USE OF COPPER AND IMPERIAL SMELTING
FURNACE SLAGS AS STRUCTURAL FILLS IN
REINFORCED SOIL STRUCTURES

P SUBRAMANYA PRASAD

DEPARTMENT OF CIVIL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
July 2016



© Indian Institute of Technology Delhi (I1TD), New Delhi, 2016



USE OF COPPER AND IMPERIAL SMELTING FURNACE SLAGS AS
STRUCTURAL FILLS IN REINFORCED SOIL STRUCTURES

by

P SUBRAMANYA PRASAD

DEPARTMENT OF CIVIL ENGINEERING

Submitted

In fulfilment of the requirement of the degree of DOCTOR OF PHILOSOPHY

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
NEW DELHI -110 016

July 2016



This thesis is dedicated to Lotus feet’s of
SHRI LORD VENKATESWARA
&
My Organization

CSIR — CENTRAL ROAD RESEARCH INSTITUTE



CERTIFICATE

This is to certify that the thesis entitled “USE OF COPPER AND IMPERIAL
SMELTING FURNACE SLAGS AS STRUCTURAL FILLS IN REINFORCED
SOIL STRUCTURES?”, is being submitted by Mr. P. SUBRAMANYA PRASAD in
the fulfillment for the award of the degree of Doctor of Philosophy of the Indian
Institute of Technology Delhi. This is a record of the research work and is entirely
carried out by him under my supervision and guidance. The research report presented in

this thesis has not been submitted for the award of any other degree or diploma.

Prof. G. V. Ramana

Department of Civil Engineering
Indian Institute of Technology Delhi
New Delhi — 110016

India



ACKNOWLEDGEMENTS

The work presented in this thesis was carried out at the Geotechnical Engineering
Division, CSIR — Central Road Research Institute (CSIR — CRRI) and Department of
Civil Engineering, Indian Institute of Technology Delhi (1ITD) under the supervision of
Prof. G.V. Ramana. | am very much grateful to Prof. G.V. Ramana for his invaluable
suggestions, constant support and encouragement during the course of project. | feel
proud working with him. I gained both field and laboratory knowledge during discussions
with him. | like his attitude, honesty, frankness and friendly nature with students.

I am thankful to Dr. S. Gangopadhyay, Director, CSIR — Central road research Institute,
New Delhi, for his continuous encouragement, support throughout the course of work and
facilities extended by the institute and more than that for keeping a lively environment in
the Institute. The financial support provided by the CSIR — Central Road Research

Institute for my research is greatly acknowledged.

The author expresses his gratitude to SRC members: Prof. Ashok Gupta, Prof. J. T. Shahu
and Prof. Puneet Mahajan for their valuable inputs at different stages of thesis work and
for improving the quality of the work.

I am deeply indebted to Prof. K. Rajagopal, Department of Civil Engineering, IIT
Madras, for providing the details and data of pullout apparatus as well as valuable

discussions and suggestions during the initial stages of work.

I wish to express my sincere gratitude to Prov. M. R. Madhav, Chairman, Research
Council, CSIR — CRRI. He had been mentoring and nurturing me since 11 years. He

demonstrated significant interest and supported research work.

I wish to express my sincere gratitude to Prof. A. Sridharan, 11Sc, Bangalore, for making

my concepts clear and for his practice oriented teaching during my stay at 11Sc.

I am very much thankful to Dr. Kishor Kumar, Sh. U. K. Guru Vittal and Sh. Sudhir
Mathur for their constant support and invaluable suggestions. Without their help this

research work would not have been possible.



I wish to expresses sincere thanks to my senior colleagues: Sh. K. Sitaramanjeneyulu,
Dr. B.K. Duari, Dr. Lakshmi Parameswaran, Dr. Velu Murugan, Dr. Vasant G Havanagi,
Sh. Kanwar Singh, Sh. A.K. Sinha, Dr. Ravinder, Dr. E. Madhu, Dr. J Nataraju, Sh. N.K.

Goyal and Sh. Ravinder for their advises and encouragement.

| greatly appreciate the help and support of Dr. V.V.L. Kanta Rao, Dr. C.H. Ravi Sekhar,
Mrs. Uma Sekhar, Dr. A. Mohan Rao, Mr. Janaki Ramaiah, Sh. S. Mariappan, Sh. V.K.
Kanaujia, Sh. V. Murugesan and Indervir Negi during the course of work and finalizing
the thesis.

| also extend sincere thanks to my friends, colleagues and well wishers for their

suggestions and help in completing the project.

| further honestly thank many people who supported me directly/indirectly and whom |

had encountered during this journey whose names are not mentioned here.

I would like to express gratitude to my family members, without whom my dream of
completing a PhD would not have come true. | thank my parents and parent-in-laws for
their help and support. Particularly thanks to my wife Lavanya and son Vishnu Tej, for
providing me joy, encouragement, advises and endless support throughout this journey. |

am so proud of my wife and son.

If someone’s explicit mention is missing it is more due to limitations or the shortcomings

of my memory than anything else. | apologize for that.

Finally, 1 would like to thank God. Without his great support none of this would be
possible.



ABSTRACT

Efforts are in progress worldwide to explore possible reuse of a wide range of waste
materials as substitutes for natural resources. Copper slag (CS) and Imperial Smelting
Furnace slag (ISFS) are industrial wastes generated during extraction of copper and zinc
metal respectively. Efforts are made in the present study to experimentally evaluate the
suitability of copper slag and imperial smelting furnace slag as structural fill in reinforced
soil structures (RSS) in place of conventional fill material (CFM). Detailed physical,
chemical, electrochemical characterization as well as shear strength characteristics of CS
and ISFS are carried out and results are compared with locally available Badarpur sand
(BS) and Yamuna Sand (YS) (natural reference materials). Experimentally determined
gradation, physical and shear strength characteristics as well as electrochemical properties
of CS and ISFS meet the standard specifications for structural fill of different Guidelines /

Codes of Practice.

Large size pullout test apparatus was designed and fabricated for the present study.
Thereafter, pullout tests were conducted to evaluate the interaction coefficient (pullout
resistance factor (F*)/apparent interface friction coefficient (Usesv)) between the
reinforcement (Ribbed Gl strips and geogrids (MGR, TT060, Flexa3 and Flexa5)) and
selected structural fills (CS, ISFS). The influence of geogrid geometry, ultimate tensile
strength and type of polymer (HDPE and PET) on the geogrid — ISFS, geogrid - CS
interactions are studied, and the results are compared with those for geogrids in natural
reference materials. Tensile strength, rib thickness and polymer type of geogrid
significantly affected the pullout behaviour. The interaction coefficient value (F*/Uscsv)
of all reinforcements (Ribbed GI strips and geogrids) embedded in CS and ISFS are

comparable with those of conventional fill materials.



A comprehensive analysis of the experimental results reported in this thesis and data
available from literature is carried out using regression models (Multiple Linear
Regression (MLR) Analysis and Non-Linear Regression (NLR) Analysis) and Artificial
Neural Network (ANN) for modeling the interaction coefficient (F*/ psesy) between
reinforcement (Gl strips, geogrids) and structural fills. Comparative evaluation among the
statistical models and ANN models for modeling interaction coefficient is presented.
Finally, this study proposed an appropriate functional relationship between the interaction
coefficient and the pullout test parameters obtained for the reinforcements (Gl strip and
geogrid) in selected structural fill materials. Further, influence of several parameters
considered in the experimental study were quantified through partitioning of weight
algorithm. ANN models performed better compared to statistical models for evaluating

the factors influencing interaction coefficient (F*/ tscsy)-

The results of the present study encourage the construction industry in bulk utilization of

CS and ISFS as structural fill in reinforced soil structures.

Vi
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