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“Perseverance in disruptive times” 

 
It’s quite astonishing to see and feel how critical 

and unpredictable circumstances could be at times like in a 
pandemic. The usual form of normal appears abnormal and 
restricted while the new normal becomes more acceptable. 
A mere sneeze or a cough could make a shiver while being 
snared at home for days is highly anticipated and regarded 
quite normal. Even though the country has been re-opened 
and the normal routines have been recommenced, the lag is 
still apparent in the society. The deficiency created in the 
economy, the deferment and annulment of events, scarcity 
of materials and goods which are being experienced by us 
have a great deal with the crucial pandemic. The aftermath 
is seen and justified to be quite normal in both local and 
global contexts. Nevertheless; the main emphasis should be 
laid on countries, institutions, organisations and individuals 
who strived harder amidst all these restrictions to 
accomplish their goals. Their pattern of perseverance and 
resolution reminds the world that “Limits only exist in your 
mind”.  
 

The Society of Structural Engineers- Sri Lanka 
also made the greatest effort ever to deliver the best during 
the catastrophe. We managed to conduct the Question Time 
sessions in every month as planned and more than previous 
years. The full day seminars, the annual session, workshops 
and also the design courses were conducted throughout the 
year to keep the members updated and intact. The quarterly 
published “Modulus” and the duly updated website of 
SSESL also made the progression of the executive 
committee to spread by leaps and bounds. At the end of the 
day, this year could be pronounced as of conspicuous 
success for the Executive Committee of SSESL. Success is 
never accidental they say. It’s the commitment, dedication 
and innovative thinking of number of individuals with 
prodigious amount of energy and motivation. The 
Executive Committee of SSESL for the year of 2020/2021 
would like to take a bow to all those who assisted in 
making this year a success through both the virtual and 
physical platforms. The guest speakers who joined us 
through zoom and other virtual platforms, the technical 
professionals who facilitated the infrastructure, the 
sponsors for all the events, the Secretariate Assistants of the 
SSESL, The Associate Member Chapter of SSESL, the 
authors of the papers forwarded for the “Modulus” and all 
the members of SSESL are remembered with great 
appreciation and gratitude for helping us to find ways to 
fulfil the will. The Outgoing Committee would also like to 
take this opportunity to wish the new Committee to be 
elected in December, all the very best for coming year.  
 

The Outgoing Committee anticipates that the 
initiatives taken during this year will be carried forward and 
made fruitful in the coming years, with the achievement of 
another mile stone by developing three standard manuals 
for the practicing Structural Engineers in the Industry; 
“Drawing Office Manual”, “Design office Guidelines” and  
 

“Peer Review Guidelines” In the present context, 
it is a known fact that different design offices use different 
drawing norms, notations, abbreviations and plot styles in 
drafting structural drawings. Contractors find it time 
consuming to alter their way of reading drawings from one 
designer to another due to these discrepancies and 
variations in drawing styles. The SSESL believes that a 
standard drawing office manual will not only help the 
designers but also related stakeholders, to get adhered and 
familiar to a single way of reading and understanding this 
language of structural Engineers, comes out as drawings. 
Forecasting more into the future the Society also expects 
that the advance developments in drawing office manual 
would assist much needed softcopies sharing facility which 
would be compulsory in Building information modeling 
(BIM) with the adaptation of same layers, properties, 
annotations and over all workspace settings used in the 
drawing software.  
 

Preparation of standard “Design Office Guideline” 
is mainly fortified with the intention of developing and 
training apprentices at design offices under the same basic 
principles. This will nurture them with a proper propaganda 
in designing alas their encounter with inadequate mentoring 
during the probation period. The manual is projected to 
provide them with a clear framework of the sequence of 
designing and compulsory checks for further verifications.  
 

The “Peer Review Guidelines” will pave a clearer 
and a more logical approach for reviews and comments 
produced by one designer or team on a structural design 
conducted, by another peer designer or a team. The 
guidelines promise to create a basic skeleton for structural 
design engineers to lodge their considerations of the review 
in a more systematic and a prudent manner. As the review 
will be based on a regulated standard rather than on 
speculations or hypotheses, this will also originate a healthy 
mode of constructive criticism and appreciation among peer 
structural engineers. All these three manuals are currently 
being drafted under different sub committees of the SSESL. 
It is our belief that these standards will evolve with time 
and it is the responsibility of the experts and experienced 
members of the Society to develop them further.  
 

The SSESL has also identified the requirement of 
investigating seismic design adaptation in Sri Lankan 
context as it would become paramount in coming years 
especially with the development of high rise building 
constructions. It has swirled rifts among different designers 
over the consideration of seismic analysis in Sri Lankan 
designs due to the country’s location within the Indo-
Australian tectonic plate which is regarded to be at a 
considerable distance from the plate boundaries. Yet the 
seismologists and scientists prediction of new plate 
boundaries formation by splitting the Indo-Australian plate; 
and the possibility of intra-plate earthquakes that can occur 
within the tectonic plate at any given time without prior 
warning would be vulnerable. Therefore Society is in the 
process of identifying the most appropriate approach for the 
Sri Lankan context in providing standard allocations for 
earthquake designs. 
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Apart from the new additions to our publications, 
the SSESL has also decided to voyage in the technical 
advancements prevalent among the younger generation. A 
new membership management portal instilled as a mobile 
app has been developed by the Society with the intention of 
securing an auto updated member directory with their 
relevant information. The app will allow members to 
register in events organized by the SSESL, make online 
payments for annual membership subscription and will 
further facilitate SSESL to update and share latest news 
items of the Society with the members. The inception will 
be launched in the coming Annual General Meeting.  

 
With these new initiatives and in the wake of the 

successful completion of the full event plan for the year 
2021 amidst this inevitable, disruptive time, the Executive 
Committee is expecting to conclude the official year with a 
great sense of accomplishment.  

 
 
Eng.S.S.A.Kalugaldeniya, 
B.Sc.Eng (Hons), M.Sc.(struct/TUT- 
Japan), C. Eng, MIE(SL), MSSE(SL) 
 

Editor,   
Society of Structural Engineers, 
Sri Lanka. 
Email : editor.sse.sl@gmail.com 
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The Editor wishes to thank authors of the research 
articles, Eng. N.Abeysuriya for providing the write up 
for the cover story, Eng. N.A. Amarasinghe and the 
Associate Member Chapter for their contribution in 
preparing the Modulus. 

The statements made or opinions expressed in the 
Modulus do not necessarily reflect the views of the 
Society of Structural Engineers, Sri Lanka the Modulus. 
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Own and operated by Teardrop Hotel group, Fort 

Bazaar, is a 17th Century handsome merchant’s home-
turned-Luxury boutique hotel with 18 stylish 
guestrooms and fresh, contemporary interiors 
invoking a Middle Eastern vibe. Positioned on Church 
Street  within a UNESCO-listed 17th century Galle  
fort, this spa hotel in Galle promises serenity, high-
end service and gourmet modern dining, and makes a 
very welcoming retreat from the bustling cobbled 
streets of Galle  
 

The designing process for the renovation and 
modifications to the abandoned merchant’s house was 
commenced in 2014 and the project was completed in 
2016.  

 
Client:    Teardrop Hotel 
 
Architect:   PWA Architects 
 
Structural Engineer:  NCD Consultants (pvt) Ltd 
 
Contractor:   Builtmart Ltd  
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Annual Sessions – 2021 
 
Annual Sessions of SSESL for the year 2021 was conducted 
on a virtual conference platform via zoom conferencing 
mode on 30th of August 2021. Tokyo Cement Company 
(Lanka) PLC sponsored the event which was held with 
approximately 250 online participants. 
 
Lighting of the oil lamp remarked the commenced of the 
event, and all participants, speakers and invitees were 
welcomed by the President of SSESL; Eng. N. Abeysuriya. 
Prof. Shingo Asamoto from Department of Civil and 
Environmental Engineering, Saitama University, Saitama 
delivered the keynote address in morning session on the 
topic “Assessment of Concrete Structures Durability in 
Japan and Importance of Water on Durability”.  
 
Morning session of the event was chaired by Dr Harsha 
Sooriyaarachchi. Four speakers presented their expertise 
and findings under the topics of Numerical Investigation on 
Retrofitting of RC Dapped-end beams, Evaluation of Shear 
Critical Reinforced Concrete Element Behavior using 
different Numerical approaches, Construction Stage and 
Seepage Analysis incorporated in Two Dimensional 
Kotmale Dam Model and Vibration-based Damage 
Detection Framework for Prestressed Concrete Bridges 
using Wavelet Neural Networks. 
 
Eng. A. S. B. Edirishinghe chaired the afternoon session. 
Prof. Tiziana Rossetto from University of London shared 
her expertise on the topic “Resilience Based design 
Interventions on Critical Building in Sri Lanka” at the 
keynote address in afternoon session. Afternoon session 
comprised of presenting four papers under the topics of 
Experimental and Numerical Study on Force –
Displacement & Moment-Curvature Behavior of a 
Reinforced Concrete Beam, Wavelet-Transform-Based 
Damping identification of a Tall Building, Self-
Deployment Simulation of Long Narrow Thin Shells and 
Analysis of Self-Healing Capacity of Bacterial Concrete in 
Different Underwater Environments. Panel discussion for 
the papers presented was held at the end of each session. 
 
The event was successfully concluded with the vote of 
thanks delivered by Eng. (Mrs.) T. J. Jayasundara, the Vice 
President of SSESL.  
 

 
Capture 1 – Eng. N. Abesuriya delivering the Welcome 
Speech.  

 
 

 
Capture 2 – Dr. Harsha Sooriyaarachchi conducting the 
morning session  
 
 

 
Capture 3 – Prof. Shingo Asamoto delivering the Keynote 
Speech in the morning session.  
 
 

 
Capture 4 – Eng. A. S. B. Edirisinghe conducting the 
afternoon session  
 
 
 

 
Capture 5 – Prof. Tiziana Rossetto delivering the Keynote 
Speech in the afternoon session  
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Course on “STRUCTURAL DESIGNS OF 
HIGH-RISE BUIDINGS” 

 
A five day course on “Structural Designs of High-Rise 
Buildings” has been organized by the Society, starting from 
6th of November. The lecture series will be conducted on a 
virtual platform using a smart class room setup. This course 
is designed by the Society for the structural design 
engineers who possess minimum two years of experience 
in a recognized design office. 
  
Objective of the course is to provide Training and qualified 
guidance for practicing structural design engineers to carry 
out Structural designs of High-Rise Buildings, adhering to 
International Standards.  
 
Content of the course include; Tall building Structural 
Analysis & Design Challenges, Conceptual Design with 
special emphasis on premium for height, Introduction to 
Facade Designs, Dynamic Excitations on Tall Structures, 
Structural Analysis & Modeling Techniques, Tall Building 
Architecture, Challenges in Design of the Substructure,  
Design of Strong Elements, Introduction to tall building 
construction, Special Considerations for Detailing, Special 
Considerations in Technical Specifications, Structural 
Health Monitoring and Introduction to Building Services 
Engineering in tall buildings.   
 
Eng. Neville J. Mathias, Eng. S. A. Karunaratne, Eng. 
Predrag Eror, Eng. K. L. S. Sahabandu, Archt. Dan 
Ameresekere, Eng. R. M. A. Senarath, Dr. K. Suresh 
Kumar, Eng. N. Abeysuriya, Eng. Shiran jayalath, Eng. D. 
T. Rajasekaran, Eng. (Prof.) Saman Thilakasiri, Eng. S. U. 
Jayakody, Eng. (Mrs.) T. J. Jayasundara and Eng. S. S. A. 
Kalugaldeniya will be sharing their expertise as Resource 
Persons.  
 
 
Annual General Meeting – 2021 
 
The Twenty Eight Annual General Meeting of SSESL will 
be held on Tuesday 14th of December 2021, at Cinnamon 
Grand Hotel from 3.00pm onwards.  
 
Question Time Sessions  
 
Following QT Sessions were conducted by the Society for 
the year 2021.  
 

Month Topic Resource Person Sponsor 
 

January Introduction of 
Bi-Directional 
Static Load 
Testing 

Eng. Parakrama 
Jayasinghe 

 

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 

 
 
Publications from SSESL 
 
Society of Structural Engineers has completed final draft 
documents for  

 Design manual guidelines, 
 Drawing office guidelines and 
 Peer review guideline. 

The Executive Committee of the Society is pleased to 
announce that these publications are ready for the public 
issuance. The Executive Committee highly appreciate if 
members could forward their comments and suggestions on 
these issuances, so that guidelines could be updated further.  

 
 
 
 
 
 
 
 
 
 
 
 



MODULUS | September 2021
Vol. 31 | No. 03

5SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA

SOCIETY NEWS
MODULUS | September 2021 
Vol.31 No. 03 

 

  
SOCIETY NEWS 

 

SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA 
 

SOCIETY NEWS 
 
Annual Sessions – 2021 
 
Annual Sessions of SSESL for the year 2021 was conducted 
on a virtual conference platform via zoom conferencing 
mode on 30th of August 2021. Tokyo Cement Company 
(Lanka) PLC sponsored the event which was held with 
approximately 250 online participants. 
 
Lighting of the oil lamp remarked the commenced of the 
event, and all participants, speakers and invitees were 
welcomed by the President of SSESL; Eng. N. Abeysuriya. 
Prof. Shingo Asamoto from Department of Civil and 
Environmental Engineering, Saitama University, Saitama 
delivered the keynote address in morning session on the 
topic “Assessment of Concrete Structures Durability in 
Japan and Importance of Water on Durability”.  
 
Morning session of the event was chaired by Dr Harsha 
Sooriyaarachchi. Four speakers presented their expertise 
and findings under the topics of Numerical Investigation on 
Retrofitting of RC Dapped-end beams, Evaluation of Shear 
Critical Reinforced Concrete Element Behavior using 
different Numerical approaches, Construction Stage and 
Seepage Analysis incorporated in Two Dimensional 
Kotmale Dam Model and Vibration-based Damage 
Detection Framework for Prestressed Concrete Bridges 
using Wavelet Neural Networks. 
 
Eng. A. S. B. Edirishinghe chaired the afternoon session. 
Prof. Tiziana Rossetto from University of London shared 
her expertise on the topic “Resilience Based design 
Interventions on Critical Building in Sri Lanka” at the 
keynote address in afternoon session. Afternoon session 
comprised of presenting four papers under the topics of 
Experimental and Numerical Study on Force –
Displacement & Moment-Curvature Behavior of a 
Reinforced Concrete Beam, Wavelet-Transform-Based 
Damping identification of a Tall Building, Self-
Deployment Simulation of Long Narrow Thin Shells and 
Analysis of Self-Healing Capacity of Bacterial Concrete in 
Different Underwater Environments. Panel discussion for 
the papers presented was held at the end of each session. 
 
The event was successfully concluded with the vote of 
thanks delivered by Eng. (Mrs.) T. J. Jayasundara, the Vice 
President of SSESL.  
 

 
Capture 1 – Eng. N. Abesuriya delivering the Welcome 
Speech.  

 
 

 
Capture 2 – Dr. Harsha Sooriyaarachchi conducting the 
morning session  
 
 

 
Capture 3 – Prof. Shingo Asamoto delivering the Keynote 
Speech in the morning session.  
 
 

 
Capture 4 – Eng. A. S. B. Edirisinghe conducting the 
afternoon session  
 
 
 

 
Capture 5 – Prof. Tiziana Rossetto delivering the Keynote 
Speech in the afternoon session  

MODULUS | September 2021 
Vol.31 No. 03 

 

  
SOCIETY NEWS 

 

SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA 
 

Course on “STRUCTURAL DESIGNS OF 
HIGH-RISE BUIDINGS” 

 
A five day course on “Structural Designs of High-Rise 
Buildings” has been organized by the Society, starting from 
6th of November. The lecture series will be conducted on a 
virtual platform using a smart class room setup. This course 
is designed by the Society for the structural design 
engineers who possess minimum two years of experience 
in a recognized design office. 
  
Objective of the course is to provide Training and qualified 
guidance for practicing structural design engineers to carry 
out Structural designs of High-Rise Buildings, adhering to 
International Standards.  
 
Content of the course include; Tall building Structural 
Analysis & Design Challenges, Conceptual Design with 
special emphasis on premium for height, Introduction to 
Facade Designs, Dynamic Excitations on Tall Structures, 
Structural Analysis & Modeling Techniques, Tall Building 
Architecture, Challenges in Design of the Substructure,  
Design of Strong Elements, Introduction to tall building 
construction, Special Considerations for Detailing, Special 
Considerations in Technical Specifications, Structural 
Health Monitoring and Introduction to Building Services 
Engineering in tall buildings.   
 
Eng. Neville J. Mathias, Eng. S. A. Karunaratne, Eng. 
Predrag Eror, Eng. K. L. S. Sahabandu, Archt. Dan 
Ameresekere, Eng. R. M. A. Senarath, Dr. K. Suresh 
Kumar, Eng. N. Abeysuriya, Eng. Shiran jayalath, Eng. D. 
T. Rajasekaran, Eng. (Prof.) Saman Thilakasiri, Eng. S. U. 
Jayakody, Eng. (Mrs.) T. J. Jayasundara and Eng. S. S. A. 
Kalugaldeniya will be sharing their expertise as Resource 
Persons.  
 
 
Annual General Meeting – 2021 
 
The Twenty Eight Annual General Meeting of SSESL will 
be held on Tuesday 14th of December 2021, at Cinnamon 
Grand Hotel from 3.00pm onwards.  
 
Question Time Sessions  
 
Following QT Sessions were conducted by the Society for 
the year 2021.  
 

Month Topic Resource Person Sponsor 
 

January Introduction of 
Bi-Directional 
Static Load 
Testing 

Eng. Parakrama 
Jayasinghe 

 

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 

 
 
Publications from SSESL 
 
Society of Structural Engineers has completed final draft 
documents for  

 Design manual guidelines, 
 Drawing office guidelines and 
 Peer review guideline. 

The Executive Committee of the Society is pleased to 
announce that these publications are ready for the public 
issuance. The Executive Committee highly appreciate if 
members could forward their comments and suggestions on 
these issuances, so that guidelines could be updated further.  

 
 
 
 
 
 
 
 
 
 
 
 



MODULUS | September 2021
Vol. 31 | No. 03

6 SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA

SOCIETY NEWS
MODULUS | September 2021 
Vol.31 No. 03 

 

  
SOCIETY NEWS 

 

SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA 
 

Membership Management System 
 
The Executive Committee of Society of Structural 
Engineers Sri Lanka wishes to announce the launching of 
New Membership Management System App to establish 
a continual interaction with its members. The new system 
is scheduled to launch during the Annual General Meeting 
of the Society for the year 2021. 
 
Key Features of the System 
 
 Member Directory 
 Online Applying for Membership 
 Event Notifications 
 Event Registration and Online Payment Portal 
 Online Membership Payment Portal 
 SSESL News and Updates. 
 

 
Any platform; Android, Apple or Windows / PC could be 
used to connect with the System. Initially, all the members 
will be notified by an e-mail to “Reset the Password”. Once 
the password is reset, following procedure could be 
followed to connect with the APP. 
 
Android Device 
 

 Search “SSESL” in Play Store. 
 Download and install the app. 
 Open the App, then login using email and new 

password. 
 
Apple Device 
 

 Search for “membership.ssesl.lk” in Safari 
browser. 

 Once the site is loaded, tap on Browser Action 
Icon. 

 Then tap on “Add to Home Screen” and confirm 
by clicking on “Add” 

 Open the App from home screen, then login using 
email and new password. 

 
 
 

PC 
 

 Visit https://membership.ssesl.lk 
 Login using email and new password. 

 
Video Tutorials for How to apply for the membership, How 
to create a guest account, Install SSESL App on android 
device and How to add SSESL App to an iPhone will be 
circulated once the SSESL App is launched.   
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Abstract 
This paper presents a methodology on how to evaluate bridge network using structural reliability theory. There 
is a growing interest to estimate bridge networks at the moment since bridge authorities are to find new ways 
for spending resources in bridge maintenance. Naturally a bridge fails from different failure modes. Out of 
these failure modes, critical failure modes are selected and from these elementary failure probabilities are 
found. With using elementary failure probabilities, it is introduced how to find system failure probability of the 
bridge from system reliability approach involving simple bounds. In finding bridge network reliability index 
between two selected cities, initially different road paths situated between them have to find as the initial step. 
For the bridges located in each path, its path system failure probability is calculated. Based on these path 
values, using parallel system, network failure and then network reliability index is found. This network 
reliability index can be used as a parameter for evaluating the bridge networks. An example is performed to 
illustrate the proposed methodology. Based on the methodology introduced in this section, the network 
reliability index can effectively be used for condition estimation of different bridge networks. Furthermore, it 
can be used effectively in optimized resources expenditures in bridge networks.  

Key Words: Bridge paths, Bridge networks, Failure probability, Reliability index

 

1. Introduction 
In today’s rapidly changing world, the quality 

of human life and economic progress of a country 
depend on the quantity, quality and efficiency of its 
infrastructures system1). Everywhere around the 
world, there is a need for significant investment to 
repair civil infrastructures, which are deteriorating 
under heavy use, severe exposure conditions, and 
age2). Among these, roads and railway 
transportation associated structures play an 
important role in the ground transportation systems 
and it constitutes a considerable investment in 
infrastructure and directly affects the productive 
capacity of a country. The quality and efficiency of 
a transportation system of a given country is an 
index of its level of economic stand in the world. 

Bridges are the most critical yet vulnerable 
elements in highway transportation networks3,4,5). 
To upkeep with present progress of a society, there 
is a need to attend the issue of condition estimation 

 

 

and proper maintenance of bridges, which have a 
widespread significance for continuous research 
among scientific communities of the world. The 
study of bridges has different areas of research. 
Above all, maintenance of existing bridge 
infrastructure has significant research interest since 
construction of new bridges involves with huge 
resources expenditures. Keeping the bridges as 
many years as possible will release the burden on 
bridge authorities. In the different countries, the 
history of developing maintenance strategy for 
bridges is probably few decades old. However, in 
the process of bridge maintenance, lack of 
sufficient theoretical background has made no 
widespread accepted method in existence. As most 
of current accepted strategies are based on the 
visual inspections made by bridge inspectors with 
varying time intervals6). Since visual inspections 
are carried out by bridge inspectors, there is always 
associated with human uncertainty. Bridge 
inspection reports depend heavily on bridge 
inspectors’ experience. Hence, absolute 
dependence on their reports is not reliable and may 
often lead to incorrect decision-making. On the 
other hand, the contribution of bridge inspectors to 
find structural and non-structural defects, damages 
and timely degradation processes and etc are not be 
under looked. In fact, human experience is 
beneficial but it should always be backed with 
sufficient subjective knowledge. It is only then any 
strategy has an acceptable performance. However, 
these prevailing uncertainties in current procedures 
make a whole set of problems. Some of the 
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Membership Management System 
 
The Executive Committee of Society of Structural 
Engineers Sri Lanka wishes to announce the launching of 
New Membership Management System App to establish 
a continual interaction with its members. The new system 
is scheduled to launch during the Annual General Meeting 
of the Society for the year 2021. 
 
Key Features of the System 
 
 Member Directory 
 Online Applying for Membership 
 Event Notifications 
 Event Registration and Online Payment Portal 
 Online Membership Payment Portal 
 SSESL News and Updates. 
 

 
Any platform; Android, Apple or Windows / PC could be 
used to connect with the System. Initially, all the members 
will be notified by an e-mail to “Reset the Password”. Once 
the password is reset, following procedure could be 
followed to connect with the APP. 
 
Android Device 
 

 Search “SSESL” in Play Store. 
 Download and install the app. 
 Open the App, then login using email and new 

password. 
 
Apple Device 
 

 Search for “membership.ssesl.lk” in Safari 
browser. 

 Once the site is loaded, tap on Browser Action 
Icon. 

 Then tap on “Add to Home Screen” and confirm 
by clicking on “Add” 

 Open the App from home screen, then login using 
email and new password. 

 
 
 

PC 
 

 Visit https://membership.ssesl.lk 
 Login using email and new password. 

 
Video Tutorials for How to apply for the membership, How 
to create a guest account, Install SSESL App on android 
device and How to add SSESL App to an iPhone will be 
circulated once the SSESL App is launched.   
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Abstract 
This paper presents a methodology on how to evaluate bridge network using structural reliability theory. There 
is a growing interest to estimate bridge networks at the moment since bridge authorities are to find new ways 
for spending resources in bridge maintenance. Naturally a bridge fails from different failure modes. Out of 
these failure modes, critical failure modes are selected and from these elementary failure probabilities are 
found. With using elementary failure probabilities, it is introduced how to find system failure probability of the 
bridge from system reliability approach involving simple bounds. In finding bridge network reliability index 
between two selected cities, initially different road paths situated between them have to find as the initial step. 
For the bridges located in each path, its path system failure probability is calculated. Based on these path 
values, using parallel system, network failure and then network reliability index is found. This network 
reliability index can be used as a parameter for evaluating the bridge networks. An example is performed to 
illustrate the proposed methodology. Based on the methodology introduced in this section, the network 
reliability index can effectively be used for condition estimation of different bridge networks. Furthermore, it 
can be used effectively in optimized resources expenditures in bridge networks.  

Key Words: Bridge paths, Bridge networks, Failure probability, Reliability index

 

1. Introduction 
In today’s rapidly changing world, the quality 

of human life and economic progress of a country 
depend on the quantity, quality and efficiency of its 
infrastructures system1). Everywhere around the 
world, there is a need for significant investment to 
repair civil infrastructures, which are deteriorating 
under heavy use, severe exposure conditions, and 
age2). Among these, roads and railway 
transportation associated structures play an 
important role in the ground transportation systems 
and it constitutes a considerable investment in 
infrastructure and directly affects the productive 
capacity of a country. The quality and efficiency of 
a transportation system of a given country is an 
index of its level of economic stand in the world. 

Bridges are the most critical yet vulnerable 
elements in highway transportation networks3,4,5). 
To upkeep with present progress of a society, there 
is a need to attend the issue of condition estimation 

 

 

and proper maintenance of bridges, which have a 
widespread significance for continuous research 
among scientific communities of the world. The 
study of bridges has different areas of research. 
Above all, maintenance of existing bridge 
infrastructure has significant research interest since 
construction of new bridges involves with huge 
resources expenditures. Keeping the bridges as 
many years as possible will release the burden on 
bridge authorities. In the different countries, the 
history of developing maintenance strategy for 
bridges is probably few decades old. However, in 
the process of bridge maintenance, lack of 
sufficient theoretical background has made no 
widespread accepted method in existence. As most 
of current accepted strategies are based on the 
visual inspections made by bridge inspectors with 
varying time intervals6). Since visual inspections 
are carried out by bridge inspectors, there is always 
associated with human uncertainty. Bridge 
inspection reports depend heavily on bridge 
inspectors’ experience. Hence, absolute 
dependence on their reports is not reliable and may 
often lead to incorrect decision-making. On the 
other hand, the contribution of bridge inspectors to 
find structural and non-structural defects, damages 
and timely degradation processes and etc are not be 
under looked. In fact, human experience is 
beneficial but it should always be backed with 
sufficient subjective knowledge. It is only then any 
strategy has an acceptable performance. However, 
these prevailing uncertainties in current procedures 
make a whole set of problems. Some of the 
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problems associated with this inadequate 
knowledge in bridge maintenance are unbearable 
financial loss due to frequent maintenance 
activities, unforeseen bridge damages and 
accidental bridge failures. These losses in terms of 
financial, physical and other resources are truly 
unbearable irrespective of the financial capability 
of a country. Early identification of damages and 
treatment is essential correct bridge management. 
This is because some bridges located in extreme 
conditions deteriorates at a faster rate and with 
early identification of defects, bridges can be kept 
more time by applying maintenance activities at the 
right time. . Furthermore, when there is 
maintenance to be carried out with different 
options, there is no defined method of selecting 
options with its relation to cost and increased 
service life of the bridge. But the cost consideration 
is essential in bridge maintenance. This complexity 
of life prediction and bridge maintenance has 
hindered lot of researchers in formulating a defined 
method of life prediction and cost optimized bridge 
maintenance strategy for bridges.  

In addition to condition evaluation of bridges 
individually, there is a need to evaluate condition 
of bridge systems. In today’s rapidly changing 
world, performance evaluation of bridges among 
cities is often required to guarantee the safety of 
total system. This is due to the fact that failure of 
one bridge in a bridge network affects the total 
system. No only with failures, but also with poor 
conditions of bridges, performance of bridge 
network degrades. For example, load and speed 
limit imposed on a bridge affects not only to the 
said bridge but also to the bridge network 
performance. Therefore, it is very much needed to 
evaluate the bridge system.  In present context of 
bridge management, one of main problem in bridge 
network maintenance is that how the allocated 
resources should be used to get an optimum output. 
It has been identified through bridge authorities, 
the expenditure of resources in bridge maintenance 
often does not happen in a way that is ought to be. 
Such a way of money expenditure strains the 
authorities that are spending money on bridge 
maintenance.  When it matters, how to spend 
allocated resources, this network evaluation will 
play an important role. With network reliability 
index, resources can be expended in a more useful 
manner. Bridge networks having lower value of 
network reliability index can be allocated with 
more resources. 

 

 

 

2. Methodology 

2.1 Theoretical background  

Bridges can failure under different types of 
failure modes. The critical types of failure modes 
for a selected bridge can be different from one type 
of bridge to another. From these failure modes, 
critical failure modes are selected and for those 
failure modes, reliability based safety margins can 
be proposed.  

A typical bridge can fail due to different types 
of failure modes. As with a steel bridge, fatigue, 
moment shear could be more dominant failure 
modes. If a bridge has n number of critical failure 
modes, for them, following reliability expressions 
can be proposed as shown in the Eq. (1). 

ii SRi ZZM     i = 1,2…,n  .............................(1)  

 Where iM is the safety margin for ith mode of failure 
of the bridge. 

iRZ is the strength variable and 
iSZ is the 

load variable. Failure happens when load variable exceeds 
the value of strength variable as shown in the Fig. 1 when 
it is drawn in normalized space. The perpendicular 
distance in this situation is numerically equal to the 
reliability index of the proposed failure mode.   

 
 

  

 
 
 
 
 
 
 
 
 
  
 
 

Figure 1: First safety margin in normalized space 
 
 

Using the fundamentals of structural reliability theory, the 
reliability index for ith failure mode can be expressed,7,8,9). 
 

   22/
iSiR ZZiSZiRZi         i = 1,n    (2) 

 
 Elementary failure probability for this mode of failure 

ifP can be found as in the Eq. (4). Where Φ is the standard 
unit normal distribution function.   
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 iifP       i = 1,2…,n…….  (3) 
 

   
  22/1

iSiR ZZiSZiRZifP   …… (4) 

 
 According to Eqs. (2) and (4), for each failure 
mode (i =1,2,….n), elementary reliability index and 
elementary failure probability can be calculated.  

 Next step is to calculate the system failure 
mode. The failure of the bridge can happen due to 
any of these failure modes. Therefore, all failure 
modes can be modeled as a series system as shown 
in the Fig. 2.  

 
 
 
 

 
 

Figure 2: System reliability modeling of the failure 
modes 

 
 Most of times, there is an inter relations 
between these failure modes. Therefore, these 
failure modes are inter related and in actual sense 
this inter relationship or correlation between failure 
modes should be counted in reliability expressions 
in evaluating system failure.  
 
 With the use of simple bounds, it is possible to 
calculate the system failure probability as shown in 
the Eq. (5). 
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 FP is the system failure probability of i modes of 
failures. The  first part of the above equation represent the 
case where no correlations between components and 
second case represent the fully correlated situation . The 
actual value of system failure probability thus stays 
between two of above values. Fundamental problem is 
that calculation of system failure probability is difficult and 
often involves difficult numerical calculation. However 
with the use of simple bounds as shown above, it can be 
found without much difficulty. As outlined in this Eq. 6, 
from first steps, one can find system failure probability of a 
bridge.  
 

 FS P1  ……………………………........… (6) 
 

2.2 Use the timely variation of system reliability 
index in bridge maintenance  

 As outlined in above Equations, system 
reliability index of the bridge can be calculated at a 
given time. The nature of the system reliability 

index of the bridge is that it reduces with time. 
However, it has an initial time period of constant 
valued system reliability index and after that it 
reduces. How it varies with time depends on the 
loading conditions of the particular bridge site and 
environmental factors that surrounds the bridge. 
With proper maintenance activities, the service life 
of the bridge can be extended well of the design 
life of the bridge. The system reliability index 
variation with time with reference to the 
maintenance activities can be figured as shown 
below.  

 

 
 

 

 

 

 

 

 

 
 

Figure 3: Expected reliability deterioration of a 
bridge 

 

 Initially, the value of reliability index after 
construction is a high value and for a time period T1 
it remains same. This is mainly because there is 
some time needed to initiate the degradation 
processes. After time T1, reliability index reduces 
with the increase of time. During this period, the 
important aspect of study is the rate reduction of 
reliability index (α). The value of α is dependent on 
the how degradation process has affected the 
particular bridge. For example, a steel truss bridge 
located on a coastal environment has higher α than 
a steel bridge located in land under the condition 
that other factors such as load effects are same due 
to the fact the salt environment triggers corrosion 
on steel. When reliability index reaches to target 
value, “target reliability index” (target), 
maintenance activity should be done to maintain 
safety of the bridge. This will increase the 
reliability index by an amount. The value of 
increased of Δβ should always accompany with 
cost. Hence, it is generally essential to optimize 
increase of reliability index with cost of the 
maintenance activity. This increase of reliability 
index is higher for an essential maintenance 
activity which accounts for major repair than that 
of preventive maintenance activity that accounts 

1 2 n M1 M2 Mn 
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problems associated with this inadequate 
knowledge in bridge maintenance are unbearable 
financial loss due to frequent maintenance 
activities, unforeseen bridge damages and 
accidental bridge failures. These losses in terms of 
financial, physical and other resources are truly 
unbearable irrespective of the financial capability 
of a country. Early identification of damages and 
treatment is essential correct bridge management. 
This is because some bridges located in extreme 
conditions deteriorates at a faster rate and with 
early identification of defects, bridges can be kept 
more time by applying maintenance activities at the 
right time. . Furthermore, when there is 
maintenance to be carried out with different 
options, there is no defined method of selecting 
options with its relation to cost and increased 
service life of the bridge. But the cost consideration 
is essential in bridge maintenance. This complexity 
of life prediction and bridge maintenance has 
hindered lot of researchers in formulating a defined 
method of life prediction and cost optimized bridge 
maintenance strategy for bridges.  

In addition to condition evaluation of bridges 
individually, there is a need to evaluate condition 
of bridge systems. In today’s rapidly changing 
world, performance evaluation of bridges among 
cities is often required to guarantee the safety of 
total system. This is due to the fact that failure of 
one bridge in a bridge network affects the total 
system. No only with failures, but also with poor 
conditions of bridges, performance of bridge 
network degrades. For example, load and speed 
limit imposed on a bridge affects not only to the 
said bridge but also to the bridge network 
performance. Therefore, it is very much needed to 
evaluate the bridge system.  In present context of 
bridge management, one of main problem in bridge 
network maintenance is that how the allocated 
resources should be used to get an optimum output. 
It has been identified through bridge authorities, 
the expenditure of resources in bridge maintenance 
often does not happen in a way that is ought to be. 
Such a way of money expenditure strains the 
authorities that are spending money on bridge 
maintenance.  When it matters, how to spend 
allocated resources, this network evaluation will 
play an important role. With network reliability 
index, resources can be expended in a more useful 
manner. Bridge networks having lower value of 
network reliability index can be allocated with 
more resources. 
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can be proposed as shown in the Eq. (1). 

ii SRi ZZM     i = 1,2…,n  .............................(1)  

 Where iM is the safety margin for ith mode of failure 
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iRZ is the strength variable and 
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the value of strength variable as shown in the Fig. 1 when 
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Figure 1: First safety margin in normalized space 
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reliability index for ith failure mode can be expressed,7,8,9). 
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 According to Eqs. (2) and (4), for each failure 
mode (i =1,2,….n), elementary reliability index and 
elementary failure probability can be calculated.  

 Next step is to calculate the system failure 
mode. The failure of the bridge can happen due to 
any of these failure modes. Therefore, all failure 
modes can be modeled as a series system as shown 
in the Fig. 2.  

 
 
 
 

 
 

Figure 2: System reliability modeling of the failure 
modes 
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between these failure modes. Therefore, these 
failure modes are inter related and in actual sense 
this inter relationship or correlation between failure 
modes should be counted in reliability expressions 
in evaluating system failure.  
 
 With the use of simple bounds, it is possible to 
calculate the system failure probability as shown in 
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 FP is the system failure probability of i modes of 
failures. The  first part of the above equation represent the 
case where no correlations between components and 
second case represent the fully correlated situation . The 
actual value of system failure probability thus stays 
between two of above values. Fundamental problem is 
that calculation of system failure probability is difficult and 
often involves difficult numerical calculation. However 
with the use of simple bounds as shown above, it can be 
found without much difficulty. As outlined in this Eq. 6, 
from first steps, one can find system failure probability of a 
bridge.  
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 As outlined in above Equations, system 
reliability index of the bridge can be calculated at a 
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index of the bridge is that it reduces with time. 
However, it has an initial time period of constant 
valued system reliability index and after that it 
reduces. How it varies with time depends on the 
loading conditions of the particular bridge site and 
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of the bridge can be extended well of the design 
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variation with time with reference to the 
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Figure 3: Expected reliability deterioration of a 
bridge 

 

 Initially, the value of reliability index after 
construction is a high value and for a time period T1 
it remains same. This is mainly because there is 
some time needed to initiate the degradation 
processes. After time T1, reliability index reduces 
with the increase of time. During this period, the 
important aspect of study is the rate reduction of 
reliability index (α). The value of α is dependent on 
the how degradation process has affected the 
particular bridge. For example, a steel truss bridge 
located on a coastal environment has higher α than 
a steel bridge located in land under the condition 
that other factors such as load effects are same due 
to the fact the salt environment triggers corrosion 
on steel. When reliability index reaches to target 
value, “target reliability index” (target), 
maintenance activity should be done to maintain 
safety of the bridge. This will increase the 
reliability index by an amount. The value of 
increased of Δβ should always accompany with 
cost. Hence, it is generally essential to optimize 
increase of reliability index with cost of the 
maintenance activity. This increase of reliability 
index is higher for an essential maintenance 
activity which accounts for major repair than that 
of preventive maintenance activity that accounts 
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for routine maintenance procedure. This increase of 
reliability index keeps constant for a period of time 
as shown in the Figure 2. After that, reliability 
index goes down with a reduced rate of degradation 
to that of its former value. Its effect continues for a 
time period and then, degradation rate becomes α 
again. When it reaches to target again, maintenance 
should be done to improve the safety of structure.  

2.3 Target reliability index of a bridge  

 Many studies have been carried out for 
development of existing reliability design codes.  
The American Association of State and Highway 
Transportation Officials guide specification for 
steel bridges bases the remaining life of steel 
bridges on the use of a reliability oriented 
approach. In this guide, two levels of risk are 
considered. For a redundant bridge, a reliability 
index of 2.0 is used, and for a non-redundant 
bridge, a reliability index of 3.0 is used10). The 
value of target reliability index imposes the lowest 
acceptable value to which reliability of the bridge 
can fall.  

3. Bridge Network Evaluation 

In the bridge network evaluation, initially, two 
cities between which bridge network has to be 
evaluated is selected. In this case, there may be 
more than one route connecting two cities (A and 
B) as shown in the Fig. 4 below. In each routes, 
there exists different number of bridges. Consider 
there are m number of paths connecting between 
these cities.  

 

 
 

 

 

 

Figure 4: Bridge routes between two cities and 
hypothetical bridge arrangement 

 
 As mentioned in above Eq. (6), it is possible to 
calculate the system failure probability of each 
bridge located in a single route connecting two 
cities.  

 In one route, failure of one bridge makes the 
road to be ineffective. As this happens, bridge 
system located in a route can be considered as a 
series system. Supposing, there are l number of 
bridges situated in a one path as shown in Fig. 2 
above, path failure probability can be found as 
below.  
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……………… (7) 

 In the above equation, for components values, 
the values obtained in upper and lower bounds can 
be input and path failure probability can be 
calculated. Since lower bound and upper bounds 
values of bridges are used, in this case there are 
four values obtained after that.  

 In considering other routes, in case of one path 
failure, vehicles and passengers can use those 
alternative routes. Therefore, those alternative 
routes serve to be independent and it can be taken 
as a parallel system with each path being branches 
of the parallel path as shown in the Fig. 5.  

 
 
 
 
 

 

Figure 5: Network parallel modeling 
 

 Once this system is introduced network 
reliability index can be found as shown in the Eq. 
(8) and (9). Values obtained in equation 6 can be 
input in to the following Eq. 7 to find out network 
reliability index. As there were four values after 
equation 6, finally eight values for network failure 
probability.  
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j

m

j
NFsj PPP Min

 


1 1
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4. Numerical Example 
Assume there are three different routes 

connecting two Cities; A and B as shown in the 
Fig. 6 and bridges are located as shown in the 
below.  

 

 

Figure 6: Bridge network between two cities 

1st  path 
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Mst path 
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These bridges can be different types and in fact 
every bridge is different from other. As a first step, 
it should be determined elementary reliability 
indices of each bridge and then the system failure 
probability. For this exampled problem, let us 
assume that system reliability indices of bridges are 
as shown below.  

Table 1: Assumed failure probabilities of bridges 

Bridge System failure 
probability 

B1 3.5*10-5 

B2 4.5*10-6 

B3 5.5*10-5 

B4 7.5*10-5 

B5 7.5*10-5 

B6 8.0*10-5 

B7 2.5*10-5 

B8 1.0*10-5 

 

From the values, for different paths, path failure 
probability can be calculated and it is as below. 
 

Table 2: Path failure probability 

Path Lower bound path 
Failure probability 

Upper bound 
Failure probability 

 
AEB 8*10-5 1.9*10-4 

 
ACDB 7.5*10-5 1.1*10-4 

 
ADB 7.5*10-5 1.35*10-4 

 
 

Based on the above values, network failure 
probability can be manipulated and it is as shown 
in the Table 3. 
 

Table 3: Network Failure Probability 

Network 
failure 

probability 

Using lower 
bound 

values of path 
failure 

probabilities 

Using upper 
bound 

values of path 
failure 

probabilities 
 

Lower bound  0.45*10-12 2.82*10-12 

 
Upper bound  7.5*10-5 1.1*10-4 

 
  

Using the values given in the above Table 3, 
network reliability index can be calculated and it is 
as shown in the Table 4 below. 

Table 4: Network reliability index values 

Network 
failure 

probability 

Using lower 
bound 

values of path 
failure 

probabilities 

Using upper 
bound 

values of path 
failure 

probabilities 
Upper bound 7.15 6.89 

 
Lower bound 3.79 3.69 

 
 

As shown in the Table 4, the value of network 
reliability index lies between 3.69 to 7.15 for the 
exampled problem. This is the two most extreme 
lower and upper values between which actual value 
lies. It illustrates all possible values that the 
assumed bridge network can be achieved.  

5.   Conclusion 
 

Above methodology can be used to evaluate 
bridge networks. As in the numerical example, if 
two cities were given, then the network reliability 
index can be calculated and an idea about the given 
network can thus be obtained using this value.  

In case, where there are more than one network 
to be evaluated, this methodology can be used to 
identify which system is most reliable and which 
network needs more maintenance. Based such 
information, resources expenditure can be made. 
Bridge networks having less network reliability 
index can be allocated with more resources and 
thus such a methodology will be useful towards 
optimum bridge network evaluation in 
consideration of optimum cost expenditure. As 
such in the decision-making states of bridge 
maintenance, the applied methodology can be used.  
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for routine maintenance procedure. This increase of 
reliability index keeps constant for a period of time 
as shown in the Figure 2. After that, reliability 
index goes down with a reduced rate of degradation 
to that of its former value. Its effect continues for a 
time period and then, degradation rate becomes α 
again. When it reaches to target again, maintenance 
should be done to improve the safety of structure.  

2.3 Target reliability index of a bridge  

 Many studies have been carried out for 
development of existing reliability design codes.  
The American Association of State and Highway 
Transportation Officials guide specification for 
steel bridges bases the remaining life of steel 
bridges on the use of a reliability oriented 
approach. In this guide, two levels of risk are 
considered. For a redundant bridge, a reliability 
index of 2.0 is used, and for a non-redundant 
bridge, a reliability index of 3.0 is used10). The 
value of target reliability index imposes the lowest 
acceptable value to which reliability of the bridge 
can fall.  

3. Bridge Network Evaluation 

In the bridge network evaluation, initially, two 
cities between which bridge network has to be 
evaluated is selected. In this case, there may be 
more than one route connecting two cities (A and 
B) as shown in the Fig. 4 below. In each routes, 
there exists different number of bridges. Consider 
there are m number of paths connecting between 
these cities.  

 

 
 

 

 

 

Figure 4: Bridge routes between two cities and 
hypothetical bridge arrangement 

 
 As mentioned in above Eq. (6), it is possible to 
calculate the system failure probability of each 
bridge located in a single route connecting two 
cities.  

 In one route, failure of one bridge makes the 
road to be ineffective. As this happens, bridge 
system located in a route can be considered as a 
series system. Supposing, there are l number of 
bridges situated in a one path as shown in Fig. 2 
above, path failure probability can be found as 
below.  
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 In the above equation, for components values, 
the values obtained in upper and lower bounds can 
be input and path failure probability can be 
calculated. Since lower bound and upper bounds 
values of bridges are used, in this case there are 
four values obtained after that.  

 In considering other routes, in case of one path 
failure, vehicles and passengers can use those 
alternative routes. Therefore, those alternative 
routes serve to be independent and it can be taken 
as a parallel system with each path being branches 
of the parallel path as shown in the Fig. 5.  

 
 
 
 
 

 

Figure 5: Network parallel modeling 
 

 Once this system is introduced network 
reliability index can be found as shown in the Eq. 
(8) and (9). Values obtained in equation 6 can be 
input in to the following Eq. 7 to find out network 
reliability index. As there were four values after 
equation 6, finally eight values for network failure 
probability.  
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4. Numerical Example 
Assume there are three different routes 

connecting two Cities; A and B as shown in the 
Fig. 6 and bridges are located as shown in the 
below.  

 

 

Figure 6: Bridge network between two cities 
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These bridges can be different types and in fact 
every bridge is different from other. As a first step, 
it should be determined elementary reliability 
indices of each bridge and then the system failure 
probability. For this exampled problem, let us 
assume that system reliability indices of bridges are 
as shown below.  

Table 1: Assumed failure probabilities of bridges 

Bridge System failure 
probability 

B1 3.5*10-5 

B2 4.5*10-6 

B3 5.5*10-5 

B4 7.5*10-5 

B5 7.5*10-5 

B6 8.0*10-5 

B7 2.5*10-5 

B8 1.0*10-5 

 

From the values, for different paths, path failure 
probability can be calculated and it is as below. 
 

Table 2: Path failure probability 

Path Lower bound path 
Failure probability 

Upper bound 
Failure probability 

 
AEB 8*10-5 1.9*10-4 

 
ACDB 7.5*10-5 1.1*10-4 

 
ADB 7.5*10-5 1.35*10-4 

 
 

Based on the above values, network failure 
probability can be manipulated and it is as shown 
in the Table 3. 
 

Table 3: Network Failure Probability 

Network 
failure 

probability 

Using lower 
bound 

values of path 
failure 

probabilities 

Using upper 
bound 

values of path 
failure 

probabilities 
 

Lower bound  0.45*10-12 2.82*10-12 

 
Upper bound  7.5*10-5 1.1*10-4 

 
  

Using the values given in the above Table 3, 
network reliability index can be calculated and it is 
as shown in the Table 4 below. 

Table 4: Network reliability index values 

Network 
failure 

probability 

Using lower 
bound 

values of path 
failure 

probabilities 

Using upper 
bound 

values of path 
failure 

probabilities 
Upper bound 7.15 6.89 

 
Lower bound 3.79 3.69 

 
 

As shown in the Table 4, the value of network 
reliability index lies between 3.69 to 7.15 for the 
exampled problem. This is the two most extreme 
lower and upper values between which actual value 
lies. It illustrates all possible values that the 
assumed bridge network can be achieved.  

5.   Conclusion 
 

Above methodology can be used to evaluate 
bridge networks. As in the numerical example, if 
two cities were given, then the network reliability 
index can be calculated and an idea about the given 
network can thus be obtained using this value.  

In case, where there are more than one network 
to be evaluated, this methodology can be used to 
identify which system is most reliable and which 
network needs more maintenance. Based such 
information, resources expenditure can be made. 
Bridge networks having less network reliability 
index can be allocated with more resources and 
thus such a methodology will be useful towards 
optimum bridge network evaluation in 
consideration of optimum cost expenditure. As 
such in the decision-making states of bridge 
maintenance, the applied methodology can be used.  
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Renovation and Restoration of old Buildings in Sri Lanka  
N.Abeysuriya 

 

Abstract 
Sri Lanka has a great history about man- made structures. Most of the prestigious structures such as the 

palaces and buildings for Maha sanga were built with stone, clay bricks and timber. The dwellings of average 
people may have built using perishable material such as clay and timber leaving no traces.   Portuguese 
established on the south western coast in 1594 and north western coast in 1618. The first buildings worthy of 
the name of Architecture, built by them were military forts and churches of Catholic missionaries. The Dutch 
(1656- 1796) who took over in 1656 converted lots of Portuguese buildings for their uses and in the later part of 
their period they built with their characters. The British occupied in 1796 but the true British styled buildings 
were erected after the first decade of 19th century. This will be discussed in detail under the history of buildings. 
The nineteenth century was a great period for building construction. The industrial revolution influenced the 
building construction by introducing new materials and technology. Most of the old buildings which were 
constructed in Sri Lanka after the 19th century, have built with new materials such as rolled steel and 
reinforced concrete. Restoration process of ancient buildings should be approached after studying the design 
concepts, building characters, structural formations, materials used, durability of elements of the building …etc. 
The structural drawings are not available in those buildings and renovations or restoration has to be done 
without un-stabilizing the supporting systems. The experience gained by doing renovation and restoration works 
in different parts of Sri Lanka such as Hanthana (central hills), Galle fort, Kekanadura (, down south) and in 
Colombo, will be discussed in this article. The technology, materials used etc were not similar in those buildings 
due to topography, availability of space and construction materials. 
 

 

1. Introduction 
Renovation is the act of improving by renewing 

and restoring to a previous or better condition.  It is 
a sustainable process, since sustainability could be 
defined as living and working in ways that do not 
jeopardize our current and future social, 
environmental and economic resources.  

The character of a properly built building could 
bear witness to the construction period, the richness 
of the owner and his social status, economic 
situation in the country, level of foreign influence 
that the country faced during the construction 
period, construction standards, availability of 
materials and many more factors. Comfort has 
always been a prime factor considered in old 
houses and environment friendly systems have 
been used without depending on electricity, air 
conditioners and other artificial ventilation 
systems. So, it is very important to study these 
systems and propose renovations without damaging 
the unique characters of the building.  

The design and construction approach may 
depend on the historical value and the authority 
regulations. Knowing about the history of Sri 
Lanka, the construction methodology and the 
materials used in different eras, will help the 
structural Engineer to take the most appropriate 
solution.  

The Portuguese established a stronghold in 
Colombo in 1517, following their initial visit in 
1505. The Dutch (1656- 1796) who took over in 
1656 converted a lot of Portuguese buildings for 
their use and in the latter part of their period they 
built with their own character. The British occupied 
in 1796 but the true British styled buildings were 
erected after the first decade of 19th century. This 
will be discussed in detail under the history of 
buildings.  

The nineteenth century was a great period for 
building construction. The industrial revolution 
influenced the building construction by introducing 
new materials and technology. Most of the old 
buildings which were constructed in Sri Lanka after 
the 19th century, were built with new materials such 
as rolled steel and reinforced concrete. 

This paper will not cover structures and 
buildings build by our kings and will discuss about 
the buildings constructed after the Portuguese era. 

2. History of Sri Lanka 
2.1 Portuguese Era  

The Portuguese discovered Ceylon by force of 
storm and mistake in 1505. The Commander 
Lourenco de Almeida’s visit was short. They 
visited Ceylon again in 1517. They pleaded for a 
plot of land to erect a factory “no more in extent 
than could be measured by stretching the dried hide 
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Sri Lanka has a great history about man- made structures. Most of the prestigious structures such as the 

palaces and buildings for Maha sanga were built with stone, clay bricks and timber. The dwellings of average 
people may have built using perishable material such as clay and timber leaving no traces.   Portuguese 
established on the south western coast in 1594 and north western coast in 1618. The first buildings worthy of 
the name of Architecture, built by them were military forts and churches of Catholic missionaries. The Dutch 
(1656- 1796) who took over in 1656 converted lots of Portuguese buildings for their uses and in the later part of 
their period they built with their characters. The British occupied in 1796 but the true British styled buildings 
were erected after the first decade of 19th century. This will be discussed in detail under the history of buildings. 
The nineteenth century was a great period for building construction. The industrial revolution influenced the 
building construction by introducing new materials and technology. Most of the old buildings which were 
constructed in Sri Lanka after the 19th century, have built with new materials such as rolled steel and 
reinforced concrete. Restoration process of ancient buildings should be approached after studying the design 
concepts, building characters, structural formations, materials used, durability of elements of the building …etc. 
The structural drawings are not available in those buildings and renovations or restoration has to be done 
without un-stabilizing the supporting systems. The experience gained by doing renovation and restoration works 
in different parts of Sri Lanka such as Hanthana (central hills), Galle fort, Kekanadura (, down south) and in 
Colombo, will be discussed in this article. The technology, materials used etc were not similar in those buildings 
due to topography, availability of space and construction materials. 
 

 

1. Introduction 
Renovation is the act of improving by renewing 

and restoring to a previous or better condition.  It is 
a sustainable process, since sustainability could be 
defined as living and working in ways that do not 
jeopardize our current and future social, 
environmental and economic resources.  

The character of a properly built building could 
bear witness to the construction period, the richness 
of the owner and his social status, economic 
situation in the country, level of foreign influence 
that the country faced during the construction 
period, construction standards, availability of 
materials and many more factors. Comfort has 
always been a prime factor considered in old 
houses and environment friendly systems have 
been used without depending on electricity, air 
conditioners and other artificial ventilation 
systems. So, it is very important to study these 
systems and propose renovations without damaging 
the unique characters of the building.  

The design and construction approach may 
depend on the historical value and the authority 
regulations. Knowing about the history of Sri 
Lanka, the construction methodology and the 
materials used in different eras, will help the 
structural Engineer to take the most appropriate 
solution.  

The Portuguese established a stronghold in 
Colombo in 1517, following their initial visit in 
1505. The Dutch (1656- 1796) who took over in 
1656 converted a lot of Portuguese buildings for 
their use and in the latter part of their period they 
built with their own character. The British occupied 
in 1796 but the true British styled buildings were 
erected after the first decade of 19th century. This 
will be discussed in detail under the history of 
buildings.  

The nineteenth century was a great period for 
building construction. The industrial revolution 
influenced the building construction by introducing 
new materials and technology. Most of the old 
buildings which were constructed in Sri Lanka after 
the 19th century, were built with new materials such 
as rolled steel and reinforced concrete. 

This paper will not cover structures and 
buildings build by our kings and will discuss about 
the buildings constructed after the Portuguese era. 

2. History of Sri Lanka 
2.1 Portuguese Era  

The Portuguese discovered Ceylon by force of 
storm and mistake in 1505. The Commander 
Lourenco de Almeida’s visit was short. They 
visited Ceylon again in 1517. They pleaded for a 
plot of land to erect a factory “no more in extent 
than could be measured by stretching the dried hide 
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from the carcass of a cow. 

It was only after peace was established on the 
south west coast in 1594 and North West coast in 
1618 that substantial Portuguese buildings worthy 
of the name of Architecture were built. They were 
military forts and churches of Catholic 
missionaries. 

2.2 Dutch Period  

The Dutch captured the most important Sri 
Lankan possessions of the Portuguese in the middle 
decade of the 17th century. They converted a large 
number of Portuguese buildings to Dutch use.  

After the Dutch conquest, the Portuguese 
descendants chose to enter the building trade and 
the Portuguese style continued to be influential for 
a long period. 

2.3 British Period  

The British occupied Sri Lanka in 1796 and 
their early building characters were influenced by 
French Engineers serving with the Dutch forces 
whose skills the British apparently used.  But by 
the first decade of the 19th century, true British-
styled buildings were erected. 

3. History of Buildings in Sri Lanka 

Typical Portuguese houses which were built in 
the 17th century, were two-storied with a very 
steeply pitched roof. Thick masonry walls, small 
windows and timber flooring with low ceiling 
height were some common features. Figure 01 
shows a typical Portuguese House. 

Figure 1: Typical Portuguese House 
 

 

Figure 2: An old building in Galle Fort 

The Dutch captured the most important Sri 
Lankan possessions of the Portuguese in the middle 
decade of the 17th century. They converted a large 
number of Portuguese buildings to Dutch use. Most 
of the buildings which were built during the 
Portuguese and Dutch periods, were either single 
story or two-storied with thick masonry walls, 
timber floors and high-pitched tile roofs. The 
masonry walls have been built with rubble or clay 
bricks with lime mortar. These walls have been 
built on rubble or brick strip foundations.  

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 
elegant.  

 

 
 

 

Figure 3: The timber floor of an old building 
in Galle Fort 
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 The Galle fort has many Dutch buildings under 
preservation. The common features of Dutch 
buildings are the timber floors, clay tile roof, and 
thick walls with burned brick / rubble built with 
lime mortar. The rubble foundations with lime 
mortar starting from a hard ground is common in 
most of the Dutch houses. See Figure 04 for a 
typical foundation detail of a Dutch building. The 
timber balconies in some buildings have been done 
with clay tile covered with lime mortar as shown in 
Figure 05 and 06. Some rich buildings have a 
timber floor at the ground level. However, the 
basement created to provide ventilation under the 
timber floor is a special feature used by the Dutch. 
Alternatively, the imported clay tiles were used for 
the ground floor. Figure 07 shows a floor tile used 
in a Dutch house in Galle Fort. 

     

Figure 4: Typical wall foundation detail 
 

 

Figure 5: Balcony with masonry finish 

 

Figure 6: Clay tiles laid on timber reefers 

 

Figure 7: Floor tile imported from Calicut 

From the middle of the 19th century new 
materials and techniques were introduced from the 
industrial countries of Europe and United States of 
America.   

Wood could now be mechanically sawn and 
shaped using imported circular saws. Machine-
made nails and bolts were available. Columns and 
hand rails were mass produced from imported 
wrought iron and cast iron. Roofs and walls have 
been built using the revolutionary, new lightweight 
corrugated cast iron.  

The industrial structural materials, rolled steel 
and reinforced concrete, began to be used at the 
end of the 19th century and the beginning of the 20th 
century.  

The reinforced concrete was introduced in the 
19th century and the usage of concrete suspended 
floors began as an alternative to timber floors. 
Figure 08 shows a typical detail of a building, 
frequently replicated in Colombo and in the coastal 
regions. Figure 09 shows a foundation exposed in 
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from the carcass of a cow. 

It was only after peace was established on the 
south west coast in 1594 and North West coast in 
1618 that substantial Portuguese buildings worthy 
of the name of Architecture were built. They were 
military forts and churches of Catholic 
missionaries. 

2.2 Dutch Period  

The Dutch captured the most important Sri 
Lankan possessions of the Portuguese in the middle 
decade of the 17th century. They converted a large 
number of Portuguese buildings to Dutch use.  

After the Dutch conquest, the Portuguese 
descendants chose to enter the building trade and 
the Portuguese style continued to be influential for 
a long period. 

2.3 British Period  

The British occupied Sri Lanka in 1796 and 
their early building characters were influenced by 
French Engineers serving with the Dutch forces 
whose skills the British apparently used.  But by 
the first decade of the 19th century, true British-
styled buildings were erected. 

3. History of Buildings in Sri Lanka 

Typical Portuguese houses which were built in 
the 17th century, were two-storied with a very 
steeply pitched roof. Thick masonry walls, small 
windows and timber flooring with low ceiling 
height were some common features. Figure 01 
shows a typical Portuguese House. 

Figure 1: Typical Portuguese House 
 

 

Figure 2: An old building in Galle Fort 

The Dutch captured the most important Sri 
Lankan possessions of the Portuguese in the middle 
decade of the 17th century. They converted a large 
number of Portuguese buildings to Dutch use. Most 
of the buildings which were built during the 
Portuguese and Dutch periods, were either single 
story or two-storied with thick masonry walls, 
timber floors and high-pitched tile roofs. The 
masonry walls have been built with rubble or clay 
bricks with lime mortar. These walls have been 
built on rubble or brick strip foundations.  

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 
elegant.  

 

 
 

 

Figure 3: The timber floor of an old building 
in Galle Fort 
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 The Galle fort has many Dutch buildings under 
preservation. The common features of Dutch 
buildings are the timber floors, clay tile roof, and 
thick walls with burned brick / rubble built with 
lime mortar. The rubble foundations with lime 
mortar starting from a hard ground is common in 
most of the Dutch houses. See Figure 04 for a 
typical foundation detail of a Dutch building. The 
timber balconies in some buildings have been done 
with clay tile covered with lime mortar as shown in 
Figure 05 and 06. Some rich buildings have a 
timber floor at the ground level. However, the 
basement created to provide ventilation under the 
timber floor is a special feature used by the Dutch. 
Alternatively, the imported clay tiles were used for 
the ground floor. Figure 07 shows a floor tile used 
in a Dutch house in Galle Fort. 

     

Figure 4: Typical wall foundation detail 
 

 

Figure 5: Balcony with masonry finish 

 

Figure 6: Clay tiles laid on timber reefers 

 

Figure 7: Floor tile imported from Calicut 

From the middle of the 19th century new 
materials and techniques were introduced from the 
industrial countries of Europe and United States of 
America.   

Wood could now be mechanically sawn and 
shaped using imported circular saws. Machine-
made nails and bolts were available. Columns and 
hand rails were mass produced from imported 
wrought iron and cast iron. Roofs and walls have 
been built using the revolutionary, new lightweight 
corrugated cast iron.  

The industrial structural materials, rolled steel 
and reinforced concrete, began to be used at the 
end of the 19th century and the beginning of the 20th 
century.  

The reinforced concrete was introduced in the 
19th century and the usage of concrete suspended 
floors began as an alternative to timber floors. 
Figure 08 shows a typical detail of a building, 
frequently replicated in Colombo and in the coastal 
regions. Figure 09 shows a foundation exposed in 
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an old building in Colombo 07. 

The concrete frame structures were not 
common during early days and the load bearing 
masonry walls have been used to support upper 
floor slabs. Most of the floor slabs which were 
constructed in Colombo during early part of the 
20th century, have been designed with 75 mm to 
100 mm thick slabs reinforced with fabric mesh or 
mild steel round bars.  The floor slabs have been 
supported by evenly placed steel beams at 2.0 m 
intervals, in the absence of walls and these steel 
beams are usually covered with plaster and 
decorated with mouldings as shown in the Figure 
08. 

The method used to build bungalows in the 
coastal line were different. The large single-story 
houses with a verandah, internal court yards, 
entrance porch, etc. were common features for 
these houses. An attic was used in some bungalows 
with a timber floor.  The rubble with lime mortar 
has been used for foundations and even for thick 
walls.  

The wall thickness at the ground level is about 
375 mm to 400 mm in most of the buildings and it 
reduces as it goes up, forming a tapering on one 
side or both the sides of the wall. 

 

   

 

Figure 8: Upper Floor supporting system with steel 
beams and concrete slab 

 

Figure 9: Brick foundation 

The bungalows which were built-in up-country 
hills, especially in tea estates, are again single-
storied buildings with large windows in the living 
area to capture more light. A fire place has become 
a unique feature for such buildings. The timber 
flooring has been used in cold climates. The clay 
mortar has been used in the up-country houses for 
both foundations and walls, may be due to the lack 
of lime in the up-country. Figure 10 shows a wall 
exposed in an old house at Hanthana, Kandy 

The common feature in all these buildings is the 
use of natural light and ventilation to improve their 
living conditions and comfort. In construction of 
these real green buildings, more attention has been 
paid for the durability of buildings with proper 
eaves. The old clay tile roof has been provided 
gaps with its tapered shape to ventilate and to allow 
hot air to escape. The Calicut roof tiles do not have 
this facility.  

 

Figure 10: Old house in Hanthana , Kandy 
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4. Approaches for Renovations 
The two major challenges that Structural 

Engineer faces are: 

- The assessment of the durability of structural 
elements such as foundations, walls, roof timber, 
roof tiles, etc. and preparing a proposal for an 
improvement method without rejecting them as 
much as possible in order to make the project 
feasible and cost effective. 

- Making structural changes such as introducing 
new walls, changing door and window positions, 
making openings on load bearing walls, adding 
floors, re- roofing, adding facilities such as wash 
rooms, etc. with minimum damages to the 
structural formation of the building. 

4.1 Assessment of buildings  

The strength of walls at the time of renovation 
varies, especially on the bonding material used 
such as mortar to bond brick or rubble used for the 
wall. The compressive strength of brick samples 
collected from internal and external walls can be 
tested from a testing laboratory. But in situ testing 
is required if the overall strength of wall is 
required. The roof timber samples can be collected 
from the site for testing. Having some idea of the 
depreciation of strength in different type of 
materials will also be very useful for the 
assessment. The load testing could also be used to 
ascertain the current load carrying capacity. 

4.2 Structural Improvements  

The load acting on the masonry walls can be 
transferred partially to a new concrete or steel 
frame without affecting aesthetic appearance, if 
they are not strong enough to take the load. The 
members such as roof timber can be strengthened 
by introducing strong members to finally act as a 
composite element. 

In most of the old buildings, only the plaster has 
deteriorated due to exposure to different climatic 
conditions. Therefore, it is necessary to replace the 
plaster in order to extend the life time of the 
buildings. The properly burned clay bricks found in 
ancient buildings are much stronger than the 
strength of present bricks. Figure 11 shows a very 
old brick sample collected from a Dutch Building 
in Galle Fort. 

Sometimes, the treatment for termites and wood 
bores will be useful to improve the lifetime. 
Application of water proofing layer on the walls 
before plastering, would help to improve if those 
walls are exposed to severe weather conditions.  

 

Figure 11: Imported clay brick 

The technology is available to improve existing 
foundations by improving bearing capacity or by 
increasing the foundation width. Introduction of 
concrete columns at some intervals and tying with 
the existing rubble foundations could also improve 
the carrying capacity. 

The concrete arches with cracks, are required to 
be strengthen by regaining the arch action. If the 
arch has been built with stones or flat bricks, it is 
better to repair with the same technology. If the 
arch has mouldings and decorations which will be 
affected by the above approach, the compression 
could be gained by providing pre tensioned bars as 
shown in Figure 12. 

 

Figure 12: Restoring an Arch 

 

4.3 Making Structural Changes  

Sometimes the structural changes are required 
for the full functionality of the building. Closing 
door and window openings, making new openings 
or removing some walls, introducing wash rooms 
on the existing timber floors, etc. are some of the 
common requirements. Making an opening on a 
load bearing wall or removing a wall, should be 
done while the weight above the level concerned 
transfers to the ground without making them 
unsupported. The unsupported time of old 
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an old building in Colombo 07. 

The concrete frame structures were not 
common during early days and the load bearing 
masonry walls have been used to support upper 
floor slabs. Most of the floor slabs which were 
constructed in Colombo during early part of the 
20th century, have been designed with 75 mm to 
100 mm thick slabs reinforced with fabric mesh or 
mild steel round bars.  The floor slabs have been 
supported by evenly placed steel beams at 2.0 m 
intervals, in the absence of walls and these steel 
beams are usually covered with plaster and 
decorated with mouldings as shown in the Figure 
08. 

The method used to build bungalows in the 
coastal line were different. The large single-story 
houses with a verandah, internal court yards, 
entrance porch, etc. were common features for 
these houses. An attic was used in some bungalows 
with a timber floor.  The rubble with lime mortar 
has been used for foundations and even for thick 
walls.  

The wall thickness at the ground level is about 
375 mm to 400 mm in most of the buildings and it 
reduces as it goes up, forming a tapering on one 
side or both the sides of the wall. 

 

   

 

Figure 8: Upper Floor supporting system with steel 
beams and concrete slab 

 

Figure 9: Brick foundation 

The bungalows which were built-in up-country 
hills, especially in tea estates, are again single-
storied buildings with large windows in the living 
area to capture more light. A fire place has become 
a unique feature for such buildings. The timber 
flooring has been used in cold climates. The clay 
mortar has been used in the up-country houses for 
both foundations and walls, may be due to the lack 
of lime in the up-country. Figure 10 shows a wall 
exposed in an old house at Hanthana, Kandy 

The common feature in all these buildings is the 
use of natural light and ventilation to improve their 
living conditions and comfort. In construction of 
these real green buildings, more attention has been 
paid for the durability of buildings with proper 
eaves. The old clay tile roof has been provided 
gaps with its tapered shape to ventilate and to allow 
hot air to escape. The Calicut roof tiles do not have 
this facility.  

 

Figure 10: Old house in Hanthana , Kandy 
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4. Approaches for Renovations 
The two major challenges that Structural 
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roof tiles, etc. and preparing a proposal for an 
improvement method without rejecting them as 
much as possible in order to make the project 
feasible and cost effective. 

- Making structural changes such as introducing 
new walls, changing door and window positions, 
making openings on load bearing walls, adding 
floors, re- roofing, adding facilities such as wash 
rooms, etc. with minimum damages to the 
structural formation of the building. 

4.1 Assessment of buildings  

The strength of walls at the time of renovation 
varies, especially on the bonding material used 
such as mortar to bond brick or rubble used for the 
wall. The compressive strength of brick samples 
collected from internal and external walls can be 
tested from a testing laboratory. But in situ testing 
is required if the overall strength of wall is 
required. The roof timber samples can be collected 
from the site for testing. Having some idea of the 
depreciation of strength in different type of 
materials will also be very useful for the 
assessment. The load testing could also be used to 
ascertain the current load carrying capacity. 

4.2 Structural Improvements  

The load acting on the masonry walls can be 
transferred partially to a new concrete or steel 
frame without affecting aesthetic appearance, if 
they are not strong enough to take the load. The 
members such as roof timber can be strengthened 
by introducing strong members to finally act as a 
composite element. 

In most of the old buildings, only the plaster has 
deteriorated due to exposure to different climatic 
conditions. Therefore, it is necessary to replace the 
plaster in order to extend the life time of the 
buildings. The properly burned clay bricks found in 
ancient buildings are much stronger than the 
strength of present bricks. Figure 11 shows a very 
old brick sample collected from a Dutch Building 
in Galle Fort. 

Sometimes, the treatment for termites and wood 
bores will be useful to improve the lifetime. 
Application of water proofing layer on the walls 
before plastering, would help to improve if those 
walls are exposed to severe weather conditions.  

 

Figure 11: Imported clay brick 

The technology is available to improve existing 
foundations by improving bearing capacity or by 
increasing the foundation width. Introduction of 
concrete columns at some intervals and tying with 
the existing rubble foundations could also improve 
the carrying capacity. 

The concrete arches with cracks, are required to 
be strengthen by regaining the arch action. If the 
arch has been built with stones or flat bricks, it is 
better to repair with the same technology. If the 
arch has mouldings and decorations which will be 
affected by the above approach, the compression 
could be gained by providing pre tensioned bars as 
shown in Figure 12. 

 

Figure 12: Restoring an Arch 

 

4.3 Making Structural Changes  

Sometimes the structural changes are required 
for the full functionality of the building. Closing 
door and window openings, making new openings 
or removing some walls, introducing wash rooms 
on the existing timber floors, etc. are some of the 
common requirements. Making an opening on a 
load bearing wall or removing a wall, should be 
done while the weight above the level concerned 
transfers to the ground without making them 
unsupported. The unsupported time of old 
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structures are very less and providing adequate 
propping is required in such situations.  

The colonial buildings too have been subjected 
to many changes during its life span when the 
ownership is changed or the purpose is changed. 
However, the Architects and owner would prefer to 
stick to the original Architecture.  

5.   Case Studies 
Figure 13 shows an entrance arch in a Dutch 

bungalow modified with flats arches with British 
influence. The original arch can be seen in the 
picture. The Figure 14 shows renovation done 
while getting back the original entrance.  

 

Figure 13: Arches closed at a later stage 

 

 

 

 

                                                              

 

Figure 14: Entrance Arch after renovations

Figure 5.1: verandah of a Dutch building before 
the renovations 

 

Figure 5.2: The verandah after the renovation 
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Figure 5.3: Bungalow at Kakenadura, Matara 
before the renovation 

Figure 5.4: Bungalow at Kakenadure, Matara 
after the renovation 

Figure 5.5: Building at No. 65, Rosmead Place after the renovations 

Figure 5.6: Dutch Bungalow in Galle Fort before and after the renovation 
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Figure 5.7: Old Dutch Bungalow in Galle Fort converted as a fine dining Restaurant 
 

Figure 5.8: Old Bungalow in Colombo before and after the renovations 
 

 
6. Conclusion 

Renovation or restoration of buildings is an 
environment friendly process which saves our 
limited resources. The building debris which 
cannot be re used, will also be a problem in the 
future. So, restoration helps to protect the 
environment by minimizing the demolition of 
materials. The renovation helps to protect our 
heritage and maintain it for our future 
Generations.  
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Treatment for Building Constructions  

P. S. K Warusavithana

 
 

 

1. Introduction 
Destruction of wood base building material by 

termites is frequently reported in contemporary 
buildings and it has become the most challenging 
maintenance problem to tackle with. Soils in 
tropical countries are rich with soil termites and 
these pests frequently attack new and old buildings 
without your knowledge. Silent and hidden termite 
attacks can weaken the structures made of timber 
or timber based material. This can go to the extent 
of replacement of whole roofing timber and 
ceilings etc within few months of installation. 
Destruction of pantry cupboard and wardrobes are 
more common in untreated buildings.  Wooden 
staircases, timber paneling, wall cupboards wooden 
door and window frames are subjected to termite 
attacks. A grown up Subterranean termite colony 
can destroy about five tons of timber within an year 
and due to this fact it is important to draw the 
attention to prevent this situation. 

2. Subterranean Termites 
Subterranean termites live in colonies under the 

soil. They build their nests ideally in soil. However, 
they make their nest in off ground structures, if a 
permanent moisture source is available. Termites 
are categorized as eusocial insects because of their 
characteristics of   cooperative caring of young 
ones, caste differentiation and overlapping 
generations. Termites play an important role in 
natural environment as scavengers or detritivores 
as they involve in recycling of wood. They are 
beneficial insects in nature. However, when they 
are causing damage to properties they are 
considered as Pests.  

The termite queen in the colony lays thousands 
of eggs per day and produces worker termites that 
forage for Cellulose or wood base material in your 
building. They crawl to roofs of even multi-storied 
structures through plaster, conduits and other 
means.  The earthen tubes seen behind a cupboard 
or wet and silent places are the evidence of these 
attacks.  

In more common cases the thin gap between the 
floor concrete and the wall provides the path for the 
termite to invade into the buildings. “Christmas 
flies” or “Meru” that swarm some seasons of the 

year are the signs of termite colonies in your 
vicinity. 

3. Factors favorable for termites and 
prevention of infestations. 

Moisture under the building is the most 
important factor to attract termites. High ground 
water table and water leaks are common moisture 
sources. Wooden debris buried in soil while 
construction is going on will invite termites to form 
colonies under the building. 

Site sanitation by removing wooden debris and 
formwork from soil reduce the termite risk 
drastically. Drainage of the site should be 
improved.   The timberwork should not contact the 
bare soil. The soils inside and outside the 
foundation should be treated with a suitable 
termiticide. 

4. Control of infestations 

Control of Subterranean termites in building is 
mainly focused on access control. Termites gain 
access to buildings through settlement crack of 
walls and floors, Expansion gaps, movement joints, 
service openings, utility trunks etc. Identifying the 
potential termite entry points and proof them with 
mechanical and chemical barriers is commonly 
practiced worldwide. In Sri Lanka, it is observed 
that the emphasis is not given to mechanical 
barriers which are permanent and economical. This 
may be due to lack of awareness among the 
construction professionals. “Anti-termite soil 
treatment” is practiced commonly in construction 
sites irrespective of its level of effectiveness. 
Foundation type of the building is critical for 
selection of method of termite control. 

4.1. Mechanical and physical barriers for 
prevention of termite infestation. 

Mechanical barriers are commonly used while 
buildings are being constructed. This is not much 
popular in Sri Lanka. However, countries such as 
Australia and USA heavily depend on such barriers 
as they reduce the burden on short persistent 
chemical barriers. Monolithic foundations, 
suspended ground slabs, stainless steel wire 
meshing, steel plates etc. under the super structure 
of the building are recommended. 
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Figure 5.8: Old Bungalow in Colombo before and after the renovations 
 

 
6. Conclusion 

Renovation or restoration of buildings is an 
environment friendly process which saves our 
limited resources. The building debris which 
cannot be re used, will also be a problem in the 
future. So, restoration helps to protect the 
environment by minimizing the demolition of 
materials. The renovation helps to protect our 
heritage and maintain it for our future 
Generations.  

  

 

 

 

 

 

 

 

 

7. References 

[1] Brohier R. L. (1984), “Changing Face of 
Colombo” 

[2]   Lewcock, Sansoni and Senanayake 
“Architecture of an Island “  

  

 

 

 

 

 

 

 

 

 

 

MODULUS | September 2021 
Vol.31  No. 03 

 

SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA  
 

ENGINEERS’ FORUM 
 

Subterranean Termite Control, Prevention and Anti Termite Soil 
Treatment for Building Constructions  

P. S. K Warusavithana

 
 

 

1. Introduction 
Destruction of wood base building material by 

termites is frequently reported in contemporary 
buildings and it has become the most challenging 
maintenance problem to tackle with. Soils in 
tropical countries are rich with soil termites and 
these pests frequently attack new and old buildings 
without your knowledge. Silent and hidden termite 
attacks can weaken the structures made of timber 
or timber based material. This can go to the extent 
of replacement of whole roofing timber and 
ceilings etc within few months of installation. 
Destruction of pantry cupboard and wardrobes are 
more common in untreated buildings.  Wooden 
staircases, timber paneling, wall cupboards wooden 
door and window frames are subjected to termite 
attacks. A grown up Subterranean termite colony 
can destroy about five tons of timber within an year 
and due to this fact it is important to draw the 
attention to prevent this situation. 

2. Subterranean Termites 
Subterranean termites live in colonies under the 

soil. They build their nests ideally in soil. However, 
they make their nest in off ground structures, if a 
permanent moisture source is available. Termites 
are categorized as eusocial insects because of their 
characteristics of   cooperative caring of young 
ones, caste differentiation and overlapping 
generations. Termites play an important role in 
natural environment as scavengers or detritivores 
as they involve in recycling of wood. They are 
beneficial insects in nature. However, when they 
are causing damage to properties they are 
considered as Pests.  

The termite queen in the colony lays thousands 
of eggs per day and produces worker termites that 
forage for Cellulose or wood base material in your 
building. They crawl to roofs of even multi-storied 
structures through plaster, conduits and other 
means.  The earthen tubes seen behind a cupboard 
or wet and silent places are the evidence of these 
attacks.  

In more common cases the thin gap between the 
floor concrete and the wall provides the path for the 
termite to invade into the buildings. “Christmas 
flies” or “Meru” that swarm some seasons of the 

year are the signs of termite colonies in your 
vicinity. 

3. Factors favorable for termites and 
prevention of infestations. 

Moisture under the building is the most 
important factor to attract termites. High ground 
water table and water leaks are common moisture 
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construction is going on will invite termites to form 
colonies under the building. 

Site sanitation by removing wooden debris and 
formwork from soil reduce the termite risk 
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improved.   The timberwork should not contact the 
bare soil. The soils inside and outside the 
foundation should be treated with a suitable 
termiticide. 

4. Control of infestations 
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walls and floors, Expansion gaps, movement joints, 
service openings, utility trunks etc. Identifying the 
potential termite entry points and proof them with 
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that the emphasis is not given to mechanical 
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4.2. The Pre construction soil treatment 

A soil treatment process   is carried out in soil 
prior to laying the floor concrete to prevent the 
termites invading into super structure of the 
building. This chemical will be bound to soil and 
will last for considerable period of time.  Treatment 
steps could be performed at many stages of 
construction to get the maximum protection. It is 
very necessary to consider building practices of the 
country and the designs of the buildings before 
carrying out soil treatment. 

 At the time of laying foundation, traditionally 
the trenches should be treated. However this step 
can be substituted with the building designs 
carrying additional physical or mechanical 
protection. Also the lateral sides of the rubble 
foundation can be treated making a deep vertical 
chemical barrier even after backfilling, with a help 
of High-pressure sub soil injector.  

The next step is the surface or horizontal spray 
at the stage of laying ground floor concrete. This 
barrier prevent termite invasion  through horizontal  
plane of the building  floor .This may be  created 
even after putting up of walls and roof on floating 
ground slab floors. 

Equipment 

The recommended equipment for the pre-
construction soil treatment is low pressure high 
volume sprayer. High pressure should not be used 
for horizontal barriers as it could lead to drift loss 
and damage. High pressure can be applied in deep 
soil injections or rodding. 

4.3. Chemical barriers for the Pre Construction 
soil treatment 

Two categories of Chemical barriers are made. 

4.3.1 Vertical Chemical Barrier 

This is formed along the foundation footings, 
since this is the most critical area of termite 
invasion. Stronger concentration of termiticide is 
applied along the footings so that the chemical 
infiltrates vertically near the foundation, thus 
making a barrier. The standard application rate is 3- 
5 Lt of aqueous solution of Termiticides per linier 
meter. Drenching the soil with the termiticide along 
a trench or furrow dug parallel and closer to footing 
is performed and the backfilled soil is also treated. 
Roding and injection under high pressure is needed 
in case of deeper masonry or rubble foundations. 

4.3.2 Horizontal Chemical Barrier 

This is created by drenching the compacted soil 
beneath the floor slab. The standard rate of 
application is 3-5 Lt of aqueous solution of 

Termiticide per square meter. This rate is important 
to make adequately thick chemical barrier, since an 
allowance should be left for soil settlement. 
Horizontal barrier prevents termite invasion into 
the buildings from floor cracks of slab on ground. 

Rate of application of prepared aqueous 
termiticide solution depends on the soil type, bulk 
density and the permeability of the compacted soil 
under the floor slab. Standard rate is given as a 
general guideline and may vary based on the above 
factors and expected thickness of the barrier. 

5. Longer protection 

In order to obtain longer protection, the soil 
chemical barriers should be periodically 
replenished. (Generally in every 3- 5 years in 
tropical climates). The conventional soil chemical 
barrier replenishment could be achieved through 
post construction treatment. Here, the chemicals 
are re-introduced to the soil to strengthen the 
barrier, through a set of drilled holes on the ground 
floor.  This is not much preferred by the customers, 
as the flooring and floor have to be damaged in the 
process. The best solution for this problem is to 
install a “chemical recharging system” (Eg. 
PIFTRS/ Piperguard plus) at the time of initial 
treatment. (Before laying the ground floor 
concrete).These are also called as reticulation 
systems and may vary upon building designs. 

6. Post construction treatment 

Post construction treatment is recommended for 
the buildings where floor concrete is laid without 
applying Termiticide. The only way to apply the 
Termiticides is by injecting them to the soil under 
the floor slab through a set of drilled holes on floor, 
closer to foundation footings (Wall-floor Junction 
area). This chemical will be dispersed under the 
floor slab and make barrier for termites. The 
uniformity of the chemical barrier cannot be 
determined and therefore there is a risk of re-
infestation compared to pre- construction soil 
treatment in this process your floor has to be drilled 
approximately 1.5 feet apart near the walls where 
necessary.  

This process is relatively more expensive than 
pre construction treatment since it consumes much 
time and chemicals. But is only remedy for this 
kind of situation. 

7. Persistence of Termiticide in Soil and 
Warranty Periods 

The Organo chlorine (Chlorinated 
Hydrocarbon) Termiticides that were used about a 
decade ago could persist in the soil for more than 
10 years. However, these Termiticides are now 
banned due to its environmental hazard such as 
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resulted by their slow degradation. (Refered to: UN 
conventions on use of POPS-Persistent Organic 
Pollutants etc.) Modern chemicals may last in soil 
up to maximum of five years under optimal 
conditions.  

Manufacturers’ specifications must be referred 
for details. Also, the factors such as water 
solubility of chemical active ingredient, the soil 
temperature, Soil pH value, soil microbes, and 
chemical properties of soil affect critically for its 
persistence within soil. 

8. Termiticide 

There are many categories of Termiticide 
available for the use of Professional Pest control 
operators. Organo Phosphate and synthetic 
Pyrethroid base Termiticide are more commonly 
used. However with some formulations, the 
residual effect was reported to be as short as one 
year.  Synthetic Pyrethroids and Phenyl Pyrazoles 
etc. approved by pesticides authorities in Sri Lanka. 

Material and chemical usage is based on a 
surveys conducted at the site. The price is generally 
depends on ground floor area and linear 
measurement of foundation. 

9. Terrmite baiting systems 

Termite baiting systems also used as part of 
“Integrated Pest Management” (IPM) and may be 
preferred by customer as no damage to building in 
the application process. However, there are 
limitations in using the baits as its effectiveness 
cannot be fully warranted and longer time 
consumption for control. In Sri Lanka, few types of 
termite baiting systems have been registered 
recently and field trials are in progress. Most of 
baits have Insect Growth Regulators (IGR) 
impregnated cellulose as lure. Some are sensitive 
for only certain species of Subterranean Termites 
(Eg Coptotermes) Further, some environmentalists 
bare the view that inviting and destroying termite 
colonies by baits are not acceptable as it affects the 
environmental balance. 

 

 

 

 

 

 

 

 

10. The pest control operators 

The operator should be geared with all personal 
protective equipment and other safety gear to 
ensure environmental and human safety during and   
after the operation. The operator or the pest control 
organization should be licensed under the pest 
control service regulations (No: 1 of 2010) of 
Control of pesticide Act No: 33, 1980. 

11. Conclusion 

In summary, Subterranean  termite control 
needs integrated approach using all possible 
physical /chemical methods, regular inspections 
and maintenance of buildings in order achieve 
desired results for protection of property and 
structures. 
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4.2. The Pre construction soil treatment 

A soil treatment process   is carried out in soil 
prior to laying the floor concrete to prevent the 
termites invading into super structure of the 
building. This chemical will be bound to soil and 
will last for considerable period of time.  Treatment 
steps could be performed at many stages of 
construction to get the maximum protection. It is 
very necessary to consider building practices of the 
country and the designs of the buildings before 
carrying out soil treatment. 

 At the time of laying foundation, traditionally 
the trenches should be treated. However this step 
can be substituted with the building designs 
carrying additional physical or mechanical 
protection. Also the lateral sides of the rubble 
foundation can be treated making a deep vertical 
chemical barrier even after backfilling, with a help 
of High-pressure sub soil injector.  

The next step is the surface or horizontal spray 
at the stage of laying ground floor concrete. This 
barrier prevent termite invasion  through horizontal  
plane of the building  floor .This may be  created 
even after putting up of walls and roof on floating 
ground slab floors. 

Equipment 

The recommended equipment for the pre-
construction soil treatment is low pressure high 
volume sprayer. High pressure should not be used 
for horizontal barriers as it could lead to drift loss 
and damage. High pressure can be applied in deep 
soil injections or rodding. 

4.3. Chemical barriers for the Pre Construction 
soil treatment 

Two categories of Chemical barriers are made. 

4.3.1 Vertical Chemical Barrier 

This is formed along the foundation footings, 
since this is the most critical area of termite 
invasion. Stronger concentration of termiticide is 
applied along the footings so that the chemical 
infiltrates vertically near the foundation, thus 
making a barrier. The standard application rate is 3- 
5 Lt of aqueous solution of Termiticides per linier 
meter. Drenching the soil with the termiticide along 
a trench or furrow dug parallel and closer to footing 
is performed and the backfilled soil is also treated. 
Roding and injection under high pressure is needed 
in case of deeper masonry or rubble foundations. 

4.3.2 Horizontal Chemical Barrier 

This is created by drenching the compacted soil 
beneath the floor slab. The standard rate of 
application is 3-5 Lt of aqueous solution of 

Termiticide per square meter. This rate is important 
to make adequately thick chemical barrier, since an 
allowance should be left for soil settlement. 
Horizontal barrier prevents termite invasion into 
the buildings from floor cracks of slab on ground. 

Rate of application of prepared aqueous 
termiticide solution depends on the soil type, bulk 
density and the permeability of the compacted soil 
under the floor slab. Standard rate is given as a 
general guideline and may vary based on the above 
factors and expected thickness of the barrier. 

5. Longer protection 

In order to obtain longer protection, the soil 
chemical barriers should be periodically 
replenished. (Generally in every 3- 5 years in 
tropical climates). The conventional soil chemical 
barrier replenishment could be achieved through 
post construction treatment. Here, the chemicals 
are re-introduced to the soil to strengthen the 
barrier, through a set of drilled holes on the ground 
floor.  This is not much preferred by the customers, 
as the flooring and floor have to be damaged in the 
process. The best solution for this problem is to 
install a “chemical recharging system” (Eg. 
PIFTRS/ Piperguard plus) at the time of initial 
treatment. (Before laying the ground floor 
concrete).These are also called as reticulation 
systems and may vary upon building designs. 

6. Post construction treatment 

Post construction treatment is recommended for 
the buildings where floor concrete is laid without 
applying Termiticide. The only way to apply the 
Termiticides is by injecting them to the soil under 
the floor slab through a set of drilled holes on floor, 
closer to foundation footings (Wall-floor Junction 
area). This chemical will be dispersed under the 
floor slab and make barrier for termites. The 
uniformity of the chemical barrier cannot be 
determined and therefore there is a risk of re-
infestation compared to pre- construction soil 
treatment in this process your floor has to be drilled 
approximately 1.5 feet apart near the walls where 
necessary.  

This process is relatively more expensive than 
pre construction treatment since it consumes much 
time and chemicals. But is only remedy for this 
kind of situation. 

7. Persistence of Termiticide in Soil and 
Warranty Periods 

The Organo chlorine (Chlorinated 
Hydrocarbon) Termiticides that were used about a 
decade ago could persist in the soil for more than 
10 years. However, these Termiticides are now 
banned due to its environmental hazard such as 
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resulted by their slow degradation. (Refered to: UN 
conventions on use of POPS-Persistent Organic 
Pollutants etc.) Modern chemicals may last in soil 
up to maximum of five years under optimal 
conditions.  

Manufacturers’ specifications must be referred 
for details. Also, the factors such as water 
solubility of chemical active ingredient, the soil 
temperature, Soil pH value, soil microbes, and 
chemical properties of soil affect critically for its 
persistence within soil. 

8. Termiticide 

There are many categories of Termiticide 
available for the use of Professional Pest control 
operators. Organo Phosphate and synthetic 
Pyrethroid base Termiticide are more commonly 
used. However with some formulations, the 
residual effect was reported to be as short as one 
year.  Synthetic Pyrethroids and Phenyl Pyrazoles 
etc. approved by pesticides authorities in Sri Lanka. 

Material and chemical usage is based on a 
surveys conducted at the site. The price is generally 
depends on ground floor area and linear 
measurement of foundation. 

9. Terrmite baiting systems 

Termite baiting systems also used as part of 
“Integrated Pest Management” (IPM) and may be 
preferred by customer as no damage to building in 
the application process. However, there are 
limitations in using the baits as its effectiveness 
cannot be fully warranted and longer time 
consumption for control. In Sri Lanka, few types of 
termite baiting systems have been registered 
recently and field trials are in progress. Most of 
baits have Insect Growth Regulators (IGR) 
impregnated cellulose as lure. Some are sensitive 
for only certain species of Subterranean Termites 
(Eg Coptotermes) Further, some environmentalists 
bare the view that inviting and destroying termite 
colonies by baits are not acceptable as it affects the 
environmental balance. 

 

 

 

 

 

 

 

 

10. The pest control operators 

The operator should be geared with all personal 
protective equipment and other safety gear to 
ensure environmental and human safety during and   
after the operation. The operator or the pest control 
organization should be licensed under the pest 
control service regulations (No: 1 of 2010) of 
Control of pesticide Act No: 33, 1980. 

11. Conclusion 

In summary, Subterranean  termite control 
needs integrated approach using all possible 
physical /chemical methods, regular inspections 
and maintenance of buildings in order achieve 
desired results for protection of property and 
structures. 
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Mechanical Performance of Concrete Filled Double Skin Tubular (CFDST) 
Column Sections under Axial Compression  

N. Bhattarai, T.M. B. Heva, J.M.R.S. Appuhamy 

 

Abstract 
Concrete filled single and double skin tubes are the composite sections where a hollow steel jacket is filled with 
concrete. This provides an advantage of concrete compressive behavior and steel ductile behavior to provide 
better performance than typical reinforced concrete elements. Speedy construction, lighter weight, higher load 
resistance, provision for utility extension, better seismic performance, etc. are some of the advantages of these 
types of sections. The study was conducted to evaluate the percentage change in axial strength of the sections 
with respect to their controlled specimens. Square and circular sections were arranged in different geometric 
configurations such as square-square, square-circular, circular-circular, and circular-square and axial 
capacity was determined with respect to respectively controlled specimens. CHS-CHS sections and CHS-SHS 
sections were found to have 4.44% and 6.72% increase in strength was found while for SHS -SHS sections and 
SHS-CHS sections, 14.2%, and 6.77% increase in capacity were found. Further, FEA models were also 
developed.

 

1. Introduction 
Concrete filled single skin and double sections 

are composite sections that consist of steel jackets 
and concrete infill. This provides an advantage of 
the composite behavior of the section and 
performed better than traditional RC columns. The 
composite section uses the advantage of steel 
ductility and compressive capacity of concrete to 
perform better than other sections. Steel section 
present at inner and outer perimeter resists the 
lateral deformation of concrete while the concrete 
infill present prevents the outer steel from buckling 
when subjected under compressive load. (Alias et. 
al [1]). It was first introduced to resist external 
pressure for the deep-water vessel.  

 

Figure 1: Arrangements of circular and square 
CFDST and CFST sections 

CFST sections are relatively heavier than 
CFDST because of an absence of inner core as 
present in CFDST sections. CFDST sections 
consist of an outer steel jacket and inner steel 
jacket with concrete sandwiched in between these 
two layers of steel as shown in Figure 1.  Here, 

CHS-SHS refers to circular hollow outer steel to 
square hollow inner steel sections. Likewise, other 
configurations such as CHS-CHS, SHS-SHS, SHS-
CHS were also arranged. The composite section 
uses the advantage of steel ductility and 
compressive capacity of concrete to perform better 
than other sections. CFST sections have been 
widely used in High rise buildings, subways, 
bridges, electric light poles, etc. At present, studies 
have been carried out to identify the possibilities of 
replacing single filled sections by double filled 
sections. Studies have shown that the fire 
performance of double skin steel tube sections is 
much better than single skin steel sections. Civil 
Engineering field has evolved through different 
phases with the advancement in research studies in 
the construction techniques and materials. 
Researchers from over the world have engaged in 
to develop and identify sustainable, economical and 
more effective materials to replace typical 
materials. Over recent years, tremendous 
discoveries have been made which have benefited 
the construction industry as well as the public. 
Concrete filled double and single skin sections are 
the recent development that is expected to replace 
typical reinforcement sections. Concrete Filled 
Skin Tubular section consists of concrete entrapped 
by the outer hollow steel section. This provides an 
advantage of the composite behavior of the section 
and performed better than traditional RC columns. 
Further research on CFST sections resulted in the 
development of Concrete Filled Double Skin 
Tubular (CFDST) columns.  

In this paper, investigation on the mechanical 
performance of the Concrete Filled Double Skin 
Tubular column section under axial compression 
for CHS inner- SHS outer, SHS inner-CHS outer 
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with that of their respective controlled specimens 
have been done. 

 Literature review suggest that steel section 
present at inner and outer perimeter was found to 
resists the lateral deformation of concrete while the 
concrete infill present prevents the outer steel from 
buckling when subjected under compressive load. 
Tao et. al [2] conducted an experiment to evaluate 
the behavior of CFDST where it was found that the 
slenderness ratio influences capacity in such a way 
that higher the slenderness ratio, lower will be the 
capacity. From the literature review, it was also 
found that even though there are several standard 
codes of design, they cannot properly incorporate 
the flexibility of the section interms of different 
material integration such as tyres in concrete or 
plastic pipes etc. Therefore, use of FEA analysis 
has shown that study is more flexible to parametric 
studies. Yuan et. al [3] conducted experiment with 
octagonal steel outer tube with PVC-U inner pipe 
and found that no crushing of PVC tube occurred 
while outer steel section failure was observed. 
Pagoulatou et al [4]. conducted numerical study to 
identify the behavior of CFDST stub columns by 
manipulating diameter to thickness ratio, concrete 
grade strength.  

Furthermore, some of the equations suggested 
by standard codes also provide an approach 
however, they are limited to few cross-section 
shapes. Following are some of the standard codes. 

1.1 ACI Equation 

To determine the ultimate axial capacity of 
CFDST, the modified equation is formulated from 
the ACI code. (ACI 318) [5] 

 (Pu)ACI = fsyoAso +0.85fcAc+fsyiAsi 

Where  

fsyo: yield strength of outer steel section 

Aso: Cross-sectional area of outer steel section 

fc: Compressive strength of concrete  

Ac: Area of the concrete infill 

fsyi: Yield strength of inner steel section 

Asi: Cross-sectional area of the inner steel section 

1.2 Equation by Uenaka et al. 

Uenaka, et al. [6] performed an experiment on 
CFDST to investigate the compressive strength 
capacity and proposed an equation through his 
findings. 

(Pu)uenaka et al. = (2.86-2.59( 𝐷𝐷𝑖𝑖
𝐷𝐷𝑜𝑜

))fyoAso+fcAc+fyiAsi 

Where (0.2<𝐷𝐷𝑖𝑖
𝐷𝐷𝑜𝑜

<0.7) 

Di, Do are the diameters of inner and outer steel 
respectively. fyo, fyi are the yield strength capacity 
of outer and inner and Aso, Asi denotes the area of 
outer and inner steel sections respectively. 

1.3 BS 5400-5 (2005) 

BS 5400 part 5 provides a design method for 
concrete-encased steel sections and concrete-filled 
rectangular and circular hollow sections. It defines 
the material properties and guidelines for the 
construction. Squash load (Nu) is given as, 

Nu = 0.95 Asfy + 0.87 Arfry + 0.45 Aef,      (Clause 
11.1.4) 

αc = 
0.45𝑓𝑓𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐

𝑁𝑁𝑢𝑢
 

αc is the concrete confinement factor. 

As is the cross-sectional area of the rolled or 
fabricated structural steel section; 

Ar is the cross-sectional area of reinforcement; 

Ac is the area of concrete in the cross-section; 

fy is the nominal yield strength of the structural 
steel; 

fry is the characteristic yield strength of the 
reinforcement; 

fcu is the characteristic 28-day cube strength of the 
concrete. 

At ultimate limit state, failure load Nay = 0.85 
K1yNu  for short columns. (BSI, 1978) 

For axially loaded circular concrete filled hollow 
sections at ultimate state, Clause 11.1.4 is replaced 
by; 

𝑁𝑁𝑢𝑢 = 0.95𝑓𝑓′𝐴𝐴𝑠𝑠 + 0.45 𝑓𝑓𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐                                         
(Clause 11.3.7) 

Where, 

𝑓𝑓𝑐𝑐𝑐𝑐  enhanced characteristic strength of triaxially 
contained concrete under axial load 

αc = 𝑓𝑓𝑐𝑐𝑢𝑢 + 𝐶𝐶1𝑡𝑡𝑓𝑓𝑦𝑦
𝐷𝐷𝑒𝑒

 

𝑓𝑓′  = C2 𝑓𝑓𝑦𝑦  

C1, C2 are constants given in Table 3 of BS5400-5. 

De: Diameter of the outer section. 

t: wall thickness 
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Abstract 
Concrete filled single and double skin tubes are the composite sections where a hollow steel jacket is filled with 
concrete. This provides an advantage of concrete compressive behavior and steel ductile behavior to provide 
better performance than typical reinforced concrete elements. Speedy construction, lighter weight, higher load 
resistance, provision for utility extension, better seismic performance, etc. are some of the advantages of these 
types of sections. The study was conducted to evaluate the percentage change in axial strength of the sections 
with respect to their controlled specimens. Square and circular sections were arranged in different geometric 
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capacity was determined with respect to respectively controlled specimens. CHS-CHS sections and CHS-SHS 
sections were found to have 4.44% and 6.72% increase in strength was found while for SHS -SHS sections and 
SHS-CHS sections, 14.2%, and 6.77% increase in capacity were found. Further, FEA models were also 
developed.

 

1. Introduction 
Concrete filled single skin and double sections 

are composite sections that consist of steel jackets 
and concrete infill. This provides an advantage of 
the composite behavior of the section and 
performed better than traditional RC columns. The 
composite section uses the advantage of steel 
ductility and compressive capacity of concrete to 
perform better than other sections. Steel section 
present at inner and outer perimeter resists the 
lateral deformation of concrete while the concrete 
infill present prevents the outer steel from buckling 
when subjected under compressive load. (Alias et. 
al [1]). It was first introduced to resist external 
pressure for the deep-water vessel.  

 

Figure 1: Arrangements of circular and square 
CFDST and CFST sections 

CFST sections are relatively heavier than 
CFDST because of an absence of inner core as 
present in CFDST sections. CFDST sections 
consist of an outer steel jacket and inner steel 
jacket with concrete sandwiched in between these 
two layers of steel as shown in Figure 1.  Here, 

CHS-SHS refers to circular hollow outer steel to 
square hollow inner steel sections. Likewise, other 
configurations such as CHS-CHS, SHS-SHS, SHS-
CHS were also arranged. The composite section 
uses the advantage of steel ductility and 
compressive capacity of concrete to perform better 
than other sections. CFST sections have been 
widely used in High rise buildings, subways, 
bridges, electric light poles, etc. At present, studies 
have been carried out to identify the possibilities of 
replacing single filled sections by double filled 
sections. Studies have shown that the fire 
performance of double skin steel tube sections is 
much better than single skin steel sections. Civil 
Engineering field has evolved through different 
phases with the advancement in research studies in 
the construction techniques and materials. 
Researchers from over the world have engaged in 
to develop and identify sustainable, economical and 
more effective materials to replace typical 
materials. Over recent years, tremendous 
discoveries have been made which have benefited 
the construction industry as well as the public. 
Concrete filled double and single skin sections are 
the recent development that is expected to replace 
typical reinforcement sections. Concrete Filled 
Skin Tubular section consists of concrete entrapped 
by the outer hollow steel section. This provides an 
advantage of the composite behavior of the section 
and performed better than traditional RC columns. 
Further research on CFST sections resulted in the 
development of Concrete Filled Double Skin 
Tubular (CFDST) columns.  

In this paper, investigation on the mechanical 
performance of the Concrete Filled Double Skin 
Tubular column section under axial compression 
for CHS inner- SHS outer, SHS inner-CHS outer 
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with that of their respective controlled specimens 
have been done. 

 Literature review suggest that steel section 
present at inner and outer perimeter was found to 
resists the lateral deformation of concrete while the 
concrete infill present prevents the outer steel from 
buckling when subjected under compressive load. 
Tao et. al [2] conducted an experiment to evaluate 
the behavior of CFDST where it was found that the 
slenderness ratio influences capacity in such a way 
that higher the slenderness ratio, lower will be the 
capacity. From the literature review, it was also 
found that even though there are several standard 
codes of design, they cannot properly incorporate 
the flexibility of the section interms of different 
material integration such as tyres in concrete or 
plastic pipes etc. Therefore, use of FEA analysis 
has shown that study is more flexible to parametric 
studies. Yuan et. al [3] conducted experiment with 
octagonal steel outer tube with PVC-U inner pipe 
and found that no crushing of PVC tube occurred 
while outer steel section failure was observed. 
Pagoulatou et al [4]. conducted numerical study to 
identify the behavior of CFDST stub columns by 
manipulating diameter to thickness ratio, concrete 
grade strength.  

Furthermore, some of the equations suggested 
by standard codes also provide an approach 
however, they are limited to few cross-section 
shapes. Following are some of the standard codes. 

1.1 ACI Equation 

To determine the ultimate axial capacity of 
CFDST, the modified equation is formulated from 
the ACI code. (ACI 318) [5] 

 (Pu)ACI = fsyoAso +0.85fcAc+fsyiAsi 

Where  

fsyo: yield strength of outer steel section 

Aso: Cross-sectional area of outer steel section 

fc: Compressive strength of concrete  

Ac: Area of the concrete infill 

fsyi: Yield strength of inner steel section 

Asi: Cross-sectional area of the inner steel section 

1.2 Equation by Uenaka et al. 

Uenaka, et al. [6] performed an experiment on 
CFDST to investigate the compressive strength 
capacity and proposed an equation through his 
findings. 

(Pu)uenaka et al. = (2.86-2.59( 𝐷𝐷𝑖𝑖
𝐷𝐷𝑜𝑜

))fyoAso+fcAc+fyiAsi 

Where (0.2<𝐷𝐷𝑖𝑖
𝐷𝐷𝑜𝑜

<0.7) 

Di, Do are the diameters of inner and outer steel 
respectively. fyo, fyi are the yield strength capacity 
of outer and inner and Aso, Asi denotes the area of 
outer and inner steel sections respectively. 

1.3 BS 5400-5 (2005) 

BS 5400 part 5 provides a design method for 
concrete-encased steel sections and concrete-filled 
rectangular and circular hollow sections. It defines 
the material properties and guidelines for the 
construction. Squash load (Nu) is given as, 

Nu = 0.95 Asfy + 0.87 Arfry + 0.45 Aef,      (Clause 
11.1.4) 

αc = 
0.45𝑓𝑓𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐

𝑁𝑁𝑢𝑢
 

αc is the concrete confinement factor. 

As is the cross-sectional area of the rolled or 
fabricated structural steel section; 

Ar is the cross-sectional area of reinforcement; 

Ac is the area of concrete in the cross-section; 

fy is the nominal yield strength of the structural 
steel; 

fry is the characteristic yield strength of the 
reinforcement; 

fcu is the characteristic 28-day cube strength of the 
concrete. 

At ultimate limit state, failure load Nay = 0.85 
K1yNu  for short columns. (BSI, 1978) 

For axially loaded circular concrete filled hollow 
sections at ultimate state, Clause 11.1.4 is replaced 
by; 

𝑁𝑁𝑢𝑢 = 0.95𝑓𝑓′𝐴𝐴𝑠𝑠 + 0.45 𝑓𝑓𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐                                         
(Clause 11.3.7) 

Where, 

𝑓𝑓𝑐𝑐𝑐𝑐  enhanced characteristic strength of triaxially 
contained concrete under axial load 

αc = 𝑓𝑓𝑐𝑐𝑢𝑢 + 𝐶𝐶1𝑡𝑡𝑓𝑓𝑦𝑦
𝐷𝐷𝑒𝑒

 

𝑓𝑓′  = C2 𝑓𝑓𝑦𝑦  

C1, C2 are constants given in Table 3 of BS5400-5. 

De: Diameter of the outer section. 

t: wall thickness 
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1.4 Eurocode 4 (1991-1-1) 

Eurocode provides an approach to design 
composite columns and composite compression 
members with a concrete-encased section. Clause 
6.7 of EC4 provides detail about the design method 
of such composite sections. However, the design is 
limited to section with steel grade S235 to S460 
and with the concrete grade of C20/25 to C50/60. 
(CEN, 2004)[7]. Plastic resistance to compression 
of the concrete-filled tube with a circular cross-
section is given as, 

N = ηaAafyd + Acfcd (1+ηc 
𝑡𝑡
𝑑𝑑  𝑓𝑓𝑦𝑦

𝑓𝑓𝑐𝑐𝑐𝑐
 )+ Asfsd 

Where, 

 t is the thickness of the steel tube and d is the 
external diameter of the column. 

Aa is the cross-sectional section area of the steel 
section. 

Ac is the cross-sectional section area of the 
concrete. 

As is the cross-sectional section area of the 
reinforcement. 

fyd is the design value of the yield strength of the 
structural steel section. 

fcd is the design value of cylindrical compressive 
strength of concrete. 

fsd is the design value of yield strength of 
reinforcing steel. 

fy is the nominal value of yield strength of 
structural steel. 

fck is the characteristic value of cylinder 
compressive strength of concrete after 28 days. 

For eccentricity of loading, e=0, ηa and ηc are the 
functions of relative slenderness and are given as, 

 ηa = 0.25 (3+2𝜆𝜆̅) but (≤1,0) 

 ηc = 4.9-18.5𝜆𝜆̅ +17𝜆𝜆̅2  but (≥0) 

where 𝜆𝜆̅ is the relative slenderness Clause 6.7.3.3 
on EC4.  

2. Methodology 
Figure 2 shows the methodology chart which 

illustrates the outlines of the activities carried out 
in this project. Concrete and Galvanized steel 
sections were used as materials Each of three 
specimens of 250mm height was cast for the 
sections under study. Outer and inner steel was 
welded so that there is minimal displacement of 
inner steel during the concrete cast. Axial strength 
of the sections was evaluated with a compression 

machine and hence percentage change in the axial 
capacity of the sections was found. 
 

 

Figure 2:  Methodology chart  

2.1 Selection of Materials 
 

Since the CFDST sections are composite 
sections with an inner and outer steel jacket and 
concrete infill, the Galvanized Steel tubes and 
Grade 30 Concrete have been considered for the 
experiment.  

2.2 Arrangement of Configurations                           

 

Figure 3:  Welding of inner steel to outer steel 

SHS inner – CHS outer, SHS inner-SHS outer, 
CHS inner – SHS outer, CHS inner- CHS outer 
sections were considered. As shown in Figure 3, 
inner steel was welded to outer steel and the 
sections were arranged properly. Inner steel section 
was welded at the top and bottom end to avoid the 
lateral displacement while concreting. Circular 
section has diameter of about 114mm while that of 
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square section is 100mm for outer sections and for 
inner sections, 19mm and 21mm respectively. 

2.3 Characteristic Property Evaluation 

For the modeling of the CFDST members, 
accurate modeling of the materials is a must. The 
following material property were incorporated in 
the developed FEA model for the validation. Grade 
M30 concrete with cement: Sand: Aggregate as 
design mix proportion is proposed as the concrete 
infill in the CFDST members. A total of 3 cubes of 
concrete (150mm*150m*150mm) were cast for 
identifying the characteristic compressive strength 
at 28 days. Concrete cubes were cured in the 
bathtub for 28 days to reduce the crack. A 
compression test was carried out to identify the 
compressive strength of the concrete. BS EN 
12350-2:2009 Testing Fresh Concrete for slump 
test and for the compressive strength test. Figure 3 
shows the concrete cubes that was cast for property 
evaluation. 
 

 
Figure 4:  Concrete cubes cast for property 

evaluation 
 

Galvanized steel sections were used to fabricate 
the steel specimens. The steel sections were used 
from MELWA company which adheres to SLS 375 
standard for the manufacture of Ribbed steel bars, 
SLS 26 for manufacturing Plain bar steel and ISO 
9001 for quality management.  

 

 

Figure 5:  Specimen fabrication for Tensile Test 

Figure 5 shows fabricated specimen for tensile 
test. Tensile test was carried out to obtain yield 
stress, ultimate tensile stress, and young modulus 
of elasticity for the proposed materials. Apart from 
the material section, appropriate boundary 
conditions are also necessary for modeling. Zero 
eccentric loadings were applied to the specimens. 

2.4 Casting Specimens 

Specimens with six different configurations 
were cast and the performance of this composite 
section were analyzed under axial loading 
condition. Figure 6 shows section cast for 250mm 
specimens. 

 

Figure 6:  250mm section cast 

2.5 Experimental Analysis 

CFDST specimens were subjected under axial 
compression in an ADR 2000 compression testing 
machine as shown in Figure 7.  

 

Figure 7:  Axial Compression Test 

2.6 Model development and Validation 

ABAQUS FEA software is used for the 
modeling of CFDST column sections. Basically, 
two materials are defined in the Abaqus model; 
Concrete and Steel section with an appropriate 
interaction property. Concrete property as well as 
steel section, density, Elastic and Plastic 
Parameters were defined. Figure 8 shows the model 
of the square double filled specimen. 

RESEARCH FORUM
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1.4 Eurocode 4 (1991-1-1) 

Eurocode provides an approach to design 
composite columns and composite compression 
members with a concrete-encased section. Clause 
6.7 of EC4 provides detail about the design method 
of such composite sections. However, the design is 
limited to section with steel grade S235 to S460 
and with the concrete grade of C20/25 to C50/60. 
(CEN, 2004)[7]. Plastic resistance to compression 
of the concrete-filled tube with a circular cross-
section is given as, 

N = ηaAafyd + Acfcd (1+ηc 
𝑡𝑡
𝑑𝑑  𝑓𝑓𝑦𝑦

𝑓𝑓𝑐𝑐𝑐𝑐
 )+ Asfsd 

Where, 

 t is the thickness of the steel tube and d is the 
external diameter of the column. 

Aa is the cross-sectional section area of the steel 
section. 

Ac is the cross-sectional section area of the 
concrete. 

As is the cross-sectional section area of the 
reinforcement. 

fyd is the design value of the yield strength of the 
structural steel section. 

fcd is the design value of cylindrical compressive 
strength of concrete. 

fsd is the design value of yield strength of 
reinforcing steel. 

fy is the nominal value of yield strength of 
structural steel. 

fck is the characteristic value of cylinder 
compressive strength of concrete after 28 days. 

For eccentricity of loading, e=0, ηa and ηc are the 
functions of relative slenderness and are given as, 

 ηa = 0.25 (3+2𝜆𝜆̅) but (≤1,0) 

 ηc = 4.9-18.5𝜆𝜆̅ +17𝜆𝜆̅2  but (≥0) 

where 𝜆𝜆̅ is the relative slenderness Clause 6.7.3.3 
on EC4.  

2. Methodology 
Figure 2 shows the methodology chart which 

illustrates the outlines of the activities carried out 
in this project. Concrete and Galvanized steel 
sections were used as materials Each of three 
specimens of 250mm height was cast for the 
sections under study. Outer and inner steel was 
welded so that there is minimal displacement of 
inner steel during the concrete cast. Axial strength 
of the sections was evaluated with a compression 

machine and hence percentage change in the axial 
capacity of the sections was found. 
 

 

Figure 2:  Methodology chart  

2.1 Selection of Materials 
 

Since the CFDST sections are composite 
sections with an inner and outer steel jacket and 
concrete infill, the Galvanized Steel tubes and 
Grade 30 Concrete have been considered for the 
experiment.  

2.2 Arrangement of Configurations                           

 

Figure 3:  Welding of inner steel to outer steel 

SHS inner – CHS outer, SHS inner-SHS outer, 
CHS inner – SHS outer, CHS inner- CHS outer 
sections were considered. As shown in Figure 3, 
inner steel was welded to outer steel and the 
sections were arranged properly. Inner steel section 
was welded at the top and bottom end to avoid the 
lateral displacement while concreting. Circular 
section has diameter of about 114mm while that of 
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square section is 100mm for outer sections and for 
inner sections, 19mm and 21mm respectively. 

2.3 Characteristic Property Evaluation 

For the modeling of the CFDST members, 
accurate modeling of the materials is a must. The 
following material property were incorporated in 
the developed FEA model for the validation. Grade 
M30 concrete with cement: Sand: Aggregate as 
design mix proportion is proposed as the concrete 
infill in the CFDST members. A total of 3 cubes of 
concrete (150mm*150m*150mm) were cast for 
identifying the characteristic compressive strength 
at 28 days. Concrete cubes were cured in the 
bathtub for 28 days to reduce the crack. A 
compression test was carried out to identify the 
compressive strength of the concrete. BS EN 
12350-2:2009 Testing Fresh Concrete for slump 
test and for the compressive strength test. Figure 3 
shows the concrete cubes that was cast for property 
evaluation. 
 

 
Figure 4:  Concrete cubes cast for property 

evaluation 
 

Galvanized steel sections were used to fabricate 
the steel specimens. The steel sections were used 
from MELWA company which adheres to SLS 375 
standard for the manufacture of Ribbed steel bars, 
SLS 26 for manufacturing Plain bar steel and ISO 
9001 for quality management.  

 

 

Figure 5:  Specimen fabrication for Tensile Test 

Figure 5 shows fabricated specimen for tensile 
test. Tensile test was carried out to obtain yield 
stress, ultimate tensile stress, and young modulus 
of elasticity for the proposed materials. Apart from 
the material section, appropriate boundary 
conditions are also necessary for modeling. Zero 
eccentric loadings were applied to the specimens. 

2.4 Casting Specimens 

Specimens with six different configurations 
were cast and the performance of this composite 
section were analyzed under axial loading 
condition. Figure 6 shows section cast for 250mm 
specimens. 

 

Figure 6:  250mm section cast 

2.5 Experimental Analysis 

CFDST specimens were subjected under axial 
compression in an ADR 2000 compression testing 
machine as shown in Figure 7.  

 

Figure 7:  Axial Compression Test 

2.6 Model development and Validation 

ABAQUS FEA software is used for the 
modeling of CFDST column sections. Basically, 
two materials are defined in the Abaqus model; 
Concrete and Steel section with an appropriate 
interaction property. Concrete property as well as 
steel section, density, Elastic and Plastic 
Parameters were defined. Figure 8 shows the model 
of the square double filled specimen. 
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Figure 8:  Developed FEA Model 
 

Validation of the ABAQUS model requires the 
simulation of materials property and precisely 
imposing the experimental conditions. The input 
parameters obtained from the characteristic 
evaluation of the material properties are 
incorporated into the model. It includes the strength 
of concrete, stress, modulus of elasticity of steel, 
diameters of section, thickness, etc. The result 
obtained from the FEA model should have good 
agreement with the experimental result to validate 
the model. The ratio of Ultimate strength capacity 
of the CFDST section with Experiment to FE 
analysis must be evaluated. The ratio of unity 
denotes absolute agreement. 

𝑷𝑷𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆
𝑷𝑷𝑭𝑭𝑭𝑭 𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒂𝒂𝒂𝒂𝒆𝒆𝒂𝒂

 

 
Models were developed and validated after 

simulating it in software. A model can be said to be 
validated if the deformation shape, results for both 
experimental as well as model are similar. The 
variation in values are possible due to several 
experimental errors such as human errors, machine 
errors etc. 

 

 

Figure 9:  FEA Model 

As shown in the figure 9, the deformation shape 
of the section from experiment and model shows 
the similar characteristic with bulging at the top of 
the section. Model validation was done for two 
models. These approximates to 5.2% of difference 

for one model while for another model 4.5% 
variation in values. 

3. Results and Discussion 

Axial compression test was carried out for both 
single filled and double filled sections of 250mm 
length. The results shown below are average peak 
load values for the experimental observations. The 
experiment was conducted for all different possible 
arrangements of Circular and Square sections to 
identify the percentage change in peak load of the 
specimens with respect to their corresponding 
control specimen. 

Table 1: Axial strength of the single filled and 
double filled specimens 

SAMPLE Peak load (kN) stress 
(N/mm2) 

CHS-CHS 746.46 83.81 

CHS-SHS 784.25 85.06 

CHS-CFST 734.831 77.32 

SHS-SHS 835.165 98.54 

SHS-CHS 781.615 92.067 

SHS-CFST 732.01 82.44 

 

Table 1 shows the average peak load for square 
and circular sections. Sections were fabricated and 
arranged in possible configurations. During the 
axial testing, a uniform pace rate of 2.4KN/s was 
applied. ADR machine recorded the failure of the 
section. From the visualization, there was no steel 
cracking in the section. Zero eccentric loadings 
were applied to the specimens by adjusting the 
lever of the ADR machine.  

 

Figure 10:  Percentage change in axial strength 

 From figure 10, it is clear that with respect to 
circular CFST sections, the CHS-SHS section has a 
higher percentage change in axial capacity than 
CHS-CHS while for square sections, SHS-SHS has 
a higher change in axial capacity than SHS-CHS 
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sections. Here, CHS sections and SHS sections 
have different dimensions i.e. 114mm and 100mm 
and therefore, CHS-SHS and CHS-CHS 
configuration specimen can be compared with 
Circular Controlled specimens and similarly for 
SHS section also. 

This research focused to identify the change in 
axial capacity of the different arrangement of the 
sections. Different arrangements for circular 
arrangements and square arrangements for square 
sections were cast. These experimental 
observations were then used to validate two models 
and hence CFT section capacity was obtained. 
Ultimate axial capacity of square and circular 
configurations sections was found from 
experiments. These experimental observations were 
used in software and was verified. Model 
validation was done. Deformation shape of the both 
models were also similar characterized as shown in 
Figure 8.  Result agrees with the fact that concrete 
filled double skin tube sections offer more 
advantage than single skin concrete filled and 
concrete filled tube sections. 

Experiment was conducted for square inner 
square outer, square inner circular outer, square 
single filled sections, circular outer circular inner, 
circular outer square inner and circular single skin 
section. From the observations, it can be identified 
that there is increase in axial capacity of the 
sections. It may be due to the presence of extra 
layer of steel that delays concrete from buckling It 
can be concluded that SHS-SHS section is has 
higher increase in axial capacity than other 
configuration of square sections and CHS-SHS is 
found to have higher capacity than the other 
circular configurations. Due to inner hollow layer 
of steel, concrete area as compared to the single 
filled skin is lower, however, the presence of inner 
steel provides strength to the section. Among the 
different circular section arrangements, double fill 
circular arrangement is found to have better 
performance than concrete filled tube, concrete 
filled single skin tube. It was also found that 
circular-circular arrangement provides more 
resistance to axial force than circular to square 
arrangement. Similarly, in case of square sections, 
CFDST square sections were found to have better 
capacity than the single skin tube and concrete 
filled tube with square-square configurations 
performing better than the other arrangements.  
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Figure 8:  Developed FEA Model 
 

Validation of the ABAQUS model requires the 
simulation of materials property and precisely 
imposing the experimental conditions. The input 
parameters obtained from the characteristic 
evaluation of the material properties are 
incorporated into the model. It includes the strength 
of concrete, stress, modulus of elasticity of steel, 
diameters of section, thickness, etc. The result 
obtained from the FEA model should have good 
agreement with the experimental result to validate 
the model. The ratio of Ultimate strength capacity 
of the CFDST section with Experiment to FE 
analysis must be evaluated. The ratio of unity 
denotes absolute agreement. 
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simulating it in software. A model can be said to be 
validated if the deformation shape, results for both 
experimental as well as model are similar. The 
variation in values are possible due to several 
experimental errors such as human errors, machine 
errors etc. 

 

 

Figure 9:  FEA Model 

As shown in the figure 9, the deformation shape 
of the section from experiment and model shows 
the similar characteristic with bulging at the top of 
the section. Model validation was done for two 
models. These approximates to 5.2% of difference 

for one model while for another model 4.5% 
variation in values. 

3. Results and Discussion 

Axial compression test was carried out for both 
single filled and double filled sections of 250mm 
length. The results shown below are average peak 
load values for the experimental observations. The 
experiment was conducted for all different possible 
arrangements of Circular and Square sections to 
identify the percentage change in peak load of the 
specimens with respect to their corresponding 
control specimen. 

Table 1: Axial strength of the single filled and 
double filled specimens 

SAMPLE Peak load (kN) stress 
(N/mm2) 

CHS-CHS 746.46 83.81 

CHS-SHS 784.25 85.06 

CHS-CFST 734.831 77.32 

SHS-SHS 835.165 98.54 

SHS-CHS 781.615 92.067 

SHS-CFST 732.01 82.44 

 

Table 1 shows the average peak load for square 
and circular sections. Sections were fabricated and 
arranged in possible configurations. During the 
axial testing, a uniform pace rate of 2.4KN/s was 
applied. ADR machine recorded the failure of the 
section. From the visualization, there was no steel 
cracking in the section. Zero eccentric loadings 
were applied to the specimens by adjusting the 
lever of the ADR machine.  

 

Figure 10:  Percentage change in axial strength 

 From figure 10, it is clear that with respect to 
circular CFST sections, the CHS-SHS section has a 
higher percentage change in axial capacity than 
CHS-CHS while for square sections, SHS-SHS has 
a higher change in axial capacity than SHS-CHS 
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sections. Here, CHS sections and SHS sections 
have different dimensions i.e. 114mm and 100mm 
and therefore, CHS-SHS and CHS-CHS 
configuration specimen can be compared with 
Circular Controlled specimens and similarly for 
SHS section also. 

This research focused to identify the change in 
axial capacity of the different arrangement of the 
sections. Different arrangements for circular 
arrangements and square arrangements for square 
sections were cast. These experimental 
observations were then used to validate two models 
and hence CFT section capacity was obtained. 
Ultimate axial capacity of square and circular 
configurations sections was found from 
experiments. These experimental observations were 
used in software and was verified. Model 
validation was done. Deformation shape of the both 
models were also similar characterized as shown in 
Figure 8.  Result agrees with the fact that concrete 
filled double skin tube sections offer more 
advantage than single skin concrete filled and 
concrete filled tube sections. 

Experiment was conducted for square inner 
square outer, square inner circular outer, square 
single filled sections, circular outer circular inner, 
circular outer square inner and circular single skin 
section. From the observations, it can be identified 
that there is increase in axial capacity of the 
sections. It may be due to the presence of extra 
layer of steel that delays concrete from buckling It 
can be concluded that SHS-SHS section is has 
higher increase in axial capacity than other 
configuration of square sections and CHS-SHS is 
found to have higher capacity than the other 
circular configurations. Due to inner hollow layer 
of steel, concrete area as compared to the single 
filled skin is lower, however, the presence of inner 
steel provides strength to the section. Among the 
different circular section arrangements, double fill 
circular arrangement is found to have better 
performance than concrete filled tube, concrete 
filled single skin tube. It was also found that 
circular-circular arrangement provides more 
resistance to axial force than circular to square 
arrangement. Similarly, in case of square sections, 
CFDST square sections were found to have better 
capacity than the single skin tube and concrete 
filled tube with square-square configurations 
performing better than the other arrangements.  
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