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This paper intends to propose a way forward for the evolution of performance based specifications for concrete
construction in India. Several developments in this area have taken place recently in various countries around the
world, and this gives a good opportunity for India to have a re-look at the way concrete structures are designed.
The ultimate goal of a performance specification is to ensure that concrete in the structure is able to withstand the
service environment satisfactorily until the end of service life. An analysis of the durability provisions in the Indian
code on concrete (IS456:2000) is attempted first, and the shortcomings in this regard are highlighted. This is
followed by a summary of how performance specifications have been evolved in various countries, including Australia,
Canada, and South Africa. Finally, a framework for the evolution of durability specifications for India is proposed.
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Introduction - Building a Case for Performance
Specifications
Mixture design of concrete involves a step-by-step procedure for
the selection of types and proportions of ingredients in order to
achieve the correct workability and compressive strength. The
conventional approach assumes that if the strength criteria are
satisfactory, the concrete would be sufficiently durable. Once the
concrete has been mixed and placed, only the compressive strength
is measured on specially prepared (and standard-cured) samples to
ensure compliance with the design requirements and specifications.
There is an inherent flaw here, as this assumption does not take
into account the variability in concrete resulting from the actual
concreting practices, such as placement, consolidation, finishing,
and curing. In other words, concrete in the specimens cast for
compression testing bear little resemblance to the concrete in the
actual structure.
Concrete quality in the cover zone is often dictated by factors other
than mixture proportioning. These factors arise as a result of the
quality of the materials and, on a particular site, from a wide range
of construction practices such as handling, placement, consolidation,
and curing of the concrete. Thus, a reliable measure of the quality
of the cover zone can only be obtained by assessing the concrete
after hardening in the structure, rather than on the companion
specimens that are cast to determine the strength development. This
is primarily the basis for the call to develop suitable strategies to
implement what are commonly known as ‘performance-based
specifications’. In particular, performance specifications are
intended to assess and ensure the required level of concrete quality
in relation to long-term durability, in a given service environment
of the structure. Lobo et al. [1] describe performance specifications
as ‘a set of clear, measurable, and enforceable instructions that
outline the application-specific functional requirements for
hardened concrete’.
According to Taylor [2], while the primary risk in a prescriptive
specification is placed on the owner and designer, performance
specifications separate and allocate risk and responsibility more
clearly. By separately specifying and testing the concrete as supplied
and the concrete as placed into the structure, the risk and
responsibility appropriate to the supplier of the concrete is
distinguished from that appropriate to the constructor who places
the concrete. Furthermore, prescriptive specifications are mainly
concerned with providing complete details of inputs (i.e. materials)
and processes in an attempt to ensure that quality will be adequate
and that the appropriate degree of supervision and inspection will
be provided. On the other hand, in a performance specification, it
would be necessary to wait for the allotted time before the durability
(or other performance) parameters are checked and payment for
construction could be made. Taylor [2] argues that the two
methodologies, in their purest forms, are impractical and that an
intermediate approach of adopting hybrid specifications (with
greater emphasis on the performance criteria) should be used. In
this system, the owner and designer decide on the desired
performance level in the specific service environment and propose
appropriate ‘index’ or indicator tests, which are used to prepare
specifications. The supplier and contractor then provide a concrete
system (which is prequalified using tests conducted before actual
construction) that satisfies the index parameters (or limits) set forth
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by the owner/designer. The ‘concrete system’ not only describes
the mixture proportions, but it also encompasses the details of the
concreting procedures adopted.
Day [3] suggests that prescriptive specifications offer little
advantage to the concrete producers, as they limit the extent of
application of the latest developments to mixture proportioning
techniques. The view is therefore that prescriptive specifications
stifle innovation in the manufacture and use of concrete.

Current Practice in India
IS 456-2000 [4], or the Indian Standard for Plain and Reinforced
Concrete – Code of Practice, was revised in 2000 for the fourth
time. This new revision, although still lacking in many respects
with regard to concrete, does reflect to some extent the advances in
concrete technology since the previous revision in 1978.
Particularly, the clause on durability has been elaborated and
sampling and acceptance criteria for concrete have been revised.
Specific clauses from the code that address concrete durability are
covered in Table 1. A glance through the table indicates that there
are several shortcomings (see the remarks column) and sufficient
modifications can be taken up to bring the code up to date with
international developments. Especially in terms of the
environmental classifications, some thoughts have already been put
forward by Kulkarni [5], who compared the developments in
EN206-1 -2000 [6], AS3600-1994 [7], and ACI 318-2008 [8] with
regard to the concrete exposure conditions. These need to be
developed further. Specific comments pertaining to the new work
and understanding that is necessary with respect to the development
of the IS 456-2000 [4], are presented in the ‘Remarks’ column of
the table.

International Developments
While prescriptive specifications are still the benchmark around
the world, there are several examples from where performance
criteria for strength and durability have been adopted successfully,
resulting in high quality structures. The current EN206-1 [6] allows
the use of performance criteria for concrete design – the specific
performance parameters need to be worked out between the specifier
and the producer. Additionally, according to Day [3] and Bickley
et al. [9], the Australian standards (AS 1379) allow for performance
requirements in the special class concretes. The concrete producer
has a choice of a performance specification or a prescription.
Day [3] described of the use of a control system by the concrete
producers at the Petronas twin towers, which enabled the production
of 80 MPa concrete with a coefficient of variation of only 3%. He
also cites several other examples from Australia where the use of
performance criteria has helped in producing good quality concrete.
According to him, performance specifications provide a win-win
situation for all concerned in the concreting process, as:
(i)

the owner gets a cost effective and reliably uniform product
(concrete), and can also get additional information on the
concrete in terms of the heat generation, shrinkage and other
characteristics (which is possible because of the producer
having standardized the mixes), and

(ii) the producer can be innovative with regard to materials
selection, as the specification does not place any curbs on
that aspect.
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Table 1: Clauses in IS 456 (2000) pertaining to concrete durability
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Furthermore, with increasing experience, the specifier can also be
able to arrive at optimal values of strength and durability parameters
for the specifications.
Bickley et al. [9] indicate that the Canadian standards (CSA A23.1)
use performance requirements such as total charge passed
(Coulombs) for special categories of chloride exposures, in addition
to the routine prescriptive requirements. They also state that
currently, a number of standardized testing methods are available
to use in performance specifications, namely, the rapid chloride
permeability test (ASTM C1202), air void system (ASTM C457),
sorptivity (ASTM C1585), rapid migration test (AASHTO TP64),
and chloride bulk diffusion (ASTM C1556). These methods have
been used extensively in Canada and Australia; further, these tests
can be conducted either on samples cast during concreting or from
cores drilled through the actual structure.
Three durability index (DI) tests have been developed in South
Africa to characterize the potential durability of concrete according
to the transport mechanisms of oxygen permeability for permeation,
water sorptivity for absorption, and chloride conductivity for
diffusion by Alexander et al. [10, 11]. The tests are simple and
practical to perform, and can be applied either on lab specimens or
on as-built structures. Test samples are generally discs of 70 mm
diameter and 30 mm thick, extracted from the surface or cover
zone of concrete.
An example of the application of DI based design approach is in
concrete marina construction in the Gulf region. This region is
characterized by high temperatures, low humidity and highly saline
conditions. In this case, the contractor was initially required to
provide reasonable assurance of a minimum 100-year maintenancefree design life. This was done by using available service life models.
The assurance expectation was later reduced to a 50 year design
life, with no evidence of major deterioration and no major
maintenance within 25 years. A series of different service life models
were used to obtain an idea of the required design parameters for
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concrete materials selection and mix design. A trial mix was made
up in University of Cape Town lab to test key durability and other
parameters. Simultaneously, mixes were made up in contractor’s
lab on site, for evaluation. Decision was taken to use the Rapid
Chloride Permeability Test (RCPT) as the ‘DI’ test – since it is
well-known in Gulf region, and also because it is an ASTM standard
test (ASTM C1202-2010) [12]. ‘The Concepts of ‘Material
Potential’ and ‘As-built values’ were used, with actual measured
coefficient of variations. Limiting RCPT values were decided on
for lab and in-situ samples. Sampling was more frequent at start of
construction, to assist contractors to achieve required performance.
Using the continuous on-site testing regime, deviations from
acceptable limits could be easily detected.
Of all international developments, the use of performance
specifications in South Africa needs to be followed with great
interest. The climatic exposure conditions in South Africa, for the
most part, resemble those in India, and the concrete construction
industry there is undergoing similar changes and upheavals as in
India. Further, the extensive experience gained using the durability
index approach can be utilized beneficially. Moreover, the concrete
codes in South Africa are currently being revamped to be more in
tune with worldwide developments, which will also give them an
opportunity to incorporate useful lessons learnt from their durability
index approach experience. Thus, Indian concrete industry has a
clear cut model to follow, towards the development of performance
specifications for concrete.

Framework for Development of Performance
Specifications in India
The author proposed that development of performance
specifications in India should be taken up in 4 stages, which are
discussed below. It is expected that the final stage, after the initial
implementation, will continue long into the future, as the guidelines
would have to be revised based on inputs from the field
implementation.
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- Performance testing to be carried out in 5 – 8 college and
industry laboratories.

Stage 1: Background Work
(a)

Critical evaluation of durability provisions in Indian standards
- Requirements of concrete strength, cement content and w/c
- Requirements of special cements for different types of
exposure
- Specifications for different cements - with respect to. their
impact on durability
- Specifications for concrete cover

(b)

Re-look at the environmental classification system, with inputs
from recent changes worldwide.
- Analysis of new environmental classifications in EN 206
(BS 8500), ACI 318, AS 3600 [6,7,8] etc.

Stage 2: Preparation of distress map for different geographic
locations across India
(a)
(b)

(c)

Collection of information from different geographical
locations in India about types of distress observed in concrete
Obtaining cores from concrete from these locations, and
laboratory evaluation to determine (i) mix design (unless
original available), (ii) depth of carbonation, and (iii) chloride
profile
Redefining exposure conditions in India based on the studies
in Stages 1 and 2.

Stage 3: Testing methods for performance specifications
(a)

Selection of appropriate laboratory based performance
indicators
- Critical evaluation of durability test methods from across
the world
- Clear definition of mechanisms driving the distresses
observed in Stage 2 Part (a)
- Classification of testing methods according to the
mechanisms

(b)

Selection of appropriate field based performance indicators
- Evaluation of field based test methods from across the world,
and their classification
- Classification of testing methods according to the
mechanisms identified earlier
- Study interrelationships between laboratory and field based
methods through measurements on different types of
concrete

(c)

(d)

Note: The scope of the project in Stage 3 is very extensive.
However, instead of re-inventing the wheel, it would be
advisable to directly implement valuable lessons learnt from
studies of a similar nature in different parts of the world.
Considerable information already exists in this regard from the work
of several RILEM committees. Suitable inputs can be taken from
RILEM technical committee (TC230) on Performance
Specifications for Concrete (PSC), as well as from (TC189) Nondestructive Evaluation of the Penetrability and Thickness of the
Concrete Cover (2007). Further, guidelines for conducting round
robin tests can be based on the recent experience in South Africa,
and analyzing the vast volume of information generated through
the work done there in the past five years.
Stage 4: Final analysis and white paper on durability
specifications and Beginning of Field implementation
(a)

Prepare white paper on durability specifications, and set
guidelines for implementation

(b)

Identify suitable sites for carrying out field trials

(c)

Use durability specifications in concrete contracts – select
participating concrete producers

In the long term, one would need to follow up on testing of concrete
from the sites using the selected testing methods, and refine the
methodology.

Summary
Some ideas on the efforts needed for the development of
performance specifications for concrete in India are presented in
this paper. The shortcomings of the current codes with respect to
durability are highlighted briefly and aspects that need to be worked
on are discussed. The shift towards performance specifications in
India can be a reality given the availability of a vast amount of data
from work conducted worldwide. However, a step by step approach
would need to be followed to bring this into practice, as presented
in the final part of this paper.
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