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Abstract: Commercial pressures in construction push all construction processes to reach for faster
speed and lower cost, creating a constant push for organisational and technical innovation. Under these
commercial pressures construction has adopted more and more fragmented supply chains for project
delivery, creating numerous interfaces between parties as well as potential points of weakness. Failure
to achieve the desired quality and durability standards arises from ineffective or insufficient
communication and problem resolution, early in the process. It is critical that all measures that ensure
excellence in all aspects of design, production, planning, and site work be adopted simultaneously with
the required on-site training and supervision. Fib Bulletin 44 (2008) introduced the idea that cast in situ
concrete is a Special Process and that an Execution Plan should be developed to ensure that the design
intent is achieved. Such an approach provides a framework for work planning and execution that
involves all parties. An additional requirement is effective and deep collaboration across the entire
supply chain to ensure that everyone’s potential to contribute is tapped. This paper presents the case
for Execution Planning in project delivery.
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1. Fragmentation of the Construction Process

With construction projects becoming more complex, there is a growing demand for specific expertise in
various trades and disciplines. These include supply and installation of structures, facades, electrical
work, plumbing, HVAC systems, elevators and escalators to name a few. The fragmentation allows for
greater specialisation and the utilisation of specialised skills and knowledge.

General contractors often seek to reduce costs by subcontracting specific tasks to specialised firms that
can perform them more efficiently and at a lower cost. By subcontracting, the risk associated with each
specialised task can be managed by the subcontractors. This risk allocation strategy allows the main
contractor to mitigate potential liabilities and minimise exposure to project risks and allows them to focus
on their core competencies. However, it is a proven fact that all risk cannot be shed by the general
contractor since the ultimate responsibility for delivering the client’s requirements is theirs.

Within concrete construction this has led to the emergence of specialists who deal with concrete mix
design, concrete supply, concrete pumping, concrete placing, falsework erection, formwork
construction, reinforcement scheduling, fabricated reinforcement supply, pre-fabrication of
reinforcement cages, reinforcement installation, installation of precast elements and post tensioning.

Fragmentation in the supply chain can facilitate innovation and the adoption of new technologies as
specialised subcontractors often have in-depth knowledge and experience in specific areas, allowing
them to develop innovative solutions or leverage advanced technologies within their respective domains.
By tapping into the expertise of these specialised firms, construction projects can benefit from the latest
advancements in materials, construction methods and technology applications. Fragmentation also
offers greater flexibility and scalability in construction projects, and contractors can easily engage and
disengage subcontractors as needed, enabling more efficient resource allocation.

However, while fragmentation offers various advantages, it also presents challenges. Outstanding
communication and coordination among the numerous subcontractors are crucial to ensure smooth
project execution. Collaboration and integration efforts are required to overcome potential conflicts or
gaps in information sharing. Achieving seamless collaboration is significantly more difficult in a
fragmented supply chain than within a single organisation. Nonetheless, the trend towards greater
specialisation and fragmentation in construction continues as the industry seeks to optimise costs,
manage risk and leverage specialised expertise for improved project outcomes.

2. Managing Quality Within Complex Sociotechnical Systems

From a sociotechnical perspective, construction involves interaction between skilled people with shared
construction norms working towards the goal of constructing a structure following defined processes,
using known technology and operating within the boundaries of the project. Nowadays, this is described
as a typical sociotechnical system (Figure 1).
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Figure 1: Sociotechnical System as Applied to Concrete Construction

The industry’s longstanding view of the cause of quality failures mainly focuses on individual behaviour,
adopting the traditional “blame the perpetrator” approach (Bertelsen 1). In this view, the cause of failures
is fully explained by individuals’ bad judgments, inaccurate assessments or violations. This approach
assumes that management systems are inherently sound, linear' and only the unreliability of individuals
creates rework. However, organisations are non-linear, interconnected sub-systems that encompass
various levels of complexity. Saurin (2) describes a complex system as a system that has: (a) large
number of dynamically interacting elements; (b) wide diversity of elements; (c) unanticipated variability;
and (d) resilience.

While an individual's unreliability can contribute to errors, they are often symptoms of deeper problems
that stem from multiple causes and dynamic complexity within the overall organisation. It is impossible
to separate systematic management of the workplace and the behaviour of an individual within a system.
Dekker (3) shows that a more accurate explanation for errors can be found by finding how an individual's
actions and behaviours made sense at the time, given the circumstances within their environment.

From this view of causation, a person’s behaviour alone cannot be blamed for a quality failure.
Marosszeky (4), based on an analysis of some 3400 items of rework on $60 million of construction work
found that tradespeople reported that they were being pushed to go faster and believed that quality
issues would be dealt with by others prior to practical completion. This outcome confirmed Atkinson’s
(5) and Bennet's (6) belief that most of today’s quality problems do not have a technical origin but are a
result of the motivation, attitude and behaviour of both managers and operatives towards their work. By
viewing quality through a complex-systems lens and accounting for environmental pressures, unruly
technology and social processes, among causation factors, an organisation develops a more robust and
plausible understanding of its quality management challenges.

This emphasis on digging beyond the obvious cause to underlying issues is also the approach of forensic
engineering (Figure 2). Only by addressing the organisational problems can enduring change be
achieved.

3. The Nature of Special Processes

From the perspective of quality management, Special Processes are those that require specific controls,
verification and validation to ensure that the product is of the desired quality. Special Processes are
characterised by their uniqueness and complexity; and, therefore, they require skilled personnel, precise
parameters, rigorous monitoring and thorough documentation, to ensure that they are performed
correctly and consistently. It is often said of these processes that you “cannot be certain that you have
achieved the desired quality product until you dismantle it”, as defects can be out of view.

Within construction, Special Processes include reinforced concrete, structural steel fabrication/erection,
foundation piling, waterproofing, mechanical, electrical, plumbing and facade systems. Each area
requires expertise, specialised skills, special materials, special equipment, careful planning, quality
control measures and code and standard compliance to achieve the desired results.

Fib Bulletin 44, (7) introduced the concept that cast in situ reinforced concrete is a Special Process. It
emphasised the importance of developing an Execution Plan to ensure that the design intent is
achieved. This approach provides a framework for work planning and execution requiring all parties to

!'a nonlinear system is a system in which the change of the output is not proportional to the change of the input.



generate solutions that overcome challenges and meet the client's requirements. Although an Execution
Plan might include elements of a method statement, it is fundamentally different because it includes the
actions and responsibilities of all parties to the process.

4. Construction Processes are Constantly being Pushed to the “Edge”

To satisfy client demands, construction firms need to find ways to streamline processes and optimise
resource utilisation. This push for efficiency is fuelled by various factors including competition, client
demands and market conditions. The construction industry is highly competitive, with numerous firms
vying for projects. To secure contracts and maintain profitability, construction companies must
continuously strive for faster completion times and more cost-effective solutions. While this competition

fosters a drive for innovation to gain a competitive edge, it also pushes some companies to put safety
and process reliability at risk.

In relation to safety, Jens Rasmussen (8), working in process safety suggests that systems are
constantly being pushed towards the edge of instability due to pressures including economic and
commercial factors. This view argues that organisations often operate close to the boundary between
safe and unsafe conditions. Rasmussen's work highlights the importance of striking a balance between
commercial pressures and safety considerations in complex sociotechnical systems. It underscores the
need for organisations to develop a safety culture that values proactive risk management, effective
communication, continuous learning, and the prioritisation of safety over short-term commercial gains.

Spencley (9) argues that recent perspectives on the management of safety apply equally well to the
management of quality. With commercial pressures pushing workers to focus on speed and cost
reduction at the expense of product quality. While safety and quality are interconnected, it's important
to note that they are not synonymous. However, organisations that prioritise both safety and quality
demonstrate a commitment to operational excellence and stakeholder satisfaction. Louishine (10) in
comparing the characteristics of organisations in relation to safety and quality management, and
Employee Involvement found that outstanding companies rank #1 in all three categories.
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Figure 2: Concrete Compaction Failure Analysis - It is not Just Poor Placing!

While construction companies and professionals continually seek new methods, technologies and
practices to meet these demands, too many in the industry accept unsustainable levels of error in all
processes, leading to inefficiency and too often to company failures.

It should be noted that achieving quality doesn’t mean slowing construction, indeed understanding the
issues and implementing appropriate action will reduce rework and accelerate construction programs.
However, to achieve these outcomes requires an investment in deconstructing dysfunctional systems
and creating efficient and appropriate interactive teams and systems.

5. Typical Defects in Concrete Construction and their Causes

Defects in concrete construction can impact the structural performance, durability, and aesthetics of
structures. Common defects include thermal, plastic and shrinkage cracking, irregular compaction and
honeycombing, variable surface consistency and expansion due to the use of reactive aggregates or



delayed ettringite formation. The origins of defects in reinforced concrete can be found in all stages:
planning, design, specification development, detailing, execution and maintenance.

Poor mix designs can be responsible for placement difficulties and overheating while poor reinforcement
design can impede concrete placement. Architectural designs which create complex shapes can set
challenges for designers and constructors alike. However, careful mix design and skilled workmen can
overcome most problems. Cracking can occur because of insufficient reinforcing steel to control
cracking; poor reinforcement detailing at stress concentrators; restraint from previously cast elements;
restraint at changes in geometry; unacceptably high thermal gradients; high wind speeds or heat during
casting and poor curing. The avoidance of cracking requires close collaboration between the designers,
construction planners, concrete supply and field crews. It is well known that even where reinforcement
requirements to control thermal cracking are designed, relevant construction criteria must also be met.

Poor and inconsistent surface finish can occur due to inadequate consolidation, poor formwork
construction, incorrect vibration, poor finishing techniques and inconsistent curing. To avoid these
defects, close collaboration and seamless communication is required among all parties from the client
through to designers, all suppliers and workers. This collaboration must be underpinned by robust and
thorough design and planning, supply and construction practices executed by skilled work teams
following well-designed quality planning, control and assurance systems. This requires close integration
and collaboration of everyone involved in the process. Such end-to-end, seamless execution is
particularly challenging when operating within a modern, fragmented supply chain.

The greatest challenges to the achievement of successful outcomes lie in the areas of cultural
integration and seamless communication. In the extended supply chains of the modern industry where
teams vary from project to project, it is very difficult to achieve cultural cohesion and commitment to
shared outcomes across all the parties involved in the delivery of a successful concrete structure.

6. Concrete Construction as a Set of Special Processes

In recognition of the complexity of this undertaking, concreting is recognised as a Special Process and
in the view of the authors, it is in fact a collection of special processes. In a quality assurance context,
Special Processes are those processes that require special attention and control to ensure that they
meet specific requirements and produce consistent results.

Concrete is a critical component in most civil construction and many building projects, and its design,
quality and strength are essential for the aesthetic appearance, integrity and durability of the structure.
The concrete production, casting and maturing processes require specific procedures and controls to
ensure that the concrete is properly designed, transported, tested, mixed, placed and cured to achieve
the desired strength, appearance and durability. Within the overall process of concrete construction, the
following stages can be considered as Special Processes within themselves: mix design, production
and transport, reinforcement design and placement, formwork design and concrete placement.

While concrete mixes tend to be developed and trialled in a laboratory, mixed in small batches and cast
in small samples, experience has shown that concrete in real-world structures may behave very
differently. Hence, it is important to cast full-size prototypes to ensure that the characteristics of the
concrete and the skills and equipment of the placing team are suitable for the specific element to be
cast. Such protypes should be made based on the configurations, mix materials, proportions, ambient
conditions, mixing, transportation, placing, compaction and curing techniques to be used on site. The
placed concrete can then be sampled and tested to give a reasonable understanding of the in situ
performance. The handover between the design and construction teams and the quality of the supply
and construction teams are vital to achieving a quality product. Comprehensive training is required and
should include general tasks, project requirements, training in communications and reporting.

Reinforcement design is complex, structural designers tend to work with abstractions which are focused
on achieving the strength required. There are countless examples of large concrete structures on which
satisfactory concrete placement and compaction was made extremely difficult because of reinforcement
design and detailing. In the field, steel fixers deal with stiff and heavy elements which can be extremely
difficult to place. The authors have witnessed five kilo hammers and crowbars being required to force
the steel to fit within formwork. Reinforcing steel must be designed to be constructable. Therefore, its
details must be simple and standardised and its tolerances realistic. The reinforcement must be
designed so that the concrete can be placed to achieve full embedment and satisfactory compaction.

Formwork construction must be carefully executed to ensure that there is no leakage at joints; no
distortion; and control of insitu temperature to avoid overheating and manage temperature gradients to
avoid thermal cracking. Where poker vibrators are used, formwork and placement design are critical
and training essential to ensure/guarantee that low air content concrete is placed expressly in the cover
zone.



Concrete placement is a critical activity that requires careful planning and skilled workers who are used
to working as a team to achieve the compaction and finishing standards specified. This work is greatly
influenced by the weather on the day. For critical pours, construction design must include weather
control strategies. The mix designer needs to understand the difficulties of site placement, including
those presented by the formwork and reinforcement configuration. In addition to designing a suitable
rheology, the critical aspects of the rheology need to be communicated to the production, placing, and
curing teams.

7. The Design of Execution Plans for Successful Concreting

Within tender documents, design codes and standards for concrete structures are typically referenced
to define the minimum required properties of the concrete in the structure. In addition, they may provide
general rules for the production and testing of the concrete and the execution of the concreting
processes. However, these codes and standards do not specify how the concreting processes will be
executed.

In the planning, design, and construction of a reinforced concrete structure, several Special Processes
need to be carefully planned and controlled to ensure that the quality and integrity of the final product is
achieved. An Execution Plan is a key aspect of the approach suggested in fib Bulletin 44. This outlines
the strategies, procedures, and responsibilities for achieving the design intent. It addresses such
potential challenges to the design as environmental factors, resource factors (human and equipment)
and project circumstances with the aim to ensure that the client's requirements are met. This approach
encourages collaboration among all project stakeholders. By involving all parties in the development of
the Execution Plan, a collective effort is made to generate solutions and address challenges specific to
the project. This collaborative process ensures that all perspectives and expertise are considered.

The Execution Plan provides a framework for work planning and execution throughout the project
lifecycle. It includes considerations such as construction sequencing, materials selection, quality control
measures and specific techniques required for the successful execution of cast in situ concrete work.
This comprehensive approach helps minimise and manage risks, optimise resource utilisation and
ensure the desired quality and performance of the constructed elements is achieved. It facilitates risk
management by identifying potential risks and developing strategies to mitigate them. By involving all
stakeholders in solution generation, the approach promotes a proactive and collaborative mindset,
enabling effective problem-solving and risk mitigation throughout the project.

Some of the key Special Processes which need to be considered in Execution Planning include:

e Concrete mix design: The process of designing the concrete mix involves determining the sources,
availability and reliability of supply, determining the proportions of the mix to achieve the desired
strength, durability, rheology, stability, environmental objectives and other desired properties of the
concrete. The mix design process requires careful consideration of material characteristics, of all
the factors outlined in the project requirements and of environmental conditions during casting.

e Reinforcement design and placement: Proper reinforcement design is crucial for structural integrity
and durability. To ensure the desired quality is achieved, clear and comprehensive communication,
collaboration and review processes are necessary between the design team and the construction
personnel. Attention must be given to standardising reinforcement detailing to create a simple,
constructable design. Importantly, reinforcement placement and configuration must consider the
achievement of full steel embedment and high-quality concrete compaction and finishes.

e Design / construction interface: Effective communication between the structural engineer, concrete
supplier and construction team is necessary to ensure the mix design meets the project
requirements. Collaboration should include discussions on the required concrete properties,
equipment factors, skill required of labour and all specific considerations related to the project's
environmental conditions and location.

e Concrete transport, pouring and compaction: The process of transport, pouring and placing concrete
requires specific procedures to ensure proper workability, placement, and consolidation. Special
attention should be given to handover from supplier to placer, to equipment and techniques that
minimise segregation, to voids and to honeycombing. Adequate compaction of concrete using
vibration or other suitable methods is necessary to eliminate air voids and achieve full contact
between concrete and reinforcement and to achieve uniform quality surface finishes. Effective
communication and coordination among all stakeholders are essential to ensure proper construction
planning, sequencing and execution. This includes discussing the placement methods, formwork
requirements, curing procedures and quality control measures. Poor planning and placement
techniques can lead to poor compaction, inadequate curing, improper vibration and segregation.



e Curing and temperature control: Proper curing is essential to achieve the desired strength and
durability of concrete. Special Processes involve managing weather risks, controlling the
temperature of materials, the temperature rise of cast elements, the duration of curing and timing of
formwork removal to promote hydration and prevent premature drying, the development of high
temperature and to control thermal and shrinkage cracking. This may require the inclusion of
measures such as cooling pipes or ice, careful control of the concrete casting rates, perhaps,
casting in the cool hours of the day or even overnight. The curing and protection of freshly poured
concrete is critical. It is also important that the placing team understands the concrete they are
dealing with. Modern admixtures can be used to give high performance concrete, but they may also
make the concrete thixotropic with rapid reversion times.

e Quality control testing: Special Processes also involve various quality control tests on concrete
materials, fresh concrete, hydrating concrete and finished elements. These tests may include
sampling and testing of concrete for strength and durability, trial mixes, prototype casting,
reinforcement bar testing, slump tests, reinforcement cover checks using NDT equipment, and
moisture content analysis of all ingredients. These tests help ensure that the construction meets
specified standards and project requirements. They also verify structural integrity and durability.

Controlling all these special processes involves adhering to industry standards, planning carefully,
following design details and specifications, employing skilled personnel, utilising appropriate equipment
and machinery and implementing robust quality assurance and quality control measures throughout the
planning, design and construction phases. Early problem identification and resolution through proactive
communication and collaboration must be encouraged. Any issues or deviations from the desired quality
standards must be promptly addressed to prevent further complications and rework.

An Execution Plan takes account of all significant risks and includes steps to mitigate those risks. Steps
include all tasks in design, planning and execution of construction that are necessary to create and
maintain control. It is important to implement comprehensive quality control processes throughout the
design and the construction phase. This includes regular design reviews, to ensure downstream quality
achievement is not being compromised, the testing of materials, the inspection of reinforcement
placement, formwork construction and concrete placement techniques. In Execution Planning it is also
important to determine the classes of control that are required for different areas of operations.

Class and Characteristic Minimum Recommended Requirements
+ DS3 Extended supervision:  Third party checking - undertaken by an organisation different to
that which performed the design.

+ DS2 Normal supervision: Second party checking - undertaken by different persons within the
organisation which performed the design.

* DS1 Normal supervision: Self-checking - undertaken by the person who performed the
design.

Figure 3: fib Execution Control Classes

Each area requires the development of in-house guidelines and check lists. These should be living
documents that are updated and improved to reflect changes in requirements, changes in materials and,
most importantly, lessons learned by team members. Guidelines and checklists should have shared
ownership, encouraging everyone to suggest improvements. Each process should have a gatekeeper
who is responsible for maintaining the integrity of the systems that support process reliability and
continuous improvement.

To achieve and maintain quality standards, it is critical to also invest in training. Construction workers
should receive training on proper concrete handling, placement techniques, compaction methods, curing
procedures and quality control practices. Regular site inspections, supervision, and feedback can help
identify and address deviations from the desired quality standards.

8. Creating a Culture of Excellence and Continuous Improvement using a Systems
Approach to Quality (SAQ).

Gordon (11) describes the quality management system of DPR, a major US contractor, as a systems
approach to quality (SAQ). The paper describes a process in which, for every work package, the client’s
requirements are translated into language and definitions that make sense to all members of the supply
chain. This process of alignment requires an intense collaborative effort by all the members of each
supply chain. Communication is through meetings, documentation, graphics and details using all
available technologies. This process demands the involvement of everyone, from the worker on the tools
to the client, to ensure that not only is everyone clear on the requirements but that everyone’s input has
been leveraged to create a delivery process that is as reliable and robust as possible.



These requirements are then analysed and detailed through checklists and guidelines which DPR
describe as “Pump Primers”. These documents define at every handover, where work is handed off from
one party to the next, the performance criteria that have to be met to ensure that the specified end result
is ultimately achieved. When one party hands a work package on to the next supply chain participant is
referred to as a Point of Release, this concept applies in design, planning and execution. The
requirements to achieve the end quality are defined for every handover from early documentation to
completion. This means that at every handover, the customer and the service provider both understand
what is required at that stage and have the performance criteria required to determine satisfaction.

Before Fabrication/Installation [ During Construction

Evaluate

Build from Knowledge & Information

Figure 3: Structure of DPR’s Systems Approach to Quality (Gordon (11))

Clearly, the modern fragmented supply chain brings several challenges to such a process.

1. Coordination and Communication: With multiple interfaces between various parties, coordination
and communication become critical. Effective, open and transparent information exchanges are
essential to ensure smooth project delivery and avoid errors, conflicts, delays and increased costs.

2. Interface Management: Managing the interfaces between different parties requires clear contractual
agreements, well-defined responsibilities and effective project management. Failure to address
interface issues can lead to disputes, finger-pointing and delays. Commitment is required from all.

3. Quality Control: With multiple entities involved, ensuring consistent quality throughout the project
can be challenging. Maintaining quality standards and enforcing quality control measures across
the fragmented supply chain requires responsible behaviours, a robust quality assurance process
and impeccable coordination.

4. Integration Challenges: Integrating such different components and stages of the project as design,
procurement and installation becomes more complex in a fragmented supply chain. Achieving
seamless integration and compatibility between different parties' work requires additional effort and
coordination. To mitigate these challenges and optimise project outcomes, construction industry
stakeholders are increasingly adopting such collaborative project delivery methods as Integrated
Project Delivery (IPD) and Building Information Modelling (BIM).

These approaches foster closer collaboration, earlier involvement of key stakeholders, shared project
goals, streamlined processes and improved project outcomes in spite of a fragmented supply chain.

9. Conclusion

The processes described in this paper require effort and input from all parties within the supply chains
in the concrete construction process. Such persistent effort will only be applied if everyone involved is
convinced that the benefits will outweigh the costs of implementing these processes.

DPR have demonstrated that the investment in their quality management system (SAQ) has yielded
significant and unexpected benefits. Gordon (11) reports the study of 22 projects, costing some $3.5
billion, where one half of the project were applying the new quality management system (SAQ) while
the other half were operating with business as usual (BAU) processes. The SAQ projects compared to
the BAU projects yielded the following results:

e 60% more fee earned
e 84% less rework at occupancy, and
o 9% faster

This provides compelling evidence to those who question the value of such systems. DPR’s experience
has shown that the conventional wisdom of the quality triangle, that speed, cost and quality cannot be
optimised is false. It is possible to go faster, to improve quality outcomes and to save money with the
implementation of impeccable planning, coordination and collaboration.



The construction sector globally is actively exploring collaborative strategies and technologies to
address these challenges and to achieve improved project outcomes. However, inadequacy at any
interface can lead to a failure to achieve desired standards of strength, durability and finish quality.

Effective communication and collaborative problem resolution are essential to ensure that the necessary
quality in all aspects of concrete construction is achieved. It is interesting to the authors of this paper
that the authors of fib Bulletin 44 recommended strategies which are now recognised as being essential
for achieving reliable outcomes within complex sociotechnical systems, in particular these are:

e Collaboration among all project stakeholders including the workers. Involving all parties in the
development of the Execution Plan ensures that all perspectives and expertise are considered,
leading to more effective planning and problem-solving.

e The Execution Plan allows for adaptability in response to changing circumstances and unforeseen
challenges. It facilitates risk management by identifying potential risks and developing strategies to
mitigate them. By involving all stakeholders, the approach promotes a proactive and collaborative
mindset, enabling effective problem-solving and risk mitigation throughout the project.

By adopting the principles outlined in fib Bulletin 44, reinforced concrete construction can benefit from a
structured approach which ensures that the design intent is achieved. This approach fosters effective
communication and proactive problem-solving, leading to improved project outcomes.

However, the fragmented supply chain also introduces communication and coordination challenges
among the various parties involved. With multiple interfaces and interdependencies, effective
communication is crucial to ensure that project requirements are understood and executed correctly. A
failure to do this can lead to quality problems, delays and cost overruns.

Establishing strong relationships and fostering a culture of collaboration and trust among the parties can
help mitigate communication challenges and promote successful project delivery. In the context of
concrete construction, the fragmentation of the supply chain can significantly impact the quality and
durability of concrete structures. Failures in achieving the desired quality standards can arise from
ineffective communication and poor problem resolution early in the process. To ensure the necessary
quality, it is critical to adopt measures that support reinforcement design, concrete mix design,
construction planning and placement techniques as well as onsite training and supervision. One
approach that has been introduced to address these challenges is the concept of Execution Planning.
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