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Geotechnics and Ecology. In 2012, she obtained her Master's 

degree in Civil Engineering from the same university, with 

her Master's dissertation also focusing on geotechnics and 

ecology. From 2012 to 2015, she pursued a researcher's 
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Preface 
 

We are delighted to present this preface to the Proceedings of the 1st International Conference on 

"New Trends in Civil Engineering," organized by the University of Central Punjab. This landmark 

conference brought together professionals, researchers, academicians, and students from across 

the globe to explore and discuss the latest advancements and emerging trends in the field of civil 

engineering. Held on [date], this conference served as a catalyst for knowledge exchange and 

collaboration, propelling the discipline towards new frontiers. 

 

The conference witnessed an impressive gathering of local and international guests and speakers, 

who brought their expertise and diverse perspectives to the table. Their invaluable contributions 

enriched the conference and set the stage for engaging discussions, thought-provoking 

presentations, and fruitful networking opportunities. We express our heartfelt gratitude to all the 

participants for their active involvement and commitment to advancing the field of civil 

engineering. 

 

To ensure maximum accessibility and participation, the conference adopted a hybrid format, 

blending physical and virtual elements. This innovative approach allowed participants from 

around the world to join the conference remotely, fostering a truly global community of 

researchers and practitioners. The hybrid nature of the event ensured that geographical boundaries 

did not hinder the exchange of ideas and facilitated the dissemination of knowledge to a wider 

audience. 

 

The conference encompassed five distinctive technical sessions, each dedicated to a specific area 

of civil engineering. These sessions focused on structural engineering, water and environmental 

engineering, transportation engineering, geotechnical engineering, and construction management. 

Participants presented their research findings through paper and video presentations, covering a 

broad range of topics and shedding light on the latest advancements, challenges, and solutions in 

each field. 

 

The Proceedings of this conference serve as a comprehensive compilation of the research papers 

and presentations delivered during the event. This collection represents a significant contribution 

to the field of civil engineering, showcasing the innovative ideas, methodologies, and 

technologies shared by esteemed researchers and industry experts. We believe that these 

Proceedings will inspire further exploration and serve as a valuable resource for researchers, 

practitioners, and students seeking to stay at the forefront of the discipline. 

 

 

 

 

 

 

 

Prof. Dr. Muhammad Rizwan Shad 

Chairman 

UCP, Lahore  



 

Welcome Address 

Pro-Rector 
 

Chairman Prof. Dr. Muhammad Rizwan Shad Chief Guests from NESPAK, Union Developers, 

Ittefaq Construction Associate, all the deans and honorable speakers from across the world, 

ladies and gentleman! 

Assalam-o-Alaikum. 

Firstly, I would like to welcome you all at here at UCP Lahore on this wonderful knowledge-

sharing platform on 1st international conference on New trends in Civil Engineering.  

It is needless to say that such activities of bringing academia and industry to sit and share 

experience and innovation should be staged more frequently than ever.  

Today, having so many stakeholders from Structural, Water, Environmental, Transportation, 

Geotechnical Engineering and Construction Management industry and academia under one 

roof, I would like to briefly talk about the prospects of initiating research and development 

partnerships between the faculty and the practitioners. I believe, the Engineering industry, like 

others, often face unique and unprecedented challenges in pursuing projects involving 

innovative applications to achieve sustainable, eco-friendly, and economical outcomes. As 

evident by the rapid modernization of West, the full-time dedicated groups of professionals, 

such as university faculty, are pertinent to understand new problems and devise desirable 

solutions in a controlled environment that would be implicated to extended scales in the field. 

For instance, the Department of Civil Engineering at UCP has a significant number of faculty 

members having high-end PhD degrees and post-doctorate experiences with significant research 

contributions such as high-quality patents and journal publications. Cutting short, I invite the 

Engineering industry to liaise with our faculty members through linkage grants, meaningful 

industrial collaborations, and effective partnerships. Instead of signing meaningless and 

peripheral MoUs, letôs initiate actual investments from field giants like Union Developerôs, 

Ittefaq Construction Associated, Nespak, Wapda, Irrigation, C&W, LDA, ACE, Descon and 

others.  

Besides, I would also like to shed light on UCP Lahoreôs contributions to the field of 

Engineering. Being the oldest school of Engineering in Pakistan, we have been effectively 

contributing to almost all existing venues across country. UCP Lahore produces engineers 

capable of leading from the front; be it bureaucracy, technocracy, diplomacy, politics, or even 

armed forces. I am sure, even this very hall is full of UCP alumni, leading and serving humanity 

and making us proud. Over the decades, we have been producing some of the finest civil 

engineers here at the campus, who continue to strive and contribute to both state-of-the-art and 

state-of-the-practice in and out of the country. 

I would now like to wrap up quickly by reiterating UCPôs firm commitment with the nation to 

continue to raise our graduate quality through all possible means. I would also urge our industry 

to extend their helping hands through direct and generous investments in research and education 

at UCP Lahore. Lastly, I wish this event a great success and hope it would further enhance the 

knowledge of the Engineering community and enhance International cooperation in this field. 

Once again, welcome to UCP Lahore!  

Long live Pakistan. 



 

 

 

Welcome Address  

Prof. Dr. Muhammad Rizwan Shad  

Dean Faculty Of Engineering   
 

Chief Guests from NESPAK, Union Developers, Ittefaq Construction Associate, all the deans 

and honorable speakers from across the world, ladies and gentleman! 

Assalam-o-Alaikum. 

It is my pleasure to welcome you all to the 1th International Conference on New Trends in 

Civil Engineering organized by UCP Lahore. We welcome the distinguished speakers, 

presenters and guests attending the conference.   

UCP vision is to become an internationally acclaimed university in teaching and research. 

Faculty of Engineering also devoted to the pursuance of the universityôs vision. I would like 

to appreciate our savant faculty who is always striving for eminence in research by introducing 

new trends and techniques.   

Today, a number of interesting and high-level technical papers will be presented. Our keynote 

speakers have taken deep interest to either travel all the way for participating in this big event 

or have chosen to deliver in hybrid mode. We are particularly grateful to Dr. Tarunjit Singh 

Butalia from U.S.A, Dr. Askar Zhusspbekov from Kazakhstan, Ms. Tatiana Tronda from 

Belarus, Dr. Salman Azhar from U.S.A, DR. Muhammad Awais Shafique from Barcelona 

Spain and Dr. Sana from Dubai. Various technical papers will be presented in five technical 

sessions of this conference, today and tomorrow, which I am sure will provide useful 

information and add to the current state of knowledge.  

Thank you so much for sparing your valuable time to participate in this event. My special 

thanks to the all the participants attendees, for this utmost cooperation to hold the international 

conference at their institution. I thank the organizing committee, its chairman Prof. Dr. 

Muhammad Rizwan Shad, Co-chairman Engr. Sohail Kibria and vice-chairman Prof. Dr. 

Kafeel Ahmed as well as the staff of UCP, NESPAK, Union Developers and Ittefaq 

construction Associates who made this event a big success. My special thanks are due to all 

our Sponsers and exhibitors who have helped us to bring forth this event in a befitting 

manners. 

 

 

 

 

 

 

 

 

 

 

 

 



 

8:30 AM ς 9:45 AM  Registration and Reception  

Inaugural Session (Venue: Auditorium Hall) 

10:00 ς 10:05 Recitation of the Holy Quran and National Anthem 

10:05 ς 10:15 Welcome Address by Conference Chairman: Prof. Dr. Muhammad Rizwan Shad 

10:15 ς 10:20 Address by Conference Co-Chairman: Engr. Sohail Kibria 

10:20 ς 10:25 Address by Conference Vice-Chairman: Prof. Dr. Kafeel Ahmad 

10:25 ς 10:40  Inaugural Address by Chief Guest: Dr. Tahir Masood, MD NESPAK 

10:40 ς 10:55 Keynote Speaker: Dr. Sana Amir, University of Wollongong 

10:55 ς 11:05 Address by Pro-Rector UCP: Prof. Dr. Nassar Ikram, HI(M) SI(M) 

11:05ς 11:15 Distribution of Shields 

11:15ς 11:45  Tea Break and Group Photo  

   

Technical Session 1 (Venue: Auditorium Hall) 
Session Chair:  Prof. Dr. Zahid Ahmad Siddiqi   Session Co-chair: Dr. M. Awais Shafique 

11:45 ς 12:05 Keynote Speaker: Dr. Sergi Saurí Marchán, Director CENIT, Spain 

12:05 ς 12:20  tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άCracks in structures due to Geotechnical reasons identification, 
causes and mitigationέ ōȅ 9ƴƎǊΦ {ƻƘŀƛƭ YƛōǊƛŀ 

12:20 ς 12:35 Paper PresentŀǘƛƻƴΥ άDevelopment, Investigation, and upscaling of Construction 
Composites incorporating Cement Replacement Materialέ ōȅ 5ǊΦ LǊŦŀƴ ǳƭ IŀǎǎŀƴΦ 

12:35 ς 12:50 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άDiamer-Bhasha Dam: Game Changer for Pakistanέ ōȅ 5ǊΦ ¢ŀƘƛǊ 
Hayat 

12:50 ς 01:05 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άDevelopment of One-Part and Two-Part slag based Geopolymer 
Brickέ ōȅ 5ǊΦ Khurram Rashid 

Conference Day One 20-Mar-2023 
 

# A World of New Ideas 

1ST INTERNATIONAL CONFERENCE ON  

NEW TRENDS IN  

CIVIL ENGINEERING  
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Conference Schedule    
 



 

01:05 ς 01:20 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ ά5ŜǎƛƎƴŜǊǎΩ tǊƛƳŜ CƻŎǳǎ ƻƴ ǘƘŜ .ŀǎƛŎǎ ς A casualty of the Explosion 
of Digital Computational Powerέ ōȅ 9ƴgr. Rizwan Mirza 

01:25 ς 01:35 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άClimate Change Impact Assessment-A Case Study of Mohmand Dam 
Projectέ by Engr. Shariq Ahmad 

01:35 ς 01:50 Question and Answer Session 

01:50 ς 02:00 Concluding Remarks and Distribution of Shields 

02:00 ς 03:00 Lunch and Prayer Break 

 

Technical Session 2 (Venue: Auditorium Hall) 
Session Chair:  Engr. Rizwan Mirza      Session Co-chair: Dr. Irfan ul Hassan 

03:00 ς 03:20 Keynote Speaker: Dr. Tarunjit Singh Butalia, Ohio State University, USA 

03:20 ς 03:35 PŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ ά!ǳǘƻƴƻƳƻǳǎ tŜǊǎƻƴŀƭ tƻŘǎ ŀǎ ŀ ǊŜǇƭŀŎŜƳŜƴǘ ŦƻǊ ŎŀǊǎέ ōȅ 5ǊΦ aΦ 
Awais Shafique.  

03:35 ς 03:50 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άEffect of Specimen Type and Size on Strength Properties of Recycled 
Concrete Aggregateέ ōȅ 5ǊΦ {ŀƴŀ !ƳƛǊΦ 

03:50ς 04:05 IndǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άHome the Homelessέ ōȅ 9ƴƎǊΦ IŀŦƛȊ !ōŘǳƭƭŀƘ aŀƘƳƻod, CEO, 
Ittefaq Construction Associates.  

04:05 - 04:20 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άUse 3D Drone mapping and data analytic to plan and solve day-to-
day civil construction and earthworks operationsέ tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴ ōȅ 9ƴƎǊΦ YƘǳōŀƛō 
Qasim, Seymour Whyte  Constructions, Australia  

04:20 ς 04:35  tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άStudy of Geo-polymer Concrete Using Locally Available Materialsέ 
by Dr. Zahid Ahmad Siddiqi   

04:35 ς 04:50 Question and Answer Session 

04:50 ς 05:00 Concluding Remarks and Distribution of Shields 

Technical Session 3 (Venue: Auditorium Hall) 

Session Chair:  Engr. Sohail Kibria, NESPAK    Session Co-chair: Dr. Muhammad Babur 

10:00 ς 10:20  Keynote Speaker: Dr. Askar Zhussupbekov, Professor, L.N.Gumilyov Eurasian National 
University, Kazakhstan 

10:20 ς 10:35 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άDecision Making for Sustainable Construction System through BIM 
and MCDM Integrationέ ōȅ 9ƴƎǊΦ YƘŀŘƛƧŀ aŀǿŀǊŀΦ  

10:35 ς 10:50 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άComparison of Compaction and Consolidation Behavior of Fine Soil 
Using Treated Wastewater and Tap Waterέ ōȅ 9ƴƎǊΦ LǊŦŀƴ YƘŀƭƛŘΦ 

10:50ς 11:05 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άIntroduction to BIM, standard workflow and implementation 
challenges in Pakistanέ ōȅ aǳƘŀƳƳŀŘ ½ŀƛƴ aǳǎhtaq, Union Developers 

11:05 ς 11:20 Question and Answer Session 

11:20 ς 11:30 Concluding Remarks and Distribution of Shields 

11:30 ς 12:00  Tea Break 

Technical Session 4 Parallel Session (Venue: Auditorium Hall) 
Session Chair:  Dr. Javed Uppal     Session Co-chair: Dr. Khurram Rashid 

12:00 ς 12:15  Keynote Speaker Prof. Dr. Salman Azhar, University of Auburn, USA 



 

12:15 ς 12:30  tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άEvaluation of mechanical behavior of concrete with partial 
replacement of coarse aggregate by recycled coarse aggregate with and without SBR 
latex.έ ōȅ 9ƴƎǊΦ ¦ǎƳŀƴ !ƭƛ 

12:30 ς 12:45 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άModern trends of construction materials in Pakistanέ ōȅ 5ǊΦ ²ŀƧŀƘŀǘ 
Mirza 

12:45 ς 01:00 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άAttribution analysis of runoff change by using SWAT model a case 
study of Khanpur dam catchmentέ ōȅ 5ǊΦ aǳƘŀƳƳŀŘ {ƘŀƘƛŘ  

01:00 ς 01:30 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άExternal developers or When different developers have interests in 
the same areaέ ōȅ 9ƴƎǊΦ hƭŜƴŀ !ƭƛȊƛΣ ǿƛǘƘ άEffect of Early Contractor Involvement in 
Statens Vegvesen Projectsέ ōȅ 9ƴƎǊΦ {ȅŜŘ IŀƳȊŀ ¢ŀǊƛǉ .ǳƪƘŀǊƛ ǿƛǘƘ άChanges in road 
technology to contribute to sustainability goalsέ ōȅ 9ƴƎǊΦ .ŜŜƴŀǎƘ {ƘŀƘȊŀŘƛ Υ ±ƛƪŜƴ /ƻǳƴǘȅ 
Municipality, Norway  

01:30 ς 01:45  Question and Answer Session 

01:45 ς 02:00 Concluding Remarks and Distribution of Shields 

02:00 ς 03:00 Lunch and Prayer Break 

Parallel Session (Venue: Transportation & Highway Lab) 
Session Chair:  Prof. Dr. Muhammad Saeed Shah    Session Co-chair: Engr. Muhammad Arshad 

12:00 ς 12:10  Paper PreseƴǘŀǘƛƻƴΥ άEnergy Efficiency Potential of Natural Fiber based Composite 
Building Material.έ by Engr. Khadija Mawara. 

12:10 ς 12:20 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άInvestigation of clay-based Geo-ǇƻƭȅƳŜǊǎ ǿƛǘƘ ƛƴŘǳǎǘǊƛŀƭ ǿŀǎǘŜǎέ by 
Engr. Noor Yaseen  

12:20 ς 12:30  PapŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άInvestigating Performance of Asphalt Concrete Using Waste 
Material as Bitumen Modifierέ ōȅ 9ƴƎǊΦ !ǊŦŀ ¢ŀǊƛǉ  

12:30 ς 12:40  tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άSustainable Construction by Using Steel Chips as a Partial 
Replacement of Cementέ ōȅ 9ƴƎǊΦ !ǎad ur Rehman 

12:40 ς 12:50  tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άCost-Effective Energy Efficient Practices for an Existing Residential 
Buildingέ ōȅ 9ƴƎǊΦ aŀƘƴƻƻǊ !ǊƛŦ 

12:50 ς 01:00 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άBattling Environmental Pollution in Lahore: The Importance of a 
Sustainable Transportation Systemέ ōȅ 9ƴƎǊΦ aǳƘŀƳƳŀŘΣ aƻƳƛƴ !ƳŜǊ 

01:00 ς 01:10  Paper Presentation: ά/ŀǳǎŜǎ ƻŦ ŦƭƻƻŘ ƛǘǎ ŘŀƳŀƎŜǎ ŀƴŘ ƳŜŀǎǳǊŜǎ ǘŀƪŜƴ ōȅ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΥ 
! ŎŀǎŜ ǎǘǳŘȅ ƻƴ 5ƛǎǘǊƛŎǘ 5ŜǊŀ DƘŀȊƛ ƪƘŀƴέ by Engr. Maria Talib 

01:10 ς 01:20 Paper PresentationΥ άCost comparison of clay bricks and concrete blocks in the residential 
house: A case studyέ ōȅ 9ƴƎǊΦ aǳƘŀƳƳŀŘ ¦ǎŀƳŀ  

01:20 ς лмΥол tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άDesign and Cost Comparison of selected long-span structural systemsέ 
by Engr. Tanveer Younas 

01:30 ς 01:45  Question and Answer Session 

01:45 ς 02:00 Concluding Remarks and Distribution of Shields 

Technical Session 5 (Venue: Auditorium Hall) 
Session Chair:  Dr. Wajahat Mirza   Session Co-chair: Dr. Khawaja Bilal Ahmed 

03:00 ς 03:20  Keynote Speaker Engr.Tatiana Tronda, Belarus 

03:20 ς 03:35  tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άEffect of addition of Waste Engine Oil and Waste Cooking Oil on 
Engineering properties of a bitumenέ ōȅ 9ƴƎǊΦ ²ŀǉŀǎ IŀǊƻƻƴ  



 

03:35 ς 03:50 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άEfficacy of Safe City Project in improving Urban Managementέ ōȅ 
Engr. Amir Ashraf 

03:50 ς 04:05 tŀǇŜǊ tǊŜǎŜƴǘŀǘƛƻƴΥ άBuilding Energy Analysis of a Typical House with Conventional 
Masonry Walls and Comparison with Cavity Wall Constructionέ ōȅ 9ƴƎǊΦ {ŀƘŀǊ LŦǘƛƪƘŀǊ 

04:05 ς 04:20 Industrial FielŘ ¢ŀƭƪΥ άSmart Construction Solutionsέ ōȅ 9ƴƎǊΦ !ƭƛ aǳƪƘǘŀǊ (Sr. Manager 
Projects) Izhar Construction (Pvt) Limited  

04:20 - 04:30 LƴŘǳǎǘǊƛŀƭ CƛŜƭŘ ¢ŀƭƪΥ άLaunching of Grade 80 Steel & Its Benefits in Pakistanέ ōȅ Sohaib 
Afzal Rana, Chief Marketing Officer, FF Steel 

04:30 ς 04:45 Question and Answer Session 

04:45 ς 04:55 Concluding Remarks and Distribution of Shields 

04:55 ς 05:00 Closing Conference Remarks from Conference Vice-Chairman: Prof. Dr. Kafeel Ahmad 
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Abstract -- The study of cracks in structures has hitherto, 

received little attention from the civil engineering 

profession and as such, remains a rather grey area, 

calling for more systematic research. The manifestation 

of structural behavior in the form of development of 

cracks of various types is a strong performance indicator 

of structures and an important factor to be considered in 

the performance-based design. 

There are a variety of cracks which have been observed 

in the structures, from during-construction to 

serviceability stages, due to a host of reasons. They may 

be due to structural, geotechnical, environmental etc. 

factors. 

This paper provides a qualitative dossier on the 

development of cracks in the structures at various stages, 

mainly on account of geotechnical factors at the back. 

The prime causative reasons for such behavior have been 

differential settlement or differential upheaval. The 

identification of such cracks along with the causative 

factors and their mitigation  strategy as well as some 

discussion on the selected case histories have been 

presented in this paper. The importance of location, 

width and orientation of such cracks has also been duly 

emphasized. 

It is believed that the contents of this paper will provide 

useful guidelines for the identification, evaluation and 

mitigation of cracks in structures. Besides, strategies 

could be formulated at the design stage to prevent such 

unwanted performance of structures, owing to 

geotechnical reasons. 

¶ Head Research and Development, NESPAK, 

Pakistan 

¶ Managing Director, NESPAK, Pakistan 

¶ Principal Engineer, NESPAK, Pakistan 

¶ Senior Engineer, NESPAK, Pakistan 

 

I.  INTRODUCTION  

The structures designed by civil engineers do develop 

cracks, insignificant or serious, during their 

construction as well as during their service life. There 

are a variety of reasons behind the development of 

such cracks and may be attributed to the type of 

materials being used, construction methods, structural 

design related issues, geotechnical related issues 

including improper appreciation of ground conditions 

and / or change in the geo-environmental conditions 

post-construction. 

Ascertainment of the right reason(s) behind the 

development of cracks is a complex problem and often 

requires a comprehensive study by experts of diverse 

specialties including structural engineering, 

geotechnical engineering, earthquake engineering, 

engineering geology, hydraulics engineering etc. 

Quite often, the cracking of a structure manifests a 

number of causative factors. The cracking may be of 

primary nature due to the main reason / deficiency or 

it may be a secondary manifestation of the primary 

reason. 

In order to establish that the primary reason behind the 

crack development in a structure is geotechnical, it is 

of utmost importance to give a serious thought to the 

earlier conditions too, before construction, to delineate 

the causes and then to plan mitigation. 

The cracks in structures may vary in width from less 

than 0.1 mm (insignificant) to more than 25 mm 

(threatening), depending upon whether they are just 

hairline, only serviceability is impaired or structural 

stability is at risk. Table-1 provides the classification 

of extent of damage based on cracking of structures. 

mailto:sohailkibria18@yahoo.com
mailto:tmasood267@yahoo.com
file:///C:/Users/L1F20BSCE0047/Desktop/sadaf_778@hotmail.com
mailto:tayyabjaved66@yahoo.com
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It is the foundation movement owing to geotechnical 

reasons, which is the basic condition for the 

development of cracks in structures. This movement 

may be further classified as follows: 

¶ Settlement 

¶ Upheaval 

¶ Lateral movement in horizontal fashion 

¶ Sliding on / in slope 

The above movement patterns are discussed in 

succession below, along with some practical case 

histories. 

II.  SIMPLIFIED  CRACKING  PATTERN  

IN  STRUCTURES 

 
TABLE I. BRE Classification of Damage (based on ease of repair 

of damage) 

 

 

Crack is a sign of stress relief in all the materials. The 

tensile cracks indicate the direction of pulling out by 

tensile stresses, orthogonal to the plane of crack. The 

shearing cracks do show up due to sliding failure along 

a shear plane under the action of shear stresses. 

Shrinkage cracks, on the other hand, are owing to high 

heat of hydration which in turn depends on the type of 

cement, ambient temperature, the thickness / size of 

concrete pour etc. 

General cracking pattern in a structure can be 

understood in a simplified manner by the theory of 

bending with a beam analogy. On a simply supported 

beam, the downward pressure in the form of a 

uniformly distributed load will result in its sagging 

while the upward pressure will cause its hogging. 

Both, sagging and hogging of a simply supported 

beam (Figure-2), though develop maximum tensile 

stresses on the outermost fibers yet they have 

specifically different crack patterns as outlined below: 

¶ Sagging of a beam results into development of 

maximum tensile stresses on its bottom-most fibers. 

This would mean that such cracks will have 

maximum width at the bottom which will reduce 

while going up. The cracks close to center of the 

beam will remain close to vertical while at the edges 

will become diagonal, making acute angles with the 

horizontal. 

 

 

Figure 1. Different Patterns of Movement and Cracking 
Caused by Subsidence and heave 
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Figure 2. a) & (b): Flexural Crack Pattern on Hogging (a) and 
Sagging (b) in a Simply Supported Beam 

 

¶ Hogging of a beam, on the other hand, results into 

development of maximum tensile stresses on its top-

most fibers. This would mean that such cracks will 

have maximum width at the top which will reduce 

while going down. The cracks close to center of the 

beam will remain close to vertical while at the edges 

will become diagonal, making obtuse angles with 

the horizontal. 

 

The direction and shape of such cracks are shown in 

Figure-2 (a) and (b). This cracking pattern grossly 

prevails in the actual structures too, which may 

undergo sagging or hogging, because of ground 

movements. In case of higher order settlement, the 

diagonal cracks are associated with a series of 

horizontal cracks. Besides, vis-à-vis a simply 

supported beam, structures would have abutting / 

connecting wall, slab and beam elements, which 

modify the distribution and appearance of cracks 

understood on the basis of simple beam analogy, 

mainly due to their restraining effects. In addition, the 

variation in the subsurface characteristics further 

affect the distribution and size of cracks. Therefore, 

understanding and interpreting the cracking pattern in 

a structure due to foundation / ground movements 

becomes a complex problem requiring thorough 

studies of the structural details and ground variations 

as well (Figure-1). 

III.  SETTLEMENT  OF FOUNDATIONS  

The settlement of foundations resulting into cracking 

of structures is a very common scenario in civil 

engineering. The settlement or vertical movement may 

be slow or quick, based on various factors. Excessive 

settlement may damage the structure too, particularly 

if it is differential. The following settlement types are 

expected: 

¶ Elastic settlement 

¶ Consolidation settlement 

¶ Settlement upon collapse of soil structure 

¶ Settlement due to erosion / material migration 

¶ Settlement due to cavity collapse 

Settlement or vertical movement of structures by any 

of the above mechanisms may cause development of 

cracks particularly if the rate of settlement is high, total 

magnitude of such settlements are excessive, 

excessive ground variations are there, foundation 

system is not rigid enough etc. However, excessive 

differential settlement may result into damage of the 

whole or a part of the structure. 

The elastic or immediate settlement of foundations is 

generally small, though instantaneous, and is not likely 

to result into development of cracks in the structure. 

Consolidation settlement is a long-term phenomenon 

and when its magnitude is high, like in fully saturated 

soft clays, it may result into large amount of 

differential settlement and hence cracking and / or 

tilting of the structure will be there (Figure-3). The 

size, pattern and distribution of cracks is however 

dependent on the overall sag or hog pattern of 

deflection of structure or its parts and the abutting 

structural elements. In case of higher order settlement, 

the diagonal cracks are associated with a series of 

horizontal cracks (Figure-4).  
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Figure 3. Wall movement of an existing structure at Pakpattan 

Figure 4.Series of Horizontal Cracks Due to Excessive Settlement 

Figure 5. Runway cracks at PAF Base at Bholari 

(a) 

(b) 

Figure 6. Settlement cracks in customs buildings at new 
Islamabad Airport 

A government hospital building located in Said Mitha 

Bazar in the walled city of Lahore, is sited on thick wet 

weak cohesive fill. Following its construction in 1997, 

it was observed to have excessive cracking of various 

types in the year 2000 due to unequal settlement of mat 

foundation of unusual geometric shape, based on the 

clear land area available for construction. The mat 

rested on weak thick fill in wet condition. Further, 

cracked abandoned latrines on weak fill were found at 

Baba Fareed Shrine, Pakpattan (Figure-13) 

Customs Building was constructed at New Islamabad 

International Airport in 2018. Hairline cracks 

appeared in the structure immediately afterwards. 

These cracks widened progressively in the coming 

months and were attributed to the differential 

settlement of the underlying improperly compacted fill 

material. This problem was accentuated after wetting 

of the fill with rain water and some diagonal cracks 

became as wide as 40 mm (Figure-6). 
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Settlement upon collapse or breakdown of the 

structure / skeleton of a soil mass takes place 

essentially upon wetting, as the temporary bond 

between the particles at their contact gives way. It is 

extremely detrimental for structures as it happens 

suddenly and can be fairly excessive based on the 

open-ness in the soil structure and the pressure at the 

instant of wetting. In general, silts and sands having 

dry density below 1.4 g/cm3, are particularly 

considered vulnerable to collapse. The clinker kilns of 

Lucky Cement Plant located at the foothills of 

Sulaiman Range in the piedmonts had settled more 

than a meter more than twenty five years ago, 

following rainfall in the hills, due to collapse of the 

soil structure. The excessive foundation movement 

consisted of vertical settlement and tilting. However, 

light substation structures at Sahiwal and Galadari 

Cement Project at Hub were safeguarded against the 

possible collapse of ground upon wetting by ground 

improvement, pre-wetting and adopting appropriate 

foundation types. Settlement due to erosion of soil by 

piping / underground material migration or  

Undercutting along a flow channel may follow crack 

development in the structure. Sagging / hogging may 

take place in the structure due to material movement 

from the ground while the structure on the undercut 

river bank may be subjected to lateral push or 

rotational failure of the slope, as well. 

Presence of cavities, small or big, in the ground at 

certain depth is a geologic phenomenon. Any 

settlement on account of cavity subsidence is sudden 

and is likely to have catastrophic results ranging from 

settling excessively, tilting, and cracking or complete 

destruction of the structure. 

IV.  MOVEMENT DUE TO UPHE AVAL  

The upward movement of parts of a structure takes 

place on account of differential upheaval, which is 

mainly due to the presence of expansive soils. 

Expansive or swelling soils will undergo increase in 

volume upon wetting by any means, owing to the 

presence of swelling minerals (like montmorillonite) 

in soil. The lighter the structure, the more severe will 

be the uplifting tendency which also increases with the 

increase in the swell potential of the soil (Figure-7). 

The cohesive soils having less than 15% natural 

moisture content, having swelling exceeding 1% and 

swell pressure more than 1.5 kg/cm2 are particularly 

considered vulnerable for the upheaval of 1-2 storey 

structures. 

Figure 7. Upheaval in Shrinking Soil / Expansive Soil 

 

In hogging, the pattern of cracks may be a well-defined 

hog in a part of the structure. The expected cracking 

thus starts from the upper part of the structure, with 

cracks maximum open there and gradually closing at 

the lower levels. However, this pattern is often 

modified based on the presence of the abutting 

structural elements and becomes fairly haphazard at 

times. Upheaval and cracking of the floors and 

window / door jamming is a common feature in such 

structures. Depending upon the swelling potential of 

the underlying soils and the structure loading, the 

crack width may range from hairline to a few 

centimeters. The cracks essentially appear diagonal at 

the edges. 

At Gomal University, D.I. Khan (Figure-8), under-

construction, Shah Abdul Latif Bhittai University 

(New Site) and Uch Power Plant, Dera Bugti were 

found to have undergone severe cracking due to 

differential upheaval in the swelling ground. The 

swelling pressures at the three sites were measured as 

1.5, 10.0 and 2.0 kg/cm2, respectively. 
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Figure 8. Widespread Shrinkage Cracks over the north-
eastern part of Tribal Hostel Site, Gomal 

University D.I.Khan 

 

Mitigation planned at Gomal University consisted of 

partial replacement of swelling soil with non-swelling 

soil and transfer of wall load through pad foundations, 

so as to increase the intensity of imposed pressure. 

Special care was also taken to keep the area free of 

wetting in future.  

 

Figure 9. Repaired cracks at PAF base at Bholari 

The under-construction campus of Shah Abdul Lateef 

University was without roof of the first floor yet and it 

was so badly cracked by high swell pressure of ground, 

following torrential rains that it was abandoned. New 

structures at Uch Power Plant consisted of frame 

structure so that the whole structure responded 

synergistically against upheaval. Besides, pre-wetting 

of soil in foundation excavations was also carried out. 

Initial construction phase at PAF Base at Bholari was 

completed in 2017 whereas haphazard cracks (Figure-

9 & 5) started appearing in various buildings as well 

as later in runway in 2018. Initial scrutiny revealed low 

swelling potential of the onsite soils.                      

 

V. LATERAL MOVEM ENT IN 

HORIZONTAL FASHION  

Lateral movement of foundations under horizontal or 

inclined loads may or may not induce cracks in the 

structures. Such movements can happen only when the 

passive resistance of ground above the foundation base 

is less than the imposed lateral / loads. 

The induction of cracking and its very pattern will not 

only depend upon the load magnitude but also on the 

ground condition, depth of foundation embedment and 

duration of the load. Such cracking is complex and 

often gets modified, based on the structural 

configuration, thus making it difficult to be 

understood. 

 

VI.  SLIDING ON  / IN SLOPE 

Instability of a slope induces movement in it at slow 

creep or fast rate, depending on a number of factors. 

Any structure present on / in it may be subjected to one 

of the three main conditions: 

¶ Total collapse due to rotation and overturning at a 

fast rate 

¶ Cracking to a variable degree 

¶ Almost no cracking due to vertical uniform sinking 

only 

Total collapse of many structures on slopes was 

significantly noted due to large slope movements, 

during the October 8, 2005 earthquake that hit 

northern Pakistan.  

On the other hand, cracking of structures due to creep 

of slopes is a common observation in the structures 

founded on / in slopes in the mountainous terrain. Such 

cracks widen with time, depending on the rate of slope 

movement. The large order movements cause bigger 

cracks. The shape, width and distribution of such 

cracks is complex and depends on many factors; the 

most dominant of which is the structural 

configuration. 

There have been situations when the structure sinks / 

moves down almost uniformly with the sliding event. 
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There is insignificant cracking of the structure in such 

a case although the serviceability is seriously 

impaired. One such movement was noted in the Upper 

Dewal area in Murree back in 2016 when a whole lot 

of structures moved down the valley slope on one side 

of the road, without any significant signs of cracking; 

About half the road width was eaten up in this mishap. 

VII.  EFFECT OF STATIC AND  

TRANSIENT LOADS  

The static loads are the ones which remain in place for 

long duration as the load due to dead weight of the 

structure, repetitive loads of machinery vibrations, 

traffic as well as continuous wave action etc. In 

contrast, the transient loads are short-term loads as due 

to wind, earthquake, tidal action, bomb blast etc. 

The static loads cause generally slow settlement, but 

the actual rate of settlement would depend on soil type 

too. Cohesive soils especially with high moisture 

content tend to settle slowly whereas the non-cohesive 

ones have a much faster rate of settlement, although 

the magnitude of total settlement under a given load is 

of low order compared to that in the cohesive soils. 

It is generally the differential settlement of 

foundations which causes cracking of structures. Such 

cracks under loads are generally governed by the 

principle of flexural tensile stresses due to sag at the 

middle or hog at the edge of a structure and duly 

modified by the presence of structural elements in a 

structure. When in the middle, the diagonal cracks are 

wider at the bottom of the structure while when at the 

edge, the diagonal cracks are wider at the top. 

VIII.  EFFECT OF SOIL TYPE  

The soil type, whether slow draining or rapid draining, 

vis-à-vis the rate of applied load, determines the rate 

of development and severity of cracks. Medium to stiff 

plastic clays take long time to complete their 

consolidation settlement and many structures will go 

on readjusting the consequent revised stress 

distribution, without the development of any 

significant cracking. Soft clays however settle 

excessively and are likely to induce cracking. 

Medium-dense to dense sands will settle less than 

clays under a given load, though at a fast rate but most 

of the structures will not develop any cracks on such 

soils. Loose sands, on the other hand, will settle more 

at high rate and are likely to induce cracks in the 

structure. 

More critical is the condition where a part of the 

structure rests on strong ground and the remaining part 

is supported by weak ground or non-engineered fill. 

This difference in the groundôs compressibility 

potential induces differential settlement, governed by 

sagging or hogging patterns. The crack patterns 

happen accordingly in the structure. Good foundation 

practice is to prevent differential supporting 

conditions under the structure. 

IX.  MONITORING OF CRACKS  

Once some cracks are noted in a structure or its part 

due to any reason, the first thing that needs to be 

established is whether they have become static or are 

active and widening over a desired period of 

observation. In the meantime, the causative factors are 

investigated to find the real causes. The mitigation is 

to be aimed at arresting the causes, which have 

resulted into movements and implementation repair 

rehabilitation plan, once further movements and crack 

widening become stable. 

Table 2. Mitigation Requirements as per degree of damage 
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Monitoring with tell-tales (thin glass strips put with 

epoxy across the crack) to find movement pattern with 

time is a common and cheap method of crack 

monitoring. The crack width at the points of 

monitoring is carefully measured with a linear scale or 

a crack meter at different intervals of time. Joint 

meters may also be employed to record the 3-D 

movements of structures. 

When it is desirable to monitor settlement of the 

ground for the important structure to be constructed 

anew, rod type / magnetic probe extensometers, 

settlement markers etc. are installed in the ground or 

in structure being built. 

X. GENERAL MITIGATION P OLICY TO 

AVOID CRACKS / REHABILITAT E 

CRACKED STRUCTURE  

There are a host of measures that can be considered to 

minimize foundation and ground movements, from 

case to case basis. The main measures for the specific 

situations are described below. The crack mitigation 

measures at the designing and planning stages are 

materially different from those to be adopted to control 

cracking in an existing structure. Appropriate actions 

for various level of damages are shown in Table-2. 

Improper assessment of ground behavior at the design 

stage is one of the key factors for the development of 

cracks. This underlines the requirement of adequate 

geotechnical investigations with appropriate methods 

and equipment. The use of appropriate foundations 

system and / or ground improvement as well as care 

during construction (particularly water ingress) will 

pre-empt the development of cracks in the works to be 

designed and constructed. Besides, water being enemy 

number one of foundation soils, has to be adequately 

taken care of during construction as well as 

performance, to rule out post-construction wetting and 

development of cracks on account of that. In addition, 

other root-causes have to be determined from case to 

case basis and arrested. 

After it is ensured that crack movement has stopped, 

various options are available to repair or to strengthen 

the foundations and inhibit further cracking by 

underpinning / additional supporting of the structure. 

Repair of cracks can be carried out by a number of 

standard methods. Use of modern chemicals and 

flexible crack fillers are commonly used in the good 

quality repair and rehabilitative works (Figure-10 to 

Figure-12 & Figure-14 to 16). 

 

 

Figure 10. Steel Reinforcement in Masonry Wall 

 

 

Figure 11. Galvanized Steel Straps Anchored to Masonry 
Wall 

 

 

Figure 12. Mini  Piles for Underpinning 
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Figure 13.  Cracks Abandoned Latrines located at 
bottom of the mound, Baba Fareed Shrine 

 

 

Figure 14. Beam and Pile Underpinning  

 

Figure 15. Underpinning with Beams and Piers 

 

Figure 16. Mass Concrete Underpinning 

XI.  CONCLUSIONS & 

RECOMMENDATIONS  

The movement of structural foundation / ground may 

have variable undesirable effect on a structure, ranging 

from settlement, cracking, tilting to complete damage. 

The study of cracking pattern in structures in 

conjunction with the geotechnical characteristics and 

structural configuration can lead to delineating the 

pattern of movements and the causes at the back. 

Mitigation of cracks in the existing works should be 

arrived at only after determination of the causes.  

While designing new works, detailed geotechnical 

studies should be conducted to pre-empt crack 

development in any eventuality arising out of ground, 

structural or environmental considerations. 

Monitoring of cracks is always useful before planning 

mitigation which should be implemented only after 

ensuring that the cracks have become dormant. 

The size, pattern and orientation of cracks in structures 

is often modified due to the restraining effects of 

connecting walls, beams and slabs. A keen study can 

however, reveal the true nature of movement and the 

causative factors, to devise suitable measures.  

Water ingress being enemy number one in bringing 

distress to the structures, has the potential to check the 

foundation movements and hence crack development. 
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Abstractðthis work was designed to develop a geo-

polymer based brick, which is obviously an 

environment friendly as compared to conventional 

fired clay or cemented brick. The ground granulated 

blast furnace slag (GGBS) was used as precursor for 

the development of geopolymer either by two-part or 

by one-part methodology. Combination of sodium 

silicate (Na2SiO3) and sodium hydroxide (NaOH) 

solutions were used as alkaline activators for two-

part geopolymer, whereas sodium Meta silicate was 

used as activator for making one-part geopolymer. 

Total 19 mix design were investigated, and the 

specimen was prepared by varying (i) molarity of 

NaOH solution, (ii) alkaline to precursor ratio, (iii) 

curing condition (iv) sodium meta silicate content 

and (v) molding pressure. It was observed that 

GGBS is activated at lower molarity (6M) and give 

highest compressive strength (30.2 MPa), whereas at 

higher molarity and lower alkaline to precursor 

ratio the strength was reduced. At high curing 

temperature the strength was also increased. 10% 

sodium Meta silicate was also optimized for 

developing one-part geopolymer as the strength 

obtained for the paste was 31.2 MPa. By making 

mortar the strength was reduced, but by applying 

molding pressure adequate strength (27.6 MPa) was 

achieved.   

KeywordsðOne part and Two Part Geopolymer, 

Molari ty, Alkaline to Precursor ratio, Curing 

condition, Molding Pressure, Strength   

 I.  INTRODUCTION   

   The population of the world is increasing 
exponentially, so is the need of housing infrastructure. 
Brick is the basic unit used in this sector. The 
developing countries lacks the ability to meet the 
shortage of housing infrastructure due to rapid increase 
in population, so the need of bricks is going to increase 
throughout the world. Burnt clay bricks are being 

manufactured from clay as raw material. The massive 
production of bricks is depleting the natural resources 
which causes serious concerns and have adverse effects 
on the environment. The depletion of clay is affecting 
the agriculture sector. The production process of clay 
bricks is energy intensive process because clay bricks 

are calcined at 900 ̨ 1200oC temperature in the kiln.   

Ground granulated blast furnace slag (GGBS) is a 
byproduct produced from the conversion of iron to steel, 
which causes huge environmental pollution. The 
composition of GGBS varies greatly depending on the 
raw material used and process followed, but in general 
the percentage of different oxides lies within the range 
CaO 4560%, SiO2 10-15%, Al2O3 1-5%, Fe2O3 3-9%, 
FeO 7-20%, and MgO 3-13% by mass. The increasing 
amount of waste material from steel, iron and other 
various industries is playing a vital role in solid waste 
management problems across the globe. The waste 
material is occupying agricultural land for dumping 
purposes causing wastage of land and has adverse effect 
on the environment.  
Consequently, the alternative of burnt clay bricks is one 
of the options to control the CO2 emissions related to the 
manufacturing of burnt clay bricks in kilns and to reduce 
the faster depletion of clay level which is natural raw 
material. In this regard, researchers have developed and 
investigated geopolymer technology which is 
considered as potential alternative to the ordinary 
Portland cement (OPC). Geopolymer (GP) are 
sustainable material, manufactured by the chemical 
reaction between aluminosilicate rich materials 
(precursor) and aqueous alkali solution which are 
corrosive in nature. Furthermore, GP technology has 
paved the way for waste management of industrial by-
products which are otherwise hazardous in nature and 
has adverse effects on the environment as well as on 
human health.  
Cement based fly ash (CFA) bricks are being produced 
on industrial scale but cost effectiveness is an issue. 
Many researchers have developed the Fly ash (FA) 
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based GP bricks which are proven as a sustainable 
alternative to the clay bricks. These bricks are not only 
environment friendly but are meeting the construction 
requirements as specified by codes. But on industrial 
scale geopolymer based GGBS bricks are not being 
developed so far.   
Geopolymer are recognized as potential alternative to 
OPC. Adoption of geopolymer bricks on industrial scale 
will mitigate the adverse impacts of GGBS on the 
environment. The main characteristic of GP is their 
ability to provide an important reduction in CO2 
emissions and less energy requirements for production 
compared with OPC products. This waste material 
occupies vast agricultural land for dumping purpose. By 
the utilization of this waste material for the 
manufacturing of bricks, wastage of agricultural land 
will be saved.  
GP are the alkali activated materials which are 
considered as a potential alternative to ordinary Portland 
cement. In the process of geopolymerization, a reaction 
takes place between the aluminosilicate rich materials 
and alkali activators. Alkali activated materials (AAM) 
are being considered as sustainable green building 
construction materials [1]. There are two ways present 
in the literature for the preparation of GP. In one-part 
GP, only a dry blend is required in addition to water. 
The dry mixture is composed of solid alkali activator 
and solid alumina silicate precursor [2]. While in two-
part GP, a chemical reaction takes place between 
concentrated aqueous solutions of alkali hydroxide, 
carbonate, Sulphate or silicate and solid alumina silicate 
in addition to water 
The content of amorphous silica and alumina present in 
the precursor plays vital role on the compressive 
strength of geopolymer. It is important to estimate the 
reactivity of precursor as it gives the idea about the 
content of amorphous silica and alumina present in the 
precursor. There are various other factors that influence 
the compressive strength of GP. These are alkaline to 
precursor ratio (A/P), sodium silicate to sodium 
hydroxide ratio (SS/SH), molarity of sodium hydroxide 
(SH) and curing temperature  

The usage of highly aqueous alkaline solutions in the 
preparation of two-part GP is major hurdle in the 
adoption of GP on commercial scale. The most common 
alkaline solution is SH solution which is highly 
corrosive and hazardous in nature In this context, one-
part GP are gaining attention in the construction 
industry as the preparation of one-part GP involves the 
alkali activators in dry form. One-part GP are prepared 
by dry mixing of alumino-silicate rich materials and 
solid alkali activators, with or without calcination step. 
The easier and safer cast in situ applications of one-part 
GP makes it superior to two-part GP.   
 

II.  EXPERMIMENTAL METHODOLOGY  

A. Materials 

   The precursor used in this research work was GGBS 
in accordance with ASTM C-989. The sieving of GGBS 
was done and GGBS passed through sieve no. 50 was 
used for the preparation of one-part GP. While, the 
GGBS and sand passed through sieve no. 40 were used 

for the preparation of two-part GP. The GGBS was 
purchased from Nukshi Star Slag, Mirpur, and AJK. The 
percentage of main oxides in the precursor was 
determined through X-ray fluorescence (XRF) is listed 
in Table 1. The solid alkali activator used in this study 
was sodium-meta-silicate (SMS). The purity of SMS 
was 96% and amount of Na2O was 28.7 %. The SMS 
was taken from local chemical market in Lahore-
Pakistan. The alkaline activators in this research works 
were sodium silicate solution and sodium hydroxide 
solution. Combination of sodium silicate (SS) solution 
and sodium hydroxide (SH) solution was used with 
SS/SH=2.5. The purity of SH pellets was 99 % and was 
purchased from local chemical market in Lahore. The 
sieve analysis of fine aggregate used in this study was 
done in accordance with ASTM C-136. The source of 
fine aggregate was Ravi River. The distilled water used 
for the preparation of SH solution, and it was prepared 
in laboratory.  

 

TABLE I. Oxides Composition Of Ggbs  

Chemical 

(%)  

Oxides  GGBS  

(%)  

SiO2   37.42  

Al2O3   13.25  

CaO   40.85  

Fe2O3   1.29  

MgO   1.63  

K2O   0.01  

Na2O   0.42  

SO3   0.64  

LOI   2.30  

  

B. Specimen Preparation  

In this research study, two different systems were 
developed and investigated i.e., one-part GP based brick 
and two-part GP based brick. The varying parameters in 
the development of two-part GP were alkaline to 
precursor ratio, molarity of SH solution, and curing 
condition (ambient curing, hot curing at 70 ). The SH 
solutions of different molarities (4M, 6M, 8M, 10M, 
12M) were prepared and mixed with SS solution in 
SS/SH=2.5. The cylindrical specimens were casted by 
pressing the mortar at a pressure of 20 MPa. The 
pressure of 20 MPa was applied through Universal 
testing Machine (UTM) for the casting of cylindrical 
specimens. The casting was done in three series, 1st 
series consists of GP mortar having GGBS as a 
precursor (two-part GP), 2nd series consists of GP paste 
with GGBS used as a precursor for the development of 
one-part GP, and the third series consists of one-part GP 
based mortar with precursor to sand ratio as 1:1 and mix 
design for the series are reported in Table 2 to Table 4. 
In the preparation of one-part GP, the precursor (GGBS)  
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and alkali activator (SMS) was dry mixed for three 
minutes with the help of mixer and then 22.5% and 30% 
water were added in paste and mortar respectively and 
was mixed again for two minutes. The specimens 
prepared are shown in Fig.  1. (a, b)  

  

Figure 1. (a, b) Cubical and Cylindrical Specimens 

TABLE II.  Mix  Design For 1st Series  

 

TABLE III.  Mix  Design For 2nd Series  

 

TABLE IV.  Mix  Design For 3rd Series  

  

 III.  RESULTS AND DISCUSSION  

Influence of Molarity on Compressive Strength of Two-
part Geopolymer  

At alkaline to precursor ratio of 0.35, the compressive 
strength of GP mortar was investigated by varying the 
molarity of SH solution from 4M to 12M. The 
maximum compressive strength was attained at 6M 

concentration of SH solution as shown in Fig.  11. For 

8M, 10M and 12M, the strength was decreased. The 
decrease in compressive strength is attributed to faster 
rate of reaction at high molar solution of SH with high 

calcium precursor. As GGBS is more reactive precursor 
as compared to FA and other aluminosilicate rich 
materials, it requires less alkaline environment for its 
activation.  

At A/P=0.35, low molar solutions have given strength 
much greater than our required strength, which is 10 
MPa, as according to ASTM standard for compressive 
strength of brick 1st class brick should have strength not 
less than 10 MPa. So, in order to reduce the cost for the 
manufacturing of brick the A/P was reduced from 0.35 
to 0.25 and influence of molarity on the compressive 
strength was investigated. The mechanical performance 
of GP at A/P = 0.25 by varying the molarity is shown in 
Fig.  2. The alkali activator dosage was reduced to 40 % 
and at all the molarities except for 12M, the compressive 
strength attained was more than the required.  

In the process of geopolymerization, alkali to precursor 
ratio plays a vital role. The preparation of GP mortar 
was done at two different alkalis to precursor ratios i.e., 
0.25 and 0.35. By decreasing the alkaline to precursor 
ratio as shown in Fig 3, the strength of geopolymer 
mortar decreases for the 4M, 6M and 8M molar 
solutions while for 10M and 12M solution the strength 
is increased.  The considerable decrease in compressive 
strength was observed for 4M and 6M SH solutions by 
decreasing the alkaline/precursor ratio from 0.35 to 
0.25. For 4M solution, approximately 46% decrease in 
the compressive strength was observed with the 28% 
decrease in A/P ratio and for the 6M solution, 
approximately 40% decrease in compressive strength 
was observed with the 40% decrease in A/P ratio. After 
further increase in molarity, there was a slight decrease 
in compressive strength by decreasing the A/P ratio. The 
trend was reversed at 10M where increment in strength 
was observed with the decrease in A/P ratio. 

   

Figure 2. Influence on compressive strength at A/P=0.25  

Design  
GGBS  Sand  

SS/SH  A/P  
SH  

%  %  Molarity  

1 

50 50 2.5 

0.25 

4 

2 6 

3 8 

4 10 

5 12 

6 

0.35 

4 

7 6 

8 8 

9 10 

10 Figure 12.  

Designs  Sample  GGBS  SMS  W/one 

part GP  

%  %  %  

11 SS-8 92 8 22.5 

12 SS-9 91 9 22.5 

13 SS-10 90 10 22.5 

Design  Sample  

GGBS  SS  Sand  W/B  Molding  

Pressure  

(MPa)  
%  %  %  %  

14 MSS-8 92 8 50 30 0 

15 MSS-9 91 9 50 30 0 

16 MSS-10 90 10 50 30 0 

17 MSS-8 92 8 50 10 20 

18 MSS-9 91 9 50 10 20 

19 MSS-10 90 10 50 10 20 
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Figure 3. Influence on compressive strength at different 
A/P  

The dosage of alkaline activator affects the Si+ content 
and Na+ content, and the water to binder ratio. These 
factors play critical role in the process of 
geopolymerization. At 10M, with the decrease in A/P 
ratio increase in strength may be attributed to slow rate 
of reaction due to lower SH content results in an 
increase in the setting time.   

In the first series in which solitary precursor (GGBS) 
was used, the target strength was achieved at both 
A/P=0.25 and A/P=0.35. So, A/P=0.25 was optimized 
for further research work due to lesser cost as compared 
to A/P=0.35. There is no influence of molarity on the 
compressive strength of one-part GP paste and mortar 
as one-part geopolymer was developed by using single 

alkali activator i.e., SMS which is in powder form.  

 

Figure 4. Influence of A/P on compressive strength  

 

C. Influence of Alkaline to Precursor Ratio on 

Compressive  

Strength of Two-Part Geopolymer  

The motivation of this research study was to develop 
geopolymer brick having strength not less than 10 MPa 
as per ASTM standard for 1st class brick. So, the A/P 
ratio was decreased from 0.35 to 0.25, in order to reduce 
the cost. By reducing the A/P to 0.25, the strength was 
reduced 40% for 6M solution. For 10M, the reduction in 

strength was negligible when A/P was reduced from 
0.35 to 0.25. At A/P ratio of 0.35, the strength at 10M 
was less than required while, 4M, 6M, 8M, and 12M has 
given the strength more than the required strength. 
While at A/P ratio of 0.25, the strength at 12M was less 
than required while, 4M, 6M, 8M, and 10M has given 
the strength more than the required strength. The Fig.  4, 
shows the influence of alkaline to precursor ratio on the 
compressive strength of GP mortar.  

  

    
Figure 5. Influence of temperature on compressive 
strength at A/P=0.35  

D. Influence of Temperature on Compressive 

Strength of  

Two-Part Geopolymer  

The Fig.  5, shows the influence of curing temperature 
on the compressive strength at particular molarity of SH 
solution having A/P=0.35. Hot curing of specimens has 
increased considerable strength for 4M, 6M, and 8M 
while for 10M and 12M the strength of ambient cured 
specimens was more than hot cured specimens. The 
reason for decrease in strength may be the faster rate of 
reaction due to high alkaline environment as well as hot 
curing which ultimately reduces the setting time. 
Similarly, Fig.  6, shows the influence of temperature on 
the mechanical performance for different molarities at 
A/P ratio 0.25.  At A/P=0.25, for all the molarities same 
trend was observed i.e., an increase in strength was 
observed for hot cured samples. The one-part GP paste 
and mortar were cured only at ambient temperature as 
good strength was achieved at ambient curing.  

E. Influence of Alkaline to Precursor Ratio on  

Compressive Strength of One-Part Geopolymer  

The GP pastes were prepared using different ratios of 
SMS/GGBS. The different A/P ratios used were 8/92, 
9/91, and 10/90 for specimens SS-8, SS-9, and SS-10 

respectively. The Fig.  7, shows the influence of A/P on 

the compressive strength of one-part GP. By increasing 
the A/P, the compressive strength of paste increases. For 
8/92, 9/91 and 10/90 A/P in the one-part GP, there was 
almost linear increase in the compressive strength of 
one-part GP pastes. For each 1% increase in the SMS 
content (in binder), there was almost 35% increase in the 
compressive strength up to 10% SMS (in binder).   
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Figure 6. Influence of temperature at A/P=0.25  

  

 
  

Figure 7.  Influence of A/P on Compressive Strength  

 
  

Figure 8. Influence of A/P on Compressive Strength  

  

The modulus of silica (SiO2/Na2O) plays very important 
role in the strength development of geopolymerization 
process. The commercially available SMS has modulus 
of silica of 0.9-1.0 which is close to the optimum range 
[12]. While the modulus of silica for commercially 

available SS solutions ranges from 2.0  ̨3.2, which is 

not the optimum range [13]. Thatôs why SMS 

outperforms the sodium silicate solution in one-part GP. 
The low SiO2/Na2O indicates the presence of less 
polymerized silica and results in the faster dissolution. 
In SMS based one-part GP denser reaction products are 
formed which took up less volume. The compressive 
strength increases up to a certain limit with the increase 
of SMS content.   

In order to reduce the cost of one-part GP brick, the 
mortars were prepared with one-part GP pastes in ratio 
1:1. The compressive results of one-part GP mortars are 
shown in Fig.  8. By increasing SMS 1% in the one-part 
GP, an increase of 28% in compressive strength was 
observed. A marginal increase in strength (7%) was 
observed when SMS was increased from 9% to 10%. 
But for all the on-part GP mortars, the compressive 
strength was more the required strength. The increase in 
mortar strength by increasing A/P ratio is attributed to 
increase in binder strength which ultimately cemented 
the fine aggregate particles strongly. Both mechanical 
and chemical action plays important role in strength 

gain mechanism.   
F. Influence of Aging on Compressive Strength of 

One Part Geopolymer Mortar  

When 7d compressive strength was compared with 28d 
compressive strength an increase of 11% in strength was 
observed for MSS-8, 6% increase in strength was 
observed for MSS-9, while for MSS-10, an increase of 
35% in compressive strength was observed as shown in 
Fig.  9. The 28d compressive strength of mortar was 
investigated as all these specimens were ambient cured 
and unpressurized molding was done. The mechanical 
action (pressurized molding) and thermal action (hot 
curing) was absent, so 28d compressive strength was 
investigated in order to compare it with 7d compressive 
strength of two-part GP mortar.  

G. Influence of Pressure Molding on Compressive 

Strength of One-Part Geopolymer Mortar  

The influence of pressure molding was investigated for 
one-part GP mortar. The 7d compressive strength of 
mortars with pressurized and unpressurized was 
compared. From the Fig.  10, it was observed that almost 
50% increase in strength was observed with pressurized 
molding under pressure 20MPa.  
 

 
  

Figure 9. Influence of aging on compressive strength  
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Figure 10.  Influence of pressure molding on compressive 
strength   

 

Figure 11. Influence of molarity on compressive strength 
at A/P= 0.35 

 IV.  CONCLUSIONS  

Following are the conclusions drawn from this research 
work,  

  

For GGBS based GP, when A/P=0.35, the maximum 
strength of 30.2 MPa was obtained at 6M SH solution. 
At higher A/P ratio GGBS requires less molarity of SH 
solution for its activation. When A/P will be reduced 
GGBS will require high molar SH solution for its 
activation and gives good compressive strength at 
higher molarities.  

For GGBS based GP, at A/P=0.25, for GGBS as solitary 
precursor, the maximum strength of 19.8 MPa was 
achieved at 10M.  

The compressive strength for one-part GP paste and 
their respective mortars increases with the increase in 
SMS content in the GP cement.  

The maximum compressive strength of one-part GP 
paste was 31.2 MPa having 10% SMS content.  

For one-part GP mortar with pressurized molding (20 
MPa), the maximum compressive strength attained was 
27.58 MPa with GP cement consisting of 10% SMS and 
90 % GGBS.   

Comparison of all the specimens meeting minimum 
strength criteria of 10MPa was made.  

For one-part GP brick, the minimum compressive 
strength was 14 MPa and maximum compressive 
strength was 31.2 MPa.  

For two-part GP brick, the minimum compressive 
strength was 6 MPa and maximum compressive strength 
was 30.2 MPa.  
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Abstractð Determining the separate constituents' 

roles in construction composites like mortars and 

concretes has been challenging due to variations in 

materials chemistry and environmental conditions. In 

this study, an effort has been made to analyze 

constructional composites at many scales, starting 

with a composite made of only one material and 

progressing to a composite built of multiple materials. 

Here, cement-based and geopolymer composites are 

created, and cement is replaced by sustainable 

cementing ingredients like metakaolin and waste 

ashes (bagasse ash and fly ash). According to recent 

innovations for sustainable development goals, this 

was done to reduce CO2 footprints and utilize the 

waste material. Here, we describe the different 

materials in terms of their mechanical and physical 

characteristics and create composites at a multiscale 

level. It has been observed that supplementary 

cementitious materials such as metakaolin, fly ash, 

and bagasse ash can be very important in the 

development of strength. The findings at the mono- 

and multi-level levels show a few intriguing, optimal 

combinations, demonstrating the advantages of 

naturally calcined clays and ashes for use in building 

materials and goods. Energy-intensive techniques are 

used to create cylindrical specimens, and this time the 

best mixtures are discovered and scaled up to create a 

brick or build ing unit at an industrial level. Results at 

various scales aided in the optimization of the 

composite mix design. 

Keywordsð Multiscale, Geopolymer Composites, 

Supplementary Cementitious Materials, Brick 

Development 

I.  INTRODUCTION  

Due to the exponential population growth, cement is now 

one of the most consumed man-made materials and is 

widely used in a variety of construction operations 

worldwide. Due to the rising demand for cement, scarce 

natural resources are being used up faster than they can 

be replenished, which causes their exhaustion. If 

appropriate cement substitutes are not looked into as 

quickly as feasible, the scarcity of raw resources may 

worsen to dangerous proportions, resulting in conflicts 

and price increases. By producing geopolymer-based 

composites or by adding cementitious materials as a 

partial replacement for cement, cement can be completely 

or partially replaced. While different types of locally 

available materials are abundant and can be used as 

SCMs. Many researchers used these supplementary 

cementitious materials and study them briefly. These 

additional cementitious ingredients included metakaolin, 

fly ash, bagasse ash, and rice husk ash, among others. The 

sugar industry produces sugarcane bagasse ash, which is 

an agricultural waste material. This waste product is often 

disposed of by combining it with water and depositing it 

on nearby land. This practice not only wastes potentially 

useful space but also contributes to environmental 

degradation (Bahurudeen et al., 2015). V. Amin et al. 

(2020) found that when compared to other Engineered 

Cementitious Composite mixes and the control, the 

Engineered Cementitious Composite mix with 10% 

ground bagasse ash exhibited a better compressive 

strength. They demonstrated that cementitious 

composites can be made from sugarcane bagasse ash and 

that 10% ground bagasse ash can be substituted for 

cement to create sustainable Engineered Cementitious 

Composites with improved compressive, tensile, and 

flexural strengths, improved deflection resistance, and 

improved ductility (Amin et al., 2020). Jittin et. al. (2020), 

In the study, a comparison was made between the 

physical, chemical, and morphological properties of 

bagasse ash and rice husk ash. It was observed that the 

concrete's strength was increased by blending bagasse ash 

and rice husk ash up to a cement replacement level of 20% 

and 15%, respectively, in comparison to the control 
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concrete (Jittin et al., 2021). Bagasse ash plays a 

significant part in the polymerization process used to 

make a variety of bricks and other goods for the 

construction sector. In comparison to standard Portland 

cement (OPC), these materials emit less carbon dioxide 

(CO2) during processing: one tonne of geopolymer binder 

creates 0.19 to 0.24 tonnes of CO2, whereas one tonne of 

OPC releases 0.6 to 0.83 tonnes of CO2 (Zaidi et al., 

2017). Another cementitious substance that uses less 

energy than OPC is metakaolin. One of the highly rich 

aluminosilicate materials, calcined kaolinite clay, 

commonly known as metakaolin, has remarkable 

mechanical and durability qualities among many other 

precursors (Hodhod et al., 2020; Kuenzel et al., 2013; 

Ricerche, 1998). China clay, also known as kaolin clay, 

which is a naturally occurring mineral that can be found 

in most countries, is calcined to form it. Kaolin clay is 

found in significant quantities in the Pakistani districts of 

Shah Dheri (Swat) and Nagar Parkar (Tharparkar), the 

latter of which has deposits of more than 3.636 and 2.5 

million metric tonnes, respectively (Ismail et al., 2015). 

Another industrial waste is fly ash, which is generated 

from the combustion of coal in cogeneration chambers of 

thermal power plants. In an alkaline activator, the silica 

and alumina in it can dissolve, creating a strong 

geopolymer binder (Hadi et al., 2018) and With 0.9% of 

the global total, Pakistan was placed 38th in terms of coal 

usage (Gollakota et al., 2019). 

The investigation of cementitious composites and 

products at various levels using the multiscale technique. 

The micro-scale, mesoscale, and macro-scale of the 

cementitious composites and generated products were 

explored in this study. Cementitious composites have 

been the subject of a great deal of research, but no 

multiscale experiments to enhance composite 

performance have been carried out. The produced 

cementitious composites may be employed as a product 

in the construction sector, and this product could be 

anything from mortar to concrete to bricks or masonry 

blocks. 

II.  MATERIALS AND METHOD S 

A. Materials 

Ordinary Portland cement was collected from the 

industry according to (ASTM C150/C150M, 2019). The 

bagasse ash (BA) used for this research project was taken 

from the Pattoki Sugar Factory in Pattoki, Punjab-

Pakistan. To remove larger unburnt carbon fibers, the 

material was dried and sifted using a number 50 sieve, 

which has a mesh size of 300 microns, as indicated in 

figure 1(a) (Additional specialized processing of 

sugarcane bagasse ash was stopped to promote 

sustainability in the local building industry). Its chemical 

composition is listed in Table 1. Calcined metakaolin was 

also used as shown in Figure 1(b). The fly ash used in the 

study was sourced from Century Paper and Board Mills 

Limited, located in Lahore, Pakistan as shown in figure 

1(c). The fly ash was directly used in the geopolymer 

blends without undergoing any additional processing. The 

fly ash chemical composition is given in Table 1. It was 

classified as Class-F fly ash as per ASTM C618 

(Specification, 2014). 

 

 

 
 

 

(a) 
 

(b) 

(c) 

Figure 1.  The physical appearance of materials (a) Bagasse ash 
(b) Metakaolin (c) Fly ash 

 

 

 
Table 1. Chemical composition of cement, bagasse ash, fly ash, and 

metakaolin 

Oxides 

(%)  

      

OPC  

Fly 

ash 

Bagasse 

Ash  
Metakaolin 

SiO2  21 62.9 64.4 55.3 

Al 2O3  6 14.5 5.72 28.76 

Fe2O3  3 3.4 4.22 0.97 

CaO  60-63  1.8 1.68 4.77 

MgO  1.5 2.5 1.28 0.1 

Na2O  -  - 1.1 - 

K2O  -  - 6.46 - 

MnO  -  - 0.08 - 

TiO2  -  - 0.28 - 

P2O5  -  - 1.33 - 

SO3  2 0.72 0.2 0.16 

LOI  2.0-2.7 4.5 10.36 0.41 

SiO2+ 

Al 2O3+  30 - 
74.3 

- 

Fe2O3    

 

B. Experimental Investigation 

Samples were cast using different proportions of cement 

and other materials at different water-to-binder ratios i.e., 

at 0.42, 0.45, and 0.50. The multi-scale approach was 

used and a hierarchy of samples to be cast was created. 

To measure the compressive strength of the samples, they 

were cast in cylindrical molds with a diameter of 50mm 

and a height of 100mm. The mixture that exhibited the 

highest compressive strength was then scaled up to an 

industrial level for the production of bricks. The cement-

to-mortar ratio was 1:3, here cement was replaced by 

cementitious material which includes metakaolin, and 

bagasse ash. Samples were cast with different proportions 

of cement, metakaolin, and bagasse ash. The samples 

prepared by incorporation of cement were tested at 7 days, 

28 days, and 56 days. Geo-polymer bricks were also 

formed. To find out the optimum mix proportions the 

samples were prepared and tested in the laboratory and 

then they were up scaled to the industrial scale as shown 

in Figure 3. The solution of sodium hydroxide (NaOH) 
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and sodium silicate (Na2SiO3) was prepared 24 hours 

before the specimens were cast. In this project, tap water 

supplied by the University of Engineering and 

Technology in the laboratory was used in all types of 

mixes. 

 

 

(a) (b) 

Figure 2. (a) Preparation of Molds, (b) curing of samples,  

 

  

(a) (b) 

Figure 3. Brick production at an industrial scale 

 

III.  RESULTS AND DISCUSSIONS 

A. Compressive Strength 

Figure 4, there are the compressive strengths of various 

mortars and found that the tertiary mixes had similar 

strengths, with the fly ash mix showing the highest 

strength and the bagasse ash mix showing the lowest. 

However, the addition of metakaolin to the quaternary 

mix significantly increased its strength by acting as a 

binder. 

Based on these results, an industrial-scale brick was 

produced using the quaternary mix along with bagasse ash 

and sand, achieving a compressive strength of 9.3 MPa at 

7 days. In comparison, the geopolymer brick made with a 

mix of 20% metakaolin and 80% ashes (fly ash and 

bagasse ash) achieved the maximum compressive 

strength, reaching a peak value of 35 MPa. 

 

 

Figure 4. The compressive strength of various mortars that partially 

replacing cement with different cementitious materials. 
 
 

B. Density 

The study compared the density of bricks made with 

metakaolin, waste ashes, and conventional clay bricks. 

The bulk density of both types of bricks was compared at 

different curing intervals, and it was observed that the 

geopolymer brick made with 20% metakaolin (MK) and 

80% waste ashes (FA-BA) had a 16% lower density than 

the conventional brick after 7 days. The density of the 

geopolymer brick decreased further at 28 and 56 days, 

reaching 20% and 22%, respectively. This reduction in 

density was attributed to the porous nature and lower unit 

weight of sugarcane bagasse ash.  (Agredo, 2014; 

Jagadesh & Ramachandramurthy, 2015), The mix with 

20% metakaolin and 80% waste ashes, where the waste 

ashes primarily consisted of sugarcane bagasse ash, 

exhibited a significantly lower density compared to 

conventional fire burnt bricks. The geopolymer brick 

made with this mix was 22% lighter than conventional 

bricks at 56 days of curing, resulting in a lighter-weight 

construction product. 

C. Water Absorption 

The study also found that the geopolymer bricks made 

with 20% metakaolin and 80% waste ashes had lower 

water absorption compared to conventional bricks. This 

could be attributed to the geopolymer blend of metakaolin 

and fly ash, which resulted in a lower overall porosity and 

a more compact structure with fewer voids for water to 

remain inside the core. Therefore, the geopolymer bricks 

showed better resistance to water absorption. (Duan et al., 

2015). The geopolymer bricks made with 20% metakaolin 

and 80% waste ashes exhibited a water absorption value 

of 7.8%, which was significantly lower than the water 

absorption value of conventional bricks (18.2%). The 

lower water absorption value indicates good resistance to 

damage by freezing, as water absorption can lead to the 

expansion and contraction of bricks during freezing and 

thawing cycles. Therefore, the geopolymer bricks made 

with metakaolin and waste ashes have the potential to 

withstand damage by freezing and can be a suitable 

alternative to conventional bricks in areas with harsh 

weather conditions. 
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D. Efflorescence 

Efflorescence, which refers to the white salt deposits that 

appear on the surface of bricks, was observed in both 

conventional bricks and geopolymer bricks made with 

metakaolin and waste ashes. However, the extent of 

efflorescence was significantly lower in the geopolymer 

bricks. The conventional bricks showed efflorescence in 

almost 8-9% of the surface area, whereas the geopolymer 

bricks showed almost negligible efflorescence. This 

suggests that the incorporation of sugarcane bagasse ash 

in the geopolymer bricks reduced the efflorescence 

problem. Efflorescence can be observed in Figure 5. 

 

IV.  CONCLUSION 

This research work focused on studying the mono, 

binary, and ternary geopolymer mixes to determine the 

optimal mix for upscaling to the pilot scale at the 

industrial level. The resulting upgraded bricks were then 

subjected to mechanical and durability testing, followed 

by SEM analysis at the micro level. The study showed 

that waste by-products such as sugarcane bagasse ash and 

fly ash could be effectively used in the creation of 

geopolymer blends in conjunction with metakaolin, 

demonstrating the synergistic use of these materials. The 

ternary mix containing 20% metakaolin and 80% waste 

ashes (bagasse ash and fly ash) was identified as the 

optimal mix for industrial upscaling based on its 

maximum utilization of sugarcane bagasse ash and 

optimal compressive strength. The enlarged geopolymer 

brick can be used successfully in severe weather 

conditions after 7 days of ambient curing, and after 56 

days of curing (Specification, n.d.). The brick made by 

replacing cement with bagasse ash and metakaolin 

demonstrated good compressive strength at 7 days, 

exceeding the minimum limit set by the building code of 

Pakistan. The geopolymer brick containing 20% 

metakaolin and 80% waste ashes (bagasse ash and fly ash) 

exhibited 22.4% less density than the conventional brick, 

indicating that incorporating sugarcane bagasse ash 

results in a significantly lighter structure, making it more 

cost-effective. The research work was further extended 

and applied to bricks production using clay-based 

geopolymer bricks [Yasin et. Al. 2021] and geopolymer-

based blends by [Azhar et al.] Where the application of 

multiscale testing was implemented. 
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Abstractð the transportation sector around the globe is 

looking at autonomous electric vehicles as the next big 

thing. This paper provides an alternative concept that 

not only carries the advantages of autonomous electric 

vehicles but also addresses some of its concerns. 

Autonomous personal pods moving on tracks 

underground or elevated aboveground can provide a 

sustainable, safe, efficient, and feasible replacement for  

conventional cars running  on the roads. 

 

KeywordsðActive transportation, Autonomous vehicles, 

Personal pods, Sustainability 

 

I.  INTRODUCTION  

Nowadays a lot of research and testing is done 
in the area of autonomous and connected vehicles. It 
is considered the natural evolution of road transport, 
and a solution to many of the issues faced on roads 
today. These issues include road crashes, traffic 
rules violations, inefficient utilization of road 
capacity, unnecessary delays due to traffic signals 
causing congestion, and associated problems such 
as injury and loss of life resulting in a massive 
increase in healthcare costs, environmental 
pollution, loss of property, and an increase in 
passenger depression and anxiety. According to 
World Health Organization, road accidents result in 
around 1.3 million deaths annually. Leading causes 
are speeding, drunk driving, unfocussed driving, 
faulty vehicles, and risky infrastructure [1]. 
Autonomous and connected vehicles backed by AI-
based traffic management infrastructure would 
allow safe, efficient, and smooth movement of 
traffic on the roads as they will tend to eliminate the 
human factor involved [2-4]. The objective of this 
innovation is to make traveling secure and 
streamlined while providing flexibility and comfort 
to travelers. Essentially, we are adding elements of 
urban rail transit such as safety, comfort, on-time 
arrival, and passenger privileges (no driving 
pressure, no depression due to congestion, and the 
ability to do activities like eating, sleeping, etc.) to 
our vehicles. 

However, instead of adding elements of urban rail 
transit to personal vehicles, another approach can be 
to add elements of travel by personal vehicles such 

as personal space, the flexibility of departure, the 
ability to take the shortest route to the destination, 
and the ability to reach points not accessed by public 
transport to a mobility solution on rails. It is 
essentially redesigning personal vehicles, and how 
we travel within an urban area. Redesigning travel 

Means is not new. This has been achieved before by 
the introduction of now immensely popular electric 
scooters. These kick-scooters, assisted by a small 
electric motor, are part of Personal Mobility Devices 
(PMDs) as well as the micro-mobility group. 
Starting in 2017, e-scooters have disrupted the 
micro-mobility arena so much that they now 
comprise 57% of the shared micro-mobility fleet in 
North America [5]. Likewise, this paper describes a 
reimagined concept of personal transport within 
cities and discusses its advantages as well as 
limitations. 

 

II.  CONCEPT 

Most cities in the world are designed using urban 
blocks as the central design element. This 
predominantly results in a grid pattern of roads. 
Many cities demonstrate a unique traffic circulation 
pattern where except for a few main roads all the 
streets in the grid are one-way only. A typical 
movement pattern is shown in Fig. 1 (a). It can be 
seen from the figure that parallel streets alternate the 
movement directions in both horizontal and vertical 
axes. This allows for better traffic circulation and 
reduced delay time at the intersections since the 
signalization is 2-phase rather than 4- the phase 
typically used for 4-legged intersections. This 
circulation pattern inspires the new concept 
provided in this paper. 

The pods would be similar to the ones used in 
Personal Rapid Transit (PRT) systems functional in 
Heathrow Airport, and Masdar City. However, the 
proposed system is primarily different from the  
conventional PRT concept in that it is aimed at 
replacing personal vehicles as opposed to PRT being 
advertised as a feasible alternative to light rail and 
bus transport.

mailto:ashafique@cimne.upc.edu
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The huge technological breakthroughs in 
autonomous and connected vehicles would allow 
these pods to travel on tracks autonomously and 
without any risk of crashes. Based on the unique 
traffic circulation shown in Fig. 1 (a), the proposed 
system would consist of a grid made up of grade-
separated parallel tracks where perpendicular lines 
will  not intersect due to being at different grades. 
Furthermore, only right turning connections would 
be provided between perpendicular lines, as 
demonstrated in Fig. 1 (b). 

Fig. 2 shows the right-turn connections. The concept 
is that the traffic should move without any 
restrictions. The turning traffic will not restrict the 
through movement, as their tracks would be 
separate. With the absence of any smooth and 
without any delays. The tracks would have switches 
so that pods can automatically change tracks when 
required, such as moving on to the right-turning 
track. Fig. 3 demonstrates the proposed drop-
off/pick-up bays at the stations. Pods would be able 
to enter and exit each bay Separately so that the 
high efficiency of the network is assured. These 
stations would be spaced at every two-block 
distance in the grid. It will not only ensure 
accessibility and reach throughout the city but 
would also result in better passenger distribution 
among the stations. 

 

III.  ADVANTAGES  

The entire network can be made underground or 
aboveground via an elevated infrastructure. 
However, it should not be on the ground since the 
objective is to eliminate cars from the roads. Hence, 
the alternative to cars should also be absent from the 
roads. This will serve a very important purpose i.e. 
the roads would be redesigned to be used for active 
transportation with occasional utilization by 
emergency vehicles. The roads would then become 
corridors of public activities boosting social life and 
public happiness. In such a setting, the response time 
of emergency vehicles would drastically decrease, 
saving life and property. 

The concept can be easily understood by considering 
the following scenario. Consider that all personal 
vehicles on the road are replaced by small smart cars. 
This would undoubtedly increase the capacity of 
existing roads since the capacity calculation 
methodology would change accordingly. It will  also 
result in better equality among passengers. Now 
consider that all these cars have autonomous driving 
capabilities at level 5 (fully  autonomous). This would 
decrease crashes due to human errors and would 
improve the traffic flow. Since roads provide a 
delimited area for these cars to travel and individual 
lanes serve as travel paths, we can replace the road 
with tracks that would allow the flexibility of 
changing tracks (lanes) when such a need is assessed 
by the central control system. Next, bring this 
network underground so that the roads on the ground 
can be used for active transportation with a 
considerable area turned into public spaces. 

For reference, the standard passenger car dimensions 

are 5.79 m (L), 2.13 m (W), and 1.30 m (H) [6], 
whereas the dimensions of Smart EQ For two (one of 
the many smart cars available in the market) are 
2.695 m (L), 1.663 m (W), and 1.555 m (H) [7]. The 
various values attained after calibration of a free 
flow model [8] were used to calculate. 

The response time and gap for various free flow 
speed values [9]. The same response time and gap 
values were used to calculate road capacity using 
Smart EQ for two dimensions. However, autonomous 
pods would have different operational 
characteristics. Since all pods will be centrally 
controlled, response time would be practically 
eliminated. Moreover, the gap can also be safely 
reduced. Therefore, for autonomous pods, the gap 
was reduced by 75%, and response time was 
uniformly reduced to 0.5 s (which was still 
conservative). Using the same dimensions as the 
smart car, capacities were calculated for autonomous 
personal pods as well. Fig. 4 provides a comparison 
of capacities for the three cases discussed. It is 
evident from the figure that autonomous personal 
pods would considerably increase the capacity of the 
same corridor. 

 

 

Figure 1. (a) One-way traffic circulation in several cities, (b) 

Proposed circulation 

 

 
Figure 2. Grade-separated intersections with right-turning 

movement

Figure 3. Pick up/ drop off bay 
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As we are moving towards electric vehicles in 
addition to making them autonomous, a major 
obstacle faced is the charging of vehicles. The 
autonomous personal pods, however, will  not have 
this issue since they would be continuously in contact 
with the electric grid supporting the system. 
Moreover, the entire network would depend on 
electricity that can be generated by renewable 
sources. 

            
 

Figure 4. Capacity comparison of the standard car, smart cars, and 

autonomous pod 
 

On the ground level, there would be no cars meaning 
no emissions, noise, or crashes. The air quality 
would improve leading to much-improved life 
expectancy. Daily commutes would become stress-
free. All this will result in considerable savings in the 
healthcare sector. 

There will be no need for car ownership as well as car 
maintenance. All this expenditure saved could be 
redirected to achieving other life goals. Since the 
same transport mode would be available to all the 
residents, it would improve equality and harmony 
within the society. For fast traveling within cities, 
researchers are already working on solutions such as 
the Hyperloop. So connecting the intercity travel 
options with the proposed intracity travel concept 
would make cars completely redundant. 

 

IV.  LIMITATIONS  

The first and foremost hurdle is the huge investment 
required to construct, maintain, and manage this 
system. Associated with it is the research cost to make 
this system a reality. The algorithms to control the 
movement of pods within the network must be 
developed and refined to a foolproof level. This is a 
huge technological feat to be accomplished. 
Furthermore, the concept of equality in transportation 
might not be liked by a certain class within the society. 
Tough resistance to such a system will be expected. 

This concept is more suited to densely populated 
areas with land use designed in a grid pattern. For 
other areas, this concept with the discussed circulation 
pattern might not work. 

V. CONCLUSION 

This paper presents a better alternative to the 
conventional personal vehicles that we are so used to. 
The autonomous personal pods would eliminate all the 
negative characteristics associated with driving a car 
within the city. Like every concept, it has its pros and 
cons, however, it is a feasible research direction for 
making travel sustainable and accessible. 
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Abstractð The use of green concrete is on the rise 

all over the world.  The Ministry of Climate Change 

and Environment in the United Arab Emirates, 

MoCCAE, has been encouraging the use of recycled 

aggregates from construction and infrastructure 

projects which makes it very important to study the 

strength properties and behavior of recycled 

aggregate concrete (RAC).  While the effect of 

specimen shape and size on the compressive and 

flexural strength of normal concrete is a well-

established phenomenon, their effecaboutto 

recycled aggregate concrete (RAC) is yet to be 

defined.  This paper studies the effect of specimen 

shape and size on the strength properties of RAC by 

conducting compression tests on cubes and 

cylinders, and by performing four-point flexural 

tests on beams.  Locally available recycled coarse 

aggregate, ceramic fine aggregate, and ceramic 

waste powder were used to develop recycled 

aggregate concrete.  150mm cubes, and 150 mm×300 

mm, and 75mm×150mm cylinders were tested in 

compression.  Beams having sizes of 

150mm×150mm×460mm and 75 mm×75 

mm×230mm were tested in flexural. Based on the 

experimental results, a relationship between 

compressive strength and flexural strength of RAC 

was developed.  It was found that there is a 

significant effect of specimen shape and size on the 

strength properties of RAC and the conversion 

factors are different from normal concrete of the 

same strength.  

Keywordsð Green Concrete, Ceramic waste material, 

Size effect, Sustainability, Strength properties 

I.  INTRODUCTION  

In 1824, cement was invented by Joseph Aspdin and 
since then, the use of cement and concrete around the 
world has been tremendously increasing.  This increase 

in production raised concerns about the bad impact of 
concrete on the environment and natural resources such 
as increasing CO2 emissions as cement production is 
responsible for 5-7% of the CO2 global emission, the 
global shortage of construction sand, and the high usage 
of clean water and natural aggregate [1].  Moreover, the 
demolition of concrete structures or the excess concrete 
waste from construction sites produces waste material 
and puts more burden on the environment, therefore, the 
need to use recycled material and reduce the amount of 
cement in concrete mixes to more sustainable and 
environ environment-friendly has arisen globally over 
the past years.  Researchers have investigated the use of 
different types of environment-friendly supplementary 
cementing material to reduce the amount of cement used 
in the mix, for instance, the use of Recycled Aggregate 
(Fig. 1) and ceramic waste material (Fig. 2).  However, 
to use green concrete in the industry, some factors 
related to the concrete properties need to be 
reestablished Strength of Concrete 

ACI Committee 318-22 (ACI318-22) specifies the 
compressive strength of concrete as the characteristic 
compressive strength of a 150×300 mm cylinder sample 
at 28 days [2], while Standards Association of Australia 
Committee BD-042, 2014 (AS 3600:2014) allows the 
use of 100×200 mm cylinders at 28 days [3]. 

A. Flexural Strength of Concrete 

Generally, the four-point or three-point bending test 
is used to determine the flexural strength of concrete.  At 
times, an estimate of the flexural strength is done by 
using the established relationship between the 
compressive strength and the flexural strength. The most 
common form of this relation is:  

          ὪȢ ὥ Ὢ                                   (1) 

where Ὢct.f
ǋ is the flexural tensile strength in MPa, 

Ὢὧǋ is the compressive strength in MPa, and ñaò and ñbò 

are factors and different codes have different values for 

óaô and óbô.  For instance, the AS 3600:2018 [4] 

file:///C:/Users/rabia/Downloads/NTCE%20Conference%20papers%20folder/Edit/yahyasalah@uowdubai.ac.ae
file:///C:/Users/rabia/Downloads/NTCE%20Conference%20papers%20folder/Edit/sanaamir@uowdubai.ac.ae
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suggests that a = 0.6 and b = ½ while ACI 318-22 [2] 

suggests that a = 0.62 and b = ½. However, further 

investigation is needed to check if  this relationship is 

affected by the change in the type of aggregate or 

cement. 
 

Figure 1. Recycled Coarse Aggregate 

Figure 2. Ceramic Waste Powder 

B. Effect of Size and Shape of Sample on 

Concrete Strength Properties 

The strength properties of concrete are not unique 
which means they are affected by the change in some 
factors including the size and the shape of the sample.  
In the AS 3600:2018 for instance, a conversion factor of 
0.8 was given to convert from the compressive strength 
of a cube to the compressive strength of a cylinder [5]. 
However, this is suggested for ordinary concrete 
reinforced and may not be applied to every type of 
cement or aggregate as changing these materials result 
in a change in the way the material behaves.   

It is also a known phenomenon that concrete strength 
properties depend on the size of the sample [6]. When 
testing samples smaller than the standard size, it is 
important to establish how size affects the sample 
strength properties of concrete. Similarly, larger 
structural components have been known to show a size 
effect on strength as strength does not increase linearly 
with the scale [7]. 

C. Recycled Aggregate Concrete  

Different studies were conducted to study the effect 
of the sample size and shape on Recycled Aggregate 
Concrete (Fig. 1).  A cube-to-cylinder conversion factor 
of 0.78ï0.93 for recycled aggregate concrete is reported 
in some literature [8]. No size effect was observed.  In 

another study, [9], the cube-to-cylinder conversion 
factor for recycled aggregate concrete using 200 
cylinders and cubes was found to be 0.7.  Size effect was 
also studied for recycled aggregate concrete for cubes 
[10] and cylinders [11] and both of these studies 
reported a negative side effect (greater strength with 
larger samples).  Nevertheless, none of these studies 
tested the size effect on flexural strength, and none of 
the studies utilized 100% recycled aggregate or ceramic 
waste materials (Fig. 2) in their concrete mixes.  

This paper aims to study the effect of the specimen 
size and shape on the strength properties of recycled 
aggregate concrete (compressive and flexural strength) 
while utilizing 100% recycled coarse aggregate and 
ceramic waste materials.  

II.  EXPERIMENTAL  SETUP 

D. Concrete Mix 

The concrete mix (Table 1) used in this study was 
originally developed [11] to study the utilization of 
recycled coarse aggregate and ceramic waste materials 
and their effect on the strength properties of concrete.  In 
this mix, 100% of the natural coarse aggregate was 
replaced with recycled aggregate, 20% of the natural 
fine aggregate was replaced with ceramic fine 
aggregate, and, 20% of Portland cement was replaced 
with ceramic waste powder. The water/cement ratio was 
0.5. The mix was designed to have a targeted 
characteristic cylindrical compressive strength of 40 
MPa and a mean cylindrical compressive strength of 
49.6 MPa. 

E. Sample Type and Size 

Samples with different shapes and sizes were tested; 
150×150×150 mm cubes, 150×300 mm, d 75×150 mm 
cylinders. Nine samples were cast for each size. Three 
samples of each size were tested for compressive 
strength on the 7th, 14th, and 28th days.  The beams sizes 
were 150×150×460 mm and 75×75×230 mm. Three 
samples were cast for each size and they were tested for 
flexural strength using the four-point bending test on the 
28th day.  Table 2 shows the summary of specimen and 
test specifications. 

TABLE I.    Concrete Mix 

 

  
Quantity 

used 
  

Quantity 

used 

Material  
Kilogram 

(kg) 
Material  Liter (L) 

OPC 50 Water 25 

Ceramic 

waste 

powder 

12 Plasticizer 0.75 

Recycled 

coarse 

aggregate 

124 

Water/Cement = 0.5 

Plasticizer: Poly-

carboxylate ether (PC400) 

Natural 

fine 

aggregate 

120 Curing: By ponding 

Ceramic 

fine 

aggregate 

30   
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TABLE II.    Specimens and age at the test  

Test 
Specimen shape 

and size 

No. of 

specimens 

Age 

Days 

Compressive 
Strength 

150×150×150mm   

Cubes 150×300mm 
Cylinders 

9 

7, 14, 28 
75×150 mm 

Cylinders 
9 

  9 

Flexural 

Strength 

150×150×460 mm 

Beams 
3 

28 

75×75×230 mm 

Beams 
3 

 

TABLE III.    Experimental results 

Sample 

type 

Sample size 
Mean 

strength 
SD CoV 

mm MPa MPa   

Cubesa 150×150×150 61.6 3.82 6.2 

Cylindersa 
150×300 48.3 1.46 3.73 

75×150 39.9 1.48 3.71 

Beamsb 
150×150×460  4 0.75 18.92 

75×75×230  6.4 0.21 3.23 

 

 

Figure 3. Development of compressive strength of standard cubes 

with respect to curing age concerning curing age. 

 

III.  RESULTS AND DISCUSSION 

Table 3 shows the test results for mean compressive 
strength for all three samples of cubes, cylinders, and 
beams at 28 days along with the standard deviation (SD) 
and coefficient of variation (CoV). Fig. 3 shows the 
development of compressive strength for standard 
cubes. 

F. Effect of sample shape on compressive strength 

The effect of the shape on the compressive strength 
is seen in the results as the 150×300 mm cylinder 
exhibited a lower compressive strength than the 
150×150×150 mm cubes.  An average conversion factor 
of approximately 0.78 was found to convert from the 
standard cube size to the standard cylinder size. This is 
similar to provisions of AS 3600 [5], and findings in [8] 
and [9]. Using the cylinder/cube ratio of 0.8 from AS 
3600 to convert to a standard-size cylinder, the 
estimated cylindrical compressive strength is 49.3 MPa 
which is very close to the experimentally found mean 
strength of 48.3 MPa. 

G. Effect of size on compressive strength 

Small-scale cylinders 75×150 mm (which is a half-
scaled size of the standard size 150×300 mm cylinder) 
exhibited a higher strength than standard-size cylinders 
which can be seen in Table 3.  The scale factor to convert 
from full -scale cylinders to small size is 0.5, but the 
strength size factor is higher i.e. 0.83 (average value in 
Fig.4), showing the effect of size on compressive 
strength. The size factor seems to be independent of 
curing age (in days). 

H. Relationship between Compressive 

Strength and Flexural Strength 

The small 75×75×230 mm beams exhibited a 
flexural strength of 6.4 MPa compared to 4 MPa for the 
150×150 460 mm beams. Previously, Batikha et al. 
(2021) report a flexural strength of 4.6 MPa for 
100×100×500 mm recycled aggregate concrete beams. 
A decrease in flexural strength can be observed with an 
increase in the size of the beam. 

 

Figure 4. Compressive strength size factor between full - 

scale and half-scale concrete cylinders. 

The experimental mean compressive cylinder 
strength was found to be 48.3 MPa (Table 3). 
Substituting 48.3 MPa as the compressive strength into 
Eq. (1) from the Australian code (AS 3600) where a = 
0.6 and b = ½ will give an estimated flexural strength of 
4.16 MPa, which is very close to the average flexural 
strength obtained for the 150×150×460 mm beams.  
Using ACI code gives a similar result; 4.3 MPa. This 
validates the results obtained in these experiments. 
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IV.  CONCLUSIONS 

This study investigated the effect of the specimen 
size and shape on the compressive and flexural strength 
of recycled aggregate concrete.  Samples of different 
shapes and sizes were cast:  nine cubes of size 
150×150×150 mm, nine cylinders of size 150×300 mm 
and size 75×150 mm, and three beams of size 
75×75×230 mm and size 150×150×460 mm were 
prepared and water cured.  Three cubes and cylinders of 
each size were tested for compressive strength after 
7,14, and 28 days, in addition to beams which were 
tested for flexural strength after 28 days. The following 
conclusions can be made: 

¶ The average cylinder/cube ratio was found to be 
0.78. 

¶ The effect of the sample size was observed on half 
and full-scale cylinders.  A size factor of 0.83 was 
developed to convert from small to large cylinders.  

¶ The size effect was present in the flexural strength 
of the beams as well, though more experiments are 
needed to conclude a size factor. 

¶ Lastly, the relationship between compressive 
cylinder strength and flexural strength of concrete 
beams from AS 3600 and ACI codes or normal strength 
concrete was found to be reasonably suited for recycled 
aggregate concrete as well. 
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Abstract--- Moisture content is a major component of 

soil that has the utmost importance on the 

consolidation and compaction behavior of the fine 

soil. The shortage of drinking water is a roaring 

alarming threat and in such crucial situations, we 

are required to give an optimistic solution answer.  

The core objective of this paper is to study the effect 

of tap water (TW) and treated wastewater (TWW) 

on the compaction and consolidation characteristics 

of fine soil. The treated wastewater sample was 

collected from the wastewater treatment plant 

located in Bahria Town Rawalpindi. The soil sample 

was obtained from the Lahore Ring Road Project 

(LRRP). Parent testing on treated wastewater 

according to national environmental quality 

standards (NEQS) and on tap water according to the 

world health organization (WHO) was carried out. 

High plastic and low plastic clay samples were 

collected for this experimental study. The evaluation 

of Consolidation and compaction properties such as 

swell index, consolidation index, volume change, 

maximum dry density, and optimum moisture 

content was carried out by using TW and TWW. The 

positive effects of the treated wastewater on these 

engineering properties were observed. The increase 

in maximum dry unit weight for both soil and 

reduction in optimum moisture content of 13% was 

found in the case of high plastic clayey soils. The 

pronounced effect in the case of the swelling index 

and swell pressure was also observed. The reduction 

of the swell index in the case of high plastic clay was 

40% whereas in the case of low plastic clay it was 

32% on the use of TWW. The reduction in swelling 

pressure for both the soils was the same i.e., 15%. 

The finding of this study emphasized the focus on the 

use of treated wastewater by elaborating the health 

effects on the compaction and consolidation 

characteristics of fine soils. 

Keywordsð compaction, consolidation, treated 

wastewater  

I.  INTRODUCTION  

Extensive soils are regarded as a natural hazard because, 

if improperly handled or accommodated by appropriate 

protective construction measures, they may result in 

significant infrastructure damage. The significant net 

negative charges surrounding them are what cause their 

volume shifts. The particles that cause a significant 

number of hydrated cations to be adsorbed also to the 

adsorption of water molecules when seasonal moisture 

variations take place. Such harms could seriously 

disturb a number of structural components in the 

buildings' foundations and pavements' cracking and 

crumbling as a result of settlement or heaving linings of 

canals, railroads, and highway embankments (Chen, 

1988; Grim, 

1968; Marshall, 1977; Mitchell, 1993; Hillel, 1980).  

The three environmental challenges that are currently 

causing the most worry are the depletion of natural 

resources, the global water crisis, and greenhouse gas 

emissions. As a result, sustainable developmentðwhich 

entails satisfying human needs with little harm to the 

environmentðis promoted in every sphere of society. 

One of the greatest global sectors, the construction 

sector is also one of the main drivers of greenhouse gas 

emissions and the depletion of natural resources. 

Around 25% of the annual global harvest of wood, 40% 

of the usage of stone, sand, and gravel, 16% of the use 

of water, and 50% of the emissions of greenhouse gases 

come from the building industry. (Brito, 2012) 

Various soil stabilization techniques are available to 

improve the geotechnical qualities of fine-grained soils 

to address the issues posed by such soils. With the use 

of these techniques, the negative impacts of plastic soils 

on building construction and afterward can be reduced 

or eliminated. These techniques include the use of pile 

foundations, chemical stabilization, soil replacement, 

moisture and compaction control, rewetting, surcharge 

loading, mixing with other soils, and soil replacement 

(Chen, 1988; Koerner, 2005; Nelson & Miller, 1992; 

Steinberg, 1998; Yong & Ouhadi, 2007). To further 

enhance the geotechnical and strength characteristics of 

file:///C:/Users/rabia/Downloads/NTCE%20Conference%20papers%20folder/Edit/NTCECO~1/GEOTEC~1/COMPAR~1/Irfan.khalid@nu.edu.pk
file:///C:/Users/rabia/Downloads/NTCE%20Conference%20papers%20folder/Edit/NTCECO~1/GEOTEC~1/COMPAR~1/habib.rehman@nu.edu.pk
mailto:m.umar@nu.edu.pk
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fine-grained soils, other complex and cutting-edge 

novel 

 

Figure 1. Proctor Compaction Curve for low plastic curve 

 

Techniques are still being investigated (Akbulut, 

Arasan, & Kalkan, 2007; Moavenian & Yasrobi, 2008; 

Puppala & Musenda, 2000). 

The purpose of this project is to conduct a preliminary 

investigation into the viability of using treated 

wastewater as a stabilizing agent to enhance the 

geotechnical characteristics of high and low plastic soils 

used in road and foundation systems. 

To do this, samples of natural and stabilized fine-

grained soil with high and low plasticity were evaluated 

in a lab setting. The Atterbergôs limits, compaction 

characteristics, and odometer values were utilized to 

gauge the possible advantages of using sea water mixed 

with a variety of locally accessible soils to treat 

wastewater. 

 

 
 Research Methodology 

II.  PROPERTIES OF SOIL SAMPL E 

 

The two types of soil utilized in the study were subjected 

to tests, and the findings are provided in Table I along 

with the gradation, Atterbergôs limits, and compaction 

parameters. 

TABLE I. Properties of Soil 

 Soil-1 Soil-2 

Grain Size Distribution 

Clay (%) 62 40 

Silt (%) 26 38 

Sand (%) 12 22 

Atterbergôs Limits 

LL (%) 58 36 

PL (%) 20 15 

PI (%) 36 19 

Compaction 

MDD 13 14 

OMC 32 20 

Gs 2.65 2.64 

Soil 

Classification 

(USCS) 

CH CL 

 

Both the tap water and the treated wastewater underwent 

chemical analysis tests, and the test findings were 

compared with both the NEQS recommendations for 

water reuse and the WHO specifications. According to 

the findings, both forms of water meet the requirements 

and can be utilized in the construction sector, as shown 

in Table II. 

 

TABLE II.  Chemical Analysis of Water 

 

Sr# Test
Treated 

Wastewater

Tap 

Water
NEQS WHO

1 Temp. 27.4 27.4 25 25

2 PH 7.3 8.1 6 to 10 7.5 to 8.5

3 COD 71 0 150 10

4 BOD 42.6 0 80 10

5 TSS (mg/L) 25.3 15 150 150

6 TDS (mg/L) 1105 652 3500 500

7 Chlorides 171 35 250 250

8 Hardness 186 120 500

9 Alkalinities 180 112 500 500

10
Electrical 

Conductivity
1201 0

11 Turbidity 5.86 1.14 NA NA

Standard Values
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III.  RESULTS 

The two soil typesðlow plastic soil and highly plastic 

soilðwere subjected to standard Proctor compaction 

tests utilizing the two water typesðtap water and 

TWW, and the proctor compaction curves produced are 

depicted in Figs. 1 and 2, for low and high plastic soils, 

respectively. The test findings revealed that the ideal 

moisture content for the low plastic soil was somewhat 

higher when tap water was utilized than when TWW. 

Additionally, as shown in Fig. 4, the maximum dry unit 

weight with TWW was marginally higher than with tap 

water. The ideal moisture level for the highly plastic soil 

was lower with TWW water than with tap water. The 

ideal water percentage dropped to just 13.6%. However, 

as shown in Fig. 5, the maximum dry unit weight for the 

TWW was larger than for the tap water. The % 

decreases in moisture content when TWW was used 

instead of tap water and the percentage increases in the 

maximum dry unit weight when TWW was used instead 

of tap water are used to illustrate the variations in the 

results. Figure 3 displays those findings.  

The two water types were used in one-dimensional 

consolidation testing on both soil types. In Figs. 6 and 

7, respectively, the e-log p curves for low and highly 

plastic soil are displayed. The findings demonstrated 

that, for the low plastic soil, TWW has a lower 

compression and swell indices than tap water. 

Additionally, TWW has a maximum past pressure that 

is lower than tap water at 1.62 kg/cm2 as opposed to 2 

kg/cm2. The findings for very plastic soil are 

comparable to those for low plastic soil, demonstrating 

that the consolidation index and swell index are likewise 

lower when TWW was applied.  

TWW also resulted in a reduction in the soil's maximum 

previous pressure. For TWW water, it dropped from 1.9 

kg/cm2 to 1.7 kg/cm2 for tap water. The two soils' 

swelling pressures have also been assessed. The test 

findings demonstrated that TWW water had an impact 

on both swelling pressure and volume change. The 

volume change fell from 17 percent for tap water to 9 

percent for TWW, and the swelling pressure for the low 

plastic soil decreased from 3.1 kg/cm2 for tap water to 

2.6 kg/cm2 for TWW.  

 

Figure 2. Proctor Compaction Curve for high plastic soil 

 

 
 

 
 

Figure 3. Optimum moisture content and maximum dry 
unit weight for low plastic soil 

 
Figure 4. Reduction in moisture contents and increase in 

maximum dry unit weight due to treated 

wastewater. 

 

 
Figure 5. Optimum moisture content and maximum dry 

unit weight for high plastic soil 

 

The same pattern was seen for the soil that was 

extremely pliable. The volume change reduced from 

30% for tap water to 21% for TWW, and the swelling 

pressure decreased from 4.3 kg/cm2 to 3.6 kg/cm2 for 

TWW. 
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Figure 6. Consolidation Curve for Low Plastic Soil 

 

 

 
Figure 7. Consolidation Curve for High Plastic Soil 

 

 
 

Figure 8. Difference in Consolidation and Swell Indices between tap 

water and TWW for low plastic soil. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. The difference in consolidation and swell indices between 

tap water and treated wastewater for high plastic soil 

 

Figure 10. Percentage decrease in swelling pressure and volume 

change due to treated wastewater. 
 

 
Figure 11. Percentage decrease in consolidation indices, 

swell indices, and maximum past pressure due to 
treated wastewater. 

 

 

IV.  CONCLUSION 

According to the findings of this study, TWW 

has an impact on the fine soil's compaction and 

compressibility qualities. The maximum dry unit went 

raised. The soil's weight and decreased the ideal 

moisture level for extremely plastic soil additionally, the 

compressibility index dropped. And the soil's highest 

previous pressure as well as the swell index well. 

Additionally, it was discovered that applying TWW to 

the soil will reduce the volume change and the swelling 

pressure. According to a study, TWW should be used 
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instead of tap water in the use of fine soil in engineering 

practices. 
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