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ABSTRACT

Development of adequate road network is very important for the socio-
economic development of a country. For construction, maintenance and widening
of roads, a large quantum of construction material is required. Consequently, there
is a scarcity of suitable conventional materials for construction of subbase and base
layers of flexible pavements. Besides, the cost of extracting good quality of natural
material is also increasing. On the other hand, due to rapid economic growth and
industrialization, a large quantity of waste materials such as electric arc furnace
steel slag, copper slag, blast furnace slag, granulated blast furnace slag and fly ash

Is being generated creating a threat to public health and ecology.

In recent years, there has been a growing emphasis and interest all over the
world towards promoting the use of marginal materials in road construction in
order to affect cost saving, reduce pressure on good quality aggregates and also to
protect environment. This research work proposes the bulk utilization of these
industrial solid wastes in the area of road construction which will help reduce the
gap between their generation and utilization and also reduce the requirement of

precious conventional aggregates.

The scope of the present research consists of two main parts, namely,
experimental investigations on engineering properties of different waste material
and three-dimensional finite element analysis of five layer flexible pavement
system. The experimental program is carried out in two parts. First, compaction
characteristics, unconfined compressive strength, CBR, resilient modulus and
cumulative plastic strain of different trial mixes of the waste materials are
investigated and the optimum mixes are determined. Next, durability tests,
unconsolidated undrained triaxial tests, X-ray diffraction (XRD) tests, scanning
electron microscopy (SEM) tests and pavement model tests are performed on the
optimum mixes. The tests are carried out on different combinations of copper slag-
fly ash-dolime (CFD) mix, fine steel slag-fly ash-dolime (FSFD) mix, coarse steel
slag-fly ash-dolime (CSFD) mix, blast furnace slag-fly ash-dolime (BFD) mix,
copper slag-fly ash (CF) mix, granulated blast furnace slag-fly ash (GBF) mix, fly
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ash-dolime (FD) mix and Black Cotton soil-dolime (BCD) mix. The CFD, FSFD,
CSFD and BFD mixes are candidate mixes for the utilization in the base course of
flexible pavement system, whereas CF, GBF, FD and BCD are candidate mixes for
the subbase course. These mixes were chosen based on their strength
characteristics and availability of those particular waste materials in the vicinity of
the corresponding metal industry. The behaviour of the these waste mixes for base
course are compared with that of the conventional Wet Mix Macadam (WMM)
and the waste mixes for subbase course are compared with that of the conventional
Granular Subbase (GSB).

Based on the engineering properties obtained for the different trial mixes of
the proposed base materials the following four optimum mix proportions were

adopted as per the strength requirements of Indian Road Congress:

I.  69.6% copper slag + 17.4% fly ash + 13% dolime mix

.  65.3% fine steel slag + 21.7% fly ash + 13% dolime mix
iii.  77.8% coarse steel slag + 13.3% fly ash + 8.9% dolime mix
Iv.  71.4% blast furnace slag + 15.9% fly ash + 12.7% dolime mix

Similarly, the following four optimum mix proportions were adopted for subbase

course:

I.  Black Cotton soil + 9% dolime mix
ii.  Flyash + 10% dolime mix
ii.  70% copper slag + 30% fly ash mix

iv.  10% granulated blast furnace slag + 90% fly ash mix

All the four optimum base mixes give better performance compared to WMM in
terms of strength, elastic modulus, resilient modulus, permanent strain and load-
settlement relationship in pavement model test. Elastic modulus and resilient
modulus of GSB were found to be lower than that of BCD mix and FD mix, and
higher than that of CF mix and GBF mix. The values of deviator stress at failure
for the optimum subbase mixes were found to be higher compared to that of GSB.

Among the three stress-dependent models of resilient modulus, the three-parameter
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model (Model 3) provided the best fit. A logarithmic model provided a very good
fit regression equation for the estimation of permanent strain.

The service life of a flexible pavement having the optimum mixes in the base
course vis-a-vis the conventional Wet Mix Macadam (WMM) base layer and
optimum mixes in the subbase course vis-a-vis the conventional Granular Subbase
(GSB) layer is also evaluated in the present study through finite-element analyses
of a five layer flexible pavement system. The service life of the pavement with
optimum mixes as the base course is higher than that of the pavement with WMM
as base course as per fatigue failure criterion, whereas this value is lower as per
rutting failure criterion. The equivalent thicknesses of optimum mixes base as
obtained by fatigue failure criterion are close to those obtained by AASHTO

method and triaxial test method.
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