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I am very happy to present Vol. 5, No. 4, 2021 
issue of e-STRUCT. This edition of newsletter 
highlights our R&D pursuits, achievements, skill 
development initiatives and other significant 
endeavors during October - December 2021.

CSIR-SERC has developed a novel dissipative 
replaceable beam-to-column connection (fuse-
link) for use in special moment frame buildings to 
enhance the seismic resilience. This technology 
effectively addresses the post-earthquake issues 
such as repairing and rehabilitation of damaged 
structures. The work done by CSIR-SERC is 
detailed in research highlights section of this 
edition of eNewsletter. A patent application was 
also filed for this technology in India.

During this quarter, CSIR-SERC’s technology 
on folded textile reinforced concrete fence 
panels was licensed to M/s L&T Construction 
(Transportation Infrastructure IC), Mumbai. 
An MoU was signed with CPRI, Bengaluru for 
a research project on Strengthening studies 
for Performance Enhancement of Existing 
Transmission Line Towers. Eleven major projects 
were also undertaken during this period. During 
the period, CSIR-SERC organized eight online 
advanced courses as a part of CSIR Integrated Skill 
Initiative and seven webinars/seminars for the 
benefit of the student and research community. 
An ayurveda medical camp and three phases of 
vaccination camps were also organized during 
this quarter. This has indeed been a great and 
eventful quarter and as always we look forward 
to more exciting opportunities in future.

2.6.2022                                       Dr. N. Anandavalli
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From the Director’s Desk

Seismic resilience of steel structures
The present earthquake resistant design 
(ERD) philosophy permits irreparable 
damage in primary structural members 
while not leading to the collapse of the 
structure during strong earthquakes (AISC 
314:16). In general, the primary intent of 
the present ERD is to save lives by avoiding 
the collapse of the structure. However, 
post-earthquake issues such as repairing 
and rehabilitating damaged structures are 

not addressed adequately in the present 
ERD. Consequently, damaged structures 
are more likely to be demolished and 
reconstructed, leading to substantial 
economic losses. Therefore, a novel 
dissipative replaceable beam-to-column 
connection (fuse-link) has been developed 
at CSIR-SERC for use in special moment 
frame buildings (Fig.1) to enhance the 
seismic resilience.

Shramdhan Day at CSIR-SERC

  Fig.1: Schematic view of fuse link beam-to-column connection 
(a) Arrangement of fuse link connection in moment frame and 

(b) Close view of fuse link connection
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The developed fuse link connection is 
designed to confine the damage within 
itself and retaining primary members 
intact. Hence, after strong earthquake, 
the function of the building can be 
restored by replacing the fuse links 
and carrying out minor repair works in 
structural and nonstructural elements. 

Fuse link connection consists of two fuse 
links, one each at bottom and top beam 
flange level, connected by bolts to the 
beam and the column flanges. Each fuse 
link consists of two horizontal plates 
interconnected by five lattice plates 
arranged such that the force from one 
of the horizontal plates (connected to 
beam flange by using bolted lap joint) 
is transferred to the other horizontal 
plate (connected to the column flange 
by using bolted end-plate type Tee-
connection) through axial action of the 
lattice plates. The lattice plates, (three in 
inclined position at angle of 45 degrees 
and the remaining two in vertical 
position) are welded to the horizontal 
plates. The inclined dog-bone shaped 
lattice plates, also called the fuse plates, 
act as the primary energy dissipating 
elements in the connection. The beam 
web is connected to the column flange 

by using standard shear tab (welded to 
column flange and bolted to beam web) 
that acts as supplementary element 
to support the gravity load even after 
damaged fuse links are removed for 
replacement after strong earthquakes.

The fuse link connection offers high 
rotational stiffness to the connection 
owing to truss (axial) action in the lattice 
plates to transfer force from beam to 
column. Further, the links offer high 
rotation ductility to the connection 
owing to tension yielding of the lattice 
plates; buckling of lattice plates is delayed 
through design. The links are designed for 
strength less than the capacities of both 
column and beam, and thereby act as fuse. 

To demonstrate the performance of fuse 
link connection experimental programme 
consists of eight numbers of full-scale 
strong-axis exterior fuse link beam-
column connection sub-assemblage test 
have been carried out according to AISC: 
341-16. Pictorial view of experimental test 
set-up for exterior joint sub-assemblage 
is shown in Fig. 2. The proposed beam-
column connection exhibited good 
energy dissipation characteristics, while 
confining damage within the fuse links and 

retaining primary structural members 
in elastic state. No abrupt degradation 
of strength is noticed even after 4% 
drift ratio.  The typical moment-rotation 
behaviour of fuse link beam-to-column 
connection is shown in Fig. 3. In addition, 
residual moment capacity of the sub-
assemblage even after fracture of fuse 
plates is more than 40% of yield moment 
capacity of beam, which is due to the 
presence of secondary elements in fuse 
link. The beam, column and shear tab are 
repeatedly used for all eight experimental 
investigations and it is observed that 
the replacement of fuse link restore 
the behaviour of fuse link connection. 
In addition, numerical and analytical 
investigations have been carried out 
to develop design methodology. Based 
on the comparison of semi-analytical, 
numerical and experimental results, it is 
shown that the proposed models closely 
predict moment-rotation behaviour 
of the developed fuse link beam-to-
column connection. Comparison of 
numerical, analytical and experimental 
results are shown in Figs. 3 and 4. 

Fig.2: Pictorial view of test setup
Fig.3: Typical moment-rotation curve of fuse link beam-to-

column connection

The damaged links are easy to identify 
from the visible deformation of the 
elements of fuse link (Fig. 4b) and easy 
to replace owing to simple bolted 
connections to both beam and column. 
It was found to be easy to dismantle the 
damaged fuse link within 10 minutes 

as the bolts are designed to retain in 
good condition. Having adequate large 
plastic rotation capacities and residual 
moment capacities collapse of fuse link 
connection is unlikely. Finally, based 
on the results, the proposed beam-to-
column connection is qualified for use in 

a special moment-resisting frames as per 
the requirements of AISC 341:16. Based 
on this technology, an Indian patent has 
been filed and number is 201811047609 
Dt. 17/12/2018. For more information, 
publications listed may be referred. 
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Salient Features of the Technology

• Ensure occupant safety during strong earthquake

• Reduces the cost of repair work after an event of strong earthquake and also no considerable increase of initial cost of 
construction

• The existing buildings can be retrofitted to enhance the seismic performance under strong earthquake

• The links offer high rotational stiffness to the connection owing to truss (axial) action in the lattice plates to transfer force 
from beam to column. It makes the design simple and easy

• The fuse link also consists of redundant members, which comes into the action after the damage of fuse plates to provide 
adequate residual strength. Hence, collapse of fuse link is unlikely

• The damaged links can be easily identified from the visible deformation of the fuse plates and can be easily replaced 
owing to simple bolted connections to both beam and column

• The fuse link can be easily replaced within about 15 minutes

• No external support is required during replacement of fuse link as the connection include supplementary element, which 
will resist gravity loading

• Facilitate the use of high strength steel beams and compact steel sections to reduce the cost of construction

• It avoids demolishing damaged building and constructing new one, which will reduce the usage of steel leading to 
reduced carbon emission and sustainable structure

Indian Patent

• Energy-dissipating replaceable fuse elements for steel beam-column connection, Saravanan, M., Goswami, R. & Palani, 
G.S., Indian patent application number. 201811047609 Dt. 17 December 2018

Fig.4: Damaged state of fuse link beam-to-column connection
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• 

• Condition assessment of 275m tall RCC 
chimney (1 no) and recommendations 
for remedial measures - NTPC Barh

• Condition assessment of TG Columns 
and deck of stage II (2 units) and 
recommendation for repair measures- 
NTPC Barh

• Condition assessment of PA ID FD 
Mill Foundation & Ash silo and 
recommendation for repair measures - 
NTPC Barh

• Condition assessment of induced 
draught cooling towers of stage 2 NTPC 
Barh -  NTPC Barh

• Assessment of structural stability of RCC 
vehicular underpass (box type) and RE 
wall of ROB at Basettihalli, Karnataka - 
South Western Railway, Bengaluru

• Condition assessment of RCC structures 
of hydro power project barriage intake 
and desilting structures and repair and 
strengthening measures including steel 
anchoring systems in the structures at 
NTPC, TAPOVAN - NTPC Hydro Power 
Project, Joshimath

• Wind tunnel investigation on aero-elastic 
model of tall RC chimney for Sagardighi 
TP Extension project phase-III, Unit-5 
(1X660MW) - BHEL, PS- PEM, Noida

                                                                                                            
• Design checking of approach spans of 

rail-cum-road bridge across river Ganga 
at Munger ghat - SP Singla Constructions 
Pvt Ltd, Haryana

• Condition assessment of structural steel 
framing (EL 115.5 m) of RB3 FM vault 
(North and South) at NPCIL, Kakrapar - 
NPCIL, Kakrakpar

• Demonstration of FBG sensor based 
structural health monitoring system 
through laboratory investigations - Lab 
to Market Innovations Private Limited, 
Bengaluru

• 3D Scanning laser doppler vibrometer 
based investigations for identification of 
defects in honeycomb composite panels 
- GE India Industrial Pvt Ltd, Bengaluru
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Major Projects Undertaken

Capacity development
Courses organized as a part of CSIR Integrated Skill Initiative

• An online advanced course on 
Corrosion of reinforcements and its 
control  was organized during 7-8 
October 2021      

                                  
• An online advanced course on 

Analysis, modelling and design of 
structures for impulsive loads was 
organized during 20-22 October 
2021

• An online advanced course on 
Utilisation of industrial solid 
wastes in concrete applications was 
organized during 28-29 October 
2021

• An online advanced course on 
Performance enhancement of RC 
and steel structures for fire and 
corrosion was organized during 28-
29 October 2021

• An online advanced course on 
Seismic damage mitigation of 
structures was organized during 1-3 
December 2021

• An online advanced course on Wind 
loads and effects on structures was 
organized during 8-10 December 
2021

• An online advanced course on 
Retrofitting of distressed prestressed 
concrete (PSC) members by external 
post-tensioning was organized 
during 13-14 December 2021

• An online advanced course on Risk-
consistent and resillence-based 
design of structures was organized 
during 15-17 December 2021

• The technology on Folded textile 
reinforced concrete (TRC) fence 
panels was licensed to M/s L&T 
Construction (Transportation 
Infrastructure IC), Mumbai, effective 
from 1 October 2021

• CSIR-SERC has signed an NDA with 
AGNIKUL COSMOS, Chennai, on 
5 October 2021, for a proposed 
project titled AGNIBAAN - 
Commercial Launch Vehicle

• A memorandum of understanding 
(MoU) between CSIR-SERC and 
Central Power Research Institute, 
Bangalore for a research project 
on Strengthening studies for 
performance enhancement of 
existing transmission line towers 
was signed on 17 December 2021

Publications

• Saravanan, M., Goswami, R. & Palani, G. S., Replaceable fuses in earthquake 
resistant steel structures: a review, International journal of steel structures, 2018

• Saravanan, M., Goswami, R. and Palani, G.S., Energy dissipative beam-column 
connection for earthquake resistant moment frames, Journal of Constructional 
Steel Research, 2021

• Saravanan, M., Goswami, R. and Palani, G.S., Design of a fuse link beam-to-
column connection for earthquake resistant moment frames, Journal of 
Constructional Steel Research (Accepted) 
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Technology transfers / MoUs

Webinars / Seminars

• Gandhi Jayanthi was observed as Shramdhan day on 2 October 2021.  As a part of cleanliness programme, the 
Swachhata shapath (Pledge) was taken on 2 October 2021

• Fit India Freedom Run 2.0: To commemorate Azadika Amrit Mahotsav, the Fit India Freedom Run 2.0 was held at CSIR 
Campus, Chennai, as part of the 75th independence day celebrations. As a part of the programme a thirty minute 
freedom run was performed during 13 August - 2 October 2021

• Vigilance awareness week 2021 was observed from 26 October to 1 November 2021 at the CSIR Campus.  The theme for 
this year is Independent India @ 75: Self Reliance with Integrity.  Staff took active participation in various programmes 
organized during this period

• An ayurveda treatment camp was organized by the staff clubs of CSIR-SERC and CSIR Madras Complex during 25-26 
November 2021 in co-ordination with Dr. S. Jayakar and team, Vidyanbharathi (Ariviyal Sangam), Chennai

• Fifth phase of Covid-19 vaccination camp was organized at the CSIR Campus on 29 October 2021 in co-ordination with 
Dr. Thendral, Greater Chennai Corporation, Adyar, Chennai

• Sixth phase of COVID-19 vaccination camp was organized on 18 November 2021 in co-ordination with Dr. Rajesh, 
Urband Primary Health Centre (UPHC), Velachery, Chennai

• Seventh phase of COVID-19 vaccination camp was organized on 23 December 2021 in co-ordination with Dr. Rajesh, 
Urband Primary Health Centre (UPHC), Velachery, Chennai.

• Condition assessment of concrete structures was organized on 6 October 2021

• Mobile sensor technology for bridge health monitoring was organized on 11 October 2021

• Introduction to geopolymer concrete was organized on 20 October 2021

• The need for quality field concrete and associated construction practices was organized on 27 October 2021

• Artificial intelligence application for civil engineering application was organized on 10 November 2021

• Material characterisation under high strain rate loading for strategic applications was organized on 17 November 2021

• Modern housing technology for mass housing construction was organized on 24 November 2021

Jigyasa

• Dr. C. Bharathi Priya, Senior Scientist mentored  JIGYASA program jointly with Government Higher Secondary School, 
Melapulam, Vellore district, Tamil Nadu, under CSIR-SERC ATAL Tinkering Lab program for students  

Events
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Invited Lectures
• Dr. Mymoon Moghul, Senior Technical 

Officer (2), delivered a lecture titled 
Predatory publishers and journals on 
12 October 2021, nominated by the  
Institute Academic Committee (IAC) as 
faculty

• Dr. N. Anandavalli, Director, delivered 
the keynote address on Technology 
developments and Impact of CSIR - 
Structural Engineering Research Centre 
during 55th Science Forum jointly 
organised by Mylai Thiruvalluvar Tamil 
Sangam, Chennai and Bharathidasan 
University on 22 October 2021 through 
virtual mode

• Dr. S. Bhaskar, Senior Principal Scientist, 
attended the International conference 
CORCON 2021 (virtual) during 18-
20 November 2021 and presented 
a technical paper titled Corrosion 
deterioration of RC structures – field 
experiences 

• Mrs. T. Sreekala, Senior Principal 
Scientist, delivered an invited lecture 
titled Seismic Code Provisions - IS 
1893 Part 1 at ATAL - online faculty 
development program on Geo 
mechanics for Structural Engineers 
organized by Saint Gits College of 

Engineering, Kottayam, Kerala on 4 
December 2021

• Dr. J. Rajasankar, Chief Scientist, 
delivered an invited lecture titled 
Damage Mechanics - Introduction, 
Modeling Damage in Quasi Brittle 
Materials in connection with one 
week ATAL AICTE FDP on Fracture 
Mechanism of Concrete Structures - 
online training programme organized 
by the Department of Civil Engineering, 
University College of Engineering 
(Autonomous), Osmania University, 
Hyderabad during 6-10 December 
2021

• Dr A. Ramachandra Murthy delivered 
two invited lectures (i) Evaluation 
of Fracture Parameters for Various 
Concretes and (ii) Application of 
Fracture in Concrete and Metals in 
connection with one week ATAL 
AICTE FDP on Fracture Mechanism 
of Concrete Structures - online  
training programme organized by 
the Department of Civil Engineering, 
University College of Engineering 
(Autonomous), Osmania University, 
Hyderabad during 6-10 December 
2021

• Dr. Nawal Kishor Banjara, Senior 
Scientist and Dr.(Ing.) Saptarshi Sasmal, 
Senior Principal Scientist, delivered an 
invited lecture titled Damage Source 
Localisation in Metal Plate using 
Passive Acoustic Emission Technique 
at the International Conference of 
Nondestructive Evaluation (NDE 2021) 
organized on 11 December 2021

• Shri D.M. Pukazhendhi, Senior Principal 
Scientist, delivered an invited lecture 
titled Static and Fatigue Behaviour 
of Concrete Structural Components 
Reinforced with GFRP Bars at the 
six days online short term training 
program on Steel-Concrete Composite 
Structures (STTP-SCCS 2021) - Third 
in the Series, organized by the 
Department of Civil Engineering, SRM 
Institute of Science and Technology, 
Chennai during 13-18 December 2021

• Dr. N. Anandavalli, Director,  
participated in Doordharsan Podhigai’s 
Hello Ungaludan and delivered a 
speech on Women in Science on 17 
December 2021

• Coalition for Disaster Resilient 
Infrastructure (CDRI) nominated Dr.  
V Srinivas, Senior Principal Scientist 
as Technical Expert for the Appraisal 
and Steering Committee (ASC) for the 
Transport Infrastructure Resilience 
Program at CDRI. The CDRI is a 
partnership of national governments, 
UN agencies and programmes, 
multilateral development banks and 
financing mechanisms, the private 
sector, and knowledge institutions that 
aims to promote the resilience of new 
and existing infrastructure systems to 
climate and disaster risks in support of 
sustainable development 

• Dr. B.H. Bharathkumar, Chief 
Scientist and Advisor (M), received 
the Outstanding Concrete Engineer 
for ICI Chennai Centre – UltraTech 
Construction Excellence Award 2021 
on 7 December 2021

• Shri A.K. Farvaze Ahmed, Senior 
Scientist, was awarded Outstanding 
Alumni Award under category – 
Government by Crescent Engineering 
College, Chennai, on 18 December 
2021

• Dr. C. Bharathi Priya, Senior Scientist, 
was awarded DST-IGSTC Post-Doctoral 

Industrial Fellowship titled Adaptive 
Torsional Vibration Isolators (ATVI) 
using Magneto-rheological Elastomer 
(MRE) during December 2021 for 
carrying out research in Fraunhofer 
LBF, Darmstadt, Germany

• Dr. M. Keerthana, Senior Scientist, was 
awarded DST-IGSTC Post-Doctoral 
Industrial Fellowship titled An 
improved framework for assessment 
of loads and wake studies on multi-
megawatt wind turbines under yawed 
flow during December 2021 for 
carrying out research in Fraunhofer 
IWES, Oldenburg, Germany

Honours, awards & recognitions
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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

Paper Publications
•  SCI Journals - 5

•  Reputed  Indian Journals - Nil


