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Culvert SSI| Update

*|ntroduction

*Engine validation updates (Phase 1)
*Concrete interface (Phase 2.1)
*Future phases (Phase 2.2 and beyond)
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Culvert SS| Implementation Update

Culvert TAG participants — 9 DOTs 3 consultants
* Mike Johnson, Idaho TD, Chair

* Matt Luger, North Dakota DOT, Vice-Chair i,«wl _

* Mark Mlynarski, ProMiles <\ ¥ {ME
 Ruben Boehler, Illinois DOT Sn ; v 2 .
* Yihong Gao, Minnesota DOT . \

* Jennifer Hart, Indiana DOT | Y

e Ratan Huda, New York DOT ' ) %

* Spencer Koehler, Illinois DOT  « Elizabeth Befikadu, Al Engineers L i \

* Don Tempinson, Michigan DOT « Nevil Gomes, ECMS \\f‘\\ e h \\ﬂ

* Richard Tsang, CalTrans  Damian Silverstrim, Al Engineers N "}
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Phase 1

Culvert SS| Implementation Update-

Validation

Verification Process with CANDE 2022

e \Validation Process cvpn

Option to Generate

* Use new engine with SSI e

> ) 5 Digital
(Not all CANDE features CANDE CANDE XML CANDE Compare
Supported) Other Output Mesh Geom XML CANDE vs BrDR
e le - e n t S Results Results Output Results| Results

Save the Mesh Generated
In the same format
As the CANDE Mesh Geometry

* Produce outputin CANDE XML
format

* Digital (or graphical)
comparison of results for
various models

AASHTO FEA Engine
(Modifications)

- Triangle element (CANDE)

- Quad element (CANDE)

- New beam-column element
- interface element

Generate Mesh By Loadstep:
e In-situ soil

Culvert model

Soil Layers (soil Properties)
Pavements

Each individual LL step

Save the results
In a CANDE XML format

-Duncan Selig
- Linear Soil

- Mohr Coulomb (soil interface)

- Concrete Material (CANDE)

- Steel Yield (elastic-plastic, buckling)
- Aluminum Yield
- Plastic (polymer)

FEA Results by Loadstep
Same results stored in CANDE XML Output Results

idge User Group Meeting 2026

ProMiles T g

Post-Process FE Analysis
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Phase 1

Culvert SS| Implementation Update-

Validation

* Small model validation ) Beam ¢
* Highly focused unit tests . \
Interface
. L—l—l—l—l—l—l—l—l—l—l—l—l—l—l—l
* Verify the performance of & % >%%%?%%%%%%%%%?%%
* Beam ' J1 7777777777777 77777777
° Quad ri [ate ra[ Mixed Element Tests, say Winkler Beam
* Triangle ﬂ
* |nterface Linear Elastic

* Linearly elastic and Duncan materials

Duncan

([ ]
STRESS

Integrated, focused — combine elements

Make sure the parts are functioning Material Models
individually and in small models

STRAIN
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Phase 1

Culvert SS| 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

ProMiles

3x1 mesh is shown here V

Length L=10. Height H=1. E Modulus=1
Poisson's Ratio = 0.3, Thickness =1
Plane Stress, Force = 1
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Phase 1

Culvert SS| Implementation Update-

Validation

Accuracy for Cantilever Beam

* Focused Element S oxt k2 axd - 80x8
tests . B C ’
e Quadrilateral tests
* Simple test BrDR _ .

matched CANDE and (™ it
was within 3% of F
beam theO ry for a 1500 3x1 mesh is shown here l/
small number of E t

Length L=10. Height H=1. E Modulus=1
* Poisson's Ratio = 0.3, Thickness =1
Plane Stress, Force = 1

elements

500

1 10 100 1000

DI.’OMIIES Number of Elements



Phase 1

Culvert SS| Implementation Update-

Validation

* 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

ProMiles

AASHTOWare Rating and Design Bridge User Group Me ZEYAVAN
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Phase 1

Culvert SS| Implementation Update-

Validation
* Focused Element tests 1000lb
* Triangle tests , . ) . N
* BrDR/CANDE matches for D R L 10
cantiever 1 9
- BrDR/CANDE matches for pure 0 7
. Triangle Mesh
bending
7 8 9 10 11 12
8172|8312 4|05 t;\\
2 3 4 5 6 -
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Phase 1

Culvert SS| Implementation Update-

Validation

* 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
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Phase 1

Culvert SS| Implementation Update-

Validation

Axial Axial

* Focused Element tests

* Duncan Material Testing

 Simple model with axial and v N/
lateral loads §> Lateral

Table 3.8.2-2. Duncan/Selig 8 parameters for Cooks Bayou Sand.

Parameter Name Symbols Values based on best fit to data
Cohesion strength c 12.5 psi
Internal friction angle Qo 35.6"
Reduction of angle A 0.0
Magnitude of E; K 238 (atmospheres)
KPa = 3500 psi

Exponent for E; n 0.0823

E; = 3500(03/14.7)"%823
Ratio of failure Ry 0.80
Initial Bulk modulus B, 1263 psi (Bi/Pa = 85.92)
Ultimate vol. strain Eu 0.1177%

Lateral

DPOM"GS AASHTOW? \Rating and Design Bridge User Gromgi;getiﬁg 2026
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Phase 1

Culvert SS| Implementation Update-

Validation

* Focused Element tests
* Duncan - Duncan/Selig Material

Testing
BrDR
Lateral Acxdial E_tangent E bulk nu
25 113 299 582 239665 0.479
25 100 443 803 3550.43 0.479
25 75 600 549 6404 39 0.479
25 50 1261.76 9599 59 0478
25 25 1827 .45 9492 06 0 468
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Phase 1

Culvert SS| 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

DPOM"GS AASHTOWare Rating and Design Bridge User Group Meeting 2026



Phase 1

Culvert SS| Implementation Update-

Validation

Global tests Load step 15

Bending Moment Diagram

* Validation tools —in s .

22776.59

X
1753308 4 "B oM ¢ cur ﬁ:'u

p la C e Refe 12289.97 - "-B ﬁ ﬁ, -;;H;

rence = . . "

5 7046.66 A ‘ s
g 1803.35 v ﬁ ﬁ R
S -3439.96 Y 3 =)

T T T r T T T T T T 1
S4w. 168 252¢ 336 420 504 %588 672 x756 840
-8683.27 o5y 5 3 i

- Ref

*Canbeusednowand = . _ & “wo % o
for future testing/ ,. I T
support

Distance along beams from first node

ProMiles
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Phase 2.1
Culvert SSI Implementation — Concrete

Interface — Engine Implementation

Implementation of the Concrete Ul 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
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Phase 2.1
Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Implementation of the Concrete Ul 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)

DPOM"GS AASHTOWare Rating and Design Bridge User Group Meeting 2026



Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Samples from the mockups — Library — new soil models

: LIERARY AASHTOWare Bridge Design and Rating ?2 - i
BRIDGE EXFLURER LIBRAXY
B - |0 ¢
New Close
Manage j
| A
& 2 Appurtenances A Ty Urks | onion 3
= D Connectors Rancerd US Customany Duncan/Selig-Cre vely sand, 100% compecton §
2 Dhe ndare UECustomary Duncan/Celig Orevaly snnd, 054 compec ton
‘ (= Corrugatea Metal Pand Qancore USCustornagy Duncan/Salig-Gravely sand, 90 carrpas ten ’
82 Factors . Qi nciard USCustoman Dunzan/Selig-Gravely sand, 25% compsc ton 3
2 LRFD DF Applicablity Ranges s rawe USCusiamary Duncaniseig-0ra voly aad, S0 COmpac bon ;
£ LRFD Substructure Design Seftings a3 ncaro USCustomasy Duncan/Seliz-Sandy sit, SO% COMPAC tion ‘
2 B Materials 2a g USCustomuy Duncan/Setig-Sandy sit, 0% compac tion
7 Aluminum 8 ncrd US Cuztomagy Duncan/Selig-Sandy sikt, BS% compaction q
B Conerata Dancard USCustornarny Duncan/Selig-Sandy sit, B0% compaction
@ Prestress Bar Qi neburt LSO stomay MhmeaniSalig-Sandy citt | S0 raanac tion
@0 " Shaed Qarcae USCustarmany Dumcan/Salig-Siltyclay, 5% compactian
restiess. dran [unave US Customary DuncantSetis-Sity clay, SO% compaction
7 Reinforcing Steel e uswmomany UL SE S TRy, SO CUTPECTIN
2 ncord USCustomayy DuncantSetig Sty clay, 80% compactian 4
22 ncord USCustomasy Duncan-Coor se sggyegate, 05% compaction )
R rcre USCustormasy Duncan-Coar s& agg egate. 9% compaction
Rancxo USCustomany Ouncan-Coar e aggegate, S0% compaction
> R Suncuc USCLsioman Duncan-Sitv @nds. 100% compaction ,
@ Elastic Orthotropic Serded USCustameny Duncer-Sity aarxh, EOM compacian
___a Overburden Dependent Ui neore US Custernany Duncan-Sey sandk, 854 compa cteon
D0 et UE Sustarne Dunsen Gy sleymy sand 160% sampastian
2a ncive USCustormasy Duncan.Sty clayoy tand,. S0% ¢ omoa ction
2 Siructural Stee! Rancwc USCustomay Duncan-Sity clayoy sand 85% compaction i
o) B Thsibaes RATONT ustumamay UANCan-a gy (U Yy, JU0% COmpaction
& Wasring Surface D2 rndevd USCustaneny Duncan-Siky clay, @:mﬂm
2 Weld b s e US Custornagy Duncan-Sty clay, 55% ¢ ompe ction f
I.’O M T! | 8 Metal Box Cuvert 6
7 B Metal Ppe Culvert v up Meeting 2026




Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Samples from the mockups — Library — new soil models

roM

LIERARY AASHTOWare Bridige Design and Rati T -
| v ng
BRIDGE EXFLUR LIBRAXRY
- o] — u Materials: 551 Soil:Duncan-Selig: SWa5
| 9 | | . . _
N 5 vl Name: SW35 Duncan-Selig Shewre wanits as Libsary
Vew Close
Dezcription: | puncan-Selig model Duncan B) Standord
. - () Standa
M.n’ge 5W = gravelly sand 35% relative compaction Duncan u-r'lnal ’\
‘(1' £ Appurtenances A Duncan-5elig (@) Agency defined
& B Connectors
Corrugatea Metal Pand Seil model: Duncan [
g
i+ Factors ] ]
e LRFD DF Apph bility R‘qu Unloading behavior Stiffness control
w LRFD Substructure Design Settings ':_: Original [nenlinear elastic) @. Unfactored load
= B Materials 'Z:: Modified (nonlinear plastic-like) "5:' Factored load
7 Aluminum
2 Corerate Soil unit load: 145.000 pef
@ Prestresc Bar Initial moduli averaging ratio:
2 Prestrase Strand .
p Remfoncmg Steel — Young's tangent modulus function parameters — Tangent bulk modulus function parameters
Cohesion intercept psi Duncan soil model
¥ i - 175.0
Initial friction angle: deg Duncan’s magnitude number: - Only enable the_ group box for
Duncan's power law exponent: the selected Soil Model.
Reduction of friction angle: deg

e Elastic Orthotropic

2 Structural Stee!
iy 9 Tunbes
2 Waarning Surface
£ Weld

€ Metal Box Culvert
= 3 Metal Bipe Culvert

-2 Overburden Dependent

Magnitude of initial tangent modulus:
Exponent of initial tangent modulus:

Ratio of failure stress to ultimate:

950.0

0.600

F
]

Duncan original soil model
Poizzon's ratio:
Duncan-5elig soil model

Selig's magnitude ratio:

Selig's ultimate volumetric strain:

I
I
I




Phase 2.1
Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Samples from the mockups - Library - Pavement

1 @ Appurtenances

# & connectors

| [ Corrugated Metal Panel

L[}J E lactora

| @ LRFD DF Applicability Ranges Materials: Pavement: Default Pavement
! 27 LRFD Substructure Design Setti Store units as | Libraey
Bl E Materials

2 auminum Represents modest asphalt o vs

& Concrete Descrigtion; |

I & Pavement |

[ Prestress Bar

- Prestrass Strand

Mame: Modest asphalt

-2 Reinforcing Steel Density/unit load: 140.000 pcf

| 'E Sol | Modulus of elasticity: ~ 200000.000 psi
551 Soi
[ Duncan-Selig
~2 Elastic Isotropic
@ Elastic Orthotropic
@ Owerburden Dependent

Poisson’s ratio: 0.200

|2 sruetural stesr
#1@ Timber

| E’ Wearing Surface
@ Weld

DPOMIIGS se | Cose  ting 2026



Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

& Culvert Alermative Descrighion — a =

Culvert alterraties:  Cuberi Ali 1

Samples from

Twe-cell reinfanced concrete bow cubert example

Im Components | Lescriphion Culvert type: WL b

# 7 Components Ton slab extetior surfsee sxposure factor; 0.7

— | Diaphragm Definitions B, slab evterior suriace expature factor: Trs
BWS — New RC B ot rcing Oeoiors

- & CULVERT DEFINITIONS N

El [@) cutvert Def 1

.
W I n d OWS j |mPﬂCUDYT!BMiC Load Allowance Illlilldlld'.h'.lll method: Fmbanksmen LRFD EH el factor
E? Roadway Plan View

Side fill conditian
[& Culvert Loads ' Y o P
= (3 CULVERT ALTERNATIVES
= Soil-ctruchuna inbaraction Tacbor [LRFO):

= () Culvert Alt 1 (E) (C)

BT Default Materials Sull-sruzture interseuen {szar (LFDE
E RC Box Culvert Geometry
F= End Conditions
2 Bar Mark Definitions
= & CULVERT SEGMENTS ox Anely Caeeal
= [Olculvert Seg 1 Note: This input (Embankment/Trench) will control the
=} impact/Dynamic Load Allowance content on the subsequent SSI Fill Geometry window.
00 RC Box Cuivert Thickness If user re-opens this window, changes this selection
) RC Box Culvert L""f'd" from Trench to Embankment and clicks OK/Apply, issue
g :‘:::‘;T::;ﬁmm“mmt wa rnin.g message: . . .
“Warning: Changing the installation method will delete
ﬁ RC Box 55! Fill Geometry trench data on the SSI Fill Geometry window. Do you
RC Box 551 Analysis Control want to continue? Yes/No"
Do not allow changing of this field while the RC Box 55l
v Fill Geometry window is open.

v . Two new windows for RC Box culverts. No data on these SSI windows
I.)O I €S needs to be input to continue to analyze the culvert using the ‘line-girder’ lng 2026

method. This input is only needed if an SSI analysis is to be performed.




Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

RC Box Culvert 551 Fill Geometry: Embankment
Components |

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

Embankment

Constant fill
depth

ProMiles

= {0y Cubvert Example 1
e Camponents
& Ciaphragm Definitions
7 Lateral Bracing Definitions
= £ CULVERT DEFINITIONS
El Culvert Def 1
=4 Impact/Tynamic Load Allowance
{11 Haadway Hian View
(& Cuvert Loads
= 3 CULVERT ALTERNATIVES
& () Culvert Ait 1(E) (C)
&7 Default Materials
BB RC Box Cubvert Geometry
EEm:I Conditions
1+ [ Bar Mark Definitions
B B CULVERT SEGMENTS
& [OJcutvert seg 1
_! Impact/Dynamic Load Allowance
BIRC Box Culvert Thickness
ﬂ RC Box Cubsert Loads
RC Boe Cubvsert Reinfarcament
Peints of Interest

n RC Box Culvert 551 Fill Geometry
ox Culvel Nalysls Contra
Figures similar to the following will be shown in the Help to describe
the soil layers for both the embankment and trench installations

Pavement

Depth above culvert

Backfill

Beddi
dding

RC Box Culvert 55l Fill Geometry

Pavement loading will always
consider the DW load factor.

Drop-down selections include:

Installation method: | Embankment

|@ all 551 Pavements in the BWS,

[C] consider in-situ soil self weight deformation (2 )

Pavement
Consider pavement for rating @

Material: | Pavement B’

Thickness: in

@ Varying backfill depth above culvert @

Depth of fill at start edge: [ |ft

-None-
-Create new material-

Elastic wearing course
[O] consider elastic wearing course for design

@ Consider elastic wearing course for rating @

Modulus of elasticity: |:| ksi
-
— ®

Poisson’s ratio:

Pavement and Elastic group boxes are

Depth of fill atend edge: [ | ft always enabled. Pavement and Elastic
can both be used at the same time.

Soilarea Depth SHsail
(ft) Di—
Additional overburden Soil 123 || Drop-down selections include:
Backfill (depth above culvert) CL95 || all 551 Soils in the BWS,
Bedding ClL95 || -Create new Duncan-5elig-
= beddi -Create new Elastic Isotropic-
DL LS ng) o5 E -Create new Elastic Orthotropic-
-Create new Overburden Dependent-
Bedding left extension: ft
Bedding right extension: ft

AASHTOWare Rating and Design Bridge User Group Meeting 2026



Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

RC Box Culvert SSI Fill Geometry: Varying Embankment

RC Box Culvert 551 Fill Geometry

Components |

S a m p le S frO m i;n—i&h*w* Installation method: [ Embankment |

7 2 Components
2 Criaphragm Definitions
B Lateral Bracing Definitions [0 consider in-situ soil self weight deformation
the mocku PS — [ & Dot
B Cubvert Def1 Pavement Elastic wearing course
= impact/Dynamic Lead Allowance Consider pavement for rating @ Consider elastic wearing course for design
{1] koadway pian view . @ Consider elastic wearing course for rating
BWS - New RC i e
— - A -
= ;d xf:i:fﬁ,i;n:;s Thickness: n Modulus of elasticity: l:l ksi
- Ir = Poisson’s ratio: I:l
o ° o Defoult Matenals
BB RC Box Cuhiert Geometry Varying backfill depth above cuIvert@
windows-Fi
¥ @ Bar Mark Definitions Depth of fill at start edge: |:| ft Depth of fill at end edge: |:| ft
B IE! %LVER’T SEGMENTS
ks Cubvert Seg 1 — -
G e O I I l et r j lmp.n:tg"l)}rnamiclmdmlawam:: Soil area [mh S sail
[0 AC Box Culvert Thickness {ft]
B RC 8o Culvert Loads Additional overburden Soil 123 g
AC Box Culvert Reinforcement =
B Points of inerest Backfill (depth above culvert) CLO95 |
L5 RC Box Culvert 55l Fill Geomatry Lt —
OX CUlve alysis contral B CLoo _

Figures similar to the following will be shown in the Help to describe Bedding left extension: ft
m a n m e n t the soil layers for both the embankment and trench installations Bedding right extension: ft
o o
Varying fill
Backfill

at start edge
depth —
P N o ] (=)
- ® \ )
.\ (1) Default is not checked. Checking this box will enable start and end '
DI O M I I€S depth edit controls and disable the Depth cell in the grid. Ing 2026

httnc linrnmilaconfruara charanning cam fcitac/

Depth of fill
at end edge




Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

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

Trench (not sloped
or sloped

POMiles

RC Box Culvert SSI Fill Geometry: Trench

Components |

= ¢y Culvert Example 1
B Bi:mpomnts
2 Ciaphragm Definitions.
7 Lateral Bracing Definitons
&9 CULVERT DEFINITIONS
= li_:] Cubvert Def 1
A impact/Dyramic Load Allowance
{T] naagway pisn view
[ Culvert Loads
= &5 CULVERT ALTERNATIVES
& ) Culert At 1 () (C)
AT Default Materials
[BI RC Box Culvert Geometry
I End Conditions
2 Bar Mark Definitions
- B2 CULVERT SEGMENTS
= Luhrt Ség 1
j Impact/Cynamic Load Allowance
TAC Box Cubvert Thickness
B AC Box Culvert Loade
[BdAc sox Culven Reinforcement
[P Points of Intarest

L_ RC Box Culvert $SI Fill Geomet]

0X Lulve nalysis Lon

Figures similar to the following will be shown in the Help to describe
the soil layers for both the embankment and trench installations

Trench left width

Pavement

In-situ left
width

Pavement

Valigate that
computes

trench deth
aquais culvert H
+ packsill deptn

2-In Progres: ups-
SoilStructure Interaction /Visio files/SSI Phase 2.1 RC Box Culvert

itra

RC Box Culvert 551 Fill Geometry

Phase 2.1

Installation methed: | Trench | IE Sloped trench

|| Consider in-situ soil self weight deformation

Pavement Elastic wearing course
Consider pavement for rating @ Consider elastic wearing course for design
Consider elastic wearing course for rating
Modulus of elasticity: I:I ksi

Thickness: _ in
Poisson's ratio: l:l

IE‘ Varying backfill depth above culvert

Depthof fill atstartedge: [ |ft Depthoffill atendedge: [ |t

Bedding left extension:

Bedding right extension:

ft
ft Trench left width:

Trench right width:

In-situ left width:

In-situ right width:

Trench left vertical to 1 horizontal:
Trench right vertical to 1 horizontgk

F o

Disabled if sloped
trench is not selected

Soilarea Depth SSsoil
(ft)

Additional overburden Soil 123 14|
Backfill (depth above culvert) CL95 |
Bedding CL95 .
In-situ (depth below bedding) CL95 E

ent in-sit =
giac Sy (1) Disabled if sloped

ope [ trench is not selected
Trench

o) (oo ) ()

@ Adjacent in-situ and Slope Depth cells are always disabled since the trench depth

is determined by the depth above culvert value. Validation will check that the
trench depth computed using the depth above culvert value matches the value
computed using the in-situ width and slope for a sloped trench.

Do 3T ~E AA

ing 2026
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Culvert SSI Implementation — Concrete

Phase 2.1

Interface — Engine Implementation-Year 1

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

ProMiles

RC Box Culvert SSI Analysis Control Schematic

= Bridge Worlspace  AdvlTBecam
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP
] ™
B & O
Save Cloze Export Refrech

Dridge

Components |

Schematic

= D Culvert Exampla 1
L E’meanpnti
& Diaphragm Definitians
£ Lateral Bracing Definttions:
B (£ CULVERT DEFINITIONS
® [ Cuvert Def 1
=} impact/Dynamic Load Allowance
{7} nosaway Fian visw
B Culvert Loads
= [ CULVERT ALTERNATIVES
B Cubvert At 1(E) (C)
&l Default Materials
RC Box Cubvert Geametry
% End Conditions
B Bar Mark Definitions
= &) CULVERT SEGMENTS
= @Culv:ll Jey 1

™ RC Box Culvert Loads

Paints of interest

AMALYEIS REMORTS
DESIGM/RATE  REPORTING
& D E s W
Open Copy Duplicate Delete

Manage

—

Schematic

Enabled when RC Box Culvert
S51 Analysis Control is
selected in the BWS tree

M h @ QW eE S % v MAT| +F -F

_1 Impact/Dynamic Load Allowance
mﬁt Bow Cubvert Thickness

RC Bow Cubvert Reinforcement

RC Box Culvert 551 Analysis Cont

Dirzwing Level Control = o 4

Culvert

(O] culvert Dimensions
Material Labels

|00] Construction Increment Labels
Finite Element Model
|| Boundary Conditions
[O0] Node Numbers

(O] Element Numbers

Title

0K Cance|

The FE mesh will be generated when this schematic is opened and user can turn its display on/

off.



Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Analysis Settings SSI

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

[ProMiles

A Analysis Settings

New option to consider SSI

Design review o Rating / Rating method: RFR
Anelysis type. 5S| Culvert Analysis option: DL, LL and Spec-Checking
Applv preference setting: DL Only
LL Only
Vehicles Output Engine Description
DLand LL
Tratfic direction;  Both dwections Refresh DL LL and Spec-Checking

Vehicke selection

-Vehicles
&-Standard
Ev2
Ev3
H 1544
H20-44
HL-93 (s1)
[TRCEY Y
HS 1544
s 20 (57}
HS 20-44
Lane Type Legal Lead
LRFD Fangue Truck (SI)
LMD letiguc Truck (US)
NRL
SUA
SUs
U
-SU7
Type 3
Type 3-3
1ype 3%
Agency
User getined
Temporary

Reset Clear Open template Save template OK Apply

Vehicle summary  Spec-Checking Only
&-Rarting vehicles
s

SHLRFR
i=-Design load rating
1

' HL-93 (US)
Operating
Add 10 Fatigue
= L agal laad rating
Routine
Specisiized havling
Permit load rating

Rommun from

Supported analysis:
- LRFD (Design Review)
- LRFR (Rating)

LL Only is not supported as DL effects
are required in an SSI LL analysis

~



Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Results - Engine Qutput Generator

R Bridge Workspace - Culvert Example 1 ANALYSIS REPORTS
These buttons are enabled

S a m p le S f rO m t h e | BRIDGF WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPU#“NG
| [j N E - a];ter an SSI culvell]'li‘ a{;l?hfSiSl..
m O C ku p S — BWS — 1;3 o -jj EE |=] Oy et | otin O They are not enabled for a line

girder culvert analysis.

Analysis Analyze Analysis = Tabular Specification Engine Save Output Year 1
. settings tvents | Hesults Check Uetall Dutputs ©raph Results] feenerator| &
! - )
New RC windows- N — 7
Generate Generate
[ report [ csw file
. FEModel | Output
E n gl n e u t p u t Clicking the Generate report
! £E model £ out button will create the report and
r " —FE output ) .
G Nod P open a window to view the
i odes rLoad stepg—mr———
i report.
Support reactions
e n e ra t O r Reference nodes [CJ] oesaome - . PP ement acti Clicking the Generate csv file will
Beam elements :: z:: S:alrln Teme: ?;_ o create the csv file and open a
Shell elements 0 = el element a |ons. dialog to save the csv file.
{ Interface elements R Interface element actions
Beam properties HL23 Truck = Node displacements
1 Shell properties Loed Step 13
Supports =
f h 4
{ [ selectan | [ ciearal
1

This is a new page in the mockups.

- . \ Due to the amount of output available in an S5 analysis, the user can choose what data to report.
" User can select to generate a report for the report viewer and/or csv files.
These reports are in xml format or csv format.

~



Phase 2.1

Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 1

Samples from the C A —

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

mockups — BWS - teE@ B v~ B

|__| Culvert Notin
° Analysis Analyze Analysis = Tabular Specification Engine Save Output Yearl
N R Settings kvents | Kesults Check Detail Dutputs iph Hesults | fGenerator]  fosul
ew WINAOWS- , — \
Culvert Qutput Generator

Clicking the Generate report

° Generate ] ‘Generate .
E W report csv file button will create the report and
n gl n e u p u open a window to view the
| Load steps: report.
(] oeseoee - Clicking the Generate csv file will
Ge n e rato r { :::: create the csv file and open a
O = —General beam output —Concrete beam output——— dialog to save the csv file.
Live Losa Displacemeant Inner cage stesl stress
ix"mpu Bending moment Outer cage steel stress If a metal SSI culvert is
{ - = Thrust force Max concrete compression / analyzed, this box will
| Shear force Effective shear stress - display the output
| Normal pressure Modified area (PA) available for metal
Tangential pressure Madified moment of inertia (P1) boxes.
Strain — interior wall Distance to NA
! Strain — axterior wall Crack width
! Y Crack depth
[ selectan | [ clearan [ selectan | [ clearau [ selectal | [ clearan
I

N o P | , i
I O I €S F AW \WJ1 1 1 N/ Y VYUAL W TNLALT Ig CAL INA IJ\I\JI&II | =4 ] I\Jv\l N Il NIl vurl IVIN LIl Iu ‘vh\)



Phase 2.1
Culvert SSI Implementation — Concrete

Interface — Engine Implementation-Year 2

Concrete Interface — Year 2
e LL results
* Results Graph

* FEM Results (mesh stress/strain plotting)
* Spec checking (with SSI results)
* Validation examples/testing

DPOM"GS AASHTOWare Rating and Design Bridge User Group Meeting 2026



Phase 2.2
Culvert SS| 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

DPOM"GS AASHTOWare Rating and Design Bridge User Group Meeting 2026



Phase 2.2

Culvert SS| Implementation —Metal Culvert

Interface — Engine Implementation

Metal Culvert Interface — Mockup samples

R

Metal Figee Culvert, Stiuciural Plale Pope, O x i SEL streciual plaie pipe

. . Store units a3 Libra
o ' i New description for this : =

Mp value assumes Fy = 34 ksi as per “Design Procedures -#—— -
steel plate item
Nescrptinne for Flexible Metal Culvert Structures” by Duncan & P
Drawsky, May 1983

Cubvert type ruct Le pip Matermat
Seam fype
SBCTon Properies SEam Smengen
Gage Th"rjl:r?m cmf::xm o rln“drlnl= 10" {inﬂZfﬁ} Ilﬂr"-lll'l:ﬂu di‘?':l':l"“ I b:::;j;:?m z‘::ﬁff[”r!:: 1:;;';’;‘: ’ E::;;f:;;u: “'iiu'?ﬁ'“
! | fimy fhipy/f) {kipy/ ) '
> n 0109 1556 DGR 0, 2660 0.750 43,00 s
0 0.130 003 DEDE . 3440 0.750 B0
B 0460 2448 060G %6, 4220 0750 1,00
T 0,158 2.7T5% D.OBE8 T8 4.7 0.750 25.00
5 0218 3199 0.690 126 5,540 0750 112,00
3 0248 3650 092 148, 5360 0750 132400
1 (IS} 4719 LYY b .10 LWL 1] 1440 TEULUL T4
0318 4571 DAGSE 180 0.8TS 23800/

A\ &4

DPOM“GS Add column for section modulus S. Clase



Phase 2.2
Culvert SS| Implementation —Metal Culvert

Interface — Engine Implementation

Metal Culvert Interface — Mockup samples —
Different geometry e

- Multiple segments

Segment Straight Radius Angl
Segment | (i)

-Upto3 .
] [Segment3 o] (1) 48900 _

Computed properties

Footing wi inside
Footing material: Class A (US)
Drop-down selections include:

“~all concrete materials in the BWS,
-Create new material

DI’OM“GS Footings will not be spec-checked. ok ] [aemy ] [conemt) 4eeting 2026




Phase 2.2
Culvert SS| Implementation —Metal Culvert

Interface — Engine Implementation

Metal Culvert Interface — Mockup samples -
Different geometry

- Straight sided option o e e

arch s
Arch span at footing level (3) in
Computed properties
Seoent | Segrent
Length
(in)
Segment 1 W00
Segment 2 W00
Segment 3 W00
ooting
Foctngdeph 0: [ 1200 |m
Foceng wicthcuce (1o 17000
nnnnnnnnnnnnnnn (o) [ 24000 |in
mmmmmmmmmmmm Class A {US) E| l | [ Apply ] [ Cancel l

ProMiles — ’




Phase 2.2

Culvert SS| Implementation —Metal Culvert

Interface — Engine Implementation

Metal Culvert Interface — Mockup samples -

Different geometry
- Fill geometry options
- Similar to concrete

SSI Metal Arch Fill Geometry : Embankment

Bridge  Components
B @ MetalCulvertExample ]
& B Components
& Diaphragm Definitions
- & Lateral Bracina Definitions
#F LRFD Multiple Presence Factors
= EE Environmental Cond itions
oF Necign Paramatars
- |3 SUPERSTRUCTURE DEFIMITIONS
&2 CULVERT DEFINITIONS
& cutvertr - gam
A Impact/Dynamic Load Allowance
{7} Roadway Plan View
ﬂ Cubver Ludts
= &3 CULVERT ALTERMATIVES
A
& (D10 CMP E) Q)
‘i SSI Metal Arch Geometry
csS| Metal Arch Properije
c = L0 a]

= a
551 Metal Arch Analysis Control
551 Metal Arch Resistance Factors

Figures similar to the following will be shown in the Help to describe
the soil layers for both the embankment and trench installations
Pavement

551 Metal Arch Fill Geometry

Fill | Relievingslab |

Installation method: | Embankment |®

[O consider in-situ soil self weight deformation @

Drop-down selections include:
all 551 Pavements in the BWS,
-None-

-Create new material-

Pavement

Consider pavement for rating @

lastic wearing course
IE Consider elastic wearing course for design

Material: |Pauement

|:I , @ Consider elastic wearing course for rating @)

Thickness: in

[C] varying backfill depth above culvert @

Depthof fillatstartedge: [ |t

Modulus of elasticity: |:| ksi
1

Poisson’s ratio:

Pavement and Elastic group boxes are
always enabled. Pavement and Elastic can

Depthoffillatendedge: [ |t hoth be usad at the same time.

Soil area Depth SH sail 1-\_\
(ft) |
Additional overburden il 123 .| Drop-down selections include:
Backfll (depth ol crowm) TLOE N all 551 Soils in the BWS,
- = =} -Create new Duncan-Selig-
In-situ (depth below footing) CL95 | -Create new Elastic Isotropic-

Deep corrugated

Ms, secant constrained soil modulus: l:l ksi

-Create new Elastic Orthotropic-
-Create new Overburden Dependent-

i
|

This is enabled if the culvert alt typeis
deep corrugated. Itis used for global
buckling. See next page for more info.

POMiles



Phase 2.2
Culvert SS| Implementation —Metal Culvert

Interface — Engine Implementation

Metal Culvert Interface - Mockup samples - Different
geometry

- Condition information — deterioration/deformation
- Mockups still currently in draft form

DPOM"GS AASHTOWare Rating and Design Bridge User Group Meeting 2026



Phase 3

Culvert SS| Implementation —Metal Culvert

Interface — Engine Implementation

Phase 3 and beyond

* Produce models for more
complicated structures

* Multiple pipes
* Multiple materials

e Different methods for LL
analysis

* Guided by the needs of the
agencies

[ProMliles

AASHTOWare Rating and Design Bridge User Group Meeting 2026



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

DPOM"ES AASHTOWare Rating and Design Bridge User Group Meeting 2026
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