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You need to have access to: 

NCC 2016, Volume One  
Contains the requirements for multi-residential, commercial, industrial and public buildings and 
structures.  

 

Downloadable from: http://www.abcb.gov.au/Resources/Publications/NCC/NCC-2016-Volume-
One 

NCC 2016, Volume Two  
Contains the requirements for residential and non-habitable buildings and structures.  

 

Downloadable from: http://www.abcb.gov.au/Resources/Publications/NCC/NCC-2016-Volume-
Two 
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Common Building Faults1 

Common Building Faults 

An Analysis of 3000 Recently Conducted Building Inspections Identified the Following Common 
Faults: 

One in three homes had incomplete construction 

In most cases, this was due to pergolas not having eaves gutters and / or downpipes which 
connect to stormwater drains. Where this occurs, the pergola may not have had local government 
building approval. Three in ten homes had either pergolas, rooms built-in under the house or new 
additions that were not likely to have had local government building approval as they were not 
constructed to any recognised standard. 

One in four homes displayed evidence of structural cracking and movement 

Common causes of these problems were: poor slab construction on cut-and-fill sites; the 
prolonged dry spell affecting ground moisture; the absence of control joints in brickwork; tree 
roots; and excessive moisture adjacent to or under the house. In some cases, these homes 
showed cracking and movement of a severity that posed significant danger to the occupants. 
Root systems of existing or recently removed shrubs and trees may also change moisture levels in 
the ground which may in turn contribute to structural cracking. Nine out of ten properties had 
trees or shrubs close enough to the house to cause problems. 

Although small cracks may not be harmful in themselves, they may allow moisture penetration to 
reinforcement which may cause progressive corrosion, leading to a structural problem. Retaining 
walls were often found to be overturning or cracking, indicating insufficient support or poor 
drainage. 

In a small number of cases (one in twenty), sagging, bowing, cupping and distortion under load 
were found in structures 

• Inadequately secured roof framing 
• Sagging pitched roofs due to increased roof loading, corroded fixings or inadequate 

framing 
• Deflected slabs due to substandard workmanship, drying shrinkage or excessive loading 
• Sagging timber floors due to under-designed floor framing, insufficient structural support 

inadequate fastening, poor workmanship, over-loading or timber pest damage 
• Dampness which had actually damaged the structural integrity of whole or part of a 

building was found in one in sixty cases 
• Common sources are defective plumbing, defective roof plumbing and flashings, rain 

penetration, rising damp, condensation, and hygroscopic salts and efflorescence. 
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One in eight homes displayed structural timber pest damage which had damaged the integrity of 
part or the entire property 

The most common timber pest is fungal decay caused by moisture, followed by subterranean 
termites; wood boring insects and chemical delignification (break down of the timber fibres by 
salts or pollution in the air). 

One in three homes had significant conditions which would lead to structural damage 

• One in three cases had defective plumbing, roof plumbing and flashings as evidenced by 
non-existent rainwater goods, lack of general stormwater drainage, faulty or decayed 
flashings, cracked or weathered roof cladding, and decayed ridge capping, gutters, and 
downpipes 

• One in five homes had non-existent or defective damp-proof courses bridged by earth, 
paths, flooring, or additions. Poor surface drainage around many properties was a 
significant problem. 

• One in twenty-three homes had been constructed either in unstatesmanlike manner or 
using inappropriate or inferior materials. Construction was unsatisfactory, sometimes to 
the point of being dangerous with flimsy handrails, unstable stairways, omission of 
structural members, excessive notching of structural timbers, insufficient support by over-
spanned framing or using under-strength timber. In some instances (one in fifty cases), 
there was a lack of adequate subfloor ventilation allowing for natural air movement below 
suspended timber floors to protect against degradation of timber caused by fungal decay 
and timber pest attack. 

• One in eight homes had evidence of surface breakdown or corrosion and loss of thickness 
to metal joists, beams, and handrails. This may eventually lead to structural damage 

One in two homes required urgent attention to secondary and finishing elements 

• Two in five homes had moisture problems behind the shower wall or in cupboards below 
the kitchen taps either visible or recorded by an electronic moisture meter 

• One in two homes had decayed timbers to fencing, pergola uprights and stairs due to 
poor maintenance, defective rainwater goods or building timber straight into ground 

• One in three homes had problems with stairs and balconies, corrosion or handrails not 
meeting current building requirements for safety, although fine for their time of 
construction 

• Three out of four homes with pools had non-existent, inappropriate or compromised pool 
fencing which posed a safety threat 

• One in four homes displayed corrosion to gates, stairs, downpipes, eaves and gutters 
• One in two homes needed to have ridge tiles re-pointed and capped 
• One in two homes had bathroom and kitchen tiles which were cracked and drummy. This 

is significant because repairs and water proofing to wet areas can involve substantial costs 
• Two in three homes had gutters and downpipes which were either non-existent or had a 

problem with corrosion and needed repair or replacement which may lead to serious 
problems as a result of poor drainage and dampness 

• One in two homes had cracked or weathered roof tiles again threatening serious structural 
problems as a result of poor waterproofing 
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The following less significant maintenance problems were common 

• One in two homes had problems with sealants and grouting. 
• One in three homes had cracked or holed internal plaster walls in need of patching and 

repair 
• Two out of seven homes had ceiling plaster which was damaged and needed repair 
• One in five homes needed repainting internally 
• One in three homes had door and cupboard latches and hinges and countertops to 

vanities, and kitchen cupboards which needed replacement or repair. Windows often 
needed easing, sliding doors needed attention and shower screens were often cracked 

• Two in eleven homes had a problem toilet, commonly a worn flange or broken stop-cock 

 

 

 

The source of construction defects and legal treatment2  

 
2 Source: Chris Lenz, as at http://www.lenzmoreton.com.au/wp-content/uploads/2013/07/Dec-2000-Guide-to-
Identification-of-Construction-Defects-BC-Law-Journal..pdf, as on 21st June, 2017. 
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Many people not closely associated with the construction industry think that design methodology 
and construction techniques are completely scientific, so that if there is a construction defect then, 
using a cooking analogy: 

• there must have been a failure in the recipe; 
• a failure to properly follow the recipe;  
• the ingredients were defective; or 
• the oven was defective or the utensils were unsuitable, 
• causing the loss. 

 

In any case, his or her argument is “someone is at fault, find out who they are and sue them!” 

This approach fails to recognise that there is as much art as science in design, and that 
construction does not generally involve precision work where everything is or could be perfect. In 
addition, science itself does not purport to be exact, and engineers, in particular, recognise that 
models, theories etc are the current best “guess” at approximating reality. Therefore, it is incorrect 
to expect that nothing will go wrong, or that everything is 100 per cent foolproof. 

Lawyers need only look at their own discipline of the law to confirm that the law is not black and 
white, but varying shades of grey. However, outsiders to the law often have the perception that it 
is all cut and dried. Hopefully, construction lawyers can appreciate the frustration felt by those 
involved in the construction and engineering industries that hold the view that sometimes a 
“defect” may not necessarily mean that anyone is at fault. 

However, designs generally work, construction usually complies with the contract and science 
does approximate reality reasonably well. Accordingly, the task of succeeding in sheeting home 
liability to the defendant or defendants appears relatively straightforward. Unfortunately, 
construction defects are elusive and devilishly difficult to capture, and construction lawyers could 
well educate their respective clients to develop a realistic appreciation of the difficulties involved. 
One merely needs to start with the definition of a defect. 
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Definition of “Defects”  

The Oxford English Dictionary meaning of defect is: 

“1. The fact of being wanting or falling short; lack or absence of something essential to 
completeness (opposed to excess); deficiency. 

2. A shortcoming or failing; a fault, blemish, flaw, imperfection (in a person or thing). 

3. The quality of being imperfect; defectiveness, faultiness.” 

However, in the context of construction law, defects are considered more broadly in certain 
circumstances. Hudson1 suggests that a defect (when used the context of a contractual defects 
clause), “includes any breach of contract affecting the quality of the work, whether structural on 
the one hand or merely decorative on the other, and whether due to faulty material or 
workmanship, or even design, if the latter is part of the contractor’s obligation.” 
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Definition of building defect3  

Defects within new buildings are areas of non-compliance with the Building Code of Australia, 
various Australian Standards and published acceptable tolerances and standards. Older 
buildings, or buildings out of warranty period, may not comply with these standards but must 
be judged against the standard at the time of construction or refurbishment.  

 

 

BUILDING FAULTS!4  

QUEENSLAND UNIT OWNERS RESPONSIBILITY 

The presentation by various speakers at Strata conferences highlight that building faults in 
strata complexes are increasing. 

All the items covered by these speakers are accurate and it is in fact true that builders are 
becoming slack in their construction particularly of Strata complexes. This is most likely due to 
cost pressures and the need to turn a greater and greater profit margin. 

In fact the following photograph will show a masonry wall constructed between units without 
any footings whatsoever and naturally the walls are coming away from the main building. This 
complex was constructed by one of Australia’s largest builders with construction projects 
ranging from the small, to very large projects throughout the whole of Australia. This is a typical 
fault of the builder not having sufficient supervisory staff on site. 

 
 
4 Source: QBM Strata, as at http://www.qbmstrata.com.au/building-faults-owners-responsibilities-qld/, as on 
21st June, 2017. 



10 | P a g e  
 

 

The committee representing the unit owners on this complex acted responsibly and 12 months 
prior to the end of defects period engaged a professional to undertake a condition assessment 
in order to identify all such building faults. 

However in many instances unit owners, and the committees that represent them, do not act so 
responsibly. In fact many wait until almost the end of the legislated defect period before even 
considering the need to ask the builder to rectify any faults. 

State legislation in Queensland gives specific timeframes to notify the builder of defects once 
these defects have been identified. 

State Time from for Structural defects 
Queensland Before 10/10/2014  

Lodge compliant within 3 months of noticing a structural defect that appears 
within 6 years and 3 months from practical completion After 10/10/2014 
Lodge compliant as soon as possible but no later than 12 months of noticing a 
structural defect that appears within 6 years and 3 months from practical 
completion 

Case Study 

One such example where the unit owners and committee representing them did not act 
responsibly follows. 

A small complex had some major problems with water leakage through the roof. Following a 
severe rain event, significant damage to the internal of the units was suffered. The insurance 
company paid for the repairs. However,the insurance company stated that the body corporate 
must undertake repairs to ensure that such damage did not occur in the future. 
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The leaks in the roof had been experienced from almost day one after completion of the 
construction of this complex. However, the builder had never been contacted formally to 
undertake repairs or if they had, no legal proceedings or any other legal action was 
commenced. 

And six years and one month after the completion of the complex, a professional company was 
engaged to undertake a building condition assessment to identify any faults that may be 
attributed to poor workmanship. Action was then to be taken against the builder for such 
rectifications. 

A report was completed and submitted to the Body Corporate. Eventually the Body Corporate 
agreed that a claim should be made to the relevant authorities against the workmanship of the 
builder to have repairs to the roof undertaken. However, by this time it was now six years 2 1/2 
months since completion of the construction of the complex, leaving only two weeks for the 
claim to be submitted and processed. 

The claim was submitted; however, the person at the relevant authority handling the claim left 
for four weeks holiday and the claim was never actioned. On return of the relevant officer the 
claim was assessed and rejected on two points: 

1. The claim was submitted in excess of the legislated time frame; 
2. The claim was submitted many years after the Body Corporate unit owners became 

aware of the fault; 

To this day there is bitterness and conflict between unit owners over the whole affair. However, 
one could argue that it is their own fault that such a result occurred, and the builder was not 
forced to fix the leaking roof, due to their in-action over a period of in excess of six years. 

The sad part is though, that the repairs to the roof at the time would’ve only cost $2,200, the 
Body Corporate has spent more than that figure in obtaining reports. More importantly though, 
they are still suffering anxiety and hurt over the whole affair, when for a small expenditure they 
could’ve had the issues rectified immediately upon the identification of the roof leaks. 

So it could be argued in this case, the building defects although caused by poor workmanship 
was a direct result of the in-action of the Body Corporate, owners and the committee who were 
elected to represent them. 

There is an old saying or question that should have been asked in this instance; “is it better to 
be right or to be happy”. Surely the lot owners would have been happier had the roof been 
rectified immediately, even though the builder was at fault. 

When disputes arise between Bodies Corporate and builders, the committee should remember 
that saying, and consider not only the legal implications or their rights, but the outcome they 
are seeking to obtain. In a number of cases it would be more prudent to consider happiness 
over being right. 

CURRENT STATE OF PLAY 



12 | P a g e  
 

Building defects are continuing to plague Queensland Strata. Last financial year there were 
4793 complaints lodged with the QBCC. This is a significant increase from the previous financial 
year but still less than the number in 2010/2011. 

The list of major cause of structural effects still include waterproofing and roofing, with 493 
complaints lodged for these types of defects. 

Types of Defects 
Defective 
Building Work 

Means building work that is faulty or unsatisfactory, and includes, for 
example, work that: 

• Does not comply with the Building Act 1975, Building Code of 
Australia or an applicable Australian Standard 

• Involves the use of a manufactured product, and that product has 
been used, constructed or installed in a way that does not comply 
with the product manufacturer’s instructions. 

Non-
Structural 
Defect 

 A Defect that is not a Structural Defect 

• Does not reasonably meet a standard of finish or construction 
• Caused a settling in period defect 

Structural 
Defect 

 Defective building work that is faulty or unsatisfactory because: 

• Adversely affects structural performance of a building; 
• Adversely affects the Health and Safety of persons residing in or 

occupying the building; 
• Adversely affects the functional use of a building; 
• Allow water penetration into a building; 

The following page from the QBCC Annual report from last year shows that there are still 
significant issues being faced due to building defects.  
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Discussion  

In light of the complexity that can be associated with the investigations into construction defects 
and the alarming costs that can be very quickly incurred, construction lawyers should consult 
technical experts early so as to gain an understanding of drawings and specifications. No client is 
appreciative of costs of this nature at the best of times, and they are likely to be furious if the 
experts’ reports fail to address the relevant issues, or its case is pleaded incorrectly. 

A starting checklist in this area in a traditional construction contract could include: 

• careful review of the contract to understand exactly what was agreed, including the effect, 
if relevant, of the final certificate; 

• selection of an appropriate expert, who themselves may not be expert in everything, but 
who has an appreciation of the relevant technical issues; 

• review of the drawings and specifications with technical expert assistance; 
• analysis and preliminary determination of the construction defects; 
• drafting pleadings; 
• reaching an early decision on the significant technical issues that require specific reports to 

address these defects; and 
• review of the reports and amendment of pleadings, if required. 

 

Faulty materials 

The inquiry into identification of whether materials are the cause of a construction defect should 
start with construing the construction contract, including the drawings and specifications. It is not 
possible in this paper to consider this further, as each case will depend on the particular contract. 
In the event that the contract does not make express reference to materials, then one needs an 
appreciation of the law in this area. 

 

Foundation movements  

This topic is so contentious that a paper of this sort could not hope to make a significant inroad 
into the area. It is perhaps better in this regard to provide a brief philosophical background to the 
topic, so that the reader has an appreciation of the difficulties confronting engineers when 
designing foundations. 

Whilst the writer appreciates that most construction lawyers left the sciences and mathematics, at 
the end of their schooling (with a welcome sigh of relief no doubt), it may interest them to know 
that some significant engineering advances and formulas have been derived empirically. This 
means that there was no theoretical foundation for the formulas, often because “it was too hard 
to find science or mathematics to fit”. In these cases, observation of events and experiments have 
taken the place of theory, and through trial and error a formula or process is developed which is 
then accepted into engineering “folklore”. 
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In the past, engineers have recognised the limitations of these formulas and have tempered their 
application of them with a lot of common sense and judgment. Unfortunately, there is now 
enormous computer power available to engineers, together with a vast array of engineering 
computer programs. This has allowed a new generation of engineers to enter the profession, 
some of whom who believe that one merely needs to “plug the experimental or test result 
variables” into the computer program and wait for the computer to give the right answer. 

Foundation design is an art and a science that requires particular skill, experience and judgment 
that one cannot simply glean from textbooks. Engineering judgment plays a significant role in this 
area. Test holes and core samples cannot possibly cover the whole area in which a structure 
requires foundations. The use of statistical models, which are now very sophisticated, can assist 
greatly, but everything is based on the primary assumptions made by the engineer. These 
assumptions require experienced engineering judgment based on academic knowledge honed by 
years of experience. Accordingly, sensible extrapolation, “gut feeling”, experience and instinct play 
as important a role as the engineering calculations and running of computer models. The critical 
issue remains the assumptions on which these calculations are based, and nothing takes the place 
of experience. 

 

Construction disruptions and how to address them5 

Expecting interruptions isn’t a sign of pessimism: You’re just being realistic. Disruptions are bound 
to happen, but the manner in which you deal with them can go a long way to minimise their 
impact on your project. In construction, realistic customers judge builders based on how well they 
handle disruptions, rather than shame them every time disruptions occur. There are times when 
builders can even anticipate and prevent them from happening.  

To avoid project mishaps, understand your employees’ competencies. 

The point is, you’re not at the mercy of chance. Even when youâ€™re dealt a bad hand, knowing 
how to play your cards can go a long way in maintaining positive relationships with your 
customers, sub-contractors, suppliers and other stakeholders. Here are three disruptions you may 
encounter, and the methods you can employ to deal with them.  

1. Project mistakes 
You might oversee as many as seven crews, each of which works on a different project. While one 
‘crew’ may consist of a labourer and a foreman, another could include many labourers and two 
foremen. Whether you’re managing 10 or 30 individuals, you need to know their capabilities. For 
example, John may be a great machine operator, but does he have the knowledge required to 
install a commercial water line? The University of Wolverhampton’s School of Engineering and the 

 
5 Source: Tenderfield, as at https://www.tenderfield.com/news/author/jchan/, as on 21st June, 2017. 
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Built Environment noted that research from the UK, US and Scandinavian countries suggest that 
30 per cent of construction involves reworking. To avoid such issues, understand your employee’s 
competencies. In your construction project management software, create a profile for each 
worker, detailing his or her experience, skills, certifications and other applicable details.  

2. Order changes 
According to a study published in the Journal of Financial Risk Management, order changes are 
one of the many possible interruptions that can be costly to address, depending on their size and 
scale. Any number of factors could cause this disruption, from a homeowner wanting to use a 
different type of tile to a crew member discovering that a certain type of facade doesn’t meet 
government safety regulations.  

Sometimes, the wrong materials arrive on site, leaving you in a jam.  

To mitigate the damage associated with order changes, determine which products and materials 
could fit the intended purpose. For example, could you replace pressure-treated pine with 
wood/plastic composites? Which characteristics make the latter better than the former, or vice 
versa? Bottom line: Figure out the alternatives and describe them to the customer. As far as 
unplanned order changes are concerned, make note of any possible unexpected factors. For 
instance, if you’re working around a mountainous region, consider the possibility of running into 
ledge. Conducting a site assessment through your project management application will help in 
this respect.  

3. Low labour productivity 
It’s possible you may be working your labour too hard. Technically, poor employee performance 
can be considered a disruption in and of itself, although it’s enduring rather than instantaneous. 
The best way to resolve this issue may not involve cracking the metaphorical whip. Sure, there are 
workers who may not be up to standard, and you may decide to let them go for more willing, 
capable replacements. There are a couple of reasons why your project may be suffering from 
poor worker productivity. There is a possibility that your workforce is burnt out. Research from the 
Association of the Wall and Ceiling Industry found that those who work four weeks of eight hours 
per day are 16 per cent more efficient than people who put in nine hours per day over a month. 
Many of the issues you’ll encounter in a project will be rooted in poor communication. A platform 
that allows you to share information with all project stakeholders will be a huge help in this regard.  

The importance of regular inspections for both new and old buildings6 

Early detection of problems during the construction process through regular inspections will 
ensure the builder can address identified issues early on, preventing unnecessary expenditure and 
potential loss to reputation and customer goodwill. 

 
6 Source: Projex Group, as at http://www.architectureanddesign.com.au/suppliers/projex-group-1/the-
importance-of-regular-inspections-for-both-new, as on 21st June, 2017. 
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This is especially true for buildings being constructed from the bottom up; regular inspections can 
help identify and resolve problems early on, making the construction process much cheaper and 
practical than having an inspection done on a completed building and discovering faults that may 
be difficult or impossible to rectify. 

 

Inspections for new buildings 

Inspections should be performed at five stages of construction of the new building to ensure 
quality and precision. These include the foundation stage, frame stage, waterproofing stage, pre-
painting stage and handover stage. 

1. Foundation stage  

An inspection is advised on the foundations and footings before the slab is poured as certain soils 
and clays will be more reactive and may require extensive engineering to ensure the integrity of 
the building.  

At this stage, the inspector will be looking for appropriate safety signage around the building site; 
assessing the orientation of the building in relation to the access road, the position of the external 
wall location in relation to the footings, and the inclusion of reinforcement starter bars tied to the 
slab mesh; as well as checking for termite control and the location of the electrical metre box. 

2. Frame stage 

An inspection on completion of the frame will confirm the integrity of the foundation of the 
building, since it may not be possible to see if the right bolts or connections have been used once 
the gyprock has been added to the walls.  

At this stage, the inspector will be looking for straight framing and plumb connections; assessing 
structural steel members such as columns, beams, and lintels to be properly supporting the 
structure; and checking whether window and door openings are in place as required by the plans. 
A visual check will also be performed to confirm the installation of a perimeter termite barrier. 
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3. Waterproofing stage 

Waterproofing is an important component of a building’s longevity; when not waterproofed 
properly, especially around the kitchen and bathroom areas, the building will eventually suffer the 
consequences of water damage, which can even impact its foundations.  

At this stage, the inspector will be checking that roofing is installed and completed to standards 
and manufacturer specifications; roof plumbing is appropriate; and damp proofing is in place. The 
inspection will additionally ensure there are appropriate weep holes to the perimeter and window 
openings, and that brickwork is straight and plumb with sound mortar. 

4. Pre-painting stage  

This inspection takes place on completion of construction including carpentry works to ensure that 
the workmanship is acceptable before issues are glossed over with paint. 

During this inspection the inspector will check that window openings to shower areas are 
appropriately sealed; doors are fitted properly and function correctly; and skirting is fitted to the 
appropriate standards of operation. The inspection will also check for structural adequacy in 
outdoor areas including any pergolas, decks, or patios, and ensure that the carport or garage is 
operable. 

5. Handover inspection 

Recommended to be carried out when the ground levels have been completed, this detailed 
inspection will ensure all-round satisfaction with the finalised version of the building. An inspection 
at this stage will ensure all issues are detected early and remedied at a relatively low cost than 
dealing with them when the issue has become more pronounced. 

Inspections for existing buildings  

A full inspection at the time of buying or selling an existing building benefits both the seller and 
the buyer to avoid any unexpected surprises that might affect the price or value of the property. 
Such building inspections should be carried out by properly qualified organisations that have the 
expertise to detect issues and also submit an inspection report compliant with the Australian 
Standard (AS 4349.1). This will not only ensure peace of mind for the individual but will also serve 
as a reference document for the building’s condition. 

During these inspections, the qualified consultant will look at the interior and exterior of the 
building, as well as the roof space, the underfloor space, and the roof exterior. The building must 
be prepared for inspection prior to the arrival of the consultant. 
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Sub-floors 

There needs to be easy access to the sub-floor areas of a building. This means that they should be 
unlocked and clear of obstacles, and the space should be uncluttered so as to allow ease of 
movement for the consultant. 

Furniture throughout the building 

When preparing the building for inspection, ideally the space must only have minimal furniture so 
that the consultant can inspect the area with an unobstructed view of everything they may want to 
see including the floors.  

Internal roof space 

It is important that the consultant is able to access any internal roof spaces. If such spaces are 
used for storage, it is advised that the space is cleared out so as not to obstruct the consultant’s 
movements during inspection. 

External roof 

The consultant must be provided access to the external roof. In the event the roof is unsafe to 
access, the report will be adversely affected. 

Standards and Tolerances – Concrete/Masonry7 

Footings, Slabs and Setting Out 

Foundation and site drainage – maintenance after occupation  

The builder is not responsible for foundation movements caused by activities that were not 
documented at the time of entering into the contract or as variation to that contract, or that are 
undertaken by the owner. These include paving, landscaping, planting trees and drainage works 
after the site is handed over to the owner. 

The builder is not responsible for foundation movements caused by the owner’s failure to 
maintain drainage systems after the site is handed over to the owner. 

Footings and slabs generally  

Slabs and footings are defective if they fail because they are not designed and constructed in 
accordance with the Building Code of Australia or AS 2870 – Residential slabs and footings – 
Construction. 

 
7 Source: Victorian Building Authority, as at 
http://www.vba.vic.gov.au/__data/assets/pdf_file/0019/18127/Guide-to-Standards-and-Tolerances-2007.pdf, 
as on 21st June, 2017. 
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Slab and footing failures are defects when they are caused by foundation movements that are the 
result of localised drying and wetting caused by such factors as the effects of trees, excessive 
wetting or lack of site drainage when these factors were present during construction. 

Setting out the site  

A building set out is defective where the set out has failed to comply with the requirements of the 
approved drawings, the allotment Certificate of Title, planning or development approval, relevant 
planning overlays and schemes, and building regulations. The set out for a building is defective if 
the building is more than L/200 from its correct position or 5 mm, whichever is the greater, where 
L is the correct setback or distance from the boundary to the exterior face of the building. 2.04 
External building dimensions 

Departures from documented external dimensions of buildings are defects if they exceed L/200 
where L is the documented overall length of wall, or 5 mm, whichever is the greater. 

Measuring internal building dimensions  

Unless shown otherwise, dimensions shown on drawings for internal walls always refer to the 
structure’s dimensions. Structure means masonry and timber framing and does not include 
finishes such as plasterboard, render and skirtings. The internal room sizes will be different when 
thicknesses of internal finish materials are taken into account. 

Unless shown otherwise, clear room height dimensions shall be provided in accordance with the 
requirements of the Building Code of Australia. 

Building dimensions 

Departures from the documented set out for service rooms such as bathrooms, toilets, laundries, 
kitchens etc. are defects if they exceed L/200 or 5 mm, whichever is the greater, where L is the 
documented dimension. 

Departures from the documented set out for habitable rooms and areas, such as bedrooms, 
dining rooms, lounge and living rooms, family rooms, studies, halls, entries and stairways are 
defects if they exceed L/200 or 5 mm, whichever is the greater, where L is the documented 
dimension. 

Departures from documented set out for external elements such as garages, car ports, verandahs, 
decks, patios, etc. are defects if they exceed L/100 or 5 mm, whichever is the greater, where L is 
the documented dimension. Masonry work shall comply with table 3.04. 

The set out is defective where a specific fixture or feature is required to be accommodated, and 
such documented dimensions to accommodate that fixture or feature are not provided. 

Finished Floor Levels  
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Finished Floor Levels (FFL) or Reduced Levels (RL) are defective where: 

• they do not comply with planning and building requirements, for example minimum levels 
in flood prone areas; and  

• they depart from the documented RL or FFL by more than 40 mm; or  
• floors that are documented to be on the same plane but are constructed on different 

planes; or 
• the building work is an extension or addition and new floor levels do not match the 

existing building floor levels.  
 

Levelness of timber and concrete floors 

Except where documented otherwise, new floors are defective if within the first 24 months they 
differ in level by more than 10 mm in any room or area, or more than 4 mm in any 2 m length. 
The overall deviation of floor level to entire building footprint shall not exceed 20 mm. Refer to 
clause I of this Guide where the new floor is to join an existing floor. 

Dimensions of building elements  

Deviations from the documented height or cross-sectional dimension of building elements such as 
beams and posts are defective if they exceed L/200 where L is the documented dimension or 5 
mm, whichever is the greater. 

Cracks in concrete slabs  

Refer to table 2.10 for descriptions of categories of cracks. Category 3 and 4 cracks to slabs are 
defects. Category 1 and 2 cracks to slabs are to be monitored for a period of 12 months. At the 
end of the monitoring period, cracks rated at greater than category 2, are defects. 
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Notes to tables 2.10 and 3.02 

1. Crack width is the main factor by which damage to floors and walls is categorised. The width 
may be supplemented by other factors, including serviceability, in assessing category of damage. 

2. In assessing the degree of damage, account shall be taken of the location in the building or 
structure where it occurs and also of the function of the building or structure. In smaller spaces 
with dimensions less than 3 m, the allowed offset may be used proportionally. 

3. Where applicable, account shall be taken of the past history of damage in order to assess 
whether it is stable or likely to increase. 

4. The straight edge is placed over the defect, and supported at its ends by equal height spacers. 
The change in offset is then measured relative to this straight edge. 

Finish to concrete slabs  

The finish to a concrete slab is defective if it is not suitable for the documented 

applied finishes such as tiles, polished concrete, carpet or sheet flooring, including set downs 
where required. 

Repairs to exposed concrete slabs  

Repairs, where failure has been due to cracking and/or movement, may involve the removal of 
the affected area. The repair is defective if it does not, as closely as practicable, match the existing 
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work in appearance, colour and texture. Minor variations in finish may not be considered to be 
defective. 

Masonry 

Masonry types  

This section includes tolerances for the following generally-used types of masonry, including: 

Clay and concrete brick construction Clay and concrete brick veneer construction Concrete block 
construction. 

The tolerances for the above may not always be appropriate for some types of masonry 
construction, such as pre-fabricated masonry panels, aerated concrete blocks, irregular cut stone, 
rustic finish masonry with irregular edges and appearance, etc. In these cases, parties must obtain 
the manufacturer’s advice. 

 

Damage to masonry walls  

Refer to table 3.02 for descriptions of categories of damage. 

Category 3 or greater damage to walls is a defect and requires investigation, stabilisation, 
monitoring and rectification work, which may include breaking out and replacing sections of the 
wall. 

Category 2 cracks to walls are to be monitored for a period of 12 months. At the end of the 
monitoring period, a crack rated at category 2 or above is a defect and requires rectification. 
Category 2 damage is a defect and requires minor repair work such as repointing. 
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Blending and matching of masonry – repair work  

If matching masonry in alteration and repair work is not reasonably possible, builders should use a 
practical approach and where possible a physical joint, a door or window, downpipes or other 
similar separating materials be incorporated to “break” the visual impact. 

Mortar repairs should be carried out to match existing mortar as closely as practicable. A perfect 
colour match may not be possible, and differences may diminish over time. 

Some variation of masonry features such as colour, texture and pattern are to be expected 
between batches. 

Blending and matching of masonry – new work  

To avoid inconsistency in appearance, where practicable masonry units for the building should be 
obtained from the same batch. 

Masonry areas that vary in colour are defective if the units are not mixed and/or distributed in 
accordance with the manufacturer’s installation instructions. 

Display panels and display homes may be taken as representative of the range of variations to be 
expected. 
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Masonry facing 

Unless documented otherwise, masonry is defective if it is not laid with true, fair or finish face 
outwards. 

Unless documented otherwise, masonry faces are defective if they are not cleaned and free of 
excess mortar. 

Mortar for masonry  

Mortar is defective if it is not in accordance with the requirements of the Building Code of 
Australia. 

Voids and holes in mortar 

Voids and holes in mortar in masonry walls, excepting weepholes and vents, are defects if they are 
visible from a normal viewing position. 

Cracked masonry unit  

It is characteristic of some masonry units to have surface cracks or crazing as part of the 
manufacturing process. These are not defects unless they result in the complete fracture of the 
unit. 

A masonry unit is defective when visible surface cracks exceed a width of 2 mm. 

Wall surfaces are defective if they have more than one cracked or crazed unit per square metre.  

Cleaning, mortar smears and stains 

Stains, mortar smears and damage caused by cleaning are defects if they are visible from a 
normal viewing position. 

Masonry tolerances  

Where the masonry work fails to conform to the tolerances set out in table 3.04, the work is 
defective. 

Masonry inside garages and similar spaces and under applied finishes  

Structural masonry that is visible inside a garage or similar space or through an applied finish is 
defective if it does not comply with the tolerances in column of table 3.04. However, these 
tolerances do not apply to the non-face side of single skin masonry. 
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Non-structural masonry that is visible inside a garage or similar space or through an applied finish 
is defective if it does not comply with the tolerances in column 2 of table 3.04. However, these 
tolerances do not apply to the non-face side of single skin masonry. 

When there is an applied finish such as render, where the joints are not intended to be visible, 
masonry need not be saw cut and 1/4 or 3/4 units may be used in lieu of full masonry units. 

 

Vertical alignment of perpend joints 

A line of masonry perpends is defective if it exceeds a maximum deviation from vertical alignment 
of 15 mm per 2 m height of wall, measured from centre to centre of perpend joints. 

Horizontal alignment of bed joints  

Bed joints in walls including adjacent isolated piers and either side of openings and control joints 
are defective if they are not on the same horizontal plane, or do not comply with item G of table 
3.04 of this Guide. 3.16 Base bed joint and base row of masonry 

Exposed base bed joints above the finished ground level are defective if they exceed 20 mm in 
thickness. 

Base bed joints that are not exposed above the finished ground level are defective if they are 
greater than 40 mm. 

Split masonry units and units on edge used in the base row of units are defective if they are 
exposed. 

Masonry that overhangs concrete slabs  

The installation of a masonry course is defective if it is laid on a concrete slab or strip footing so as 
to project over the edge of the slab or footing by more than 15 mm. Refer to diagram 4.08. 

Damp proof courses 

Damp proof courses are defective if they are not installed in accordance with the Building Code of 
Australia. 

Raking of joints  

Where documented, mortar joints in masonry units are defective if they are raked out to a depth 
of more than 10 mm or are not consistent in depth throughout. 

Brick sills, sill tiles and shrinkage allowance for timber framing  

Distortion of window frames and/or dislodgment of sill tiles and sill bricks are defects. 
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In masonry veneer walls a gap must be left between the timber frame and the top of the masonry 
wall, window sills etc., to allow for initial settlement of the timber framing caused by timber 
shrinkage. 

Work that does not provide the following clearances at the time of construction is defective: 

i. 5 mm at sills of lower and single storey windows; and  

ii. 8 mm at roof overhangs of single storey buildings; and  

iii. 10 mm at sills of second storey windows; and  

iv. 12 mm at roof overhangs to two storey buildings. Clearances must be doubled if the timber 
framing is made of unseasoned hardwood. 
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Sealing of masonry articulation joints Articulation joints in masonry veneer, single skin masonry or 
double skin masonry, without a cavity are defective if they have not been sealed. 

Unless documented otherwise, flexible mastic or sealant is defective if it does not match as close 
as practicable the colour of the adjacent surface and has not been used in accordance with the 
manufacturer’s installation instructions. 

Poor construction methods and workmanship8 

Poor construction methods and workmanship is responsible for the failure of buildings and 
structure. The poor construction methods and workmanship is caused due to negligence and 
inadequate quality control at construction site. The effects of some of the poor construction 
methods are discussed below: 

(a) Incorrect placement of steel  

Incorrect placement of steel can result in insufficient cover, 
leading to corrosion of the reinforcement. If the bars are 
placed grossly out of position or in  the wrong position, 
collapse can occur when the element is fully loaded. 

(b) Inadequate cover to reinforcement  

Inadequate cover to reinforcement permits ingress of moisture, gases and other substances and 
leads to corrosion of the reinforcement and cracking and spalling of the concrete. 

(c) Incorrectly made construction joints  

The main faults in construction joints are lack of preparation and  poor compaction. The old 
concrete should be washed and a layer of rich concrete laid before pouring is continued. Poor 
joints allow ingress of moisture and staining of the concrete face. 

(d) Grout leakage 

Grout leakage occurs where formwork joints do not fit together properly. The result is a porous 
area of concrete that has little or no cement and fine aggregate. All formwork joints should be 
properly sealed. 

(e) Poor compaction  

If concrete is not properly compacted by ramming or vibration the result is a  portion of porous 
honeycomb concrete. This part must be hacked out and recast. Complete compaction is essential 
to give a dense, impermeable concrete. 

 
8 Source: The Constructor, as at https://theconstructor.org/concrete/poor-construction-methods-and-
workmanship/7233/, as on 22nd June, 2017. 
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(f) Segregation  

Segregation occurs when the mix ingredients become separated. It is the result of 

1. dropping the mix through too great a height in placing (chutes or pipes should be used in such 
cases) 

2. using a harsh mix with high coarse aggregate content 

3. large aggregate sinking due to over-vibration or use of too much plasticizer 

 

Fig: Segregation of concrete 

Segregation results in uneven concrete texture, or porous concrete in some cases. 

(g) Poor curing 

A poor curing procedure can result in loss of water through evaporation. This can cause a 
reduction in strength if there is not sufficient water for complete hydration of the cement. Loss of 
water can cause shrinkage cracking. During curing the  concrete should be kept damp and 
covered. 

(h) Too high a water content 

Excess water increases workability but decreases the strength and increases the porosity and 
permeability of the hardened concrete, which can lead to corrosion of the reinforcement. The 
correct water-to-cement ratio for the mix should be strictly enforced. 

Common Observations9 

 
9 Source: Andersal, as at http://www.andersal.com.au/services/concrete-cancer-spalling-repair/guide-to-
building-defects/, as on 21st June, 2017. 
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The most common building defects reported in the aforementioned UNSW City Futures Research 
Study were internal water leaks, cracking to internal or external structures, and water penetration 
to the building’s exterior. Following, some of the most common types of building defects include: 

Concrete Cancer: defective concrete, concrete spalling or loose plaster 

Concrete Cancer is one of the most common types of building defects, caused by degradation 
due to the presence of contaminants, water damage and/or weather issues. 

When used in construction, concrete needs to be reinforced with steel. When this supportive steel 
is exposed to contaminants – such as air or water – it expands, causing the surrounding concrete 
to crack and flake. 

As concrete cracking increases, the strength of the building becomes jeopardised, leaving the 
building susceptible to more water entering the affected area. 

If left untreated, the cracked concrete will further expose the steel to the atmosphere. This will 
allow the ‘cancer’ to spread, which may lead to costly, lengthy and intrusive repairs. In older 
buildings especially, defective and degrading concrete is common as the structure deteriorates 
over time. 

Concrete Cracks 

If the alkalinity of a concrete surface reduces, the reinforcement will corrode. The structure will 
begin to deteriorate as cracks begin to appear, allowing rainwater to penetrate. 

 

Water Damage and Rusting 

Water damage can cause the concrete reinforcement to rust and expand, which adds pressure on 
the surrounding concrete. 
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Concrete Spalling 

The concrete begins to flake and break away – otherwise known as spalling. Corrosion of 
reinforcing steel bars can also cause expansion then spalling. 

• Water and rust stains from water damage 
• Water leakage 
• External patterned cracking 
• Concrete patches that are falling off; leaving exposed reinforcements 
• Crumbling or falling off plaster or tiles. 

 

Structural cracks in walls 

Structural defects are flaws in the structure of a building – retaining walls, columns, beams and flat 
slabs – commonly attributable to defective design, workmanship or materials. 

To a lesser extent, concrete cracking and structural defects can occur due to general deterioration, 
wear and tear and poor maintenance over time. 

• Cracking concrete or bricks; cracks in foundations, floor or slabs and walls 
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• Long, continuous cracks across the width of a wall 
• Diagonal cracks at corners of the window or door 
• Cracks lined with rust stains. 

Non-structural cracks in walls 

Non-structural defects are flaws in non-structural elements, such as in the brick work itself and 
plaster defects. 

• Hairline cracks 
• Cracks moving in opposing directions 
• Cracks between panel walls and structural elements; brick wall and beams/columns. 

Water leaks and water penetration 

Water can seep through in many ways, including cracks on the external wall of a structure, 
defective seals on windows and defective waterproofing membrane on the roof. 

• Water and rust stains from water damage 
• Peeling paint 
• Water leakage and dripping 
• Fungal growth 
• Defective concrete, plaster or tiles 

What causes concrete cancer or spalling? 

Of the apartment owners who reported a building defect over the life of their strata scheme, 75% 
were still dealing with defects hadn’t been fixed. Here is where a major part of the issue lies: 
apartment owners and strata managers are having trouble resolving and rectifying defects in the 
first place. 

One of the most common problems apartment owners face is property developers and builders 
delaying the repair of building defects – often resulting in concrete cracks and spalling worsening 
over time. Or developers and builders are no longer in operation, making them unable rectify the 
damage as expected. 

Building defects leading to concrete cancer in the construction stage 

In NSW in particular, building defects are largely attributable to problems occurring during the 
building’s construction phase. Rushed development, and cost-cutting measures in particular, have 
proven to have huge impacts on the structural integrity of many buildings being erected. 

Poor placement of steel in the concrete 

If poor workmanship is observed during the initial stages of forming reinforced concrete or if 
materials of poor quality are used, this may result in inadequate cover around the reinforcement, 
causing the reinforcement to commence the corrosion process, which, in turn, leads to the 
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concrete cracking. Cracked concrete leads to water ingress and subsequent exposure and 
contamination with chlorides, which eventually ends in premature concrete deterioration. 

Failed waterproofing 

Concrete cancer is becoming an increasingly common problem in buildings and other structures 
that have not been sufficiently waterproofed due to cost-cutting exercises or just general 
degradation, resulting in water ingress. If inadequate waterproofing is done during the 
construction stage of the structure, the structure will likely require continual maintenance during 
its lifetime to ensure that the extent of the damage is not so much that it is unsalvageable. 

Unrealistically low, fixed-price quotations leading to failed repairs 

Low price quotes can encourage some contractors to carry out only a part of the required repairs. 
Less ethical contractors will fail to mention or fix hidden, latent damage discovered during the 
repair process. Unethical contractors can reduce expense by using less reinforcement, by not tying 
or welding reinforcement or by using lower grade concrete mix. They may not remove all 
contaminated concrete or sufficient steel, do not prime the steel bars or do not cure the 
specialised repair mortars. Sometimes only superficial surface patching is attempted. This merely 
hides the problem for a more expensive repair later. 

What could concrete cancer cost you? 

If building defects are left untreated, they can represent a significant long-term cost to property 
owners, strata managers and body corporates. These include the costs to cover emergency 
repairs, investigate damages and damage claims, the costs of legal advice and proceedings, and 
the cost to find residents alternative living arrangements. 

Building damages can also greatly impact on a property’s value if left untreated. What could have 
been a simple initial problem to fix could end up costing up to double or triple the cost once 
occupants have moved in – versus rectifying the issue during the construction phase. 

The real impact of concrete cancer occurs when the problem isn’t rectified in a timely manner, 
leading to further ongoing damage and property degradation. The sooner the defect is found, 
and effectively repaired, the lower the potential cost to owners. 

If left untreated, concrete cancer can: 

• Impact on the health and safety of residents 
• Reduce the quality and liveability of homes and occupants’ quality of life 
• Lead to conflict over funds and responsibilities for defects 

Risk factors that contribute to concrete cancer or spalling 

If you are a property owner, strata manager or body corporate concerned about the strength and 
durability of your apartment or apartment block, it pays to become acquainted with the common 
factors that might signal a present or future defect. 
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To avoid the cost of faulty building construction or repairs, here are some common things to look 
for to help you heed the warning signs: 

Location: buildings located in coastal areas 

Recent reports from the Gold Coast, Sunshine Coast and Brisbane attest to the million-dollar 
concrete cancer problems currently wreaking havoc on a slew of apartment blocks. These 
landmark coastal cities in Australia’s north-east illustrate the effect of salt water spray zones – with 
those blocks located within one-kilometre of the coast the most affected. 

With over 85 percent of Australians opting to leave close to the coast – residing 50km or less from 
the ocean, more cities in Australia will need to address the rising issue of concrete cancer in years 
to come. 

As salt deteriorates into the concrete structure, some of the most common issues that arise 
include: 

• Brick surface deterioration 
• Mortar disintegration leading to rusting, cracking and deteriorated wall tiles 
• Roof tile deterioration 
• Awning rusting and structural damage 
• Balcony failure 

Year Built 

What effect does the year your apartment built have on the building’s structural integrity? In 
addition to the risks posed by homes by the sea, the same goes for older homes – as the raw 
material inputs used in older style apartments increase risks of rusting and deterioration. Typically 
speaking, the concrete and steel supports used in older apartments were often mild steel – a 
material prone to rusting. 

 

Signs of Spalling exist already 

As a building ages, it is standard practice to complete regular maintenance and surveillance to 
ensure that the structural integrity of the building is maintained. Most buildings will require at least 
minor remedial efforts during their lifetimes as a result of damage, age, or use. 

What to look for: 

• Brown discolouration surrounding cracked concrete 
• Reddish-brown stains running down the building 
• Concrete lifting, or falling-off a building’s surface 
• Cracks with signs of moisture; often showing white crystals 
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Residential Examples10: 

Below are some defects commonly observed during inspections in existing homes. 

 

The photograph above demonstrates on site modifications to the two intersecting roof beams. 
Although the correct size, the steel universal beam's load bearing capacity has been greatly 
reduced by the cutting of two thirds of the upright which resulted in only the top section of the 
beam bearing onto the brickwork. 

 

Inspection of the subfloor in the photograph above identified moisture ingress to the underside of 
the bathroom timber flooring where the timber had begun to deteriorate due to inadequate 
waterproofing. 

 
10 Source: ecovera, as at http://www.ecovera.com.au/advice-1.html, as on 21st June, 2017. 
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Inspection of the roof space in the above photograph identified a common safety issue found in 
many homes where insulation is in contact with the recessed halogen downlights. This is a cause 
of many house fires and does not comply with the minimum clearance and protection 
requirements stated in Australian Standard 3000. 

 

Inspection of the roof space to the alfresco area in the above photograph identified the 
plasterboard ceiling lining had begun to detach from the ceiling joist framing due to the fixing 
method not complying to the manufacturers recommendations of screw fixing only. 
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Inspection of the roof space in the photograph above identified that the ceiling straps were fretted 
which had resulted in the plasterglass ceiling detaching from the ceiling joist framing. 

Structural Cracks11 

Cracks in brickwork and cracks in concrete are usually building construction defects. Most are 
structural cracks and can be a result of engineering design, DIY lack of expertise, defective 
building practices or builder mismanagement. How to repair cracks will depend entirely on where 
the crack is located, type of soils, proximity of trees and the weather. Drought conditions can be a 
major factor. Your real estate investment will be devalued if the defect is structural and require 
structural repairs. 
 

Building Consultant Inspections 

Where cracks have occurred, then a building inspection by an experienced building consultant, or 
building surveyor, will be required. The inspection will check the building construction type and 
contributing factors for these cracks appearing. Below are some photos of properties we have 
inspected showing cracking in brickwork and walls. 

 
11 Source: Build Report, as at http://www.buildreport.com.au/2009-may-building-problems-structural-
cracking.html, as on 21st June, 2017. 
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Problems Due to Cracking 

There are engineering and standard building tolerances where most minor cracks may not be 
defects. Cracks can also appear where renovations or additions have occurred. Bathroom and 
kitchens can be more of a concern with damage to tiles, walls, and floors and may result in leaking 
showers. An example of a cracked wall in a bathroom is below. 

 

Major Cracks 

Where major structural cracks are evident, then a building consultant, or surveyor, will refer to an 
experienced structural engineer for engineering designs. This often involves structural 
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underpinning but may also involve other building alternatives. The cost and type of repairs will 
depend entirely on each defect that is inspected. 

Structural Failures in Concrete Structures 

Structural failures in concrete structures, a part of human failures, occur as long as man and 
structure exists. In the past man’s comprehension of the structural response was simple and 
straight; but in today’ complexity of the man and his structure, the structural failure phenomenon 
is of a multi-dimensional and multi-disciplinary character12. 

Failure is often stated as the stepping stone to success, but there is a high price to pay in terms of 
energy, time and money. Nobody wants a failure but yet they occur. Lessons from failures are 
everlasting, revealing and often shocking. 

We define failure as the absence of a derived function, goal or objective, mission, task or purpose; 
failure is the opposite to success and there is no easy way to define each of them. 

What is Structural Failures of Concrete Structures? 

Structural failures refer to the absence of its desired / designed / intended performance, 
behaviour, response under all expected environmental conditions (loads, forces, etc.). 

There are tension, compression, shear, flexure and torsion failures, occurring singly or in a 
combined state. 

The classical notions of factors of safety have undergone tremendous changes giving rise to 
partial safety factors and limit state factors. There is undoubtedly a great rationale in the 
stipulation of these factors to design but fabrication, erection and assembly factors to application 
are left entirely to the field conditions. 

Material failures in structures are viewed as ductile or brittle failures, or sometime as transition 
ductile brittle failures. Soil and concrete media have their own unique failure mechanisms. Steel is 
largely governed by ductile failure. 

Structural failures of concrete structures often imply large and unwanted deformations, severe 
honeycombing and cracking with spalling, relative displacement of supports and ultimate collapse. 

 
12 Source: The Constructor, as at https://theconstructor.org/structural-engg/structural-failure-in-concrete-
structure/13948/, as on 22nd June, 2017. 
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In a damaged structure, the vexing issues that arise are:  

• What is the extent of damage and how to quantify the same as required in the 
strengthening calculations? 

• What has been the rate of decay of the material properties and what realistic values 
should be assessed for strength assessment at that point of time? 

• What is the mode of treatment to be adopted and what is the life span of such treatment? 
• What is the cost benefit ratio of salvaging a damaged system? 
• What should be the criterion for demolition and how to accomplish the same? 

Buildings (dominant in civil engineering) do not normally fail; but they are always in a damaged 
state over a period, with faults, defects, cracking, decay, spalling, ground settlement etc., very 
pronounced with consequent changes in the structural soundness and psychological human 
perceptions to comfort and safety. 

Structural control and testing are intimately interlinked. Testing need not be destructive (DT) while 
today Non-Destructive Tests (NDT) has become the routine rather than the fashion. Structural 
testing calls for a philosophy, technology and methodology and an ability to interpret what is 
observed and infer what is invisible. 

Structural failures in Indian and Western environments have some striking differences; our 
perception and reaction to failure is highly subjective. They learn from past mistakes, while we 
repeat them. 

We shudder to admit our faults, discrepancies and deficiencies and we push them under the 
carpet. Sometimes we pass the buck on to a weaker neighbor. For us failure means end of 
everything in life. 
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While we know that failure is a better teacher than success, in practice we are not prepared to pay 
the price to learn the art of success. The administrative, financial and legal overtones coupled with 
enormous delays in post mortem, have made us shudder to think of failure. 

Money and time are in opposite senses and are a great premium to us, and we always prefer to 
“play safe”. Structural soundness and cost effectiveness rarely go together. This is in short, our 
story to structural failure. 

Issues pertaining to failed structures, such as collection and compilation of data and evaluation of 
the most probable cause of the collapse, emerged as a special branch of civil engineering. The 
science of material chemistry, material testing and in situ strength assessment — all this put 
together gave rise to a very absorbing technique known as “forensic engineering”, which is now 
about three decades old. 

Interestingly old structures are still more or less performing satisfactorily. The problem is observed 
with structures recently constructed in the early fifties or later. This paradox of better performance 
of old structures vis-a-vis recent structures, offers an interesting insight into the quality of old 
structures and why and where we are now lacking. 

At this stage, it is necessary to analyze our activity, to identify grey areas, which we have 
inadvertently permitted to continue in our set up. Startlingly, in spite of advances, in technology, 
we have not changed our basic set up. This could be one of the major contributors to our 
handicap. 

There have been rapid advancements in almost every technological field. Civil engineering is no 
exception. There has been remarkable progress in the use of new materials, new design 
techniques, improved provisions, codal awareness, construction methods and user needs etc. 

This has been backed by computerized support in planning, design and construction 
management. However, despite all this back up of development and advancement, the 
construction industry’s performance has not been satisfactory. 

There is a kind of awareness to maintain the interior of a structure but not the common exterior or 
the material as a whole. We are more interested in beautifying the interiors like fixing marble slabs 
and resorting to costly painting but are totally oblivious and least interested about the basic 
quality of the material. 

We spent liberally on the interior decoration but are hesitant to spend more on the quality of 
concrete and reinforcement. Our basic attitude needs to be revised. 

Malfunctioning of structure performance, is on the increase. Failures have become more common 
than we would like to accept. They are somehow ill-reported and not discussed due to involved 
complexity, and a sort of aversion by those involved. 

It is important that failures are discussed threadbare. This will create necessary awareness about 
the extent of malfunctioning, leading to timely remedial action. 

Common Design Faults Causing Damage to Concrete 
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Errors during construction of concrete structures at site alone are not responsible for the damage 
of the concrete. Design and detailing errors of concrete structures also can create many types of 
damage to concrete structures13. 

Following are the most common types of design and detailing error which can cause damage to 
concrete structure: 

1. Insufficient cover to steel reinforcement: 

If the cover to reinforcement is not sufficiently provided in the construction drawing as per the 
environmental exposure as suggested by the standard codes, this will cause the corrosion of steel 
reinforcement due to permeability of moisture into the concrete. This also becomes cause for 
freeze-thaw deterioration of concrete. Due to the corrosion in steel reinforcement, the volume of 
corroded steel increases inside the concrete which may cause cracks in the concrete and spalling 
of concrete may take place. 

 

2. Incorrect Placement of embodiments in concrete: 

This is also the most common type of error which may occur in the detailing of concrete. 
Placement of embedment in right location and position is important to prevent damage to 
concrete. Embedded metals, electrical conduits or outlet boxes should not be near the exterior 

 
13 Source: The Constructor, as at https://theconstructor.org/structural-engg/common-design-faults-causing-
damage-to-concrete/8950/, as on 22nd June, 2017. 
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surfaces of the concrete structure. Cracks may develop over and around the embedment which 
may lead to damage of concrete due to corrosion and freeze thaw effect. 

3. Detailing of joints in drawings for concrete structure is very important. Joints allow the concrete 
to expand and contract as temperature changes. It also allows the concrete to transfer loads 
through joints. Detailing of contraction joints, expansion joints and construction joints for concrete 
structure is needed to prevent any kind of damage that may occur. Details of reinforcement, types 
of materials to be used, right placement of joining materials shall be clearly specified to prevent 
any error that may occur at site during construction. Concrete with inadequate contraction joints 
will crack and make a joint wherever a joint was needed but not provided. Such cracks will not be 
as visually attractive as a formed or sawed joint. Formation of the cracks relieves the tensile 
stresses and, though unsightly, seldom requires repair. Concrete slabs constructed with insufficient 
or too narrow expansion joints can cause serious damage to bridge deck surfaces, dam roadways, 
and the floors of long, steeply sloping, south facing spillways where the large temperature 
changes occur on daily and seasonal basis. 

4. Improper connection details between concrete members such as beams, columns and slabs 
also invites for damage of concrete structure. If the detailing of connecting members at the 
junction is not proper, the load transfer from one member to the other may not be as expected 
from the design, so during the occupancy of the structure, the concrete members may get 
deflected or there can be other serviceability and durability problems which may cause the 
structure unfit for use. 

 

5. Detailing such as development length of reinforcement bars, lapping methods of reinforcement 
for the given size, etc. may also cause trouble to the concrete structure. If the contractor is not 
aware of these things, then the proper placement of reinforcement in concrete is not done which 
may cause damage to the structure during use. 
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6. General and special notes on drawing shall be provided for whatever is assumed during design. 
If any assumption has been made in case of any details not available, then that should be 
mentioned in the drawing, so that contractor or supervisor at site while construction can verify the 
assumptions made and in case of any changes required, structure can be redesigned and 
detailed. 

Preventing ‘Concrete Cancer’14 

 

A colloquial term for a number of defects found in concrete, concrete cancer is serious business 
and needs to be dealt with as soon as it is detected. The best method, however, is prevention. 

What is concrete cancer? 

When buildings are constructed, concrete is reinforced with bars or mesh made of steel. After 
being exposed to air and water, however, this steel corrodes, forcing it to expand, and the 
surrounding concrete to crack. The cracking, known as spalling, undermines the strength of the 
building.  

The term ‘cancer’ is used because of the nature of the corrosion. The cracks further expose the 
steel to the elements, which speeds up the level of corrosion, advancing the problem further and 
faster. 

 
14 Source: Projex, as at http://www.projex.com.au/blog/prevent-concrete-cancer/, as on 21st June, 2017. 
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While many people believe that as concrete surrounds the steel means it cannot corrode. 
However, concrete is a porous material meaning it absorbs the elements around it. Further, 
buildings that have not been waterproofed, or worse have been poorly waterproofed, are likely to 
suffer from concrete cancer as they do not have the sufficient protection in place. For buildings 
near the ocean, chlorides from salt water can enter the concrete, even after it is built, and corrode 
the steel. Another cause of corrosion occurs when a building has defects which leave the concrete 
and the supporting steel vulnerable.  

And of course, there are environmental factors, such as the natural movement of the earth 
underneath the building. This can cause natural cracks which exposes the steel to the elements, 
and can also allow water to enter the building from the ground. Weather can also be a factor, 
especially in colder climates, as water can freeze on the surface and then melt, allowing the water 
to easily enter the concrete. 

A major cause of concrete cancer is the concrete itself, which is why older buildings seem to suffer 
so much more than recently built ones. While at the time of construction, the concrete used was 
often thought to be top of the range, the materials used may not be appropriate. It’s also 
important to remember that the environment and climate have changed since a lot of older 
buildings were built, and the materials and concrete used may no longer be appropriate to handle 
the conditions. 

What are the signs? 

Most structural engineers will be able to spot concrete cancer before you can. However, they’re 
not always on hand, so it pays to know the tell-tale signs that it may be time to get in the experts. 

• Cracking or crumbling concrete 
• Rust stains that seem to come out from the concrete 
• The concrete render starts to bubble 
• Roof leaks or any that appear in internal walls 

While people often mistake these signs as general wear and tear, they can be signs of something 
much more sinister.  

Preventing the issue 

The best cure for concrete cancer is preventing the issue entirely and there are things you can do 
early on to help avoid the problem getting worse. 

Waterproofing 

Waterproofing is the best preventative measure to take against concrete cancer. High quality 
Wolfin or Cosmofin waterproofing membranes will keep water leakage to a minimum as they are 
extremely resistant to tears and punctures as well as having exceptional elongation properties to 
move with the structure. Not to mention that both methods are guaranteed to have a long life 
and can cope with testing weather conditions. If you don’t have waterproofing in place, or worse 
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have had poor-quality waterproofing work done, the structure will be more susceptible to 
concrete cancer and therefore more likely to spread and wreak havoc.   

Other methods 

• If you spot any standing water issues, fix these immediately. The same goes for internal 
leaks and drips. Any water that is getting into the building may be going through the 
concrete which can be a major problem if you leave it alone. Fix it straight away and you 
may be out of the woods. 

• As soon as you spot a crack, deal with it. It’s unlikely you’ll be able to deal with it yourself 
so find someone who knows how to seal it. In the short term, this means the supporting 
steel will not be exposed to the elements. 

• Just like you, buildings need regular check-ups. Find someone who will come regularly to 
seal the concrete. This will protect from any water damage and general wear and tear. 

Of course, there are also much bigger fixes out there, and most are preventative measures. For 
example, there’s the idea of changing internal reinforcements completely to a material that is 
resistant to corrosion, such as bamboo. While this will only work in some places around the world, 
it is a start. 

Another option is painting the concrete. Many paints on the market are specifically designed to 
resist chloride. If you’re near the ocean, this may be your best option as it will lower the risk of the 
salt water causing corrosion.   

Fixing the issue 

While it’s all well and good to say prevention is the best cure, sometimes no matter what we do, 
concrete cancer appears anyway. So what can be done to fix the issue once it has occurred? 

Generally, the spoiled concrete needs to be broken away so all loose material is removed. The 
rusted steel will be removed and new steel will be welded to the unspoiled old steel. This is 
generally the most cost-effective solution. New concrete will then be poured and usually, it is 
poured with extra thickness so the new steel is reinforced. The new concrete is then coated with 
waterproof membranes for some added protection. 
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Different Failure Modes of Concrete Columns – Compression Members15 

There are three modes of failure of concrete columns (compression members) i.e. failure due to 
pure compression, combined compression and elastic instability. These modes of failures of 
concrete compression members are discussed. 

Reinforced concrete column is a compression member and transfers the loads from structure to 
the ground through foundations. There are three types of concrete columns based on its height 
and lateral dimension. 

Long columns are those whose ratio of height to least lateral dimension is more than 12. When 
the height to least lateral dimension is less than 3, it is called a pedestal and if it is between 3 and 
12, it is called as a short column. 

The load carrying capacity and modes of failure of a reinforced concrete column is based on the 
slenderness ratio. Slenderness ratio is the ratio of the effective length Le and least lateral 
dimension of the column as per Indian and British Standards. 

But as per American Concrete Institute Code of Practice, the slenderness ratio is defined as the 
ratio of effective length of column to its radius of gyration, which is same as used for structural 
steel design as per IS Code. Effective length of a column depends on its support conditions at 
ends. 

 
15 Source: The Constructor, as at https://theconstructor.org/structural-engg/failure-modes-of-concrete-
columns/8933/, as on 22nd June, 2017. 
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Different Failure Modes of Concrete Columns – Compression Members 

Based on the slenderness ratio of the column, there are three modes of failure of reinforced 
concrete columns. The columns are assumed to be centrally loaded (no eccentric loads). 

 

 

Mode – 1: Column Failure due to Pure Compression: 

When reinforced concrete columns are axially loaded, the reinforcement steel and concrete 
experiences stresses. When the loads are high compared to cross-sectional area of the column, 
the steel and concrete reach the yield stress and column fails without undergoing any lateral 
deformation. 

The concrete column is crushed and collapse of the column is due to the material failure. To 
overcome this, the concrete column should have sufficient cross-sectional area, so that the stress 
is under the specified limit. 

This type of failure is generally seen in case of pedestals whose height to least lateral dimension is 
less than 3 and does not experience bending due to axial loads. 
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Mode – 2: Column Failure due to Combined Compression and Failure: 

Short columns are commonly subjected to axial loads, lateral loads and moments. Short columns 
under the action of lateral loads and moments undergo lateral deflection and bending. Long 
columns undergo lateral deflection and bending even when they are only axially loaded. 

Under such circumstances when the stresses in steel and concrete reach their yield stress, material 
failure happens and RCC column fails. This type of failure is called combined compression and 
bending failure. 

Mode – 3: Column Failure due to Elastic Instability: 

Long columns are very slender, i.e. its effective length to least lateral dimension is more than 12. 
Under such condition, the load carrying capacity of reinforced concrete columns reduces 
drastically for given cross-sectional area and percentage of reinforcement steel. 

When such type of concrete columns are subjected to even small loads, they tend to become 
unstable and buckle to any side. So, the reinforcement steel and concrete in such cases reach their 
yield stress even for small loads and fail due to lateral elastic buckling. 

This type of failure is unacceptable in practical concrete constructions. Code prevents usage of 
such long columns for slenderness ratio greater than 30 (for unbraced columns) for the use in 
concrete structures. 

 

Fig: Failure Modes of Concrete Columns For Different Slenderness Ratio 
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Structural Considerations for Maintenance of Steel Structures 

Structural engineers should be consulted to ensure that the repair method will restore the steel 
structures to the desired strength and that the most effective method of repair has been chosen16. 

Load-carrying members are usually replaced when 30% or more of the steel has been lost by 
corrosion or when they are deformed. If adjacent members show signs of serious deterioration, it 
may be more economical to replace whole frames or bents. 

A stressed member should not be removed before the stress has been relieved by transfer of load 
to adjoining members or by new temporary members and adequate bracing. In the replacing of 
piles, the load should be shifted temporarily to other piles by struts or beams using jacks. 

The replacement of wales on quay walls may require excavation of fill to relieve lateral loads. In 
some cases, it may be more economical or practical to strengthen existing members than to 
replace them. This is especially true where corrosion is serious in only a limited area. 

Maintenance of Steel Piles 

Steel piling may require coating protection or there may be some Those requiring cathodic 
protection should. The cathodic protection systems themselves must be inspected for depleted 
anodes, corroded or loose connections, electrical continuity, etc., and maintained on a yearly basis 
to assure continuous protection of the steel. 

H-Piling 

Reinforcement of H-piling by welding steel plates onto flanges and web may be appropriate in 
localized areas of corrosion, such as the tidal zone. The reinforcing plates should be of sufficient 
thickness to restore the original strength to the piling and of sufficient area to encompass and 
extend beyond the extremities of the corroded area . 

The old steel must be cleaned and cut back to a point where the metal thickness will ensure a 
strong weld. All cut edges should be feathered, and the weld should be made completely around 
the plate to eliminate crevices. 

Another method of reinforcement utilizes encapsulation in reinforced concrete. In this method, 
reinforcing rods are welded along the main axis of the repaired member, across the damaged 
area. Ties are welded or tied at all intersections with reinforcing steel, a form is placed around the 
piling, and concrete is placed inside . 

When replacement is necessary, the new piling must be accurately fabricated to match the old, 
making sure that bolt and rivet holes are properly located. When replacing bearing piling, the new 
pile is generally driven alongside the old one at a slight angle. It is then cut off at the proper 

 
16 Source: The Constructor, as at https://theconstructor.org/structural-engg/maintenance-of-steel-
structures/5624/, as on 22nd June, 2017. 
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elevation, capped (usually by welding on a steel plate), and pulled into position with a block and 
tackle. 

If the old pile is removed before the new one is driven, the load must be temporarily transferred 
until the new pile can assume it. 

 

Repair of corroded steel pile. 
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Sheet Piling 

Sheet piling usually serve as a bulkhead to retain fill. Thus, extreme care must be taken during 
replacement of one or more piles to prevent failure and passage of fill through the opened spaces 
into the water. 

More frequently, small holes are patched by welding steel plates over them, and badly 
deteriorated piling are generally replaced or protected by having new piles driven in front of 
them. 

In the latter case new wales, tie rods, and deadmen should be installed, and the space between 
the old and new piles should be filled with well-tamped earth, sand, gravel, or concrete. An 
alternate method of repairing badly deteriorated piling is to install a concrete facing. 

The old steel must be cleaned of rust, marine fouling, and other contaminants before a concrete 
cover of at least 6-inch thickness is installed. A bolted wooden form is generally used for this 
purpose. When the back of the bulkhead is accessible, the entire steel bulkhead can be encased in 
concrete with a minimum thickness of 3 inches on each side . 

Whenever backfill is replaced, it should be added in layers (preferably granular material) and be 
well compacted. To replace deteriorated tie rods, a trench is dug from the sheet piling to the 
deadman, and the new rods with new turnbuckles are installed one at a time. 

They should be covered with a bituminous coating, a fabric tape, and a final bituminous coating. 
The deadman should be inspected, and necessary repairs made before the trench is backfilled. 
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Concrete-protected steel sheet piling. 

 

Repairing tie rods 

Pipe Piling 

Pipe piling repair is generally similar to that of H-piling repair Because of their cylindrical shape 
they are more easily protected by wraps than are other pilings. 

SUPPORTING COMPONENTS 

Steel supporting components (wales, braces, etc.) should be repaired or replaced, as necessary. As 
far as possible, they should be located above the high water line where corrosion is less severe. 

UTILITY LINES 

The basic objective is to maintain the distribution systems for the utilities as economically as 
feasible and still be consistent with operating requirements, sound engineering practice, and 
proper protection to life, health, and property. 

All necessary repairs should be made as required by the periodic inspection. These repairs may 
require replacing items, tightening loose connections, tightening or repacking valve gland and 
conduit seal glands, or welding defective parts or sections. The cathodic protection systems 
should be maintained in accordance with manufacturer’s instructions. 

In gas distribution systems, leaking pipes are repaired by shutting off gas, tightening connections, 
and rechecking leaks with soapsuds. When working on electrical power transmission and 
distribution systems, an assistant must always be available to render assistance or first aid. 
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Extensive replacements of defective systems shall be made in accordance with current criteria for 
new 

construction. 

MOORING FITTINGS 

Maintenance of mooring fittings (bitts, bollards, cleats, chocks, etc.) includes tightening or 
replacing bolts; replacement of cracked, broken or badly corroded fittings; and reinforcement or 
replacement of foundations. 

Bolt Heads exposed to the atmosphere should be protected from corrosion by potting the bolt 
holes with poured lead or with an epoxy putty. 

New fittings should be of cast steel and be at least the same size and capacity as those they 
replace. They should be painted with coal tar. 

FLOATING STRUCTURES 

Repair of holes in the sides of floating structures, such as floating, lifts, and camels, should be 
made by welding on steel plates. The plates should be rounded and the welding be as smooth as 
possible to avoid conditions which accelerate corrosion. 

Temporary patching can be made by bolting plates over the holes or with epoxy putty if welding 
of plates would require dry docking. Cathodic protection will protect the underwater steel from 
corrosion, and protective coatings should be used above water. 

Because of their resistance to impact and abrasion damage and to corrosion, zinc inorganic 
coatings are recommended for steel work decks on barges and cranes. 

Maintenance of Concrete Structures for Durability of RCC Members 

Modern concrete is a very durable construction material and, if properly proportioned and placed, 
will give very long service under normal conditions. 

Many concrete structures, however, were constructed using early concrete technology, and they 
have already provided well over 50 years of service under harsh conditions. Such concrete must 
be inspected regularly to ensure that it is receiving the maintenance necessary to retain 
serviceability. 

Managers and foremen of operation and maintenance crews must understand that, with respect 
to concrete, there is no such thing as economical deferred maintenance. Failure to promptly 
provide the proper necessary maintenance will simply result in very expensive repairs or 
replacement of otherwise useful structures. 

Figures 1 and 2 demonstrate the folly of inadequate or inappropriate maintenance. 
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Fig.1 : Lack of maintenance has resulted near loss of irrigation structure 

 

Fig. 2: Deferred maintenance has allowed freezing and thawing deterioration to seriously damage 
the structure 

These two structures now require replacement at a cost tens of times greater than that of the 
preventive maintenance that could have extended their serviceability indefinitely. 

Experience has shown that there are certain portions of exposed concrete structures more 
vulnerable than others to deterioration from weathering in freezing climates. These are exposed 
surfaces of the top 2 feet of walls, piers, posts, handrails, and parapets; all of curbs, sills, ledges, 
copings, cornices, and corners; and surfaces in contact with spray or water at frequently changing 
levels during freezing weather. 
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The durability of these surfaces can be considerably improved and serviceability greatly prolonged 
by preventive maintenance such as weatherproofing treatment with concrete sealing compounds. 

Selecting the most satisfactory protective treatment depends to a considerable extent upon 
correctly assessing the exposure environment. Concrete sealing compounds and coatings that 
provide good protection from weathering in an essentially dry environment may perform poorly 
in the presence of an abundance of water such as on some bridge curbs and railings, stilling basin 
walls, and piers. 

Freezing and thawing tests of concrete specimens protected by a variety of concrete sealing 
compounds and coatings, including linseed oil, fluorosilicates, epoxy and latex paints, chlorinated 
rubber, and water-proofing and penetrating sealers indicate that proprietary epoxy formulations, 
siloxane and silane formulations, and the high molecular weight methacrylate formulations clearly 
excel in resisting deterioration caused by repeated freezing and thawing in the presence of water. 

None of these formulations, however, will totally “waterproof” concrete. That is, they will not 
prevent treated concrete from absorbing water and becoming saturated under conditions of 
complete and long-term submergence. 

Except for hand-placed mortar restorations of deteriorated concrete, concrete sealing compounds 
are ordinarily not applied on new concrete construction. The treatments are most commonly used 
on older surfaces when the earliest visible evidence of weathering appears. 

That is, the treatment is best used before deterioration advances to a stage where it cannot be 
arrested. Such early evidence consists primarily of fine surface cracking, close and parallel to 
edges and corners. 

The need for protection also may be indicated by pattern cracking, surface scaling or spalling, and 
shrinkage cracking. By treatment of these vulnerable surfaces in the early stages of deterioration, 
later repairs may be avoided or at least postponed for a long time. 

Linseed oil-turpentine-paint preparations have been widely used in the past for concrete 
deterioration caused by weathering. These preparations, when applied correctly, have been 
effective. The terminology “linseed oil treatment,” however, has caused many users to believe that 
a simple coating of boiled linseed oil would protect concrete from weathering. Such is not the 
case. 

The treatment recommended consisted of a number of steps including acid washing surface 
preparation, 48-hour drying, and application of two or more coats of a hot linseed oil-turpentine 
mixture followed by two or more coats of white lead paint, the first of which was thinned with 
linseed oil and turpentine. 

The modern concrete sealing compounds are much simpler to apply and provide superior 
protection to the concrete. The use of the linseed oil-turpentine-oil paint system is no longer 
recommended. 
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Construction errors during concreting 

Construction errors during concreting at site may occur due to failure to follow specified 
procedures and good practice or outright carelessness. Most of these errors may not lead to 
failure or deterioration of concrete, but they may have adverse impact on the structure with time17. 

The construction errors which are likely to occur at site with preventive measures of them is 
discussed in detail below. These errors not only occur during new construction, but may also 
happen during repair or rehabilitation works. 

(1) Adding water to concrete: Water is usually added to concrete in one or both of the following 
circumstances: 

First, water is added to the concrete in a delivery truck to increase slump and decrease pouring or 
placement effort. This will lead to concrete with lowered strength and reduced durability. As the 
water/cement ratio of the concrete increases, the strength and durability will decrease. 

In the second case, water is commonly added during finishing of structural member. This leads to 
scaling, crazing, and dusting of the concrete. 

 

(2) Improper alignment of formwork: Improper alignment of the formwork will lead to 
discontinuities on the surface of the concrete. While these discontinuities are unsightly in all 
circumstances, their occurrence may be more critical in areas that are subjected to high velocity 
flow of water, where cavitation-erosion may be induced, or in lock chambers where the “rubbing” 
surfaces must be straight. 

 
17 Source: The Constructor, as at https://theconstructor.org/concrete/construction-errors-during-concreting-
at-site/8184/, as on 22nd June, 2017. 
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(3) Improper consolidation or compaction of concrete: Improper compaction of concrete may 
result in a variety of defects, the most common being bugholes, honeycombing, and cold joints. 

Bugholes are formed when small pockets of air or water are trapped against the forms. A change 
in the mixture to make it less “sticky” or the use of small vibrators worked near the form has been 
used to help eliminate bugholes. 

Honeycombing can be reduced by inserting the vibrator more frequently, inserting the vibrator as 
close as possible to the form face without touching the form, and slower withdrawal of the 
vibrator. Obviously, any or all of these defects make it much easier for any damage-causing 
mechanism to initiate deterioration of the concrete. 

Frequently, a fear of overconsolidation is used to justify a lack of effort in consolidating concrete. 

Overconsolidation is usually defined as a situation in which the consolidation effort causes all of 
the coarse aggregate to settle to the bottom while the paste rises to the surface. If this situation 
occurs, it is reasonable to conclude that there is a problem of a poorly proportioned concrete 
rather than too much consolidation. 

(4) Improper curing: Curing is probably the most abused aspect of the concrete construction 
process. Unless concrete is given adequate time to cure at a proper humidity and temperature, it 
will not develop the characteristics that are expected and that are necessary to provide durability. 
Symptoms of improperly cured concrete can include various types of cracking and surface 
disintegration. 

In extreme cases where poor curing leads to failure to achieve anticipated concrete strengths, 
structural cracking may occur. 

(5) Improper location of reinforcing steel: This section refers to reinforcing steel that is improperly 
located or is not adequately secured in the proper location. 

Either of these faults may lead to two general types of problems. First, the steel may not function 
structurally as intended, resulting in structural cracking or failure. A particularly prevalent example 
is the placement of welded wire mesh in floor slabs. In many cases, the mesh ends up on the 
bottom of the slab which will subsequently crack because the steel is not in the proper location. 
The second type of problem stemming from improperly located or tied reinforcing steel is one of 
durability. The tendency seems to be for the steel to end up near the surface of the concrete. As 
the concrete cover over the steel is reduced, it is much easier for corrosion to begin. 

(6) Movement of formwork: Movement of formwork during the period while the concrete is going 
from a fluid to a rigid material may induce cracking and separation within the concrete. A crack 
open to the surface will allow access of water to the interior of the concrete. An internal void may 
give rise to freezing or corrosion problems if the void becomes saturated. 

(7) Premature removal of shores or reshores: If shores or reshores are removed too soon, the 
concrete affected may become overstressed and cracked. In extreme cases there may be major 
failures. 
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(8) Settling of the concrete: During the period between placing and initial setting of the concrete, 
the heavier components of the concrete will settle under the influence of gravity. This situation 
may be aggravated by the use of highly fluid concretes. If any restraint tends to prevent this 
settling, cracking or separations may result. These cracks or separations may also develop 
problems of corrosion or freezing if saturated. 

(9) Settling of the subgrade: If there is any settling of the subgrade during the period after the 
concrete begins to become rigid but before it gains enough strength to support its own weight, 
cracking may also occur. 

(10) Vibration of freshly placed concrete: Most construction sites are subjected to vibration from 
various sources, such as blasting, pile driving, and from the operation of construction equipment. 
Freshly placed concrete is vulnerable to weakening of its properties if subjected to forces which 
disrupt the concrete matrix during setting. 

(11) Improper finishing of flat concrete surface: The most common improper finishing procedures 
which are detrimental to the durability of flat concrete surface are discussed below: 

• Adding water to the surface: Evidence that water is being added to the surface is the 
presence of a large paint brush, along with other finishing tools. The brush is dipped in 
water and water is “slung” onto the surface being finished. 

• Timing of finishing: Final finishing operations must be done after the concrete has taken its 
initial set and bleeding has stopped. The waiting period depends on the amounts of water, 
cement, and admixtures in the mixture but primarily on the temperature of the concrete 
surface. On a partially shaded slab, the part in the sun will usually be ready to finish before 
the part in the shade. 

• Adding cement to the surface: This practice is often done to dry up bleed water to allow 
finishing to proceed and will result in a thin cement-rich coating which will craze or flake 
off easily. 

• Use of tamper: A tamper or “jitterbug” is unnecessarily used on many jobs. This tool forces 
the coarse aggregate away from the surface and can make finishing easier. This practice, 
however, creates a cement-rich mortar surface layer which can scale or craze. A jitterbug 
should not be allowed with a well designed mixture. If a harsh mixture must be finished, 
the judicious use of a jitterbug could be useful. 

• Jointing: The most frequent cause of cracking in flatwork is the incorrect spacing and 
location of joints. 

Inspection and Testing of Welds used in Structural Steel18 

The method of inspection of welds in structural steel should be according to IS:  822 and extent of 
inspection and testing shall be in accordance with the relevant applicable standard. 

The inspection of welds during all stages of fabrication and erection should be done for the 
following objectives.: 

 
18 Source: The Constructor, as at https://theconstructor.org/practical-guide/inspection-testing-of-welds-in-
structural-steel/7584/, as on 22nd June, 2017. 
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i) To check the conformity with the relevant standards and suitability of various welding equipment 
and their performance. 

ii) To witness/approve the welding procedure qualification. 

iii) To witness/approve the welders performance qualification. 

iv) To check whether shop/field welding being executed is in conformity with the relevant 
specifications and codes of practice. 

 

Following are the methods of inspection of welds for structural steel: 

Visual Inspection of welds: 

All finished welds (i.e. 100 percent) shall be visually inspected for identification of the following 
types of weld defects & faults. 

• Weld defects occurring at the surface such as blow  holes, exposed porosity, unfused 
welds etc. 

• Surface cracks in the weld metal or in the parent metal adjacent to it. 
• Damages to the parent metal such as undercuts, burning, overheating etc. 
• Profile defects such as excessive convexity or concavity, overlapping, unequal leg lengths, 

excessive reinforcement, incompletely filled grooves, excessive penetration beads, root 
grooves etc. 

• Distortion due to welding i.e., local shrinkage, camber, bowing, twisting, rotation, wariness 
etc. 

• Linear eccentric, angular and rotational misalignment of parts. 
• Dimensional errors. 

Mechanical Tests on welds: 

The mechanical testing (such as tensile load tests, bend tests, impact tests etc.) shall be done in 
accordance with the relevant standards. 
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Magnetic Particle / Dye Penetration / Ultrasonic Examination:  

The examination shall be done on joints randomly selected. The tests shall be carried out by 
employing approved testing procedure in accordance with IS: 822. 

Radiographic Examination on welds: 

Radiographic examination is carried out only in special cases on random joints.  

Remedial Foundation Works— Solutions to Reactive Building Movement19 

The prevailing characteristic of clay foundations to shrink when they dry and swell when they get 
wet and how excessive foundation movement often results from abnormal moisture conditions. 
This section aims to outline common remedial solutions. 

Site Works and Building Repair  

In minor cases remedial works are simply a matter of resolving site maintenance or development 
issues and repairing the building. If the site factors such as trees and drainage issues are clearly 
the problem and the building distress has not damaged the structure significantly this is usually 
sufficient. The extent of movement that leads to readily repairable damage does not usually 
suggest structural damage to the footings.  

Site works are usually a matter of doing everything reasonable to stabilise foundation moisture. 
This includes checking and repairing plumbing and removing or isolation suspect trees, shrubs 
and garden beds. Not all home owners want a scorched earth policy in pursuit of building 
perfection and there often has to be a compromise between vegetation and building 
performance. 

Tree roots commonly reach further than a tree canopy and have the potential to suck moisture 
from considerably further so trees in public areas and on adjacent sites can be foundation 
influences. In cases where trees cannot readily be removed an alternative may be the installation 
of a "root barrier" or, more correctly, a moisture control barrier. The technique is to excavate a 
narrow, deep trench and install a geotextile or concrete barrier and chemical root inhibitors. Such 
barriers are not a perfect solution and are subject to physical damage, roots going over or around 
them and moisture being sucked under them but well designed and maintained barriers can be 
very effective.  

There are other techniques of tree abatement including canopy and root pruning and providing 
alternative moisture sources. 

 
19 Source: Irwin Structures, as at http://www.irwinstructures.com.au/articles/remedial-foundation-
solutions.html, as on 22nd June, 2017. 
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Resolving site and drainage issues causing foundation moisture fluctuations & repairing the 
building is a basic first step remedial approach.  

If a building has structural cracks from foundation movement it is essential that the cracks be 
repaired structurally even if the site is fully remedied. Cracks are lines of great weakness and even 
minor ongoing movement from seasonal foundation fluctuations is often sufficient to reopen 
them. 

A common mistake with old solid masonry houses is to patch the hard plaster internally. As plaster 
has negligible strength the building simply goes on cracking. Essential procedure is to rake out all 
cracked mortar courses and re-point full depth or reconstruct cracked areas of brickwork.  

This is most important in the case of double masonry construction but even for brick veneer 
construction it should be done. 

Foundation Re-Hydration  

 
Foundation re-hydration can be effective but is most difficult to control.  

Other than generally maintaining a site appropriately to stabilise foundation moisture it is possible 
to locally increase moisture to recover footing settlement. This can be done in a number of ways 
from redirecting drainage, injecting water at points, drip irrigation etc.  

Unfortunately all suffer similar limitations; they are hit and miss unless accompanied by rigourous 
moisture content monitoring. Unless water is placed exactly where it is required it is difficult to 
ensure its passage underground and too much moisture can caused disastrous softening.  

Then there is the maintenance issue; to be effective moisture contents must be accurately 
monitored and further water applied exactly as required - for the life of the building. This is not 
the sort of thing that homeowners are accustomed to doing unless they happen to be highly 
scientific.  
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Therefore, for most practical purposes foundation re-hydration is not appropriate but I mention it 
because it can work and still has some following amongst some experts. 

Improving Building Articulation  

 
Well located and detailed control joints can take up minor movements without distress.  

Clad framed buildings can usually sustain substantial foundation movement with minimal cracking 
that can be treated as cosmetic. Similar movement often causes cracking in solid masonry or 
masonry veneer buildings but it is surprising how much movement such buildings can sustain with 
appropriate articulation.  

Modern buildings of this type benefit from control jointing of masonry that provides for some 
movement at the joints without distress. Although control jointing of commercial buildings has 
been around since the 1960s amazingly brick veneer houses were not routinely control jointed 
until the 1980s. Thus older masonry or masonry veneer buildings can sometimes benefit from the 
addition of control joints. This is only a symptomatic treatment of course and does nothing to 
abate foundation movement but such treatment can be important if the owner wants to retain 
trees, for instance.  

Placement and detailing of additional control joints requires careful consideration. In the case of 
double masonry it is often impossible to avoid exposing joints internally; if they can't be hidden 
behind joinery it may be better to accept occasional plaster cracking and repair internally. 

Grout Injection  

 
Grout injection has some specialised applications but is not a replacement for deep underpinning.  

Considerable progress has been made in recent decades in the techniques of grout injection to fill 
voids and in some cases raise structures. The basic technique is to pump a chemical into below 
ground voids that expands as it cures. For this to be effective there must be voids to pump into 
and the cavity must contain the grout so that expansion raises the slab or footing rather than 
bursting out elsewhere. These are pretty specialised conditions that generally only occur under 
slabs with well contained edges.  

While claims have been made that such techniques can be effective in other conditions including 
under strip footings this is not well accepted. 
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There are other problems and limitations not the least of which is that this technique does not 
address any ongoing foundation influences and may event exacerbate heave. In the reactive 
foundation condition we are discussing here it would therefore only be applicable to long term 
settlement caused by drying to an equilibrium state as commonly occurs under the centre of 
buildings. 

There are other issues with specifying such works in the context of the resolution of a building 
dispute; there is no way to ensure they will work or even to reliably define the scope of works; not 
an easy one to negotiate!  

Grout injection seems destined to remain a specialised technique for specific applications. 

Underpinning  

 
Underpinning by bulk pads or screw piles can be effective but must be carefully engineered. 

The most commonly known solution is the process of underpinning which in simple terms involves 
placing a deeper footing under an existing footing. This achieves a locally deeper foundation 
which is likely to be more stable and can provide a platform off which the existing footing can be 
jacked back into place.  

Comprehensive underpinning is the ultimate solution to improve a building's resistance to reactive 
foundation conditions but there are problems: It is rarely cost effective or necessary to underpin 
the entire footing system thus we are left with part of the building on a deep underpinned 
foundation and part of it on the original foundation. This can give rise to differential movement 
between the underpinning and non underpinned parts of the building and resultant distress. 

A major mechanism of reactive movement is footing rotation as opposed to settlement or heave 
and underpinning does little to address this. Underpinning is notoriously expensive and difficult 
being labour intensive and invariably involving work in confined spaces. Walls on boundaries and 
internal walls can present great difficulties. 

There are many differing underpinning techniques but the two most common in Melbourne are 
bulk pads and screw piers. Bulk pads are simply lumps of concrete poured under existing footings. 
Screw piers are steel screw in footings that are inserted obliquely beside footings to base on the 
foundation under; a reinforced concrete cap is then poured to link the two. Screw pier 
underpinning is particularly suitable when a very deep underpin is required such as the worst 
cases in Elwood. 
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Structural Ties and Masonry Reinforcing  

 
Steel ties and local masonry reinforcement can improve resistance to rotation. 

There are a range of techniques available to reinforce masonry structures to improve resistance to 
foundation movement. Most of these relate to reducing rotation rather than settlement affects.  

Effective repair of cracked masonry is the first, better than this masonry can be reinforced locally 
by fitting light metal in the masonry courses. Proprietary stainless steel products are available that 
are effective at improving week points such as small brick panels over windows where cracking 
tends to result from adjacent walls rotating outward.  

Steel ties right through the building fixed to plates outside are a good solution for free standing 
masonry buildings and are often used in restoration work to strengthen old brick or stone 
buildings. If access is good such works are comparatively low cost. The limitation is that improving 
masonry by any means does not reduce foundation movement; if movement continues ties or 
reinforcement can simply pull that section of wall out. Therefore, masonry reinforcing should 
generally be used in conjunction with abatement of foundation influences. 

In the context of a building dispute where resolution involves restoring an ideal situation with a 
modern building site works and building repair and underpinning are the most common 
responses. Most of the other techniques discussed are more often employed in conservation 
works or where a degree of compromise from the technical ideal is implicit in the settlement 
terms. 

 

 


