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EDITOR’S MESSAGE

Greeting for the New Year from SSESL!

Wishing the readers a very happy new year on 
behalf of the new executive committee and the outgoing 
committee of the Society of Structural Engineers -Sri Lanka. 
In the dawn of the New Year, amidst the COVID-19
pandemic, the country has revived its daily routines inviting 
the general public to follow the same, adhering to the health 
guidelines. The committee also wishes to revitalise the 
events, been carried out throughout the past years to uplift 
the standards of the Construction Industry and the Structural
Engineering practices used in the present context. 

Despite the restricted environment, the Executive 
Committee along with the assistance of the Associate 
Member Chapter persevered in organizing most of the events 
planned last year to be presented through the online 
platform. As it says that “Every dark cloud has a silver 
lining”, we learnt how the latest technologies could have 
been made used to create more fraternity and camaraderie 
among colleagues and members of the Society in this dark 
season. Almost all the events conducted through webinar 
online sessions were applauded and highly appreciated by 
the audience. True the joy of meeting and sharing a 
handshake or pat on the shoulder was missed, but the main 
objective of sharing knowledge and guiding the industry in 
the correct path was effectively achieved last year with the 
help of the online platform. 

The beginning of 2021 marks the 28th year of 
SSESL. The new committee, learning from last year has now 
decided to voyage the event plan for 2021 collaborating both 
physical and virtual modes. As such we have prepared our 
event calendar with more design courses and workshops to 
be brought on virtual platform allowing more participants to 
extract the benefit of programs. The drawback of restricted 
number of participants due to space allocation faced in 
earlier days can now be successfully coped with the new 
platform emerged with the COVID outbreak. 

The Committee has also decided to focus more on 
upgrading and updating the SSESL Website since it was the 
only effective of transmitting the important information 
among our members in an effective and efficient manner. 
Structural Engineers are encouraged and cordially invited to 
forward their problems related to structural and construction 
practices to obtain much appropriate solutions from industry 
experts. This platform will allow   young members to share 
their ideas and comments related to various engineering 
aspects which lead most of them to pick up new skills and 
top up their productivity charts while relaxing at home. The 
discussion forum will further be expected to expand as a 
place to discuss other professional matters related to the 
present day works so that society too could involve as a 
professional body to find ways to resolve those. 

Members are much anticipated to forward their 
ideas to improve the prevailing interface of the website, 
services rendered through online platform and also new 
additions to be included in the website. All your comments 
and ideas are considered valuable and helpful for the 
improvement of the service rendered by the Society towards 
the betterment of the field of Structural Engineering.

Eng. S.S.A.Kalugaldeniya,
B.Sc.Eng (Hons), M. Sc. (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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RELOCATION OF MANNING MARKET PROJECT 
IN PELIYAGODA  

 
Relocation of Manning Market from its existing 

abode of Pettah within a 3 acres area in the heart of Colombo 
has always been in the staple plan of developing Colombo 
for many years. The market is known to be over 100 years 
old, making it the oldest market or the economic center in 
the country. Though no one is certain about its 
commencement, there are evidences to presume that the 
market had initially begun with 300 stalls behind the 
“Kachcheri” in Bodhi Raja Mawatha Pettah, during the era 
of Governor Manning (1918-1925). The first plan of shifting 
the market to Orugodawaththa came into the highlight in 
1970s, but after many concerns the market was temporarily 
moved to a store built in Pettah with the name of the market 
changed from “Kachcheri road market” to “Manning 
Market”.  

 
The location of Manning Market in Pettah has now 

been proposed to develop into a new multi-mode 
transportation hub. The relocation of Manning Market 
project became a reality with the inception of the project in 
2015 with 4.5 billion LKR government money allocation 
under the town development plans of Urban Development 
Authority. The entire project was entrusted to Central 
Engineering Consultancy Bureau as a consultancy 
consortium. The preliminary developments to the land 
selected at Peliyagoda were carried out by Sri Lanka Land 
Development Corporation. As per the geotechnical 
recommendations and designs provided by the CECB, piling 
was conducted by Nawaloka Piling Pvt. Ltd. Construction of 
the superstructure was handed over to MAGA Pvt. Ltd. The 
extent of the land selected was a 15 acres plot, adjacent to 
the Central Fish Market in Peliyagoda, facing the 
Katunayake Expressway Access road. 

 
Even though there were a few disagreements 

among vendors at the initiation of the relocation project, now 
the optimistic vendors are happy because they believe 
Peliyagoda will become the next developed commercial hub. 
Clients of the previous Manning market who purchase 
wholesale products will still stick around and find the new 
place more spacious and convenient.  

 
 
The relocation project consists of two four storey 

curved buildings, a rectangular four storey building, a single 
storey building, all in total with a gross building area of 
42,450 m2, with facility structures of water sump, a pump 
house and two treatment plants. The project also embraces a 
400m long elevated road with a 70m long ramp. There is also 
a concrete bridge link connecting two blocks at an elevation 
of 13m from the ground floor level providing access to its 
users from one main building to another. These structures 
will house many amenities for the clients with better 
facilities such as a cleaner area, plenty of space and no stress 
for parking transportation vehicles, vendors with additional 
space for resting and proper lavatories, restaurants and bank 
access, a solid waste management program to re-use bio-
degradable waste, cool rooms to store in fresh products 
without perishing.  
 

Piling work started on 14th of February 2017 and 
completed on 03rd of February 2018. Construction of the 
superstructure commenced on 03rd January 2018 while the 
date of completion was marked as 16th November 2020.  
   

The usage of buildings specified by the Urban 
Development Authority is as follows,  

 
Usability  
 Criteria 

Block 
A & 

C 

Block 
B 

Block 
D 

Total 

Shops Whole Sale 
Shops 

252 192 - 444 

Retail 
Shops 

359 288 - 647 

Meat Shops 24 - - 24 
Permanent 
Shops 

69 - - 69 

Plastic 
Basket 
Shops 

- - 02 02 

Total  704 480 02 1186 
Other 
facilities 

Cold 
Rooms 

- - 08 08 

Smoke 
Rooms 

16 - - 16 

Banks - - 04 04 
Table 1: Usability of Buildings 

 
 BUILDING ARCHITECTURE 

 

Figure 1: Manning Market Relocation Project 

Figure 2: Architectural Inception of the Project 
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Composite pre-stressed “T” beams designed with 
spaced arrangement had been adopted to support the
elevated road deck rather than the conventional adjacently
placed system. This arrangement had also reduced the
number of beams required by 55% making a considerable
saving.

4. Tapered Flanged In-situ inverted “T” Girders 

As mentioned, the elevated road consists of pre-
stressed beams were designed to place on tapered flanged, 
inverted T reinforced concrete girders. The design of 
inverted T girders became special since the loading from pre-
stressed beams closer to the bottom of the web imposes 
vertical tensile stresses, that creates complex stress 
distribution. Therefore, in addition to the usual failure modes 
of overall flexure, overall shear and torsional shear; failure 
modes of hanger tension of web, flange punching shear at 
pre-stressed beam bearing, bracket type shear friction in 
flange at the face of web were also considered. Considering 
all these six failure modes the “Inverted T Girders” were 
designed as monolithically supporting on circular concrete 
columns for the frame action. 

The project stands at the entrance of the highway 
proves that even a building designed for public use and 
staple functions could be designed as iconic, with an extra 
touch of creativity and fascination

Note: Refer pages 24 to 34 for “Special Design Aspects of 
Manning Market Relocation Project” for a detailed 
structural analysis of the project. 

.

Figure 8: Pre-stressed “T” beams in spaced arrangement

Figure 7: Conventional Pre-stressed “T” beam arrangement

Figure 9: Layout of the Manning Market Relocation Project
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Annual General Meeting- SSESL -2020

The Twenty Seventh Annual General Meeting
organized by the Society of Structural Engineers- Sri Lanka 
was held on the 22nd of December 2020 at Cinnamon Grand, 
Cedar Room adhering to the strict health guidelines imposed 
by the government. The event was declared open with the 
presentation of the minutes of the 26th Annual General 
Meeting held on 10th of December 2019. The Honorary 
Secretary’s report for the year 2019/2020 was then read and 
discussed at the meeting. This was followed by the speech 
made by the out-going Executive Committee’s President,
which is transcribed in the page next. 

The Election of office bearers for the Executive 
Committee for the year 2021 was the main highlight of the 
day’s proceedings. The following members were 
unanimously elected for the coming year. 

President Eng. N Abeysuriya
Vice President Eng. (Mrs) T J Jayasundara
Immediate Past 
President

Eng. K L S Sahabandu

Honorary Secretary Eng. R. M. A. Senarath
Past President Eng. (Prof.) I R A Weerasekara
Editor Eng. S.S.A. Kalugaldeniya
Treasurer Eng. D. T. Rajasekaran
Public Relations 
Officer

Eng. G. Ramawickrama

Asst. Secretary Eng. L.M. Kumara
Asst. Editor Eng. D.S. Hettiarachchi
Asst. Treasurer Eng. A. Vandebona

Committee Members

Eng. A.S.B. Edirisinghe
Eng. L. Gunawickrama
Eng. W J B S Fernando
Eng. R. M. B. Prasad
Eng. H.M.C.N. Herath
Dr. T.L. Pradeep

Event Calendar- SSESL -2021

Month Date Event 
January 26th Question Time 
February 6th Design Course A 

23rd Question Time
March 23rd Seminar 1

30th Question Time
April 27th Question Time
May 15th Design Course B

25th Question Time
June 22nd Seminar 2
June 29th Question Time
July 28th Question Time
August 14th Workshop A 

20th Annual Sessions 
September 28th Question Time
October 26th Question Time
November 20th Workshop B 

23rd Question Time
December 14th Annual General Meeting 

Note:   Dates   could be changed due   to   the prevailing 
situation in the country. Any alterations to the events of 
the schedule planned for 2021 will be notified to the 
members via emails. Events will be conducted adhering 
to the health standards endorsed by the Government.

Figure: Audience at the AGM

Figure: Election of Office Bearers

Figure: Newly appointed Executive Committee-2020/2021
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PRESIDENT’S SPEECH AT THE 27TH

ANNUAL GENERAL MEETING -2020

Dear Past presidents, past Executive committee members, 
outgoing executive committee members and members.

A very good evening to all of you. Thank you very 
much for attending the 27th AGM amidst the limitations, 
restrictions and the uncertainties due to the COVID -19 
situation. I sincerely hope you all and your families are 
keeping well. I take this opportunity to thank you all for 
appointing me as the president of SSESL for two terms, and 
supporting me throughout the tenure. The AGM today shall 
appoint a new committee. 

As you are aware, the Easter Sunday attack in 2019 
impacted our nation’s peace and infringed on the smooth 
operation of our industry. However, the SSESL managed to 
conduct all our pre-scheduled events, since we finalized our 
sponsors within the month of January. Our sponsors came 
forward to support us again this year, and we organized our 
first full-day seminar in March 2020. I take this opportunity, 
even though they are not present, to reiterate our 
appreciation to all our sponsors, and welcome their 
continuous support in the future. 

The support lent to me by our executive committee 
was, by all means, was overwhelming. The senior members, 
as well as the young members performed their duties to their 
utmost capacity. As such we managed to conduct our 
committee meetings, annual sessions, question-time 
programs uninterrupted, despite the limitations caused by the 
spread of the virus.

The advice and the support given by Our immediate 
past president Eng K L S Sahabandu , should be mentioned 
here, to appreciate and to recognize the great contribution 
done by him for SSESL not only for the past two years, but 
throughout. If I do not mention the name of Eng Mrs
Tharangika Jayasundara, who served as the Hon secretary 
and the chairman of Annual sessions, I will have failed my 
duties as the president. The positive feedback for the annual 
session, and the contribution of papers were much higher 
than the previous years, although it was held on virtual 
platform using smart-classroom technology. I thank all those 
who supported us in conducting the annual sessions, 
including all those who presented papers, all the reviewers, 
the organizing committee members and the sponsors.

We introduced a design course in 2019 and it 
became a very popular among young Engineers. The 
contributions made by our senior Engineers as resource 
persons, gave this course more depth and sophistication. The 
same design course was conducted in 2020 on virtual 
platform as well as in-person, and the credit goes to Eng 
Shiromal who was very keen in introducing this worthy
exercise and organizing the courses with the team appointed 
by the SSESL. The next committee could continue both 
annual sessions and design courses in a hybrid form in the 
near future, even if the Covid Regulations are relaxed. 

The Covid pandemic situation could not hinder us 
from issuing our quarterly magazine, MODULUS.  We 
succeeded in publishing four magazines and the final issue 
is scheduled to be released at the end of December 2020. I 
would like to show my gratitude to Eng Aravinda 
Kalugaldeniya, our Editor and their team who supported by 
contributing papers and compiling the magazine. The first 
seminar was organized by the committee chaired by Eng 
Lionel Gunawickrama in March this year and the same was 
rescheduled in September. However, we had to postpone the 
seminar due to the spreading of the new corona virus. Our 
resource persons both locally and overseas, are ready 
conduct the seminar on a hybrid basis. I thank Eng Lionel 
and the team for all their efforts in organizing the seminar.

The Associate Chapter supported us in organizing 
all the events including the question time programs, annual 
session, and design courses. They organized a webinar as 
described by the Hon secretary and it was a very successful 
event. I am sure they will conduct more successful webinars 
next year. This is an ideal time to update our knowledge on 
various areas in our field as recruiting local or foreign 
resource persons is equally possible when working on virtual 
platforms. I should pay my gratitude to the secretariat of 
SSESL on behalf of the executive committee

The executive committee represented the SSESL at 
many forums and contributed to the benefit of the country 
and our Structural Engineers. The proposal given by the 
SSESL to revise UDA regulations will ensure that only 
qualified Engineers having a proper Structural Engineering 
background will undertake the designing of buildings and 
other structures. These proposals will help to improve 
recognition of the profession of Structural Engineering and 
ensure the safety of buildings and their users. 

Our strength is our membership. So, your 
contributions / comments/ criticisms will certainly help the 
committee to continue to be on the right track. Therefore, I 
appeal to all our members to actively participate in future 
SSESL events and encourage the committee to keep carrying 
out their honorary roles.

I wish all the best for the new committee. Thank 
you once again, and I wish all our members a very safe and 
successful new year 2021.

Eng. N. Abeysuriya
BSc.Eng (Hons), CEng, 
FIE(SL), FSSE(SL), 
IntPE(SL),
MEng (Struct. Eng. 
Design), MConsE(SL)

President,
Society of Structural 
Engineers, Sri Lanka.
Email: nandana@ncd.lk
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By Law No: Present By-Law Proposed Revision

5.3
Honorary 
Fellow

A person of eminence who, in the opinion of the 
Executive Committee, has made an outstanding 
contribution in the field of Structural Engineering 
or in a closely allied field may be elected an 
Honorary Fellow of the Society by a two-thirds 
majority of the total number of members of the 
Executive Committee.

A person of eminence who, in the opinion of the 
Executive Committee, has made an outstanding 
contribution in the field of Structural Engineering 
may be elected as an Honorary Fellow upon the 
approval of the two third members of the 
Executive Committee. 

An Honorary Fellow is entitled to vote and to be 
nominated for a post in the Executive Committee of 
the Society.

5.5
Member

Every Candidate for admission or transfer to the 
Class of  member shall satisfy that he is:-

A. Sri Lankan resident who is not less than 
25 years of Age. 
and

B. A person holding a recognized degree in 
Civil and/or Structural Engineering from 
a University, and holding Corporate 
Membership of a recognised Institution in 
Civil/Structural Engineering and 
practicing the profession of Structural 
Engineering for a minimum period of four 
years after obtaining the degree.  Such a 
person shall be eligible to apply for 
election as a Member of the Society and if 
found suitable after an assessment by a 
professional review panel appointed by 
the Executive Committee, shall be elected 
as a Member of the Society.  

Every Candidate for transfer to the Class of 
member shall satisfy that he/she is,

A. Not less than 25 years of age.  
and

B. A person holding a four year degree in 
Civil/ Structural Engineering from a 
University recognised by The Institution of 
Engineers, Sri Lanka 
or 
any other qualification recognised by the 
Institution of Engineers, Sri Lanka as 
equivalent to the four year Civil/ Structural 
Engineering degree 
and 
holding the Corporate Membership of the 
Institution of Engineers, Sri Lanka 
and 
being an Associate member of the Society 
of Structural Engineers, Sri Lanka for a 
minimum period of one year 
and 
practising the profession of Structural 
Engineering for a minimum period of four 
years under a Corporate member of the 
Society of Structural Engineers, Sri Lanka 
or in a recognized design office under a 
Corporate Member of the Institution of 
Engineers, Sri Lanka, accepted by the 
Executive Committee of the Society on 
full-time basis after obtaining the degree or 
qualifications equivalent to the degree
else (or)
holding an academic post (permanent) in 
Structural Engineering attached to a 
Engineering Faculty recognized by the 
Institution of Engineers, Sri Lanka. 
Such a person shall be eligible to apply for 
election as a Member of the Society and if 
found suitable after an assessment by a 
professional review panel appointed by the 
Executive Committee, shall be elected as a 
Member of the Society upon the Executive 
Committee approving his/ her election. 

Resolutions adopted at the Annual General Meeting- 2020
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A member is entitled to vote and to nominate 
for a post in the Executive Committee of the 
Society.

5.6
Associate

Any person holding a recognised degree in Civil/ 
Structural Engineering from a University and/ or 
any person who is an Associate Member of the 
Institution of Engineers, Sri Lanka and practising 
in the field of Structural Engineering shall be 
eligible to apply for election as an Associate 
Member of the Society and shall be elected as an 
Associate Member of the Society upon the 
Executive Committee approving his/ her election. 
An Associate Member is not entitled to vote. 

A person holding a four year degree in Civil/ 
Structural Engineering from a University 
recognised by The Institution of Engineers, Sri 
Lanka or 
any other qualification recognised by the 
Institution of Engineers, Sri Lanka as equivalent to 
the Civil/ Structural Engineering degree
and
possesses an Associate Membership of the 
Institution of Engineers, Sri Lanka 
and
under a Corporate member of the Society of 
Structural Engineers, Sri Lanka or in a recognized 
design office under a Corporate Member of the 
Institution of Engineers, Sri Lanka, accepted by 
the Executive Committee of the Society on full-
time basis after obtaining the degree or 
qualifications equivalent to the degree
or
holding a academic post in Structural Engineering 
attached to an Engineering Faculty recognised by 
the Institution of Engineers, Sri Lanka.

shall be eligible to apply for election as an 
Associate Member of the Society and shall be 
elected as an Associate Member of the Society 
upon the Executive Committee evaluating and 
approving his/ her election. 

An Associate Member is not entitled to vote or to 
hold a post in the Executive Committee of the 
Society.

5.7
Student

A student following a recognised Civil/Structural 
Engineering Degree Course at a University or a 
person who has obtained partial qualifications at 
the Institution of Engineers - Sri Lanka 
examinations or equivalent examination shall be 
eligible to apply for election as a Student Member 
of the Society and shall be so elected upon the 
Executive Committee approving his election. A 
Student Member is not entitled to vote. The 
student registration at the Institution in which he 
is studying has to be maintained annually and he 
should have the current studentship of the said 
Institute.  

A student following a four-year Degree Course in 
Civil/ Structural Engineering at a University 
recognised by the Institution of Engineers Sri 
Lanka 
or
a person who has obtained partial qualifications in 
Civil/ Structural Engineering at the Institution of 
Engineers, Sri Lanka examinations or equivalent 
examinations recognised by the institution of 
Engineers, Sri Lanka 

shall be eligible to apply for election as a Student 
Member of the Society and shall be so elected 
upon the Executive Committee approving his/ her 
election. The student registration at the Institution 
in which he is studying has to be maintained 
annually and he/ she should have the current 
studentship of the said Institute.

A Student Member is not entitled to vote or to have 
a post in the Executive Committee to the Society.

SOCIETY NEWS

  

Feasibility of Applying Nano Technology in Steel as a Structural Material
H.M.M.V.Heratha, Prof.I.R.A.Weerasekaraa

Abstract

This review provides a detailed overview of feasibility   of applying nanotechnology   in steel as a structural 
material.    Several    experimental    procedures    under   research    have   demonstrated     that   the   application    
of nanotechnology   can boost the performance of traditional construction   materials including steel by 
incorporating nanotechnology   to maximize its properties.  By far the research efforts to incorporate 
nanotechnology   in steel can be identified to be dominated in three main facets. They include the use of carbon  
nanotubes,   replacing   steel  constructions   and  use  of  carbon  nano  fibres to enhance  the  mechanical   
behaviour   of steel  concentrating   on  strength  and  research  studies  focused  on  using nanotechnology   in steel 
to improve  the corrosive  resistance  in steel structures.  Research has undertaken to ensure the durability and  
these  improvements   mainly   include   electrodeposition    and  characterization    of Nano  ZnO incorporated   
phosphate   coatings  on  low  carbon   steel  and  fabrication   of  graphene   oxide-chitosan-zinc    oxide ternary   
nano-hybrids    for  the  corrosion   inhibition   on  mild  steel.   The   basic concept   behind this chemical 
phenomenon is observed changes in steel with time is it acts as a protective coating on the bear surface of steel. 
Thirdly, researchers are undertaken to raise the tensile stress resisting effectiveness   of steel.  And one such 
intervention  can be referred  to as flexural  behaviour  precast reinforced  concrete  composite  members  
reinforced with structural  nano synthetic  and steel fibres which applied  nanotechnology   to augment  the tensile 
strength,  load bearing and flexural  properties  of steel. Regarding   research   concerns   it  can  be  concluded   
that  the  applying   nanotechnology    in  steel  based  on composition   varies  to enhance mechanical   properties  
is at an early stage.  In fact, the observations   were made under confined environmental conditions by avoiding 
undesired toxicities.  This review will be focused to observe the feasibility of these nano technology applications to 
manipulate and intensify the structural behaviour of steel.
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1. Introduction

Nanotechnology represents a revolutionary p a t h
for technological development that concerns the
management of material a t the nanometer scale. 
(One billion t i m e s smaller t h a n a meter). 
Simply i t can be considered as manipulation of on
an atomic a n d molecular scale to develop 
c e r t a i n properties. Nanotechnology  means a n y
technology on the Nan scale t h a t has numerous 
applications i n the real world. This technology 
literally covers the fabrication & application of 
chemical, physical & biological  systems at scales

ranging   from individual molecules or atoms to
submicron dimension and integrating of these
resulting nanomaterials into larger systems. It has
the potential to change our perspectives and
expectations and provide us with the capability to
resolve global issues. In recent years,
nanotechnology  has emerged as a
multidisciplinary field, in which gaining a
fundamental understanding of the electrical, 
optical, magnetic, and mechanical properties of
nanostructures promises to deliver the next
generation of functional materials with wide-
ranging applications.

The discovery of new materials, phenomena, and 
processes at the nanoscale, and the advancement of
novel theoretical and experimental techniques for
research, provide novel chances for the advancement 
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of inventive nanostructured materials and nano 
systems. There are many current a n d expected 
ad v an c em en t s in nanoscale science and 
nanotechnology in t e r m s of applications in 
agriculture, electronics, medicine, energy etc. 
(Nasrollahzadeh et al, 2019)

The application of nanotechnology to reinforce 
traditional construction material have become a
tentative subject in current construction related 
research because of the promising solutions 
nanotechnology would deliver to overcome constraints 
due to high raw material usage and high 
environmental foot print contribution (Oke et 
al.,2017). The use of nanotechnology in construction 
materials would prompt the world towards a 
sustainable commonplace, thereby feasibility
assessment   of nanotechnology   in structural
material is becoming   a current necessity.

The nanotechnology   application   in construction   
field is diverse and can be applied to improve the 
properties in bulk materials, functional surfaces, 
composites. Metrology, sensors and in construction 
field utilities. According to Teizer and colleagues, 
feasible nanotechnology application in steel 
reinforcement   has been identified as 5 % through a 
recent survey undertaken (Teizer et al., 2012).

Figure 1: Nanotechnology   application    in 
constl1Jctlon Field

(These Percentage values are attributed   by a survey 
done by Telzer and colleagues to assess the expert 
knowledge on feasibility to opply nanotechnology    
in the structural field.)

Research and developments have demonstrated 
that the application of nanotechnology can improve 
the performance of traditional construction materials, 
such as concrete and steel. Interventions has made in 

improving the tensile strength, load bearing and 
flexural properties of steel (Lee & Won, 2014).  
Carbon nanotubes, replacing steel constructions, 
carbon nano fibres or nano clay enhance their 
mechanical properties.

Though steel is used as one of the base structural 
material in a broad context over a vast period, 
researchers are undertaken to improve the 
effectiveness of steel to resist tensile stress. And one 
such intervention is application of nanotechnology to 
enhance the tensile strength, load bearing and flexural 
properties of steel. (Lee & Won, 2014) 

Another focus of using nanotechnology   in steel   
is to improve the resistance to corrosion deterioration 
in steel structures to tackle the changes occurring in 
intended properties of steel with time. Chemical 
phenomena behind the observed changes in steel with 
time is the metal corrosion. Metal corrosion is 
triggered quickly if the reinforced steel bars are 
revealing through the concrete or cement bricks. 
(Wahab & Hamid, 2011). This risk can be mitigated 
by use of nanoparticles    in steel by improving the 
chemical resistance and stability of steel. (Lee & Won, 
2014) Out of many other applications   to upgrade the 
structural properties   of steel use of nanotechnology in  
steel  is becoming  one of the most promising  area in 
structural  research  context nowadays.  Application of 
nanotechnology in steel structures has provided 
insights about the potential to enhance the durability 
of the steel as a structural material

2. Background

Evidence of use of nanomaterials in human
history can be found dating back to the fourth century
AD in the form of the "Lycurgus Cup," which has
unusual optical properties arising from metallic
nanoparticles that make the cup appear either red or
green in transmitted or reflected light, respectively
(Mohan Bhagyaraj & Oluwafemi, 2018). These unique
properties of metallic nanopartic1es were analysed
by Michael Faraday in 1857, who concluded that
gold at small size scales produces unusual colours. A
related observation that the optical properties of gold
at small length scales would differ from bulk
properties was made by Gustav Mie in 1908.

  

Figure 2: The Lycurgus cup

(This ancient glass made of dichroic glass which 
depicted dual colours which was found due to the 
presence of nano-size gold particles dispersed)

However, purposefully   manipulating    matter   at 
the nanoscale   is a relatively   recent   concept, 
famously conceptualized   by Richard Feynman in a 
lecture given at the American Physical Society in 1959 
titled "There is Plenty of Room at the Bottom:  An 
Invitation to Enter a New Field of Physics".  This 
speech outlined a vision for manipulating and 
observing things on a small scale and how this would 
revolutionize   many industries as well as provide  
answers  to many fundamental  questions,  particularly  
in the context  of understanding   biology at the very 
first stage. In 1974 by Norio Tanaguchi, where he 
defined nanotechnology   as being able to manipulate a 
single nanoscale object.  In the early to mid-1980s,   
the development  of the scanning  tunnelling  
microscope  by Binning and  Rohrer  (both  at ffiM) 
and the atomic  force  microscope   by Binning  
allowed  the  imaging  of surfaces  with atomic  
resolution.  The imaging of atoms with the scanning 
tunnelling microscope later led to the placement   of 
atoms positions, famously   spelling   out ffiM using
xenon atoms in 1990 and marking the beginning   of 
the realization   of nanotechnology.    Also  in  the  
early   1980s,  K. Eric  Drexler   at  the  Massachusetts    
Institute   of Technology  was developing  an 
alternative  vision for nanotechnology   based  on 
bottom up nanotechnology   .This vision  inspired  by 
Feynman's   1959 speech  led to the first  book on 
nanotechnology   titled  "Engines  of Creation: The 
Coming Era of Nanotechnology"   published  in 1986 
and the creation of the first organization  dedicated to 
the development  of nanotechnology,   the Foresight  

3. Current advancements in the
Application of nanotechnology 

In steel as a structural material.

Institute  that same year. In 1985, Kyoto, Heath, and 
Smalley from Rice University discovered   the 60-
carbon   atom structure known as 
Buckminsterfullerene, or colloquially the "Buckyball."   
In the 1990s, the field would continue to grow leading 
to the creation of the first journal dedicated to the 
subject titled "Nanotechnology,"   published by IOP 
Publishing in the United Kingdom and the 
introduction of the term "Nanomedicine"   in a book 
co-authored by Drexler.  The scientific advancements 
in the field continued to flourish, including different 
types of nanoparticles   described in this book, such as 
the discovery of the carbon nanotube in 1991 or the 
discovery of the polyelectrolyte   complex micelle 
(polyion complex micelle) by Kataoka in 1995. 
Eventually, the enthusiasm and promise of 
nanotechnology   would begin permeating the political 
sphere, leading to the creation of the Interagency   
Working   Group on Nanotechnology    in 1998, which 
catalysed the National Nanotechnology   Initiative in 
the United States in 2000. Similar initiatives would 
begin around the globe, such as the Canadian National 
Institute for Nanotechnology   formed in 2001 (Leon 
et al., 2020). 

Application   of  nanotechnology    in  steel  have  
been  done  with  the  incorporation   of  many  
different   types  of nanoparticles  as a reinforcement  
itself in the steel structure  or as components  in 
protective  coatings. Separate   research   studies  have  
been  done  to  improve  flexural   behaviour,   tensile  
strength,  bonding  strength, irradiation  resistance  and 
corrosion  stability of structural  steel separately.  Out 
of the research  that have been done, at the research  of 
electrodeposition   and  characterization   of nano  
ZnO  incorporated   phosphate   coatings  for the 
corrosion  protection  performance   of low carbon  
steel, nano ZnO  powders  were used in the 
electrodeposition   of zinc  phosphate   coatings   
which  has  unique  crystalline   structure,  electrically   
non  conducting   nature  and  high adherent  ability  to 
underlying  metal   in order  to mitigate  the adverse  
effects  of corrosion  on low carbon  steel. There   
were   two   main   constituents    of   phosphate    
coatings   identified   as   hopeite    (Zn3 (PO4)2.4H2O)   
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The surface texture,   chemical   composition,   the 
growth process and  anticorrosive performance  of  
these coatings   are   examined    using   SEM   
(Scanning    Electron   Microscope),    EDS (Energy   
Dispersive    X-ray Spectroscopy)   which   is a  
qualitative  and  semi-quantitative X-ray 
microanalytical  technique  that  can  provide 
information  about the elemental  composition  of a 
sample and XRD (X-ray  powder  diffraction)  is a 
rapid analytical technique  primarily  used  for phase  
identification   of a crystalline  material  and can 
provide  information  through electrochemical   
measurement.

Figure 3: Graphical representation of nano ZnO 
Incorporated phosphate layer /Ormation

These  tests  result  in  basically  the  
electrochemical   characterization   results  suggest,  
nano  Zno  incorporated phosphate  coatings  exhibit a  
lower corrosion  rate (- 1.89 mpy-milli-inch   per 
year)  in 3.5% NaCI solution against normal  zinc  
phosphate   coatings  (- 5.68 mpy- milli-inch   per 
year)  which  is well  supported   by microstructural 
examination.   Therefore  with respect  to following  
experimental   conclusions  it could  ensure that 
positive  shift  in corrosion  potential  and considerable  
reduction  in the current  density  result  in fully   
crystalline  surface  coverage with the formation  of 
compact  coatings  allowing  the controlled  process  

of  corrosion  protection  by restricting  the spreading. 
(Kathavate et al, 2020)

With  the  objective  of  enhancing   the  corrosion  
resistance   of Q235  mild  steel,  nano-MoS2   was  
used  as  an accelerator   for  the  zinc  phosphate   
coating.  In the  presence  of nano-MoS2   several  
experiments   were  done  to investigate  the phase  
composition,  texture,  and corrosion  resistance  of the 
coating.  With  the experiments  it has been  observed  
that nano-MoS2  particles  acted  as nucleation  sites 
for phosphate  crystals  to capture  metallic  ions and  
achieve  a  uniform  and  dense  phosphate   coating.  
The  corrosion   resistance   of the  steel  was  
significantly improved  by the phosphate  crystal  
barrier  against  the contact  between  the substrate  
and corrosive  media.(Hu  et al., 2020)

Hydrogen   embrittlement   or Hydrogen   charging  
of low carbon structural steel at nano levels was done 
to investigate  the  effect  of  hydrogen-induced    
mechanical   degradation   of  low  carbon  steel  at  
nano  level  in the presence   of  hydrogen-rich    
acidic   environment     This   hydrogen   induced   
damage   is  known   as  Hydrogen embrittlement    A 
few steel  structures  subjected  to catastrophic  
failures  due to the release  of hydrogen  from their 
service environment  because  of corrosion  reactions  
and further penetration  into the steel. The absorbed 
hydrogen atoms can cause severe damage in the steel 
structures in the form of blisters and hydrogen -
induced cracks.

According  to the test results  of specimens  a 
relationship  in hydrogen  concentration  and corrosion 
propagation was observed  and  led to the significant  
reduction  of bulk  elastic  modulus.  Through  micro  
structural  analysis,  a deformation  of larger  grains,  
cracks and blisters caused  by hydrogen  penetration  
was found. In addition  to that by performing  
nanoindentation   on the areas  of interest  of various  
specimens  at planned  time periods,  the influence of 
hydrogen  on the nano elastic and nano-hardness   
properties  of grains  were determined.

Under  this  research  area,  there  was a possibility  
to  observe  the  properties   of steel  grain  structures   
at the nanoscale   and  several   conclusions   were  
made   by  examining   atomic   behaviour   of  steel.  
Moreover, further investigations  of mechanical  

(Electrodeposition  of nano ZnO particles is practiced 
to  improve the  corrosive resistance properties of 
steel.) 

and phosphophyllite   (Zn2Fe(PO4)2.4H2O)   which is 
formed  in presence  of ZnO   powder.  

  

properties  of steel at macro,  micro and nano  exposed  
to above scenario  open a new window  in the research  
related to nano  scale behaviour  of steel grains  
(Wasim  & Djukic,  2019).

Use of coatings with Nano scale particles has been 
trending in combatting hydrogen charging of steel. 
Most  specifically  use of graphene   based  Nano  
coatings  have  been  outstanding   in this  course, The 
testing  done with experimental    setups   to  check   
percentage elongation    of  species   with   different   
charging   time  and  voltage combinations    have  
proved  that  graphene   based  nano  coatings  in steel  
doesn't   exhibit  significant   percentage Change in 
elongation (Khare et aI., 2019).

Since the plain concrete is a-brittle material, 
reinforcing material to be used as a structural member.  
Basically,  to improve  the tensile  strength  steel rebar  
has  been used  as a reinforcing  material  whim   is 
distributed  along  as a composite.   Apart  from  other  
reinforcing   materials   steel  and  natural  fibres  are  
widely  used.  As  a  result  of discontinuity   and  
irregular  distribution   of  fibres  in  cement  matrix,  
fibre  do not  effectively  resist  the  tensile strength. 
However, the fibres are effective at crack control 
compared with steel bars due to less distancing.

Structural synthetic fibre has recently been studied 
as a substitute reinforcing material for steel fibre. 
Structural   synthetic fibre is known to exhibit similar 
features to steel fibre, such as good tensile strength,
flexural strength, flexural toughness, and impact 
resistance.  It has good chemical resistance and no 
possibility of corrosion, and it is easily movable due to 
its low specific gravity.  Additionally, it is not 
dangerous to workers and is economically 
advantageous   compared   with steel fibre. For these 
reasons, its use is increasing.  However, structural 
synthetic fibres experience dramatic stress reduction 
and deformation after the application of the maximum 
load, which is typical of polymeric fibres. Along with 
this, they have poor adhesion to cementitious 
composites due to their hydrophobic nature resulting 
from their raw material properties.  However, the 
elongation of structural synthetic fibre, which allows it 
to resist pull-out, makes the fibre unable to effectively 
resist the stress reduction after cracking, which leads 
to safety concerns when the fibre is used as a 
reinforcing material in real structures.

(a) Structural nano-synthctic fiber (b) Steel fiber

Figure 4: Synthetic Fibre Materlal used In
Structural constructions

(a) Depicts Structural nano synthetic fibre with
improved tensile strength and elastic modulus

(b)Depicts conventional synthetic steel fibre used in
construction

To resolve these problems, structural nano-
synthetic fibre was developed and used a nanomaterial
to improve the properties of standard structural
synthetic fibre. Structural nano synthetic fibre has a
tensile strength of 674 MPa, an elastic modulus of
6500 MPa, and a specific gravity of 0.91; the tensile
strength and elastic modulus are both approximately
35% greater than these values for conventional
structural synthetic fibre.

As result of enhanced properties of nano synthetic
fibre material, this research were carried out to study
the flexural performance and economically favourable
conditions of precast concrete by using a hybrid
reinforcing material, consisting of structural nano
synthetic fibre and high-stiffness steel fibre, to manage
the dramatic stress reduction after cracking. This
method can be identified as best example for changes
in structural applications in a feasible manner while
using nanotechnology. (Lee & Won, 2014) Plus the
overall performance of Carbon nano fibres
incorporated with steel fibres has performed better
once compared to multi-walled carbon nano tubes and
other hybrid fibre composites. S. Alrekabi and
colleagues have identified that steel fibres
incorporated with 0.025% of carbon nano fibres in
mass displayed enhanced 40% flexural strength, 45%
tensile strength and 85% toughness properties. And
they have identified that this observation result can be
attributed to the higher aspect ratio of carbon nano
fibres compared to other nano particles incorporated
fibres. This is related to the better deliverables of
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widely  used.  As  a  result  of discontinuity   and  
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However, the fibres are effective at crack control 
compared with steel bars due to less distancing.
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as a substitute reinforcing material for steel fibre. 
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possibility of corrosion, and it is easily movable due to 
its low specific gravity.  Additionally, it is not 
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reasons, its use is increasing.  However, structural 
synthetic fibres experience dramatic stress reduction 
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load, which is typical of polymeric fibres. Along with 
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composites due to their hydrophobic nature resulting 
from their raw material properties.  However, the 
elongation of structural synthetic fibre, which allows it 
to resist pull-out, makes the fibre unable to effectively 
resist the stress reduction after cracking, which leads 
to safety concerns when the fibre is used as a 
reinforcing material in real structures.
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To resolve these problems, structural nano-
synthetic fibre was developed and used a nanomaterial
to improve the properties of standard structural
synthetic fibre. Structural nano synthetic fibre has a
tensile strength of 674 MPa, an elastic modulus of
6500 MPa, and a specific gravity of 0.91; the tensile
strength and elastic modulus are both approximately
35% greater than these values for conventional
structural synthetic fibre.

As result of enhanced properties of nano synthetic
fibre material, this research were carried out to study
the flexural performance and economically favourable
conditions of precast concrete by using a hybrid
reinforcing material, consisting of structural nano
synthetic fibre and high-stiffness steel fibre, to manage
the dramatic stress reduction after cracking. This
method can be identified as best example for changes
in structural applications in a feasible manner while
using nanotechnology. (Lee & Won, 2014) Plus the
overall performance of Carbon nano fibres
incorporated with steel fibres has performed better
once compared to multi-walled carbon nano tubes and
other hybrid fibre composites. S. Alrekabi and
colleagues have identified that steel fibres
incorporated with 0.025% of carbon nano fibres in
mass displayed enhanced 40% flexural strength, 45%
tensile strength and 85% toughness properties. And
they have identified that this observation result can be
attributed to the higher aspect ratio of carbon nano
fibres compared to other nano particles incorporated
fibres. This is related to the better deliverables of



MODULUS | December 2020
Vol. 30 | No. 04

14 SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA

ENGINEERS’ FORUM

 

Figure 5: FE-SEM micrographs 01(a) GO-CS (b) CS-
ZnO (e) GO-CS- ZnOhybrids

4. Feasibility in application of 
nanotechnology in steel in commercial

application.
A broad range of challenges faced by the

construction industry, ranging from the performance
of the materials to environmental and safety issues,
relate to materials and their properties. Recent
developments in various areas of nanotechnology
show significant promise in addressing many of
these challenges. Nanotechnology and
nanomaterials with applications in the construction
industry are at various stages of development ranging
from conceptual ideas to commercially available
products. Awareness of nanotechnology applications
in construction among industrial personnel is,
however, remarkably low. Failure to distinguish
between what is available now and what is
theoretically possible in the future has been the cause
of many misconceptions about nanotechnology.
Based on various researches responses by construction
industry personnel to their surveys, that
nanotechnology was perceived by the construction
industry as expensive and'too complex to explain to
clients who want a structure built as soon and as
cheaply as possible. (Hanus & Harris, 2013)

The steel as a structural material in construction
field is facing many challenges in concern of it's
durability and strength component as describes
throughout And nanotechnology advancements

carbon nano fibres such as crack bridging efficiency, 
improved load baring capacity and resistance to 
distortion forces (Alrekabi et al., 2017). Further use 
ofnano particles as coatings in steels toenhance 
intelligent corrosion protection systems in 
transmission pipelines in construction has tested and
has shown high potential in providing better 
environmental solutions as well (Wansah et al., 2014). 
Experimentation has also shown that the incorporation 
of nano silica particles in improving the bond slip 
behaviour of hooked end steel fibres by causing 
notable enhancement in bearable pullout load of steel 
(Sbaikh et at, 2016). 

Mild steel is widely used in various industries due 
to its vastly accessibility besides the economical and 
excellent mechanical properties.  One of such 
intervention is by using synthesizing graphene oxide-
chitosan (GO- CS) and graphene oxide-chitosan-ZnO 
(GO-CS-ZnO) hybrids in order to examine the 
effectiveness of hybridization in enhancing the 
corrosion inhibition activity of graphene oxide (GO) 
as a solution for corrosion of mild steel in acidic 
environment.  Utilizing the chemical compounds as 
the corrosion inhibitors is one of the best strategies 
due to ease of application as well as cost-effectiveness.   
With the experimental results it has indicated that 
single-layer GO, GO-CS hybrids and also GO-CS-
ZnO ternary nano-hybrids were appropriately 
synthesized. The corrosion inhibition results 
demonstrated superior performance ofGO-CS hybrids 
than pure GO. In addition, GO-CS-ZnO ternary nano-
hybrids revealed the highest corrosion inhibition 
activity compared with all nanomaterials   studied 
here. The corrosion  inhibition  efficiency  of GO ('1 = 
42.35%)  was enhanced  to 83.81 % and 85.61%  for 
GO-CS  and  GO-CS-ZnO   nanocomposites   in 500  
ppm conc.,  respectively. Generally, those results 
demonstrated   that hybridization   method 
successfully promoted the corrosion inhibition
efficiency of GO. As a final conclusion, it was  
demonstrated  that hybridization   strategy  can be 
considered  as a successful  approach  in fabricating  
multi-component   inhibitory  nanomaterials  with 
improved  effectiveness.  (Joz Majidi et al., 2019) 

  

discussed above are potentially providing   solutions   
which   can make   commercially    available   
nanotechnology    incorporated    steel   a major 
innovation in the field.  In 'achieving   these high 
expectations, low  literacy  levels  on  nanotechnology   
related subjects  in construction  professionals  and 
research  and development  focus and funding  to 
improve steel structure have  been  identified  as prior  
factors to address.  Need for major  construction   
industry  leaders  and researchers collaborative   effort  
can  overcome  the critical  limitations  in 
commercializing   the findings  (Teizer  et al., 2012). 
Government and organizations initiatives towards 
greener and sustainable construction will also have a 
major role in driving the commercializing   of 
nanotechnology   applied steel in construction.

Figure 6: Major drawbacks and challenges   in 
implementing    nanotechnology    in construction field

5. Feasibility of Application of
nanotechnology in steel in Sri Lanka

In Sri Lankan context the nanotechnology 
a p p l i c a t i o n i n structural field is still a novel
state-of the-art facility. Yet th e r e w i l l b e broad
p r o s p e c t s if the ad o p t io n of technology is
feasible.   Thus, in reflecting  on above 
considerations  carrying out a feasibility analysis on
application   of   nanotechnology  in steel is a
present-day necessity  which will pursue an 
initiative to the application  of nanotechnology  to 
the other branches  in the construction field in future
as well.

In evaluating the feasibility of applying nano
technology in steel in Sri Lanka, any general
approach to improve the overall structural  properties 
of steel using existing technologies  can be
identified as challenging  with the limited  
availability   of resources   in  funding  as  well  

6. Conclusion

This review study concludes the application of
nanotechnology in steel as a structural material to
control and change its composition to enhance 
mechanical properties has high expectations  in
eliminating current drawbacks in steel. In fact,
most of the experimentation a n d improvements i n
the properties were observed under c o n f i n e d
environmental conditions. Therefore, n e e d
prototype t e s t i n g i n real physical a p p l i c a t i o n .   
And the nanotechnology  related experimentation  
has become expensive and unreachable to apply in 
steel with the limited state-of-the-art facilities and
funding. Therefore  by reinforcing research efforts in 
this field and with the collaboration  of construction  
field leaders, nanotechnology applied steel would be
feasible in the future.
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as   in laboratory    facilities.    Sri   Lanka   Institute   
of Nanotechnology (SLINTEC) is the pioneer in
nano and advanced technology &  research i n  Sri 
Lanka.    Their research is primarily  focused  on six 
areas  -  namely,  advanced  materials,  smart  
textiles,  advanced  agriculture, graphene  
technologies,  energy research  as well as process 
and engineering  systems.  SLINTEC is the first 
public- private  research  institute  in Sri Lanka,  and 
they have made  significant  progress  in being  a 
change  catalyst  in the field  of science  for over a 
decade.  Yet with the difficulties of commercializing   
the nano particles incorporated steel and other 
structural material, Sri Lanka lapses in required 
funding for research in this field. 
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Design of Steel Structures in Grid Substations
Sri Lankan Case Study

S A Viswakulaa, A P Vandebonab

Abstract
Design of steel structures for Gris substation is not a widely discussed topic in Sri Lanka. The Nadukuda grid substation 
(GSS) which interconnects the clusters of wind plants at the 33 kV level and transmit power to the Mannar GSS via a 30-
km-long, 220 kV transmission Line is one of the largest substation design completed recently. This paper discusses the 
structural design aspects considered in the design of steel gantry tower structures for the Nadukuda substation based on 
the standards of International Electrotechnical Commission (IEC), American Society of Civil Engineers (ASCE) and 
Technical Specifications provided by the Ceylon Electricity Board (CEB) for the project. An attempt has been taken to 
explain the use of traditional linear truss analysis with provisions given in standards against the modern non-linear finite 
element software. Several important factors in the selection on members including section economizing, erection, 
deflection characteristics, maintenance, availability have been outlined with the design requirement for reliability, 
security and safety.

1. Introduction

The economic growth of a country compulsorily 
demands increase in the energy consumption. According to 
the report ‘Performance 2017 and Programmes for 2018’ 
published by Ministry of Power and Renewable Energy of 
Sri Lanka, the demand for the electricity in our country is 
growing at a rate of 6% annually. The Ceylon Electricity 
Board (CEB) has done tremendous effort to balance out the 
supply and demand of electricity by installing large 
capacity power generation plants and integrating 
renewable energy to its power generation plan. One of the 
fruitful effort taken by CEB was to construct a wind farm 
in Nadukuda, Sri Lanka. The power generated from wind 
is transmitted to the grid substations and converting it as
220 kV by transformers, connects to the national grid.
Substations which are part of an electrical generation, 
transmission, and distribution system will preliminary 
transform voltage from high to low, or the reverse, or 
perform any of several other important functions between 
the generating station and consumer. 

Substations generally may be owned and operated by an
electrical utility or may be owned by a large industrial or
commercial customer, are unattended places relying on
SCADA for remote supervision and control.Three types of
substation structures could be identified from structural
design approach and related to the function served in the
substation. Those are;

1. Line Support Structures
2. Equipment Support Structures
3. Distribution Substation Structures

Line Support Structures which is also known as 
dead end or line termination structures are used as line exit 
structures, internal strain bus structures, and line 
terminating structures. They consist basically of two high 
towers and a cross-arm on which the line conductors are 
attached. They may be used as single-bay or multi-bay 
structures. The major forces acting on these structures are 
due to the shield wires, conductor tensions and wind forces. 
Because of their large size and the magnitude of forces 
acting on them, line support structures are usually highly 
stressed and require the most design effort. 

Equipment Support Structures are commonly 
referred to as bus support structures, switch stands, 
lightning arrester stands, line trap supports, etc. In low-
profile substation design, these structures are designed 
primarily as vertical cantilever beams with wind and short-
circuit forces being the primary design forces. Deflection 
may control the design size of some line support structures 
and need to be reviewed carefully. Switch stands structures 
should be designed to be more rigid than bus supports or 
other line support structures because of the dynamic 
loading effect of the switch blade operation and the 
requirement that the switch blade shall always return 
(close) to the relatively small space of the saddle. 

Distribution Substation Structure is a column and 
beam structure, similar to a building frame. It may consist 
of one or several bays in length and usually is one bay wide. 
The structure supports switch and other equipment. It 
usually will have line conductors attached to one or more 
sides. This structure should be designed for rigidity and 
flexibility in equipment location. Generally, these 
structures are composed of box truss members. 
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explain the use of traditional linear truss analysis with provisions given in standards against the modern non-linear finite 
element software. Several important factors in the selection on members including section economizing, erection, 
deflection characteristics, maintenance, availability have been outlined with the design requirement for reliability, 
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The economic growth of a country compulsorily 
demands increase in the energy consumption. According to 
the report ‘Performance 2017 and Programmes for 2018’ 
published by Ministry of Power and Renewable Energy of 
Sri Lanka, the demand for the electricity in our country is 
growing at a rate of 6% annually. The Ceylon Electricity 
Board (CEB) has done tremendous effort to balance out the 
supply and demand of electricity by installing large 
capacity power generation plants and integrating 
renewable energy to its power generation plan. One of the 
fruitful effort taken by CEB was to construct a wind farm 
in Nadukuda, Sri Lanka. The power generated from wind 
is transmitted to the grid substations and converting it as
220 kV by transformers, connects to the national grid.
Substations which are part of an electrical generation, 
transmission, and distribution system will preliminary 
transform voltage from high to low, or the reverse, or 
perform any of several other important functions between 
the generating station and consumer. 

Substations generally may be owned and operated by an
electrical utility or may be owned by a large industrial or
commercial customer, are unattended places relying on
SCADA for remote supervision and control.Three types of
substation structures could be identified from structural
design approach and related to the function served in the
substation. Those are;

1. Line Support Structures
2. Equipment Support Structures
3. Distribution Substation Structures

Line Support Structures which is also known as 
dead end or line termination structures are used as line exit 
structures, internal strain bus structures, and line 
terminating structures. They consist basically of two high 
towers and a cross-arm on which the line conductors are 
attached. They may be used as single-bay or multi-bay 
structures. The major forces acting on these structures are 
due to the shield wires, conductor tensions and wind forces. 
Because of their large size and the magnitude of forces 
acting on them, line support structures are usually highly 
stressed and require the most design effort. 

Equipment Support Structures are commonly 
referred to as bus support structures, switch stands, 
lightning arrester stands, line trap supports, etc. In low-
profile substation design, these structures are designed 
primarily as vertical cantilever beams with wind and short-
circuit forces being the primary design forces. Deflection 
may control the design size of some line support structures 
and need to be reviewed carefully. Switch stands structures 
should be designed to be more rigid than bus supports or 
other line support structures because of the dynamic 
loading effect of the switch blade operation and the 
requirement that the switch blade shall always return 
(close) to the relatively small space of the saddle. 

Distribution Substation Structure is a column and 
beam structure, similar to a building frame. It may consist 
of one or several bays in length and usually is one bay wide. 
The structure supports switch and other equipment. It 
usually will have line conductors attached to one or more 
sides. This structure should be designed for rigidity and 
flexibility in equipment location. Generally, these 
structures are composed of box truss members. 
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This paper aims to discuss the structural design aspects
of line support structures designed & constructed at
Nadukuda substation which will discharge power from
Mannar Island Wind Park (300 MW) to the National Grid
Network of Sri Lanka; a project established under the
Green Power Development and Energy Efficiency
Improvement Investment Program [1]. The paper outlines
design considerations, material selection, loads & load
combinations, structural analysis and interpretation of
output of the analysis and foundation design performed in
the structural design process of the substation.

2. Structural Design Aspects

structural form in both line support and equipment support
steel tower structures. Typically these lattice steel
structures are self-supported and constructed using steel
equal angle sections with bearing type bolt connections [2].
Easily adjustable configuration of latticed towers to
accommodate several electrical instruments and various
types of conductor, relatively easy design & modelling,
possibility of bundling lattice angle sections as packs to
suit with available capacity of trucks for easy transport are
some of the advantages in using lattice steel structures in
power sector. Lattice towers are very easy to fabricate with
quick factory setup. The structure is highly transparent so
that it has a lesser effect on the landscape. These lattice
structures can be analysed both by traditional linear elastic
ideal truss analysis using stress calculations. Alternatively
linear or nonlinear analysis could be performed by finite
element modelling (FEM).

Though the accuracy of the numerical analysis is high,
traditional linear method was adopted in this design with
necessary adjustments to compensate any discrepancies
that may occur in comparing results with FEM. The reason

for the use of traditional linear elastic ideal truss method
was to understand the behaviour of lattice structures and its
failure methods, and to correlate the outcome with the
intelligible mathematics. Traditional linear elastic analysis
assumes that members are concentrically loaded and
connected with pin joints. Any lateral load acting on the
member was distributed to the member end connections as
a point load [3]. The difference in geometric configuration,
bolt and gusset plate connecting arrangement differs the
actual axial load transfer mechanism from the assumed
mathematical linear elements model, creating force
eccentricities at joints. Therefore researchers have
recognized that full scale testing method is more accurate
than ideal truss analysis method [4]. However, in practice
these inaccuracies and discrepancies due to the nonlinear
load transfers are compensated by the safety factors used
in element designs and connection designs [3]. For
example, a higher factor of safety 2.5 has been proposed by
Ceylon Electricity Board (CEB) technical specifications
for adaptation of their lattice tower structures [5]. As the
geometric and material nonlinearities will considerably
affect the results of linear ideal truss analysis when loads
approaches to the member capacity, those are designed to
withstand forces not greater than 50% of the effective
ultimate capacity of the member.

Some of the general requirements adopted in the design
are as follows,

• Hot rolled steel sections to be complied with
ISO 630 using grades of E 275 and E 355.

• Bolts and nuts to be complied with ISO 898-1
and bolt holes are not to be more than 1.5 mm
larger in diameter than the corresponding bolt
diameter.

• Using the number of different parts of the
structure as small as possible to facilitate
transport, erection and inspection of the
members

• All the structure to be drained properly
avoiding pockets and depressions.

Furthermore, there are three conditions / requirements to
be considered in the design of these structures as stated in
Technical Report “Loading and Strength of Overhead
Transmission Lines” published by International
Electrotechnical Commission IEC 826 [6].

Figure 1: 220kV Gantry Structure in Nadukuda
Substation. (Line Support Structure)

2.1 Design Considerations 

Lattice steel structures are the most commonly used 

 
 

 

 
 
 
 
 
 

 
 

 
 
 
 
 

 
The reliability condition of the structure depends 

on the return period of the climatic loads which in Sri 
Lankan context refers only to the wind load. If the return 
period is 50 years, reliability level can be taken as 1.0 as 
per the Table 4 of IEC 826 [6]. If the structure is very 
important and if it is the only source of power supply, IEC 
Technical Report recommends to consider 500 years return 
period resulting reliability level of 3.0 for the design. In the 
design of Nadukuda substation the reliability level was 
taken as 1.0.  

 
 
 
 
 

 

 
The security requirements are provided to prevent 

progressive failures of the structure. These failures may be 
due to material failures or accidental events such as an 
impact of objects to the structure. Designing the structure 
with a higher factor of safety for materials and locating the 
substations in a high security area surrounded with 
boundary walls and barbed wire fences were some of the 
preventive measures taken in the design to improve 
security requirements.  

 
The Safety requirements are to ensure the safety of 

workers during the construction of structures and in the 
course of substation operation & maintenance. 
Construction and maintenance loads discuss in section 2.3 
will fulfil the safety requirements in addition to the safety 
measures used at site. 

 
 

2.2 Materials Considered 
Lattice structures of substations were fabricated 

using equal angle sections or hollow circular sections.  
 
 

 
 
 
 
 
 
 
 
  

 

 

 

Though it is common practice to use equal angle 
sections of grade E 355A for main leg members, and grade 
of E 275A equal angle sections for bracing & redundant 
members in lattice tower structures, the Chinese contractor 
of the project, proposed grade E 355A equal angle 
complied to the Chinese standard sections for all members 
considering the availability.  

 

2.3 Design Loads 
220kV Gantry post structure is selected to 

describe design load evaluation for a tower structure. 
Usually, the height of the structure would be dependent on 
the Electrical design engineer’s requirements which may 
decide on the ground clearance, span between each tower 
and location of towers [7]. The considered gantry post 
structure is having a base width of 2.5 x 2.5 m, a height of 
20.5m and consisted with a truss type geometric 
configuration. Gantry beam is supported between gantry 
posts at 15.5m elevation from the base (Refer Figure 4).  
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Table 5-Design Conditions (Extracted from- 
IEC 826) 

Figure 2: Table 4-Reliability Levels of Transmission 
Lines (Extracted from- IEC 826) 

Figure 3: Steel Section Properties used in design of 
220kV Gantry Structure 

 

Figure 4: Line diagram of the 220kV Gantry Structure  
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be considered in the design of these structures as stated in
Technical Report “Loading and Strength of Overhead
Transmission Lines” published by International
Electrotechnical Commission IEC 826 [6].

Figure 1: 220kV Gantry Structure in Nadukuda
Substation. (Line Support Structure)

2.1 Design Considerations 

Lattice steel structures are the most commonly used 

 
 

 

 
 
 
 
 
 

 
 

 
 
 
 
 

 
The reliability condition of the structure depends 

on the return period of the climatic loads which in Sri 
Lankan context refers only to the wind load. If the return 
period is 50 years, reliability level can be taken as 1.0 as 
per the Table 4 of IEC 826 [6]. If the structure is very 
important and if it is the only source of power supply, IEC 
Technical Report recommends to consider 500 years return 
period resulting reliability level of 3.0 for the design. In the 
design of Nadukuda substation the reliability level was 
taken as 1.0.  

 
 
 
 
 

 

 
The security requirements are provided to prevent 

progressive failures of the structure. These failures may be 
due to material failures or accidental events such as an 
impact of objects to the structure. Designing the structure 
with a higher factor of safety for materials and locating the 
substations in a high security area surrounded with 
boundary walls and barbed wire fences were some of the 
preventive measures taken in the design to improve 
security requirements.  

 
The Safety requirements are to ensure the safety of 

workers during the construction of structures and in the 
course of substation operation & maintenance. 
Construction and maintenance loads discuss in section 2.3 
will fulfil the safety requirements in addition to the safety 
measures used at site. 

 
 

2.2 Materials Considered 
Lattice structures of substations were fabricated 

using equal angle sections or hollow circular sections.  
 
 

 
 
 
 
 
 
 
 
  

 

 

 

Though it is common practice to use equal angle 
sections of grade E 355A for main leg members, and grade 
of E 275A equal angle sections for bracing & redundant 
members in lattice tower structures, the Chinese contractor 
of the project, proposed grade E 355A equal angle 
complied to the Chinese standard sections for all members 
considering the availability.  

 

2.3 Design Loads 
220kV Gantry post structure is selected to 

describe design load evaluation for a tower structure. 
Usually, the height of the structure would be dependent on 
the Electrical design engineer’s requirements which may 
decide on the ground clearance, span between each tower 
and location of towers [7]. The considered gantry post 
structure is having a base width of 2.5 x 2.5 m, a height of 
20.5m and consisted with a truss type geometric 
configuration. Gantry beam is supported between gantry 
posts at 15.5m elevation from the base (Refer Figure 4).  
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Table 5-Design Conditions (Extracted from- 
IEC 826) 

Figure 2: Table 4-Reliability Levels of Transmission 
Lines (Extracted from- IEC 826) 

Figure 3: Steel Section Properties used in design of 
220kV Gantry Structure 

 

Figure 4: Line diagram of the 220kV Gantry Structure  



MODULUS | December 2020
Vol. 30 | No. 04

20 SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA

ENGINEERS’ FORUM 
 

 

  The loads that has been considered in the design 
is as follows, 

1. Dead Loads 
2. Live Load 
3. Short Circuit force (dynamic Load) 
4. Special Loads (Loads arising due to assembly) 

 
    Some other load cases (ice load, combination of 
ice + wind loads) specified in IEC 826 were not considered 
in the design as those are not ne applicable in Sri Lankan 
context. The loads mentioned above could also be 
classified as follows according to IEC 826 [6]; 
 

a. Climatic loads -related to reliability requirements 
b. Failure containment loads -related to security 

requirements 
c. Construction and maintenance loads -related to 

safety requirements 
 

    The finite element analysis software Prokon 
(Version 2.5) was used to analysis of the structure. Self-
weight of the towers, weights of conductors and electrical 
equipment were considered as dead loads to the tower. 20% 
of total structural member’s weight which is calculated by 
the software itself, was added as an additional self-weight 
to the model to account for weights of cleats, plates, nuts, 
bolts and galvanizing etc. Since there are several bays 
having some differences in the loads, it is vital to design 
the structure for the maximum loads. (Refer Figure 5). 
 
 
 
 
 
 
 
 

 
     In this particular example, weight of insulator 
set, weight of earth wires, weight of AAC conductors were 
considered as other dead loads. Special attention was 
needed when applying these dead loads to the tower as 
electrical equipment are fixed at specific positions. 
 
     Live load or the climatic load to the towers 
would mainly cause in Sri Lanka by the wind load. There 
are two wind load cases named high wind case [5] and the 
normal / reduced wind case [6] considered in these designs. 
Normal wind case would become critical when it combined 
with the short circuit forces, which is described in this 
paper for dead end structures. The wind load taken for 
members of the lattice structure was different from the 

wind load taken for conductors and electrical equipment, 
in both these wind load cases. The ratio between high wind 
to normal wind was taken as 2.  

The maximum wind speed (3 second gust wind) 
was taken as 145 km/h, unless local meteorological records 
provides a higher value [5]. Based on the wind speed, wind 
loads to structural members were calculated according to 
the guidelines of IEC 826 [6]  and ‘Guidelines for 
Electrical Transmission Line Structural Loading’ 
published by American Society of Civil Engineers [8] 
which recommends to consider 1.5 times the projected area 
of the members of lattice structure in calculating wind 
loads.  
 
 
 
 
 
 
 
 
 
 
 
 
   

 
Apart from the wind load acting on the tower, 

wind force for conductors and insulators were also assessed 
according to IEC 826 [6]. Distribution of calculated wind 
forces on the node points of the structure is shown on 
Figure 6.  
 

The force due to short circuit current is to be based 
on the maximum force resulting from a phase “2 phase to 
earth” short circuit using the design fault level defined on 
the IEC standards. Provisions in specifications for the 
consideration of fully asymmetric condition, to count the 
relationship between system frequency & natural 
frequency of the vibration of equipment and assessing a 
dynamic factor for sudden application of short circuit faults 
are used to calculate the forces. There are many instances 
to note that electrical instrument substations been 
destroyed by mechanical forces and thermal effects 
generated from the high Voltage electricity currents. 
Therefore, due consideration is a must and it is important 
to make sure that the structure is safe even if the electrical 
instrument get damaged perhaps by bending of bus bar, 
sudden expansion of transformer coils, breaking of 
insulators or bushings. Dynamic factor to calculate short 
circuit force on the conductors resulting from a two phase 

Figure 5: Selection of maximum loads from the different 
bays. 

Figure 6: Wind force applied to gantry beam nodes as 
point loads. 

 
 
to ground, can be calculated providing, bus bar design 
contains no span with natural frequency of approaching 
system frequency as follows [5].

𝐹𝐹 = 4 𝑥𝑥 0.2 𝑥𝑥 𝑙𝑙2

𝑑𝑑
Where,

F = Force in N/m
d = Conductor spacing in m
l  = Maximum 3 phase current in kA
4 = stress factor

Short circuit load with dynamic factor for the 
design may be calculated from the above equation or as per 
the load recommended by the electrical design engineer.
Calculated short circuit force is then applied to the nodes 
as point loads. In case where these loads applied to an 
instrument, point load with a moment calculated for its 
height may require to be applied.

Special loads to be considered in the design are 
external loads that might occur during line construction and 
maintenance. Construction and maintenance loads are 
assumed as a constant, i.e. 1.0 kN point load, to incorporate 
weight of linesman with tools. Unbalanced forces to the 
structure may impose during the erection process.
Therefore, IEC 826 recommends that all members of the 
structure should be checked at least twice of the static loads
applied, to count the dynamic effect of load that cause 
during the erecting. As the gantry structure is a dead end 
or line termination structure, conductor tension load need 
to be considered as a special load. When in erection or in 
service such as stringing and in sagging, conductors and 
earth wires can pull the structure producing a tension  force 
on the structure. According to technical specification of 
CEB [5], the maximum tension values can be taken as,

Conductors – 6.6 kN
Earth wires – 4.5 kN per wire

These tension forces can be simulated as four load cases 
considering vertical, horizontal, 45° angled and 0° angled
loads.

For a unit tension this can be calculated as, 
Fx   = 1 x cos45 x cos 45   = 1/2 kN
Fz = 1 x cos45 x sin 45    = 1/2 kN
Fy   = 1 x sin 45                 = 1/√2 kN

Summary of the four conductor tension load cases can be 
tabularized as Table 1.

Table 1: Summary of conductor tension loads for 4 load 
cases.

Load Case Unit
Tension(kN)

Earth 
wire
(kN)

Conductor
(kN)

45°-Uplift Fx=Fz=1/2 Fx=Fz=2.3 Fx=Fz=3.3
Fy=1/√2 Fy=3.2 Fy=4.7

45°-
Horizontal

Fx=Fz=1/√2 Fx=Fz=3.2 Fx=Fz=4.7
Fy=0 Fy=0 Fy=0

0°-Uplift Fx=0 Fx=0 Fx=0
Fy=Fz=1/√2 Fy=Fz=3.2 Fy=Fz=4.7

0°-
Horizontal

Fx=Fy=0 Fx=Fy=0 Fx=Fy=0
Fz=1 Fz=4.5 Fz=6.6

For the calculations in Table 1, earth wire tension 
and conductor tension were taken as 4.5kN and 6.6kN
respectively. However, the resultant forces should be 
calculated in accordance to the number of earth wires and 
conductors in actual scenarios.

2.4 Design Load Combinations

Load combinations shall be defined correctly for 
the loads and load cased evaluated. As per the guidelines 
provided both in Ceylon Electricity Board (CEB) technical 
specifications [5] and ‘Guidelines for Electrical 
Transmission Line Structural Loading’ published by 
American Society of Civil Engineers [8], load 
combinations can be subdivided in to following three 
categories.

Load Combination 1 – High Wind Case
• Dead Loads
• High wind on the structure
• High wind on the conductors and instruments
• Cable tension force
• Short circuit load

Load Combination 2 – Short Circuit, Maximum Normal 
Wind Case

• Dead Loads
• Normal wind on the structure
• Normal wind on the conductors and instruments
• Cable tension force

Figure 6: Unit Tension force acting in a 45° angle to the 
horizontal plane.
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to the model to account for weights of cleats, plates, nuts, 
bolts and galvanizing etc. Since there are several bays 
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to ground, can be calculated providing, bus bar design 
contains no span with natural frequency of approaching 
system frequency as follows [5].

𝐹𝐹 = 4 𝑥𝑥 0.2 𝑥𝑥 𝑙𝑙2
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Where,

F = Force in N/m
d = Conductor spacing in m
l  = Maximum 3 phase current in kA
4 = stress factor

Short circuit load with dynamic factor for the 
design may be calculated from the above equation or as per 
the load recommended by the electrical design engineer.
Calculated short circuit force is then applied to the nodes 
as point loads. In case where these loads applied to an 
instrument, point load with a moment calculated for its 
height may require to be applied.

Special loads to be considered in the design are 
external loads that might occur during line construction and 
maintenance. Construction and maintenance loads are 
assumed as a constant, i.e. 1.0 kN point load, to incorporate 
weight of linesman with tools. Unbalanced forces to the 
structure may impose during the erection process.
Therefore, IEC 826 recommends that all members of the 
structure should be checked at least twice of the static loads
applied, to count the dynamic effect of load that cause 
during the erecting. As the gantry structure is a dead end 
or line termination structure, conductor tension load need 
to be considered as a special load. When in erection or in 
service such as stringing and in sagging, conductors and 
earth wires can pull the structure producing a tension  force 
on the structure. According to technical specification of 
CEB [5], the maximum tension values can be taken as,

Conductors – 6.6 kN
Earth wires – 4.5 kN per wire

These tension forces can be simulated as four load cases 
considering vertical, horizontal, 45° angled and 0° angled
loads.

For a unit tension this can be calculated as, 
Fx   = 1 x cos45 x cos 45   = 1/2 kN
Fz = 1 x cos45 x sin 45    = 1/2 kN
Fy   = 1 x sin 45                 = 1/√2 kN

Summary of the four conductor tension load cases can be 
tabularized as Table 1.

Table 1: Summary of conductor tension loads for 4 load 
cases.

Load Case Unit
Tension(kN)

Earth 
wire
(kN)

Conductor
(kN)

45°-Uplift Fx=Fz=1/2 Fx=Fz=2.3 Fx=Fz=3.3
Fy=1/√2 Fy=3.2 Fy=4.7

45°-
Horizontal

Fx=Fz=1/√2 Fx=Fz=3.2 Fx=Fz=4.7
Fy=0 Fy=0 Fy=0

0°-Uplift Fx=0 Fx=0 Fx=0
Fy=Fz=1/√2 Fy=Fz=3.2 Fy=Fz=4.7

0°-
Horizontal

Fx=Fy=0 Fx=Fy=0 Fx=Fy=0
Fz=1 Fz=4.5 Fz=6.6

For the calculations in Table 1, earth wire tension 
and conductor tension were taken as 4.5kN and 6.6kN
respectively. However, the resultant forces should be 
calculated in accordance to the number of earth wires and 
conductors in actual scenarios.

2.4 Design Load Combinations

Load combinations shall be defined correctly for 
the loads and load cased evaluated. As per the guidelines 
provided both in Ceylon Electricity Board (CEB) technical 
specifications [5] and ‘Guidelines for Electrical 
Transmission Line Structural Loading’ published by 
American Society of Civil Engineers [8], load 
combinations can be subdivided in to following three 
categories.

Load Combination 1 – High Wind Case
• Dead Loads
• High wind on the structure
• High wind on the conductors and instruments
• Cable tension force
• Short circuit load

Load Combination 2 – Short Circuit, Maximum Normal 
Wind Case

• Dead Loads
• Normal wind on the structure
• Normal wind on the conductors and instruments
• Cable tension force

Figure 6: Unit Tension force acting in a 45° angle to the 
horizontal plane.
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• Short circuit load 
 
Load Combination 3 – Stringing and No Wind Case 

• Dead Loads 
• Cable tension force applied on one side which 

constitutes the greatest danger to the truss or 
components when stringing 

• Additional vertical load (weight of linesman with 
tools) 

 
It is also important to note that the defining of load 

combinations shall address most possible worst case 
scenarios, when load cases are combined. For an example, 
direction of the wind force should be same to the direction 
of applied conductor tension loads in case of gantry 
structure design. 
 

2.5 Analysis & design of the tower 

 
These type of truss designs is not a direct process, 

but an interactive process that shall ultimately satisfy the 
strength requirements of the structure. Electrical 
requirements, utilizing the steel sections, providing the 
edge and end distances for steel bolt connections according 
to British Standards, easiness in fabrication and deflection 
criteria need to be carefully assessed. Limitations in output 
of linear analysis of truss structures by Prokon software to 
the non-linear analysis were also taken into the 
consideration when designing members.    

 
 
 
 

 

The lateral stability of these towers are 
maintained by providing bracing systems. There are 
several typical bracing systems used for towers as shown 
in the Figure 8.  The bracing system used for the design 
was “X” type which is easier in erection. 
 
 
 
 
 
 
 
 
 

When the tower is analysed with the conventional 
truss method, angle sections will carry tension and 
compression forces with negligible moments. Axial load 
capacity of elements can be checked according to BS 5950-
1:2000 or ASCE-10. Other than these two code 
specifications, CEB specifications recommends to limit 
slenderness of elements to following maximum values.  

• Main members – 120 
• Bracing and other members – 200 
• Redundant members - 250 

Elimination of excessive deflection or vibration during 
service should also be addressed other than the strength 
capacity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: 3D modal of the 220kV Gantry structure 
modelled in Prokon software. 

Figure 8:  Towers with different bracing systems               
(Extracted from [9] ) 

Figure 9: Maximum Member forces of the analysed 
220kV Gantry structure. 

 

 
 

Member size optimization is another serious process 
need to be done by several repetitive actions. Maximum 
member forces of the designed gantry structure for the 
ultimate limit state design were as above figure 9. 

3. Conclusions
The design of steel structures for a substation is a

special field of structural designing in Sri Lanka. Accurate
prediction of the ultimate load capacity of a structure is
important for safe designs and in selecting most
appropriate structural forms. The understanding on load
evaluations, behaviours of truss structures under the
specified loads and knowledge in both fields of Civil
Engineering and Electrical Engineering are of the essence
in the design.

Although there are tendencies of using non-linear
rigorous numerical analysis for gantry tower structure
designs, this paper illustrates attempts taken to equalize the
outcomes of those with the traditional linear analysis using
FEM, with provisions given in international codes,
standards and specifications.
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The ultimate limit state reactions at nodes were 
then used to design the anchor bolts and the base plate. 
Design of anchor bolts and base plates were carried out 
as per the code provisions.  
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Special Design Aspects of Manning Market Relocation Project 

H.G.P. Gamalatha,  N.A.Amarasinghea, S.M.A.L.K. Sammandapperumaa, S.S.A. Kalugaldeniyaa 
 

Abstract 

It has always been a necessity of this era, to Relocate Manning Market from highly urbanized city Pettah to a sub-
urban area, due to extremely congestion occurred in day to day market operating activities. This had become a 
reality in 2015 and Project; Relocation of Manning Market from Pettah to Peliyagoda was initiated under the 
Ministry of Megapolis and Western Development with an estimated Project Cost of 4.5 Billion LKR and Central 
Engineering Consultancy Bureau was awarded as the consultant for the project. With this project, Manning market, 
which currently occupy two acres, will be relocated to 15 acres land and will have ample parking spaces, divided 
zones allocated for vegetables, fruits, fish, meat and separate zone to hold frozen and refrigerated foods, facilities 
for traders to have their goods unloaded even at the first-floor shops, banking facilities, restaurants, canteens and 
many more facilities to traders as well as customers. Elevated road structure; which provide access to the first floor 
level and connects main buildings, is 400m in length, designed using pre cast bridge beams facilitating speedy 
construction. Alternative structural form for bridge decking, using standard T- beams with optimised spacing to use 
lesser no of precast beams was done by adopting high strength concrete and composite beam slab bridge deck 
arrangement. Special design considerations and construction sequence was adhered to construct the tapered slant 
columns and flat plane curved roof specified by the Architect to enhance the aesthetic appearance of the buildings.  
To maintain the roof surface in mono-pitch and plane in a curved grid system, each column heights have to specify 
accordingly and every column had different cut-off level to one another due to tapered slant columns and curved 
grid system. Concrete roof beams are also tapered and sloped whereas the slope of each roof beam in frames are 
different to one another as well. This paper outlines the above Special Design aspects of the project along with the 
challenges encountered during the project whilst delivering the final outcome.  

Keywords: Pre-cast Bridge beams, composite beam-slab bridge deck, tapered slant columns, mono-pitch and plane 
in a curved grid system

1. Introduction 

 
Figure 1: 3D Rendered image of the MMRP project 

 

Entire super structure of the building, sits on 622 
no of piles and the project comprises with aesthetically 
pleasing curve shaped three four storied buildings 
(Block A, B, C), one five storied building (Block D), 
single storied toilet block (Block E), two Treatment 
Plants, sump and 400m long elevated road network 
which provides access and plenty of parking spaces in 
first floor level with a 70m long ramp. There is also a 
concrete bridge link with steel framed structure 
connecting two blocks at an elevation of 13m from the 
ground floor level.  

Site was initially found to be a marshy land of 15 
acres. For the ground improvement it has been pre-
loaded with a soil layer of 500mm for 6 months. Soil 
investigation had revealed the presence of completely 
weathered rock at a depth of 20m – 25m from the 
ground level. Therefore it was decided to use bored 
piles with diameters of 600mm, 750mm, 900mm and 
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1200mm. These piles were group into single, double 
and three pile caps. 

2. Special Design Aspects Adopted 

2.1 Elevated Road on spaced pre-stressed beams 

 
Figure 2:  3D Rendered image of the Elevated Road  

Elevated Road which is 400m long is one of the 
main feature in this relocation project. Elevated road 
was designed as a bridge with pre-cast beams 
spanning between cast in-situ main girders. Web 
height of the in-situ main girder is taken equivalent to 
the height of the pre-cast beam and pre cast beam is 
placed on the flange / corbel of the in-situ girder as 
illustrated in below figure (Refer Figure 3). Therefore 
the total height of the in-situ beam is the sum of flange 
/ corbel height, pre-cast bridge beam height and the 
slab thickness. Height of the in-situ beam was limited 
to 1500mm in order to maintain a clear height of 4.5m 
for the road below the elevated road. 

 

 Figure 3:  In-situ girder and pre-cast bridge beam 
arrangement 

Initially the elevated road was designed with 
RDA pre-cast beam placed adjacently / 500mm 
spacing. But it was observed that placing pre-cast 
bridge adjacent to one another would increase the dead 

load of the structure drastically. Higher thickness of 
the in-situ girder flange / corbel was required to cater 
the increased shear at the flange face. This had caused 
the height of the in-situ beam to be increased more 
than the permissible height.  

Therefore it was decided to place pre-cast bridge 
beams at an appropriate spacing. This was achieved by 
using higher strength concrete for pre-cast beams, 
higher pre-stressing loads and adopting composite 
beam-slab bridge deck arrangement. By doing so it 
was possible to maintain a spacing of 1.1m for 13m 
span bays in Block B and 1.8m for 17m span bays in 
Block A, which had allowed a reduction of 55% in 
total number of beams required.  

Dead load induced from pre-cast bridge beams 
according their placing orientation is illustrated in 
table 1. 

Table 1: Dead loads induced from pre-cast bridge 
beams based on their placing spacing 

If placed adjacently 8.626 kN/m2 

If placed with a 1.1m spacing 3.921 kN/m2 

If placed with a 1.8m spacing 2.396 kN/m2 

 

In-situ girders are located along a radially 
dispersed grid system in which the elevated road is 
running through. Length of the pre-cast bridge beams 
required to vary gradually in order to place them in 
between these radially dispersed in-situ beams. Since 
it is not feasible and economical to have pre-cast 
beams casted in so many different lengths, it was 
decided to taper the in-situ beams. If a single size of 
pre-cast beam is used for a single bay, it would make 
in-situ beam abnormally wider. Therefore it was 
decided step the taper of the in-situ beam as shown in 
the below diagram and have pre-cast beams of two 
different lengths. This method had enabled us to cover 
the entire elevated road in just 5 different sizes of pre-
cast beams.    

Beams are categorized into 4 types considering 
most critical combinations based on the spans and 
spacing of beams. These four types adopt the same 
section as illustrated below but with different tendon 
arrangements.  
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Special Design Aspects of Manning Market Relocation Project 
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Abstract 

It has always been a necessity of this era, to Relocate Manning Market from highly urbanized city Pettah to a sub-
urban area, due to extremely congestion occurred in day to day market operating activities. This had become a 
reality in 2015 and Project; Relocation of Manning Market from Pettah to Peliyagoda was initiated under the 
Ministry of Megapolis and Western Development with an estimated Project Cost of 4.5 Billion LKR and Central 
Engineering Consultancy Bureau was awarded as the consultant for the project. With this project, Manning market, 
which currently occupy two acres, will be relocated to 15 acres land and will have ample parking spaces, divided 
zones allocated for vegetables, fruits, fish, meat and separate zone to hold frozen and refrigerated foods, facilities 
for traders to have their goods unloaded even at the first-floor shops, banking facilities, restaurants, canteens and 
many more facilities to traders as well as customers. Elevated road structure; which provide access to the first floor 
level and connects main buildings, is 400m in length, designed using pre cast bridge beams facilitating speedy 
construction. Alternative structural form for bridge decking, using standard T- beams with optimised spacing to use 
lesser no of precast beams was done by adopting high strength concrete and composite beam slab bridge deck 
arrangement. Special design considerations and construction sequence was adhered to construct the tapered slant 
columns and flat plane curved roof specified by the Architect to enhance the aesthetic appearance of the buildings.  
To maintain the roof surface in mono-pitch and plane in a curved grid system, each column heights have to specify 
accordingly and every column had different cut-off level to one another due to tapered slant columns and curved 
grid system. Concrete roof beams are also tapered and sloped whereas the slope of each roof beam in frames are 
different to one another as well. This paper outlines the above Special Design aspects of the project along with the 
challenges encountered during the project whilst delivering the final outcome.  

Keywords: Pre-cast Bridge beams, composite beam-slab bridge deck, tapered slant columns, mono-pitch and plane 
in a curved grid system

1. Introduction 

 
Figure 1: 3D Rendered image of the MMRP project 

 

Entire super structure of the building, sits on 622 
no of piles and the project comprises with aesthetically 
pleasing curve shaped three four storied buildings 
(Block A, B, C), one five storied building (Block D), 
single storied toilet block (Block E), two Treatment 
Plants, sump and 400m long elevated road network 
which provides access and plenty of parking spaces in 
first floor level with a 70m long ramp. There is also a 
concrete bridge link with steel framed structure 
connecting two blocks at an elevation of 13m from the 
ground floor level.  

Site was initially found to be a marshy land of 15 
acres. For the ground improvement it has been pre-
loaded with a soil layer of 500mm for 6 months. Soil 
investigation had revealed the presence of completely 
weathered rock at a depth of 20m – 25m from the 
ground level. Therefore it was decided to use bored 
piles with diameters of 600mm, 750mm, 900mm and 
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1200mm. These piles were group into single, double 
and three pile caps. 

2. Special Design Aspects Adopted 

2.1 Elevated Road on spaced pre-stressed beams 

 
Figure 2:  3D Rendered image of the Elevated Road  

Elevated Road which is 400m long is one of the 
main feature in this relocation project. Elevated road 
was designed as a bridge with pre-cast beams 
spanning between cast in-situ main girders. Web 
height of the in-situ main girder is taken equivalent to 
the height of the pre-cast beam and pre cast beam is 
placed on the flange / corbel of the in-situ girder as 
illustrated in below figure (Refer Figure 3). Therefore 
the total height of the in-situ beam is the sum of flange 
/ corbel height, pre-cast bridge beam height and the 
slab thickness. Height of the in-situ beam was limited 
to 1500mm in order to maintain a clear height of 4.5m 
for the road below the elevated road. 

 

 Figure 3:  In-situ girder and pre-cast bridge beam 
arrangement 

Initially the elevated road was designed with 
RDA pre-cast beam placed adjacently / 500mm 
spacing. But it was observed that placing pre-cast 
bridge adjacent to one another would increase the dead 

load of the structure drastically. Higher thickness of 
the in-situ girder flange / corbel was required to cater 
the increased shear at the flange face. This had caused 
the height of the in-situ beam to be increased more 
than the permissible height.  

Therefore it was decided to place pre-cast bridge 
beams at an appropriate spacing. This was achieved by 
using higher strength concrete for pre-cast beams, 
higher pre-stressing loads and adopting composite 
beam-slab bridge deck arrangement. By doing so it 
was possible to maintain a spacing of 1.1m for 13m 
span bays in Block B and 1.8m for 17m span bays in 
Block A, which had allowed a reduction of 55% in 
total number of beams required.  

Dead load induced from pre-cast bridge beams 
according their placing orientation is illustrated in 
table 1. 

Table 1: Dead loads induced from pre-cast bridge 
beams based on their placing spacing 

If placed adjacently 8.626 kN/m2 

If placed with a 1.1m spacing 3.921 kN/m2 

If placed with a 1.8m spacing 2.396 kN/m2 

 

In-situ girders are located along a radially 
dispersed grid system in which the elevated road is 
running through. Length of the pre-cast bridge beams 
required to vary gradually in order to place them in 
between these radially dispersed in-situ beams. Since 
it is not feasible and economical to have pre-cast 
beams casted in so many different lengths, it was 
decided to taper the in-situ beams. If a single size of 
pre-cast beam is used for a single bay, it would make 
in-situ beam abnormally wider. Therefore it was 
decided step the taper of the in-situ beam as shown in 
the below diagram and have pre-cast beams of two 
different lengths. This method had enabled us to cover 
the entire elevated road in just 5 different sizes of pre-
cast beams.    

Beams are categorized into 4 types considering 
most critical combinations based on the spans and 
spacing of beams. These four types adopt the same 
section as illustrated below but with different tendon 
arrangements.  
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Figure 4:  Sectional dimension of a Pre-cast Bridge 
Beam 

Diaphragm beams are used in both directions, 
perpendicular to Pre-cast bridge beams and parallel to 
Pre-cast bridge beams. Parallel diaphragm beams are 
used to increase the grillage effect of the system where 
as the perpendicular diaphragm beams are used to lift 
off the pre-cast bridge beams when repairing or 
replacing bearing pads. 

Following figure illustrate the pre-cast bridge 
beam arrangement. 

 Figure 5:  Pre-cast bridge beam arrangement 

Movement joints are provided along the elevated 
road edges and across the elevated road in alternate 
spans to accommodate any expansions of the slabs. 
Theses movement joints are sealed with water bar and 
a sealent. Special arrangement is used to accommodate  

 

 

the joint with water bar without disturbing the 
diaphragm beam and In-situ girder reinforcements as 
illustrated in below figures.     

 Figure 6:  Pre-cast bridge beam arrangement across 
the Pre-cast Bridge Beam  

 

 Figure 7: Cross section of the beam arrangement 
across the In-situ Tapered Beam 

Following figures illustrate the actual photographs 
taken from the site.  

 

 

Figure 8:  Placed pre-cast bridge beams prior to slab 
concreting. 

 

 

Figure 9: Movement joint between two bays of the
elevated road (Parallel to main bridge beams)

For the design calculation of the pre-cast beam
only HA loading is considered because it was assumed
that massy heavy vehicle such as long vehicle carrying
generators would not travel into the elevated road
portion, thus the HB load is omitted for the design
calculations. Therefore we have considered a uniform
live load of 15 kN/m2, considering the HA loads and
since the area is being utilized for both as a carriage
way and a parking area [2]. The system was revealed
that the moment and stresses induced by 15 kN/m2 is
more than the stress induced from HA loading which
comprises of a udl and KEL.

Design of Precast Pre-stressed Girder for Elevated
Road
Symbols
fci = Concrete strength at transfer
fcu = Characteristic concrete cube strength

ά =

Ratio of effective force of tendon after
transfer losses are achieved to the force at
the jacking end

α =
Ratio of effective force of tendon after all
losses are achieved to the force at transfer

P = Pre-stressing force 
A = Cross sectional area of the section
e = Eccentricity

Zt =
Sectional modulus of the top fibre of 
girder

Zb =
Sectional modulus of the bottom fibre of 
girder

Ztc =
Sectional modulus of the top fibre of 
composite section

Ztb =
Sectional modulus of the bottom fibre of 
composite section

Mo = Moment due to self weight of the beam

Md =
Moment due to self weight  of the 
composite section

Mimax =
Moment due to Imposed load and Super 
imposed dead load

Ec = Modulus of elasticity of concrete
Es = Modulus of elasticity of steel
Es = Modulus of elasticity of prestressing steel
Aps = Area of prestressing tendons
I = Second moment of area

Relevant Design Code

BS 8110: Part 1 1997: Structural use of concrete [3]

Detail design of mid-span section

Serviceability classification 

Stress limitations – Class 02; Flexural tensile stresses 
but no visible cracking 

Compressive stress limitations

At Transfer stage

Compressive stress at Transfer ≤ 0.5 fci but ≤ 0.4 fcu

Under service loads

Compressive stress under service
loads ≤ 0.4 fcu

Compressive stress under service
loads (Top fibre for precast
composite members) ≤ 1.25*0.4 fcu
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Figure 4:  Sectional dimension of a Pre-cast Bridge 
Beam 

Diaphragm beams are used in both directions, 
perpendicular to Pre-cast bridge beams and parallel to 
Pre-cast bridge beams. Parallel diaphragm beams are 
used to increase the grillage effect of the system where 
as the perpendicular diaphragm beams are used to lift 
off the pre-cast bridge beams when repairing or 
replacing bearing pads. 

Following figure illustrate the pre-cast bridge 
beam arrangement. 

 Figure 5:  Pre-cast bridge beam arrangement 

Movement joints are provided along the elevated 
road edges and across the elevated road in alternate 
spans to accommodate any expansions of the slabs. 
Theses movement joints are sealed with water bar and 
a sealent. Special arrangement is used to accommodate  

 

 

the joint with water bar without disturbing the 
diaphragm beam and In-situ girder reinforcements as 
illustrated in below figures.     

 Figure 6:  Pre-cast bridge beam arrangement across 
the Pre-cast Bridge Beam  

 

 Figure 7: Cross section of the beam arrangement 
across the In-situ Tapered Beam 

Following figures illustrate the actual photographs 
taken from the site.  

 

 

Figure 8:  Placed pre-cast bridge beams prior to slab 
concreting. 

 

 

Figure 9: Movement joint between two bays of the
elevated road (Parallel to main bridge beams)

For the design calculation of the pre-cast beam
only HA loading is considered because it was assumed
that massy heavy vehicle such as long vehicle carrying
generators would not travel into the elevated road
portion, thus the HB load is omitted for the design
calculations. Therefore we have considered a uniform
live load of 15 kN/m2, considering the HA loads and
since the area is being utilized for both as a carriage
way and a parking area [2]. The system was revealed
that the moment and stresses induced by 15 kN/m2 is
more than the stress induced from HA loading which
comprises of a udl and KEL.

Design of Precast Pre-stressed Girder for Elevated
Road
Symbols
fci = Concrete strength at transfer
fcu = Characteristic concrete cube strength

ά =

Ratio of effective force of tendon after
transfer losses are achieved to the force at
the jacking end

α =
Ratio of effective force of tendon after all
losses are achieved to the force at transfer

P = Pre-stressing force 
A = Cross sectional area of the section
e = Eccentricity

Zt =
Sectional modulus of the top fibre of 
girder

Zb =
Sectional modulus of the bottom fibre of 
girder

Ztc =
Sectional modulus of the top fibre of 
composite section

Ztb =
Sectional modulus of the bottom fibre of 
composite section

Mo = Moment due to self weight of the beam

Md =
Moment due to self weight  of the 
composite section

Mimax =
Moment due to Imposed load and Super 
imposed dead load

Ec = Modulus of elasticity of concrete
Es = Modulus of elasticity of steel
Es = Modulus of elasticity of prestressing steel
Aps = Area of prestressing tendons
I = Second moment of area

Relevant Design Code

BS 8110: Part 1 1997: Structural use of concrete [3]

Detail design of mid-span section

Serviceability classification 

Stress limitations – Class 02; Flexural tensile stresses 
but no visible cracking 

Compressive stress limitations

At Transfer stage

Compressive stress at Transfer ≤ 0.5 fci but ≤ 0.4 fcu

Under service loads

Compressive stress under service
loads ≤ 0.4 fcu

Compressive stress under service
loads (Top fibre for precast
composite members) ≤ 1.25*0.4 fcu
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Tensile stress limitations

Under service loads

Tensile stress under service loads ≥ -0.36 √fcu

At Transfer

The maximum tensile stress at top fibre,
(άP/A) - (άPe/Zt) + Mo/Zt ≥   -0.36√fci

The maximum compressive stress at bottom fibre, 
(άP/A) + (άPe/Zb) - Mo/Zb ≤ 0.5fci but ≤ 0.4fcu

Under Service loads 

 

 

The maximum tensile stress at top fibre,
(αP/A)-(αPe/Zt)+(Md/Zt)+(Mimaxa2/Ztca1) ≤ 1.25*0.4fcu

The maximum compressive stress at bottom fibre,
(αP/A)+(αPe/Zb)-(Md/Zb)-(Mimaxa2/Zbca1)  ≥ -0.36√fcu

Initial Pre-stressing force is determined using the 
Magnel diagram developed based on above 
inequalities.

Initial losses

Loss due to anchorage losses – In pre stressing 
systems, when the cable is tensioned and the jack is 
released, there was a slip over a small distance before 
the wires are firmly housed between the wedges. The 
magnitude of slip depends up on the type of wedge 
and the stress in the wires.

Slip at anchorage,       D = PL / AEs

where, 
                                   P =

Prestressing force 
in the cable

                                   L =
Length of the 
cable

                                    A =
Cross sectional 
area of the cable

             L’ =
Length of the 
casting bed

There for the loss of stress = EsD/L’

Losses at transfer stage

Loss due to Elastic Deformation of concrete – The 
loss of prestress due to elastic deformation of concrete 
depends on the modular ratio and the average stress in 
concrete at the level of steel.

Reduction in tensile 
strain in concrete =

Compressive strain in 
concrete at the level of steel 
(C.G. of tendons)

= fc/Ec

Concrete stress, fc = P/A + Pe2/I - Moe/I
Loss of steel stress = (fc/Ec)*Eps

Loss in Prestress = (fc/Ec)*Eps*Aps

Long term losses
Loss due to Relaxation
For high Tensile Steel Strands (Low relaxation - class 2)
Loss due to Relaxation of steel
Relaxation strain loss = 2.5%

(75% of actual breaking load)
[4]

At Transfer stage ≥ -0.36 √fci

 Tensile stress at Transfer 

 

Loss due to Shrinkage of Concrete

Shrinkage strain = 0.0003 [2]
Loss due to Shrinkage = Shrinkage Strain x Es x As

Loss due to Creep of concrete
Loss = Specific Creep * fcoj * Es * As

Specific Creep = Creep Coefficient ( ∅) / Ec

fcoj=

Stress in concrete at the level 
of tendons due to pre 
stressing force and dead loads

fcoj= P/A + ( P*e2/I ) - ( Md*e/I )
P - Pre stressing force after 
transfer loss

∅=
1.6 (Assume transfer after 07 
days)

Creep strain loss per stress              = 0.000048
creep mod factor for transfer stress = 1
creep mod factor for avg stress       = 1

Design of Reinforced Inverted T Beam for Elevated 
Road

Introduction to the design 

The elevated road is a major feature of the project. 
This consists of three main elements. The pre-stressed 
precast beams (stringers), in-situ beams which support 
the precast beams and the composite slab that connects 
the elements together. Prefabricated pre-stressed 
beams were used to achieve economical and speedy
construction for the elevated road. A detailed analysis 
of the pre-stressed beams are provided in 
Section…….. The supporting in-situ beams were 
constructed in the form of an inverted T which 
possessed nibs (a bracket) on each side of the flange. 
The main purpose of the nibs was to provide a 
convenient shelf or a supporting surface for the precast 
beams. 

The inverted T beams in the elevated road have 
been designed monolithically with the concrete 
columns considering the frame action. This 
arrangement of the T beam also contributed in saving 
the clear height below the elevated road since it 
reduced the overall floor depth by avoiding deep cross 
members beneath pre-stressed stringers. Even though 
the beam is heavily used in bridge constructions the 
inverted T shape with nibs supporting the stringers 

still remains as one of the least investigated and 
researched cross section. Hence different research 
papers had to be used and cross referenced in the 
design process of the section. 

Differences in par with a conventional beam

The inverted T beam is loaded closer to the 
bottom of the web imposing vertical tensile (hanger 
tension) forces, where as a conventional T beam will 
be loaded on the top flange imposing loads at the top 
of the web. Due to this the inverted T beam produces a 
complex stress distribution. To augment the 
complexity of the behaviour of the beam, reversing 
phenomenon of twisting (torsion) which occurs in a 
bridge due to moving loads also involves. During the 
design it was understood that the superposition of 
simple stresses cannot be used in designing 
reinforcement for the beam. 

Design process

According to several researches conducted in the
global context related to inverted T beams it was
realized that there are six modes of failure for inverted
T beams namely:

1. Flexural failure of the overall inverted T
beam

2. Flexural Shear acting on the overall inverted
T beam

3. Torsional shear on the overall inverted T
beam

4. Hanger tension of web stirrups
5. Flange punching shear at precast bearings
6. Bracket type shear friction in flange at the

face of the web [5]

Figure 10: Failure modes of the in situ T beam
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Tensile stress limitations

Under service loads

Tensile stress under service loads ≥ -0.36 √fcu

At Transfer

The maximum tensile stress at top fibre,
(άP/A) - (άPe/Zt) + Mo/Zt ≥   -0.36√fci

The maximum compressive stress at bottom fibre, 
(άP/A) + (άPe/Zb) - Mo/Zb ≤ 0.5fci but ≤ 0.4fcu

Under Service loads 

 

 

The maximum tensile stress at top fibre,
(αP/A)-(αPe/Zt)+(Md/Zt)+(Mimaxa2/Ztca1) ≤ 1.25*0.4fcu

The maximum compressive stress at bottom fibre,
(αP/A)+(αPe/Zb)-(Md/Zb)-(Mimaxa2/Zbca1)  ≥ -0.36√fcu

Initial Pre-stressing force is determined using the 
Magnel diagram developed based on above 
inequalities.

Initial losses

Loss due to anchorage losses – In pre stressing 
systems, when the cable is tensioned and the jack is 
released, there was a slip over a small distance before 
the wires are firmly housed between the wedges. The 
magnitude of slip depends up on the type of wedge 
and the stress in the wires.

Slip at anchorage,       D = PL / AEs

where, 
                                   P =

Prestressing force 
in the cable

                                   L =
Length of the 
cable

                                    A =
Cross sectional 
area of the cable

             L’ =
Length of the 
casting bed

There for the loss of stress = EsD/L’

Losses at transfer stage

Loss due to Elastic Deformation of concrete – The 
loss of prestress due to elastic deformation of concrete 
depends on the modular ratio and the average stress in 
concrete at the level of steel.

Reduction in tensile 
strain in concrete =

Compressive strain in 
concrete at the level of steel 
(C.G. of tendons)

= fc/Ec

Concrete stress, fc = P/A + Pe2/I - Moe/I
Loss of steel stress = (fc/Ec)*Eps

Loss in Prestress = (fc/Ec)*Eps*Aps

Long term losses
Loss due to Relaxation
For high Tensile Steel Strands (Low relaxation - class 2)
Loss due to Relaxation of steel
Relaxation strain loss = 2.5%

(75% of actual breaking load)
[4]

At Transfer stage ≥ -0.36 √fci

 Tensile stress at Transfer 

 

Loss due to Shrinkage of Concrete

Shrinkage strain = 0.0003 [2]
Loss due to Shrinkage = Shrinkage Strain x Es x As

Loss due to Creep of concrete
Loss = Specific Creep * fcoj * Es * As

Specific Creep = Creep Coefficient ( ∅) / Ec

fcoj=

Stress in concrete at the level 
of tendons due to pre 
stressing force and dead loads

fcoj= P/A + ( P*e2/I ) - ( Md*e/I )
P - Pre stressing force after 
transfer loss

∅=
1.6 (Assume transfer after 07 
days)

Creep strain loss per stress              = 0.000048
creep mod factor for transfer stress = 1
creep mod factor for avg stress       = 1

Design of Reinforced Inverted T Beam for Elevated 
Road

Introduction to the design 

The elevated road is a major feature of the project. 
This consists of three main elements. The pre-stressed 
precast beams (stringers), in-situ beams which support 
the precast beams and the composite slab that connects 
the elements together. Prefabricated pre-stressed 
beams were used to achieve economical and speedy
construction for the elevated road. A detailed analysis 
of the pre-stressed beams are provided in 
Section…….. The supporting in-situ beams were 
constructed in the form of an inverted T which 
possessed nibs (a bracket) on each side of the flange. 
The main purpose of the nibs was to provide a 
convenient shelf or a supporting surface for the precast 
beams. 

The inverted T beams in the elevated road have 
been designed monolithically with the concrete 
columns considering the frame action. This 
arrangement of the T beam also contributed in saving 
the clear height below the elevated road since it 
reduced the overall floor depth by avoiding deep cross 
members beneath pre-stressed stringers. Even though 
the beam is heavily used in bridge constructions the 
inverted T shape with nibs supporting the stringers 

still remains as one of the least investigated and 
researched cross section. Hence different research 
papers had to be used and cross referenced in the 
design process of the section. 

Differences in par with a conventional beam

The inverted T beam is loaded closer to the 
bottom of the web imposing vertical tensile (hanger 
tension) forces, where as a conventional T beam will 
be loaded on the top flange imposing loads at the top 
of the web. Due to this the inverted T beam produces a 
complex stress distribution. To augment the 
complexity of the behaviour of the beam, reversing 
phenomenon of twisting (torsion) which occurs in a 
bridge due to moving loads also involves. During the 
design it was understood that the superposition of 
simple stresses cannot be used in designing 
reinforcement for the beam. 

Design process

According to several researches conducted in the
global context related to inverted T beams it was
realized that there are six modes of failure for inverted
T beams namely:

1. Flexural failure of the overall inverted T
beam

2. Flexural Shear acting on the overall inverted
T beam

3. Torsional shear on the overall inverted T
beam

4. Hanger tension of web stirrups
5. Flange punching shear at precast bearings
6. Bracket type shear friction in flange at the

face of the web [5]

Figure 10: Failure modes of the in situ T beam
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During the design process, the beam was checked 
for overall flexure, shear and torsion under two 
loading conditions. According to BS 5400: Part 2 a 
line load of 30 kN/m was considered to be acting over 
three nominal lanes imposing an area load of 11.11 
kN/m2 with a KEL load of 120 kN at the most 
vulnerable location of the beam. It was also decided to 
cross check the moments, shear and torsional forces 
induced with a full area load of 15 kN/m2 acting over 
the road.  

The strength of the flange (nib) should be 
adequate to sustain the punching shear action of the 
precast stringers applied on the flange. The depth of 
450 mm of the flange was decided with the minimum 
requirement to avoid punching shear failure of the 
flange due to a maximum ultimate load of 432 kN 
acting on it.  Bracket- type shear friction was the 
second concern in designing the flange. In order to 
resist flexural tension (due to the reactions of the 
precast stringers) and to ensure enough pressure for 
sustaining shear friction force, transverse 
reinforcement was provided perpendicular to the web 
near the top flange (nib) as shown in figure below. It 
was also needed to add more reinforcement to the 
transverse reinforcement of the flange as longitudinal 
loads such as braking loads were also had to be 
considered.  

 

Figure 11:  Arrangement of R/F to resist lateral load 

It was decided to use AASHTO specifications in 
the design and consider 5% of vertical reactions of the 
precast stringers to be acting as the longitudinal force 
on the flange (nib)   

As it was mentioned under failure modes of the 
inverted T beam, the design of web stirrups also 

became a major concern as they were acting as 
hangers to deliver the concentrated loads applied on 
the flange into the body of the web. The maximum 
hanger stress was taken at the time when both the 
flanges were equally loaded with its maximum 
magnitude of 432 kN.  

2.2 Tapered Slant Columns 

2.2.1. Design aspects of columns  

The two main buildings; namely A and B are 
having different column arrangements. Building A is 
42 m in width which consists of 6 columns from the 
ground floor to first floor and only 4 columns 
continuing from first to roof level. The architectural 
influence on the design of columns has moulded them 
into inclined columns spanning over 11meters in the 
vertical direction with an inclination of 1100 to the 
horizontal plane. (Refer Figure 12). 

 

Figure 12:  Typical Frame in Block A 

Block B is 28 m wide with four columns rising 
from ground floor and continuing up to roof level. The 
tallest in the B block runs 8.8 m in vertical height with 
1160 to the horizontal plane. (Refer Figure 13). 

 

Figure 13:  Typical Frame in Block B 

In both block A and B, the columns extending 
from ground floor to first floor are made tapered in 

 

upwards direction. The dimensions varied from 
450x600 to 450x1100mm. During the design phase a 
continuous column of 450x600 mm was used with the 
tapering portion being designed as a fin. Hence only 
minimum reinforcement was provided to the fin, 
ensuring the moment capacity of the fin could 
withstand the bending moment induced due to wind 
forces only. The detail is elaborated in Figure 14.

 

Figure 14: Tapering portion and Fin detail of a 
column section

The taper in the column follows through the next 
stage of the column as well, except for the change in 
its direction. The column gets tapered into a smaller 
section as they rise up. It was decided to use a 
structural column of 450x600 mm up to the maximum 
level in each column and then design the rest of its 
height according to the minimum section size that can 
be obtained in the column.

Since the architectural features emphasized on 
slanting columns with a considerable inclination to the 
horizontal axis, if the column were to be considered as 
continuing from the ground floor to the roof level, it 
was noted that there will be considerable bending 
moments induced at the point of inclination on the first 
floor of the building. In order to avoid inconvenience 
due to congestion of reinforcement and cranking of 
larger diameter bars at the particular point of 
inclination, the upper part of the building was 
designed as a pinned supported, frame isolating it from 
the main structure. (Refer Figure 12 and 13) To 
accomplish the objective, a polystyrene sheet was 
placed at the particular point on the first floor level. 

Due to the arrangement, axial forces will pass only 
through the structural portion of the column in the 
conjunction. Figure 14 illustrates the arrangement 
issued to be used in the site. The self-weight of the 
fins will also be transferred to the foundation through 
the structural part of the column section. 

Due to the slant of columns and the pinned joints 
at the bottom of the upper structure it was observed 
that the designing of individual elements separately as 
columns and roof beams would not predict the actual 
behaviour of the building. Henceforth a frame analysis 
was conducted manually and verified with a finite 
element analysis model using SAP 2000.  (Refer 
figure 15)

Figure 15: SAP Analysis results

The load combinations considered were 

1. 1.4 Dead Loads (D1) + 1.6 Live loads (L1) + 
1.0 Dead Loads (D2) – Alternate loading 

2. 1.4 Dead Loads (D2) + 1.6 Live loads (L2) + 
1.0 Dead Loads (D1) – Alternate loading 

3. 1.0 Dead Loads + 1.4 Wind Loads in x-x
direction 

4. 1.0 Dead Loads + 1.4 Wind Loads in 
opposite direction 

5. 1.2 Dead Loads + 1.2 Live Loads + 1.2 Wind 
Loads in x-x direction 

6. 1.2 Dead Loads + 1.2 Live Loads + 1.2 Wind 
Loads in opposite direction

7. 1.4 Dead Loads (D1+D2) + 1.6 Live Loads 
(L1+ L2) 

Table 2: Axial Loads in a typical interior frame of block A
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During the design process, the beam was checked 
for overall flexure, shear and torsion under two 
loading conditions. According to BS 5400: Part 2 a 
line load of 30 kN/m was considered to be acting over 
three nominal lanes imposing an area load of 11.11 
kN/m2 with a KEL load of 120 kN at the most 
vulnerable location of the beam. It was also decided to 
cross check the moments, shear and torsional forces 
induced with a full area load of 15 kN/m2 acting over 
the road.  

The strength of the flange (nib) should be 
adequate to sustain the punching shear action of the 
precast stringers applied on the flange. The depth of 
450 mm of the flange was decided with the minimum 
requirement to avoid punching shear failure of the 
flange due to a maximum ultimate load of 432 kN 
acting on it.  Bracket- type shear friction was the 
second concern in designing the flange. In order to 
resist flexural tension (due to the reactions of the 
precast stringers) and to ensure enough pressure for 
sustaining shear friction force, transverse 
reinforcement was provided perpendicular to the web 
near the top flange (nib) as shown in figure below. It 
was also needed to add more reinforcement to the 
transverse reinforcement of the flange as longitudinal 
loads such as braking loads were also had to be 
considered.  

 

Figure 11:  Arrangement of R/F to resist lateral load 
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placed at the particular point on the first floor level. 

Due to the arrangement, axial forces will pass only 
through the structural portion of the column in the 
conjunction. Figure 14 illustrates the arrangement 
issued to be used in the site. The self-weight of the 
fins will also be transferred to the foundation through 
the structural part of the column section. 

Due to the slant of columns and the pinned joints 
at the bottom of the upper structure it was observed 
that the designing of individual elements separately as 
columns and roof beams would not predict the actual 
behaviour of the building. Henceforth a frame analysis 
was conducted manually and verified with a finite 
element analysis model using SAP 2000.  (Refer 
figure 15)

Figure 15: SAP Analysis results
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1. 1.4 Dead Loads (D1) + 1.6 Live loads (L1) + 
1.0 Dead Loads (D2) – Alternate loading 

2. 1.4 Dead Loads (D2) + 1.6 Live loads (L2) + 
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7. 1.4 Dead Loads (D1+D2) + 1.6 Live Loads 
(L1+ L2) 

Table 2: Axial Loads in a typical interior frame of block A



MODULUS | December 2020
Vol. 30 | No. 04

32 SOCIETY OF STRUCTURAL ENGINEERS SRI LANKA

ENGINEERS’ FORUM

  

Ele
men

ts

Axial forces for loads combinations (kN)

1 2 3 4 5 6 7

AE 495 540 210 400 430 600 630

EF 980 840 500 690 843 1000 1150

BG 680 700 250 556 540 800 835

CH 390 530 190 318 400 511 560

HI 1510 1114 715 860 1320 1450 1695

DJ 376 425 106 340 300 490 505

JK 1370 950 590 825 1125 1335 1500

Table 3: Bending moments in a typical interior frame of 
block A

Elem
e nts

Bending moments for loads combinations (kNm)

1 2 3 4 5 6 7

AEtop 440 192 145 230 242 314 382

AEbot 740 480 370 440 575 632 753

EFtop 189 150 48 120 112 175 205

EF bot 0 0 0 0 0 0 0

BGtop 27 48 18 17 34 03 22

BG 
mid 

61 100 64 44 80 66 90

BG bot 0 0 0 0 0 0 0

CHtop 186 182 52 145 143 225 240

CH bot 390 240 170 200 315 350 415

HItop 940 428 400 474 728 792 925

HI bot 0 0 0 0 0 0 0

DJtop 160 154 84 122 160 163 208

DJbot 290 177 140 153 254 291 310

JKtop 770 365 400 310 670 590 766

JK bot 0 0 0 0 0 0 0

All the seven combinations were taken into 
account for both A and B block frames. An edge frame 
(Frame 1 and Frame 29, respectively from block A 
and B were also considered). Bending moments and 
axial forces induced in columns in block A (Figure 14)
due to the 7 combinations mentioned above are 
tabulated in table 2 for reference.

2.2.2. Construction constraints imposed by the design

Due to the inclination of the columns it was 
understood that they could not be cast as self-standing 
vertical columns until roof beams are constructed. 
Therefore, the columns had to be supported with 
scaffoldings until the roof beam along the columns 
were cast in each frame. Once the beam formwork was 
ready to be removed after 14 days, scaffoldings of all 
columns in each frame were removed. Following 
figure (Figure 16), illustrates the construction process 
of two adjacent roof beams with tie beams cast in 
between. 

Figure 16: Scaffoldings supporting the bottom of the 
roof beam and column side supports

Figure 17: Completed Frame in Block C

2.3 Single planed roof in a double curvature
The two main blocks; Block A and Block B have

unique roof structures due to its architectural features.

 

Since frames are in a radial grid and columns are slant; 
to maintain the roof in a single plane to lay purlins, 
each column heights were required to be adjusted 
accordingly. Therefore all 220 columns in Block A 
and 220 columns in Block B have different heights 
whilst roof beam in each roof frame have different 
angle. Since both Block A and Block B could be 
considered symmetrical only the half the number of 
frames were required to detailed.

Following figure illustrate the frame arrangements 
in Block B, highlighting the tallest frame (frame no 
42) and shortest frame (frame 29 /55)

               Figure 18: Roof Frame arrangement in Block 
B

Figure 19 contrast between the tallest and the 
shortest frame in Block B of the project. Height 
difference in each column and angle difference in each 
roof frame in two frames could be noted in following 
figures. 

Figure 20 illustrates a typical column dimensions 
in Block B for each variable parameters and Table 4 
illustrate the values for dimension of each parameter 
in Block B. Cantilever length in either sides of the
beams were maintained a constant value for each 
column for the ease of construction.

Figure 19: Tallest frame in Block B; Frame 42 and 
Shortest frame in Block B; Frame 29 / 55

Figure 20: Typical Frame Dimensions in Block B

Since there are simply supported spans of about 
9m and cantilever spans of about 4m between the roof 
beams we had to use 150mm x 100mm hollowed 
section. Roof beams are spanning in a radial direction 
and when purlins are to be placed perpendicular to the 
roof beams, purlins will also be have to place in a 
curved line along the roof plane. Due to the issues 
raised regarding practicality of this proposal it was 
suggested to place the purlins horizontal to the roof 
plane, perpendicular only to the center roof beam. This 
had reduced the complexities as well as saved a 
considerable construction time. Following figures 
illustrate purlin layout and actual photograph taken at 
site. 

           Figure 21: Roof purlin arrangement in Block             

                Figure 22: Placed roof purlins at site
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Table 4: Dimension of columns of frames in Block B
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Roof 
Frame

Py Px Qy Qx Ry Rx Sy Sx h1 h2 h3 h4

42 8860 985 7475 1660 7255 2810 6010 1810 1275 1025 980 905

43 8845 975 7460 1655 7240 2800 5995 1805 1275 1025 980 905

44 8795 955 7420 1645 7195 2785 5955 1795 1275 1025 980 905

45 8710 915 7345 1635 7115 2760 5885 1780 1275 1025 980 905

46 8600 865 7245 1615 7010 2720 5790 1755 1275 1025 980 905

47 8450 800 7115 1590 6875 2675 5670 1720 1275 1025 980 905

48 8270 715 6955 1560 6705 2615 5520 1685 1270 1025 980 905

49 8060 620 6765 1525 6510 2545 5340 1635 1270 1025 975 905

50 7820 510 6550 1485 6285 2465 5140 1585 1265 1025 975 905

51 7545 385 6305 1440 6025 2375 4910 1525 1265 1025 975 910

52 7240 245 6030 1385 5745 2275 4650 1460 1260 1025 970 910

53 6900 95 5730 1330 5430 2165 4370 1385 1260 1030 970 910

54 6535 -75 5400 1270 5085 2045 4060 1305 1255 1030 965 910

55 6140 -255 5045 1205 4715 1910 3725 1220 1250 1030 965 915
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