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CAREER SUMMARY

Mr. Dunrud has 36 years of experience as a bridge engineer in the highway transportation
sector. He has a demonstrated record of managing projects scope (quality), schedule and
budget that meets or exceeds the stakeholders expectations. He is a pioneer in the development
of Building Information Modeling (BIM) for bridges and structures and Virtual Design and
Construction (VDC) which promises to improve quality, accelerate project schedules and
increase value to clients on transportation infrastructure projects.

PROFESSIONAL EXPERIENCE

YEARS OF Vice President, Technical Principle, WSP-USA: As part of the National Bridge & Structures
EXPERIENCE Practice, Mr. Dunrud is a national resource to WSP’s U.S Transportation and Infrastructure
Sector. He provides hands-on expertise with multiple software packages and has demonstrated
36 an ability to help teams transition from CAD to BIM. He is leading the effort to deliver Digital
YEARS with WSP Twins and utilize model-centric workflows for producing plans and quantities. Since August of

2020, Doug has been leading the BIM effort for the Structures Team on the $6 billion Interstate
Bridge Replacement (IBR) project including producing all the project deliverables from the

6 years
model. He is leading WSP’s effort to utilize OpenBrIM, which combines structural analysis and
EDUCATION Level of Development (LOD) 409 detailing. Doug is also leading a team on the K-96 project in
Kansas to model the 5 bridges using BIM.
B.S. Civil Engineering/ (February 2018 to Feb 2024)
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Bridge Modeling Basic Principles

1. Accurate - the number one reason to model bridges is to build virtually

what we intend to build physically so that delays and cost over-runs can
be avoided during construction.

2. Fast - Unless we can produce construction documentation quickly and
efficiently, traditional CAD will continue to be the standard practice.

3. Dynamic - Change management is facilitated by utilizing construction
documentation that are “extracts” from parametric 3D models.

Paradigm Shift: The Transportation Infrastructure industry needs to transition
from putting information on electronic pieces of paper to putting information
in 3D models and extracting construction documents from the models.
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Workflow Comparison

‘Workflow Comparisons for IBR land bridges

DOielivery
‘workflow

Impart .alg and .dem
from Open Roads
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Eentley -
OBMIProConcrete
1 | 1 | 1

Autodesk -
Infraworks{OynamolRevit
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OpenBrita -
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The Grazshopper script hazs been
deyelped to import RO and
changing geomtery references is
simple.

Importing ORDO is the bazic
Eentley workflow in OBR.

A cuztom soript will need to be
deyeloped in Oynamo unless the
Grashopper scriph is used.

A custom soripk will need to be
deyeloped

Model bridge
geometry (LOD 300)
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1] 2 | =z
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The Grazshopper script hazs been
deyelped and revisions to
Grasshopper requires medium skill
lewvel.

OBM is simple to use but
modifying templates requires
medium skill. Some unique
features may require Generative
Components.

A cuztom soript will need to be
deyeloped in Oynamo unless the
Grashopper script is used.

OpenBrltd models can be created
from templates.

Full development af
3 | bridge mode|
[LOD 400]

1] [ 1
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The Graszhopper seript has been
deyelped but modeling rebar in
Grasshopper requires a high skill
lewvel.

ProCancrete requires a medium
skill level to model rebar.
Diemonstration is required to
prowe that there are no limitation in
getting model to LOD 400.

Revit requires a medium skill level
to model rebar. Demonstration is
required to prove that there are no
limitation in getting madel to LOO

Demanstration iz required ko
prowe that there are no limitation in
getting model to LOD 400,

Producing deliverables
[ie plans and
quantities)

.
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Linewark. for drawings and
quantities are produced in
Grasshopper. Addition effort in
Microstation to produce drawings.

Drrawings and quantities produced
in ProlConcrete.

Drrawings and quantities produced
in Fevit.

Linework. iz created using
OpenErll and referenced into
Migrostation to produce drawings.

Interoperability with
analysiz programs
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Grasshopper script to link model
to LARSA has been developed.
Additional effart is necessany to
link. to other analytical software.

Common data environment is
linked to LEAP and RM.

Revit linked to various analytical
software,

FEA& is part of OpenBrih

Clash detection!
40 Construction
Scheduling.
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[
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[

Grasshopper soripting needed for
clasgh detection. Link to Sychro is
managable.

Sychro can be uzed for clash
detection and 40 scheduling with
basic skill level.

Mavisworks can be used for clash
detection and 40 scheduling with
basic skill level.

Export model to Maviswaork.s ar
Synchro

expart toife For
Fabrication

1z [ 1

[

[
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Export to ife from Grasshopper
has to be werified.

Export tovife iz part of the basic
OBM workFow,

Export toife iz part of the Rewit
workHow.

Export taife from OpenBriftd haz
to be verified.

@

export to SEL
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Export to iTwin from Grasshopper
has to be werified.

Export to iTwin is part of the basic
OBM workFow,

Export to iTwin from Rewit will
need to be developed. This will
need to be develaped for the
buildings.

Export to SGL from OpenBrit has
to be verified.
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33
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Lewel of Effort for

Lewvel of Effort for automation
production uzers deyelopers Limitations
1.Eazy 1.Eazy 1. Mo Limitation
2. Medium 2. Medium 2. Difficult work arounds
3. Difficult 3. Difficult 3. Some impossibilities *

* Animpozsibily may eliminate a workflow from contention.



Delivery Workflow

Import .alg and .dtm from OpenRoads

Model bridge geometry (LOD 200)

Producing deliverables (ie plans and quantities)
Interoperability with analysis programs

Clash detection/4D Construction Scheduling
Full development of bridge model (LOD 400)
Export to ifc for fabrication

© N O Uk W E

Create a Digital Twin for Asset Management
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Software Platforms

Rhinoceros Bentley - Autodesk - OpenBriM
Grasshopper/ OpenBridge/ Infraworks/
Tekla ProConcrete Dynamo/

Revit
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Grading System

Level of Effort for Level of Effort for

Production Users Automation Developers Limitations

1. Easy 1. Easy 1. No Limitation

2. Medium 2 Medium 2. Difficult workarounds
. . * " . g, *

3. Difficult 3. Difficult 3. Some impossibilities

* An Impossibility may Eliminate a Workflow from Contention.
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Final Scores

Rhinoceros Bentley - Autodesk -
Grasshopper/  OpenBridge/ Infraworks/
Tekla ProConcrete Dynamo/
Revit
Score = 39 (33 } 37

——————
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ll. Conceptual Design - Visualizations
LOD 200 Models

1. Square feet of deck from model was used for Cost Estimates.

2. OBM models exported as kmz files to Google Earth for Cost
Estimating Team.

3. Bridge models are coordinated with other disciplines (Roadway,
Transit, Bridge Architect, Drainage, etc)

4. Visualizations utilize bridge models and serve as Quanlity Control

5. Models used for Environmental Documentation including Ship
Simulations
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Visualizations used Bridge Models
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I1l. Preliminary Design - 30% Drawings

Parameter-Driven Creation of 2D Traditional Style Drawings

1. Automated 2D Drawings are significantly different than 2D
“Ports” into the model.

2. Automated 2D Drawings can produce drawings that are
indistinguishable from CAD Drawings.

*OpenBrIM Drawings are exported to ProjectWise Directly
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1. Automated 2D Drawings are significantly different than 2D “Ports”
Into the model.
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1. Automated 2D Drawings are significantly different than 2D “Ports”
Into the model.
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2. Automated 2D Drawings can produce drawings that are
Indistinguishable from CAD Drawings

WSDOT Bridge Seed Files: =18 APTONEEEy ¢

|. 2D Bridge Drawing_ Seed

« WSDOT Level ;

* Annotation Styles

* Fonts l+-4s &
. 2D_Bridge Sheet Seed

« Border

- Title Block “Tags”

e

OpenBrIM created using 2D _Bridge Drawing_Seed and then
referenced to 2D_Bridge Sheet_Seed
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Drawing Production Grading

A 1. Accurate - the number one reason to model bridges is to build
virtually what we intend to build physically so that delays and
cost over-runs can be avoided during construction.

- . Fast - Unless we can produce construction documentation
2. Fast-Unl d truction d tati
quickly and efficiently, traditional CAD will continue to be the
standard practice.

3. Dynamic - Change management is facilitated by utilizing
A+ M4 H o 124
construction documentation that are “extracts” from
parametric 3D models.
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V. Detailed Design - Design Calculations
Analytical Models

1. Moving Loads - 3D Influence Surface-Based Analysis
2. Seismic Analysis
3. Load Rating Analysis
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1. Moving Loads - 3D Influence Surface-Based Analysis

‘ Transverse

Longitudinal

Transverse

s

314 Load Path

The Engineer must provide a clear load path. The following illustrates the
pathway of truck loading into the various elements of a box girder bridge.

' I
[ = H@b//’“

Figure 3.1-1 Truck Load Path from Deck Slab to Girders

The weight of the truck is distributed to each axle of the truck. One half of the
axle load then goes to each wheel or wheel tandem. This load will be carried by the
deck slab which spans between girders, see Figure 3.1-1

Figure 3.1-3 Truck Load on Bent Cap
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Onee the load has been transferred to the girders, the direction of the load path
changes from transverse to longitudinal. The girders carry the load by spanning
between bents and abutments (Figure 3.1-2).

-
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Figure 3.1-2 Truck Load Path from Girders to Bents



1. Moving Loads - 3D Influence Surface-Based Analysis

Accuracy/Complexity Curve
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Moving Loads - 3D Influence Surface-Based Analysis
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2. Seismic Analysis

Seismic Displacements (D) — From Modal Analysis
Displacement Capacity (C) — From Pushover Analysis

D/IC>1.0
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2.  Seismic Analysis - Demand

Response Spectrum Curve

Curve Name CRC_975-yr Response Spectra Curve IBR
0.844 ¢
1 Seismic
X Axis Period v Y Axis Acceleratio v
§ Curve

. Period Acceleration i 4
: (sec) (9 \
1 0.3500 !
2 0.0200 0.3710 N {
3 0.0300 0.3930 2
4 0.0400 0.4160 8 s
5 0.0500 0.4350 % $
6 0.0600 0.4580 4 L
7 0.0700 0.4780
8 0.0800 0.5000
9 0.0900 0.5210
10 0.1000 0.5430
11 0.1100 0.5650
12 0.1200 0.5850
13 0.1300 0.6070
14 0.1400 06280 : 0'0090_01 -
1E N 4ENN neAan
4 » Time (sec)
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2. Seismic Analysis - Capacity

Steel | Girder Bridge FEA Control Nonlinear Settings

Geometry @ .
B Loads &% : Name
Static Loads
Live Loads @&
Wind Loads
© Pushover @
o' © Pushover Cases 1
Dynamic Loads @
Staged Construction

1 |PUSH1
2 |(New)

(None) >
(New) (New)

Pushover Cases

Steel | Girder Bridge FEA Modal Parameters RSA Curves

Static Loads -
Live Loads
Wind Loads
B Pushover @
Pushover Cases @
& Dynamic Loads @
Response Spectrum Curve @
o« © Eigenvalue & RSA Cast

L i T PO i S

H Name

H Curve in Dir. 1
14

15LC1
2 |(New)

CRGC_975-yr

(New) (New)

Eigenvalue & RS..
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Reference Node Reference Direction

(New)

RSA Combination

Scale in Dir. 1

1.0000 CRG_975-yr

Reference
Displacement

(in)
1.0000
(New)

Load Factor

Max # of Steps
Increment

Initial Load Factor

1.0000
(New)

1.0000 1.0000

(New)

Mass Source Settings

Dir. Angle
(rad)

Curve in Dir. 2 Scale in Dir. 2 Curve in Dir. 3 Scalein Dir 3

0.3000 (None)
(New)

1.0000
(New)

0.0000

(New) (New) (New)



3. Load Rating

The Design Model in OpenBrIM can also perform the Load Rating Analysis.

The OpenBriM Workflow makes it possible to deliver the design model to
the owner for Load Ratings
Steel | Girder Bridge FEA General Deck Reinforcement Cover Plates Section Losses
Diaphragm Code Check (AASHTC © . - Station Load Rating Modular Ratio -
Shear Stud Code Check (AASHTC £] Name Grreer ] Template ParelTVPe  Comp. Methog ~~ Mo%UarRato
@ Substructure Code Checks @7 -
. : 1 |SIGLR1 G1 1788.1570 SIGLRT1 Interior Panel User Input 8.0000
B Load Rating @ 5
S| 2 |(New) (New) (New) (New) (New) (New) (New)
5

(£ © Steel | Girder Load Rating
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V. LOD 400 Models

1. 3D Models for Fabrication Coordination
2. Digital Twins — Asset Management Models
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1. 3D Models for Fabrication Coordination

STRUCTURE magazine |
Efficient Steel Bridge
Design & Construction
Using Collaborative
Fabrication Models
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HOME ARCHIVES WEBINARS FOR ADVERTISERS FOR AUTHORS RESOURCES ABOUT

Efficient Steel Bridge Design & Construction Using
Collaborative Fabrication Models

WSP is using OpenBriM to model steel girder bridges with improved
efficiency and accuracy.

Traditional Shop Drawing Workflow

Contract Fabricator's Shop
Plans 3D Maodel Drawings

Collaborative Model-Centric Workflow
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https://www.structuremag.org/?p=25412
https://www.structuremag.org/?p=25412
https://www.structuremag.org/?p=25412
https://www.structuremag.org/?p=25412
https://www.structuremag.org/?p=25412
https://www.structuremag.org/?p=25412
https://wsponlinenam-my.sharepoint.com/personal/douglas_dunrud_wsp_com/Documents/As%20the%20bridge%20industry%20grapples%20with%20implementing%203D%20models.docx?web=1

1. 3D Models for Fabrication Coordination

Traditional Shop Drawing Workflow

Contract
Plans

Collaborative Model-Centric Workflow

Engineer's
Comments

Engineer's
Approval

Shop
Drawings

Fabricator's
3D Model

In-model reviews

Design3D S Fabricator's Shop - Engineer's
Model 3D Model Drawings Approval

Figure 1 Traditional vs collaborative shop drawing workflow.
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2. Digital Twins — Asset Management Models

What is a Digital Twin?

* Specs

» Drawings
* Documents
* Models

* Analyses

* Geotech

* OEM specs

* |oT feeds

* Sensors

* Drones

« Cameras

« LiDAR

* Point clouds

3D/XR
Immersive
Visualization

4D
Timeline of
Change

Information

Al/ML
Analytics
Visibility

« Asset tags
« Work orders
* Maintenance
Digital twins are continuously updated with data records
from the phy asset. This data is used to * Inspection
understand and model the asset’s performance records
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2. Digital Twins — Asset Management Models

Homer M. Hadley Memorial Bridge

Dr. Michael Motlev Dr. Carrie Sturts Dossick,

> Complex piece of infrastructure with
unique maintenance requirements and

operational considerations.
Floating

> New demands will be imposed on the 34-
year-old structure by trains operating on
the East Link light rail extension.

Transition span \~Homer M. Hadley

K Lacey V. Murrow
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2. Digital Twins — Asset Management Models

Evaluate the benefits, limitations, and tradeoffs that an agency or
agencies could expect when using similar technologies for asset
management, maintenance, and operations

-~ ~Weather -

‘_ Lake - conditions "\
BRI

conditions

Bridge traffic (((’)) loT se
— T \
Digital twin M
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Conclusion:

It does not make sense to do Conceptual Design using traditional
methods (ie CAD only) and it is a shame to not use the models for

the final deliverables.
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Thank you!
Questions?
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