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Culvert SSI Update
•Introduction
•Engine validation updates (Phase 1)
•Concrete interface (Phase 2.1)
•Future phases (Phase 2.2 and beyond)



Culvert SSI Implementation Update

Culvert TAG participants – 9 DOTs, 3 consultants
• Mike Johnson, Idaho TD, Chair

• Matt Luger, North Dakota DOT, Vice-Chair 

• Mark Mlynarski, ProMiles

• Ruben Boehler, Illinois DOT

• Yihong Gao, Minnesota DOT

• Jennifer Hart, Indiana DOT

• Ratan Huda, New York DOT

• Spencer Koehler, Illinois DOT

• Don Tempinson, Michigan DOT

• Richard Tsang, CalTrans

• Elizabeth Befikadu, AI Engineers

• Nevil Gomes, ECMS

• Damian Silverstrim, AI Engineers



Culvert SSI Implementation Update-
Validation

Verification Process with CANDE 2022

Generate Mesh By Loadstep:
• In-situ soil
• Culvert model
• Soil Layers (soil Properties)
• Pavements
• Each individual LL step

CANDE
XML 

Output Results

CANDE 2022
Software

CANDE
Input File

AASHTO FEA Engine
(Modifications)
- Triangle element (CANDE)
- Quad element (CANDE)
- New beam-column element
- interface element

-Duncan Selig
- Linear Soil
- Mohr Coulomb (soil interface)
- Concrete Material (CANDE)
- Steel Yield (elastic-plastic, buckling)
- Aluminum Yield
- Plastic (polymer)

Save the results
In a CANDE XML format

CANDE XML
Mesh Geom 

Results

Digital 
Compare

CANDE vs BrDR
Results

CANDE
Other Output 

Results

Post-Process FE Analysis 
Output results

Spec Check Culvert 
Domain

• Validation Process
• Use new engine with SSI 

elements
• Produce output in CANDE XML 

format
• Digital (or graphical) 

comparison of results for 
various models

Phase 1



• Small model validation
• Highly focused unit tests
• Verify the performance of

• Beam
• Quadrilateral
• Triangle
• Interface
• Linearly elastic and Duncan materials

• Integrated, focused – combine elements
• Make sure the parts are functioning 

individually and in small models 

Culvert SSI Implementation Update-
Validation

Phase 1



Culvert SSI Implementation Update-
Validation

• Focused Element 
tests

• Quadrilateral tests
• Simple test BrDR 

matched CANDE and 
was within 3% of 
beam theory for a 
small number of 
elements

Phase 1



• Focused Element 
tests

• Quadrilateral tests
• Simple test BrDR 

matched CANDE and 
was within 3% of 
beam theory for a 
small number of 
elements

Culvert SSI Implementation Update-
Validation

Phase 1



• Focused Element tests
• Quadrilateral tests

• Column tests, shown to the right, were 
compared against theory with and without 
density to confirm that body forces are 
handled correctly

Culvert SSI Implementation Update-
Validation

Phase 1



• Focused Element tests
• Triangle tests

• BrDR/CANDE matches for 
cantiever

• BrDR/CANDE matches for pure 
bending

Culvert SSI Implementation Update-
Validation

Phase 1



• Focused Element tests
• Triangle tests

• Column tests, shown to the right, were 
compared against theory with and without 
density to confirm that body forces are 
handled correctly

• BrDR/CANDE matching

Culvert SSI Implementation Update-
Validation

Phase 1



Culvert SSI Implementation Update-
Validation

• Focused Element tests
• Duncan Material Testing

• Simple model with axial and 
lateral loads

Phase 1



Culvert SSI Implementation Update-
Validation

• Focused Element tests
• Duncan – Duncan/Selig Material 

Testing

Phase 1



Culvert SSI Implementation Update-
Validation

Global tests
• Full CANDE models that run in both CANDE 

and BrDR
• CANDE *.cid files are imported into the 

AASHTO SSI engine
• Comparison tools written for the validation
• 10 models of varying soil models and 

structure types

Phase 1



Culvert SSI Implementation Update-
Validation

Global tests
•  Validation tools – in 

place
• Can be used now and 

for future testing/ 
support 

Phase 1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation

Implementation of the Concrete UI for SSI
• Mockups prepared (44 mockup pages for the RC Box)
• Reviewed by Culvert TAG
• Comments addressed
• Interface/DL implementation in Phase 2.1 – Year 1 

(Version  7.9-in progress)
• LL implementation in Phase 2.1 – Year 2

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Implementation of the Concrete UI for SSI
• Maintain the existing concrete culvert definitions
• Add on to definitions with things that are needed for the 

SSI analysis
• Two methods of analysis

• Existing AASHTO spec checking without SSI (line-girder)
• New analysis with SSI (additional input required)

Phase 2.1



Samples from the mockups – Library – new soil models

Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Phase 2.1



Samples from the mockups – Library – new soil models

Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from the mockups – Library – Pavement

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from 
the mockups – 
BWS – New RC 
windows

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from 
the mockups – 
BWS – New RC 
windows-Fill 
Geometry

Embankment
Constant fill 
depth

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from 
the mockups – 
BWS – New RC 
windows-Fill 
Geometry

Embankment
Varying fill 
depth

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from the 
mockups – BWS – 
New RC windows-
Fill Geometry

Trench (not sloped 
or sloped)

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from the 
mockups – BWS – 
New RC windows-
Analysis Control 
Schematic

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from the 
mockups – BWS – 
New RC windows-
Analysis Settings

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from the 
mockups – BWS – 
New RC windows-
Engine Output 
Generator

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 1

Samples from the 
mockups – BWS – 
New RC windows-
Engine Output 
Generator

Phase 2.1



Culvert SSI Implementation – Concrete 
Interface – Engine Implementation-Year 2 

Concrete Interface – Year 2
• LL results
• Results Graph
• FEM Results (mesh stress/strain plotting)
• Spec checking (with SSI results)
• Validation examples/testing

Phase 2.1



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Metal Culvert Interface
• Similar process for the interface mockup and 

approval
• This will begin in Phase 2.2
• This will be a new structure type

Phase 2.2



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Metal Culvert Interface – Mockup samples

Phase 2.2



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Metal Culvert Interface – Mockup samples – 
Different geometry
- Multiple segments
- Up to 3

Phase 2.2



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Metal Culvert Interface – Mockup samples – 
Different geometry
- Straight sided option

Phase 2.2



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Metal Culvert Interface – Mockup samples – 
Different geometry
- Fill geometry options
- Similar to concrete

Phase 2.2



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Metal Culvert Interface – Mockup samples – Different 
geometry
- Condition information – deterioration/deformation
- Mockups still currently in draft form

Phase 2.2



Culvert SSI Implementation –Metal Culvert 
Interface – Engine Implementation

Phase 3 and beyond
• Produce models for more 

complicated structures
• Multiple pipes
• Multiple materials
• Different methods for LL 

analysis
• Guided by the needs of the 

agencies

Phase 3



Questions/Comments

Mark Mlynarski, P.E., ProMiles; 
mmlynarski@promiles.com

Jennifer Hart, P.E., Indiana Department of Transportation
Culvert TAG chair
jenhart@indot.in.gov

mailto:mmlynarski@promiles.com
mailto:jenhart@indot.in.gov
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