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Working with Mott MacDonald for 4 years. Structural
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a Highways Engineer and the last 6 years as Digital
Lead supporting the delivery of Transportation projects.
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Why should you stay in the room?

Clients & Asset Owners
o Challenges and solutions faced by project teams

o Client Information requirements

Product Users
o Different solutions for different problems

o No two projects the same

Bridge engineering details not covered in this presentation

Content represents a sample of Bridge projects delivered
by Mott MacDonald
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Many lessons learned in 5 years

Delivering bridges on large-scale multi-discipline projects

2D AutoCAD

A

. c N Pm]ectW|se
v -
AUTODESK
BIM 360" I I Ny +'7(

Collection of tools
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Our Journe

2020 | 2021 2022

Rail Project, Australia

Rail projects, Australia

Tender Design

Detail Design

LA
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Our key challenges... both then and now

& % 0

Delivery Technology Winning Hearts and Minds
o Client requirements o Capabilities o Not just a pretty-looking
, . 3D model
o Responding to change o Limitations

: : : o Evolution not revolution
o Quality and consistency o Information Management

o Single Source of Truth

Your challenges could be different
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Rail Projects #1,
Australia



Rail Projects, Australia

Project information

e Detalil Design for major railway upgrade

e Design and documentation for 2 road and 3 rail bridges

Client Information Requirements & Deliverables
o Native Revit

o LODS3 + minor attribute information

Our first bridges project delivered in Reuvit.

Revit 2017, (Dynamo), Bentley RailTrack & InRoads
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What did we do?

Model Production

Understand time and effort to create the model — and the value it brings (convince)

4 AUTODESK UNIVERSITY



What did we do?

Drawing Production
___AutoCAD (traditional 2D)

Revit
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Understand time and effort to create Detail design drawings from a model (convince)
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Project Summary

=

Challenges
e Limited resources available
e Drawing production
e Value from the model

¢ Limited engagement by the engineering
team

S

Lessons Learnt

Parallel delivery good approach for
drawing production

Early planning and engagement with team
Expand our modelling capabilities
Better Dynamo organization

Understanding of time, effort and value
that goes into modelling
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Major Highways Project #1, UK
Project information

e Major highways project

® Detail design

e Several structure types

® LOD4 + minor attribute information

e Digitally mature Client

e Revit 2020, Dynamo, Civil 3D 2020
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What did we do

First Detail Design project fully delivered in Revit
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Wh at d|d we d07 Placed Dynamo

Breaking down the model

Placed manually

|standard — — ] Key Cha”enge IS

Barriers T | ’ responding to
changing Highway
. « geometry.

Modelling workflow
needs to allow for this.

@EF <No level>

- @#F Deck Element Level
oF
@ Pilecap Level

2% wal tovel We kept our scripts

- @#F Paving Level

@£ stair Level
i small and easy to
| i el
CeEreenera | debug.
—@EF Pier Level

@ZF Bearing Level

@ZF Cross Bracing Level

Understand value of
Levels accessible Content
Library

Piles and Pile Caps v | Y | . ol
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What did we do?

Breaking down the model

Good example

of understanding

the why we are doing
something.

If staff are not aware,
then we introduce

problems
Abutment
Model in place
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What did we do?

Drawing production
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Bearing Stiffener (Girders No. 2 & 3)

Section 47 - 47
Skewed Section through Bearing 'K' Bracings between Girders
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13 1 Section through Drip Deflector
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What did we do?

Drawing production

The model doesn’t lie!

The more time and effort modelling the
detailed elements, the drawing
production can be improved
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What did we do?

Trialing 3D RC Detailing + Drawing

R

r

3D Reinforcement Concrete detailing consequently shows in the drawings
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What did we do?

Trialing 3D RC Detailing + Drawing

{3 Refresh
I, Reset All.. +

[ File Options
Project ~

Append

a4 uoipalas | syac

(]
et [ S ] (el ~

Type a keyword or phrase

&
[t

Clash  TimeLiner Quantification
Detective

er
re

3§ Autodesk Rendering [E%] Appearance Profiler
& Animator B2 Batch Utility

& Scripter

&y Select All + [} Find ltems. R Requi &P Links

& Select Same + | Quick Aind O i (T Hide Unselected | 5 Quick Properties
ide
&, Unhide All - Properties

BEE
&

Select & Search

DataTools

App Manager

Visibility Display
] :

& X

Element
Name

[®][®] & B20:shape21 o

Element
CADSRebar CADSRebar

Element

1z

(7] stat view fo bankseat
#-{3 Engineering to do
=3 Modeling to do

{7} 8M22, 23824
7] M 53 not needed
38

{7 wall top and stingcouse
{7 tapeed wall section
£ 35
1 36
7] 177in wall end
- 177in wall end
1) 8M 32.and 33
7] hoizontal bas in bankseat

Comment

() 2dd in BM 177 on end
(F)add in BM 177 on end

Author Comment ID
FLEGB407 13

FLE68407 14

Date

03:42:31 ...
08:42:42 ...

add in BM 177 on end

5j00) anseal)
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What did we do?

Published Surfaces — Important connection between Highways and Structures

—
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What did we do?

Civil Connection — Dynamic link between C3D and Revit

(o m B 88 o = RECHG G % Q=2
BTE  Home Inset  Annotate M e View Manage Output S arent  InfraWor orate  Help Add-ins  E

Start ExcellenceWeek2020" %

Dynamo Player

[ Architecture  Structure  Steel  Systems

N RS %
TOOLSPACE fl 2 B 0
Modify| Materials i Additional B
b = H Y T@T ER-  Setings| W )
Active Drawing View g Select v Settings 2 N
=) ExcellenceWeek2020 -
<-? Points & x| & o
#-[@] Point Groups
- () Surfaces
973 Alignments iew &
®-,J FeatureLines
-8 sites 3D View: {30}
[ Catchments Graphics A A
#-51) Pipe Networks View Scale 7:100
M Pressure Networks S alue 10
=[] Corridors Detail Level  Fine
B Design Coridors P Ll Parts Visibility ' Show Original
£ Dummy Corridors T i e s e e e e o e Yeiblty 2
Graphic Displ... 7
| Desting Coridors Discipline Structural
@ ProposedRoad ) - Show Hidden .. By Discipline
@y Assemblies Default Analy... None
4 Junctions Sun Path m]
2R Survey Extents 'y
[E] View Frame Groups = CropView i[]
=[] Data Shortcuts [] Crop Region ... \[]
B satsces e = Annotation Cr... [] v
3} Alignments s help
Pipe Networks e ——— Brover e Wkt x
T8 pressure Networks & Curtain Wall Mullions ~
B Corridors @ - Detail ltems
[ View Frame Groups @ Division Profiles
@ Doors
51 Duct Systems
5 Ducts
@ Flex Ducts
@ Flex Pipes
@ Floors.
= Generic Models
i) - Generic_Models_Barrier_S
.. ProposedRoad_0_1_Bridg "
Name Horizontal ... Vertid (- ProposedRosd 0 1. Bridg
= - ProposedRoad_0_1_Bridg
" BL- Centre Centreline  Desig .- ProposedRoad_0_1_Bridg bt ing
. ProposedRoad_0_1_Bridg B
i ProposedRoad_0_1_Bridg
1. ProposedRoad_0_1_Bridg
5 ProposedRoad_0_1_Bridg
fMllcnter Baseline Index: © 4. ProposedRoad_0_1_Bridg sty
Enter BaselineRegion Index: 2 e 0.1 Bridg v BiProposedRoad
v Type < > 1:100
Y UEyoly & Click to select, TAB for  (ff
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Project Summary

=

Challenges
e Drawing production/RC Detailing
* Modelling complex geometry
* Dynamo expertise essential

e Consistency between Revit Families used
by the users

S

Lessons Learnt

Keep Dynamo scripts simple. Debugging
far easier

Standard content library
Model breakdown (constructability)
Staff knowing basics of Civil 3D

Engineers using the model
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Rail Project #2,
Australia



Rail Project, Australia

Project Information

Tender project in a design joint venture (DJV)
130 km total length

Design and Documentation 68 Bridges road and rail
bridges & viaducts (total length of 15.5km)

Very challenging programme

Revit (2020), Dynamo and 12D
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Rail Project, Australia

Project Information

e Continually changing rail alignment (12D)
® 50% of structures updated each week
* |nnovative approach to respond to change

* |nnovative approach to Quantity extraction
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What did we do?

Step 1 — Defining Sub and Super-Structure Geometry

Revit Family
Type Code Graphical and non-graphical attributes
/ ¥ \ + more attributes

SubStructure | PileDia PileSpacing Plleidge Plle$dge PilecapZ | ColumnDia1 ColumnDia2 ColumnDia3 Head‘?tock Head;tock Headzstock —ﬁ
AB1.1.2.4 1.5 2.7 0.95 X 0 0 0 0 4.6 2.05 1.5
AB1.1.81 0.9 2.7 0.65 X 0 0 0 0 4.6 1.65 1.5
AB1.2.2.4-Eb 1.5 2.55 0.85 X 0 0 0 0 9.6 2.05 1.5
AB1.2.8.1 0.9 3.6 0.65 X 0 0 0 0 9.6 1.65 1.5

1.2 3.5 0.9 X 0 0 0 0 13.5 1.65 1.5

1.5 4.75 0.9 X 0 0 0 0 17 1.65 1.5

15 4.6 0.85 0.95 0 0 0 0 11 2 1.5

1.2 5.6 0.8 0.8 1.5 0 0 0 13.5 2 1.5

15 4.4 15 15.8 1.55 1

1.5 4.5 0.95 0.95 1.5 2 0 0 5 2.4 1.5

1.5 4.5 X X 0 1.5 0 0 7 2.2 1.5

1.2 3.6 0.8 0.8 1.5 2 0 0 5 2.4 1.5
ROP1.1.1.2 1.2 3.6 0.8 0.8 1.5 2 0 0 5 2.4 1.5
ROP1.1.10.1 1.5 4.5 0.95 0.95 2.5 2.905 2.905 0 0 0 0

Matrix updated several times per week
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What did we do?

Step 2 -Sub and Super-Structure components in Revit

1) 0000 - STARTUP SHEET  § Families to use 30 X

PR

Type Properties

Family: ROP-A-Normal-22Piles. > Load...
Type: ROPL12.1.1 v Duplicate...
Rename.

Parameter [ Valu [
Constraints g
Default Elevation |
Dimensions. g8
ColumnDiat 2.0000 |
ColumnDiaz 0.0000 i
ColumnDia3 00000
HeadstodkX 24000
HeadstockY 5.0000
HeadstodkZ 15000
PileDia 15000
PileEdgeX 09500
pileEdgey 09500
pileSpacing 45000
PilecapX 54000
PilecapZ 1.5000
Identity Data #
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What did we do?

Step 3 — Building the structure

Rail design string

Structure Definition Matrix

AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
‘AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
‘AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test
AU2022 Bridge Test

Element Name Leneth
DWG Start 76.7
Deck Start / Exp Joint 0
Abutment 1 0.85
Pier1 35
Pier 1 Expansion Joint 1
Pier 2 35
Pier 2 Expansion Joint 1
Pier 3 35
Pier 3 Expansion Joint 1
Pier 4 35
Pier 4 Expansion Joint 1
Pier 5 35
Pier 5 Expansion Joint 1
Pier 6 35
Pier 6 Expansion Joint 1
Pier 7 35
Pier 7 Expansion Joint 1
Pier 8 35
Pier 8 Expansion Joint 1
Abutment 2 35

nd 0.8
DWG End 20.5989

Distance

76.7
0
0.85
35.85
36.85
71.85
72.85
107.85
108.85
143.85
144.85
179.85
180.85
215.85
216.85
251.85
252.85
287.85
238.85
323.85
324.7

Chainage

36715
36791.7

" 36792.55

N~
IEI

~

36827.55
36828.55
36863.55
36864.55
36899.55

" 3690055

~

IEI

36935.55
36936.55
36971.55

" 36972.55

37007.55

" 37008.55
" 37043.55

37044.55
37079.55

" 37080.55
" 3711555
" 371164

354.2989 37145.998%

bStructure Sub. skew PileLeng:

X
AB1.1.6.1

ROP1.1.2.1.1

ROP1.1.2.1.1
XJ

ROP1.1.2.1.1

ROP1.1.2.1.1
X

ROP1.1.2.1.1

ROP1.1.2.1.1

IEIEI

ROP1.1.2.1.1
XJ
ROP1.1.2.1.1

EI

AB1.1.6.1
X
na

deg

20
90
o0
20

90
92
90

20
2
90
2
20

90
20
90

28
29

29

29

29

29

27

27

27

30

MPa

SuperStructure PileCapMix PilecapReinfRate

kg/m3

170
170

170
170
170
170
170
170
170

170

Design String
draped to
topography
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What did we do?

Extracting Quantity Information — Autodesk Assemble

Publish Directly to ==——
Assemble

Publish model
to Assemble / 9

Power Bl I
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Project Summary

= S

Challenges Lessons Learnt
e Tender design programme e Early engineer engagement
e Responding to change e Higher LOD than required
e Quantity Extraction * Understanding Model content invaluable.

Confidence in deliverables.

Keeping Excel format constant
e Assemble Power Bl dashboard
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Major Highways Project #2, U.K.

Project information

® Major highways project

e Detail Design

e 18 bridge and viaduct structures
e Major and minor culverts

e Digitally mature Client

e Digitally advanced project

* Revit (2020), Dynamo, Civil 3D (2020),
Grasshopper+Rhino
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What did we do?

2 key changes from previous project

e Algorithm-based approach for Bridge design and model
production

e Greater Model attribute requirements
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What did we do?

Algorithm based approach — Workflow

Highways 3D strings

Analytical model Delivery model

AUTODESK
REVIT

<& SOFISTIK

AUTODESK'
NAVISWORKS"

grasshopper

.y
£d.assemble  rowersl ]

AN AUTODESK. COMBANY

Define geometry and attribute information
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What did we do?

Algorithm based approach — Step 1 Create geometry referencing highway strings

Algorithm-based modelling completed in
Grasshopper

Highways strings imported into Rhino.

Rhino 7

Vel

grasshopper
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What did we do?

Algorithm based approach — Step 2 Export geometry for analytical model

[~

@ soFIsSTIK
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What did we do?

Algorithm based approach — Step 3 Export Geometry to Revit

AUTODESK’
REVIT

Revit export in Grasshopper

/

AUTODESK A
NAVISWORKS' ==

::::::::

grasshopper

k‘.
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What did we do?

Managing the Attribute Information

Basic Wall

CB-552050-M-Pier_1400mm

Walls (1) + [ Edit Type
01.00 - File Name HES51495-MOTG-SBR-SECT1 ST... | A
01.01 - Role 8
01.02 - Location SECT1_ST0S
01.03 - Element ID 3758230
01.04 - Systems SBR

01.05 - Layer

01.06 - Design Classification
01.06 - Design Description

01.07 - Uniclass Classification
01.07 - Uniclass Description
01.08 - SubLocation

01.09 - AD4 Asset Status

02.01 - ADMM

03.01 - Material

03.02 - Material Grade

03.03 - Reinf. Ratio (kg per m3)
03.04 - Cross Section Type (mm)
04.01 - Element Weight (T)
04.02 - Side Surface Gross Area ...
04.03 - Footprint Surface Gross ...
04.04 - Bottom Surface Gross Ar...
04.05 - Gross Volume (m3)

04.06 - Linear Length (m)

04.07 - Height Length (m)

05.01 - Suitability Code

05.02 - Revision Code

05.03 - Stage Gate

CB-552050-M-Pier_1400mm
CB-552050-M-Pier
1400mm

TBC

TBC

TBC
ConcreteCast-in-Place
C40/50
350.000000
1400mm
0.000000
0.000 m*
0,000 m*
0.000 m*
302.445 m*
28.8700
8.0690

T8C

TBC

T8C

Phasing
Phase Created
Phase Demolished
Data
Structure Name
Eamily Name
Area
Length/Height
Volume

na

Dmtin Mam ame

New Construction
None

Project specific attributes
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What did we do?

Managing the Attribute Information

Pages K

Guide

RDP Attributes #1

RDP Attributes #2

RDP Attributes Tabulated
Models

A428 Structures Profor...
Health Check #1

Health Check #2

Health Check #3

[ File v - Export v

&> Share K Chatin Teams

Q Getinsights [ Subscribe

CD

ke
CH

01.02 - Locat...
Select all
(Blank)
SECT1_ATML
SECT1_CE74
SECT1_MLIN
SECT1_SECW
SECT1_SRO1
SECT1_SR02
SECT1_SR03
SECT1_SR04
SECT1_SRO5
SECT1_ST02
SECT1_ST03
SECT1_ST04
SECT1_ST05
SECT1_ST06
SECT1_ST07
SECT1 ST08

Guide 01.05 - Layer
@ ‘ Search Q - 4
TE-
01.01 - Role & 01.05 - Layer
Select all Select all
(Blank) (Blank)
CB 1800mm

CB-Pr2085-M-Angles_150x150x10mm
CB-Pr2085-M-Angles_150x75x10mm
CB-Pr2085-M-BeamConcrete_1200m...
CB-Pr2085-M-BeamConcrete_U11
CB-Pr2085-M-BeamConcrete_U12
CB-Pr2085-M-BeamConcrete_W10
CB-Pr2085-M-BeamConcrete_W11
CB-Pr2085-M-BeamConcrete_W13

RDP Attribute Dashboard No. 1

Elements Counter

23.40K

@ v C

01.06 - Design Classification
@ VRSPost

0.09K (0.4%) @ CarrierDrain

0.21K (0....) )
0 B @ UnreinforcedC...
g 1.9K
0.42K (8.6..) ®VrsCsb

(353 .

) @ VrsBarrier

03.01 - Material

0.76K (3.53%)

®7BC

@ Plastic

@ ConcreteCast-i...
@ Reinforced Co...
® WeatheringSteel

Clear Filters

x

CB-Pr2085-M-Bearings_320x165mm 168k ®Handrail (i»|53lf @ HDPE
CB-Pr2085-M-Bearings_350x400mm 7.) o4
) @P; tVeh eC t
CB-Pr2085-M-Bearings_400x350mm g PRl s onaee
CB-Pr2085-M-Bearings_400x460mm NE Lsag (103%) @Manhole mo*@!,if 4 ® Precast concrete
A ) i 12.75K
CB-Pr2085-M-Bearings_460x400mm 1.03K (4.66%) 7%) @ RoadGully 5 > @ ConcretePrecast
CB-Pr2085-M-Bearings_700x600mm >
o~ AnAs se - ~ . mAan e R4 v
01.06 - Design Classification 03.02 - Material Grade 03.03 - Reinf. Ratio
Select all 0.49K ®TBC ®0
(2.29% 0.22K (3.13%)
Abutment 097 ©C32/40 0.24K (3.49% @350
(4.52%) ST
ACBaseCourse 5355 031K @a2%) @150
ACBinderCourse ©C20/25 ®250
ACSurfaceCourse
Angles ®C40/50 @100
BeamConcrete ®C40/50/1 9220
BearingPlinth ©C35/45 ®200
Bearings 18.14K (34.41%) 5.63K (80.81%)
BearingsPlate
Cannina W Y
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Project Summary

=

Challenges
e Definition of Highway strings

e Algorithm-based approach and those
using it

e Completeness and consistency of attribute
information

S

Lessons Learnt
Communication between disciplines

Grasshopper & Rhino to define complex
geometry

Model QA/QC and enhancing quality of
deliverables

The role of drawings
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Anything else?




Moata Intelligent Content (MIC)

REEHG -G-8 =2-O0A G -2 el Autodesk Revit 2020.2.9 - AU_Demo_Template_Model - 3D View: Export - Navisworks

i =
& 807 ™
Architecture  Structure  Steel  Systems Insert Annotate Analyze Massing & Site  Collaborate  View Manage Add-Ins  Quantification  Issues  Site Designer

h @ 5 Object Styles

& Project Parameters ﬁé Transfer Project Standards = @

¥ & - L5
Modify| Materials ﬁ Snans I EEEe u": A & Additional L_‘ Design Manage ;&
E’ﬁ Project Information Global Parameters EE Project Units EE 5 Settings f@ = Options Main Model w| Links :@

Select ~ Settings Project Location Design Options

Project Browser - AU_Demo_Template_Model X [E9 9999 - STR2 @ Export - Navisworks X
= :O: Views (View Group)
5277
_REFERENCE
CHECKING
EXPORT
3D View: East Abutment - Isometric View on Bankseat
3D View: Export - Navisworks
3D View: Isometric View
3D View: Isometric View (AIP)
3D View: Isometric View (STR2)
3D View: Isometric View - East Abutment
3D View: Isometric View - East Pier
3D View: Isometric View - West Abutment
w: Isometric View - West Abutment (STR2)
3D View: Isometric View - West Pier
3D View: Isometric View - West Pier (STR2)
3D View: Linked Model - Discipline
3D View: Shared Levels and Grids
3D View: Structural - Concrete
3D View: Structural - Foundations
w: Structural - Steelwork
3D View: WIP - West Abutment - Isometric View on Bankseat
Structural Plan: Export - 2D
-~ SHEET
[~ WORKING
52} Legends
[ Schedules/Quantities (View Group)
Sheets (Sheet Type)
-2 Families
[Q] Groups
@3 Revit Links

[0-E- 66

1:1000 A XAGMEBE R ¢ A E <

Click or Drag é’ﬁ L0 B Main Model

Manage Project Phasing Selection

< 1 PBriedis

BIM Interoperability Tools

R0 ¢ -7 X
Modify  Precast Bentley =~
-
’ a>
]

Dynamo Dynamo

Player

Inquiry Macros Visual Programming

L OF O W
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Autodesk Inventor & Infraworks

@ Generic ~ @ M Default ~@ @ fr Autodesk Inventor Professional 2022 AU_2022_abutment-demo.ipt » Search Help & Commands... 2 TadeasBartos..~ ¥ | @ -

3D Model Annotate Inspect ool anage View E
(% .T Sweep Emboss M Decal @ Chamfer Z Thread = spiit Rectangular 4k Mirror 9 @ Face [ stitch Wy Ruled Surface B Replace Face 5& O-
;a:' ) mﬁe AERE R Loft Derive g Import () shell g Combine [E- Direct <9 Point + 232 Circular P Convert M Patch & Trim [ Repair Bodies e

Box Stress. Convert to
2D Sketch = coil b Rib &l Unwrap O Draft @ Thicken/ Offset " Delete Face Generator ta, B Sketch Driven z @ scuipt B Extend P FitMeshFace  Analysis ~ Sheet Metal
s Modify ~ ures atte c n Simulatio

Hole  Fillet
Model X

W AU_2022_sbutment-demo.ipt

+ il Model States: Master

+ [ Solid Bodies(1)

+ T5- View: Master

Ballestial
+ Bl seatrop
Work Plane 1
+ T sketchs
+ W seatvid
+ Bl seatsottom
+ @ wingWallPlane
+ Bl Lefiseatchamfer

@ Wingwalleftchamfer
+ B wingwalRight

@ WingWalRightChamfer
+ Bl Footing

® End of Part

AU_2022_ab X AU_2022_p:
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Knowledge Sharing

e Dynamo and Revit Ninja — Continuous training of the team ’ ?’ R

e PyCharmer — Python oriented training a
e Ongoing technical demonstrations of the workflows and tools we are adopting %

e Internal and External training
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Next steps and
Lessons Learned




Our ongoing challenges (The work is not done)

‘ xx .‘..
PP

Delivery

o Single Source of Truth
o Drawing Production
o Knowledge Sharing

o Improved team
engagement

R

Technology

Information Management
Interoperability model and data

Reducing repetitive tasks
through automation

Keeping up with technology
advancements

@

Winning Hearts and Minds

@)

@)

o Develop understanding in
the value of digital delivery
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Final Remarks

e |t's a continuous process — Evolution not Revolution.

e Challenge yourselves about the right approach and
consider all delivery options.
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