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Diagnostics – How to Determine 
the Health of Concrete Structures

Operating ageing facilities and 
structures efficiently and safely 
requires an asset maintenance cycle 
to include inspection, diagnosis, 
evaluation and implementation of 
the required remediation processes. 
In today’s business environment the 
preventative maintenance of ageing 
structures is becoming far more 
preferable to the construction of new 
structures once original design lives 
have been exceeded.

In response to strong market demand, 
concrete diagnostic testing methods 
have been developed and defined 
with the use of specialised imported 
diagnostic testing equipment with 
data logging capabilities, allowing 
large volumes of data to be collected 
on site in a relatively short time frame. 
This data is then processed through 
advanced computer software and 
superimposed to produce an accurate 
statistical corrosion model of the 
structure or element being analysed, 
which is often presented in the form 
of three-dimensional plots. In addition 
to diagnostic testing, concrete samples 
usually in the form of cores, are 
extracted from representative areas 
of a structure. These cores provide 
information pertaining to the physical 
properties of the concrete matrix such 
as compaction, aggregate distribution 
and porosity. Samples are then 
usually extracted from these cores 
and analysed in the laboratory with 
the results obtained from this testing 
allowing for the determination of 
contamination profiles, which provide 
information regarding the type, extent 
and penetration of contamination 
into the concrete matrix. All resulting 
information is combined to provide a 
comprehensive model of the structure, 
degradation of the concrete matrix 
and corrosion of the embedded 
reinforcement. Remedial options can 
be formalised and optimised based 
on the developed corrosion model to 
suit client requirements and economic 
considerations. This modelling allows 
for the prediction of future durability, 
serviceability and the remnant life of 
the structure. 

Assessment of damaged or deteriorated 
reinforced concrete structures should 
only be made by qualified and 
experienced people, and the process 
of concrete assessment and condition 
surveys should always include the key 
aspects of the condition of the structure, 
including all visible, non-visible and 
potential concrete damage and defects, 
a review of the past, current and future 
concrete exposure and service functions 
and requirements.

With most damaged or deteriorated 
reinforced concrete structures, the 
owner has a number of options which 
will effectively decide the appropriate 
concrete repair and protection strategy 
that will meet the future service and 
exposure requirements of the structure. 
These options will include doing 
nothing, downgrading the capacity 
or functioning of the structure, 
preventing or reducing further damage 
to it without undertaking repair, 
strengthening or refurbishing the 
structure, reconstructing all or part of 
it or demolishing the structure and 
rebuilding it.

Non-destructive Diagnostic Testing
Non-destructive diagnostic testing 
is likened to being the “CSI of the 
built environment” as proper concrete 
remediation methodology begins 
with testing to identify the type and 
extent of defects, and degradation 
mechanisms and the overall condition 
and quality of the structure. Non-
destructive testing evaluates the 
condition of the structure without 
significant damage (apart from 
exposing rebar for connection for some 
test methods), and offers the ability to 
be applied to large scale structures to 
efficiently evaluate the condition of 
the structure. 

Concrete remediation projects are 
prone to increasing in volume and 
costs once work has commenced. 
Investing in accurate and 
comprehensive diagnostic surveys has 
proven cost effective in the long term. 
Often there is limited information on 
“as built” drawings and construction 

records being partial at best and more 
than often incorrect. Understanding 
of structure is critical in being able to 
provide comprehensive report on all 
aspects of the construction envelope. 

Prior to diagnosing the causes of 
defects or failure within a concrete 
structure, it is important to understand 
that defects result from several factors 
such as design, construction practices, 
materials, the environment and the 
loading applied to structure.

Methods of Diagnostic Testing
Ground Penetrating Radar (GPR)
GPR is a non-destructive geophysical 
method that records subsurface features 
within concrete with GPR profiles used 
for evaluating the location and depth of 
buried features such as reinforcing steel 
and voids. GPR operates by transmitting 
ultra-high frequency radio waves down 
into the structure through an antenna. 

Subsurface features have a tendency 
to conduct radio waves differently to 
concrete due to a material property 
known as dielectric constant. This 
causes the GPR waves to be reflected 
by subsurface features which are 
then received by the antenna. The 
digital control unit processes the data 
to produce a pseudo-image which 
represents a profile through the 
concrete slab using electromagnetic 
pulses to penetrate the concrete 
producing high resolution images from 
reflected waves of embedded volumes 
which exhibit different dielectric 
characteristics. Sophisticated computer 
software is used to represent collected 
data into 2D and 3D plots.

Our ageing infrastructure is, in most cases, under more demand than originally designed for with asset maintenance 

to be undertaken over the balance of infrastructure service life becoming a major challenge to provide reliable and 

sustainable services.

GPR Testing inside 
Concrete Pipe.
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Half Cell Potential (HCP) 
including Resistance and 
Corrosion Rate Mapping:
This method for is used for measuring 
and mapping the HCP, AC resistivity, 
corrosion current/rate on steel 
reinforced concrete structures with 
HCP or electrochemical potential 
measured as the potential between the 
reinforcement and a reference electrode 
over the reinforcement. The potential is 
measured in mV. 

The system effectively measures 
the electrode potential of steel 
reinforcement by comparison with 
the known electrode potential of the 
reference electrode which maintains 
a constant value. The galvanostatic 
pulse measurement (GPM) technique 
used for determination of the corrosion 
rate is a fast polarization technique for 
determination of the actual corrosion 
rate. On dry structures it is an advantage 
to use HCP to locate the corroding 
areas. On wet chloride contaminated 
structures, GPM is the only method 
used to locate corroding reinforcement 
as ”corrosion products” are soluble not 
causing concrete cover to crack and 
corrosion can proceed without being 
noticed for years. 

Rebound Schmidt Hammer
This technique is used for measuring 
surface strength or hardness relating to 
concrete strength. The unit is comprised 
of the concrete test hammer and the 
display unit which are calibrated as one 
unit. The impact bolt of the concrete 
test hammer strikes the surface of the 
concrete with a defined force. After 
the impact the hammer rebounds and 
the rebound distance is measured by a 
sensor. This is passed on to the display 
unit as an electrical signal which is 
electronically converted.

Conversion is shown on the display unit 
as rebound value and the corresponding 
compressive strength of the concrete. 
There is a specific relationship between 
the rebound value and the hardness and 
strength of the concrete. Factors to be 
taken into account when ascertaining 
rebound values are the impact direction: 
horizontal, vertically upwards or 
downwards and the age of the concrete.

Impulse Response (Sonic Echo)
Impact Response is similar to radar 
technology and is used for finding 
variations of sonic impedance within 
concrete. Acoustic testing techniques 
can be used for the investigation of 
concrete, rock and soil elements above 
or below ground offering assessment 
parameters such as the thickness of 
a slab or sub-base, length of a pile, 
location of a void, slab support or even 
detailed geophysical layer analysis. 

Tests can be taken and analysed on site 
with minimal fuss, or data can be taken 
for detailed desktop analysis while the 
Impact Response unit remains working 
in the field supporting a different test. 

Mike Rutherford, 
Freyssinet Australia Pty Ltd

InterActive 3D data interpretation.

Contour plot from HCP measurements.

Half Cell Potential Testing.
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Rebound Schmidt Hammer Display Readings.

Rebound Schmidt Hammer.

Compressive strength of Concrete

Number of test impacts
Measurement series number

Unit selectable: N/mm2, MPa, 
kg/cm2, psi

Shape coefficient of the test specimen which is used for 
defining the strength

Outliers can be eliminated according to three different criteria
Curve for conversion to concrete compressive strength

Mean or Median value is calculated after selected number of impacts
Impact direction

Mean value

Standard deviation
Maximum value
Minimum value

Last measured value

Display range and limits

Slab Impulse Response Display Readings.

Field Setup for Slab Impulse Response Test.

Void under slab

Slab Impulse Response (Slab IR) Relative 
Mobility Results for Alpine Dam Spillway
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