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AIM and Purpose 

My aim during this short, non-academic, light 
hearted presentation, is to share with you some of 
the experiences, both good and bad, which relate 
to a contractor’s involvement through the 
diagnostic phase to the final repair of cracked 
concrete. 

 



So called specialist contractor 

As a specialist contractor, when 
asked to fix concrete cracks, we 
often find ourselves tasked with 
the highly complicated, scientific 
and technologically challenging 
procedures in preparing the 
specialised crack repair materials, 
for example:  adding component A 
to component B and mixing it up 
for the allotted time period. 



 
 Puzzled… ?  

We are sometimes puzzled to find 
that this, seemingly basic 
undertaking appears to be beyond 
the ability of most “run of the mill 
general contractors” and has 
resulted in us being given the 
accolade of being a Specialist 
Approved Contractor by the many 
respected material suppliers. 

 



 
 READ THE INSTRUCTIONS 

From my observations the only difference between 
us and general civil contractor’s is our ability to read 
the instructions on the data sheets and packaging. 



 
 YOU WANT HOW MUCH …? 

So why use an expensive specialist 
contractor when decent concrete 
foremen and few Okies will do the 
job just as well and for 
substantially less money? 

 



 
 THE ALL IMPORTANT “C” COMPONENT 

As I mentioned earlier we have become experts at 
mixing component A with component B. But sometimes 
our work gets even more complicated – there could be 
the dreaded  “C ”component and the packs may even 
differ in size and colour. We attend highly specialised 
courses every year run by the likes of StonCor, Sika and 
BASF – the main purpose being, to keep us up to date 
with this rapidly changing technology - called “confusing 
the contractors by changing the packaging and labeling” 

 



 
 

You might laugh, but I can reflect on one 
episode when I was a young aspiring engineer 
working for a road building contractor. 

 



 
 

I WAS ONCE A ROAD CONTRACTOR BUT 
NOW I'M A JUST A STICK IN THE MUD…! 



 
 

On a serious note, we see the rehabilitation of 
concrete as the most vibrant and progressive 
facet of the construction industry. As the 
infrastructure matures there is a greater need 
for extending the serviceability of structures 
and to reinstate safety and durability in the 
built environment.  

That’s the serious bit covered… now lets get 
cracking…! 

 

 



 
 FREE IN EVERY LOAD OF CONCRETE…! 

Going back to concrete cracking - one thing is, 
guaranteed - each load of concrete comes complete with 
cracks at no extra cost. 

But wait, there’s more! Not only is there free cracks in 
every load of concrete - batching plants also offer  
seasonal specials – “for a limited time only  you can have 
honeycombing, blowholes, aggregate segregation, 
omegas and a host of other freebies” especially designed 
to give engineers and contractors an early trip to that 
site office in the sky. 

 



 
 

Most of these gremlins can, and usually are, 
avoidable. There are, however, two 
guarantees when it comes to any type of 
concrete and that is:  
 
  
 1 – Sooner or later it gets hard  

              

2 – It will crack ! 



 
 CRACKED CONCRETE 

One of the biggest problems we face in the concrete 
industry is strangely not technical in nature, it is that 
of public perception. From our experience many 
people believe that cracked concrete is indeed failed 
concrete. 

Through time, particles of dust adhere to the crack 
line making it sometimes seem more pronounced. 

 

 

 



 
 CRACKING 

So what causes concrete to crack? 

In my simple opinion concrete cracks happen for two 
reasons: 

 

1. Things we do to the concrete.  

2. Things we do not do the concrete 

 

 



 
 

SOME THINGS WE DO TO CONCRETE THAT 
MAKES IT CRACK: 

              Gooi amanzi 
 

 

• Technical justification….? 

 

• Simple – We add water to make it more 
flowable  

   

 

 

 

 

 



 
SOME THINGS WE DO TO CONCRETE 

THAT MAKES IT CRACK: 
 • Typical Scenario: The concrete has been late in 

arriving or delays on site have resulted in the 
concrete truck standing around for several 
hours while the problem is fixed. What does 
the concrete hand do ?  

 

Gooi amanzi…! 
 



 
SOME THINGS WE DO TO CONCRETE 

THAT MAKES IT CRACK: 
 • We need to be mindful of: 

• …minimizing the water maximizing the aggregate 
size (not always possible due to congestion of 
steel)  … plan the work ….have contingency plans 

• Use the lowest amount of mix water required for 
workability; do not permit overly wet 
consistencies. 

• Check the slump, not just when it arrives, check it 
before the placing. 



 
 

SOME THINGS WE DO TO CONCRETE 
THAT MAKES IT CRACK: 

 
We get the rebar in the wrong place ….. 

  

Cracking steel or crack preventing steel is 
often placed too deep in the concrete to 
offer effective resistance to stresses which 
cause cracking during the initial set. 

  

 



 
 
THINGS WE DO TO CONCRETE THAT 

MAKES IT  CRACK: 

We don’t always put the joint in the 
correct place !  

 



 
 

THINGS WE DON’T DO TO CONCRETE THAT 
MAKES IT CRACK 

We don’t cure the concrete 
properly… 

 

Rapid loss of surface moisture while concrete is 
still in the plastic stage will likely result in plastic 
shrinkage.  



 
 THINGS WE DON’T DO TO 

CONCRETE THAT MAKES IT CRACK 

 

Although we all know about expansion joints and 
how to construct them we often forget to isolate 
our new concrete from the adjoining walls and 
other structural elements. 

 



 
 THINGS WE DON’T DO TO 

CONCRETE THAT MAKES IT CRACK 
 

Concrete isolation joints provide relief from the tensile stresses that 
cause uncontrolled cracking in concrete slabs by allowing the 
concrete to move freely as it shrinks or expands. 



 
 THINGS WE DON’T DO TO 

CONCRETE THAT MAKES IT CRACK 

We don’t always ensure proper subgrade 
preparation, including uniform support and proper 
sub-base material at adequate moisture content. 



 
 THINGS WE DON’T DO TO 

CONCRETE THAT MAKES IT CRACK 
We don't pay enough attention to substrate preparation 

 



 
 DIAGNOSTICS 

A medical term defined as: 
“The art of identifying illnesses or 
disorders in patients through’:  

• Visual assessment 
• Analytical investigation  

• Symptomatic presentation 
 
 In a similar way we conduct an evaluation of 
cracking and other defects which have 
occurred in a concrete structure. 



 
 DIAGNOSTICS 

Why do a diagnostic investigation? 

Lets go back to the medical analogy … 

 

“If we don’t know what made you  

how can we 

you better ?  



 
 DIAGNOSTICS 

Seriously - Why do a diagnostic 
investigation? 

3 Simple reasons: 

Find:                   The cause 

The severity 

                            The extent 
 



 
 DIAGNOSTICS 

What should it include? 

 

1. A review of the available design and construction documentation 

2. A review of the operational and maintenance records 

3. A visual examination of the structure 

4. Testing of specimens of concrete recovered from the structure  

5. An assessment of the scale and severity of the defects 

6. Detailed stability and stress analysis together with forensics would 
be undertaken by professional engineering bodies and has been 
dealt with substantially by my learned colleagues in some of the 
earlier presentations 



 
 DIAGNOSTICS 

A review of the available design and construction documentation: 

A review of this pertinent data needs to be done early in the evaluation 
process. 

This review can provide us with an overview of how the design, 
construction, operation and maintenance have interacted since the 
construction phase. 

In the somewhat unlikely event that as-built drawings and construction 
records are available, a certain amount of reverse engineering can be 
done to unlock some mysteries as to why the cracks occurred. 

In the real world these records are rarely available and we often have to 
rely on the physical presentation of the defects to find our answers. 



 
 DIAGNOSTICS 

A review of the operational and maintenance records. 
This information is somewhat more obtainable and we are more likely to get this 
information from the tenants or previous occupants of the structure. 
We often find that the design use has changed from the original intentions. 
For example, we were once asked to investigate orbital cracking at very regular 
intervals which occurred on a suspended floor soon after a new tenant took 
occupation of a building in Braamfontein 
 
On investigation we discovered the structure was originally used for office 
accommodation and the new tenant was using the space for large volume 
document storage. 
 
The cause of the cracking was, of course, punching due to higher than intended 
loading on the floor slab. 
This was a good example of a structures changing use without due regard to design 
capabilities. 

 



 
 DIAGNOSTICS 

A visual examination of the structure. 
A visual reconnaissance is the first step in an on-site examination of a 
structure. The initial purpose is to identify any areas of immediate concern 
connected to the safety and health on human beings or the client’s assets. 
 
On the odd occasion, after consultation with our tame structural engineer, 
we have recommended immediate evacuation of a building and the 
installation of props to provide temporary support. 
 
More specifically, the visual inspection is to locate, log and define areas of 
distress and deterioration. 
 
In the case of cracking we try to categorise each crack into a type for 
recording purposes. 



 
 DIAGNOSTICS 

Terms associated with Visual Inspections of Concrete Cracking 
• Crazing 
•   D- Cracking 
•        Diagonal  
•             Hairline 
•                Map or Pattern 
•                   Longitudinal and Transverse 
•                       Vertical 
•                    Random 
•                 Horizontal 
•              Orbital 
•           Cracks associated to spalling or incipient spalling 
• Cold Joints – often confused as cracking 

 



 
 CRAZING 

Possible diagnosis: 
 

• Crazing is usually the result of over trowelling a rich mix (high 
cement content) or using a sand containing an excessive 
amount of dust. 
 
• Concrete that is allowed to dry too quickly due to sun, wind, 
absorbent substrate and or badly graded sand.  
 
• Toppings or plaster applied in layers that are too thick. 
 



 
 

D CRACKING 

Possible diagnosis: 
 
D-Cracks are a series of cracks in concrete near 
and roughly parallel to joints, edges, and 
structural cracks.  
 
Commonly this is a result of slab curling.  
 



 
 

DIAGONAL CRACKING 
What force caused this crack and what 
direction did it act? 

In this type of cracking the force that caused the 
crack is at right angles to the line of the crack. 

Diagonal cracking is the 
result of settlement of 
the wall corner or wall 
end and manifests itself 
as a diagonal crack 
beginning near the 
corner or end of the wall 
at the top and 
progressing downward 
away from the corner.  

The crack is always 
wider at the top. 



 
 HAIRLINE CRACKING 

Possible diagnosis: 

• Shrinkage 

• Blessing 

• Water cement ratio 



 
 MAP CRACKING 

Also called pattern cracking--
can be found in almost any 
type of concrete structure. 
The most common causes 
are surface drying shrinkage 
restrained by underlying 
concrete that shrinks less. 
Expansion due to alkali-silica 
reaction (ASR), and 
restrained thermal 
contraction, particularly at 
early strength. 



 
 

LONGITUDINAL AND TRANSVERSE 
CRACKING 

Possible Diagnosis: 
 
Joint Cutting frequency 
 
Timing of cuts 
 
Depth of Cuts 
 
Joint Geometry 



 
 VERTICAL CRACKING 

Possible Diagnosis: 
 

Usually caused by shrinkage or 
temperature change. 
 
Unlike diagonal cracking this 
cracking does not emanate from 
corners. 



 
 RANDOM CRACKING 

Possible Diagnosis: 
 
Random cracks in concrete slabs are most 
frequently caused by one of the following 
mechanisms: 
 

Settlement of the soils supporting the slab. 
 

Restraint of horizontal movement due to 
fixed foundation elements. 
 

Overloading by applying a load larger than 
the slab was designed to support. 
 

Restrained drying shrinkage of the slab. 



 
 HORIZONTAL CRACKING 

Possible Diagnosis: 

Horizontal  Cracking  is usually the 
result of an applied load sometimes 
associated with water ingress. 



 
 

CRACKS ASSOCIATED WITH 
SPALLING 

Possible Diagnosis: 

Results in an incipient spall 

Caused by the expansive 
effects of steel corroding 
within the concrete 



 
 

TESTING ON SITE 
To assist us in our general appraisal the following tests are usually undertaken; 

Percussion sounding: Whereby a light hammer blow is inflicted on the concrete surface. If the resultant feedback 
resounds hollow, a delaminated area is identified. 

 

Cover-meter scanning: Whereby a microprocessor is used to detect and identify the existence of embedded steel in 
concrete members. 

 

Expose rebar: To confirm the diameter, thickness of concrete cover and condition of the reinforcing. 

 

Coring of concrete: Carry out core sampling of the concrete by extracting 100mm diameter cores. Send the cores to an 
independent laboratory to ascertain the compressive strength (UCS) of the concrete. 

 

Schmidt hammer testing: Whereby a Schmidt hammer is used on the concrete surface to collect impact readings, 
when converted, results in indicative compressive strengths of the concrete. 

 

Depth of Carbonation: Whereby a liquid indicator (phenolphthalein) is applied to freshly exposed concrete to 
determine a PH profile. 

 

Optical Crack Measuring: Whereby an optical prism is used to determine the width of cracks in concrete. 



 
 

DIAGNOSTICS 

IS THAT CRACK GETTING WIDER? 

It seems to be a basic fact of life that cracks appear to get 
wider the longer they are studied. This, as suggested 
earlier, may be due to the crack getting dirtier and 
therefore more noticeable, it maybe psychological in that 
its existence is worrying or it may actually be a fact that a 
crack is widening due to movement. 

The only sure way of discovering the true nature and speed 
of the apparent movement is to monitor the fracture 
accurately. 

 



 
 TESTING CRACKS 

As we all know, there are a host of tests which 
includes Ground Penetrating Radar, Ultrasound 
Chloride Ion Profiling and many others.  

 
 

 

As we are concentrating on the subject of crack 
diagnostics, I bring your attention to three simple tests 
which stand out for me. 

 



 
 TESTING 

1. Crack Monitoring 

Before prescribing repair procedures for cracks in concrete structures it is important to 
ascertain if the cracks are static or subjected to movement. In addition we need to know 
how much movement is being experienced. This is usually achieved by epoxy bonding thin 
sections of glass over the cracks in representative sections of the structure and by the use 
of crack gauges fixed over the crack line.  

Tell Tales 



 
 TESTING 

2. Crack Measurement 



 
 TESTING 

2. Crack Measurement 

Optical Crack Measurement 



 
 

TESTING 

3. Coring Sampling 

 

Delamination around reinforcing bars 
(there is no cracking on the surface). 

Cracking on surface and side of core 
with associated corrosion and 
expansion of the reinforcing bar. 



 
 

TESTING 

Core showing deep "V"-shaped 
carbonation front along a vertical 
crack.  The lapped section was 
treated with a phenolphthalein 
alcoholic solution which turns the 
non-carbonated concrete into 
pink and the carbonation portion 
remains uncoloured. 



 
 CRACK REPAIR OBJECTIVES 

Repair Objectives: 

Restoring the structural soundness or integrity 
of a concrete member. 

Stopping water leaks or sealing out water and 
other harmful elements such as deicing 
chemicals, and  

Improving the appearance.  

 



 
 CRACK REPAIR OPTIONS 

Epoxy Injection 

Routing and Sealing 

Stitching and Doweling 

Gravity Filling 

Polyurethane Injection 

Autogenous Healing  

“No repair."  



 
 CRACK TYPES 
Active or Live Cracks  
Dormant Cracks 
 
Active cracks usually form in response to continuing movement or to 
the effects of cyclical loading and release of loading on a concrete 
member. 
 

It might seem like a good idea to repair  these cracks  to prevent 
uncontrolled propagation. However, this is easier said than done. 
 

Repair of this type of crack is almost impossible unless the underlying 
cause is understood and eradicated. We often find a new crack will 
manifest right next to the repaired one. 
 
 
 



 
 CRACK TYPES 

 
Once a crack is determined to be either active or dormant, these basic 
repair procedures are indicated: 
 
Active cracks require flexible repair materials and special design 
considerations to allow for future movements. Using a rigid repair 
material for active cracks typically results in cracking of the repair 
material and/or the adjacent concrete. 
 
 
For dormant cracks, use either rigid or flexible repair materials.  
 
 
  
 
 



 
 CRACK REPAIR TECHNIQUES 

 

Epoxy Injection 
 

Epoxy injection bonds, or welds, narrow 
cracks together and restores concrete 
soundness and integrity. This method 
consists of installing injection ports into 
drilled holes at close intervals along 
horizontal, vertical or overhead cracks 
and pressure-injecting epoxy.  
Cracks injected with epoxy need to be 
dormant and not live or actively leaking. 
While moist cracks can be injected, 
water or other contaminates will reduce 
the effectiveness of the epoxy repair.  
 
 
 
 
 
 
 
 



 
 CRACK REPAIR TECHNIQUES 

Routing and Sealing 

 This is the simplest and most 
economical means to repair 
isolated, fine and large cracks. It 
is a nonstructural repair that 
consists of enlarging the crack 
and filling it with a suitable joint 
sealant. 

 

 

 

 

 



 
 CRACK REPAIR TECHNIQUES 
  

 

 

 

 

 

 

Stitching and Doweling 
  
Stitching involves drilling holes on both 
sides of the crack and anchoring U-shaped 
metal staples with short legs across the 
crack.  
 
Doweling consists of drilling holes and 
anchoring straight steel dowels at a 45 
degree angle through the crack.. Because 
stitching and doweling restores the tensile 
strength across the crack, they are 
integrity repairs 



 
 

CRACK REPAIR TECHNIQUES 
 Gravity Filling 
Low viscosity epoxies can gravity fill 
cracks. This method is ideal for 
areas with multiple surface cracks 
that are dormant such as plastic 
shrinkage cracks. 
The area and cracks are cleaned 
with air or water blasting (and 
allowed to dry) before flooding the 
area with the monomer or resin. 
If cracks are full of dirt, moisture or 
other contaminants, penetration of 
the repair material into cracks is 
poor.  
 
 
 
 
 



 
 CRACK REPAIR TECHNIQUES 
  

 

 
 

 

Polyurethane Injection 
 
Polyurethane resins can be used to seal wet and 
leaking cracks. This repair option is primarily 
used to stop water leaks and consists of injecting 
a reactive resin into cracks that combines with 
water to form an expanding gel that chokes off 
the leak and seals the crack  



 
 CRACK REPAIR TECHNIQUES 
  

 

 
 

 

Autogenously Healing – No Repair 
healing 

This is a natural process which allows cracks in concrete to close or 
seal with the aid of moisture 
 
The healing process is the result of the hydration of unhydrated 
cement particles that are exposed to moisture as the crack opens  
 
Also, the healing process is helped by the formation of insoluble 
calcium carbonate from the calcium hydroxide in the cement paste 
and carbon dioxide when it comes into contact with the 
surrounding air 



 
 CRACK REPAIR TECHNIQUES 
  

 

 
 

 

Cracking: Sulphate Attack, Chloride 
Attack, Carbonation & ASR due to 
ingress of water into the concrete 

By preventing the further ingress of 
water, concrete can be protected 
against further cracking and 
deterioration, and the need for 
regular and expensive repair. 

Sealing The Surface 



 
 CRACK REPAIR TECHNIQUES 
  

 

 
 

 

healing 
No Repair 
 
Finally, sometimes "no repair" is 
the best repair option. Not all 
cracks require repair and as if by 
magic, static cracks up to 0.4mm 
self heal with the formation of a 
non-soluble crystalline structure. 
,  



 
 CRACK REPAIR TECHNIQUES 
Concrete delivery in rural 
Ireland 

 

 
 

 



 
 CRACK REPAIR TECHNIQUES 

 

 
 

 

END OF PRESENTATION 
 

Thank you for your attention 


