
 

 

FEASIBILITY OF USING COAL BOTTOM ASH, POND 

ASH OR FLY ASH AS STRUCTURAL FIL MATERIAL 

IN MECHANICALLY STABILIZED EARTH WALLS

 
 

 

 

AALI PANT 

 

 

 

 

 

 

 

 

 

DEPARTMENT OF CIVIL ENGINEERING  

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

MAY 2020 

 

 



  

  

  

  

  

  

  

  

  

  

  

 © Indian Institute of Technology Delhi (IITD), New Delhi, 2020

  



 

FEASIBILITY OF USING COAL BOTTOM ASH, POND 

ASH OR FLY ASH AS STRUCTURAL FIL MATERIAL 

IN MECHANICALLY STABILIZED EARTH WALLS 

 by 

  

AALI PANT 

 

Department of Civil Engineering  

 

Submitted 

in fulfilment of the requirements of the degree of Doctor of Philosophy 

to the 

 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

MAY 2020 



 

 

 

 

 

 

 

 

Dedicated 
 

To Mukesh My Friend 

And 

My Dear Husband 

 



i 
 

CERTIFICATE 

This is to certify that the thesis entitled ― “FEASIBILITY OF USING COAL BOTTOM 

ASH, POND ASH OR FLY ASH AS STRUCTURAL FILL MATERIAL IN 

MECHANICALLY STABILIZED EARTH WALLS”, being submitted by Ms. Aali Pant 

to the Indian Institute of Technology Delhi is a record of bonafide research work carried out 

by her under our supervision and guidance. The thesis work, in our opinion, has reached the 

standard fulfilling the requirements for DOCTOR OF PHILOSOPHY degree. The research 

report and results presented in this thesis have not been submitted, in part or full, to any 

University or Institute for the award of any degree or diploma. 

 

 

 

 

Prof. Manoj Datta     Prof. G. V. Ramana 

Professor      Professor 

Department of Civil Engineering   Department of Civil Engineering 

Indian Institute of Technology Delhi   Indian Institute of Technology Delhi  

New Delhi – 110016     New Delhi – 110016  

INDIA       INDIA



ii 
 

ACKNOWLEDGEMENTS 

The work presented in this research has been conducted under the supervision of Prof. Manoj 

Datta and Prof. G. V. Ramana. I express my immense gratitude towards both my supervisors 

for their invaluable suggestions and continuous support throughout the course of my Ph.D. 

Working with Prof. Datta made me a more responsible person than I was for which I will 

always be thankful to him. Prof. Ramana’s friendly and frank attitude helped me conducting 

my research work with ease. 

I express my gratitude towards my SRC members; Prof. K. C. Iyer, Prof. J. T. Shahu and Prof. 

S. N. Singh for their valuable inputs at different stages of thesis work and for improving the 

quality of the work. 

I am very thankful to Mr. N. Dalmia and Mr. S. Bagli of Strata Geosystems (India) Pvt Ltd. for 

providing me with necessary geogrid samples and their kind support, insightful discussions, 

factory visit, as well as allowing me to use their testing facility. I am also thankful to Mr. 

Saurabh Vyas of Techfab (India) Industries Ltd for providing me with geogrid samples that 

helped me in conducting my study. 

I am indebted towards Prof. M. N. Viladkar from IIT Roorkee for teaching me the importance 

of sincerity in life as well as deriving pleasure and inner satisfaction from your work. 

I made many friends during the course of my study from whom I learnt a number of things like 

expressing gratitude, having patience and above all enjoying the situation howsoever it maybe. 

All these qualities helped me in coping with the bumpy ride of Ph.D. as well as made me a 

better human being. To name a few I am very thankful to Dr. Chinthala Sumanth, Dr. Riya 

Bhowmik, Dr. Heena Dhawan, Ms. Kavita Tandon, Ms. Sujata Fulambarkar, Mr. Mohit 

Somani, Ms. Garima Gupta, Mr. Abinash Mahanta, Mrs. Apoorva Aggarwal, Mr. T. S. Bisht 

and Mr. Prashant Kumar Gupta who made my PhD journey happy and eventful. 



iii 
 

I would like to thank the lab staff of civil engineering department for their kind cooperation in 

conducting experiments. In particular I would like to thank Mr. Manoj Neelam, Mr. Alok, Mr. 

D. Biswas and Dr. Sanjay Kumar Gupta. 

I would like to express my gratitude and respect towards my parents, parents-in-law and my 

sisters Mrs. Kavita Joshi and Dr. Malini Pant. Particularly I would like to thank my dear 

husband Mr. Mukesh Ray who has been my constant source of motivation, and has been 

immensely supportive, loving and kind throughout this journey. I am the luckiest to have him 

in my life. 

I also extend sincere thanks to my friends, colleagues and well-wishers for their suggestions 

and help in completing the project. 

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

encountered during this journey whose names are not mentioned here. 

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

my memory than anything else. I apologize for that. 

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

 

 

   Aali Pant



iv 
 

ABSTRACT 

Granular materials with low organic content are generally considered the preferred structural 

fill in the construction of mechanically stabilized earth (MSE) walls such as flyovers, bridge 

abutments etc. Due to scarcity of naturally available granular materials because of 

environmental regulations, efforts are in progress worldwide to explore possible reuse of a wide 

range of waste materials as substitutes. Coal ash is one such waste material. In the present 

study, an experimental investigation has been undertaken to experimentally assess the 

feasibility of using different types of coal ashes namely, bottom ash, pond ash and fly ash 

separately as structural fill in MSE walls as an alternative for natural soil. 

Detailed geotechnical and electrochemical characterization of coal ashes have been carried out 

and results have been compared with locally available Yamuna Sand (reference material). 

Pullout test apparatus meeting the requirements of ASTM-D6706 has been designed and 

fabricated for the present study. Thereafter, pullout tests have been conducted to evaluate the 

pullout behavior of geogrids embedded in different coal ashes and reference material. The 

results have been compared with conventional fill materials (CFMs) reported in the literature. 

The influence of normal stress, percentage of fines in ash, under-compaction, geogrid from 

different manufacturing methods as well as of transverse members of geogrid on pullout 

behavior have also been studied. Efforts have been made to assess the suitability of predicting 

pullout behavior of geogrids embedded in coal ash using numerical simulations in PLAXIS 

3D. Subsequently, the design and costs implications of using coal ashes as structural fill in the 

construction of MSE walls have been studied. 

Bottom ash meets the gradation requirements for a structural fill of both national and 

international guidelines while pond ash and fly ash used in the present study satisfy only the 

requirements of national guidelines for structural fill. Both bottom ash and pond ash with less 

than 50 % of fines content meet the angle of shearing resistance and electrochemical 
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requirements of fill materials as per international guidelines when used with polymeric 

reinforcement. Fly ash meets the requirements of national guidelines only. 

The pullout behavior of geogrids embedded in bottom ash and pond ash with less than 50 % of 

fines are comparable with those of CFMs. The pullout behavior observed in fly ash as well as 

mixture of bottom ash and fly ash with more than 60 % fines are on the other hand 30 to 40 % 

lower than bottom ash, reference soil and CFMs. Pullout resistance decreases by 30 to 70 % on 

under-compaction of coal ashes with larger reduction observed in fly ash. 

The results obtained through numerical simulation match well with the laboratory tests and lie 

within ±10 to 20 % from experimental results. 

MSE walls constructed with bottom ash as structural fill requires least amount of reinforcement 

due to its low unit weight and high shear strength. Pond ash with less than 50 % of fines require 

equivalent number of reinforcement layers as those by natural reference soil. Fly ash requires 

more reinforcement layers than natural reference soil due to its low angle of shearing resistance. 

The results of present study encourage the construction industry for bulk utilization of bottom 

ash as an economical alternative to natural soil. Pond ash with less than 50 % of fines offers an 

alternative to natural soil. However, to ensure free drainage, it is recommended that few 

additional horizontal drainage layers of bottom ash/sand be introduced in the design to allow 

free flow of infiltrated water. Fly ash and mixture of bottom ash and fly ash with more than 

60 % of fines is not suitable (by itself) for utilisation as structural fill without adequate design 

safeguards i.e. addressing the critical factors of providing intermittent drainage layers, decrease 

in pullout capacity due to under-compaction, and studying pullout behavior of geogrids 

embedded in saturated fly ash. 
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सार 

कम कार्बनिक सामग्री वाली नमट्टी को आमतौर पर याांनिक रूप से स्थिर करी गयी पृथ्वी (एमएसई) की 

दीवारोां जैसे नक फ्लाईओवर, पुल के अपघटिोां आनद के निमाबण में पसांदीदा सांरचिात्मक भरण मािा जाता 

है। पयाबवरणीय नियमोां के कारण प्राकृनतक रूप से उपलब्ध नमट्टी की कमी के कारण, दुनिया भर में 

नवकल्प के रूप में अपनिष्ट पदािों की एक नवसृ्तत शृ्ांखला के सांभानवत पुि: उपयोग का पता लगािे के 

नलए प्रयास जारी हैं। कोयला राख एक ऐसा अपनिष्ट पदािब है। वतबमाि अध्ययि में, प्राकृनतक नमट्टी के 

नवकल्प के रूप में एमएसई की दीवारोां में सांरचिात्मक भराव के रूप में अलग-अलग प्रकार के कोयले 

की राख निम्नतः, र्ॉटम ऐि, तलार्ीय राख और फ्लाई ऐि का उपयोग करिे की व्यवहायबता का आकलि 

करिे के नलए एक प्रयोगात्मक जाांच की गई है। 

कोयला राख का नवसृ्तत भू-तकिीकी और नवद्युत रासायनिक लक्षण वणबि नकया गया है और पररणामोां 

की तुलिा थिािीय रूप से उपलब्ध यमुिा रेत (सांदभब सामग्री) से की गई है। वतबमाि अध्ययि के नलए 

पुलआउट टेस्ट तांि को निजाइि नकया गया है। इसके र्ाद, नवनभन्न कोयले की राख और सांदभब सामग्री में 

जीओनग्रि्स के पुलआउट व्यवहार का मूल्ाांकि करिे के नलए पुलआउट परीक्षण नकए गए हैं। पररणामोां 

की तुलिा पारांपररक भरण सामग्री (सीएफएम) के साि की गई है जो सानहत्य में ररपोटब की गई है। सामान्य 

तिाव के प्रभाव, राख की र्ारीकी का प्रनतित, कम-सांघिि, नवनभन्न नवनिमाबण नवनियोां से निनमबत नजयोनग्रि 

और साि ही पुलआउट व्यवहार पर नजयोनग्रि के अिुप्रथि सदस्ोां का भी अध्ययि नकया गया है। 

PLAXIS 3D में सांख्यात्मक नसमुलेिि का उपयोग करके कोयले की राख में दर्ी नजयोनग्रि के पुलआउट 

व्यवहार की भनवष्यवाणी करिे की उपयुक्तता का आकलि करिे का प्रयास नकया गया है। इसके र्ाद, 

एमएसई की दीवारोां के निमाबण में सांरचिात्मक भराव के रूप में कोयला राख का उपयोग करिे के 

निजाइि और लागत का अध्ययि नकया गया है। 

र्ॉटम ऐि राष्टर ीय और अांतराबष्टर ीय दोिोां नदिा-निदेिोां के सांरचिात्मक भरण के नलए गे्रिेिि 

आवश्यकताओां को पूरा करता है, जर्नक वतबमाि अध्ययि में इसे्तमाल करी गयी तालार्ीय राख और 
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फ्लाई ऐि सांरचिात्मक भरण के नलए राष्टर ीय नदिानिदेिोां की आवश्यकताओां को पूरा करता है। 50% से 

कम र्ारीकी वाली तालार्ीय राख और र्ॉटम ऐि, पॉनलमर सुदृढीकरण के साि उपयोग नकए जािे पर 

अांतरराष्टर ीय नदिानिदेिोां के अिुसार भराव सामग्री के कतरिी प्रनतरोि और नवद्युत रासायनिक 

आवश्यकताओां को पूरा करती है। फ्लाई ऐि केवल राष्टर ीय नदिानिदेिोां की आवश्यकताओां को पूरा 

करता है। 

50% से कम र्ारीकी वाली तालार्ीय राख और फ्लाई ऐि में दर्ी नजयोनग्रि का व्यवहार सीएफएम के 

साि तुलिीय है। दूसरी ओर फ्लाई ऐि के साि-साि र्ॉटम ऐि और फ्लाई ऐि के नमश्ण नजिमें 60% 

से अनिक र्ारीक राख है, 30-40% कम मूल् देते हैं। कोयले की राख के कम-सांघिि पर पुलआउट 

प्रनतरोि 30 से 70% तक कम हो जाता है, नजसका ज्यादा असर फ्लाई ऐि में  नवसृ्तत होता है। सांख्यात्मक 

नसमुलेिि के माध्यम से प्राप्त पररणाम प्रयोगिाला परीक्षणोां के पररणामोां से ±10-20% का अांतर नदखाते 

हैं। र्ॉटम ऐि के साि सांरचिात्मक भराव के साि निनमबत दीवारोां को कम से कम सुदृढीकरण की 

आवश्यकता होती है। 50% से कम र्ारीकी वाली तालार्ीय राख को प्राकृनतक सांदभब नमट्टी के समाि 

सुदृढीकरण परतोां की समाि सांख्या की आवश्यकता होती है तिा फ्लाई ऐि में अनिक सुदृढीकरण परतोां 

की आवश्यकता होती है। 

वतबमाि अध्ययि के पररणाम प्राकृनतक नमट्टी के नकफायती नवकल्प के रूप में र्ॉटम ऐि के िोक उपयोग 

के नलए निमाबण उद्योग को प्रोत्सानहत करते हैं। 50% से कम र्ारीकी वाली तालार्ीय राख प्राकृनतक नमट्टी 

के नलए एक नवकल्प प्रदाि करती है। हालाांनक, पयाबप्त जल निकासी सुनिनित करिे के नलए, यह अिुिांसा 

की जाती है नक र्ॉटम ऐि/ रेत की कुछ अनतररक्त कै्षनतज जल निकासी परतोां को निजाइि में पेि नकया 

जाए। फ्लाई ऐि तिा 60% से अनिक र्ारीकी वाली र्ॉटम ऐि और फ्लाई ऐि के नमश्ण पयाबप्त निजाइि 

सुरक्षा उपायोां के नर्िा अपिे आप में सांरचिात्मक भरण के रूप में उपयुक्त िही ां है, अिाबत आांतरानयक 

जल निकासी परतोां को प्रदाि करिे, कम-सांघिि के कारण खी ांचिे की क्षमता में कमी, और सांतृप्त फ्लाई 

ऐि में दर्ी नजयोनग्रि के पुलआउट व्यवहार का अध्ययि महत्वपूणब है ।  
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