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SUMMARY 
 
This discussion paper shares some of the lessons learnt during the design and construction of 
two high density residential developments. The two developments have a mixture of 
apartments and terrace housing. This paper will not focus on the buildings themselves, but 
rather key lessons learnt. The projects had the same client, similar design teams and different 
main contractors. 
 
The first part of this paper shows how the lessons learnt from the first development were used 
to improve the delivery of the second development. There is a focus on the co-ordination 
between the structural and building services engineers. Co-ordination techniques are 
discussed that led to time and cost savings for the design team, contractor and client. 
 
The second part of this paper is intended to challenge the profession by highlighting the need 
for improvements in standard Construction Monitoring services. The section identifies 
drawbacks of the current guidelines and proposes a collaborative, discipline specific 
Construction Monitoring framework for New Zealand.  
 
INTRODUCTION  
 
This paper explores the theme of learning through experiences and is intended for the 
Emerging Structural Engineers (ESE) stream of the SESOC 2019 conference. The intent of 
this discussion paper is to share some of the lessons learnt during the design and construction 
of two similar high density residential developments. The paper will discuss the lessons learnt 
from the first development and how they were used for the second development. Although the 
discussion points may be obvious, it is often the simple things that the industry can learn from. 
 
The paper has two parts. The first part focuses on the co-ordination of building services and 
building structures. It covers the importance of timing and the role of the main contractor and 
sub-contractors. The second part of this paper focuses on construction monitoring in New 
Zealand. It discusses how the current guideline is vague and limited in terms of roles and 
responsibilities, and not discipline specific. Changes were made from one development to the 
next to better define the construction monitoring requirements, but it was evident that clarity 
for the industry is required. Finally, a collaborative approach to updating the guidelines 
considering all stakeholder inputs is proposed with discussion on the structural discipline in 
particular.  
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BACKGROUND 
 
The two projects discussed are both inner city, high density residential developments with a 
mixture of three to five storey apartment buildings and two to three storey terrace housing. The 
projects incorporated a range of materials and structural systems. The structural system of the 
apartment buildings was either steel framed or precast concrete. The structural system of the 
terrace houses was either steel framed, timber framed, blockwork walls, or a combination. This 
paper will not focus on the buildings themselves but rather on the lessons learnt.  
 
Both projects had the same client with their own project manager and quantity surveyor. The 
design team had the same architect, structural, geotechnical, mechanical, hydraulic, electrical, 
fire and civil engineers while the façade and acoustic engineers were different between the 
projects. The main contractors were also different. 
 
It was advantageous that the project team was similar for the two developments. This meant 
that capturing the lessons learnt was not just a post-project activity from the first development, 
it was also regularly visited throughout the duration of the second. This increased the 
effectiveness and efficiency of the team and built on the team’s experiences. This 
consideration and effective implementation of the lessons learnt by the team resulted in several 
successes for the second development. 
 
CO-ORDINATION ON A MULTI DISCIPLINARY PROJECT 
 
The delivery of a building project is complex. It requires input from, and co-ordination of, 
multiple parties with competing demands.  The design team has the task of navigating these 
demands to deliver a well co-ordinated and well documented design. This was a challenge at 
times, particularly for the structural and services disciplines.  
 
This section focuses on the co-ordination of the structural and services disciplines. It outlines 
some of the lessons learnt, discusses the benefits of capturing and sharing the lessons from 
the first development and making effective use of them on the second development. It shows 
that small changes can make a big difference on site and to the overall success of the project.    
 
Understanding all Building Disciplines in a Design Team 
 
Civil Engineering univeristy students mainly learn about the disciplines 
covered by Civil Engineering. For students who enter into structural 
engineering as a graduate, they have limited experience on other 
building disciplines. This can result in the graduate structural engineer 
working in isolation. This happened to some degree at the start of the 
design phase for the first development. Working with the building 
services and specialist services engineers as the project developed, 
resulted in learning some aspects about each discipline. This was 
beneficial in understanding how each discipline influences and affects 
one another. This shows the importance of learning through experience. 
 
As majority of the design team was carried through to the second development, the mindset 
shifted from the idea of being just a structural or mechanical engineer, to being a building 
engineer or building consultant. The team changed from working in isolation within their own 
discipline for the first development, to a collaborative approach for the second development. 
This eliminated the ‘not my problem’ mind set.  
 
To support the idea of being building engineers, weekly internal training sessions were 
alternating between building services and building structures where the whole team, 
regardless of their discipline, were encouraged to attend. One of the first sessions explored 

“Understand 
the key 

principles of 
other 

building 
disciplines” 
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how to read different discipline drawings or documentation. Example lessons from this session 
included: 

• Explanation of some of the common acronyms used on building services drawings; 

• The order of width and depth differs between structures and services drawings; 

• Structural level 1 plan is the mechanical ground floor plan as the services are in the 
ground floor ceiling; and 

• three numbers used for fire rating refer to; structural adequacy, integrity and insulation.  
 
This multifaceted way of thinking changed the team’s performance and culture. During the 
design of the structure, simple co-ordination items for services would arise, for example: 

• Heat pump pipes need to penetrate the external wall to get to the outdoor unit; 

• Louvers are typically above the window in the joinery system so how does the structural 
beam fit? 

• The electrical box will need to be recessed into a wall. 

• Risers are on top of the structural beam so one of them will need to move; and  

• Every penetration through an intertenancy wall needs fire and acoustic rating.   
 
Some of these items were raised during the design of the first development. However, it was 
often thought about very late in the design. This resulted in the team approach being more 
reactive rather than proactive. During the design of the second development, these items were 
raised regularly, discussed and therefore solved early in the design process. This avoided 
rework during the design stage, avoided clashes and issues on site, and overall saved time 
and money for the client. It showed that the success of delivering a complex multidisciplinary 
building project does not come down to one individual, one company or one discipline; but a 
collaborative, communicative, proactive and unified team. 
 
Fire Protection Design as a Design-Build Item   
 
Fire Engineering is split into two sub-disciplines; fire safety and fire protection. The fire safety 
report is carried out during the design stages. A supporting PN22 statement confirms that the 
fire engineer has co-ordinated the design on the architectural and structural consent drawings. 
Typically, a fire protection sub-contractor will design the fire protection system as a design and 
build item, meeting the requirements of the fire safety report.    
 
If the fire protection sprinkler design is completed as a design and build item, it is difficult to 
accurately co-ordinate this service with the other building services and to correctly allow for 
penetrations in the structure. This was demonstrated in the first development. The design team 
either made a typical allowance for sprinkler penetrations through the structure or it was 
assumed the pipes would run under the structural steel. Once the sprinkler design was 
completed during the construction phase, a number of issues were identified with the 
assumptions made during the design phase. One issue was that the closer the pipes are to 
the underside of the suspended floor, the less onerous the restraint requirement would need 
to be. This caused problems on site and proved that the co-ordination of services in an already 
erected structural system was difficult, costly and time consuming.  

 
Recognised as an issue, the client decided that the 
sprinkler design was to be completed during the design 
phase of the second development rather than a design-
build item. This enabled the sprinkler pipes to be co-
ordinated with the other building services and the 
penetrations could be accurately accounted for, particularly 
through the precast concrete walls. This was an invaluable 
lesson to carry into the second development and eliminated 
the challenges experienced on the first.  

“Complete the 
sprinkler design 
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Understanding the Limitations of Building Information Modelling and Clash Detection  
 
Building Information Modelling (BIM) is becoming a common technique to aid the delivery of 
building projects and enhance collaboration. BIM execution plans are typical and are used to 
define the level of detail of the model and drawings. However, there can be limitations of a BIM 
model and automated clash detection processes. These limitations are correlated to the level 
of detail of the model.  
 
The apartment buildings for the two developments were modelled 
in Revit and Navis Works was used to carry out clash detection 
between the architectural, building services and building structures 
models. Although this picked up a number of clashes, it only 
analyses what was detailed in the model. The main elements were 
modelled in 3D, and 2D details were drawn from sections cut from 
the 3D model. This meant that not every cleat, bolt, reinforcing bar 
etc. was modelled and hence clashes were not picked up in the 
Navis Work clash detection. This limitation was demonstrated on 
the first development with the EBF link lateral restraint brace. The 
end plate of the brace at the underside of the suspended floor was 
note modelled and was located exactly where a service needed to 
penetrate. It was not until the construction phase that this clash was 
identified. This was frustrating and time consuming for both the 
design and construction teams.  
 
During the second development, the design team did not rely solely on the models for the 
overall co-ordination process. The issues experienced in the first development highlighted the 
need for separate detailed additional checks. The design team carried out the following:  

• Combined services drawings where all the services were overlaid onto one drawing;  

• Co-ordination sessions with the mechanical, electrical, hydraulic, fire protection and 
structural engineer were carried out and each penetration was discussed with 
alternative routes investigated. Final checks of the structure were completed; and  

• Once all the penetrations were accounted for, they were set out and tagged on the 
structural drawings. The tags were associated to the service that the penetration was 
allocated for, that is, (E) for electrical, (M) for mechanical, (H) for hydraulic and (F) for 
fire protection.  

 
These additional checks for the second development led to; early clash detection that did not 
rely on a detailed BIM model, optimised services routes and locations of penetrations, and 
eliminated the uncertainty for the services sub-contractors on which penetration to use.  
 
Services Co-ordination with the Contractor and Sub-Contractor 
 
The services sub-contractors can prefer and often suggest alternative services routes to the 
engineer’s construction drawings. Generally, as long as it meets the performance specification, 
there is usually no objection from the services engineer. However, this causes problems for 
the already allocated and designed penetrations through the structure. 

“Understand 
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During the first development, alternative services routes were 
discussed in length during the services installation stage of 
construction. This was time consuming and did not always 
result in the most efficient solution for the client or end user. 
This was discussed with the main contractor of the second 
development during the start of the construction phase. The 
main contractor did a thorough exercise of getting all the sub-
contractors to review the penetration plans provided by the 
design team, suggest alternatives if necessary and lock in the 
penetration size and locations before the steel and precast 
concrete panels were shop drawn and fabricated. 
 

This resulted in a higher success rate on site for the second development due to the proactive 
co-ordination of the services and structure by the design team, the main contractor and the 
sub-contractors. This saved time on site for the engineer, reduced Requests for Information 
(RFI) and saved time and money for the contractors and client.  
 
Penetrations in Suspended Floor Slabs 
 
Penetrations through suspended floor slabs are typical, especially for apartment buildings. 
Care has to be taken on the location of the penetrations to ensure that the suspended floor 
maintains its structural integrity as both a gravity supporting system and a diaphragm.  
 
The two developments had precast concrete wall apartment buildings where the diaphragms 
experienced both inertia and transfer forces. This meant that diaphragm reinforcement was 
required in addition to the mesh. The continuity of this diaphragm reinforcement was critical. 
 
For the first development, the reinforcement was not co-
ordinated on site for the individual penetrations or the service 
risers. We requested this co-ordination and recommended for 
the reinforcement to be scanned prior to coring the 
penetrations. However, this was not carried out. The 
diaphragm reinforcement was cut in several locations. This 
resulted in the contractor breaking out the concrete, lapping in 
new steel and/or providing external steel to the underside of 
the slab. This resulted in time and cost implications for the 
contractor.  
 
For the second development, a number of techniques were put in place to avoid cutting of the 
diaphragm reinforcement. This included: 

• Service risers being drawn on the structural suspended floor plan drawings;  

• Diaphragm reinforcement was set out to suit the services risers;   

• A memorandum was issued to the contractors during the tender phase to describe the 
design intent and to highlight areas that required a high level of quality assurance. This 
included the co-ordination of the services and emphasised the care of coring the 
suspended floor penetrations; 

• Contractor allowed further co-ordination cost in their tender price and avoided a 
potential variation for the client during construction.  

• The suspended floor reinforcement shop drawings were reviewed by the structural 
engineer, architect and main contractor;  

• The services were co-ordinated by the design team and then re-checked at the start 
of the construction phase with the main contractor and the sub-contractors;   

“Lock in the 
structural 

penetrations with 
the contractors 
before off-site 

fabrication” 
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• The set out of the penetrations were marked out on the slab formwork prior to pouring 
the concrete and the diaphragm reinforcement was shifted slightly to suit;  

• The final set out of the diaphragm reinforcement was marked on the precast walls so 
that when it came to coring the service penetrations, this could be re-checked; and  

• It was recommended that sleeves were used in the suspended floors prior to pouring 
the concrete and this was documented on the construction drawings. However, this 
option was not adopted as it was considered more expensive than adequately co-
ordinating and coring the service penetrations.  

 
The issue of coring through the diaphragm reinforcement was successfully avoided on the 
second development. Again, the success of this process was down to the early collaboration 
of the design and construction teams. 
   
CONSTRUCTION MONITORING   
 
The requirements of construction monitoring in New Zealand are not well defined, particularly 
for engineers. The current guideline by Engineering New Zealand (ENZ) is vague, role and 
responsibility descriptions are lacking and there is no guidance for specific disciplines. This 
resulted in the client for the two developments being unclear on the scope of the construction 
monitoring service and questioned the responsibility of the engineer.  
 
As a lesson from the first development and discussions with the client, the scope of the 
construction monitoring for each building and each discipline for the second development was 
further defined. This included the number and type of inspections required per building. This 
was based on industry experience and could only be completed post-design and pre-
construction when the building and construction sequencing was known. Although this was an 
immediate solution for the project, the client was experiencing differing construction monitoring 
scope definition from different disciplines and from different engineers on their other 
developments. This highlights the need for a well-defined industry led construction monitoring 
framework for New Zealand.  
 
This section provides a description of the current construction monitoring framework in New 
Zealand and proposes the development of an updated construction monitoring framework for 
New Zealand that is discipline specific.   
 
Construction Monitoring Framework in New Zealand  
 
Construction monitoring in New Zealand is considered to be a key part of the quality control 
process during the construction of infrastructure projects. For buildings, construction 
monitoring is undertaken as a service for the client and the Building Consent Authority (BCA) 
to independently verify that the building complies with the building consent documentation and 
therefore the New Zealand Building Code (NZBC).  
 
The current construction monitoring guideline for engineers is published by ENZ and is generic 
to all engineering disciplines. It provides guidance on the level of construction monitoring 
required based on the size, importance and complexity of the construction works, and the 
experience and quality management skills of the contractor (Engineering New Zealand, n.d.). 
It provides five levels of construction monitoring that uses generic terms to describe what 
elements to review and the frequency. For example, ‘random sampling’, ‘important completed 
work’ and ‘twice weekly’. These generic terms are open to interpretation and are not discipline 
specific.  
 
Due to the ambiguity and non-specific nature of the current guideline, some BCAs provide 
additional guidance. An example of this is the Auckland Council producer statement policy. It 
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contains a section on construction monitoring that outlines the requirements for site inspection 
reports (Auckland Council, 2015).    
 
Discipline Specific Construction Monitoring Framework  
 
The current construction monitoring guidelines are not discipline specific. This has led the 
Society of Fire Protection Engineers (SFPE) to write a building industry guide that will cover 
what to expect when a competent fire engineer undertakes fire engineering construction 
monitoring, and the role other members of the design and construction team play  (North, 
2019). This is proactive by SFPE and is a leading example for the other discipline specific 
societies in the infrastructure industry. 
 
It is proposed, ENZ in conjunction with New Zealand Institute of Architects (NZIA), New 
Zealand Construction Industry Council (NZCIC) and/or Association of Consulting Engineers 
New Zealand (ACENZ) could collaborate with the discipline specific societies to develop an 
updated Construction Monitoring framework for New Zealand. This group could undertake 
market research and involve; prominent infrastructure clients in New Zealand, various BCAs, 
and main industry leading contractors. This would result in one collective, collaborative and 
unified guideline with the benefit of improving the quality assurance for New Zealand 
infrastructure projects.  
 
To build on the current guideline and construction monitoring levels, the Construction 
Monitoring framework could set out to define the following for each discipline:  

• Roles to adequately monitor and independently verify the construction work of 
different types of projects; 

• Responsibilities of each role and ensure there are no gaps; 

• Inspection types; 

• Frequency for the type of inspections; and  

• Tasks during construction monitoring including site inspection, shop drawings, 
requests for information, consultant advice notes etc.  

 
The success of this collective guideline is dependent on the unified approach of the 
infrastructure sector.  
 
Structural Specific Construction Monitoring Framework  
 
The structural specific section of the proposed Construction Monitoring framework would 
require input from the Structural Engineering Society (SESOC).  This group would help to 
define the roles and responsibilities associated to the structural discipline. The following is a 
list of roles that could be involved in the structural construction monitoring, depending on the 
type of project. 

• Building Consent Officer 
• Main contractor 
• Sub-contractor(s) 
• Proprietary product supplier and installer  

• Chartered Professional Structural Engineer  

• Structural Engineer(s) who carried out the structural design (if different to the CPEng)  
• Structural Peer Reviewer 

 
Once the roles are defined, their corresponding responsibilities would need to be defined. 
Example questions that could be discussed during the development of the guideline include;  

• Is there a minimum number of inspections required to be carried out by the Chartered 
Professional Engineer? 
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• Does the peer reviewer or independent qualified person need to be involved in the 
construction monitoring?  

• How is the competency rating affected if the main contractor has ISO9001 
accreditation, but their sub-contractors do not?  

• Is the contractors competency rating based on the company or the site team for the 
specific project?  

• Whose responsibility is it to close out the site reports? 

• Whose responsibility is it to check starter bar set out? 
 
The type and frequency of the inspections could be tabulated. This could be similar to the 
schedule of inspections currently prepared by structural engineers as part of the consent 
documentation. For example, the type of inspection could be a foundation beam pre-pour 
inspection and the frequency for ‘sampling’ could be the first concrete pour and 25% of the 
concrete pours thereafter. 
 
CONCLUDING REMARKS 
 
These projects provided a good example to show that capturing and effectively using lessons 
learnt can lead to better performing projects that not only benefit the client, but the design team 
and contractor as well.  
 
The co-ordination issues during the first development were solved using simple techniques. 
The success experienced on the second development came down to using these techniques 
and included; timely collaboration of the different parties, understanding different engineering 
disciplines, and having a proactive and collaborative design team.  
 
The client issue with the Construction monitoring services scope highlighted during the first 
development was addressed during the second development by clearly defining the scope for 
each discipline and each building. This led to clearer expectations on the level of construction 
monitoring required for each discipline. However, this was project specific and did not resolve 
the underlying issue of ill-defined industry guidelines on construction monitoring in New 
Zealand.  
 
The industry has a responsibility to improve the design and construction processes in New 
Zealand, and provide high quality, safe and fit for purpose infrastructure projects. This can be 
achieved by actively and regularly capturing and sharing lessons learnt amongst the 
profession. Furthermore, an updated discipline specific construction monitoring framework 
would be the next step in achieving this.   
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