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It gives me immense pleasure to present the  Vol. 3, No. 4, 2019 issue 

of the CSIR-SERC’s newsletter e-STRUCT which reports highlights of 

our R&D pursuits, achievements, new facilities, skill development 

initiatives and other significant endeavours  during October – 

December 2019.
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From the Director’s Desk

Ultra high performance concrete – A promising 
candidate for repair and retrofitting applications

Ultra-high performance concrete (UHPC) 
is an advanced composite which contains 
cement, fine sand, silica fume, quartz powder, 
superplasticizer (SP), a low water/cement 
ratio and high-strength steel fibers. Some of 
the attractive features of UHPC include high 
packing density, ultra high strength, very low 
permeability and improved strain hardening 
behavior. Although, UHPC is a revolutionary 
material, the advantages of it has not been 
exploited by the Indian industry. However, 
acceptance for UHPC is now growing at a 
moderate pace in the Indian market with 
recent trends showing accelerated popularity 
among architects and bridge engineers. 

In view of this several research investigations 
have been carried out on UHPC at CSIR-
SERC, the details of which are as follows: (i) 
Development of UHPC mix:  Mix design and 
curing procedure for UHPC is developed 
based on the principles of reduction in 
porosity, improvement in the microstructure, 
enhancement inhomogeneity, and increase 
in toughness. The developed UHPC has 
compressive strength to weight ratio 
approximately seven times that of normal 
concrete and twice that of ordinary steel, 
making it ideal for niche applications such 
as bridges, power plant structures, etc. The 
compressive strength and tensile strength 
of UHPC ranged from 150-220 MPa (Fig. 1) 

and 10-24 MPa, respectively. (ii) Constitutive 
modeling of material properties of UHPC:  
The characterization of UHPC is performed 
under compression, tension, bending, 
impact, fatigue, and fracture loading.   Based 
on the experimental studies, analytical 
models have been proposed to predict stress-
strain response, tensile fracture behavior (Fig. 
2), size-dependent and size-independent 
fracture energy, low-velocity impact (Fig. 3) 
and effect of fatigue loading on UHPC. The 
proposed models are simple and versatile 
and can be readily useful for structural 
analysis and design. (iii) Development of 
UHPC for repair and retrofit applications: 
Precast UHPC overlays of different thickness 
are integrated with damaged reinforced 
concrete (RC) beams to improve the flexure 
capacity (Fig. 4).  The composite retrofitted 
beams acted monolithically under bending 
without debonding (Fig. 5), with maximum 
increase of load-carrying capacity up to 35%.
The moment capacity of composite UHPC-
RC beams is predicted by using nonlinear 
fracture mechanics concept considering (a) 
stress intensity factors due to cement paste, 
steel, UHPC and applied load (b) vectorial 
contributions of crack displacement from 
the external moment, steel and UHPC force. 
A two stage finite element analysis was 
carried out to predict the number of cycles 
to failure and load-deflection behavior

Students at the CSIR-SERC campus for the JIGYASA Programme

This issue brings you yet another exciting development that is taking
place in our institute which is the Ultra High Performance Concrete
(UHPC). There is a greater realization on the merits of this advanced
construction material for use in numerous applications. This issue
discusses an important study on the damage and failure mechanisms
of UHPC strengthened reinforced concrete structural elements.
The institute has for the first time acquired a distributed fiber optic
sensing instrument, which is capable of strain and temperature
measurement over fibre lengths upto 100 km. This facility will
be useful in structural health monitoring of oil and gas pipelines,
dams and geohazards. Our scientists are now developing advanced
techniques for online damage detection using distributed sensing.
Apart from the 3 ongoing Pan-CSIR Mission Mode Projects,
scientists have been engaged in 3 Niche Creating High Science/High 
Technology Projects, 4 Other Lab Projects, and several sponsored 
research and consultancy projects in this period. Besides,SERC has 
bagged several new projects from reputed industries likeL&T, 
BHEL and NPCIL. More than 2300 students participated in thefour 
JIGYASA programmes organized during this period. As a partof 
the CSIR integrated skill initiative, four advanced courses were
conducted to disseminate the knowledge gained in specific domains.
A MoU was signed between CSIR-SERC and Indian Institute of
Technology (BHU), Varanasi, for intellectual cooperation, scholarly
exchange and the development of national partnership. Various
technologies and expertise of CSIR-SERC were showcased at the
Mega Science, Technology & Industry Expo, organized as a part of

the 5th India International Science Festival (IISF 2019).

I feel extremely delighted to inform that CSIR-SERC was awarded

second position among Big-II offices category for the best

performance in the progressive use of Official Language during

the year 2018-2019, by the Town Official Language Implementation

Committee (TOLIC), Chennai. Dr. Stephane Pierre Alain Bordas,

Professor of Computational Mechanics, University of Luxembourg,

visited CSIR-SERC in October 2019. Finally you will be happy to know

that CSIR-SERC has been entrusted with the responsibility to lead the

Civil Infrastructure and Engineering (CIE) Theme of CSIR, which we

will discharge to the best of our ability.

Prof. Santosh Kapuria
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Major Publications

• Construction and Building Materials,
2015, 2016, 2018, 2019

•International Journal of Fatigue, 2018

•Applied Acoustics, 2017

of the retrofitted RC beams by considering 
the (i) degree of pre-damage, (ii) fracture 
energy and stress-crack opening relation, 
and (iii) elasto-plastic behavior of the 
reinforcing steel. Fig. 6 presents the tensile 
damage of typical retrofitted beam. (iv) 
Structural health monitoring of UHPC 
strengthened RC beams using Acoustic 
emission (AE) testing: The science behind 

the complex process of damage and 
failure mechanisms in UHPC –RC concrete 
structures was examined and modeled with 
the aid of Acoustic emission (AE) testing. 
AE monitoring is a unique, non-invasive 
and passive NDT which is now widely 
accepted and is being used in the field 
of civil engineering for structural health 
monitoring. The detailed information about 

the damage evolution, such as the cracking 
pattern, released energy, prevalent fracture 
mode and the achievement of the critical 
conditions that anticipate the collapse is 
successfully modeled using integrated and 
non-integrated approach (Fig. 7).

Fig. 1 Compressive strength development of UHPC Fig. 2 Typical Load – crack mouth opening displacement curves 

Fig. 3 Comparison of maximum principal strain of UHPC panels 
with the crack pattern subjected to impact load

Fig. 4 Flexural response of UHPC-RC composite beam

Fig. 5 Typical failure pattern of UHPC-RC composite beam

Fig. 7 Tensile damage for a typical retrofitted beam

Fig. 6 Typical Probabilistic based AE Crack 
classification in UHPC–RC composite beams
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New facilities
Distributed Fiber Optic Sensor Interrogator at 

Structural Health Monitoring Laboratory, CSIR-SERC
Distributed fiber optic sensors measure 
strain and temperature variations over very 
long distances and it is an excellent tool for 
real time monitoring of large structures. 
Unlike conventional discrete sensors which 
gives the variations at pre-determined 
points, these distributed sensors uses the 
scattering phenomenon of light inside 
an optical fiber to obtain the strain and 
temperature profiles throughout the 
length of long distance fiber optic cables. 
Today’s distributed strain and temperature 
sensors offer clear cost and technical 
advantages in applications such as pipeline 
monitoring, bridge monitoring, dam 
monitoring, power line monitoring, and 
border security / perimeter monitoring. The 
most common type of Brillouin strain and 
temperature sensor uses a phenomenon 
known as stimulated Brillouin scattering 
(Fig. 1). Brillouin scattering occurs in an 
optical fiber due to the interaction of 
the light with thermally excited acoustic 
phonons. Brillouin scattering is also used 
for obtaining the variation of strain and 
temperature along the length of the optical 

fiber based on the shift in the frequency 
of scattered light. There are two types 
of systems for measuring the strain and 
temperature variation 1) Brillouin Optical 
Time Domain Reflectometry (BOTDR) 
where only one end of the optical fiber is 
connected to the system and is based on 
spontaneous Brillouin Scattering 2) Brillouin 
Optical Time Domain Analysis (BOTDA) 
where both the ends of the optical fiber are 
connected to the system and it is based on 
stimulated Brillouin scattering. Practically 
BOTDR is easy for installation as only one 
end of the optical fiber has to be connected 
to the system whereas BOTDA can be used 
for higher sensing ranges. In BOTDA, light 
is sent through both ends of the fiber as 
pump and probe signal (Fig. 2). Hence the 
backscattered signal will have improved 
strength and gives higher accuracy for 
strain and temperature measurements. 
The Brillouin frequency shift varies linearly 
with respect to the physical parameters 
such as strain and temperature. Hence the 
frequency shift is correlated to the physical 
parameters as per equation 1.

VB (ε, T) – VB (ε0, T0) = Cε*δε + CT*δT  (1)

where VB (ε, T) is the Brillouin frequency 
due to strain and temperature in the 
optical fiber and VB (ε0, T0) is the baseline 
Brillouin frequency of the optical fiber at 
ambient conditions. Cε and CT are the 
coefficients of optical fiber for strain 
and temperature respectively, δε and 
δT are change in strain and temperature 
respectively. 

The system installed at Structural Health 
Monitoring Laboratory of CSIR-SERC (Fig. 
3) has two in-built channel and capable
of strain and temperature measurement 
over fiber lengths upto 100 km in BOTDA 
and 70 km in BOTDR mode with a spatial 
step of 0.08 m. The system can be used 
for monitoring oil and gas pipelines, 
structural health monitoring of bridges, 
dam monitoring, Geohazard monitoring 
applications etc. 

Fig. 1 Principle of Brillouin scattering Fig. 2 Stimulated Brillouin scattering inside optical fiber

Fig. 3 Distributed strain and temperature measurement system
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• Investigation on collapse of green
concrete dome of sludge digester D, 
STP Hebbal, Bangalore - M/s. BWSSB, 
Bangalore

• Cyclic and monotonic fracture studies
on similar and dissimilar pipe girth 
weldments at operating temperature -  
BARC, Mumbai

• Wind tunnel tests on tall RC chimney for 
3 x 660 MW North Karanpura STPP FGD 
system - BHEL, New Delhi

• Condition assessment of TG building
RCC column of Unit 2 - NPCIL, Kudankulam

• Testing and evaluation of HSFG bolted
joints for slip factor - dedicated freight 
corridor corporation of India limited 
(DFCCIL) - M/s L&T Construction Ltd., 
Gujarat-PAC

• Testing and destruction of
220 kV double circuit ‘SPL’ type 
tower - Apar Industries Limited

• Testing of 220 kV D/C “DA”
type tower (approx. 15.95MT) - 
Karamatara Engineering, Mumbai

• Testing & destruction of 132 kV four
circuit  “FD”  typetower (approx. 32.34MT) 
- ETERN-CCCE-FEPEC J/V,  Fenhu Economic 
And Technical Development Zone, 
Wujiang City, Jiangsu Province, China

• Testing & destruction of 400
kV double circuit ‘AD’ type 
tower - Apar Industries Limited

Major projects undertaken
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Capacity development

An advanced course on Corrosion of 
Reinforcement and its Control (CRC-
2019) was organized during 28-29 
November 2019, at CSIR-SERC. Twenty 
seven engineers with civil and structural 
engineering background attended 
the course. The participants were from 
government sector, private sector, 
public sector undertakings, educational 
institutions, industry, etc. The faculty were 
largely from CSIR-SERC, besides a few 
experts from other research institutions. 

The lecture topics broadly included: 
Corrosion process, mechanism and 
influencing factors, Electrochemical 

aspects of corrosion of rebar and test 
methods, Condition assessment of 
concrete structures – with particular 
emphasis on corrosion aspects, 
Corrosion protection materials and 
techniques, Materials and techniques 
for rehabilitation, Methodology for risk 
assessment and service life prediction, 
Performance specification and evaluation 
of materials used for corrosion control. 

The two day programme was successful 
and was well received by all the 
participants. They opined that the course 
was an eye opener to them on the research 
activities being carried out in CSIR-SERC.

(Courses organized as a part of CSIR Integrated Skill Initiative)

Technology transfer / MoUs
A Memorandum of Understanding (MoU) 
was signed on 23 October 2019 between 
CSIR-Structural Engineering Research 
Centre (CSIR-SERC), Chennai, and Indian 

Institute ot Technology (Banaras Hindu 
University), Varanasi, for Intellectual 
cooperation scholarly exchange, and the 
development of national partnership.

Advanced course on Corrosion of 
Reinforcement and its Control (CRC-2019)

Advanced course on Seismic Damage 
Mitigation of Structures (SDMS-2019)

An advanced course on Seismic Damage 
Mitigation of Structures (SDMS-2019) was 
organized during 4-6 December 2019 
at CSIR-SERC. Twenty one participants 
attended the course from public sector, 
private sector and academic institutions. 

As a part of the course, 13 lectures along 
with laboratory visits were organized. 
All the faculty were from CSIR-SERC. 
The lecture topics included: Seismic 
Hazard Assessment, Fundamentals of 
Earthquake Engineering, Conventional 
Seismic Resistant Design Techniques for 
Structures, Architectural Considerations 
and Guidelines for Earthquake Resistant 

Design of Buildings, Changes in the Seismic 
Codal Provisions & their Implications, 
Performance based Seismic Design of 
Structures, Contemporary Seismic Testing 
and Evaluation Methods,   Performance 
of Buildings and Structures against 
Seismic and Extreme Wind Loads-Multi-
Hazard Contra-Requirements, Earthquake 
Resistant Design of Masonry Structures, 
Passive Seismic Response Control of 
Structures, Semi-active Control of 
Structures, Seismic Evaluation of Existing 
Structures and Seismic Retrofitting of 
Reinforced Concrete Structures. The three 
day programme was successful and was 
well received by all the participants. The
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state-of-the-art facilities available at 
the ASTaR laboratory impressed the 
participants and they requested that the 
future programmes be more practically 
oriented so that the techniques learned 
can be applied in their respective 
workplaces. Many participants showed 
interest for more laboratory experience/
demonstrations/interactions for solving 
practical problems faced by them.

Advanced course on Performance Based Design of Structures (PBDS-2019)
An advanced course on Performance 
Based Design of Structures (PBDS-2019) was 
organized during 11-13 December 2019 at 
CSIR-SERC.

Fifteen engineers with civil and structural 
engineering background attended 
the course. The participants were from 
government sector, private sector, 
public sector undertakings, educational 

institutions, industry, etc. The lecture topics 
broadly included: Performance based 
earthquake engineering, Performance 
based design for cyclone and multi-
hazards, Performance based design of 
reinforced concrete, steel and masonry 
structures, Performance based design 
of structures using control devices, and 
Performance specifications for durability 
of reinforced concrete structures. 

Advanced course on Wind Loads and Effects on Structures (WiLES-2019)
An advanced course on Wind Loads and 
Effects on Structures (WiLES-2019) was 
organized during 18-20 December 2019 
at CSIR-SERC. The course was highly 
successful with forty five engineers 
with civil and structural engineering 
background attending it. The course 
contents included: Introduction to wind 
engineering, Background of basic and 
design wind speeds given in IS 875 
(Part 3), Structural dynamics, Bluff-body 
aerodynamics, Dynamic effects of wind on 
buildings and structures and Wind loads 

and their effects on - chimneys including 
interference effects, wind turbine support 
structures, tall buildings including 
interference effects, long span bridges, 
low-rise industrial structures, natural 
draught cooling towers.

Internal Training Programmes

• A training cum demo session on Typeset – authoring platform software was organized by Knowledge Resource Division, CSIR-
SERC, on 21 November 2019. Thirty two scientists and technical staff members attended the session

• A training programme on Risk and opportunities as per ISO 9001was organized at CSIR-SERC, on 25 November 2019 - thirty five 
participants attended the programme

Events
JIGYASA

Four JIGYASA programmes were conducted 
during October - December 2019 by CSIR-
SERC. 

The first programme was organised during 
17 - 18 October 2019 at the CSIR campus 
in Chennai. The inaugural programme was 

organized on 17 October 2019 and the day 
was also observed as the public outreach 
day of Indian International Science Festival 
(IISF) 2019. Dr. Anitha, Chief Education 
Officer, Chennai, was the chief guest 
of the function. Around 330 Students 
and 20 teachers from six government 

and government aided schools from 
Chennai participated in the event. Prof. 
Santosh Kapuria, Director, CSIR-SERC 
and Coordinating Director, CSIR Madras 
Complex (CMC), in his welcome address 
briefed on the importance of JIGYASA 
programme, in exposing the young minds 
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minds to the world of research in science 
and engineering. He also gave an insight 
into CSIR, the significant role played by it in 
applied research and laboratories located in 
the CSIR campus, Chennai. He encouraged 
and called upon the students to take the 
country scientifically and technologically 
higher and urged them to begin their quest 
from this programme.

The chief guest in her inaugural address 
motivated the students to choose the 
field of their interest and excel in their 
profession. She also encouraged them to 
interact with CSIR scientists for real-time 
exposure in science and for developing 
their innovative ideas. She pointed out 
that out of 7.75 lakh students in about 
1500 government schools across Chennai, 
only 330 students were chosen for this 
programme and called upon the students 
to utilize the opportunity in a right way. 
The chief guest also informed the students 
about IISF 2019 at Kolkata.

On the first day, a series of lectures on 
various scientific topics with interactive 
sessions were delivered by the scientists 
of CSIR-SERC and CMC. The following 
lectures were delivered by the scientists:

1. Heritage Buildings and Damages Due
to Natural Hazards by Dr. P. Kamatchi, 
Principal Scientist, CSIR-SERC
2. Nano Materials and Bio-technology
in Constructions! by Dr. S. Maheswaran, 
Principal Scientist, CSIR-SERC
3. Waste Water Treatment with Electro-
chemical Systems by Dr. S. Chellammall, 
Principal Scientist, CSIR-CECRI
4. Wealth from Wastes by Dr. T. Hemalatha,
Senior Scientist, CSIR-SERC
5. Safety against Cyclones and Wind Effects
on Structures! by Dr. A. Abraham, Principal 
Scientist, CSIR-SERC
6. Steel is Strong for Construction tool by Dr. 
P. Prabha, Senior Scientist, CSIR-SERC

On the second day, students were taken 
for laboratory visits in two batches – FFL, 
ASTAR, WEL laboratories of CSIR-SERC 
and CECRI, CSIO and CEERI of CMC, to get 
exposure to the ongoing R&D activities. 
Live experiments and demonstrations 
were shown in the laboratories, and the 
students interacted enthusiastically with 
the scientists.
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The second JIGYASA programme was 
organized at Bangalore for thireen 
Kendriya Vidyalaya (KV) schools, during 
5-6 November 2019, wherein around 700 
students participated. 

The third programme was organized 
at Dharwad and Hubli, during 13-14 
November 2019, in which 590 students 
from three KV schools participated.

The final programme was organized at 
Mangalore, during 27-28 November 2019, 
with 680 student participants from two 
schools.

Visits
• Dr. Stéphane Pierre Alain Bordas, Professor, Computational Mechanics, University of Luxembourg, visited CSIR-SERC

on 30 October 2019 and delivered a special lecture on Data-driven multiscale modelling: fracture across space and
time and digital twins

Technology showcase
• CSIR-SERC participated in the Mega Science, Technology & Industry Expo, organized as a part of 5th India International

Science Festival (IISF 2019), by Department of Science and Technology, Government of India and Vijnana Bharati (Vibha),
during 5-8 November 2019, at Kolkata.

Invited lectures
• Dr. K. Sathish Kumar, Chief Scientist,
delivered an invited lecture titled 
Contemporary Seismic Testing and 
Performance Evaluation Methods, at the 
National Conference on Environmental 
Testing of Aerospace Systems: Advances & 
Future Trends, organized by Aeronautical 
Society of India & Vikram Sarabhai 
Space Centre, Thiruvananthapuram, on 11 
October 2019

• Dr. P. Harikrishna, Senior Principal
Scientist, delivered an invited lecture titled 
Boundary layer Wind Tunnel Investigations 
on Dynamic Wind Effects on Buildings and 
Structures, at the National Conference 
on Environmental Testing of Aerospace 
Systems: Advances & Future Trends, 
organized by Aeronautical Society of 
India & Vikram Sarabhai Space Centre, 
Thiruvananthapuram, on 12 October 2019

• Dr. N. Anandavalli, Senior Principal
Scientist, delivered an invited lecture 
titled Structural Protection System against 
Human-made Disasterat, at PSG College of 
Technology, Coimbatore, on 15 November 
2019

• Dr. Mymoon Moghul, Senior Technical
Officer (2), delivered an invited lecture on 
Social Media and Libraries, at the UGC-HRDC 
Refresher Course in Library and Information 
Science, organzied by University of Madras, 
Chennai, on 15 November 2019

•  Shri S.G.N Murthy, Senior Principal Scientist, 

delivered an invited lecture on Embedded 
sensing for SHM of Concrete structure, at 
Pre Conf NDE2019, organized by Indian 
Society for Non-destructive Testing (ISNT), 
at Bangalore, during  3-4 December 2019

• Prof. Santosh Kapuria, Director, delivered

the B.R.Seth Memorial lecture  titled 
Wave Packet Enriched Finite Elements 
for Multi-field Wave Propagation 
Problems in Solids under Narrowband to 
Broadband Excitations, at 64th  
Congress of Indian Society of 
Theoretical and Applied 
Mechanics, organized by Indian Institute 
of Technology Bhubaneswar, on 11 
December 2019

• Prof. Santosh Kapuria, Director, delivered
a Plenary Speech on An efficient 
Facet Shell Element with Layer-wise 
Mechanics for Smart Pezolaminated 
Shells Featuring Delaminations, at 
7th International Congress on 
Computational Mechanics and 
Simulation (ICCMS 2019), organized by 
Indian Institute of Technology Mandi, on 
13 December 2019

• Prof. Santosh Kapuria, Director, delivered
an invited talk on CSIR’s vision in Civil and 
Infrastructure Engineering, at the 
CSIR symposium in AGM of the Indian 
National Science Academy, organized at 
CSIR-National Institute of Oceanography, 
Goa, during 16-18 December 2019

• Dr. K. Balaji Rao, Chief Scientist, delivered an 
invited lecture on Fracture Characterization 
of Concrete using Non-Destructive Testing 
Including Acoustic Emission Testing, at the 
Course on Fracture Mechanics of Concrete 
Structures, organzied by Indian Institute of 
Science, Bengaluru, on 17 December 2019
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Honours, awards & recognitions

Paper publications
• SCI Journals - 13
• Reputed  Indian Journals - 1

The Director, CSIR – Structural Engineering Research Centre
CSIR Campus, Taramani, Chennai.

Tel: 91-44-22549201;      E-mail: director@serc.res.in;        

 https://serc.res.in
https://www.facebook.com/csirserc 

         https://twitter.com/csir_serc

CSIR - SERC was awarded second position 
among Big-II offices category for the 
best performance in the progressive 
use of Official Language during the 
year 2018-2019, by the Town Official 
Language Implementation Committee 
(TOLIC), Chennai.

This award was presented at the TOLIC 
half-yearly meeting organized at 
National Institute of Ocean Technology 
(NIOT), Chennai, on 22 October 2019. 
Prof. Santosh Kapuria, Director, CSIR-
SERC, received the award and shield 
from General Manager, Southern 
Railway. 




