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ABSTRACT

The most valued properties such as compressive strength and durability etc., of
hardened concrete are directly related to its porosity and pore structure. Therefore, it is
possible to assess the strength and durability quality of concrete indirectly, from the
knowledge of its porosity and pore size distribution when suitable models relating the
relevant properties are available. A number of methods are available for the study of
porosity and pore structure of cement based composites, among them mercury intrusion
porosimetry (MIP) is one of the most suitable methods. Therefore, in this work mercury
intrusion porosimetry (MIP) is adopted to acquire relevant information about porosity
and pore structure characteristics of concrete. Mercury intrusion porosimetry results may
be affected by rate of pressure application during test, type and form of sample including
its preparation. Hence, before adopting this method for the present work, the effects of
above mentioned factors on porosity and pore size distribution of concrete were
analyzed. Analysis of results demonstrated that effect of rate of pressure application on
porosity and pore size distribution of concrete is insignificant. From the analysis of
results it was also found that mortar adhered with coarse aggregate extracted from
concrete is more porous than mortar devoid of aggregate extracted from the same
concrete. Further, from the study of porosity and pore size distribution of concrete,
small cored samples extracted from concrete beam were found to be more suitable than
sample obtained by crushing bigger cores meant for compression testing.

A number of relationships are available between strength and pore structure
characteristics (porosity and representative pore sizes etc.) and also between durability
quality and pore size characteristics of cement based composites. In the case of concrete,
it is generally assumed that its strength and durability quality are governed mainly by
the properties of either cement paste or cement mortar. But, it has been found that the
porosity and pore structure characteristics concrete are different from that of cement
paste and mortar. This behaviour results mainly due to presence of transition zone in
mortar and concrete. In past, strength porosity relationships had been used for estimating

strength of concrete, but the information about porosity and pore size distribution of

iii



concrete were obtained through testing of either cement paste or mortar extracted from
concrete.

In this work data on porosity and pore structure characteristics were generated
by performing porosimetry tests on concrete sample extracted from concrete beams. In
order to generate sufficient data, beams were cast from six deigned mix proportions by
using two types of coarse aggregates. The in-situ strength of concrete in beams were
determined through compression testing of 75 mm diameter drilled cores. For.
introducing maximum extent of variation in porosity and pore structure characteristics
of concrete, different modes of compaction, different level of curing, different exposure
environment were adopted as factors in experimental design. The relevant data on
porosity and pore structure characteristics obtained by testing a variety of concrete cast
in this work, were used for evaluating the applicability of most frequently used
relationships between the strength and pore structure characteristics of concrete. The
analysis of results revealed that most of these relationships do not yield very encouraging
result. Therefore, an attempt is made to develop a model by modifying the existing
" models. Finally, a strength porosity model for in-situ strength of structural concrete 1s
developed and presented whose accuracy is further checked by using the data from an
actual structure and the result was found to be satisfactory. This model is based on sound
theoretical concept of Griffith’s theory and takes into account the porosity and the pore
size distribution, cement fraction used in mix, environmental factors causing
deterioration etc. The accuracy of the model in assessing strength of concrete is
compared with that available from other non destructive test (NDTs) methods used for
assessing the strength of concrete indirectly, such as Rebound hammer and Ultrasonic
pulse velocity tests. The applicability and accuracy of the suggested model are compared
with those of Rebound-hammer and Ultrasonic pulse velocity tests 'lh)y using appropriate
statistical yardsticks. On the basis of above statistical analysis it is confirmed that the
prediction of strength by using the suggested methodology based on MIP results is as
good as that can be done by Rebound hammer or Ultrasonic pulse velocity test. Thus an

additional methodology for assessing the strength of concrete from its porosity and pore

structure characteristics is suggested.
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Most of the durability problems in concrete arise mainly due to the permeation
of water through it. Further, all most all transport phenomena through concrete is
governed by the characteristics of its pore structure, therefore, it is possible to correlate
the durability quality of concrete with its porosity and pore structure characteristics. For
the study of this aspect, Initial surface absorption rates of water by concrete beams were
determined. The rates of water absorption are then related to some specific
characteristics of pore structure such as mean distribution radius of pores, equivalent
pore radius etc., in addition to its porosity. From this comprehensive study, a model
correlating the in-situ strength of concrete and initial surface absorption rate of water is
suggested. Further, the above study of initial surface absorption rates of water and
characteristics of pore system of concrete yielded models relating them. Further, it is
demonstrated that by using any one of these models and porosimetry test results one can
classify the concrete as low, high or average absorption quality, similar to any other
durability test of concrete. Therefore a methodology is suggested whereby specific
characteristics of pore system obtained from porosimetry test are used for the prediction
of durability quality of concrete. The applicability and accuracy of this test methods are
also confirmed by using relevant statistical approaches.

Therefore, this work suggest a methodology by which the in-situ strength as well
as durability quality of concrete in structure can be assessed by using the results of
porosimetry performed on them. The major advantage of this methodology is that the
same porosimetry results can be used for assessing both in-situ strength and durability

quality of concrete.
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