
Bridge Load Ratings 

Yihong Gao 

MnDOT Bridge Rating Engineer 

MnDOT Bridge Office LRFD Workshop – June 12, 2012 



Outline 

1. Introduction  

2. Loads and Load Factors 

3. Process of Load and Resistance Factor Rating 

(LRFR) 

4. Limit States & Reliability 

5. Special Type Superstructures 

6. Load Posting 

7. Assigned Bridge Ratings & Physical Inspection 

Rating (PIR) 

8. MnDOT Rating Forms 

 

 

 

Bridge Load Ratings 2 



Introduction 

• Purposes of Load Rating 

• Ensure Bridge Safety 

• Comply with Federal Regulations  

• Rehabilitation or Replacement Needs 

• Processing of Overload Permits 

• Posting Needs 

 

 

 

 

 

Bridge Load Ratings 3 



Introduction 

• When Should a Load Rating be Performed? 

• New Bridges  

• Change in the Live Loads 

• Change in the Dead Loads 

• Change in the Physical Condition 

• Change in the Specifications, Laws, or 

Software 
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Introduction 
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Introduction 

• References 

• The Manual for Bridge Evaluation (MBE), 2nd 

Edition, AASHTO  

• MnDOT LRFD Bridge Design Manual, Chapter 15 

• MnDOT Inspection Manual, Appendix B 

• AASHTO LRFD Bridge Design Specifications, 5th 

Edition 
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Introduction 

• Definition of Load Rating 

• Live Load Capacity of a Bridge 

Using as-built bridge plans including all 

modification/rehabilitation plans 

Using latest field inspection report (NBIS) 

• Expressed as a Rating Factor (RF) – LRFR 

For example:  RF = 1.3  

• Expressed in a Tonnage for a Particular Vehicle – 

LFR/ASR 

For example:  HS 26 
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Introduction 

• Rating Levels 

• Inventory Rating 

Safe for state legal loads within federal weight 
laws (Formula B) and LRFD exclusion limits 

Comparable to new design 

• Operating Rating 

Safe for state legal loads within federal weight 

laws 

Safe for permit crossing 
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Introduction 

• Rating Methods 

• Load and Resistance Factor Rating (LRFR) 

Uniform reliability  

Probabilistic methods to derive load and 
resistance factors 

• Load Factor Rating 

Strength Based  

No guidance on adjusting Load & Resistance 

factors 

• Allowable Stress Rating  
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Introduction 

• MnDOT Status 

• Load and Resistance Factor Rating (LRFR) is used for 

 New bridges (mainly after 2010) 

Major rehab bridges designed by HL-93 

Major complex bridges  

 Some existing curved steel girder bridges 

• Load Factor Rating is used for 

 Existing bridges 

Minor rehab/repair bridges 

 Posting and permitting requests 

• Allowable Stress Rating is used for 

• Timber bridges 

• Any bridges can not be rated by other methods 
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Loads and Load Factors 

• Loads for Ratings 
• Design Load – HL-93 (LRFR) or HS 20 (LFR/ASR) 

Notional load for screening 

Inventory rating level and Operating rating level 

Bridge plan data block 

• MN Legal Trucks and AASHTO Special Hauling Vehicles 
(SHVs) 

Operating rating level only 

Bridge posting determination 

• MN Standard Permit Trucks 

Operating rating level only 

Overweight permit determination  
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Loads and Load Factors 

• MN Legal Loads 
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Loads and Load Factors 

• AASHTO  

   SHVs 
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SU5 

22’ 

62 kips 

SU7 

30’ 

77.5 kips 

Type 3 

16’ 

48 kips MnDOT Single Truck 

Posting Model   

New AASHTO Specialized Hauling 

Vehicle – 5 axle Posting Model 

New AASHTO Specialized Hauling 

Vehicle – 7 axle Posting Model 

Loads and Load Factors 
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Today 

1960 -1970 ‘s 

Loads and Load Factors 

Bridge Load Ratings 15 



Loads and Load Factors 

• MnDOT Standard Permit Loads 

• Annual Permit Truck Models 

Standard A, B, and C 

Total Weight ≤145,000 LB  

 

• Single Trip Permit Trucks Models 

P411 and P413 

Additional Standard Permit Trucks G-07 

 

• Uniform Lane Load of 200 PLF for Span>200’ 
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Loads and Load Factors 

MnDOT  

Standard 

Annual Permit  

Load Models 
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Loads and Load Factors 

MnDOT Standard Single Trip Permit Load Models 
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Loads and Load Factors 
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Total Weight = 703,000 LB 



Loads and Load Factors 

• LFR Load Factors  

 DL load factor = 1.3 

 LL load factor at inventory level = 2.17 

 LL load factor at operating level = 1.3 
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Loads and Load Factors 

• LRFR Load Factors  
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Loads and Load Factors 

• LRFR Load Factors  
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Loads and Load Factors 

• LRFR Load Factors  
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Loads and Load Factors 

• LRFR Multiple Presence Factor (MPF)   

• HL-93 per AASHTO LRFD 

• MN Legal Loads and SHV trucks per AASHTO LRFD 

• Annual Permit Loads per AASHTO LRFD 

• Single Trip Permit Loads MPF=1.0 

 

• Number of Lanes (LRFR) 

• Number of design lanes shall be used for all strength 

checks at both inventory and operating levels 

• Number of striped lanes shall be used for service 

check at operating level  
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LRFR Process 

• Process based on Live Load Distribution 
Factors  

• Use LRFD distribution analysis methods in LRFD 
Article 4.6.2 

• One or Two+ lane distribution factor 

• Virtis Software  

 

• Process based on Finite Element model 
• Complex bridges only 

• Load patterning for HL93 only and combinations 
of HL93 and permit loads 
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LRFR Process 

• LRFR Basic Formula 

 

Rating Factor: 

𝑅𝐹 =
∅𝑐∅𝑠∅𝑅 − 𝛾𝐷𝐿𝐷𝐿

 𝛾𝐿𝐿(𝐿𝐿 + 𝐼)
 

       

   ∅𝑐∅𝑠 ≥ 0.85 MBE 6A4.2.1-1 

 

g(DL) – MBE table 6A.4.2.2-1 

g(LL) – MBE table 6A.4.2.2-1 
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LRFR Process 

• System Factor fs 

 

• MBE Table 6A.4.2.4-1 

• System Factor = 1.0 for shear at the strength 

limit state. 
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LRFR Process 

• Condition Factor fc  
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Limit States 

• MnDOT Requirements 

• No fatigue check required 

• For new HL-93 designed bridges, service state 

checks of permit loads are required 
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Limit States 

• Service I Permit Load Check 

• Limiting the steel stress to 90% of yield stress 

  fr = 0.9 fy or 0.9 fpy 

 

• Ensure no permanent deformations from overweight 

loads 

• Alternate approach – Limit unfactored moments to 

75% of nominal flexural capacity (Mn),  

    MBE C6A.5.4.2.2b 
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Reliability 

• Reliability Index 

• Inventory Level = 3.5 (same as design) 

• Operation Level = 2.5 (target inspection cycle) 
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Special Type Superstructures 

• Curved Steel Superstructure 

• Load Patterning – One/Two HL-93 or Permit Trucks 

• Load Factors – Using MBE Tables 

• MnDOT Guidance – Under development 

 

• Post-Tensioned concrete segmental box 

• Load Patterning – All combinations 

• Design Loads - Including permit trucks 

• Load Factors – Past:1.35 used  

  Future: new MBE revision 
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Special Type Superstructures 

• Truss and Gusset Plates 

• MnDOT Bridge Design Memo – will be revised 

• FHWA Guidance and Examples – Flexure not required 

• AASHTO – Future Revisions 

 

• Prestressed Concrete Beam Bridges with Shear 

Issue 

• Current University of Minnesota’s Research Project 

• Shear Analysis Process 
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Load Posting 

• Posting Rules 

• AASHTO and Minnesota rules require posting 

bridges when bridge condition has 

deteriorated and reduced its capacity to 

safely carry legal loads 

• Must close a bridge when the capacity of a 

bridge is less than 3 Ton 

• A vehicle type shall not be allowed when the 

rating factor of that vehicle type falls below 

0.3 
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Load Posting 

• LFR/ASR Methods – Currently Used 

 Follow MnDOT LRFD Design Manual Chapter 15 

 

• LRFR Method – Currently not Implemented by 

MnDOT  

 

  

 W = Weight of rating vehicle 

 RF = Legal load rating factor 

  MBE 6A.8.3-1 
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Safe Posting Load=
𝑊

0.7
𝑅𝐹 − 0.3  



Load Posting 

• Sign Samples – R12-5 and R12-5a 
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Assigned Rating 

• MBE requirements 

• Bridges designed by HL-93 or HS 20/HS 25 

• Bridge condition not changed  

• Bridges only carry MN Legal loads 

Inventory Rating Factor = 1.0 

HL93 Operating Rating Factor = 1.3 or 

HS 20 Operating Rating = HS 33.4 

• FHWA requirements 
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Physical Inspection Rating (PIR)  

Use when a numerical rating value cannot 

readily be calculated.  

The reason can be: 

• No bridge plan available 

• Concrete with unknown reinforcement 

• Deteriorated culverts 
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Physical Inspection Rating (PIR)  

• PIR Procedure  

• Form PIR + cover sheet (form RC-TH or RC-

CL) 

• Consider condition, age, type, redundancy, 

ADTT, loading, etc. 

• Rating determined by the engineer based on 

all available information and his/her 

judgment 
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Rating Forms 

• All forms are available online 
http://www.dot.state.mn.us/bridge/docsdown.html 
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Rating Form for County & Local Agencies 
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Culvert Rating (Form 90) 

NEW 
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OLD 



Physical Inspection Rating (PIR) 

New 
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Questions? 

Rating Unit List 

 Yihong Gao at 651-366-4492 

 Moises Dimaculangan at 651-366-4522 

 Jim Pierce at 651-366-4555  
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