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 2011 AASTHO/TRB sponsored upgrades to CANDE-2007

 2011-2012 Load ratings performed to generate H20 and HS20 
Inventory and Operating LFR ratings for all under fill structures 
using CANDE: Culvert ANalysis and DEsign.

 ~2015 AASHTOWare BrR introduced the Culvert Analysis engine 
for reinforced concrete under fill slab structures.

 Ohio Department of Transportation shared a Metal Culvert 
spreadsheet with other DOTs.

 2020 FHWA deadline for INDOT to complete and document all 
legal load ratings for all bridges.

 2022 CANDE Tool Box companion program useful for load rating.

 2022 AASHTOWare BrR version 7.3 introduced Metal Culvert 
engine.

Under Fill Load Rating Progress & 
Application Development

> 900 Under Fill Structues
~ 470 CANDE Models



 NCHRP Project 15-28: Mlynarski, M., M.G. Katona, and T.J. McGrath. NCHRP Report 619: Modernize 
and Upgrade CANDE for Analysis and Design of Buried Structures. Transportation Research Board of the 
National Academies, Washington, D.D., 2008.
• The product of this research is CANDE-2007.
• In 2011, the CANDE-2007 software was updated to run on current versions of Windows

 NCHRP 15-54: Mlynarski, M., M.G. Katona, T.J. McGrath, and C. Clancy. Proposed Modifications to 
AASHTO Culvert Load Rating Specifications, Submitted July 2019.
• Developed and executed full scale field tests on seven culverts. (Maryland, Massachusetts, Ohio, & 

Pennsylvania)
• Developed and executed full analysis of subject culverts in both 3D and 2D.
• Surveyed DOTs for current practices related to culvert rating. Ohio DOT and Michigan DOT provided 

Metal Culvert Spreadsheets.
• Review current specification to determine where improvements could be made to the rating process.
• 2022 CANDE Tool Box and revisions to CANDE analysis engine were developed to facilitate research.
• Concrete Box models compared with AASHTOWare BrDR

Culvert Load Rating Research



Under Fill Structures 
Missing Plans and/or 

Necessary Details
~190 Underfill structures, missing plans 
and/or necessary details rated using 
engineering judgment.
INDOT inspection assess culvert 
condition.
Select design vehicle based on year of 
construction.  Use simple span moment 
comparison to generate all legal load 
rating factors.
Manual for Bridge Evaluation, 3rd 
Edition, Section 6.1.4 – Bridges with 
Unknown Structural Components

Average SU7 Legal RF = 1.6 (INDOT)



Reinforced Concrete 
Slabs & Box Structures 

Under Fill
~180 Underfill slab structures, 
previously rated using CANDE

Converted to AASHTOWare BrR 
following the introduction of the Culvert 
Analysis engine for under fill slab 
structures.

Average SU7 Legal RF = 2.8 (INDOT)



Metal Pipe Structures 
Under Fill

~180 Pipe structures rated using 
spreadsheet developed based on Design 
Data Sheet No. 19

Coordinated with INDOT inspection to 
collect field measurements.

Average SU7 Legal RF = 11.6 (INDOT)

Chris Andrzejewski, PE
Project Team Leader
United Consulting

2022 AASHTOWare BrR 7.3 introduced 
Metal Culvert engine.



Reinforced Concrete 
Arch Structures 

Under Fill
~410 Rated using existing CANDE 
models & 2022 CANDE Tool Box.

2D FEA program developed for the 
structural design and analysis of  soil 
bridges, buried culverts and 
underground structures.

Average SU7 Legal RF = 3.2 (INDOT)

Amy Huebschman, PE 
Structures Service Lead
EMCS, Inc

Future AASHTOWare BrR Enhancements 
planned to develop Concrete Arch 
engine.



Progress of Under Fill Evaluations

CANDE
50%

MPAUF - CANDE 
6%

MPAUF - Missing 
Information 

8%

Missing 
Information

36%
CANDE

43%

BrR Culvert
19%

MPAUF 
Spreadsheet

18%

Engineering 
Judgment

20%

Legal load ratings generated & decreased number of load ratings performed using Engineering Judgment



AASHTOWare BrR, 86%

Complex, 1%

CANDE, 7%

Metal Pipe Spreadsheet, 3%
Engineering Judgment, 3%

2023 Rating Program Used for INDOT 
Bridges



Load Rating Metal Structures Under Fill



Load Rating Metal Structures Under Fill

• Corrugated Metal Pipes
• Long Span Structures

• Horizontal ellipses
• Low and high profile 

arches
• Inverted pear shapes and 

pear arches

• Structural Plate Box 
Culverts

Which Structure Types?



Load Rating Metal Structures Under Fill

• Because Jennifer Hart said so?
• INDOT Bridge Inspection Manual (BIM) 3-5.0

Why?



Load Rating Metal Structures Under Fill

• Load Rating Method
• LRFR Methodology (Strength Limit State per LRFD 12.5.3)
• Based on ODOT's CMP and Structural Plate Box Culvert 

Spreadsheets
• Made public for use and modification

• Spreadsheet Assumptions
• Ignores culvert skew to the roadway
• Constant cover depth
• Distributed load width is less than the culvert length
• Single lane loaded only (including MPF) per LRFD 3.6.1.2.6a

Background Information



Load Rating Metal Structures Under Fill

• Required information from field 
inspection notes and/or plans

• Overview of Spreadsheets
• Changes needed to ODOT's 

spreadsheets
• Methodology

• NCHRP 15-54: Proposed 
Changes to AASHTO Culvert 
Rating Specifications

• Incorporation into AASHTOWare
BrR Version 7.3

Topics Covered



Load Rating Metal Structures Under Fill

• Dimensions and properties
• Structure type, seam type, span, 

rise, top radius, length, 
corrugation, metal thickness

• Cover*
• Deterioration*

• Section loss
• Deflection in the top
• Seam failure (missing bolts/rivets)

*Within the travel way

Required Information for Pipes and Long Spans



Load Rating Metal Structures Under Fill

• Dimensions and properties
• Span, rise, length, corrugation, 

metal thickness (crown AND
haunch), inside bolt spacing 
(crown AND haunch)

• Cover*
• Deterioration*

• Section loss
• Deflection
• Seam failure (missing bolts)

*Within the travel way

Required Information for Boxes



Load Rating Metal Structures Under Fill

• Contech's Structural Plate Design Guide
• Parts: Crown, Haunch, Rib, Leg, Arc
• Bolt spaces - (N)
• Required Information

• Arc Length (N) or Crown Plate (N) or Crown 
Rib Length (N)

• Haunch Plate (N) or Haunch Rib Length (N)
• Straight Leg Length (N)

Deeper Dive into Structure Identification

Image from Contech's Structural Plate Design Guide



Load Rating Metal Structures Under Fill

• Utilizes NCSPA procedure (NCSPA Design Data Sheet No. 19)
• LRFD 12.7 for calculating capacity and loads
• Rating Factors based on Capacity:

• Rating Factor based on AASHTO Minimum Cover Requirements:
RF = H2/(C x h2)

Corrugated Metal Pipe (and Long Span) Load Rating Spreadsheet Overview



Load Rating Metal Structures Under Fill

• Includes the ability for additional thrust 
due to the wearing surface and 
hydrostatic/saturated soil

• Allows multiple lanes loaded and varying 
fill depth

• Will ignore live load effects if criteria in 
LRFD 3.6.1.2.6a* is met (RF --> 99)

• *NCHRP 15-54 has proposed changes to this 
criteria

BrR 7.3 vs CMP Load Rating Spreadsheet



Load Rating Metal Structures Under Fill

• Input Tab – Structure dimensions and 
information

• Output Tab – Calculations and rating 
factors

• Reference Tabs – Code references, 
section properties tables, steam strength 
tables, NCSPA Design Data Sheet No. 19, 
Critical Load Parameter

CMP Load Rating Spreadsheet Overview



Load Rating Metal Structures Under Fill

• Fill in yellow cells with 
measurements and structure 
information

• Refer to tables on the side and 
reference tabs for information

CMP Load Rating Spreadsheet Overview – Input Tab



Load Rating Metal Structures Under Fill

• Culvert Condition Rating (NBI Item 62) –
Condition Factor

• ηR – Redundancy Factor – 1.05 --> 1.00 
per LRFD 12.5.4

• EV Legal Load LLDF per INDOT Bridge 
Inspection Manual (BIM) Part 3 Table 
6A.4.4.2.3c-1 based on NCHRP 20-07 
Task 410

Input Tab – Deviations/Additions from ODOT

Table from current INDOT Bridge Inspection Manual



Load Rating Metal Structures Under Fill

• RF = (C- γDCDC-γEVEV)/(γLL(LL+IM))
• Capacity = Lesser of:

• Wall Yield Strength
• Wall Buckling Strength
• Seam Strength

• Section Loss/Deflection accounted 
for in Wall Yield/Buckling Strength

• No straightforward guidelines to 
account for seam deterioration

CMP Load Rating Spreadsheet Overview – Output Tab



Load Rating Metal Structures Under Fill

• RF = (C- γDCDC-γEVEV)/(γLL(LL+IM))
• Thrust due to Live Load and 

Dynamic Allowance:
• ODOT and other states follow an 

older version of LRFD (conservative)
• BrR follows current LRFD 3.6.1.2.6a*

• *NCHRP 15-54 has proposed changes to 
the method of distribution

• Verify maximum number of axles 
for each vehicle to the span length

CMP Load Rating Spreadsheet Overview – Output Tab



Load Rating Metal Structures Under Fill

• Add INDOT Design, 
Legal, and Permit 
vehicles

• Update live load 
distribution to current 
LRFD code

Output Tab – Deviations/Additions from ODOT



Load Rating Metal Structures Under Fill

• Utilizes NCSPA procedure (NCSPA Design Data Sheet No. 19)
• LRFD 12.9 for calculating capacity and loads
• Rating Factors based on Capacity:

• Two Rating Factors:
• Crown Capacity
• Haunch Capacity

Structural Plate Box Culvert Load Rating Spreadsheet Overview



Load Rating Metal Structures Under Fill

• Structural Plate Box Culvert Tab
• Input: Structure dimensions and 

information, capacities, controlling 
axle group weight

• Output: Load Rating Factor for 
crown and Load Rating Factor for 
haunch – use controlling RF

• Reference Tabs – Code 
references, section properties 
tables, NCSPA Design Data Sheet 
No. 19

Metal Box Load Rating Spreadsheet Overview



Load Rating Metal Structures Under Fill

• Structure Number using Table 49C
• Using Tables 48A and 48B:

Structure Number
+ Haunch Gauge (HG)/Crown Gauge (CG)
+ Haunch Rib Spacing (HRS)/Crown Rib

Spacing (CRS)
+ Cover
=> Rib Type + Verification of all information

Continuing to Dive Deeper into Structure Identification...

Photo showing rib bolt spacing in underside of structure



Load Rating Metal Structures Under Fill

• Fill in yellow cells”
• Structure information
• Moment capacity
• Axle group weight
• Load factors

• Refer to tables on the side and 
reference tabs for information

Metal Box Load Rating Spreadsheet Overview – Input



Load Rating Metal Structures Under Fill

• Capacity
• Moment is distributed between 

the crown and haunch based on 
their relative stiffness

• Adjust ratio of crown load to make 
ratios equal

• Live Load
• Looks at axle group producing 

largest load

Metal Box Load Rating Spreadsheet Overview – Input

Adjust this 
(while staying 
within limits)

So that these are 
equal or as close 
as possible



Load Rating Metal Structures Under Fill

• Add Culvert Condition Rating 
(NBI Item 62)

• Add structure information (rib 
spacing, plate thickness, etc.)

• ηR – Redundancy Factor – 1.05 --
> 1.00 per LRFD 12.5.4

• EV Legal Load LLDF per INDOT 
BIM Part 3 Table 6A.4.4.2.3c-1 
based on NCHRP 20-07 Task 410

Metal Box Load Rating Spreadsheet – Deviations/Additions from ODOT

Table from Contech's Structural Plate Design Guide



Load Rating Metal Structures Under Fill

• Add INDOT Design, Legal, and 
Permit vehicles

• Add Dynamic Allowance to Live 
Load per LRFD 3.6.2.2

• Add Multiple Presence Factor 
per LRFD 3.6.1.2.6a

• Change C2, adjustment 
coefficient for number of wheels 
per axle, table reference per 
LRFD C12.9.4.2

Metal Box Load Rating Spreadsheet – Deviations/Additions from ODOT

Table from LRFD 9



Load Rating Metal Structures Under Fill

• Take good photos to assist in 
proper structure identification

• Record accurate cover 
measurements (levels and string 
lines)

• Check plans for an accurate 
backfill density

• Reach out to Contech with the 
structure stamp information as 
they may have plans or 
additional information

Metal Box Load Rating Spreadsheet – Tips for Low Ratings

Photo showing structure stamp on underside of crown plate



Load Rating Metal Structures Under Fill

• A link to ODOT’s webpage where 
the spreadsheet can be obtained 
will be hosted on INDOT’s Design 
and Load Rating page



Load Rating Concrete Arches Under Fill

Oldest Bridge in the World

• Arkadiko Bridge (Kazarma Bridge) 

• Est. ~1300 BC, Greece

• Greek Bronze Age, Mycenaen
Period

• 72’-0” long with a 3’-0” Span



Load Rating Concrete Arches Under Fill

EMCS Load Rating Contract

• 78 Underfill Structures

• 31 Arches (New and Old)

Nabin Ghimire – EMCS

Mohamed Ahmed – Clark Dietz



Load Rating Concrete Arches Under Fill

Current Design Guidance

• INDOT Bridge Inspection Manual, Part 3 Load 
Rating

• AASHTO Manual for Bridge Evaluation, 3rd 
Edition with 2022 Interim Revisions

• AASHTO LRFD Bridge Design Specifications, 9th

Edition, 2020

• CANDE – 2022 Culvert Analysis and Design 
Solution Methods and Formulations

• CANDE Tool-Box Manual for Load Rating



Load Rating Concrete Arches Under Fill

AASHTO MBE – 6A.10.4 Load Rating Equation for Culverts (Rev 2020) 

• EV = Vertical Earth Pressure
• EH = Horizontal Earth Pressure
• ES = Uniform Earth Surcharge
• AW = Approaching Wheel Load

Load Factors (Strength I)-
γEV = LRFD BDS TABLE 3.4.1-1
γEH = 1.35 Max, 1.00 Min (Rect. ONLY)
γES = 1.50 Max, 0.75 Min
γLL = 2.00
γAW = 2.00 (Rect. ONLY)



Load Rating Concrete Arches Under Fill

AASHTO MBE – 6A.10.3 Culvert Rating; Finite Element Modeling 

• Finite Element Program is Routinely Used

• MBE.C6A.10.3.3, - CANDE

• Continuous Load Scaling (CLS) – Spread Live Load 
Longitudinally

• Soil Modeling - Duncan Soil Model 

• LUSAS – Geotechnical Soil-Structure Interaction 



Load Rating Concrete Arches Under Fill

CANDE Software - FHWA Sponsored Est. 1973 – 2022 (FREE) 

• https://www.candeforculverts.com/home

1. Download CANDE-2007 with 2011 Upgrade

3. Verify in Output Utilizing 2022

2. Copy CANDE–2022 to Folder: C:\Program Files (x86)\CANDE-2007

https://www.candeforculverts.com/home


Load Rating Concrete Arches Under Fill
CANDE Overall Design Steps

1. Level 2 Half Mesh File  

• Pipe, Box and Arch

• Auto Creates Finite Element Mesh (Nodes, Elements)

• Many Existing Ratings in the Bridge File (ERMS) 

2. Level 3 Full Mesh File via CANDE Tool Box

3. Level 3 Full Mesh File with Pavement Addition via CANDE Tool Box

4. Level 3 Full Mesh File with Moving Loads via CANDE Tool Box

5. Load Rating via CANDE Tool Box



Load Rating Concrete Arches Under Fill

Step 1. CANDE Level 2 Half Mesh File - Geometric & Material Input

• New Model – Scratch

• Have Template for Input

• Arbitrary Reinforcement Shape 
Recommended (Varied Wall Thickness 
and Reinforcement)

• CREATES LEVEL 2 with Missing Input 

= Level2.##-##-#####.cid

• FOLDER WITH FILES



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File - Geometric & Material Input

• Half Arch Mesh with Load Steps for backfill of 
arch 



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File

• Material Properties (Pipe Definition 1) 

Concrete



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File

• Material Properties (Pipe Definition 1)



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File - Geometric Definitions

• Rise, ½ Span, Footing Dimensions

• Up to three Arch Segments



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File - Geometric Definitions



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File - Geometric Definitions – OVERRIDES (opt.)

Added Nodal Point Changes Input



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File – Concrete Resistance Factors

1. Steel Rebar Yielding due to Tension Stress: 0.90 (AASHTO 5.5.4.2)

2. Concrete Crushing due to Thrust and Moment: 0.75 (AASHTO 5.5.4.2, 
Compression – Controlled Section with Spirals or Ties – Two Way 

Action Similar Support Condition)

3. Resistance factor for concrete shear failure: 0.90 (AASHTO 12.5.5-1, 
Reinforced Concrete Pipe -Non-Direct Design)

4. Resistance factor for radial concrete tension: 0.90 (AASHTO 12.5.5-1, 
Reinforced Concrete Pipe -Non-Direct Design)

5. Allowable crack width for service load: 0.01 in (AASHTO C5.6.7, Control of 
Cracking… Class 1 Exposure 0.017 in, NA typ)



Load Rating Concrete Arches Under Fill
CANDE Level 2 Half Mesh File – Material (Soil) Definitions

• In Situ Soil – Below Footing and Trench, Standard Isotropic – Linear Elastic

• Footing – Concrete

• Backfill – Unknown =  ML95; Sandy Silt Soil with 95% Compaction  

Duncan / Selig Soil Model;  Density : 125pcf - 135 pcf

• Interface 1-19 – Angle for all 19 Interfaces 

Coefficient of Friction = 0.3 (up to 1,000 - Bonded)

Tensile Breaking Force = 10 lb/in (up to 10,000 - Bonded)



Load Rating Concrete Arches Under Fill
Step 2a. CANDE Level 3 Full Mesh File – CANDE Tool Box

• Selection Option 1 – Convert Level-2 Input File to Full – Mesh Level -3 File



Load Rating Concrete Arches Under Fill

Step 2b. CANDE Level 3 Full Mesh File – CANDE 

• Open Updated “Full –” .cid File in CANDE and Run



Load Rating Concrete Arches Under Fill
Step 3a. CANDE Level 3 Pavement / DC Loads Addition – CANDE Tool Box

• Select Option 2 – Insert Pavement on Mesh-Surface of  Full-Mesh 
Level-3 File

Add any additional Dead 
Here as Pavement Unit 
Weight                            
(Adjust for Load Factors)



Load Rating Concrete Arches Under Fill

Step 3b. CANDE Level 3 Full Mesh File Pavement – CANDE 

• Open Updated “Pave-Full - ” .cid File in CANDE and Run



Load Rating Concrete Arches Under Fill
Step 4a. CANDE Level 3 Moving Loads –
CANDE Tool Box

• Select Option 3 – Simulate Moving 
Vehicle over Surface of Pave-Full 
Level-3 File

Must Be Completed for ALL Vehicles

Step 4b. CANDE Level 3 Moving Load File – Open “ Live-Pave-Full-”.cid in 
CANDE and Run



Load Rating Concrete Arches Under Fill

Step 5. CANDE Load Rating – CANDE Tool Box

• Selection Option 5 – Perform Load Rating Calculations on Moving Load File

Must be repeated for all 
Vehicles



Load Rating Concrete Arches Under Fill

CANDE Load Rating Results– CANDE Tool Box (HL-93 INV shown)

R.F > 1.0! 



Questions?

Load Rating of Metal Structures & Concrete Arches Under Fill
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