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“Being prepared for challenges to be faced” 

 

The year 2021 has been challenging for everyone. 

The outbreak of Coronavirus disease 2019 (COVID-19) at 

the end of the year 2019 forced many countries to enforce 

stringent travel restrictions at regular intervals while almost 

everyone was forced or encouraged to work from home 

limiting physical interactions as much as possible. While 

this led to socio-economic issues, mankind was presented 

with an opportunity to reconsider its priorities and habits. 

Reminding people, the importance of washing their hands 

to wearing a face mask at public places, and rapid 

development of COVID-19 vaccination to AI-powered 

predictions showing proteins finding their shapes, have 

been key aspects in healthcare and medical research. 

Encouragement to work from home led to rapid 

development in the field of electronic telecommunication 

and online education.    

 

Nature showed us the importance of thinking 

ahead and being prepared for challenges to come. As a 

group of professionals contributing to the advancement of 

infrastructure development in Sri Lanka, there are several 

areas that we as engineers obliged to contribute. The use of 

face masks itself is challenging for construction workers to 

perform their routine activities and hence more effective 

strategies in construction planning and project management 

are required. The goal of being environmentally friendly 

and reducing use of non-biodegradable material came to a 

halt with massive usage of personal protection equipment 

and polythene bags in day-to-day activities to minimize the 

spread of the virus. However, soon we will be faced with 

challenges in garbage disposal and should take precautions 

to prevent the possibility of reoccurrence of a disaster like 

Meethotamulla landslide in 2017. The scarcity of cement 

has been a day-to-day discussion mainly due to the 

economic situation in the country. This is a great 

opportunity for engineers to rethink about the effective 

usage of cement in their mix designs. While there have 

been many attempts to reduce the usage of river sand now it 

is time to optimize the amount of cement used. 

 

Modulus always has been a great medium of 

knowledge sharing on latest technological advancement 

and best practices among the members of SSESL. This 

edition of Modulus consists of three technical papers; 

“Paradigm shifts in concrete technology during recent times 

through mega construction projects”, “Designing anchors 

for use in concrete” and “Nanotechnology for structural 

applications” which discuss various techniques that can be 

adopted in improving the performance of concrete as a 

material and structural connection in reinforced concrete 

structures. 

 

After an enforced break due to the COVID-19 

pandemic, the Society of Structural Engineers Sri Lanka 

hold its 28th Annual General Meeting in person on 14th 

December 2021. It is a great pleasure to report that the 

society was able to award long awaited gold medals for the 

publications made in the year 2020 together with the 

medals for 2021. Six eminent members of SSESL were 

awarded the Honorary Fellow membership of the society at 

this event. 

 

The SSESL published two guidelines in 2021, namely 

“Structural Design Office Guidelines” and “Drawing Office 

Manual” to facilitate practicing structural engineers. We 

believe that the efforts made by the SSESL in different 

forms will benefit our members and anticipate that our 

audience will similarly contribute towards the knowledge 

sharing process to overcome the challenges to be faced. 

Any new techniques, modified practices, enhanced 

technologies utilized in projects and found to be fruitful and 

worth sharing with your community are welcome to be 

forwarded to the editor of SSESL to be published in future 

editions of Modulus.   
 

 

 

Eng. (Dr) H.M.Y.C. Mallikarachchi 

BSc Eng. (Hons), PhD (Cambridge), 

CEng, MIE(SL), MSSE(SL)  
 

Editor,   

Society of Structural Engineers, 

Sri Lanka. 

e-mail: ssesl.editor@gmail.com   
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COVER STORY 
 

 Improving and Uplifting the Urban 

infrastructure in major cities of Kandy, Galle and Jaffna 

was initiated by the Strategic Urban Development Project 

with the aids of World Bank and the funds from the Sri 

Lankan Government. 

  

 The development project for the city of Kandy 

is aimed at improving the economic potential of the city 

through the development of its urban infrastructure. The 

project will directly benefit 108,000 people living within 

the city limits, while indirectly benefit 1.37 million people 

who live in the Kandy District as a whole. 

 

 Strategic Urban Development Project has been 

involved in 4 major sectors towards improving the Kandy 

City Urban Infrastructure. 

 

1. Improving the transport system to reduce traffic 

congestion within city limits. 

2. Improving the Kandy Urban Water Supply 

System. 

3. Improving the Urban Rainwater and Sewage 

drainage system. 

4. Improving common facilities within the city 

limits. 
 

 Accordingly, following 2 projects were imitated 

in the Kandy City 

 

1. Tomlin Park which provides common facilities for 

the pilgrims who visit the Temple of the Sacred 

Tooth Relic. 

2. Common facility park on the roof top of Kandy 

Municipal Car Park 

 

 Cover page illustrates a roof structure on the 

roof top of Kandy Municipal Car Park which provides 

shelter for many amenities. Project details of the common 

facility is given below. 

  

Funded by                     : World bank 

The Contractor              : Sierra Construction (Pvt) 

Ltd. 

Budget : 531.12 Million Rupees 

Project Start Date : 24/04/2018 

Expected date of 

completion 

 

: 

 

15/08/2021 

Amenities Provided : 20 Number of native food 

stalls 

  100 Display Stalls to 

exhibit  and sell cultural 

artifacts native to the    

Kingdom   of Kandy   

  Open stage for cultural 

shows with a seating 

capacity of 600 

  Lavatory facilities 
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Annual General Meeting – 2021 
 

The Twenty Eighth Annual General Meeting of 

SSESL took place on 14th December 2021, at Cinnamon 

Grand Hotel. The Event was sponsored by Lanwa - Ceylon 

Steel Corporation. 

 

 
Photograph 01 – Eng. Nandana Abeysuriya; The President 

of the outgoing committee addressing the society.  

 

 

 
Photograph 02 – Eng. R. M. A. Senarath; Hon. Secretary of 

the outgoing committee presenting the Annual Report.  

 

 

 
Photograph 03 – The outgoing committee of the society   

 

Speech made by the Outgoing President of the 

society is transcribed in page 7. 

 

 

 
Following members were elected as the Executive 

Committee for the year 2021/2022 at the Annual General 

Meeting.  

 

Office Bearers 2021/2022 

President Eng. (Mrs) T.J. Jayasundara 

Vice President Eng. R.M.A. Senerath 

Immediate Past 

President 

Eng. N. Abeysuriya 

Past President Eng. K.L.S. Sahabandu 

Hon. Secretary Eng. S.S.A. Kalugaldeniya 

Treasurer Eng. L. Gunawickrama 

Editor Dr. H.M.Y.C. Mallikarachchi 

Public Relations 

Officer 

Eng. G. Ramawickrama 

Assistant Secretary Eng. D.S. Hettiarachchi 

Assistant Treasurer Eng. A.P. Vandebona 

Assistant Editor Eng. R.M.B. Prasad 

 

 

Committee Members 

 

Speech made by the Upcoming President of the 

society is transcribed in page 9. 

 

The Guest of honour; Professor Neleeka 

Malavige; Head of the Department of Immunology and 

Molecular Medicine, University of Sri Jayawardanapura 

delivered the gest speech on the topic of “Curse of Covid-

19”.  

 

Following members were awarded the Honorary 

fellowships of Society of Structural Engineers Sri Lanka 

with effect from December 2021. 

 

 Dr. (Mrs.) M.T.P. Hettiarachchi 

 Eng. (Prof.) S.M.A. Nanayakkara 

 Eng. (Dr.) N. Somaratna 

 Eng. G.T.R. De Silva 

 Eng. S.H.J. Weerasuriya 

 Eng. D.C.R. Wickremasinghe 

Eng. D.T. Rajasekaran 

Prof. S.M.A. Nanayakkara  

Dr. N. Somaratne 

Eng. L.M. Kumara 

Dr. T.L. Pradeep 

Eng. M. Gamage 
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Photograph 04 – Dr. (Mrs.) M.T.P. Hettiarachchi receiving 

the Honorary fellowship of the Society. 

 

 
Photograph 05 – Eng. (Prof.) S.M.A. Nanayakkara 

receiving the Honorary fellowship of the Society. 

 

 
Photograph 06 – Eng. (Dr.) N. Somaratna receiving the 

Honorary fellowship of the Society. 

 

 
Photograph 07 – Eng. G.T.R. De Silva receiving the 

Honorary fellowship of the Society. 

 
Photograph 08 – Eng. S.H.J. Weerasuriya receiving the 

Honorary fellowship of the Society. 

 

 
Photograph 09 – Eng. D.C.R. Wickremasinghe receiving 

the Honorary fellowship of the Society. 

 

 
Photograph 10 – Prof. Neleeka Malavige delivering the 

guest speech at the Annual General Meeting 2021 

 

Professor Raghu Chandrakeerthi Gold medal for 

the best paper presented in the Annual Sessions and Access 

Engineering Gold medal for the best paper published in the 

Modulus were awarded to the following members for the 

years 2020 and 2021. 

 

Gold Medal Winners of Years 2020 and 2021 

Annual Sessions 2020 Eng. B.H.M.M. Herath 

Annual Sessions 2021 Ms. J.A.S.C. Jayasinghe 

Modulus 2020 Eng. A.H.M.S.A. 

Abeysinghe 

Modulus 2021 Eng. M.M. Shaathir 

SOCIETY OF STRUCTURAL ENGINEERS, SRI LANKA ___________________________________________________________________ 4



MODULUS | December 2021 
Vol. 31 No. 04 

 

SOCIETY NEWS  

 
Photograph 11 – Gold medal for the best paper presented at 

the Annual Sessions 2021 awarded to Ms. S. C Jayasinghe 

 

 
Photograph 12 – Gold medal for the best paper published in 

Modulus for the year 2021 awarded to Eng. M. M. Saathir  

 
 

Event Calendar – SSESL for the Year 2022 
 

Month Date Event 

 

 

 

January 

7th Surakshitha Niwahana TV 

Program 

25th  Question Time 

25th  Surakshitha Niwahana TV 

Program 

 

 

February 

11th Surakshitha Niwahana TV 

Program 

22nd Question Time 

25th Surakshitha Niwahana TV 

Program 

 

 

March 

5th  Design Course 1 

11th Surakshitha Niwahana TV 

Program 

22nd Seminar 1 

25th Surakshitha Niwahana TV 

Program 

April 26th  Question Time 

May 7th Design Course 2 

31st  Question Time 

June 28th Seminar 2 

July 26th Question Time 

August 3rd Design Course 3 

23rd  Annual Session 

September 27th  Question Time 

October 26th  Seminar 3 

November 5th  Design Course 4 

 29th  Question time 

December 13th Annual General Meeting 

Question Time Sessions  
 

Following QT Sessions were conducted by the 

Society during the year 2021.  

 

Month Topic Resource 

Person 

Sponsor 

 

January Introduction of 

Bi-Directional 

Static Load 

Testing 

Eng. Parakrama 

Jayasinghe 

Geotech 

(Pvt.) Ltd. 

February High 

Performance 

Concrete for 

Sustainable 

Construction 

Eng. (Prof.) 

Priyan Mendis 

& 

Eng. (Dr.) 

Thushara 

Priydharshana 

Hasthi 

Cement 

March Interfaces 

Between 

Geotechnical & 

Structural 

Engineers 

Eng. Luis 

Branco 

Wurth 

Lanka 

(Pvt.) Ltd 

April Collaboration in 

Construction 

Industry Using 

BIM 

Eng. Chamath 

Jayaweera 

Bloomberg 

Solutions 

(Pvt.) Ltd 

May Common 

Construction 

Failures in 

Building 

Construction 

With Some Case 

Studies 

Eng. T. D. 

Wijitha Kumara 

Tokyo 

Cement 

Group 

June Planning, Design 

and Project 

Implementation 

of Largest Box 

Girder Bridge in 

South Asia 

Eng. Darshika 

Jayasekara 

Advantis 

Engineering 

July Design and 

Construction of 

Fair Faced 

Concrete 

Buildings 

Eng. N. 

Abeysuriya 

Tokyo 

Cement 

Group 

August Building 

Services and 

Strucutre 

Eng. Wijitha K. 

Perera 

Lalanka 

Group 

September Advanced 

Technologies in 

Concrete Repair 

Eng. Vajita 

Attanayaka 

Tokyo 

Cement 

Group 

October Professional 

Ethics - 

Responsibilities 

and obligations 

Eng. Russel de 

Zilwa 

K.D. Piling 

Pvt. Ltd. 

November Post Tension in 

High Rise 

Buildings - 

Practical 

Considerations 

Eng. C. 

Muthukumar 

Tokyo 

Cement 

Group 
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Membership Management System 

 
The Executive Committee of Society of Structural 

Engineers Sri Lanka launched the New Membership 

Management System App during the Annual General 

Meeting. The App can be run on any platform including 

Android, Apple and Windows /PC. Details instruction on 

getting familiar with the application including video 

Tutorials on how to apply for the membership, procedure to 

create a guest account, etc. are published in the society 

website (ssesl.lk). 

 

 

Publications from SSESL 

 
The Society of Structural Engineers Sri Lanka 

published two guidelines in the year 2021, namely 

Structural Design Office Guidelines and Drawing Office 

Manual and launched during the Annual General Meeting 

of the Society for public issuance. 
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Outgoing President’s Speech 

 

 
 

Thank you for appointing me as the president of 

this esteem organization for the years 2019 and 2020. I 

continued as the president till December 2021 on the 

request made by the past President Eng. K L S Sahabandu 

at the AGM held in the year 2020.  

 

I was fortunate to work with a wonderful 

executive committee. Last three years we worked as one 

family and did lots of works as briefed by the Hon secretary 

in his speech, despite of all the difficulties faced with the 

Covid pandemic situation. This is very good example for 

team works and we enjoyed working for SSESL. All our 

senior members and the young members in the committee 

worked very hard to meet the given task. I should show my 

heartiest appreciations to all our executive committee 

members and the members for the great support given to me 

during my terms.   

 

We managed to conduct our monthly event, 

Question time programmes in all eleven months on virtual 

platform.   

 

I could remember few years back, our past 

president Professor Ruwan weerasekara insisted that we 

should do four publications of MODULUS per year to gain 

the recognition, sir, we full filled your requirement and my 

special than goes to Eng. Aravinda kalugaldeniya for his 

great service as the Editor.  

 

We initiated a design course for middle rise 

buildings in 2019 and this year we conducted two middle 

rise design courses and a high-rise design course. All these 

tailor made courses were conducted by very senior 

structural Engineers representing the industry. I should 

thank Eng. Shiromal Fernando and Eng. Mrs. Tharangika 

Jayasundara for taking the loads of responsibilities and also 

the entire team of resource persons for supporting to 

conduct the most awaited design courses. 

 

We converted our meeting room at the secretariat 

as a smart room and purchased a smart board, lap tops, web 

cam and all the accessories to conduct design courses on 

virtual platform. These investment could be recovered 

within one year by saving the cost of money gone for hiring 

equipment.  

 

The annual sessions were conducted very 

successfully with improved participations, with the fullest 

support from the academics representing all our 

universities. I would like to show my appreciations to all 

our session chairmen, academics who encourage their 

students and the sponsor of the event Tokyo Cement. 

Conducting such an event will not be possible without the 

dedication of the chairman of annual session, Eng. Mrs. 

Tharangika and the subcommittee members. 

 

I should also mention the names of two seminar 

chairmen Eng. Lionel Gunawickrama and Eng. Ajith 

Vandabona for taking the challenge of conducting seminars 

and making them a great success. 

 

We formed a new subcommittee called ICT 

subcommittee and it was chaired by one of our young 

members Eng. Bandula Prasad. Eng. Manjula and Eng. 

Dilina served as committee members of the ICT 

subcommittee. They updated our website and today they are 

ready to launch membership management mobile app. I am 

very confident that these young members will keep our 

society elevated with the latest technologies and interact 

with our members so that SSESL will be just a click away. 

 

We commenced a new activity this year, a TV 

programme at Swarnawahini with the generous sponsorship 

of Melwa, called Surakshitaha Nivahana and conducted six 

progarmmes for this year. Eng. Gamini Ramawickrama, 

our public relations officer was behind this entire operation.  

The SSESL you tube channel has developed with the 

support of the associate chapter and will be available very 

soon. So our Engineers could access to our previous events 

including this AGM through our You Tube channel.  

 

The associate chapter helped us to conduct all our 

events and they too conducted two workshops. I should 

show my appreciations to the president Eng. Dylan and the 

committee members for their dedication and support given 

to the executive committee. 

 

Our secretariat was functioning even during the 

lock down period and thank you Mr Aelian and Mr Indika 

for the fullest support given to us.  

 

We worked very closely with the other 

professional bodies and were able to make our 

contributions to the development of this country. The draft 

UDA regulations submitted jointly with the Institution of 

Engineers, were welcomed by UDA and incorporated most 

of them in the recent gazette published. We have given our 

comments to revise the gazette in order to ensure the safety 

of buildings while recognizing importance the qualified 

Structural Engineers. We are representing CIDA, OPA and 

CCI and make our contributions for a better country. 

 

Our sponsors continued their support despite of 

economic crises and challenging situations that everyone 

was facing. That is because of the highest level of 

recognition that SSESL has gained over the past couple of 

decades. I am sure they will support us in the coming years 

too. 
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The committee conducted committee meetings 

and separate workshops to compile three documents to 

bring some consistency in the design office and drawing 

office practices. Both Design office guidelines and the 

drawing office manuals will be lounged today. 

 

The peer review guidelines were also completed 

and will be jointly published with the Institution of 

Engineers Sri Lanka very soon. Design Peer review is a 

practicing in many developed countries and it adds further 

comfortability to the developer while giving a relief to the 

designer. However, we have noticed that some unethical 

practices are happening in the industry under the name of 

Design peer review. Sometimes it has become a hurdle for 

the construction progress. So this publication will help 

government institutions, developers, designers and the 

reviewers to agree on the procedures and also to know their 

boundaries.  

 

I joined the executive committee in 2001. I could 

still remember that I was proposed by Eng. Saro 

Weerasuriya. He is the one who encouraged me to become 

a member of SSESL, since then I serves as the committee 

member, Asst. Treasurer, Treasurer, secretary and vice 

president till 2018 until I was elected as the president in 

2019. I am very happy that I was able make some 

contributions to the structural Engineering paternity and 

made a major contribution in the incorporation of SSESL 

by an act of parliament. I learned lot from our past 

presidents and senior members and I am very grateful to 

everyone who helped me to come up the ladder to the level 

of president. I kindly request from our young members to 

elevate this esteem organization to greater heights and 

make us proud.  

 

While concluding my speech I wish all the very 

best for the new committee.  Thank you very much.  

 

 

Eng. Nandana Abeysuriya 
B.Sc. Eng. (Hons),  

M.Eng.(Struct. Eng. Design), 

C. Eng., FIE(SL), IntPE(SL), FSSESL, MConsE(SL) 

 

 

Immediate Past President 

Society of Structural Engineers 

Sri Lanka 
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President’s Speech 

 

 
 

Past Presidents, Executive Committee Members. 

Honorary Fellows, Fellows, and Members of the Society of 

Structural Engineers - Sri Lanka. Good evening to you all. 

 

First and foremost, I would like to thank you, the 

SSESL membership, for placing your confidence and trust 

in me to serve as your President. I accept this important role 

of President of the Society for Administration for the 

2022/2023 term. This is a responsibility that I do not take 

lightly, and I will endeavour to represent SSESL’s best 

interest.  

 

A wonderful year has passed and before we 

progress to the next, I would like to take this opportunity to 

thank our outgoing President, Eng. Nandana Abeysuriya, 

all the past presidents, the past Executive Committee 

Members. The present success of SSESL would not have 

been possible without the leadership and for all the 

contributions and the hard work that they put in over the 

past years.  

 

It’s a vision and strategy that is right, that is 

necessary and that benefits SSESL as a professional 

network looking toward the third decade of the 21st 

Century. Having understood the core aims of SSESL as; 

Provide Public/Member Benefits, Maintain Globally 

Recognised Standards and Meet Future Needs I together 

with the Executive Committee of 2022 will engage in 

strategic planning to contemplate our objectives. We will 

continue our programs that strengthen our profession. Our 

main goal in this term is to take a lead role in preparing the 

industry for the smooth transition to the Eurocodes. Our 

priorities have been to strengthen the SSSESL and serve our 

members and our community to the best of our ability. 

 

Yet, there are many challenges ahead. Almost all 

of us face difficult financial constraints and some of us are 

currently facing very tough national or local issues that 

affect our ability to achieve our potential. 

 

But let’s not forget we are a learned Society - 

united by our values and rich with talents. If we can get 

together we can overcome the challenges. 

 

In our work, we will continue to rely on the 

commitment of not only Exco. Members and but also 

dedicated volunteers and the support of academics and the 

employers across the profession. I hope you all can give 

your fullest corporation to this Exco. too 

 

Before concluding, on a personal note I would like 

to express my heartfelt thanks to everyone whom I have 

been working with and who helped me to get where I am 

today. I thank you all for encouraging me to take on 

leadership roles. I thank those who have guided me, 

supported me, and educated me.  

 

Thank you very much. 

 

 

Eng. (Mrs.) T.J. Jayasundara 
B.Sc. Eng. (Hons),  

M.Eng.(Struct. Eng. Design), 

C. Eng., MIE(SL), MSSESL, MConsE(SL) 

 

 

President 

Society of Structural Engineers 

Sri Lanka 

 

SOCIETY OF STRUCTURAL ENGINEERS, SRI LANKA ___________________________________________________________________ 9



MODULUS | December 2022 
Vol.31  No. 04 

 
 ENGINEERS’ FORUM 

1Head of Engineering,  

Adolf Würth GmbH & Co.KG, Germany 

Würth Lanka (Pvt) Ltd  

jochen.buhler@wuerth.com 

 

 

 Designing Anchors for Use in Concrete 

Part I: Geometrical characteristics of an anchor   

Jochen Buhler 1
 

 

Abstract 

Connections of structural elements and non-structural elements to structural components, which are used to 

transmit actions to the concrete involve demand of fastening systems. The demands of the building industry for 

more flexible and reliable construction methods coupled with efforts to improve the performance of building 

structures have recently focused attention on the design, installation and performance of fastening systems as 

never before. Advances in drilling technology have led to the development of increasingly reliable post-installed 

anchor systems which are widely used in new construction as well as for repair and strengthening work. The 

selection of the appropriate systems is based on engineering, economic and architectural considerations. 

Modern fastening technology offers architects and engineers new versatility in providing systems with 

increasingly wide range of uses and load levels. In order to choose the correct system for a given application 

and to design the fastening properly the engineers use design standards as they do for designing structural 

concrete or structural steel. As the standards for designing structural concrete or structural steel are based on 

an extended degree of research and established by consensus with all relevant areas of the building industry. 

Therefore engineers shall design fastening systems also according standards developed from solid technical 

base and accepted by all. This prevents engineers depending on the integrity of suppliers and allows him to 

choose from different suppliers in order to get an economic solution provided. 

 

1. Design of Fastenings for use in 

Concrete 

The first advanced report on “Fastenings to 

Concrete” was published by the International 

Federation for Structural Concrete (fib) in 1991, 

which was based on a full research of an 

international task group. Consequently the 

European Organization for Technical Approvals 

(EOTA) transferred the results of the research work 

into a workable guideline for anchors for use in 

concrete and published the respective documents 

“Guideline for European Technical Approval 

(ETAG001)” in 1997. The guideline gives a 

framework for the test procedures, the assessments 

of the anchor for its intended use and the design 

method. In particular the design method is based on 

the Concrete Capacity Method which allows an 

economic and flexible design for almost all kind of 

post-installed anchors. The guideline was later 

updated with several supplementary provisions for 

verifications such as for seismic loading and for 

fire resistance. The European Standard EN1992 

“Design of concrete structures” summarizes those 

guidelines in its Part 4: “Design of fastenings for 

use in concrete” 2018 and covers now in addition 

to the post-installed anchors, also the cast-in anchor 

channels and headed fasteners.  

 

 

With ACI 318 there is a design code from USA 

and with AS 5216 from Australia which is based on 

the same research results. 

Common to all standards for the design of 

anchors for use in concrete is, that they provide 

design formulas and design values for the 

resistance (capacity) of anchors. In conjunction 

with the standards for designing structural concrete 

or structural steel and the standard “Design loads 

for Buildings and Other Structures”. The engineer 

has now a full set of documents in order to design 

the fastening and the whole connection properly. It 

allows him to apply economical considerations as 

well as architectural flexibility. 

The design requires information on the anchor’s 

performance characteristics. In the European 

Technical Assessment (ETA) document, which is 

granted for those anchors passing successfully the 

requirements of an assessment procedure, publishes 

the product characteristics.   

Many recently completed projects worldwide 

prove the structural suitability of post-installed 

anchors without losing the architectural flexibility. 

The success was based on an excellent cooperation 

between structural engineer and architect already in 

the early planning phases. The fastening system 

was included in the design of structural elements 

and no longer considered as a minor building 

material. 
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2. Geometry of Anchors 

Many engineers might smile about this topic, 

but at the initial phase of selecting post-installed 

anchors the consideration of geometrical 

constraints is most important. The thickness of the 

concrete member in which the anchor has to be 

post-installed later decides how deep the installer 

can drill a hole into the concrete, and finally the 

maximum effective anchorage depth of the anchor. 

As the anchor’s pull-out resistance depends on the 

effective anchorage depth, the thickness of the 

concrete member determines the maximum load 

which can be transferred in almost all cases. On the 

other hand the projecting length of the anchor has 

to be selected in order to cover tolerances of the 

construction site and the thickness of the 

attachment itself. 

2.1 The effective anchorage depth 

The effective anchorage depth hef is one of the 

most important dimension. 

 

 

 

 

 

 

Figure 1: The effective anchorage depth 

When the anchor is loaded in tension, the load 

is transferred by means of a load transfer 

mechanism to the concrete. The load results in a 

stress which is resisted by the concrete capacity. 

Would we increase the load to an ultimate value, it 

could lead to a so-called concrete cone failure 

(Figure 2). The concrete cone failure would only 

occur, when the anchor’s pull-out capacity and 

steel capacity is higher than the concrete capacity. 

Nowadays when advanced anchors are optimized 

in their design, the pull-out and steel do not govern 

under tension. We conclude from this: the concrete 

cone capacity is the ultimate limit of every anchor. 

Therefore the design approach is known as CC- or 

Concrete Capacity method. The concrete cone 

failure depends besides the compressive strength 

on the anchorage depth hef. The following shows 

the characteristic value of the concrete cone 

capacity which is the 5%-fractile from a statistical 

assessment of the test results: 

 

𝑁𝑅𝑘,𝑐
0 = 𝑘1 ∙ √𝑓𝑐𝑘 ∙ ℎ𝑒𝑓

1.5. (1) 

Since above formula is valid for every type of 

anchor and the concrete capacity is the ultimate 

limit, it is recommended to mention the specified 

anchor’s effective anchorage depth hef in the design 

report and in he detailed drawings.  

 

Figure 2: Concrete cone failure 

2.2 The diameter of the anchor 

The diameter dnom is important for calculating 

the steel capacity due to shear loading. The 

required drill hole diameter do is related to the 

anchor diameter and must be taken from the 

supplier’s product specification.   

2.3 The maximum useful length 

The anchor plate of Figure 3 was installed at a 

distance to the concrete surface. It is a stand-off 

installation.  
 

Figure 3: Stand-off anchor plate 

The calculation of the projecting length of the 

anchor includes the gap between concrete surface 

and anchor plate, the thickness of the anchor plate 

itself, the thickness of the washer and the height of 

the nut. 

The maximum fixture thickness tfix which 

represents the maximum useful length is difficult to 

decide during the design stage, because the real 

conditions on building site differ mostly from the 

drawings. Tolerances are big in cast in-place 

concrete works. Most manufacturers provide 

therefore anchors with a wide range of useful 

lengths at the same effective anchorage depth.  
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This allows the installer to select a proper 

anchor in agreement with the responsible structural 

engineer. 

 

Figure 4: Useful length tfix. 

2.4 The anchor length 

The anchor length l (see Figure 5) depends on 

the selected type of anchor. The length can vary 

between the suppliers even when the anchors are of 

same category. Since the manufacturers develop 

their anchors based on their different production 

capabilities, it could result in length differences. 

The main parts of calculating the length are the 

effective anchorage depth, the useable length, the 

washer thickness and the nut height.  

𝑙 =  ℎ𝑒𝑓 + 𝑡𝑓𝑖𝑥 + ℎ𝑤𝑎𝑠ℎ𝑒𝑟 + 𝑚𝑛𝑢𝑡 + 𝑥 (2) 

The part x is the manufacturer’s variance. It is 

obvious, that the length of the anchor should not be 

taken as the key selection criteria in a structural 

specification. The length does not influence the 

load capacity. The specification of a certain length 

as the main selection criteria is only desired, when 

the engineer is in favour of a particular 

manufacture. 

  

Figure 5: Anchor length 

2.5 The concrete member thickness and the drill 

hole depth 

The drill hole depth depends on the selected 

anchor. Figure 6 shows the drill hole depth in case 

of a through fixing. The fixture or bracket is in-

place and the anchor is installed through the hole of 

the bracket into the concrete. The installer is 

calculating the working length of the drill bit from 

the top of the bracket. The required drill hole depth 

is given in the manufacturer’s technical data sheets. 

It is obvious that only the correct drill hole depth 

guarantees that the important effective anchorage 

depth can be achieved when installing the anchor. 

It is recommended that a method statement for the 

installation of the anchors is added to the 

submittals.  

 

 

 

 

 

 

Figure 6: Drill hole depth in case of through 

fixing 

The thickness of the concrete member limits the 

drill hole depth. While drilling the hole the 

hammering effect of the rotary hammer drill would 

punch through the concrete. The mortar which 

bonds an anchor rod to the concrete would 

eventually flow out of the drill hole. The expansion 

part of through bolt could not be expanded 

correctly. Both with the consequence that the 

performance of the anchor is no longer guaranteed.     

The minimum component thickness is 

calculated for mechanical anchors with  

ℎ ≥ 𝑚𝑎𝑥 {80𝑚𝑚; 1.5 ℎ𝑒𝑓} (3) 

and for bonded anchors with  

ℎ ≥ ℎ𝑒𝑓 + 𝑚𝑎𝑥 {30𝑚𝑚; 2 𝑑𝑜}    (4) 

According to the European assessment 

documents. With the thickness of the concrete 

member the limitations for the effective anchorage 

depth hef and the related maximum concrete cone 

capacity for a single anchor are obvious. It 

influences finally the load capacity of an 

anchorage.   

3. Summary 

This article explains the fundamental 

geometrical sizes of anchors. It helps to distinguish 

those influencing the load capacity and those 

important for a correct installation.  

A structural engineer designing an anchorage, 

would specify in addition to the selected type of 

anchor the diameter dnom and the effective 

anchorage depth hef which are required to achieve 

the concrete cone capacity. The specification of the 

pull-out capacity of the anchor would be only 

required when it is below the cone coapacity.  
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Specification example: 

Type 

and 

brand 

Thread 

size 

Dia-

meter 

Effective 

embedme

-nt depth 

minimum 

design pull-

out resistance 

 M dnom hef NRd,p 

  [mm] [mm] [kN] 

XXXX M10 10 65 > 7 

 

The contractor would select the anchor based 

on above values, but takes stand-off situations and 

thickness of the fixture for providing sufficient 

anchor length into account. When submitting the 

method statement, he would also include 

information on the drill hole depth and diameter.  

The design and installation are connected and 

when considered as above, lead to a safe but also 

economical anchoring solution which is required 

for every construction project.   

The design of anchorages in concerte and 

further geometrical constraints which are in 

addition influencing the load bearing capacity of 

the anchors will be discussed in one of the next 

editions.  
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Abstract 

Recent construction boom in the country with the Mega Projects that shaped the Colombo skyline and the new 

Highway Network offered many challenges to Sri Lankan Construction Industry. The Ready Mixed Concrete 

manufactures and Cement Manufacturers were to provide required concreting solutions to meet the new 

requirements of the large-scale projects being done mainly by International Contractors. Sri Lankan engineers 

and other staff who had the opportunity work with the foreign counterparts benefitted immensely from their 

exposure to new techniques in construction.  

 

1. Introduction 

Up to the time of the recent Mega Projects 

Boom, Sri Lankan construction industry was 

having a somewhat conservative approach with 

materials and technology being used.  The new 

trends of the Mega Projects challenged the status 

quo and nudged the construction industry and 

professionals to come up with suitable solutions to 

fulfil the emerging requirements of the structural 

designs of these large scale and complex projects. 

2. Evolution of Concrete Mix Designs 

Concrete designs used in the construction 

industry in Sri Lanka upto to about 2015 can be 

charactorised by the typically used ‘Moderate 

Strength’ and ‘Limited Workability’.  That was the 

industry requirement during that era.  They were 

limited to the Concrete Mix Designs with following 

properties; 

a) Moderate Compressive Strength:  

15 to 40 N/mm2 

 

b) Limited Workability 

 120 mm Slump Concrete for Slabs 

and Columns like Structural Elements  

 180 mm Slump Concrete for Piling 

work 

 

c) Special Design:  

C35A – Concrete done with chilled water 

for ‘Water Retaining Structures’ 

 

For all the above concrete designs River Sand 

and earlier generation Chemical Admixtures had 

been used.   

 

 

Sometime back in the Mahaweli Development 

project and Upper Kothmale like projects crushed 

aggregates were used as the Fine Aggregate under 

the supervision of foreign engineers / consultants.  

But it did not spread to the Ready Mixed Concrete 

Industry.   

In recent times Southern Highway and 

Colombo Outer Circular Highway used crushed 

fine aggregates since it was made mandatory by 

RDA.  With this practice several commenced 

making “Manufactured Sand” as an economical 

alternative to the River Sand and this was well 

accepted to the Mega Building projects undertaken 

in Colombo City afterwards.  During this 

construction boom in Colombo demand for River 

Sand went up.  River Sand became scarce and 

prices gradually went up.  Under these 

circumstances M-Sand usage became a standard 

practice in the RMC Industry.   

3. Contemporary Concrete Mix 

Designs 

Apart from the changes in the use of Fine 

Aggregate, we witnessed number of radical 

changes in the use of structural concrete varieties 

due to the complexities of the Mega Construction 

projects we have been witnessing. The complex 

‘High Performance Concrete’ designs used in such 

projects exhibited the following advanced 

properties;    
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i. High Strength: In high-rise buildings the 

lower-level columns and beams / Transfer 

Beams can be made smaller when high 

strength concrete is used. Also, due to the 

greater loads of high-rise buildings higher 

strengths are demanded by the structural 

design.  For number of projects C50 – C85 

grade concretes have been used to fulfill 

these requirements. The highest grade of 

concrete produced in Sri Lanka so far was 

C85 for Cinnamon Life Project lower-

level columns.  For concretes of this 

strength magnitude in addition to tight 

controls of water cement ratio, Silica 

Fume like cementitious additives also are 

used. 

ii. High Flowability:  The traditional 

measure of workability was only “Slump” 

value. Nowadays “Rheology” is 

considered as the overall measure of the 

concrete designs and Flow Table 

Measurement has been adopted as a 

common practice.  Using of Slump from 

150 mm – 200 mm and Flowability from 

600 mm – 800 mm became quite normal.  

iii. High-rise Pumpability:  Stationary 

Pumps that can pump to higher levels and 

Placing Booms usage became a common 

sight in these large-scale construction 

sites.  Concrete Mix Designs were also 

appropriately changed to facilitate High 

Rise Pumping.  

iv. Durability of Concrete: A major property 

requirement of creating durable concrete is 

to reduce Water Cement Ratio and making 

the concrete dense without micro pores 

and capillaries. Use of new generation 

PCE based water reducing admixtures 

became necessary to achieve this. The 

suppliers of such chemical admixtures 

have suitably modified their products to 

suit the manufactured sand (M-Sand) used 

in concrete production. 
 

Protecting the concrete structures close to sea in 

Colombo from deterioration from winds with salt 

vapor was also an objective of using durable 

concrete.  Use of ‘Fly Ash’ which is a by-product 

of coal combustion became popular to create 

durable concrete.  In addition to this “Silica Fume” 

also was used to improve durability properties in 

some extreme cases. 

A vast array of new testing procedures also 

became standard practice to determine durability 

properties. They are Water Penetration, Water 

Absorption, Rapid Chloride Penetration etc. like 

testing. 

In addition to the structural elements such as 

slabs and beams, durable concrete has been used 

for underground piles in constructions close to 

coastal belt. 
 

v. Temperature Controlled Concrete: 
Cement content in concrete is increased in 

higher strength grades. This can cause 

temperature rising in the mid sections of 

thick concrete elements during ‘cement 

hydration process’.  Thick Raft 

Foundations, Pile Caps, Large Sized 

Columns, Transfer Beams are examples 

for such thick structural elements. Such 

temperataure rising is controlled by 

adopting various measures such as 

follows; 

 OPC Cement Content is reduced by 

using Fly Ash which is a Strength 

Contributing Supplementary 

Cementitious Material. 

 Reducing OPC Cement content in 

High Strength concrete grades by 

using Silica Fume. 

 Using of Chilled Water, Crushed Ice 

and Flake Ice to reduce placing 

temperature of concrete -- in the 

range of (25°C - 28°C). 

 Covering of external surface of 

concrete transporting Truck Mixers 

with insulation materials such as 

hessian (gunny) material and wetting 

interior / exterior surfaces of drums 

with chilled water. 
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 Circulating Chilled water to dissipate 

heat from the concrete element mid 

section using pre-laid steel piping that 

would be subsequently be grout filled.  

 

These measures are adopted to prevent DEF 

(Delayed Ettringite Formation) in the mid-section 

of thick concrete elements susceptible to peak 

temperature rise which later can lead to outer 

surface cracking.     

4. Special Concrete Designs for 

Projects 

In addition to the said developments in 

properties of concrete there are other complex 

construction situations that demands special 

controls on concrete quality. Some such 

recently witnessed cases are; 

 

 Altair Towers: When the ‘Inclined Tower 

Section’ of the Altair project was 

constructed, the deflection of the structure 

had to be managed till it gets connected to 

the ‘Straight Tower’.  This was controlled 

by closely monitoring and maintaining the 

‘Modulus of Elasticity’ of concrete 

ensuring the deflection is kept within the 

permitted designed limit. In addition to 

that, various other testing was done to 

control deflection of the inclined tower.  

They are - Creep Test (checks concrete 

elongation with time), Linear Expansion, 

Tensile Strength and Flexural Strength 

like tests.  Altair Project established a 

fully equipped testing laboratory at site to 

conduct all the required tests. 

 

 New Kelani Bridge (NKB) Project 

Elevated Road Sections:  The elevated 

road sections connected to the NKB are 

constructed on steel structures with a steel 

Deck plate which is paved with a concrete 

bedding.  In order to assure the long 

lifetime planned for this road, concrete 

used for bedding is designed as Shrinkage 

Compensating Concrete or ‘Expansive 

Concrete’ by using special chemical 

additives.  

 

 Light Weight Foam Concrete – This type 

of concrete is typically used to fill voids 

created by height adjustments required in 

floor levels.  “Shangri La” and “Cinnamon 

Life” projects have used significant 

quantities for such applications.    

 

 Exposed Concrete with Corrosion 

Inhibitors used for the New American 

Embassy building was designed 

incorporating special chemical ingredients 

to withstand chemical corrosion in the 

coastal environment. In the same project, 

Architectural Concrete with Wood Grain 

Patterns was manufactured to give 

consistent colour appearance by strictly 

controlling the production process. 

 

 Underwater Concrete with Viscosity 

Modifying Agents:  Used for underwater 

piling of Fisheries Harbours and Jetty like 

projects. 

 

5. Cement Type Usage Change: 

Blended Hydraulic Cements 
 

Deviating from decades long strict reliance on 

Ordinary Portland Cement (OPC – SLS 107) in Sri 

Lankan construction industry, Fly Ash Blended 

Cement has become the predominantly used 

cement in construction industry after about 2018 

owing to the durability / temperature control 

benefits it offer.  Earlier Fly Ash was stored in silos 

separately and blending was done in concrete 

Batching Plant Mixers. But BHC is now available 

in bulk form (for RMC) and even in bag form also 

in the market. (Falls under ‘Blended Hydraulic 

Cement – SLS 1247’ or BHC)  

SOCIETY OF STRUCTURAL ENGINEERS, SRI LANKA ___________________________________________________________________ 16



MODULUS | April 2021 
Vol. 31 No. 04 

 
 ENGINEERS’ FORUM 

 

6. Conclusion 

The high-performance concrete varieties earlier 

described are suitable for contemporary 

construction projects of any complexity. Over the 

past several years some of the Sri Lankan ready 

mixed concrete manufacturers have updated their 

concrete batching plants in many ways to meet 

these requirements. Now the contractors and 

masons are able to carry out high quality 

constructions using the technological skills 

assimilated by concrete manufacturers during the 

recent mega construction projects. 

 

 

 

 

 

 

 

Structural Engineers involved with these projects 

and Academics who active with the construction 

industry contributed to this entire process of 

evolution significantly and deserves special 

mentioning here.  Also, the leading contractors 

have developed technical skills and invested on 

facilities such as System Formwork, Tower Cranes, 

Concrete Stationary Pumps and Placing Booms etc. 

to keep pace with the changing requirements in the 

industry during this unprecedented construction 

growth. 

The recent mega construction projects have thus 

bequeathed us a significant technological 

development in the use of concrete through the said 

accumulation of knowhow and improvements in 

technological facilities. 
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Abstract 

There are significant improvements on every field due to Nanotechnology. The impact of Nanotechnology on 

structural applications is studied in this document for the sustainability and improvement of the field of Civil 

Engineering. Many of the research have carried out to experiment the improved properties of cement pastes 

with the influence of nanomaterials and found several effective nanomaterials (nano-SiO2 and silica fume, nano-

TiO2, nano-Al2O3, nano-Fe2O3, nano- Cr2O3, nano-clay, carbon nanotubes, carbon nanofibers, graphene oxide 

sheets) and their effective quantities. Cost and controlled quality are the main drawbacks in using nano 

modified cements in the industry outside the laboratories where mass scale production is needed. It is important 

to find out the most effective nano material in performance and cost to improve the use of nano technology in 

the industry for quality construction. Graphene Oxide was identified as the most suitable nano material which 

can be introduced to the industry. The effect of cement modified with graphene oxide with its optimum dosage 

show significant increase in mechanical, thermal and durability properties. It has found that the oxygen content 

in graphene oxide  can influence the characteristics and properties of the graphene oxide and the corresponding 

graphene oxide modified cement. The purity of graphite used for graphene oxide synthesis and modification will 

affect the carbon content in graphene oxide. This paper has investigated the effect of graphene oxide on 

compressive strength of cement and have identified optimum dosage of 0.03% by weight can increase the 

compressive strength from 27.5%. Comparing the effect of graphene oxide with different oxygen content. The 

study concludes that graphene oxide with lesser oxygen content can improve the overall performance of 

graphene oxide modified cement. Thus, it indicates that graphene oxide synthesized from a high-purity 

epigenetic graphite deposit (lump/vein graphite) will show higher performance than the graphene oxide 

synthesized from other graphite deposits. 

Key Words: Graphene Oxide; Graphene oxide modified cement; Epigenetic graphite; Oxygen content

 

1. Introduction 

With the development in the field of Civil and 

Structural Engineering there is a necessity of 

advancing the technology used in the field. 

Constructions which can withstand higher stresses 

with less material usage and in less time can be 

considered as one of the important factors. 

Although Civil Engineering is one of the fields 

which has the least adoptability to the emerging 

technological sectors like Artificial Intelligence, 

Nano Technology etc. There are many research and 

laboratory experiments which have adopted these 

new technologies to develop smart or high strength 

building materials but constructions which adopt 

these technologies are very much less.  Therefore, 

experimenting on these developed materials which 

can be used in the field of construction or on site 

beyond the laboratory is very important. 
 

 

 

Developing the properties of materials used in 

structural applications with the help of the nano 

technology has received ample attention. There are 

many nano materials which can be used to improve 

the properties of cement among them nano-SiO2 

and silica fume, nano-TiO2, nano-Al2O3, nano-

Fe2O3, nano-Cr2O3, nano-clay, carbon nanotubes 

(CNT), carbon nanofibers (CNF), Graphene Oxide 

sheets (GO) can be considered as the nano 

materials which produce significant improvements. 

Development of high-performance cements 

with developed mechanical and durability 

properties such as better cement hydration, higher 

compressive and tensile strengths, enhanced ability 

to control cracking and shrinkage, ability to control 

density, Development of sustainable concrete with 

controlled energy dissipation and enhanced safety, 

Development of cements with self-monitoring 

ability are the main improvements that were able to 

achieve with the nano modified cements. When 

considering the nano materials and properties 

improved by the modification of them with the 

cement graphene oxide sheets was considered as an 

effective material which can improve the strength 

properties of the cement paste with a considerable 

cost when compared with the other nano materials. 

This property will make the Graphene Oxide 

modified cements the most suitable improved 
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cement which can be introduced to the construction 

field. 

This research paper presents an evaluative 

review on different nano materials used in cement 

modifications. The importance of Graphene Oxide 

as a nano modifier for cements. The optimum 

percentage of Graphene Oxide is reported after 

analysing the results obtained from compressive 

strength test. The improved properties of Graphene 

Oxide produced from Sri Lankan vein graphite is 

also given under this study. 

2. Mechanical Properties of GO 

Modified Cement 

According to literature it can be seen with the 

addition of GO mechanical strengths of modified 

cements increases. But with further increase in GO 

will decrease the strength. Shang et al. discovered 

that with the addition of 0.02, 0.04 and 0.06 wt% of 

GO will increase flexural strength by 9.8%, 15.1% 

and 12.4% (Shang, Zhang, Yang, Liu, & Liu, 

2015). Similar results were observed in other 

studies also. This is due to aggregation of GO in 

the matrix and overlapping of GO with each other 

due to high concentration (Saafi, Tang, Fung, 

Rahman, & Liggat, 2015). 

 

 

 

It is believed that GO will help to enhance the 

packing density of calcium-silicate-hydrate  

(C-Si-H) gel and reduce the microstructure porosity 

to strengthen the cement matrix (Tong, et al., 

2016).  

It has been reported that GO with better 

dispersibility will result in higher mechanical 

strengths and also smaller size of GO will enhance 

the strength properties than the larger size GO (Lv, 

Liu, Sun, Ma, & Zhou, 2014) . 

Oxygen functional groups in GO have two main 

functions, they provide heterogenous nucleation 

sites for cement hydration and they act as a water 

reservoir and generate water transporting channels. 

This will accelerate the hydration of cement. Well-

disposed GO will be able to form a strong network 

through cross linking interactions by bridging the 

edges of GO sheets, intercalating between the basal 

planes and by cross-linking of the hydrogen bonds 

formed among the oxygen functional groups and 

water molecules. These processes will enhance the 

mechanical properties of modified cements (Zheng, 

Han, Cui, Yu, & Ou, 2017). 

It has also been found that oxygen contentment 

in GO affect the strength. It has been mentioned 

that with oxygen content increasing from 12.36% 

to 25.45% the strength properties increased 

significantly, but with further increase in strengths 

did not occur when the oxygen content increase 

29.33% (Lv, Ma, Chaochao, & Zhou, 2013). But it 

is also shown that structural defects of GO increase 

with the increase of oxygen content (Zheng, Han, 

Cui, Yu, & Ou, 2017) as shown in figure 1. 

3. Materials and Methods 

3.1 Graphene Oxide  

Water dispersed GO solution was obtained from 

Ceylon Graphene Technologies. In this solution 

GO nanosheets from highest quality Sri Lankan 

vein graphite which were processed by ‘Eco – 

friendly, low – cost proprietary graphite oxidation’ 

is present at a concentration of 10 mg/ml. Particle 

size range is from 63μm - 90μm. Elemental 

analysis of the GO (mass percentage) obtained 

through X - ray Photoelectron Spectroscopy (XPS) 

is given in the table below. 

Table 1: X - ray photoelectron spectroscopy (XPS) 

Name O C S Si 

Average % 28-33 62-71 0.5-1.8 0.08-0.6 
 

The major functional groups on the surface of 

the nano sheets are found to be C–OH, C–H and 

COOH. In the final period of Dutch Architecture in 

Sri Lanka from 1770 to 1796, the buildings became 

taller, and the door and windows grew more 

Figure 1: Morphology of GO with (a) 20% 

oxygen content and (b) 33% oxygen content. 

Carbon, oxygen, and hydrogen atoms are grey, 

red, and white, respectively (Zheng, Han, Cui, 

Yu, & Ou, 2017) 
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elegant.  

3.2 Cement Powder 

General purpose ordinary Portland cement 

powder (OPC) of strength class 42.5N was used 

throughout the study.  The cement powder 

compliance with SLS 107: 2015. 

3.3 Preparation of Cement Paste 

The cement paste was prepared by mixing 

cement water and water dispersed GO. The 

water/cement ratio was maintained as 0.4 by 

weight. A reference sample of plain cement mix 

was kept comparing with the modified cements. To 

find out the optimum dosage of GO nano sheets the 

amount used for modification was varied from 

0.01% to 0.05% by weight of cement. Testing was 

done following the guidelines stated by (Field 

Sampling and Fabrication of 50–mm (2-in) Cube 

Specimens using Grout (Non-Shrink) and or 

Mortar) according to the ASTM guidelines (T 106 / 

C 109). 

Table 2: Mix Proportion of Cement Paste  

Sample S0 S1 S2 S3 S4 S5 

W/C 

ratio 
 

0.4 0.4 0.4 0.4 0.4 0.4 

GO% 0.00 0.01 0.02 0.03 0.04 0.05 

Samples were prepared for 2 kg of cement to 

reduce the error in weighting. The measured 

amount of GO dispersion was mixed with the 

measured water until mixture is of uniform colour. 

Mix the cement with the solution and mix it until 

the mixture is of uniform consistency. The time of 

mixing was limited so the mixing will be finished 

within 3-4 minutes. 

Immediately after mixing the mortar, it was 

placed in the cube mould of 50 mm × 50 mm × 50 

mm to fill a half height of the mould and tamped 

with the help of a tamping rod of cross section  

13 mm × 25 mm and length of 125 mm. The mortar 

was tamped in 04 rounds of 8 tamps for total of 32 

tamps in 10 seconds. The mortar was filled again to 

the full height and tampered in the same manner 

used for the first layer. 

Smooth the surface of the cubes using the 

trowel. Then cube moulds were place in indoors 

where temperature is about 27±200C for 24 hours. 

After 24 hours cubes were from the mould and 

immediately submerge in clean water till testing. 

Cubes were taken out from water just before 

testing. 

3.4 Compressive Strength Test 

In order to check the influence of GO on 

mechanical properties of cement paste, 

Compression test was conducted on the specimens. 

3 cubes were tested for each sample category and 

report the average value for the test result for both 

7-day and 28-day compressive strength. The rate of 

loading was set to 1.5 kN/s. 

 

 

 

 

 

 

 

 

Figure 2: Compressive strength test data 
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4. Results and Discussion 

4.1 Influence of GO on Compressive Strength 

The compressive strength of GO modified 

cement paste at 7-day and 28-day are listed in the 

Table 3 and 4. It can be seen that all other samples 

except S1 and S5 exhibit considerable increase in 

compressive strength. S1 and S5 shows a decrease 

in compressive strength when compared with S0. 

Optimum dosage of GO for cement modification 

can be identified as S3 which is 0.03% by weight 

it shows 70% increase in compressive strength in 

7-days and 27.5% increase in 28-days when 

compared with the reference sample. 

Table 3: Compressive Strength of Modified 

Cement Paste at 7-days 

Sample Flexural Strength 

(MPa) 

Increase Ratio 

(%) 

S0 17.65 - 

S1 13.73 -22.2 

S2 21.78 23.4 

S3 30.01 70.0 

S4 23.24 31.7 

S5 15.58 -11.8 

 

 

Table 4: Compressive Strength of Modified 

Cement Paste at 28-days 

Sample Flexural Strength 

(MPa) 

Increase Ratio 

(%) 

S0 30.35 - 

S1 24.94 -17.8 

S2 32.99 8.7 

S3 38.70 27.5 

S4 34.01 12.1 

S5 20.28 -33.2 

 

The large surface area of GO with functional 

groups such as C–OH, C–H and COOH may have 

acted as nucleation sites, facilitating. Also, the 

uniform dispersion of the GO and the functional 

groups may have provided reinforcement for the 

cement matrix. These factors may have improved 

the compressive strength of the GO modified 

cement.  

When GO concentration is further increased 

compressive strength decreases due to aggregation 

of GO in the matrix. Further when the number of 

nano sheets increased, they tend to overlap with 

each other instead of random spreading (Li, et al, 

2019). This may have caused the decrease in 

compressive strength for S4 and S5.   

 
It can 

be seen 

that the 

Figure 3: Comparison of test data of GO with different Oxygen concentrations 
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percentage increase in 7 days strength is higher 

when compared with 28 days. So GO modified 

cements will be greater use when early strength gain 

requirement is a necessity. 

4.2 Comparison of Test Results with Data in 

Literature 

Table 5: Oxygen Content and Reference for Data 

Used In Comparison 
 

No Oxygen 

Content 

(%) 

Reference 

N1 47.52 (Devi & Khan, 2020) 

N2 41-50 (Qureshi & Panesar, 2019) 

N3 41-50 (Li, et al., 2017) 

N4 36.84 (Shang, Zhang, Yang, Liu, & 

Liu, Effect of Graphene Oxide 

on rheological properties of 

cement pastes, 2015) 

N5 34.05 (Qureshi, Panesar, Sidhureddy, 

Chen, & Wood, 2019) 

N6 28-33 Experiment Conducted 
 

The test data from five studies as shown in table 

5 were compared with the results obtained from the 

experiment. All the experiments chosen to have used 

water to cement ratio of 0.4 – 0.45 and different 

oxygen percentages in the GO used. The percentage 

increment in the compressive strength was used for 

the comparison.  

According to the Figure 3 the sample N6 shows 

the maximum percentage increase in the 

compressive strength in the presence of 0.03% GO 

by weight. According to the literature further 

increase in strengths does not occur when the 

oxygen content increase above 29.33% (Lv, Ma, 

Chaochao, & Zhou, 2013). 

It can be seen that with the increase in oxygen 

percentage the dosage needed to reach the maximum 

strength also increases. It may not be cost effective 

since small increment in the use of GO will increase 

the cost of the product significantly. Therefore, GO 

with lesser oxygen content perform better than the 

GO with higher oxygen content. 

5.   Conclusion 

The effect of GO on the compressive strength of 

cement were investigated with the water to cement 

ratio of 0.4 and the role of oxygen functional 

groups of GO on increasing the efficiency of 

cement modification was reviewed and discussed 

in this study. 

The following conclusion have been drawn from 

the study, 

1) The incorporation of GO increases the 

compressive strength of modified cement. The 

optimum dosage was to be around 0.03% by 

weight. The compressive strength will start to 

decrease when the dosage is increased than the 

optimum dosage and it will be below the 

compressive strength of normal cement paste when 

the dosage is further increased.  

2) Percentage of oxygen or oxygen functional 

groups in GO influence the improvement in the 

compressive strength of the modified cement. 

Increase in oxygen content will hinder the 

improvement of compressive strength property. 

Chemically the percentage of oxygen can be 

maintained at the optimum level. But it will not be 

cost efficient or eco-friendly. Using Sri Lankan 

vein graphite/ epigenetic graphite deposits, GO 

with lesser oxygen content can be obtained which 

will perform better and it will be cost efficient and 

eco-friendly. 
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