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SUMMARY 
 
The out-of-plane and in-plane seismic assessments of unreinforced masonry (URM) buildings 
were automated with custom software in a project to increase the consistency and efficiency 
of assessment. This paper discusses several lessons identified during the project, and how 
they can be applied to both future automation projects, as well as general structural 
engineering projects. It was found that changing project delivery models, carefully considering 
data input, using structural engineers to undertake some programming, and increasing 
confidence in outputs improved the project outcomes. 
 
 
INTRODUCTION 
 
Custom software was developed to automate the seismic assessment of URM buildings in 
accordance with the Seismic Assessment of Existing Buildings (MBIE 2017), (the Guidelines). 
The software collects inputs from a user and performs structural calculations in accordance 
with the Guidelines. Additionally, for in-plane assessment, the software determines a non-linear 
pushover (NLPO) capacity curve in accordance with the displacement-based assessment 
process outlined in Clause C2.4.2 in Section C2 of the Guidelines.  
 
The agile methodology was implemented as the project delivery model to mitigate expected 
issues arising from technical complexity, uncertainty, and a high risk of change. 
 
The project team consisted of a mix of structural, systems and software engineers from several 
geographically diverse offices collaborating in unison. Responsibilities were split between the 
engineering disciplines.  

 Software engineers programmed the user interface, databases, and other software 
infrastructure. 

 Structural engineers led the design process, programmed the structural calculations, 
and verified the software outputs. 

 Systems engineers defined the requirements, aided the design process, and undertook 
functional testing. 

 
 
 
 
 



Description of Engineering Process 

The software directly implements the procedures and calculations defined in the Guidelines 
for out-of-plane and in-plane seismic assessment.  
 
Out-of-Plane Assessment 
 
In brief, the structural engineering process to assess the out-of-plane capacity of a URM 
building using Section C8 of the Guidelines is as follows. 

 Identify the discrete lateral load resisting elements, such as walls, gables, chimneys, 
and parapets. 

 Collect geometric and material data for each assessed element in accordance with 
Clauses C8.2 and C8.7. 

 Undertake a gravity load takedown to determine the overburden on each element. 
 Undertake a displacement-based inelastic analysis of the element in accordance with 

Clause C8.8.5 and Appendix C8B to determine the percentage of the ‘new building 
standard’ (%NBS). 

 
In-Plane Assessment 
 
In brief, the structural engineering process to assess the in-plane capacity of a URM structure 
using Section C2 and Section C8 of The Guidelines is as follows. 

 Identify the discrete lateral load resisting elements, such as piers and spandrels. 
 Collect geometric and material data for each assessed element. 
 Undertake a gravity load takedown to determine the overburden on each element. 
 Calculate the capacity of each potential mechanism in accordance with C8.8.6 and 

identify the governing mechanism of each element. 
 Combine each element’s behaviour for a particular storey. 
 Identify the governing storey and the probable horizontal base shear capacity and 

displacement. 
 Determine the effective height and effective mass of the equivalent single degree of 

freedom system. 
 Plot the NLPO capacity curve against an acceleration-displacement response spectra 

(ADRS) from NZS 1170.5 hazard spectra to allow the engineer to determine the %NBS 
considering the appropriate equivalent viscous damping. 

 
Description of Software Developed 

The URM seismic assessment software was deployed as a web-based solution. This allowed 
for two key benefits: the software can be accessed anywhere by any device including tablets 
and feature improvements can be deployed in real-time, without the need for the user to 
reinstall the software to their device.  
 
A user can input data using text input fields, drop-down selection boxes, and a graphical 
interface. The software collates this data to a single JavaScript Object Notation (JSON) 
encoded message, which is sent to the structural calculation software (SCS) via an application 
programming interface (API). The SCS performs all engineering calculations and returns the 
NLPO capacity curve for in-plane calculations and displacement response for out-of-plane 
calculations. The curve is displayed to the user against the NZS 1170.5 ADRS curve to allow 
the engineer to determine the %NBS. 
 
The SCS was programmed in Python. This programming language was found to be simple to 
learn and able to handle complex numerical calculations. The other software components were 
written in C# on the Microsoft .NET Framework. 



Key Project Drivers 

The project had three key drivers to guarantee value to the finished software. 
1. Consistency – Suitably trained users of the software should achieve the same 

outcomes, considering the same assumptions. 
2. Efficiency – The software should be a step change faster than hand calculations. 
3. Trust – Users of the software can accept the outcomes to be in accordance with 

Section C8. 
 
AGILE PROJECT DELIVERY 
 
Lesson: An iterative and communication focused project delivery model can mitigate risk and 
increase delivery efficiency. 
 
A changing brief as the software development progressed was identified as a project risk due 
to: 

 the high level of complexity associated with implementing a large piece of a structural 
engineering process; 

 user feedback expected to offer improvements to the assessment process when using 
the software; and 

 uncertainties in how long developing the user interface would take, potentially resulting 
in simplifying changes being needed. 

 
Another key risk was that the software engineers did not have background knowledge in 
structural engineering or URM structures, and the structural engineers did not have 
background knowledge in software development or developing software product requirements.  
It was considered likely that features could have been implemented in ways that did not make 
full consideration to the structural engineering processes and that rework would be required. 
 
The project’s tight deadline meant that the software development could not be placed on hold 
while changes to the brief were being designed. To mitigate the risks described above, the 
agile methodology with Scrum was chosen for the project delivery model. 
 
The Agile Methodology  
 
Traditional engineering project delivery models generally include one or more planning phases 
and design phases that increase the level of development across the whole project. Traditional 
software development generally follows the waterfall model, which is also a linear phased 
approach where the project is planned, designed, implemented and then tested (Royce, 1970). 
 
Within this context, these linear models require the structural engineering team to define the 
brief with all requirements upfront and then the software engineering team develop the 
software before testing by structural and systems engineers can begin.  
 

 
The agile methodology (Beck, 2001) is an alternative model that uses an iterative and 
incremental process. Each iteration, or ‘sprint’, is generally a short period of time and can 
include planning, design, programming/calculations, and testing with the goal that a functional 
product can be delivered for feedback (Schwaber, 2002). Because the development of the 
product is iterative, feedback from each iteration can change the direction of the next, allowing 
the design to rapidly respond to change. 



 
Figure 1. Comparison of project delivery models 

 
The Agile Methodology with Scrum 
 
A popular implementation of the agile methodology is to use Scrum (Schwaber, 1997) as the 
project management framework. Using Scrum, each sprint generally lasts one to two weeks. 
A number of regularly planned meetings are held to aid planning, communication, and 
improvements. 
 

 Sprint Planning: The team mutually agree to the scope of work from the ‘product 
backlog’ that will be achieved during the sprint. The product backlog lists the tasks that 
could be delivered as features in the final product.  

 Daily Stand-up: Every day, team members meet for 5-15 minutes to each discuss work 
they have done yesterday, work they will do today, and any impediments that prevent 
their work being completed. 

 Sprint Review: The team review the work that has been completed, and planned work 
not completed. The team then collaborates with stakeholders to determine what work 
should be done next. 

 Sprint Retrospective: The team reflects on the work done during the sprint and identifies 
lessons that can be learned and actions that can be implemented in future sprints to 
improve productivity. 

 
Scrum also defines two key team roles: the scrum master facilitates the above meetings and 
works to remove impediments, and the product owner is responsible for the finished 
deliverable.  
 
The product owner defines the product backlog tasks and prioritises them in the order of 
importance. Unlike traditional models, where the number of tasks to complete is often fixed, 
Scrum assumes a fixed period of time and resources are available. This means some tasks 
may not be completed due to the limited time/resources.  
 
Agile Development of the URM Automation Software 

Using daily stand-ups, the project team was in constant communication. This enhanced team 
culture and progress was easily monitored. Often after the daily stand-up, the design of 



features would be tweaked from new ideas being formed because of discussing the work done 
yesterday.  
The product owner is often somebody from the software team who engages with key 
stakeholders to ensure that the vision of the product is implemented. This choice generally 
helps product features to be successfully translated into software tasks (Pichler, 2010). For 
this project, a structural engineer was chosen as the product owner. This was a successful 
choice as the structural engineer was better placed to describe the engineering processes in 
the level of detail that was required.  
 
During the pilot phase of the software release, feedback from users identified several software 
bugs and new features that would substantially improve software usability. The product owner 
was able to prioritise the feedback, with consideration to the overarching structural processes, 
and changes were often made within the next sprint. 
 
Automating structural engineering processes is something that is likely to continue in future. 
As many of these processes are likely to be unique and remain complex, it is unlikely that 
migrating to a ‘business as usual’ linear delivery model will improve the automation project’s 
delivery performance. It is expected that using the agile methodology with Scrum will continue 
to be a successful delivery model.  
 
Agile in the Structural Context 

Occasionally, structural engineering projects will require undertaking work that is not ‘business 
as usual’. Additionally, there are many emerging technologies that are disrupting traditional 
project workflows. Traditional engineering project delivery models are in some cases not well 
equipped to manage both situations. 
 
For this project, the structural design work required translating the code requirements from 
Section C8 into logical processes that could then be automated. This work required developing 
a thorough understanding of URM seismic assessment. 
 
As this work was unfamiliar to the team, the agile methodology, with its focus on 
communication and ability to adapt, was also able to successfully deliver the non-programming 
related structural work. By using only one type of delivery model, the structural design work 
could occur as little as one sprint before the software implementation. 
 
It has also been identified that parts of the Scrum process can be taken and applied to 
traditional projects. Daily stand-ups are a useful way to encourage communication in complex 
traditional projects being delivered by small teams. They also allow each team member to have 
the same level of project knowledge which can prevent rework from misaligned 
understandings. 
 
IMPROVING DATA ENTRY 
 
Lesson: Efficiency and accuracy can be improved when the developed tool is no longer a 
spreadsheet. 
 
Undertaking an in-plane analysis of a URM structure requires a large amount of data that has 
been obtained from a variety of sources including structural and architectural drawings, on-site 
inspections, photographs, and other related documents. Some URM structures can have more 
than 50 piers and spandrels, which is tedious to manually identify and input into a spreadsheet 
or other piece of calculation software. In rare circumstances, data may be incorrectly entered, 
leading to an erroneous assessment result. The project required a simple solution that would 
allow users to reliably identify and enter data. 
 



Another form of data entry is through graphical input in software that develops a 3D 
representative structural model, such as ETABS or Microstran. To develop an equivalent piece 
of software from scratch for URM structures would require a significant investment in time, 
technical expertise, and budget. This was not considered appropriate for the project. 
Additionally, there is still a large amount of data input required by the user. 
 
With consideration to the key project drivers, an alternative solution was sought. A review of 
the existing engineering processes identified that most input data is derived from the engineer 
reviewing to-scale drawings. The software team was tasked with rapidly prototyping a concept 
solution that would allow a user to: 

 upload an image (elevation from structural drawings); 
 draw a rectangle on top of the image (identify a wall); and 
 dimension horizontal and vertical scales. 

 
The prototype should then report the wall dimensions and location. 
 

 
Figure 2. Exterior wall defined graphically with penetrations and scales 

The prototype behaved as expected and a complete solution was deemed feasible. At this 
stage, the structural engineers began to design how an entire structure could be reproduced 
by extracting the geometric dimensions of graphically defined elements. Gridlines, floor and 
roof plans, wall penetrations, and gable end walls were all considered, and a solution was 
designed to automate the collection of input data, gravity load takedown, and the idealisation 
of piers and spandrels. 

The final solution combined drawing review and data entry into a single step. The software 
enabled not just collecting geometric data, but also removed the number of data inputs 
required. Users were also more engaged due to the visual feedback provided by the software. 
 
This automation project was able to leverage existing drawings to enable graphical data entry. 
Future automation software designed to automate the structural design of new structures will 
be unable to benefit from this approach. However, graphical data entry may still be a viable 
option as custom software can interact with drawing software such as Autodesk’s AutoCAD or 
Revit via an API. Other approaches could include working with PDF drawing mark-ups or 
interaction with structural software outputs. 
 



 
Figure 3. Automated idealisation of piers and spandrels considering Moon et al. (2006) 

 
Figure 4. Pier length and height properties automatically defined by the scaled drawing 

 
PROGRAMMING AS A STRUCTURAL ENGINEER 
 
Lesson: Programming can be another tool in a structural engineer’s toolbox. 
 
Early in the project, it was identified that the fixed project deadline was likely to be missed as 
there were too many features to be programmed by the software team. The complexity of 
correctly implementing the engineering calculations would have required a very high level of 
design and communication between the geographically separated structural and software 
engineers.  
 
A solution was found by training the structural team to have a sufficient level of knowledge in 
programming to implement the SCS, instead of training the software team to have a sufficient 
level of structural knowledge. This reduced the number of communication interfaces 
significantly and more evenly shared the workload within the team.  
 
To achieve this workflow successfully, it is recommended that there is a clear divide in 
programming responsibility between structural and software engineering programming teams. 
Most programming tasks will still be better suited to be undertaken by a qualified software 
engineer.  
 
The use of an API to communicate between the SCS and the rest of the software decoupled 
the solution and allowed the two pieces of software to be developed independently in parallel. 
The interface rules were clearly defined early in the project and testing was undertaken 
regularly to ensure that each piece of software could correctly communicate to the other with 



the JSON message. The structural engineering design team were more confident that the 
critical processes were implemented correctly. They also felt more confident in discussions 
with the software team and gained a better appreciation for the amount of effort required to 
program different features. 
 
Considering the above, it is likely that future automation projects will benefit from structural 
engineers taking ownership of programming the structural processes and calculations. There 
is also likely to be a reduction in rework that may otherwise arise from miscommunication 
during briefings. 
 
CONFIDENCE IN OUTPUTS 
 
Lesson: Designing software considering how it will be verified increases trust in outputs 
 
Before using a piece of engineering software, a user needs to be confident it works properly. 
If the software is a ‘black box’, where data goes into the software and an answer comes out, a 
user may not trust that the outputs produced are always calculated correctly. The 
consequences of incorrectly implementing a structural engineering calculation into an 
automated process are exponentially larger than incorrectly performing that calculation with 
pen and paper. 
 
A seismic assessment should have enough evidence that it has been correctly undertaken. It 
was expected that the software produced a calculation report as an output. A user can gain 
confidence in the software by comparing hand calculation checks to an automated calculation 
in the report. A user is also able to check each equation in the calculation report to the 
corresponding equation as written in Section C8. However, a user is unable to prove that the 
equation written in the calculation report matches the equation programmed in the software 
and that the programmed calculation will be correct in all cases.  
 
The most transparent way to overcome this challenge is to let the user read the software code 
directly. However, this is a time-consuming process and there is the likelihood that the 
structural engineer using the software is not sufficiently familiar with reading software code. In 
many cases, the software code will not be made available to the engineer if it has been 
developed by a third party.  
 
At its heart, this challenge exposes the problem that there is typically a gap between the 
engineering formulae used to perform an assessment and the representation of those formulae 
in software code, leading to errors in translation.  
 
The project’s structural, systems, and software engineers collaborated to come up with a 
simple solution: Each engineering equation was programmed as formulae using symbolic 
variables, reducing the gap between formulae and code to zero. These variables also allowed 
the substitution of both numeric values and engineering symbols. The equation could then be 
used to calculate the output and displayed as formatted text in the calculation report. This 
approach also simplified the automated generation of the calculation report tables. 
 

 
Figure 5. Example equation from SCS calculation report 



During the project’s development, small programming errors were often identified by reading 
the calculation report equations instead of the programming code. Feedback during the 
verification process was positive, with verifiers commenting that they could trust the calculation 
report. 
 
Changes to formulae only needed to be made in one place since formula, code and symbolic 
representation are all the same piece of code using this approach.  
 
This programming methodology for calculations is likely to be used in future automation 
projects due to its successful outcomes and relatively easy implementation. It is worth noting 
that engineering calculations being undertaken with spreadsheets often do not have this same 
level of transparency.  
 
A robust verification plan based on the systems engineering “V-model” (Forsberg et al. 2005) 
was also developed to give users confidence that the software had been sufficiently checked 
and tested. 
 
The verification process was diversified by using a variety of structural and systems engineers 
from different offices with different levels of experience individually undertaking some of the 
following tasks: 

 review of the programming code; 
 comparison to independently calculated assessments; 
 comparison to an independent worked example; 
 review of a “basis of assessment” document, outlining all assumptions made; 
 calculation report reviews with individual calculation checks; and 
 pilot projects with the intent of finding software bugs. 

 
In addition, unit testing (Beck, 2003) was programmed along with each function in the software. 
A unit test checks a defined input to a function matches the expected output. Unit tests are run 
after every major change to the software and ensure that a change does not inadvertently 
affect a different area of the software.  
 
The verification plan and the checks above were then reviewed and signed off by the 
verification manager. This verification process helped identify a number of minor issues that 
were resolved before the software was released.  
 
A verification plan, developed at the start of each project, is likely to benefit future automation 
projects. The specifics and level of verification required would likely depend on the project’s 
requirements. 
 
CONCLUSION 
 
The development of software to undertake both out-of-plane and in-plane assessments of 
URM buildings was found to be a complex project that required a high level of collaboration 
between engineering disciplines. A wide variety of lessons were learned as challenges were 
resolved. Learning these lessons increased the project’s overall value, and often reflected the 
key project drivers, consistency, efficiency, and trust. 
 

 Project delivery risks may be mitigated using the agile methodology with Scrum. 
 Graphical data entry can increase efficiency and accuracy. 
 Structural calculations programmed by structural engineers can improve the quality of 

software. 
 Software designed transparently, alongside a strong verification process, can improve 

confidence in the outputs. 
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