THE EFFECT OF FIRING TEMPERATURE ON
MICRO-STRUCTURAL PROPERTIES OF
NON-EXPANSIVE CLAYS IN DEVELOPMENT OF
EFFECTIVE INTERNAL CURING CONCRETE
AGGREGATE

Manamperi Mudiyanselage Hasitha Wikum Bandara

168022M

Thesis submitted in partial fulfilment of the requirement for the degree

Doctor of Philosophy in Civil Engineering

Department of Civil Engineering

University of Moratuwa

Sri Lanka

May 2020



DECLARATION OF THE CANDIDATE & SUPERVISOR

“I declare that this is my own work and this thesis does not incorporate without ac-
knowledgement any material previously submitted for a Degree or Diploma in any
other University or institute of higher learning and to the best of my knowledge and
belief, it does not contain any material previously published or written by another per-
son except where the acknowledgement is made in the text.

Also, I hereby grant to University of Moratuwa the non-exclusive right to reproduce
and distribute my thesis, in whole or in part in print, electronic or other medium. I
retain the right to use this content in whole or part in future works (such as articles or
books).”

M.M.H.W Bandara
Department of Civil Engineering
University of Moratuwa

Sri Lanka

The above candidate has carried out research for the PhD thesis under my supervision.

Prof. W. K. Mampearachchi
Department of Civil Engineering
University of Moratuwa

Sri Lanka



ABSTRACT

Internal curing concrete provides number of advantages in the concrete construction industry.
It provides adequate water to hydrate all the cement. Moreover, internal curing increases the
durability, compressive strength and eliminates the formation of shrinkage cracks. The most
popular internal curing materials are the manufactured and natural lightweight aggregates.
Those aggregates generally produce using expansive clays. Natural lightweight aggregates
and expansive clay mines are not available in most countries limiting the production of internal
curing concrete to a few countries. Moreover, those aggregates have various disadvantages in
use of internal curing concrete production. Mainly, it reduces the compressive strength of
concrete. Furthermore, some aggregates have lower water absorption capacity, and some have
lower water desorption capacity. Thus, the main focus of this research is to develop an effective
pore structure for internal curing aggregate using non-expansive clays.

Different clay samples were obtained from local mine in Nachchaduwa, Dankotuwa, Meti-
agoda, and another clay sample was imported from China. Subsequently, those were chemi-
cally analyzed, and the percentage of each chemical composition was obtained. Afterwards,
selected clay types were identified as bloating and unbolting clays according to the method
that was suggested by Charles M. Riley. Nachchaduwa and dankotuwa; Metiagoda and China
clay samples were identified as bloating and unbolting clays respectively. After that, the level
of expansion was identified based on the bloating coefficient. All the clay samples showed
lower bloating coefficient than 2.5. Thus, they were categorized as non expansive clays.

The requirements for effective internal curing aggregates were identified through an extensive
literature review and limits of those parameters were defined based on the literature review.
Moreover, a aggregate production process was established by considering various effect of
clay heating on development of pore structure. The effective range of heating temperature of
each clay type was identified according to a simultaneous thermal analysis. Subsequently, clay
specimens of equal sizes were prepared using each clay samples and heated at selected range
of temperature to produce various pore structures within the clay specimens. Afterwards,
heated samples were cooled, crushed, and fine aggregates were produced. Pore size, pore
connectivity, pore strength and the pore expansion of each aggregate were identified through
an extensive analysis of the pore structure. Afterwards, the aggregates were categorized based
on the properties of the pore structure of each aggregate.

The internal curing properties of those pore structures were measured based on water absorp-
tion, water desorption and density of the aggregates. Afterwards, performance of those pore
structures was identified, and limits of the effective pore structures were defined. Bloted non-
expansive clay materials were identified as the most suitable materials to produce effective
pore structure within heated clay mass. Conversely, unbloted non-expansive materials were
not suitable to produce internal curing aggregate. According to the research findings, the ef-
fective pore structure should contain at least 27% of open porosity. The mean pore radius and
the pore expansion should range from 0.3 to 0.5um and from 1.1 to 1.5 mean bloating coeffi-
cient respectively. Furthermore, the compressive strength of pore structure should be greater
than 10N/mm?.

Finally, two different aggregates which have the effective pore structure and less effective pore
structure were selected for verification process. The selected aggregates were produced in
larger scale using industrial facilities of Rajarata and Midaya factories. Subsequently, three
different types of grade 30 concrete were prepared from each aggregate type to validate the ef-
fectiveness of pore structure. Those concrete types were external curing concrete (ECC), non-
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curing concrete (NCC) and internal curing concrete (ICC). Moreover, internal curing concrete
with 3 days external curing (ICC/3EC) was prepared to study the combined effect of external
and internal curing. ECC specimens were kept under submerged for curing, ECC/3EC samples
were kept in submerged only for 3 days. NCC and ICC specimens were kept in open space.
During the preparation of concrete specimens, workability of the samples was measured. Af-
terwards, concrete specimens were tested to obtain the compressive strength values at 7, 14 and
28 days. Subsequently, the drying shrinkage of the internal curing concretes which contain the
selected aggregates was measured. According to those results, the aggregates which contain
the effective pore structure exhibit effective internal curing properties while other aggregate
failed to act as an effective internal curing aggregate.

Keywords: Self-expansion; Poorly expansive clay; Black coring; Porous structure; Water
absorption; Sand replacement; Strength
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