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Study of Impact Behaviour of
Reinforced Concrete Elements

Reinforced conerete (RC) structures in its design service life may
be subjected to vanous types of impact loading. In this regard,
some of the typical cases where structural members of a building
system can be subjected to impact loading are falling of rocks in
mountain areas, flving debris in case of tall buildings, pounding of
building at the time of earthquakes, debris impact at the time of
tsunami etc,
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In continuation to the ongoing study on the behaviour of 20
reinforced conerete structural elements subjected to low velocity 18
impact loading, a systeinatic study has been initiated to study the 16
behaviour of RC beams under multiple impact loading. The impact El4
response of RC beams subjected to multiple impacts has been E 12
studied experimentally using instrumented drop weight impact < 10
testing facility. RC beams of size 150x250x2500 mm made with - :
M-40 grade concrete using three type of reinforcement 2 0
percentages have been studied. The beams tested for the drop 2,
weight of 200 kg from 1.0 m height are designated as A1, AZ, A3 0
series and the beams tested for drop height of 1.5m are designated 2 5
as Bl, B2, B3 series. Table 1 describes the various reinforcement 4 ¢ il i o i O
configurations of different beams of series Aand B. Time (Sec.)
. e T g Fig 1 (h): Typical Deflection-time curve of Beam for
Fable 1: Reinforcement details in RC Beams 1m fall of impactor mass of 200 kg. (1" Impact)
R _ Compression Tension the weight is dropped. which is resisted by the
EL'HE!"I“"" of reinforcement (A ) reinforcement (A,) clamping device.
cams . “t '
mo.of | Size | Area No.of | Size Area 3. Fromthe Fig 1{a}, it can also be scen that, there
Rebars | (mm) | (mm) | Rebars | (mm) {mm’) is a time lag (~0.0038 seconds) between
= . = = = maximum impact load (contact force) and
Al/BI 3 16 @ | 602.58 3 200 942.0 maximum reaction force. The time lag may be
A2/B2* 2 16 | 40192 2 2006 628.0 defined as the ime mterval, bebween the contact
A3/Bi* 2 166 | 401 92 2 2060 628.0 foree and the reaction ﬁ'}rﬁ:l:_. alter the in‘]pﬂL‘l is
done on the conerete beam. This may be
; 09
l eR | el | SNt attributed of the fact that stress wave take some
time after the impact to reach the end support.
[A.=2%& A =3.14% (Type AL/B1), A_= 1.4% & A,=2.1% (Type P #
A2/B2)A = 1.5% & A =2.1% (Type A3/B3)) 1.0m Drap Heizht
*AlAZ A3 for L.Omdropand Bl, B2, B3 for 1.5 m drop 3000
The response parameters such as deflection, strain in steel 2500
reinforcement, and reaction force during the impact event have = 15t impact
been recorded using dynamic data logger. Energy absorbed by cach = 2000
bearm is computed and presented. E H2nd impag
1500
Observations & Discussions g m 3rd impacy
l.  The reaction forces for beams are plotted with respect to tme td 1000 4 m4th impact
(Fig.1a). When hammer strikes the beam, immediately for an 500 -
instant the reaction is negative showing downward direction,
although the negative value is a fraction of positive peak. L =
2. The negative value of the reaction force is possibly because A A A
there is tendency to uplift at the support in the beginning as Specimen Type
550
l == Contact Force Fig. 2 (a): Variation of Energy absorption for series A
450 —Reaction Farte Left
250 — Reaction Fore Right 1.5 m Drop Height
= 3000
=
- 250 2500
§ 150 i) E 2000 = 1stimpact
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50 __I 5 1600 4 ® 3rd Impact
i 3 ; ; 5 ]
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. o ) R Bl B2 B3
Fig.1 (a): Typical Impact Load and Reaction s " T
Force for beam under 1m fall of impactor gERInen Tee
mass of 200 kg (17 Impact) Fig. 2(b): Variation of Energy absorption for series B
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Fig. 3 (a); Variation of time lag for series A

The deflection at the middle of the span (impact location) at
soffit of the beam has been obtained during the impact event
using the LDS. Then the Deflection vs Time is plotted for
cach type of beam. As can be seem from Fig. 1(h), due to the
presence of vibration in the beam after the impact, multiple
no of peaks in the graph can be seen.

It has been observed [Fig. 2(a) & Fig. 2(b)] that when the
reinforcement is high ie in case of Al, with multiple
impacts from | m height, the energy absorption capacity of
the beam decreases over subsequent impacts. Similar trend
15 observed {in case of B1) when the beam 15 subjected to
impact fom the height of 1.5 m. When the reinforcement
area was kept at (A_= 1.5% & A =2.1%) i.e. specimen type
A3, it is observed that with subsequent impact the energy
absorption capacity of the beam increased. This trend is just
the opposite of the first case. Although the increase in the
energy absorption may be pominal from the 1”7 impact.
Similar trend was observed in the 1.5 m fall.

When the deflection criteria is looked into, 1t 15 observed that
for all the three reinforcement areas, with multiple impacts,
the beam undergoes an increase in deflection, both for 1 m
and 1.5 m case. It is also clear from Fig 2c. specimen A2
showed the maximum deflection of 13.1 mm followed by

1.0 m Drop Height 1.5 m Drop Height
10 20 -
"E" 1% | 1st Impact "E 15
c E E _E_ m 1stimpact
E "E' = 2nd Impact o =
VI G oo - I 9 4o m 2nel Impact
E E W 3rd Impact E E m 3rd Impact
E m 4th Impact S
o]
Al Az A3 Bi B2 B3
Specimen Type Specimen Type
Fiz. 2 (¢): Variation of Mid Span deflection of Fig. 2 (d): Variation of Mid Span deflection
Beam for series A of Beam for series B
0.0055 0.0055%
mAl - A2 . A3 - mBl s.»B2 =B3 é
. 0.005 0.005
B &
= na - >
E 0.0045 - > + F 0.0045%
E = * e = ]
- 0.004 - E o0.004
- =
0.0035 0.0035
0.003 | 0003
o 1 2 3 a 5 o i 2 3 a
No of Impacts No of Impacts

Fig. 3(b): Variation of time lag for series B

12,84 mm and 8 48 mm for A3 and A | respectively. Similar
trend was observed for the series B beams (Fig, 2d).

From the above discussions, it can be seen that A3 absorbs
more energy, 1.e. { 6002 Joules and 6811 Joules) in case of
Im and 1.5 m height drop weight, compared to Al and A3,
Although A2 absorbs about 10 % less energy than the A3
case but it is allowing the beam to deflect more before
failure. A2 gives optimum energy absorption capacity and
allows a more ductile failore when subjected to impact of
2000kg mass froma heightof | mand 1.5 m.

To discuss how the time lag varies for different beams, a plot
between time lag with number of impacts 15 plotted (Fig.3a
& Fig.3b). In case of Al beam in 4" impact, the beam
absorbs 536 J of energy (lowest) and has the maximum time
lag of 0.0052s, Similarly in case of A2 in the third impact the
energy absorbed by the beam is maximum. e 1914 ]
compared to Al and A3, and has got the lowest time lag of
(L0044 s,

Data of time lag vs number of impacts (Fig 3a and Fig 3b)is
compared with the values of energy absorbed by the beam
(Fig. 2a and Fig. 2b). It is observed that, as the energy
absorbed of the beam increases the time lag decreases and
YVICE- VErsd.
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1.  Itmay be worth to mention that energy absorbed in series A
beams is hetween 336 J to 1914 J, whereas the energy is

between 1638 J to 2495 J for senes B beams, In case of

series B, it 1s observed that with the inerease in the energy
absorbed, the ime lag is also increasing. This is opposite to
the pattern obtained for serics A.

I1. The reason for this reversal can be attnbuted to the fact that
there may be development of micro cracks and as a result
stress waves take more time to reach the end supports. This
observation may be useful in determining safe load for
structural elements subjected to low velocity impact

loading, More studies on this aspect needs to be done to
validate the observation.

Future Plan
i Repairing of cracked beam specimens and then testing them
under low velocity impact.
. Modification of test setup for testing of plate specimens.
iii.  Nonlinear FEM analysis for generation of impact response
behavior of RC elements subjected to low velocity impact.
Dr. Achal Mittal, Mickey Mecon Dalbehera & Team
(ESC 301,Task 4.3)

Damiililims M=y
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The Republic Day of the Nation was celebrated with a deep sense of patnotism combined with galety on January 26, 200 5 at CSIR- Central
Building Research Institute main lawns. Prof. 5. K. Bhattacharyya, Director, hoisted the National Flag and addressed the gathering and
took the salute at the March Past performed by the security guards. The school children from Bal Vidya Mandir and CBRI Junior High
School Shanti Wagar presented various cultural programme on patriotic themes. A Cricket Match was also arranged.

CSIR-CBRI Foundation Day Celebrations

60" CSIR-CBRI Foundation Day was celebrated with great
enthusiasm at CSIR-Central Building Research Institute, Roorkee
on Tuesday, February 10, 2015, Dr. Rajendra Dobhal, Director
General, Uttarakhand State Council for Science & Technology
graced as the chief guest and Prof. S.K Bhattacharyya, Director,
CSIR-CBRI presided over the funchon.

Prof. S.K. Bhattacharyya, Director, CSIR-CBRI addressed the
gathering, highlighting the glorious past of CSIR-CBRI, which
was established on February 10, 1947, Since then it has been
contributing in the development of the country and carrying out
R&D on all aspects of housing and assisting the building industry
in solving problems of planning, desigming, toundations, materials

and construction including disaster mutigation in all kinds of

buildings, environment preservation and energy conservation. He
mformed that the mstitote has taken up projects related to
conservation of nationally important heritage structures such as
Taj Mahal, Chittaurgarh Fort and Sun Temple, Konark. He spoke
about the CSIR-B00 project and role of the mstitute amming at the
uplifiment of the life of poor people in the country. Integrated
M. Tech — Ph.D Programme on “Building Engineering & Disaster
Mitigation (BEDM)" which CSIR-CBRI has started under the
Academy of Scientific and Innovative Research { AcSIR ) was also
highlighted. Recently Institute has started MS by Research
programme for achieving excellence to frain existing young
manpower, He talked about the major focus areas of R&D, newer
areas of research such as sustainability, manotechnology, bio-
concrete and waste utilization in the production of construction
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materials and products. Recent technology transfers,
collaborations and Mol signed were also highlighted.

Dr. Rajendra Dobhal, Chief Guest, appreciated the work done by
CSIR-CBRIL He stressed the need of sustainable development and
highlighted the role of construction mdustry in the growth of the
smart cities & country, He also emphasised the work done by some
promiment scientistsin R&D like Dr. APJ Kalam, Albert Einstein,
Louis Pasteur & Jayant Vishno Marlikar etc. He called *Scientists
are the pride of Nation™ & they play a vital role in the development
process of Nation. He discussed about the quality of higher
education and research in today's India: He called CBRI 15 a
ultimate mstitute of nation for olomate peoples which has its
special vision and purpose in reference of Nation Development.
Diamond Julilee Directors' Award for the best research paper was
awarded for the paper entitled * Rainfall Thresholds for Prediction
of Shallow Landslide around Chamoli-Joshimath Region,
Garhwal Himalayas, India™ authored by Dr. D. P. Kanungo & Ms.
Shaifaly Sharma.

CSIR-Central Building Research Institute. Roorkee
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Diamond Jubilee Director’s Award for development of best
Technology/Innovation/Know-how which has maximum impact
on the society was awarded to Dr. Suvir Sigh, Dr. N. K. Saxena,
Sh. Rajeev Bansal, Sh. Narendra Komar & Sh. Sushil Kumar on
“Development of Fire Resistant Door™,

On this occasion a number of CSIR-CBRI1 publications were
released including a speecial edition of book named "Nirmanika' ,
Bilingual '"CSIR-CBRI News Letter!/ 'Bhavanika' and CSIR-CBRI
Annual Report 2013-2014, a special brochure on “CSIR-CBRI
lechnology Demostration-cum-Class Room™. Dr. A. K. Minocha,
Chief Scientist proposed a vote of thanks. The superannuated staff
of CBRI and all the staff members of the institute also witnessed
the occasion besides other dignitaries,

There have been a number of activities. organized to celebrate
CSIR-CBR1 Foundation Day including games. A cultural
programme was organized in the evening by the staff club and
ladies club of the institute which was enjoyed and appreciated by
one and all, Mrs. Kajal Bhattacharya, patron, CBRI Ladies Club,
distnibuted the prizes to the participants,

Inauguration of Landslide Observatory at Pakhi Landslide near Pipalkoti

A Landslide Observatory for real time monitoring of a potential
landslide at Pakhi near Pipalkoti along the Alaknanda Valley of
Garhwal Himalayas using wireless sensors network has been put
in place by the initiative of CSIR-CBRI, Roorkes under 127 Five
Year Plan activity to develop an early warning svstem for
landslides in Garhwal Himalayas. The measurement sensors
include in-place inclinometers and piezometers installed in bore
holes, surface wire-line extensometers placed across the
developed tension cracks and an automatic weather station (AWS)
with rain gauge, lemperature, humidity, wind velocity and
direction measurement sensors. These sensors are wirelessly
communicating through nodes to the gateway for real time data
acquisition at the landslide observatory. The data is being
transferred from the observatory to the central station at CSIR-
CBRI campus through web server using ARGUS monitoring
software, The real time data during commg monsoon seasons will
be menitored and analysed to establish multi-parameter based
landslide warning thresholds based on which an early warning
system for landshde will be developed. Such type of real time
landslide monitoring can provide immediate information on the
landshide activity and also insight into the dynamics of landshde
maovement that may be critical to protect lives and property and for

Landslide Observatory at Pakhi Landslide
improved geotechmical designs or emergency actions aimed at
mitigating landslide hazards.

Prof. Sriman K. Bhattacharyya, Director, CSIR-CBRI, Roorkee

inaugurated the Landslide Observatory at Pakhi Landshde on 21
February, 2015, On this occasion, Dr. 8. Sarkar, Senior Principal




..TI’.TIT Frm T AT H‘H"IF!‘H":’

ntrﬁ‘mn@

HY Ege waeE e fad ™o ged gEen
ywge Tfa @) e @ sfales Rl & an 3 8 g
Herdl & | 48 et & e qn Wil S g9 a9
sgTerlen] aifidred a1 YReaer GhiRaHl & Syl sdramie- &
e srlengat et & T e 21 e B |

W1, A1 BAN Aerar, Fews, diraardam-deiaRang
g 21 TR, 2015 P T AFEE I TR e
T BT SeEC (@l | 59 G UX 1, Wiy WROR,

af¥ss wur Ienfe ve gy oy gen € SLd. wrE,
gerr dEHE Ul aREeE Wi @ wi—e afEre
7 S T 0 ) e s O
i o g afarey ov Uil o | g9 HaW 9, U SR Rl
AR gd eArEn W (LEWS) 81 @l i yeaers § gd
Bl WA Heh Wi au oiia & A 9 gEr o S
AT el 1 Ul ¥ g, fae W ¥ =g S H A
1 VT T S e |

Ireeker fastrer feasr aAarls

HITHAEAR—EIANaTE § 27 g, 2015 @ U
s frgw w9 T ¥ AEWR W OB/ UNEe
el / URETT WETEt / uidegel / Widiaeang dsntid
TG b e M ro o S 1 o i o G S | e B o e
ST &1 ey Hapie sy o1 fSomgs e oo g
@ WRITS® HH AT S URIE0] @R o7 difds 74 (89 W

F@] 25 MPa @] Hdred e fa¥gen & urd o o
| | 39 Wi § B, Wieiae Bl a9 9IuaaTEas
GRS & Jay dsii-eh! D1 10 ST =7 FierqTHver & qe

e gra

U 3 SN Sioied 5 W1 1 o) amarer il
forrd dronandam—ddlamaE & sered AvaaEar
(AcSIR) & BTFI 91, & & Hifc @& de=IH o 789
T, faees deH, g 1Y 9 997 Aghd BE @
Ty YR (&0 |

T JOHY WX Wl UE @ ", Mo, diuassae—
ﬁﬁarwngﬁﬂﬁﬂwﬁwﬁaﬁﬁmwﬂwﬂm

iR e fafega uv s faem o e, i ad 2015 @
o1 YET| WA HrEnfet W, wWedl & W, ey
BRI Wpl ¥ WRa HHas BR SdadHe AiE

g9 wcaifiar & faorast @1 ned, G a2 g R
WET g Y |

stavi<le afger feaa

SERIEIT] ﬁq'ﬂ TR I s faw e e

mar |

TN ¥ 8 AT, 2015 1 IR Alnel Q9w 7941 | $9 HIET U I
[Fysior & sfgersit @0 grmes Ay w Fer fBuet @ arges R
A= ergwarat § wredva afRend o9 e aiften, Afswa ddea & on
wiiE, HbER—sngansdl, wedt, e uf¥ v seaws—amlt ufes
we—2, sf . #fSes iy, BRe svuoe, € wfed e,
nerETETd, U € S wie, A wrate werard, wRide, Sidemang
Afgel Ferd o frar—fawe & wrr foran gen 3w fawa o s s faan




CSIR-Central Building Research Institute, Roorkee

Scientist & Group Leader and Dr. D.P. Kanungo, Principal
Scientist & Project Leader were also present. The project fellows
involved in this project namely Mr. Anil Maletha, Mohd. Atf, Ms
Neelu Sharma and Ms Manali Singh were also present at site on
this occasion.
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With this effort, Landshide Early Waming System (LEWS) onee
developed will help in alerting people in advance to save property
and lossof lives and to manage traffic before occurrence of a major
event particularly during the monsoon season,

National 'Science Day Celebration

CSIR-CBRI celebrated the National Science Day on 27" February
2015, On this occasion "CSIR-CBRI Engineering Challenge
Competition" was organized among the Swudents/Project
Fellows/Project Assistants/ Trainees [ CBRI S&T Staff. The
objective of this competition was to design concrete mix and test
the compressive strength of the cubes so that the characteristic
compressive strength of 25MPa 1s achieved on the 7th day. Ten
teams comprising of students, project fellows and young scientists

of CSIR-CBRI participated in the competition and 17, 2"'& 3"
prizes were given to the winners. All the team presented the
methods of prepaning the concrete cubes through posters,

A program was also orgamzed on “Legends in Science™ in which
the AcSIR students of CSIR-CBRI presented brief life sketches of
a few legendary scientists such as Madam Qurie, Wilhelm
Ronigen, Satyendra Nath Bose and Michael Faraday,

Prof. 5.K. Bhattacharyya, Director, CSIR-CBRI expressed his
views about the National Science Day and the significance of
“Science for Nation Building™ which was the theme of the year
20135, This was followed by the National Science Day lecture on

—— - — !

“A Framework for Development of Technology - Inspired
by MNature™ by Prof. Bikas Mohanty, Indian Institute of
Technology, Roorkee.

International Women Day

CSIR-CBRI celebrated  International Women Day on 8" March

2015. A Panel discussion on "Role of Women in Nation Building™

was organised. The women working in different profession such as
Dr. Varija. Practicing Doctor. Dr Rama Bhargava, Professor, IIT
Roorkee, Ms. Shashi  Kir, Teacher, APS -2, Dr. Nisha, Medical
Officer, Civil Hospital, Dr. Shalimi Pant, Principal, S.13. Degree
College. Mrs Kajal Bhattacharva. Patron, CBRI1 Ladies Club
participated in the discussion and shared their valuable views on
the subject. Prof. 5. K. Bhattacharyya Director graced the function

as Chief Guest and emphasized the importance of women in the

progress of the country. The women scientists, CBRI ladies club
members and scientists of the institute attended the programme
and actively participated. Ar. Neeta Mittal, Senior Prineipal
Scientist, convened the event,
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Exchange Meet on Structural and Passive Fire Safety in
Buildings: Issues & Challenges

CSIR-CBRI in association with Indo-US Science and Technology
Foundation and Michigan State University, USA orgamsed an
Exchange Meet on Structural and Passive Fire Safety in Buildings:
Issues & Challenges during 09 — 100 March 2015,

far - e wEET B

vl ¢ wrwve v e af e gt TR

EXCANNGE NMEET 0N
UL RN & BRMALEGE |

Prof Engclhardt Michael David, The University of Texas
at Austin Department of Civil, Architectural and
Prof. Venkatesh Kodur Professor & Director SAFE-D Center, Environmental Engineering USA.
Dept. of Civil and Environmental Engineering, Inaugurating the exhibition
Michigan State University, USA addressing

the audience during inaugural session firene - w
. _ ; , _ ; : REL R R —" I . n
During the maugural function Dr. Rejeev Sharma, Executive EXCHANGE MEET ON
[T 1

Director, Indo-US Science and Technology Foundation spoke
about [TUSSTF programme Prof § K Bhattacharyya, Director
CSIR — CBRI, Roorkee and Prof. Venkatesh Kodur Professor and
Director SAFE-D Center, Dept. of Civil and Environmental
Engineering, Michigan State University. USA also addressed the
audience.

DUILNSSS : (WY & CERLLINEY §

The researchers working in the area of Fire Engineering {rom
different Institutes of India  experts involved in the fire safety
issues from Industries, mdividuals soch as entrepreneurs,
consultants, engineers and other professionals were present during
the two days exchange meet,

Prof. P. Bhargava, Prof. V. Kodur, Prof. S.K. Bhattacharyya,
Prof. Engelhardt Michael David,
*  Firesafety inbuildings Prof. Ananth Ramaswamy during panel discussion

Main focus areas were:

*  Passive fire protection: Trends, Issues and Challenges available in the market, directly by the promoting agencies!

«  Siructural Fire Engineering companies. Several companies participated in the exhibition,

»  Casestodies and lessons from post fire investigations More than fifteen speakers presented the papers during this two
days exchange meet. On the second day two panel discussions
were also organised. Panel Discussion - 1 was on Structural fire
engineering: Research trends & needs. Panel Discussions—2 was
An exhibition was also organised to provide guidance and on Enhancing fire safety in buildings: Strengthening of passive fire
practical advice on the latest technologies and range of products protection syslems

*  Fireprotection of structural elements

»  Comparimentation and fire resistance of building elements

Annual Flower and Vegetables Show

CSIR-CBRI  Staff Club  organised 48" Annual Flower and Mational Institute of Hydrology, Roorkee have participated in the
Vegetable Show on 15" March 2015, Most of the institutions such show. There were several categories for the competition which
as 1T Roorkee, Bengal Engineering Group & Centre, Roorkee and include flower garden, pot plants, cut flowers for institutions and
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individuals, Vegetahles, Flower Rangali and Salad Arrangements
for individuals. The show was inaugurated by Prof. S.K.
Bhattacharyya. Director, CSIR-CBRI and Brig. Sunil Takiar,
Commandant, Military Hospital, BEG & Centre as Chief Guest

CSIR-Central Building Research Institute, Roorkee
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and gave away the prizes to the winners, Dr. PK.S. Chauhan,
Show . The
Ar B K.

Scientist was the convener of the flower
show was organized under the Chairmanship of
Negi, Scientist.

INDO-UK Scientific Seminaron
Green Construction Materials for Sustainable Build

CSIR-Central Building Research Institute. Roorkee organized a
two days Seminar at India Habitat Centre, New Delhi during
March 28-29. 2015, The seminar was jomntly sponsered by
Department of Science and Technology, New Delhi and Royal
Society, London, UK. Dr, MO, Garg, Director General, Council of
Scientific & Industrial Research, New Delhi was the Chief Guest at

as well as sustainable. The two days seminar was attended by 15
Indian delegates from industry/academics/research institutes and
4 UK delegates. The seminar was divided into five technical
sessions: Greener Concrete, Composite Materials, Energy
Efficiency, Next Generation Materials and Recycling of
Construction & Demolition Waste. It was arrived upon during the

the Inaugural Function and Prof. 5.K. Bhattacharyya, Director,
CSIR—Central Building Research Institute, Roorkee presided over
the Inaugural Function. Dr, L. P. Singh (India Side) and Dr,
Wenrzhong Zhu (UK side) coordinated the seminar and briefly
highlighted the relevance of theme.

The seminar was aimed to cover the recent advancements and
trends in the area of green construction materials vis--vis
sustainable built environment to share and networking on the
emerging and futuristic challenges. Objective of the seminar was
to explore and highlight how sustainable building material can
contribute to lessen the impact of environmental degradation and
create healthy buildings which will be comfortable to the oceupant

seminar that adopting green building matenials s an excellent
approach to meet the target of sustainable built environment.

Building related contributions to environmental issues are large
and therefore, essential to be addressed by the scientists, engineers
and technologists. While there is obviously need for new
technologies to optimize the applications of low-impact building
materials, it is also true that there are several technologies or
systems, currently in use. Selection of construction materials
which have minimum environmental burdens is useful in the
sustainable development of a country. The seminar concluded
with a list of research priorities to work in collaborative mode and
develop a roadmap for Green Construction Materials for
Sustainable Buill Environment.
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Dr. Yashashree Kulkarni & Bill D. Cook, Department of
Mechanical Engineering, University of Houston, USA,
"Nano Dwinned Metals: Achievine High Strength and High
Dueiilinon 07 January, 2015,

Dr. B. M. Suman, CSIR-CBRIL.
in #de 0 Laboratory” on 14 January, 2015,

"Managerial Effectiveness

Dr Harpal Singh, CSIR-CBRL "f;

Past Researeh and Futre Challenges "on 21 January, 2015,

re Retavdant Fabrics:

Prof. 5. K. Bhattacharyya, Director, CSIR-CBRIL. "The

Sun Temple, Konark; Rehabilitation Challenges™ on 28

January, 2015.
Sudhir Sharma, CSIR-CBRI. "Personal Branding" on 04
Febmary, 2015,

Manojit Samanta, CSIR-CBRI.
Throush Stone Colwmns "on 18 February, 20135,
H.C. Arora, CSIR-CBRL

"Ground Engineering

Studies on FRP

"Tntegrity

Strencthened Concrete Structural  Efements™ on 25
February, 2015.

Mickey Mecon Dalbehera, CSIR-CBRI. "Low Felociny
Impact Studies on Reinfirced Concrete - Scope &

Challenzes " on 04 March, 2015,

StaffiNews

Superannuation

=1 f¥1a 2y gf¥a g 31.01.2015 Sh. Shiv Das Sr. Technician 31.01,2015

it U5 fHe NG IR 31.01.2015 Sh. Prem Singh Technician 31.01.2015

il wuTH A RIS 31.01.2015 Sh. Shyam Lal Technician 31.01.2015
g / Editor

S1. A /AN AAATA/Dr Atul Kumar Agarwal

fereg AN B 79 gF/For further details, please contact

feyteR/Director ity

e Ty SFAE / Senior Principal Scientist
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e

HITHTEAT - shg 9 Wa STTHET HeAT/CSIR-Central Building Research Institute
FEehl- 247 667 (ITATEUE) 9T7/Roorkee-247 667 (Uttarakhand) India

T/ Phone: 01332-272243; e/ Fax: 01332-272543, 272272;
§-He/E-mail: director@chrimail.com; F&ETEE/ Website: www.cbri.res.in
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