. Load ratings may also be performed for State legal loads that have only minor variations from the AASHTO legal loads using the live load factors provided in Table 6-5 for the AASHTO vehicles. It is unnecessary to place more than one vehicle in a lane for spans up to 200 FT. because the load factors provided herein have been modeled for this possibility.

The federal bridge formula (Reference: TRB Special Report 225, Truck Weight Limits Issues and Options, 1990) restricts truck weights on Interstate highways through (a) a total, or gross, vehicle weight limit of 80 KIPS; (b) limits on axle loads (20 KIPS for single axles, 34 KIPS for tandem axles); and (c) a bridge formula that specifies the maximum allowable weight on any group of consecutive axles based on the number of axles in the group and the distance from first to the last axles. Grandfather provisions in the federal statutes allow states to retain higher limits than these if such limits were in effect when the applicable federal statutes were first enacted.

C6.4.4.2.1.1 (cont.)
The objective of producing new LRFD Bridge Design Specifications that will yield designs having uniform reliability required as its basis a new live load model with a consistent bias when compared to the exclusion vehicles. The model consisting of either the HS20 truck plus the uniform lane load or the tandem plus the uniform lane load (designated as HL-93 loading) resulted in a tight clustering of data around a 1.0 bias factor for all force effects over all span lengths. This combination load was therefore found to be an adequate basis for a notional design load in the LRFD Bridge Design Specifications. 

While this notional design load provides a convenient and uniform basis for design and screening of existing bridges against new bridge safety standards, it has certain limitations when applied to evaluation. The notional design load bears no resemblance or correlation to legal truck limits on the roads and poses practical difficulties when applied to load rating and load posting of existing bridges.


A characteristic of the AASHTO family of legal loads (TYPE 3, TYPE 3S2, TYPE 3-3) is that the group satisfies the federal bridge formula. The AASHTO legal loads model three portions of the bridge formula, which control short, medium and long spans. Therefore, the combined use of these three AASHTO legal loads results in uniform bias over all span lengths, as achieved with the HL93 notional load model (see Appendix B6.4). These vehicles are presently widely used for load rating and load posting purposes. These AASHTO vehicles model much of the configurations of present truck traffic. They are appropriate for use as rating vehicles as they satisfy the major aim of providing uniform reliability over all span lengths. They are also widely used as truck symbols on load posting signs. Additionally, these vehicles are familiar to engineers and provide continuity with current practice.

6.4.4.2.1.2 Specialized Hauling Vehicles


The Notional Rating Load NRL shown in Appendix B6.2-1, which envelopes the load effects of the Formula B specialized hauling vehicle configurations weighing up to 80 Kips, shall be used for load rating bridges. 

C6.4.4.2.1.2


The vehicles referred to as specialized hauling vehicles (SHV) are legal single unit short- wheelbase multiple axle trucks commonly used in the construction, waste management, bulk cargo and commodities hauling industries.

Trucks weighing up to 80 Kips are typically allowed unrestricted operation and are generally considered ‘legal’ provided they meet weight guidelines of Federal Bridge Formula B (Formula B). In the past, the maximum legal weight for short wheelbase trucks was usually controlled by Formula B rather than by the 80 Kips gross weight limit. Since the adoption of the AASHTO family of three legal loads, the trucking industry has introduced specialized single unit trucks with closely-spaced multiple axles that make it possible for these short wheelbase trucks to carry the maximum load of up to 80,000 lbs and still meet Formula B. The AASHTO family of three legal loads selected at the time to closely match the Formula B in the short, medium and long truck length ranges do not represent these newer axle configurations. These SHV trucks cause force effects that exceed the stresses induced by HS20 in bridges by up to 22% and by the Type 3, 3S2, or 3-3 posting vehicles by over 50%, in certain cases. The shorter bridge spans are most sensitive to the newer SHV axle configurations.    

The notional rating load (NRL) represents a single load model that will envelop the load effects on simple and continuous span bridges of the worst possible Formula B single unit truck configurations with multiple axles up to 80 Kips It is called “notional” because it is not intended to represent any particular truck.  Vehicles considered to be representative of the newer Formula B configurations were investigated through the analysis of weigh-

C6.4.4.2.1.2 (cont.)

in-motion data and other truck and survey data obtained from the States (Ref. NCHRP Project 12-63 Interim Report Oct. 2003). Bridges that rate for the NRL loading will have adequate load capacity for all legal Formula B truck configurations up to 80 Kips. Bridges that do not rate for the NRL loading should be investigated to determine 

posting needs using the single unit posting loads SU4, SU5, SU6, SU7 specified in Article 6.8.2. These SU trucks were developed to model the extreme loading effects of single unit SHVs with 4 or more axles.

In the NRL loading, axles that do not contribute to the maximum load effect under consideration shall be neglected. For instance, axles that do not contribute to the maximum positive moments need to be neglected or they will contribute to bending in the opposite (negative) direction. This requirement may only affect certain continuous bridges, usually with short span lengths. The drive axle spacing of 6 feet may also be increased up to 14 feet to maximize load effects. Increasing the drive axle spacing to 14 feet could result in a slight increase in moments, again in continuous span bridges.

It is unnecessary to consider more than one NRL loading per lane. Load ratings may also be performed for State legal loads that have only minor variations from the AASHTO legal loads using the live load factors provided in Tables 6-5-1 and 6-5-2. 

6.4.4.2.3 Generalized Live-Load Factors, L
6.4.4.2.3.1 Generalized Live-Load Factors for Routine Commercial Traffic

Generalized live-load factors for the STRENGTH I limit state are specified in Table 6-5-1 for routine commercial traffic. If in the engineer’s judgment, an increase in the live load factor is warranted due to conditions or situations not accounted for in this Manual when determining the safe legal load, the Engineer may increase the factors in Table 6-5-1, not to exceed the value of the factor multiplied by 1.3.


Table 6-5-1 Generalized Live-Load Factors, L  for Routine Commercial Traffic
	Traffic Volume

(One direction)
	Load Factor for Type 3, Type 3S2, Type 3-3 and lane loads

	Unknown
	1.80

	ADTT  5000
	1.80

	ADTT = 1000
	1.65

	ADTT  100
	1.40


Linear interpolation is permitted for other ADTT.

C6.4.4.2.3.1

Service limit states that are relevant to legal load rating are discussed under the articles on resistance of structures (see Sections 6.5,6.6,and 6.7).

 The generalized live load factors are intended for AASHTO legal loads and State legal loads that have only minor variations from the AASHTO legal loads. Legal loads of a given jurisdiction that are significantly greater than the AASHTO legal loads should preferably be load rated using load factors provided for routine permits in this Manual.

The generalized live load factors were derived using methods similar to that used in the AASHTO LRFD Bridge Design Specifications. The load factor is calibrated to the reliability analysis in the AASHTO LRFD Bridge Design Specifications with the following modifications:

· Reduce the reliability index from the design level to the Operating (evaluation) level.

· Reduced live load factor to account for a 5 year instead of a 75-year exposure

· The multiple presence factors herein are derived based on likely traffic situations rather than the most extreme possible cases used in the LRFD Bridge Design Specifications.

The live load factors in Table 1 were determined, in part, by reducing the target beta level from the design level of 3.5 to the corresponding Operating level of 2.5, according to NCHRP Report 454. Several parametric analyses indicate this reduction in beta corresponds to a reduced load factor ratio of about 0.76 (i.e. 1.35/1.75). Thus the load factors in Table 1 have been calibrated to represent an equivalent Operating level of loading. Therefore, it is reasonable to

C6.4.4.2.3.1 (cont.)

increase the load factor up to the design target beta level (or equivalent Inventory level of loading), if the engineer deems appropriate, by multiplying by the reciprocal of 0.76, or 1.3. 

6.4.4.2.3.2 Generalized Live-Load Factors for Specialized Hauling Vehicles
Generalized live-load factors for the STRENGTH I limit state are given in Table 6-5-2 for the NRL rating load and posting loads for specialized hauling vehicles satisfying Formula B specified in Article 6.8.2. If in the engineer’s judgment, an increase in the live load factor is warranted due to conditions or situations not accounted for in this Manual when determining the safe legal load, the Engineer may increase the factors in Table 6-5-2, not to exceed the value of the factor multiplied by 1.3.

Table 6-5-2 Generalized Live-Load Factors, L for Specialized Hauling Vehicles
	Traffic Volume

(One direction)
	Load Factor for NRL, SU4, SU5, SU6 and SU7

	Unknown
	1.60

	ADTT  5000
	1.60

	ADTT = 1000
	1.40

	ADTT  100
	1.15


Linear interpolation is permitted for other ADTT.

C6.4.4.2.3.2


The live load factors provided in these specifications account for the multiple-presence of two heavy trucks side-by-side on a multi-lane bridge as well as the probability that trucks may be loaded in such a manner that they exceed the corresponding legal limits. Using the reliability analysis and data applied in AASHTO LRFD and LRFR Specifications show that the live load factor should increase as the ADTT increases. The increase in L with ADTT is provided in Table 6-5-1 for routine commercial traffic. The same consideration for SHVs using field data and assumptions for the percent of SHVs in the traffic stream led to the L  factors in Table 6-5-2 for SHVs. Since there are typically fewer SHVs than routine commercial trucks in the traffic stream the live load factor in Table 6-5-2 are appreciably smaller than the corresponding factors in Table 6-5-1. A description of the development of the L values is given in NCHRP Report 454 and the NCHRP 12-63 project report. 

6.8 POSTING OF BRIDGES

6.8.2 Posting Loads

When the maximum legal load under State law exceeds the safe load capacity of a bridge, restrictive load posting may be required. Though there is variation among the states with respect to the type of signs preferred for posting bridges, most states use either a single weight-limit sign or a three-vehicle combination sign. 

The live load to be used for posting considerations should be any of the typical AASHTO legal loads given below or state legal loads: 

1) Type 3, Type 3S2, Type 3-3 or lane loads (shown in Appendix B6.2), for routine single and combination commercial vehicles, and,

2)
A single Type SU4, Type SU5, Type SU6, Type SU7 (shown in Appendix B6.2-2) for single-unit specialized hauling vehicles.

Load factors for posting loads for routine commercial vehicles and specialized hauling vehicles are given in Tables 6-5-1 and 6-5-2 respectively.

The rating factors obtained for the AASHTO posting vehicles and lane type loads are used in Article 6.8.3 to develop safe posting loads for single and combination vehicles.
C6.8.2
The wide variety of vehicle types cannot be effectively controlled by any single posting load. A single posting load based on a short truck model would be too restrictive for longer truck combinations, particularly for short span bridges. A single posting load based on a longer combination would be too liberal for almost any span combination.

The three vehicles: Type 3, 3S2, and 3-3 adequately model short vehicles and combination vehicles in general use in the United States. The four single unit posting trucks SU4, SU5, SU6 and SU7 model the short wheelbase muti-axle Specialized Hauling Vehicles (SHVs) that are becoming increasingly more common. These SU trucks were developed to model the extreme loading effects of single unit SHVs with 4 or more axles.

For bridges that do not rate for the NRL loading, a posting analysis should be performed to resolve posting requirements for single unit multi-axle trucks. While a single envelope notional rating load NRL can provide considerable simplification of load rating computations, additional legal loads for posting are needed to give more accurate posting values. Certain multi-axle Formula B configurations that cause the highest load effects appear to be common only in some States, and they should not lead to reduced postings in all States. Further, some States may have specific rules that prohibit certain Formula B configurations.

Setting weight limits for posting often requires the evaluator to determine safe load capacities for legal truck types that operate within a given State, in accordance with State posting practices. The four single unit Formula B legal loads shown in Figure 7.4.3.2 includes the worst 4-axle (SU4), worst 5-axle (SU5), worst 6-axle (SU6) and worst 7-axle (SU7) trucks (7-axle is also 

C6.8.2 (cont.)

representative of 8-axle trucks) identified in the NCHRP 12-63 study. This series of loads affords the evaluator the flexibility of selecting only posting loads that model commercial Formula B trucks in a particular State or jurisdiction.

The more compact four and five axle trucks (SU4 and SU5) that produce the highest moment or shear per unit weight of truck will often govern the posting value (result in the lowest weight limit). States that post bridges for a single tonnage for all legal single unit trucks may consider it desirable to reduce the number of new posting loads that need to be evaluated.  Here it would be appropriate to use truck SU5 as a single representative posting load for the series of Formula B truck configurations with 5 to 8 axles. This simplification will introduce added conservatism in posting, especially for short span bridges. It should be noted that situations could arise where a bridge may have a RF > 1.0 for SU5 but may have a RF < 1.0 for SU6 or SU7. Here the SU5 load model is being utilized to determine a single posting load for a bridge for trucks with six or seven axles, even though the bridge has adequate capacity for SU5. 

APPENDIX B 6.2-1


APPENDIX B 6.2-2


NON-FORMULA B SHVs

6.2
LOADS FOR EVALUATION

6.2.3
Transient Loads

6.2.3.1   Vehicular Live Loads (Gravity Loads): LL


The nominal live loads to be used in the evaluation of bridges are selected based upon the purpose and intended use of the evaluation results. Live load models for load rating include:

Design Load:

HL-93 Design Load per LRFD Specifications

Legal Loads:

AASHTO Legal loads as specified in Articles 6.4.4.2.1.1 and 6.4.4.2.1.2, or, State legal loads.

Permit Load:

Actual Permit Truck

Load factors for vehicular live loads appropriate for use in load rating are as  specified in Articles 6.4.3.2.2, 6.4.4.2.3, and 6.4.5.4.2.


State legal loads having only minor variations from the AASHTO legal loads (see Appendices B6.2 and B6.2-2) should be evaluated using the same procedures and factors specified for AASHTO trucks in this Manual.


State legal loads significantly heavier than the AASHTO legal loads should be load rated using load factors specified for routine permits in this Manual, if the span has sufficient capacity for AASHTO legal loads.

C6.2.3.1


 
The evaluation of bridge components to include the effects of longitudinal braking forces, specified in LRFD Article 3.6.4 in combination with dead and live load effects, should be done only where the evaluator has concerns about the longitudinal stability of the structure.

Bridges that do not have sufficient capacity for the HL-93 loading should be evaluated for legal loads in accordance with the provisions of Article 6.4.4 to determine the need for load posting or strengthening. Legal loads for rating given in Article 6.4.4.2.1.1 that model routine commercial traffic are the same family of three AASHTO trucks (Type 3, Type 3S2, Type 3-3) used in current and previous AASHTO evaluation Manuals. The newly introduced single-unit legal load models given in Article 6.4.4.2.1.2 represent the increasing presence of Formula B multi-axle specialized hauling vehicles in the traffic stream in many States. 
6.4 LOAD RATING PROCEDURES

6.4.4.2 Live Loads and Load Factors

6.4.4.2.1 Live Loads 

6.4.4.2.1.1 Routine Commercial Traffic


The AASHTO legal vehicles and lane-type load models shown in Appendix B6.2 shall be used for load rating bridges for routine legal commercial traffic.

For all span lengths the critical load effects shall be taken as the larger of the following:

· For all load effects, AASHTO legal vehicles (Type 3, Type 3S2, Type 3-3; applied separately)

· For negative moments and reactions at interior supports, a lane load of 0.2 KLF combined with two AASHTO Type 3-3 multiplied by 0.75 heading in the same direction separated by 30 ft. 

In addition, for span lengths greater than 200 ft., critical load effects shall be created by:

· AASHTO Type 3-3 multiplied by 0.75 and combined with a lane load of 0.2 KLF.

Dynamic load allowance shall be applied to the AASHTO legal vehicles and not the lane loads. If the ADTT is less than 500, the lane load may be excluded and the 0.75 factor changed to 1.0 if, in the engineer’s judgment, it is warranted. 

C6.4.4.2.1.1


Usually bridges are load rated for all three AASHTO trucks and lane loads to determine the governing loading and governing load rating. A safe load capacity in Tons may be computed for each vehicle type (see Article 6.4.4.4). When the lane type load model governs the load rating, the equivalent truck weight for use in calculating a safe load capacity for the bridge shall be taken as 80 KIPS.


AASHTO legal vehicles, designated as Type 3, Type 3S2, and Type 3-3 are sufficiently representative of average truck configurations in use today, and are used as vehicle models for load rating. These vehicles are also suitable for bridge posting purposes. Load ratings may also be performed for State legal loads that have only minor variations from the AASHTO legal loads using the live load factors provided in Table 6-5 for the AASHTO vehicles. It is unnecessary to place more than one vehicle in a lane for spans up to 200 FT. because the load factors provided herein have been modeled for this possibility.

The federal bridge formula (Reference: TRB Special Report 225, Truck Weight Limits Issues and Options, 1990) restricts truck weights on Interstate highways through (a) a total, or gross, vehicle weight limit of 80 KIPS; (b) limits on axle loads (20 KIPS for single axles, 34 KIPS for tandem axles); and (c) a bridge formula that specifies the maximum allowable weight on any group of consecutive axles based on the number of axles in the group and the distance from first to the last axles. Grandfather provisions in the federal statutes allow states to retain higher limits than these if such limits were in effect when the applicable federal statutes were first enacted.

C6.4.4.2.1.1 (cont.)

The objective of producing new LRFD Bridge Design Specifications that will yield designs having uniform reliability required as its basis a new live load model with a consistent bias when compared to the exclusion vehicles. The model consisting of either the HS20 truck plus the uniform lane load or the tandem plus the uniform lane load (designated as HL-93 loading) resulted in a tight clustering of data around a 1.0 bias factor for all force effects over all span lengths. This combination load was therefore found to be an adequate basis for a notional design load in the LRFD Bridge Design Specifications. 

While this notional design load provides a convenient and uniform basis for design and screening of existing bridges against new bridge safety standards, it has certain limitations when applied to evaluation. The notional design load bears no resemblance or correlation to legal truck limits on the roads and poses practical difficulties when applied to load rating and load posting of existing bridges.


A characteristic of the AASHTO family of legal loads (TYPE 3, TYPE 3S2, TYPE 3-3) is that the group satisfies the federal bridge formula. The AASHTO legal loads model three portions of the bridge formula, which control short, medium and long spans. Therefore, the combined use of these three AASHTO legal loads results in uniform bias over all span lengths, as achieved with the HL93 notional load model (see Appendix B6.4). These vehicles are presently widely used for load rating and load posting purposes. These AASHTO vehicles model much of the configurations of present truck traffic. They are appropriate for use as rating vehicles as they satisfy the major aim of providing uniform reliability over all span lengths. They are also widely used as truck symbols on load posting signs. Additionally, these vehicles are familiar to engineers and provide continuity with current practice.

6.4.4.2.1.2 Specialized Hauling Vehicles


The Notional Rating Load NRL shown in Appendix B6.2-1, which envelopes the load effects of the Formula B specialized hauling vehicle configurations weighing up to 80 Kips, shall be used for load rating bridges. 

C6.4.4.2.1.2


The vehicles referred to as specialized hauling vehicles (SHV) are legal single unit short- wheelbase multiple axle trucks commonly used in the construction, waste management, bulk cargo and commodities hauling industries.

Trucks weighing up to 80 Kips are typically allowed unrestricted operation and are generally considered ‘legal’ provided they meet weight guidelines of Federal Bridge Formula B (Formula B). In the past, the maximum legal weight for short wheelbase trucks was usually controlled by Formula B rather than by the 80 Kips gross weight limit. Since the adoption of the AASHTO family of three legal loads, the trucking industry has introduced specialized single unit trucks with closely-spaced multiple axles that make it possible for these short wheelbase trucks to carry the maximum load of up to 80,000 lbs and still meet Formula B. The AASHTO family of three legal loads selected at the time to closely match the Formula B in the short, medium and long truck length ranges do not represent these newer axle configurations. These SHV trucks cause force effects that exceed the stresses induced by HS20 in bridges by up to 22% and by the Type 3, 3S2, or 3-3 posting vehicles by over 50%, in certain cases. The shorter bridge spans are most sensitive to the newer SHV axle configurations.    

The notional rating load (NRL) represents a single load model that will envelop the load effects on simple and continuous span bridges of the worst possible Formula B single unit truck configurations with multiple axles up to 80 Kips It is called “notional” because it is not intended to represent any particular truck.  Vehicles considered to be representative of the newer Formula B configurations were investigated through the analysis of weigh-

C6.4.4.2.1.2 (cont.)

in-motion data and other truck and survey data obtained from the States (Ref. NCHRP Project 12-63 Interim Report Oct. 2003). Bridges that rate for the NRL loading will have adequate load capacity for all legal Formula B truck configurations up to 80 Kips. Bridges that do not rate for the NRL loading should be investigated to determine 

posting needs using the single unit posting loads SU4, SU5, SU6, SU7 specified in Article 6.8.2. These SU trucks were developed to model the extreme loading effects of single unit SHVs with 4 or more axles.

In the NRL loading, axles that do not contribute to the maximum load effect under consideration shall be neglected. For instance, axles that do not contribute to the maximum positive moments need to be neglected or they will contribute to bending in the opposite (negative) direction. This requirement may only affect certain continuous bridges, usually with short span lengths. The drive axle spacing of 6 feet may also be increased up to 14 feet to maximize load effects. Increasing the drive axle spacing to 14 feet could result in a slight increase in moments, again in continuous span bridges.

It is unnecessary to consider more than one NRL loading per lane. Load ratings may also be performed for State legal loads that have only minor variations from the AASHTO legal loads using the live load factors provided in Tables 6-5-1 and 6-5-2. 

6.4.4.2.1.3 Exclusion Vehicles

Single-unit trucks EX-3 and EX-4 shown in Appendix B6.2-3 have been used as two calibration trucks for deriving the load factors for exclusion vehicles given in Table 6-5-3. 

Trucks EX-3 and EX-4 may be used as representative exclusion vhicles for load rating bridges; The states can also use the calibrated load factor (L but apply a nominal loading based on their own exclusion vehicles. The latter provision must be used in a jurisdiction where any of the exclusion vehicles weigh more than 80 Kips.
C6.4.4.2.1.3
The vehicles referred to as exclusion vehicles are single unit short-wheelbase trucks weighing up to 80 Kips that do not meet the weight guidelines of Federal Bridge Formula B. Trucks EX-3 and EX-4 shown in Appendix B6.2-3 represent typical upper bound single unit exclusion vehicles currently in use as state legal loads in states that exempt specialized hauling vehicles from the bridge formula under the grandfather rights.  

The Federal-Aid Highway Act of 1956 placed limits on the weight of vehicles operating on the Interstate System to a maximum gross weight limit of 73,280 pound, along with 18,000 pounds on single axles and 32,000 pounds on tandem axles. The allowable gross weight and axle weight limits were increased in 1975, but congress balanced this concession to productivity by enacting the Federal Bridge Formula B. Several states exempt certain types of vehicles from the bridge formula because their use has been grandfathered and are exempt from the bridge formula up to the highest GVW allowed in 1975. Additionally, vehicles operating on the state and local highway system may not be subject to Federal Formula B limits.
Over the years special exemptions to the federal bridge formula and axle weight limits have been enacted for individual states, sometimes applying only to the transportation of specific commodities that are important to the state’s economy. These exclusion trucks can cause force effects that exceed the stresses induced by HS20 in bridges by up to 50%.

Since there are many variations to federal weight law exclusions among the states, some flexibility in substituting state-specific grandfathered legal loads is an important feature for national implementation of LRFR procedures for exclusion vehicles. The states may also use these two calibration trucks to benchmark their own exclusion vehicles. 

6.4.4.2.3 Generalized Live-Load Factors, (L
6.4.4.2.3.1 Generalized Live-Load Factors for Routine Commercial Traffic

Generalized live-load factors for the STRENGTH I limit state are specified in Table 6-5-1 for routine commercial traffic. If in the engineer’s judgment, an increase in the live load factor is warranted due to conditions or situations not accounted for in this Manual when determining the safe legal load, the Engineer may increase the factors in Table 6-5-1, not to exceed the value of the factor multiplied by 1.3.

Table 6-5-1 Generalized Live-Load Factors, (L  for Routine Commercial Traffic

	Traffic Volume

(One direction)
	Load Factor for Type 3, Type 3S2, Type 3-3 and lane loads

	Unknown
	1.80

	ADTT ≥5000
	1.80

	ADTT = 1000
	1.60

	ADTT ≤ 100
	1.40


Linear interpolation is permitted for other ADTT.

C6.4.4.2.3.1

Service limit states that are relevant to legal load rating are discussed under the articles on resistance of structures (see Sections 6.5, 6.6,and 6.7).

 The generalized live load factors are intended for AASHTO legal loads and State legal loads that have only minor variations from the AASHTO legal loads. Legal loads of a given jurisdiction that are significantly greater than the AASHTO legal loads should preferably be load rated using load factors provided for routine permits in this Manual.

The generalized live load factors were derived using methods similar to that used in the AASHTO LRFD Bridge Design Specifications. The load factor is calibrated to the reliability analysis in the AASHTO LRFD Bridge Design Specifications with the following modifications:

· Reduce the reliability index from the design level to the Operating (evaluation) level.

· Reduced live load factor to account for a 5 year instead of a 75-year exposure

· The multiple presence factors herein are derived based on likely traffic situations rather than the most extreme possible cases used in the LRFD Bridge Design Specifications.

The live load factors in Table 1 were determined, in part, by reducing the target beta level from the design level of 3.5 to the corresponding Operating level of 2.5, according to NCHRP Report 454. Several parametric analyses indicate this reduction in beta corresponds to a reduced load factor ratio of about 0.76 (i.e. 1.35/1.75). Thus the load factors in Table 1 have been calibrated to represent an equivalent Operating level of loading. Therefore, it is reasonable to

C6.4.4.2.3.1 (cont.)

increase the load factor up to the design target beta level (or equivalent Inventory level of loading), if the engineer deems appropriate, by multiplying by the reciprocal of 0.76, or 1.3. 

6.4.4.2.3.2 Generalized Live-Load Factors for Specialized Hauling Vehicles

Generalized live-load factors for the STRENGTH I limit state are given in Table 6-5-2 for the NRL rating load and posting loads for specialized hauling vehicles satisfying Formula B specified in Article 6.8.2. If in the engineer’s judgment, an increase in the live load factor is warranted due to conditions or situations not accounted for in this Manual when determining the safe legal load, the Engineer may increase the factors in Table 6-5-2, not to exceed the value of the factor multiplied by 1.3.

Table 6-5-2 Generalized Live-Load Factors, (L  for Specialized Hauling Vehicles
	Traffic Volume

(One direction)
	Load Factor for NRL, SU4, SU5, SU6 and SU7

	Unknown
	1.60

	ADTT ≥ 5000
	1.60

	ADTT = 1000
	1.40

	ADTT ≤ 100
	1.15


Linear interpolation is permitted for other ADTT.

C6.4.4.2.3.2


The live load factors provided in these specifications account for the multiple-presence of two heavy trucks side-by-side on a multi-lane bridge as well as the probability that trucks may be loaded in such a manner that they exceed the corresponding legal limits. Using the reliability analysis and data applied in AASHTO LRFD and LRFR Specifications show that the live load factor should increase as the ADTT increases. The increase in (L  with ADTT is provided in Table 6-5-1 for routine commercial traffic. The same consideration for SHVs using field data and assumptions for the percent of SHVs in the traffic stream led to the (L   factors in Table 6-5-2 for SHVs. Since there are typically fewer SHVs than routine commercial trucks in the traffic stream the live load factor in Table 6-5-2 are appreciably smaller than the corresponding factors in Table 6-5-1. A description of the development of the (L  values is given in NCHRP Report 454 and the NCHRP 12-63 project report. 

The live load factors in Table 2 were determined, in part, by reducing the target beta level from the design level of 3.5 to the corresponding Operating level of 2.5, according to NCHRP Report 454. Several parametric analyses indicate this reduction in beta corresponds to a reduced load factor ratio of about 0.76 (i.e. 1.35/1.75). Thus the load factors in Table 2 have been calibrated to represent an equivalent Operating level of loading. Therefore, it is reasonable to increase the load factor up to the design target beta level (or equivalent Inventory level of loading), if the engineer deems appropriate, by multiplying by the reciprocal of 0.76, or 1.3. 

6.4.4.2.3.3 Generalized Live-Load Factors for Exclusion Vehicles

Generalized live-load factors for the STRENGTH I limit state are given in Table 6-5-3 for exclusion vehicles. If in the engineer’s judgment, an increase in the live load factor is warranted due to conditions or situations not accounted for in this Manual when determining the safe legal load, the Engineer may increase the factors in Table 6-5-3, not to exceed the value of the factor multiplied by 1.3.

Table 6-5-3 Generalized Live-Load Factors, (L  for Exclusion Vehicles
	Traffic Volume

(One direction)
	Load Factor for  EX-3, EX-4, State Exclusion Vehicles

	Unknown
	1.60

	ADTT ≥ 5000
	1.60

	ADTT = 1000
	1.40

	ADTT ≤ 100
	1.30


Linear interpolation is permitted for other ADTT.

C6.4.4.2.3.3

The calibration of the AASHTO LRFR Specifications has been extended to recommend live load factors for jurisdictions allowing non-Formula B SHV trucks. The data utilized the same headway and truck overload models as in the calibration of the AASHTO LRFD and LRFR. The live load factors provided in Table 6-5-3 specifications account for the multiple-presence of two heavy trucks side-by-side on a multi-lane bridge as well as the probability that trucks may be loaded in such a manner that they exceed the corresponding legal limits. The increase in (L  with ADTT is provided in Table 6-5-1 for routine commercial traffic. The same consideration for non-Formula B SHVs using field data and assumptions for the percent of SHVs in the traffic stream led to the (L   factors in Table 6-5-3. Since there are typically fewer SHVs than routine commercial trucks in the traffic stream the live load factor in Table 6-5-3 are appreciably smaller than the corresponding factors in Table 6-5-1. A description of the development of the (L  values is given in NCHRP Report 454 and the NCHRP 12-63 Calibration Report. A more refined table of (L values based on both ADTT and the volume of SHVs is given in NCHRP 12-63 Calibration Report.
The live load factors in Table 3 were determined, in part, by reducing the target beta level from the design level of 3.5 to the corresponding Operating level of 2.5, according to NCHRP Report 454. Several parametric analyses indicate this reduction in beta corresponds to a reduced load factor ratio of about 0.76 (i.e. 1.35/1.75). Thus the load factors in Table 3 have been calibrated to represent an equivalent Operating level of loading. Therefore, it is reasonable to increase the load factor up to the design target beta level (or equivalent Inventory level of loading), if the engineer deems appropriate, by multiplying by the reciprocal of 0.76, or 1.3. 

6.8
POSTING OF BRIDGES

6.8.2 Posting Loads

When the maximum legal load under State law exceeds the safe load capacity of a bridge, restrictive load posting may be required. Though there is variation among the states with respect to the type of signs preferred for posting bridges, most states use either a single weight-limit sign or a three-vehicle combination sign. 

The live load to be used for posting considerations should be any of the typical AASHTO legal loads given below or state legal loads: 

2) Type 3, Type 3S2, Type 3-3 or lane loads (shown in Appendix B6.2), for routine single and combination commercial vehicles, and,

3) A single Type SU4, Type SU5, Type SU6, Type SU7 (shown in Appendix B6.2-2) for single-unit specialized hauling vehicles satisfying Formula B.
4) A state’s own exclusion vehicles
Load factors for posting loads for routine commercial vehicles, and specialized hauling vehicles satisfying Formula B, and exclusion vehicles are given in Tables 6-5-1, and 6-5-2, and 6-5-3 respectively.

The rating factors obtained for the AASHTO posting vehicles and lane type loads are used in Article 6.8.3 to develop safe posting loads for single and combination vehicles.

C6.8.2
The wide variety of vehicle types cannot be effectively controlled by any single posting load. A single posting load based on a short truck model would be too restrictive for longer truck combinations, particularly for short span bridges. A single posting load based on a longer combination would be too liberal for almost any span combination.

The three vehicles: Type 3, 3S2, and 3-3 adequately model short vehicles and combination vehicles in general use in the United States. The four single unit posting trucks SU4, SU5, SU6 and SU7 model the short wheelbase muti-axle Specialized Hauling Vehicles (SHVs) that are becoming increasingly more common. These SU trucks were developed to model the extreme loading effects of single unit SHVs with 4 or more axles.

For bridges that do not rate for the NRL loading, a posting analysis should be performed to resolve posting requirements for single unit multi-axle trucks. While a single envelope notional rating load NRL can provide considerable simplification of load rating computations, additional legal loads for posting are needed to give more accurate posting values. Certain multi-axle Formula B configurations that cause the highest load effects appear to be common only in some States, and they should not lead to reduced postings in all States. Further, some States may have specific rules that prohibit certain Formula B configurations.

Setting weight limits for posting often requires the evaluator to determine safe load capacities for legal truck types that operate within a given State, in accordance with State posting practices. The four single unit Formula B legal loads shown in Figure 7.4.3.2 includes the worst 4-axle (SU4), worst 5-axle (SU5), worst 6-axle (SU6) and worst 7-axle (SU7) trucks (7-axle is also 

C6.8.2 (cont.)

representative of 8-axle trucks) identified in the NCHRP 12-63 study. This series of loads affords the evaluator the flexibility of selecting only posting loads that model commercial Formula B trucks in a particular State or jurisdiction.

The more compact four and five axle trucks (SU4 and SU5) that produce the highest moment or shear per unit weight of truck will often govern the posting value (result in the lowest weight limit). States that post bridges for a single tonnage for all legal single unit trucks may consider it desirable to reduce the number of new posting loads that need to be evaluated.  Here it would be appropriate to use truck SU5 as a single representative posting load for the series of Formula B truck configurations with 5 to 8 axles. This simplification will introduce added conservatism in posting, especially for short span bridges. It should be noted that situations could arise where a bridge may have a RF > 1.0 for SU5 but may have a RF < 1.0 for SU6 or SU7. Here the SU5 load model is being utilized to determine a single posting load for a bridge for trucks with six or seven axles, even though the bridge has adequate capacity for SU5. 

EX-3 and EX-4 represent typical upper bound exclusion vehicles used in the calibration of live load factors. It is suggested that in any given jurisdiction, the agency will use their respective maximum exclusion vehicles as the nominal loadings for rating and posting. The live load factors given in Table 6-5-3 can be used with less severe grandfathered state loads or with grandfathered state loads that only moderately exceed the EX-3 and EX-4   load effects. 
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FT EX-3 EX-4 HL93

20 282.7 302.6

234.3 296.0

21 300.4 323.7 253.5 315.7

22 318.3 344.8 272.9 335.6

23 336.0 365.7 293.1 355.6

24 353.8 386.4 314.9 375.8

25 371.6 407.2 336.6 396.2

26 394.1 428.1 360.4 416.7

27 417.2 451.5 385.2 437.3

28 440.2 477.1 409.6 458.2

29 463.3 501.7 434.4 479.2

30 486.9 527.4 458.9 500.3

32 533.5 578.0 508.1 543.1

34 579.8 629.0 557.3 586.5

36 626.4 679.4 608.9 630.5

38 672.5 730.0 661.8 675.2

40 719.5 780.9 715.0 722.0

42 766.1 831.8 768.2 781.2

44 812.4 882.3 821.1 843.5

46 858.8 933.4 874.3 906.4

48 905.1 983.6 927.5 970.0

50 952.0 1034.8 980.6 1034.0

52 998.7 1085.5 1033.7 1099.0

54 1045.1 1136.2 1086.9 1164.0

56 1091.4 1187.4 1140.1 1230.0

58 1137.7 1237.6 1193.3 1297.0

60 1184.7 1288.8 1246.2 1364.0

70 1417.5 1542.8 1512.1 1711.0

80 1650.2 1797.0 1777.9 2073.0

90 1882.8 2051.3 2043.8 2451.0

100 2115.4 2305.6 2309.7 2846.0

120 2580.7 2814.1 2841.5 3682.0

140 3045.9 3322.7 3373.4 4582.0

160 3511.3 3831.3 3905.4 5546.0

180 3976.8 4339.6 4437.4 6574.0

200 4442.3 4848.0 4969.3 7665.0

250 5606.0 6119.6 6299.1 10672.0

300 6769.8 7391.4 7629.1 14077.0

Appendix B.6.3-2

Live Load Moments in Kip-Ft Per Lane with 33% Impact 

NRL

Exclusion Vehicles


Appendix A

Illustrative Examples

(To be incorporated into examples in LRFR Manual)

Example A1
 
Simple span composite steel stringer bridge




Evaluation of an interior stringer

Span = 65 ft.
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IM = 20%

ADTT = 1000
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Flexure RF = 
[image: image4.wmf](1.0)(1.0)(2877.8)(1.25)(439129)
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	Load
	MLL Kip-ft
	gm MLL+IM
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	Flexure RF

	Type 3
	660.7
	496.3
	1.60
	2.73

	Type 3S2
	707.2
	531.2
	1.60
	2.55

	Type 3-3
	654.5
	491.7
	1.60
	2.76

	NRL
	1037.0
	779.0
	1.40
	1.99

	EX-3
	981.0
	736.9
	1.40
	2.10

	EX-4
	1066.6
	801.2
	1.40
	1.93

	HL-93
	
	952.6
	
	Inv = 1.30

Opr = 1.69


 Example A2 
Simple span reinforced concrete T-Beam Bridge

Span = 26 ft.

ADTT = 1850

gm = 0.703

IM = 33%
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Flexure RF = 
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	Load
	MLL Kip-ft
	gm MLL+IM
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	Flexure RF

	Type 3
	188.4
	176.2
	1.65
	1.04

	Type 3S2
	181.0
	169.2
	1.65
	1.09

	Type 3-3
	155.1
	145.0
	1.65
	1.27

	NRL
	271.0
	253.4
	1.44
	0.91

	EX-3
	298.9
	279.5
	1.44
	0.82

	EX-4
	322.9
	301.9
	1.44
	0.76

	HL-93
	
	295.2
	
	Inv = 0.59

Opr = 0.76


Example A5 

Four span continuous welded plate girder

Span lengths:   112 ft. – 140 ft. – 140 ft – 112 ft

ADTT = 5500

+ M at span 1 (0.4L of span 1)

gm = 0.594

IM = 33%  

Sx = 1606.6IN4
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Flexure RF = 
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	Load
	MLL Kip-ft
	gm MLL+IM
	gm fLL+IM
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	Flexure RF

	Type 3-3
	1232.6
	973.8
	7.27
	1.80
	1.48

	HL-93
	
	1608.7
	12.02
	
	Inv = 0.92

Opr = 1.19

	NRL
	1618.3
	1278.5
	9.55
	1.60
	1.27

	EX-3
	1486.4
	1174.3
	8.77
	1.60
	1.38

	EX-4
	1619.9
	1279.8
	9.56
	1.60
	1.26


Example A4

Simple span timber stringer bridge

Span = 17 ft.-10 in

ADTT = 150

IM = 16.5%

One lane  g1 = 0.20   governs

Two lane g2 = 0.18     < 0.20
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Flexure RF = 
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	Load
	MLL Kip-ft
	g1MLL+IM
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	Flexure RF

	Type 3
	119.0
	27.7
	1.45
	1.09

	Type 352
	108.9
	25.4
	1.45
	1.19

	Type 3-3
	98.4
	22.9
	1.45
	1.32

	HL93
	
	45.4
	
	Inv = 0.55

Opr = 0.71

	NRL
	140.1
	32.6
	1.16
	1.16

	EX-3
	179.4
	41.8
	1.31
	0.80

	EX-4
	189.2
	44.1
	1.31
	0.76


Example A7

Simple span reinforced concrete slab bridge

Span = 21.5 ft.

ADTT = Unknown

E= 10.65 ft.   (more than one lane)

IM = 33%

Pg A-131 (LRFR Manual)

Flexure RF = 
[image: image12.wmf](1.0)(1.0)(0.90)(57.75)[(1.25)(12.0)(1.2

5)(2.4)]
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	Flexure RF

	Type 3
	150.4
	18.8
	1.80
	1.00

	Type 352
	137.1
	17.1
	1.80
	1.10

	Type 3-3
	123.8
	15.5
	1.80
	1.22

	HL-93
	
	30.9
	
	Inv – 0.63

Opr= 0.81

	NRL
	198.0
	24.7
	1.60
	0.86

	EX-3
	232.6
	29.0
	1.60
	0.73

	EX-4
	252.2
	31.5
	1.60
	0.67
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EX-3  TRUCK


GVW = 70 KIPS





EX-4  TRUCK


GVW = 76.5 KIPS
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Figure  B. 6-9    CALIBRATION VEHICLES FOR SINGLE UNIT TRUCKS THAT DO NOT MEET FEDERAL BRIDGE FORMULA B.
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		Appendix B.6.3-2

		Live Load Moments in Kip-Ft Per Lane with 33% Impact

		Span		Exclusion Vehicles				NRL		Design Load						HL93/EX3		HL93/Ex4				NRL/EX3		NRL/EX4

		FT		EX-3		EX-4				HL93

		20		282.7		302.6		234.3		296.0						1.05		0.98				0.83		0.77

		21		300.4		323.7		253.5		315.7						1.05		0.98				0.84		0.78

		22		318.3		344.8		272.9		335.6						1.05		0.97				0.86		0.79

		23		336.0		365.7		293.1		355.6						1.06		0.97				0.87		0.80

		24		353.8		386.4		314.9		375.8						1.06		0.97				0.89		0.82

		25		371.6		407.2		336.6		396.2						1.07		0.97				0.91		0.83

		26		394.1		428.1		360.4		416.7						1.06		0.97				0.91		0.84

		27		417.2		451.5		385.2		437.3						1.05		0.97				0.92		0.85

		28		440.2		477.1		409.6		458.2						1.04		0.96				0.93		0.86

		29		463.3		501.7		434.4		479.2						1.03		0.96				0.94		0.87

		30		486.9		527.4		458.9		500.3						1.03		0.95				0.94		0.87

		32		533.5		578.0		508.1		543.1						1.02		0.94				0.95		0.88

		34		579.8		629.0		557.3		586.5						1.01		0.93				0.96		0.89

		36		626.4		679.4		608.9		630.5						1.01		0.93				0.97		0.90

		38		672.5		730.0		661.8		675.2						1.00		0.92				0.98		0.91

		40		719.5		780.9		715.0		722.0						1.00		0.92				0.99		0.92

		42		766.1		831.8		768.2		781.2						1.02		0.94				1.00		0.92

		44		812.4		882.3		821.1		843.5						1.04		0.96				1.01		0.93

		46		858.8		933.4		874.3		906.4						1.06		0.97				1.02		0.94

		48		905.1		983.6		927.5		970.0						1.07		0.99				1.02		0.94

		50		952.0		1034.8		980.6		1034.0						1.09		1.00				1.03		0.95

		52		998.7		1085.5		1033.7		1099.0						1.10		1.01				1.04		0.95

		54		1045.1		1136.2		1086.9		1164.0						1.11		1.02				1.04		0.96

		56		1091.4		1187.4		1140.1		1230.0						1.13		1.04				1.04		0.96

		58		1137.7		1237.6		1193.3		1297.0						1.14		1.05				1.05		0.96

		60		1184.7		1288.8		1246.2		1364.0						1.15		1.06				1.05		0.97

		70		1417.5		1542.8		1512.1		1711.0						1.21		1.11				1.07		0.98

		80		1650.2		1797.0		1777.9		2073.0						1.26		1.15				1.08		0.99

		90		1882.8		2051.3		2043.8		2451.0						1.30		1.19				1.09		1.00

		100		2115.4		2305.6		2309.7		2846.0						1.35		1.23				1.09		1.00

		120		2580.7		2814.1		2841.5		3682.0						1.43		1.31				1.10		1.01

		140		3045.9		3322.7		3373.4		4582.0						1.50		1.38				1.11		1.02

		160		3511.3		3831.3		3905.4		5546.0						1.58		1.45				1.11		1.02

		180		3976.8		4339.6		4437.4		6574.0						1.65		1.51				1.12		1.02

		200		4442.3		4848.0		4969.3		7665.0						1.73		1.58				1.12		1.03

		250		5606.0		6119.6		6299.1		10672.0						1.90		1.74				1.12		1.03

		300		6769.8		7391.4		7629.1		14077.0						2.08		1.90				1.13		1.03
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		Appendix B.6.3-1

		Live Load Moments in Kip-Ft Per Lane with 33% Impact

		Span		Specialized Hauling Vehicles								NRL		Design Load				Ratio = HL93/SU7		Ratio = HL93/NRL						75%SU7 + 0.2 KLF		Ratio		75%SU7 + 0.4 KLF

		FT		SU4		SU5		SU6		SU7				HL93

		20		213.3		223.4		234.3		234.3		234.3		296.0				1.26		1.26

		21		227.2		240.2		253.5		253.5		253.5		315.7				1.25		1.25

		22		241.3		256.7		272.9		272.9		272.9		335.6				1.23		1.23

		23		255.1		273.4		292.1		293.1		293.1		355.6				1.21		1.21

		24		269.2		289.9		311.5		314.9		314.9		375.8				1.19		1.19

		25		283.0		306.7		330.6		336.6		336.6		396.2				1.18		1.18

		26		296.9		323.2		350.1		358.6		360.4		416.7				1.16		1.16

		27		311.0		339.9		369.2		380.4		385.2		437.3				1.15		1.14

		28		328.2		356.4		388.6		402.2		409.6		458.2				1.14		1.12

		29		346.1		373.2		407.8		424.0		434.4		479.2				1.13		1.10

		30		363.9		389.7		427.1		445.8		458.9		500.3				1.12		1.09

		32		399.5		422.9		465.8		489.4		508.1		543.1				1.11		1.07

		34		435.2		457.5		504.3		533.3		557.3		586.5				1.10		1.05

		36		471.1		498.2		546.4		577.0		608.9		630.5				1.09		1.04

		38		506.7		539.2		592.4		626.7		661.8		675.2				1.08		1.02

		40		542.5		579.9		638.4		678.3		715.0		722.0				1.06		1.01

		42		578.3		620.8		684.4		729.6		768.2		781.2				1.07		1.02

		44		614.2		661.5		730.7		781.2		821.1		843.5				1.08		1.03

		46		649.8		702.5		776.7		832.8		874.3		906.4				1.09		1.04

		48		685.7		743.5		822.7		884.2		927.5		970.0				1.10		1.05

		50		721.7		784.4		868.8		935.8		980.6		1034.0				1.10		1.05

		52		757.6		825.4		915.0		987.4		1033.7		1099.0				1.11		1.06

		54		793.2		866.4		961.1		1038.7		1086.9		1164.0				1.12		1.07

		56		829.1		907.3		1007.3		1090.3		1140.1		1230.0				1.13		1.08

		58		865.0		948.6		1053.4		1141.9		1193.3		1297.0				1.14		1.09

		60		900.8		989.5		1099.4		1193.4		1246.2		1364.0				1.14		1.09

		70		1080.1		1194.9		1330.3		1451.0		1512.1		1711.0				1.18		1.13

		80		1259.5		1400.5		1561.2		1708.7		1777.9		2073.0				1.21		1.17

		90		1438.8		1606.1		1792.0		1966.3		2043.8		2451.0				1.25		1.20

		100		1618.3		1812.0		2022.9		2224.0		2309.7		2846.0				1.28		1.23										2168

		120		1977.2		2223.8		2484.8		2739.3		2841.5		3682.0				1.34		1.30										2774.5		1.33

		140		2336.3		2635.7		2946.9		3254.6		3373.4		4582.0				1.41		1.36										3421		1.34

		160		2695.1		3047.7		3408.9		3770.0		3905.4		5546.0				1.47		1.42										4107.5		1.35

		180		3054.2		3459.7		3871.1		4285.4		4437.4		6574.0				1.53		1.48										4834.1		1.36

		200		3413.3		3871.9		4333.1		4800.8		4969.3		7665.0				1.60		1.54						4600.6		1.67		5600.6		1.37

		250		4311.1		4902.4		5488.4		6089.3		6299.1		10672.0				1.75		1.69						6129.5		1.74		7692		1.39

		300		5208.5		5932.9		6643.9		7377.5		7629.1		14077.0				1.91		1.85						7783.1		1.81		10033.1		1.40
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