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This class will examine new workflows to increase productivity and 

minimize the waste caused in the design and documentation of 

structural solutions. The class will explore interoperability between 

analysis software and Building Information Modelling (BIM) tools, with 

a focus on Revit as the primary documentation model. By making the 

most of parametric tools such as Dynamo and Grasshopper/Rhino, 

we will demonstrate how "Open BIM" can provide the foundation to 

successful collaboration. Using real-world examples of complex and 

simple structures to demonstrate techniques and processes that will 

maximise your efficiency and make the most of your team’s skill set, 

and examine what future skills your team might need to develop

Class summary
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At the end of this class, you will be able to:

 Learn how to make the most of collaborative workflows between the 

Architect and Engineer to maximize efficiency and minimize waste in 

the design and delivery of structural engineering solutions

 Learn how to optimize structural solutions to provide sustainable 

design choices that are buildable and cost-effective

 Gain insight into the training opportunities and skill set your team will 

need to stay ahead of your competitors

 Gain a better understanding of the needs of all stakeholders in the 

lifecycle of a project through design, construction, and operation of a 

facility, and learn how your design can be flexible to accommodate 

future changes

Key learning objectives
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How could you detail these steel connections?

• 3D Interactive View• 3D Exploded View with 2D details
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Modelling Study Goals

• Minimise duplication of effort, create flow of data, encourage 

open BIM, applicable to simple and complex connections, 

flexible to change for external stakeholder requests

• Scope of work – Provide LOD300 details from which a shop 

detailer can produce LOD400 model/drawings

• Current workflow for geometry and section sizes–

Rhino/Grasshopper/Analysis(GSA)/Revit
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Considerations

• How many variations of the connections are there?

• Checking of shop detailers model/drawings

• Resources and training required

• Time to build fully parametric solution ‘v’ in place 3d 

connection modelling within Revit

• Architectural impacts, constructability and shop 

detailers preferences downstream
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Possible Solutions

• Embed parametric connection components within individual 

Revit framing and column families

• Use generic parametric Revit connection components for 

plates and bolts and model “in place” connections which rely 

on parametric relationships to one another

• Build parametric script in Grasshopper/Tekla/Dynamo to 

create relationships between node connection members
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Embed parametric connection components within 

individual Revit framing and column families

• Approx. 20 new parameters required for this connection



© 2016 Autodesk© 2016 Autodesk

Embed parametric connection components within 

individual Revit framing and column families

• Approx. 20 new parameters required for this connection
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• Parametric Relationship between members, manual adjustment 

required

Embed parametric connection components within 

individual Revit framing and column families
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Use generic parametric Revit connection components for 

plates and bolts and model “in place” connections which 

rely on parametric relationships to one another

• No new parameter or families required 

• Flexible exploded views simple to create
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Controlling parameter within Revit families/components

• Directly in Revit

• Within a link through Excel

• Within a link through Dynamo
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Directly in Revit project environment

Advantages

• Quick to make small changes to a 

few parameters

• Little training of team required

Disadvantages

• Not linked to a calculation, therefore 

double handled

• Hard to distinguish parameter 

function
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Within a link through Excel

Advantages

• Can be linked to an 

engineering spreadsheet, 

therefore no double handling

• Little training of team required

Disadvantages

• No visual preview of updates

• Not as quick as modifying in 

the project for small changes

• Need to ensure Excel and 

Revit are in sync
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Within a link through Dynamo

Advantages

• Can add images to explain 

parameters

• Quick to make small changes

• Quick to generate new 

members/geometry

Disadvantages

• Basic dynamo training required

• Only controlling parameters within 

each member, no relationship 

between adjacent members
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Grasshopper & Dynamo

• Bespoke connections with parametric relationships to one 

another have to be created in either Grasshopper or Dynamo
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Grasshopper / Revit via Geometry Gym

• Parametric relationship between 

members, automated back into 

Revit, however relies on IFC 

exchange for functionality of 

connection in Revit

• Real-time preview in Rhino
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Grasshopper / Revit via Geometry Gym
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Grasshopper / Revit via Geometry Gym
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Dynamo / Revit

• No loss of information during the 

data exchange and full Revit 

functionality achieved including 

scheduling

• Additional nodes required for 

Real-Time preview

• Recreate previous Grasshopper script using Dynamo
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Dynamo / Revit

• Dynamo / Revit gives the ability to have parametric

relationships between members. i.e. an allowable gap between 

the cap plates which is much harder directly in Revit

• Updating changes to these type of variables are fast using this 

workflow but requires careful planning
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Dynamo / Revit



© 2016 Autodesk© 2016 Autodesk

Dynamo / Revit



© 2016 Autodesk© 2016 Autodesk

Grasshopper Bisector Plate Script

• Curves and tube 

diameters as inputs

• Define planes

• Define plates

• Responds to 

geometry or tube 

size changes
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Grasshopper/Tekla
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Grasshopper/Tekla

Advantages

• Produce LOD350 level 

detailing out of the box

• Real-time updates

• Link to design spreadsheets

• Link to FE analysis

Disadvantages

• Training of existing Revit team

• The rest of the project LOD300 

documentation is in Revit
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Summary of findings - Overall

• Parametric components within a single member are relatively 

simple to create in any software. i.e. baseplate connection

and can be updated to suit new geometry with little effort

• Parametric components which are dependent on other 

members are hard and time consuming to create within 

Revit, independent parametric tools are better suited i.e. 
Grasshopper/Dynamo

• Effort ‘v’ Reward needs to be assessed for each connection 

type. A single one off connection may be better modelled in place 

within Revit if geometry is fixed and the deliverable is design 

intent
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Conclusions Revit - Column and 

Framing with in-

built connections

Revit - 

Parametric 

Connection 

Revit - In Place 

Families

Grasshopper to 

Tekla

Grasshopper 

to Revit

Dynamo to 

Revit

Revit / 

Advanced Steel 

/ Statica
Upfront time/resource to build 

script/family J JJ JJJ LLL LL LLL

Time to update if geometry/size 

changes L LL LLL JJJ JJJ JJJ

Connection on curved members JJJ LLL LLL JJJ JJJ JJJ

Link to existing workflow JJ LL LLL JJ JJJ JJJ
Connection be Schedulable and 

Linked to Excel/Dynamo JJ
W

J
W

LLL JJ K
Y

JJJ

Resources/Training of Team J JJ JJJ LLL LLL LLL LLL

Interactive / Exploded Views J JJ JJJ LL JJJ JJJ

2D drawing requirement J JJ JJJ LL JJJ JJJ

Optimising plate size JJJ JJJ
V

Can be used downstream for 

shop detailer L LL LLL JJJ LLL JJJ
R

JJJ
Checking of shop 

model/drawings L LL LLL JJJ K JJJ
R

JJJ

Y

W

R

V Opportunity to optimise connection through statica/advance steel and possible benefits downstream for shop model/drawing checks

Software/Workflow Option
Ju

d
g

in
g

 C
ri

te
ri

a

Grasshopper scripted components have limited flexibility when brought into Revit - May not be able to schedule connection parameters

Additional time required to consider how to schedule within Revit required

Collaboration/information exchange with shop detailer to be agreed
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Recommendations

• One size does not fit all, assess each job on a case by case basis against 

what is important from the judging criteria 

• If there is sufficient time & resource Dynamo / Revit would give the 

most automated / flexible workflow to accommodate possible architectural 

changes, builder preferences, and cost implications

• For downstream checking of the shop detailers model, Advance Steel 

or Tekla would be the preferred deliverable

• For one off bespoke connection details where the geometry is not likely 

to affect the connection design, 3 No. options are available within Revit

with varying degrees of upfront effort required
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Further Research

• FEA analysis of connection in Statica linked to 

Revit/Advanced steel to optimize plate thickness

• Look at workflow beyond typical scope – How can we 

exchange information to and from the Shop Detailer / 

Fabricator to minimize time in the checking process 

(Geometry Gym could help bridge the gap)

• Quantity Surveyor – Use model to price connection options 

for entire job using Material Take-Off within Revit
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• We are pushing the boundaries of the software and 

workflows. The findings of the previous workflows have been 

through a number of trial/error tests. 

• Leadership need to be aware that innovation doesn't just 

happen and there will be an upfront cost

Innovation ‘v’ Effort
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A

B
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A

B
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we could find the best alignment?

what if…

Q1.
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Key Constraints

A

B

• 5.5m vertical clearance

• Code compliant ramps 

and landings

• Deck levels set 

accounting for structural 

depth and deflections

Workflow
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Workflow

Flat 1:14

Alignment generated 

parametrically

Key Constraints
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Workflow

Flat 1:14

Alignment generated 

parametrically

Key Constraints
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we find the best structural form?

how could…

Q2.
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Structural Concept

Workflow

• Client was keen on a 

tubular structure
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Structural Concept Larger Form

Support Points

• Scale and form

derived from 

structural principles

• Support points 

located to minimise 

span lengths

Workflow

Smaller Form
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Structural Concept

• 3D truss frame

• Spiralling helical

geometry

• Chord members 

located for optimum 

structural efficiency

Workflow

Chord members have 

a gradual rotation

Diagonal members corkscrew 

significantly quicker
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Q2.

Workflow

Structural Concept

• 3D truss frame

• Spiralling helical

geometry

• Chord members 

located for optimum 

structural efficiency
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Q2.

Workflow

Structural Concept

• 3D truss frame

• Spiralling helical

geometry

• Chord members 

located for optimum 

structural efficiency
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• Geometry iteratively 

optimised using an 

evolutionary solver

Variables

• Corkscrew starting position

• Diagonal Rotation Speed

• Chord Rotation Speed

• Column Locations

Structural Concept

Workflow
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structurally analyse the geometry?

how can…

Q3.
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Workflow

Geometry 
Gym

Rhino centre line model Analysis Stick ModelHelix centre line geometry split 

into 300mm straight segments

Geometry Gym:

• Assigns member properties

• Applies restraints

• Creates load patterns

• Creates load cases

• Creates analysis tasks

Geometry 
GymGeometry to Analysis
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Workflow

Geometry 
Gym

Geometry to Analysis

• Rapidly experiment with, and quantify, change
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Workflow

Geometry 
Gym

Geometry to Analysis

• Rapidly experiment with, and quantify, change
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optimise each individual member?

could we…

Q4.
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Workflow

Rhino Model Strand7 Plate Model

Structural Optimisation

• Grasshopper bakes each 

face of the helix onto a 

different Rhino layer

• Auto-meshed with Strand 7
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Structural Optimisation

• Each plate automeshed

and assigned a different 

structural property

• Excel loops through and 

optimise each structural 

property based on ULS 

stress

• User reviews and 

simplifies
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Q5.

we could link analysis model to documentation model?

what if…

Q5.
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Workflow

Geometry 
Gym

Geometry to Revit

• Generates IFC files for 

each Helix Component

• Imports each individual 

file into Revit 

Rhino Model Revit Model

Geometry 
Gym
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…

Q5.

so where has this journey taken us?

…
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Geometry 
Gym

Geometry 
Gym

Architectural 

Model

GSA Concept 

Analysis

Strand 7 FE 

Analysis

Structural 

Documentation

AUTOMATEDGEOMETRY HUB

Workflows
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…

Q5.

…
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…

Q5.

……
you can't connect the dots looking forward; 
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…

Q5.

………
you can't connect the dots looking forward; 

you can only connect them looking backwards.
Steve Jobs
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TOOLSET
Extend

Connect

Understand

SKILLSET
Diverse

Growing

Changing

MINDSET
Inspire

Make a Difference

Best in Class
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Model Authoring
Enhanced Model 

Authoring Tools 

Calculations Analysis

Model 

Review

Specifications, 

Reports and Data 

Sheets
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Model Authoring
Enhanced Model 

Authoring Tools 

Calculations Analysis

Deliverables 

Review

Specifications, 

Reports and Data 

Sheets

Revit

M
ic
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Workflow Interoperability is Key…
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 Typical Content – some examples

 2D Details

 General Notes

 Rebar Content

…but Content is King…
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Typical 2D Structural Details
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Typical 2D Structural Details



© 2016 Autodesk© 2016 Autodesk

Text Generator – Typical Notes
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Text Generator – Typical Notes
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Text Generator – Typical Notes
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Text Generator – Typical Notes
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Template Design and Checking Views
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Content: Rebar Family Conditional Formulae
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Rebar Content – Compliance Views
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Rebar Content – Bar Grades
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Concrete Reinforcement
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Concrete Reinforcement



© 2016 Autodesk© 2016 Autodesk

Data Harvesting

 Revit – a “day in the life”
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Manual – Run once Automatic – Run nightly

If the ‘Harvest model to central database’ 

button is enabled, data will be harvested to 

the database.  Can be run ‘on-demand’.

‘Enable CADtools Automation’ and then 

tick ‘CASE Building Analytics for Revit’.  

A snapshot will be taken each day when 

a ‘Sync to Central’ occurs.

Data Harvesting Automated Publishing of:

NWC / DWF / IFC / PDF
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Using the Data harvester
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 "Our engineer on a 60metre (200ft), 2 span, 

internal abutment, reinforced concrete, 

highway bridge will know throughout their 

design effort what the Arup norm is for the % 

of reinforcing steel in the deck“
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 Global Sharing of Knowledge and Skills

Parametric Modelling for Everyday Structures using 

Dynamo for Revit – Innovation Investment
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• Use Architectural Model to set up levels, grids, views etc. at start of project

Parametric Modelling for Everyday Structures using 

Dynamo for Revit – Sample of Scripts

• Automate generation of sections on grid, beam elevations, wall elevations

• Compare Revit geometry with analysis geometry

• Create openings in structure for MEP requirements

• Using Excel as a database for engineering excel calcs to update Revit and eliminate mark ups

• Limcon connection design, export to excel, map parameters to detail components

• Secant pile automation based on boundary line

• Pile length calculator based on rock strata from topography

• Model Steel beams flat and then align structural members to a surface to avoid use of reference planes

• Align similar views on sheets

• Sheet Number Editor Script
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Sheet Number Editor Script

Find and replace all drawing numbers containing ‘0000’ with ‘XXXX’

Collect Revit 

Drawing 

numbers

Interrogates 

the drawing 

list (to find all 

0000 

drawings)

Replaces all 

‘0000’ with 

‘XXXX’ 

within Revit 

drawing 

numbers
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Arup Tools Register
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Sharing Knowledge
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 Your class feedback is critical. Fill out a class survey now.

 Use the AU mobile app or fill out a class survey online. 

 Give feedback after each session. 

 AU speakers will get feedback 

in real-time.

 Your feedback results in better

classes and a better AU experience.

How did I do?
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