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SUMMARY  
 
This paper demonstrates how Holmes has harnessed software advancements in integrated 
technology that have provided opportunities for reusing design data as a single-source-of-
truth, able to directly drive other processes within project documentation. The benefits to 
project efficiency, team collaboration and documentation package quality that integrated 
design/documentation can provide are outlined within the specific project examples we have 
recently undertaken and presented.  
 

  



INTRODUCTION TO  
 

     
 
Dynamo1 is a graphical programming application that can be used for integrating design with 
documentation. It provides access to the manipulating elements in Autodesk Revit2 far 
beyond the standard API3 capabilities presented for producing documentation. It allows users 
to build custom tools to solve their modelling challenges in smarter, faster ways.  In this way, 
it provides a similar experience to the interface displayed within the engineering equivalent 
software know as Grasshopper4.  
 
This visual nature of how scripting takes place in Dynamo caters to users of all experience 
levels. It can be used as a ‘plug and play’ option for many workflows, while still allowing for 
more complex options, using an inbuilt coding language. Dynamo is an open-source tool, 
built on a community that contributes to making it better, through the use of support forums 
and independent developer releases. 
 
You can generate algorithms to analyse information, read and edit data from outside 
sources, create geometry [Figure 01] in Dynamo itself, or edit the geometry in Revit files — 
all using Dynamo's node-based visual scripting language. These functions are then stored in 
files called Graphs5 for reuse or distribution. 
  

 
 

Figure 01 – Dynamo workspace with complex geometry creation 
  

                                                
1 Dynamo, Graphical programming software platform for Autodesk Revit, Autodesk, USA. 
2 Autodesk Revit, Feature rich BIM software, Autodesk, USA. 
3 API, Application Programming Interface. 
4 Grasshopper, Algorithmic modelling software for Rhino. Robert McNeel & Associates, USA. 
5 Graph/Graphs, Dynamo file containing functions or processes, Autodesk, USA. 

https://www.rhino3d.com/
https://www.rhino3d.com/


PROJECT EXAMPLE 1 – SH1 KAIKOURA SEAWALLS 
 
SCOPE 
 
In the aftermath of the 2016 Kaikoura earthquakes, Holmes 
was engaged to assess the buildability of new seawalls 
along a section of State Highway 1 on the Kaikoura 
Coastline. Our client, NCTIR6, engaged us to assess 
whether building to the designed set-out geometry would 
result in any interference between the precast elements that 
would make up the wall. NCTIR wanted us to model the 
seawalls in 3D and perform a clash detection with the goal 
of establishing (and potentially enhancing) the buildability of 
the walls, as minor adjustments in the base layers of the 
walls could dramatically change how the blocks above were 
interacting. This information was needed within a relatively 
short timeframe, as the first base layer of wall construction 
was being installed on-site prior to the commencement of 
our modelling [Figure 02]. Three seawalls were to be 
reviewed at separate slip areas along the coast, with a total 
of 2.5 kilometres of coastline construction to be assessed, 
which was made up by more than 8900 individual precast 
blocks. 
 

Figure 02 – Seawall base layer on site 
 
PROCESS 
 
At the time of engagement Holmes had recently explored how Dynamo could be used to 
improve project efficiencies and was in the process of creating a support network for this task 
within the company. Our project manager identified an opportunity to apply logical design 
processes to the checking procedure for this project and quickly consulted our technical 
specialist for Dynamo process development. 
 
Our Dynamo specialist and Construction Project Engineer 
went to the site for an in-depth inspection and to determine 
clearly what information was required by those assembling 
the seawalls. Once we understood the detailed set-out 
requirements and methodology for the construction of the 
seawalls we developed a plan on how best to model them in 
Revit. Initially, custom Revit families were created for the 
elements required (Adaptive Capping Blocks, Facing Block 
and Base Blocks). These families then had their position and 
parameters controlled by Dynamo Graphs. These Graphs 
took the design geometry provided by NCTIR (3D DWG 
design lines exported from 12D Model7) and performed the 
necessary calculations to extract and apply data that placed 
our custom Revit families in the virtual environment within 
Revit, just as they would be placed along the coast. Each of 
the three seawalls had slightly different requirements [Figure 
03] and these were easily adjustable within Dynamo.  
     

                                                
6 NCTIR, North Canterbury Transport Infrastructure Recovery alliance. 
7 12D Model, Terrain modelling, surveying and civil engineering software package, 12d Solutions Pty Ltd. 



Figure 03 – Set-out requirements 

 
Figure 04 – Dynamo Graph workspace 

 
Over the course of our modelling, set-out of the design lines for each seawall was revised 
due to site constraints. The process of updating the model geometry for thousands of 
individual blocks to reflect these changes manually (with conventional workflows) would have 
been extremely cost-prohibitive and time-consuming. By automating the creation of wall 
elements with Dynamo, we were able to revise the set-out in a fraction of the time, saving us 
days of modelling. Once each seawall had been modelled in its final design arrangement, an 
additional Dynamo Graph was used to check if any of the precast elements had overlapping 
geometry [Figure 04]. Any elements that did overlap had their material changed (as to 
highlight the clash location clearly) [Figure 05] and data about the clash exported to a 
schedule [Figure 06].  
 

 
Figure 05 – Highlighted geometry at clash locations 

 

 
Figure 06 – Clash result spreadsheet in Excel 

  



As a byproduct of the modelling process, each block was able to be embedded with set-out 
data. This data included the number of blocks in each stack, the reference location along the 
length of the seawall and point coordinates (XYZ) for the exact design layout of each 
element. We were also provided with an aerial video of the coastline. The video was taken 
for site assessment purposes before we were engaged to model the seawalls. Through post-
processing of extracted frames and application of camera-specific parameters, we were able 
to generate a reference point cloud [Figure 07] for each of the seawall sites. This point cloud 
was used in Revit to aid in the validation of the provided design curves and to familiarise 
other staff with the layout of the site and seawalls. 
 

 
Figure 07 – Pointcloud of coastline for visualisation 

 
RESULT 

 
Our findings were that there would be overlapping geometry within each of the walls if they 
were constructed to the design criteria. Automated reporting provided us with data on how to 
best recommend rectifying these clashes before they occurred on-site. Information for each 
seawall was issued as a package containing reports, model files, images and videos. This 
information was provided to the project manager for distribution. Unfortunately, due to project 
limitations outside our control, this information wasn’t communicated to the design and 
construction team, and adjustments to the design were made on-site.  
 
The total time taken from the briefing site visit to clash detection packages being delivered to 
the client was 10 working days. Developing the Dynamo Graphs took 4 days but their use 
reduced the time involved with modelling, checking, and reporting results for each of the 
seawalls by an estimated 83%, from 3 days per design iteration to half a day. Our delivery of 
clear and descriptive clash detection packages achieved our scope for this project and, if this 
information had been utilised, there were potential benefits for the overall project programme 
of the rebuild. The embedding of set-out data into Revit elements also identified potential 
issues with the design data layout, as there were inconsistencies between the 3D set-out 
lines provided and the reference drawings, enabling us to make the client aware of these 
issues as well. 
 
The project team shared the knowledge gained from our successes and learnings from this 
project, and now other project teams within Holmes have been identifying opportunities to 
apply similar design-based documentation techniques on their own projects. The way we 
have worked within this project has opened up new possibilities for what we can deliver for 
engineering services, using design data more effectively/efficiently to produce our 
documentation packages.  



PROJECT EXAMPLE 2 – CHRISTCHURCH CONVENTION  
AND EXHIBITION CENTRE FACADE 
 
SCOPE 
 
The Christchurch convention centre is enveloped in a unique and complex façade that was 
conceived by Woods Bagot8 [Figure 08]. The Holmes design team in Christchurch identified 
early that there could be some benefits in automating the production of the support elements 
for this façade.  By applying what we had learned on the NCTIR project, we were able to use 
automated processes to save time on geometric input into not just our Revit model, but our 
engineering analysis software as well.  
 

 
Figure 08 – Woods Bagot render of building façade 

 
Initial consultation with the design team by our Dynamo specialist established what the 
expectations were and what a developed workflow would be required to achieve. Deliverable 
timeframes and communication channels were established before the team agreed to 
proceed with developing a streamlined workflow within Dynamo. 
 
It was identified that the team needed the following functionality: 

• Automatic generation of Façade mullions, with the geometry for this obtained from the 
coordination model provided by the Architect. 

• Automatic generation of the supporting truss elements based on the newly created 
Façade mullions. 

• Building in of exportable data in the form of custom parameters and values to  
enable the modelled geometry to be used directly in engineering analysis software. 

 
  

                                                
8 Woods Bagot, Architectural Firm, Christchurch, NZ. 



PROCESS 
 
We started by interpreting the geometry provided by Woods Bagot in the form of a complex 
curved and multi-layered architectural skin model [Figure 09] developed in Rhino. This work 
was undertaken in an isolated copy of the Holmes Revit model, as to allow the rest of the 
drafting team to continue to produce documentation while the development and testing 
phase was started in Dynamo. Working on a localised copy of the project model also allowed 
for better overall software performance, as our Dynamo specialist was working in Hamilton, 
with the remainder of the team in Christchurch. 
 

 
Figure 09 – Woods Bagot façade model imported into Revit 

 
Automated extraction of geometry and creation of new framing elements in our own Revit 
model was the first priority and, as key milestones in the development of this process were 
attained, constant testing was performed by the project drafting team. They provided 
feedback on bottlenecks and performance issues when using the Graphs so that the next 
iteration could be tweaked and improvements could be made that aligned better with the 
expected outcomes. The resulting completed Graph allowed users to select the existing 
Woods Bagot model, extract the geometric set-out of the facade and create mullions using 
Revit structural framing elements. 
 

 
Figure 10 – Microstran model element node/numbering requirements 

 
Additional engineering requirements were identified that had the potential to speed up the 
design process and a clear plan of what information analysis software would require was 
created [Figure 10]. Dynamo was used to logically number and export all of the structural 
elements along with their properties and coordinates from Revit to our analysis software.   
The façade was split into multiple areas for the purposes of design and detailing [Figure 11] 
which allowed for targeted workflows to be created for each variation in the support structure. 



 

 
Figure 11 – Façade segmentation methodology for the design 

 

 
Figure 12 – Base Dynamo Graph for support truss creation 

 
For each support variation, modifications to a base Dynamo Graph [Figure 12] were made 
utilising the core functionality that could create the necessary support framing. The complete 
package of Dynamo Graphs was issued to our drafting team and could be used through a 
simple built-in interface called the Dynamo Player. This is a one-touch interface [Figure 13] of 
Dynamo that enables complex actions to be easily executed by the project drafter, no matter 
their level of Dynamo knowledge. 
 



 
Figure 13 – Dynamo Player interface 

 
After modelled geometry was created in Revit and data for analysis software was exported, 

data round-tripping was possible with the use of an Excel spreadsheet. Analysis data 

preparation was not as straightforward as we first thought, and it took us several iterations to 

get the data formatted correctly. Framing sizes and locations were imported into the analysis 

model by our engineers and after design changes were made, the same spreadsheet was 

able to be used to update the model in Revit. 

 
Figure 14 – Complex façade and support geometry in Revit 

 
As part of our investigation, we modelled a truss without Dynamo and attempted manually 
assigning node points, but this didn’t work and operator naming errors occurred. Using the 
logical processes defined within Dynamo Graphs resulted in no human error within 
transferring data. If our engineer required certain trusses node points, the drafters could 
export a schedule of node point information within 10 minutes, instead of the engineer 
spending more time tweaking the analysis model to an approximation of the intended 
geometry. The complex façade support structure was then documented within Revit  
[Figure 14] using our optimized standard modelling practises. 
 
  



RESULT 
 
The application of Dynamo Graphs for integrated design and documentation on the 
Christchurch Convention Centre resulted in a greater understanding between drafters and 
engineers on design requirements. The complex façade supports were more accurately 
modelled in Revit, in less time, while also including the automatic population of geometric 
data for export to analysis software. This lessened the chance of human error for analysis 
input, reduced time inputting design geometry into analysis software, and resulted in a more 
organised design/documentation strategy. 
 

 
Figure 15 – Holmes Revit model inc. Façade geometry 

 
From the point of view of our project drafters, Dynamo significantly helped in the production 
of the complicated 3D façade model [Figure 15], giving them time to ensure quality content 
was delivered to the client. 
 
The workflows developed for this project can now also used as a base point for optimisations 
to other projects in future. The thought process of working more efficiently and spending 
more time on delivering quality has been engrained further into the psyche of the project 
team, who are excited to keep exploring the world of integrating design with documentation.  
 
 
ABOUT US 
 

 
 
Holmes Consulting is one of New Zealand’s most respected consulting structural and civil 
engineering firms. With more than 200 people across New Zealand and the Netherlands, 
we’ve built our exceptional reputation on creative, cost-effective designs and an unwavering 
commitment to quality. We have more than 60 years at the top of the industry, leaving a 
proud legacy.  
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