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‘Research in “Progress

Study of Impact Behaviour of Reinforced
Concrete/ Prestressed Concrete Elements

Reinforced concrete/Prestressed Conerete structures might be
exposed sometime in their lives to some extreme dynamic loading
conditions owing to impacts, Typical examples include bridge
structures subjected to vehicle crash impact, marine and offshore
structures exposed to ice impact, rock shed structures subjected to
rock fall protective structures under projectile or aircraft impact
etc. In recent years the assessment of performance and
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vulnerability of concrete reinforced structures under the impact
load has become more important. Increasingly engineers are
resorting to numerical models to carry out designs, assessments
and safety checks. and there is a requirement for high-quality data
from physical tests to assist in validation of these models.

The objective of the project is performance based impact resistant
design of reinforced concrete/Prestresed concrete elements. The
scope of the project is as follows.

»  Experimental study of impact behaviour of RC/PC
elements (normal strength concrete) by drop weight
imipact tests.

»  Prediction of impact behaviour of RC elements by non-
linear FEM analysis for generation of impact response
data which has not been covered in experiments.

»  Establish relationship between impact energy, static
flexural capacity, maximum deflection and residual
deflection for RC/PC elements for Performance based
design methodology.

Fig. I (b): Experimental Setup

To achieve the above stated objective, an instrumented impact
loading test setup for dropping the weights at variable height up to
2.5 meter and recording the impact event (deflection. support
reaction and strains vs. time) has been designed. The specially
designed support system Fig. I(a) for loading the beam and
installing the strain gauge based load cell has been fabricated. The

impact loading system with the data logger, load cell. laser
displacement sensors with the beam instrumented (or p:.rfomnng
the drop weight experiment is shown in Fig. 1(b). As shown in
Fig. 1(b), the 100 kg weight is attached with an electro magnet and
which in turn is connected to a wire hoist installed on top of a steel
portal frame. With help of the wire hoist the weights can be raised
to a desired heightsi.e up to 2.5 m and can be released with the help
of electromagnet. In order to restrict the lateral movement of the
electrical wire hoist, a pair of a guiding pipes of 50 mm dia, has
been used to raise the hammer just above the test specimen. The
drop hammer is rectangular in geometry with a dimensions of
(520 x 220) mm, with a depth of 70 mm. The striking surface of the
hammer is of cylindrical type with, diameter of 90 mm and height
of 100 mm. The Deflection of the specimen is measured with the
help of laser displacement sensors, which is kept just below and
250 mm from the mid-span of the beam. The maximum deflection
which can be measured by laser displacement sensors is 125 mm.
The experimental setup includes 2 load cells of capacity 500 kN
and 1000 kN to measure the reaction forces and one more 500 kN
load cell attached with the impactor to measure contact force. The
sensors are connected with a Data Acquisition system from
National Instruments, with LABVIEW VI software.

Three grades of concrete i.e M25, M30, M40 and three drop
heights i.e 0.65m, 1.0 m, 1.5 m have been considered for
experimental programme. For each of the three different grades of
concrete three different combinations of top and bottom
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Fig. 2:Typical Deflection-time curve of Beam for
Im fall of impactor mass of 100 kg.
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Fig. 3: Typical Impact Load and Reaction Force for beam
under Im fall of impactor mass of 100 kg



‘-. o

SciioichigE

~~Impact

200 -=-Reaction
z /
=160
8
5120
w
E 80
z R
2 40
1]
= 0

1.42 1.89 2.18

% Reinforcement

-—Peak
30 -=-Residual
E 20
S 15
? ‘\o\.

= 10
o 5
0

1.42 1.89 2.18

% Reinforcement

ATHfa 4: ¢ 40 At & Fdlc W 100 fHuT
grlgeY IR Us Hex 9 RE ww =y
fagyer ve smaf¥re fagiyer «r afar, vads
W & gfoera afEd|
T DT &0, ER AR Gagdl @ WErI 9 fahar
SITAT & N9 U® &H 1d U4 419 @ Heg 91T 9§ 250 HE OR
G ST 8 | ook faRemue gt 9§ fean 125 Al
fa8faer &1 AUT S W € | AT gl @ ST 8
WS eIy § HHI: 500 HUF T2T 1000 HYH &THTT & 2
WIS el Y 77 & 3R 500 ©YF &1 BT Ud 3N s
T 8| Y ISP o9 6 WITCAIR Bl WERET A

$eHeH B STeT HURYT JuITel | IS & |

piT 2 H UH Fdl REU—am UTe g9 T F |
gHIge @ gvaTd 419 § BUA &9 B BRI, 16 H &3 Uih
T I HH € | AP 3 H AT ST O APl & [ fIhaH
(0.002 TES) ¥ | TE §H BRI B AHAT & i SHIFT B
TeTd Hfde ae (Y9 99) aifom Ui @ ugae | 99y
ST |

ATHIA 5: TF 40 A1 & HHIC W 100 fHuL
gHlgeY AR U HieX Shars 9 ARE oy,
Jferpan griae wfafsear gl &1 3rav,

uqdl STd & Hfaera afed |

yftterer wferera 9 gf 21 WebH 81 ST &, R i sgpfar 4 #
ST O Wbl & | Al gHige B, Hiiger i H gig
B YR 9T & T b aefer 5 3 ferwamar mam § | giee ofre @
ATl # gRIgE AR & SR U4 9 1 RIFE Ued &
PRY], WEAHD HY, ¥efedh FAlS STERel &l gorn ¥, M=
TAER P & | GEHAT @ e 79 off ©ifie aRr (s
GFET) Srawer @t e ¥, fi=1 &1 Wahdl & | Sife & ual gell &
f Pebie vd e aF wiee / Rghy o Haeeiia € e
afced / fapfd 3% ¥ 9fg 89 W, M B a9 g HareT
| AT T HISYeHR H gha B WKl © | 39 &F H ST
UHhEUH favemur, qaeifdd @mie dwl UR RN, SR gl
TolRIRS BURTC! & dre Wer wfid o, siee. faefier w
e smnRa feomga Al TR o= & fow aifdeam va
37aeTy fAEToT UR 3 et £ |

i, 3rdel BN Fried, U U S,
STelul URI¥R U4 HIRd Ju0T

i dignforenl fGai

HITHATEAR—BE g Ha IFHU W, Be! 4 12 3,
2014 1 UL WEfS Raw 9EaRE 99 | gy
FTER UR WL P, &, UHYAUE U9 UHREH WIhER
aMgage! el WHRIE & &I I & WU § TR 3R
TR I Wi ey o) Ay e {ar | sw=i
faf= defe Suaferal o garer Sren U dsnfee
FHHI & fasm= & i@l v amEsRe sy &1
wasH H wfy we & o vieafea fa arfs zar 9w
&1 A Ivodd 81 9 | & AR 7 1T 396 915 W
ey fo5 dsnfees @ Aradar @ f&a § @1 o1 anfee e
o ST SIeTel @ TSy, 31 UF Sila Wik H GuR 81 9 |
S BIA YAEp] §RT dS=1eh] U SOll-1gRI &1 Scqrgendl Uy,
. JRIGII ST D ST Ud (a9 FARTemeisi § &g




$CSIR-CENTRAL BUILDING RESEARCH INSTITUTE, ROORKEE

(3

s | &

~Impact
200 -=-Reaction
z ’//
<160
o
5 120
w
E 80
=
E 4 —
»x
1]
= 0
1.42 1.89 2.18
% Reinforcement

-Peak
30 -=Residual
E
[

§ 10
a 5
0

1.42 1.89 2.18

% Reinforcement

Fig. 4: Variation of peak deflection and residual
deflection with percentage of reinforcement
steel for M40 grade of concrete and Im
Jall of 100 kg impactor mass

reinforcement rebars i.e(6-10,6 12,8 - 12, )diarebars has also
been considered.

A typical deflection- time graph is shown in Fig. 2. Due to the
presence of vibration in the beam after the impact, multiple no of
peaks in the graph can be seen. From the Fig.3 it can be seen that,
there is a time lag (~ 0.002 seconds) between maximum impact
load and maximum reaction force. This may because of the fact
that stress wave take some time after the impact to reach the end
support. Maximum and residual deflection increase with increase
in impact energy and decrease with increase in reinforcement
percentage as can be seen from the Fig.4. Maximum impact force
increase with increase in reinforcement percentage while the
reaction force stabilises with increase in remforcement percentage
as seen in Fig. 5. When subjected to an impact load, structural

Fig. 5: Variation of maximum impact reaction
Jforces with percentage of reinforcement
steel for M40 grade of concrete and 1 m fall.
of 100 kg impuactor mass

members behaves differently compared with those under a static
load, owing to the transient and usually localised pattern of impact
loading. The dynamic properties of materials can also be different
to those under static loading. Investigations have shown that both
concrete and steel are stress/strain rate sensitive: both the tensile
and compressive strengths and Young's modulus can increase if
there is an increase in the stress/strain rate. The scope of further
study includes nonlinear FEM analysis for generation of impact
response behavior, experimentation on Prestressed concrete
elements, establishment of relationship between impact energy,
flexural capacity, maximum and residual deflection for generating
performance based design methodology on Impact behaviour.

Dr. Achal Kumar Mittal, Mickey Mecon Dalbehera,
Jalaj Parashar & Bharat Bhushan

National Technology Day,

CSIR-Central Building Research Institute, Roorkee celebrated
National Technology Day on 12" May, 2014. Prof. Tushar Kanti
Datta , FNAE & Emeritus Professor 11T Delhi graced the occasion
as Chief Guest and delivered a special lecture on National
Technology Day. He highlighted various scientific achievements
and motivated the S&T staff for taking interest in understanding
the principles and practical applications of science so that the
future of our country may be shined, The Chief Guest further
stressed that science should be explored for the benefit of the
mankind so as to improve health, income and living standard of the
cOMMON Masses.

He explained on the study of productivity of Scientists and
Enginecers in R&D Laboratories in six Buropean Countries
conducted by UNESCO, revealed a number of interesting findings
which are helpful in fostering productivity of Scientists (including
Engineers engaged in research) in the laboratories, Some of the
findings show that (i) Restricted freedom with visibility of
consequence is conducive to productivity: (ii) Intrinsic motivation

(!':OHA'
— ‘F -

motivation largely depends on the reward system to maintain
productivity; (iii) Diversity is helpful for creativity; (iv) informal
communication with colleagues leads to better productivity and
(v)job satisfaction is key to higher productivity. Similar study was
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conducted in Indian academic settings with no difference in
results. Quite a few of the findings are not startling but they
confirmed the hypothesis and pinned down the strategies to
improve organizational climate for better productivity.

The Technology Day celebration started with a lighting of lamp by
the Chief Guest Prof. Tushar Kanti Datta , FNAE & Emeritus
Professor IIT Delhi and Prof. S.K. Bhattacharyya, Director, CSIR-
CBRIL

Earlier, Prof. S.K.Bhattacharyya, Director CSIR-CBRI, Roorkee
in his Presidential address briefed on the importance of National
Technology Day to the gathering. He remarked that May 11" is
annually observed as National Technology Day all over India to
commemorate technological breakthroughs like mastering of
nuclear weapons technology (Pokharan II) through a series of
controlled tests at Pokharan, test firing of the indigenously
developed Trishul missile and test flight of the indigenous aircraft

Hansa-3. These achievements of Indian technology got a further
boost with the test firing of indigenously developed Trishul. Agni
and Prithvi missile. The day, which proved the technical prowess
of Indian scientists, is marked as the National Technology Day to
inspire young minds to achieve high goals and excel at
innovations. He also highlighted R&D achievements of CSIR-
CBRI and its contribution in improyement of economy. health and
living standard of the masses.

On this occasion, various CBRI publications viz. CSIR-CBRI
Annual Report 2012-13,  Bilingual Newsletter / Bhavnika (Jan-
March 2014), and Hindi version of Proceedings of National
Workshop on Engineering Geophysics for Civil Engineering and
Geo-hazards were released. Dr A K Mittal, Principal Scientist.
introduced the Chief Guest and Dr Shorab Jain, Principal Scientist
proposed a vote of thanks.

World Environment Day

The CSIR-Central Building Research Institute (CBRI) Roorkee
celebrated the World Environment Day 2014 on June 5, 2014 to
promote awareness on the importance of preserving our
biodiversity. the need to identify problems related to the
environment and ways to take corrective action. It was on this day
in the year 1972 that the United Nations Conference on the Human
Environment was formed. First celebrated in 1973, World
Environment Day, also popularly known as Environment Day. 1s a
means to tackle environmental challenges that include climate
change, global warming, disasters and conflicts, harmful
substances, environmental governance, ecosystem management
and resource efficiency. The theme for this year World
Environment Day celebrations is Raise your voice, not the sea
level which encourages us to become more aware of the
environmental impact of the sea levels raise. It make and empower
us tomake informed decisions.

Shri. Jai Raj, IFS, Addl. Principal Chief Conservator of Forest
(Environment), Dehradun, Prof. S.K. Bhattacharyya, Director
CSIR-CBRI and Prof. Prem Krishna, Chairman, Research
Council, CSIR-CBRI Roorkee planted trees in CSIR-CBRI
Campus as a gesture of harmonious living with nature.,

Sh. Jai Raj IFS. Addl. Principal Chief Conservator of Forest
(Environment), Dehradun, delivering his speech as Guest of
Honour expressed his happiness to be amongst the distinguished
scientists and mentioned that every human being should contribute
a little in their own personal way to protect the environment and in
this connection he appreciated the initiatives taken by CSIR-CBRI
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for taking environmental issues seriously and also proposed that
both CBRI and Forest Department of Uttarakhand can have joint
projects on environmental problems of the Uttarakhand.

Earlier, Prof. S.K.Bhattacharyya, Director CSIR-CBRI in his
Presidential Address apprised that unlike the previous years, the
different trees were chosen for plantation. Prof. Bhattacharyya
mentioned that CSIR-CBRI will continue its activity to develop
environment-friendly technologies and pursue research to protect
the environment and work for conservation of biodiversity of the
region.

WORLD ENVIRONMENT DAY - 2014

(1
THURSIAY, Jupr 52004

-&(W-l‘dﬂl Rl

o L inddia)

Prof. Prem Krishna, Chairman, Research Council while
addressing the gathering that in recent times, the need to promote
more earth friendly practices in order to maintain the health of our
planet has come to the forefront, as world nations struggle to
reverse the present trend of climate change. The World
Environment Day is a reminder to show our gratefulness to Mother
Nature, which sustains all forms of life.  This is the day to focus
our thoughts and our energies to make collective efforts towards
protecting the environment. This is an urgent appeal to each one of
us to recognize the significance of “Elixir of Life” and the role each
one of us can play to conserve it. India has rich traditional
knowledge and wisdom in the conservation of nature and natural
resources. Religious beliefs, culture and folklore have together
treated nature and environment with sanctity. Conservation and
protection of environment and love for nature have always been
part and parcel of Indian ethos and culture. Poster Competition
was also organized for CBRI wards and winners were awarded.
Dr. AK. Mmocha, Chief Scientist, in his introductory address
pointed out that World Environment Day is an annual event that is
aimed at being the biggest and most widely celebrated global day
for positive environmental action. Vote of thanks was presented by
Dr. V.C. Srivastava, Member, Executive Committee, IE(I),
Roorkee Local Centre Roorkee. The programme ended with
National Anthem.
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Neeraj Jain & Jaswinder Singh, Mass Balancing and Life Cycle
Assessment of Municipal Solid Waste. Journal of Chemistry and
Environment, 17(5), 13-18,2013.

Neeraj Jain, Immobilization of Hazardous Cr (V1) in Blended
Cement: XRD and Leaching Studies, Journal of Chemistry and
Environment, 17(10),28-34,2013.

N.K. Saxena & Sunil K. Sharma, Studies on Generation of
Smoke and Toxic Combustion Products from Fire Retarded

Materials, Indian Journal of Environmental Protection, 33(2),
145-151,2013.

N.K. Saxena & Sunil K, Sharma, Metal Complex Based Coating
for Fire Protection of Electric Cables, Paint India, 63 (8), 53-55,
2013.

P.C. Thapliyal, Nano Coatings and Paints for Green Future, Nano
Digest, 5(4).42,2014.

Rajni Lakhani, S.P. Agrawal, Sapna Ghai & R.K.Saxena, &em
RF g dffeyeise WiHe <rgel,  Bharatiya Vaigyanik Evam
Anusandhan Patrika, Vol 20, Issue - I1,246-250, 2013,

Rajni Lakhani & Priyanka Tomar, Studies on Polymer Blend for
Repair Applications, New Building Materials & Construction
World, Vol 20, Issue-8, 144-147, February 2014,

Rajiv Kumar & M.P. Singh, Correlations among Fire Signatures
for Detection, Fire Engineer, 39(1), 29-34, January-March, 2014,
S. Rukhaiyar, M. Singh & A. Pain, A Study of Numerical
Modeling of a Rock Slope Based on Modified Mohr-Coulomb
Criterion, Journal of Rock Mechanics and Tunneling
Technology, Vol. 19(2), 81-98, 2013.

S.K. Panigrahi, S. Chakraverty & B. K. Mishra, Damage
Assessment in Beam with Sparse Modal Information, Advances
in vibration Engineering, Vol. 12, No.4,2013.

S.K. Singh, D. Singh & C. Sonkar, Chemical Admixture in
Concrete: A State of the Art Report, New Building Materials &
Construction World, Vol.19, No. 6, 84-106.December, 2013,

Papers in Conference/Workshop/Seminars

1.

!’d

Lad

Anirudh Jain, Nivedita Sharma & Ashok Kumar, Restructuring
Trees to Accommodate Human Habitat, International
Conference on Future Build 2013, University of Bath, United
Kingdom, Sept. 46,2013, 160-166.

Ashok Kumar, Alterative and Innovative Technologies for Social
Housing, National Conference on Punchayati Raj and Rural
Development, Gujarat State Govt, August 17,2013,

Ashok Kumar, Research on Building Materials & Technologies
at CSIR-CBRI: An Overview and Possible Areas of Cooperation
with BMTPC, National Workshop — cuni- Brain Storming
Session on Possible Areas of Cooperation on Alternate and
Emerging Housing Technologies with BMTPC. New Delhi.
June 12,2013,

Ashok Kumar, Low Cost Housing, National Workshop on Cost
Effective Building Practices, Dept. of Architecture, Giani Zail
Singh PTU Campus. Bathinda, March 14, 2014.

Ashok Kumar, Cost Effective and Innovative Technologies for
Housing, National Workshop on Cost Effective Building
Practices. Dept. of Architecture, Giani Zail Singh, PTU
Campus, Bathinda, March 14,2014,

A. K. Sharma, A. Dwivedi, P. Chand & S, Singh, A
Comprehensive Geotechnical Investigation in Boulder Deposit,
Indian Geotechnical Conference, IGC 2013 (ISBN : 978-81-
925548-1-3).

9.

1.

12.

A. Dwivedi & P. K. § Chauhan, Delineation of Distress Area in
Mosque using GPR. Indian Geotechnical Conference, IGC 2013
(ISBN : 978-81-925548-1-3).

A. K. Mittal, Prefabricated Technologies for Sustainable
Technologies in Hilly Regions, India Prefab, Institute of
Engineers (IE), Uttarakhand State Centre, Dehradun, March 8-9,
1-12,2014.

Abha Mittal, Gayatri Devi & P.K.S. Chauhan, Seismic Hazard
Estimation of Jammu Region Using Probabilistic Approach,
Indian Geotechnical Conference—2013, I1T- Roorkee, December
22-24,2013.

Abha Mittal, Gayatri Devi & P. K. 8. Chauhan, Application of
ANN to Predict Liquefaction Potential of Soil Deposits for
Chandigarh Region, India, 3" International Conference on Soft
Computing for Problem Solving (SocPros-13), Greater Noida
Extensiion Centre of 11T, Roorkee, December 26-28, 2013,

Ajay Chourasia, Development of Generic Engineering
Guidelines for Confined Masonry at [T Gandhinagar, Organised
by CEERI (CM Network); T Gandhinagar and 1IT Kanpur,
Feb.22-23,2014.

A.K. Pandey. Impact Response of RC Beams in Flexure,
International Conference on Trends and Challenges in Concrete
Structures organized by Indian Concrete Institute at Ghaziabad,
UP India, December 19-21, 2013,

A K. Mittal, D. Ghosh, S. Behera, LA. Siddiqui & D. Dharmshaktu .
Wind Flow Simulation in the Vicinity of Tall Buildings through CFD
Sth Asia-Pacific Conference on Wind Engineering (APCWE-8),
Dec. 10-14, 682-690, 2013, Chennai, India.

AK. Mittal, S. Behera & D. Ghosh, Role of Tall Buildings in
Urban Infrastructure: Research Issues, National Conference on
Sustainable Infrastructure Developement (NCSID) jointly
organised by Civil Engineering Department of National Institute
of Technical Teachers Training and Research (NITTTR),
Chandigarh and Chitkara University. Himachal Pradesh , 43-50,
March 13-14,2014.

B. Singh. Natural Fiber Composites for Building Application,
International Conference on Composite Materials and
Technology. Feb 7-8, 2014, ATIRA. Ahmedabad.

Chhavi and B. M. Suman, Determination of Cooling Load of a
Building and effect of Heat Reflective Paint, 8th USSTC - 2013,
Doon University, Dehradun, Dec. 26-28, 2013,

C.A. Eldho & S.R. Karade, Cement Based Anodes — Future of

Electrochemical Repair Techniques, International Conference
on Trends and Challenges in Concrete Structures, organized by
Indian Concrete Institute, 714-722, Dec. 19-21, 2013,
Ghaziabad, U.P., India

D. Ghosh, A K. Mittal, S. Behera & A. Gupta , Wind Flow
Characteristics around Rooftop Solar Array - A Numerical Study,
8th Asia-Pacific Conference on Wind Engineering (APCWE-8),
Dec 10-14, 674-681, 2013, Chennai, India.

G. Lavanya, T. Meraj, A. K. Pandey & B. Singh, Developments
in SBR Latex Modified Concrete for Structural Applications- A
Critical Review, International Conference on Trends and
Challenges in Concrete Structure, organized by Indian Concrete
Institute, Dec. 19-21, 2013, Ghaziabad, UP. India.

G. Tiwari, N.K. Samadhiva & A. Pain, Stress Strain Distribution
with in Geosynthetic Reinforced Slopes: A Parametric Study,

Indian Geotechnical Conference, IIT Roorkee. India, Dec. 22-
24,2013 (PaperID: 06088101820130429).
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. G. Tiwari, N.K. Samadhiya & A. Pain, Study ot Effect of Bolt

Anchorage Parameters on Rock Slope Stability by FEM,
International proceeding of 4th Indian Rock Conference, 431-
439, Solan, India.

G. 8. Parvathi & P. K. Basudhar, Visco Elastic Foundation
Model Parameter Estimation Using Inverse Analysis Technique,
Indian Geotechnical Conference, Dec. 22-24 2013, Roorkee.

Harpal Singh, Effect of Phosphorus-Nitrogen Synergism
towards the Flammability of Rigid Polyurethane Foam, National
Conference on Fire Research and Engineering (FIRE 2014),
Department of Mechanical & Industrial Engineering, Indian
Institute of Technology Roorkee, 36, March 1-2,2014

Harpal Singh, Preparation and Properties of Fire Retardant Rigid
Polyurethane Foam with Synergistic Charring Agent,
International Conference on Polyurethane, PUTECH-2014,
India Expo Centre, Greater Noida (New Delhi), India, 2-8,
March 12-14,2014.

Koushik Pandit. Ajay Chourasia & S. K. Bhattacharyya,
Algorithm Developed by NumericalApproach for Improving
Underground Coal Recovery, Indian Geotechnical Conference
2013, IIT Roorkee, December 22-24, 2013.

L.P. Singh, Microstructure Improvement of Cementitious
Systems Using Nanomaterials: A Key for Enhancing the
Durability of Conerete, during CONCREEP@9 at MIT, USA,
Sept. 22-25,2013.

L.P. Singh, Preparation of Nanoparticles using Nano-Powder
Synthesizer, 8th Uttarakhand State Science Technology
Congress, Dec 26-28, 2013, Dehradun.

M. Samanta, R. Bhowmik & P. Mohanty. Analysis of Pile Group
Subjected to Embankment Induced Soil Movement, 1GC-2013.
114, December22 -24, Roorkee.

Mridul Garg & Aakanksha Pundir, Towards Maximizing the use
of Fly Ash as Cementitious Material for Sustainable Building
Components, 8" Uttarakhand State Science Technology
Congress (8"USSTC). 187, 26-28 Dec. 2013, Dehradun.

N. K.Saxena, Sunil K. Sharma & Sushil Kumar, Fire and Smoke
Retardant Compositions for Cotton Fabrics. Fire India 2013, 9*
International Conference and Exhibition, Fire Risk Mitigation:
The Global Trends, October 24-26, 2013, Mumbai

N. Saxena, C. Sonkar & S. Saxena, An Improved Strengthening
Scheme for Stone Masonry Buildings, International Conference
on Trends and Challenges in Concrete Structures, organized by
ICI, India, 2013, 678-684.

N. Saxena, Webbed Slab Substituting Flat Slab & Lintel Band as
a Seismic Disaster Reduction Measure, International
Conference on Trends and Challenges in Concrete Structures,
Organized by ICL India, 520-529, 2013,

P. Kakarla, S. Sharma, D. P. Kanungo, A. Pain & R. Anbalagan,
Artifical Neural Network Approach Based Indirect Estimation of
Shear Strength Parameters of Seil, Indian Geotechnical
Conference 2013, IIT Roorkee. India (Paper ID:
0301774620130328).

P.K.S. Chauhan & A. Dwivedi, Investigation for Foundation of a
Mosque Minar using GPR, Indian Geotechnical Conference,
Dec. 22-24,2013 (ISBN: 978-81-925548-1-5).

P. Chand, R.Chandra, A.K. Sharma, A. Dwivedi & K.G. Garg,
Control of Heave in Expansive Clays by in-Situ Reinforcement,
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47.

48.

Indian Geotechnical Conference. Dec. 22-24, 2013 (ISBN : 978-
81-925548-1-5).

P. C. Thapliyal, Innovations in Advance Materials for Inclusive
Development, Proc. National Conference on Innovations in Science
and Technology for Inclusive Development, [L-2,49. 2014,

P.C. Thapliyal, N. Dabas, S. Tewatiyva & K. Singh,
Nanotechnology for Sustainable Development, Proc. National
Conference on Innovations in Science and Technology for
Inclusive Development, 72-110,2014.

Ravindra 8. Bisht & Soju J. Alexander, Mobile Robots for
Periodic Maintenance and Inspection of Civil Infrastructure: A
Review, Proceedings of the 1" International and 16th National
Conference on Machines and Mechanisms, IIT Roorkee, India,
Dec 18-20,2013.

Ravindra S. Bisht & Soju J. Alexander, Design Parameter
Analysis of Adhesion Mechanisms for Climbing Robots, 8th
Uttarakhand State Science and Technology Congress, Dehradun,
Dec. 26-28,2013,

R. Bhowmik & M. Samanta , Numerical Analysis of Piled-Raft
Foundation under Vertical Load in Stone Column Improved Soil.
IGC-2013, Roorkee, 112.22-24 December.

S. K. Panigrahi, A. Chaurasia, S. K. Bhattacharyya, Alexander
Soju & Jalaj Parashar , Noise Influence on Condition
Monitoring of Structures, 8th Uttarakhand State Science and
Technology Congress, Dehradun, Dec 26-18,2013.

S. Sarkar, D.P. Kanungo. S. Sharma & D. Singh, Potential
Landslide Zones along Pipalkoti - Joshimath Road, Alaknanda
Valley, Indian Geotechnical Conference, Dec. 22-24, 2013,
Roorkee, India.

S. Behera, A K. Mittal, S.K. Bhattacharyya, A. Gupta & D.
Ghosh, Wind Forces on Inclined Solar Panels on Flat Roofs . 8th
Asia-Pacific Conference on Wind Engineering (APCWE-8),
Chennat, India, 527-532, Dec 10-14,2013.

S. Saxena, C. Sonkar & N. Saxena, Distress Diagnosis by
Dynamic Characteristics, International Conference on Trends
and Challenges in Concrete Structures. organized by ICL. 598-
609,2013. India.

S. 8. Pawar, N. Saxena & R. N. Dubey, Design of Earthquake and
Wind Resistant High Rise Composite and RC Building Systems,
International Conference on Trends and Challenges in Concrete
Structures, organized by ICI, 530-539. 2013, India.

S. Rukhaiyar, N. K. Samadhiva & A. Pain, Artificial Neural
Networks as a Basis for Predicting Polyaxial Strength of Intact
Rock. International proceeding of 4th Indian Young
Geotechnical Engineers Conference, 29-32, 2013, IIT Madras,
India.

S. Jain, A. Arvind Kumar & R. S. Chimote, Numerical
Simulation of Water Mist Velocity Distribution using
Computational Fluid Dynamics, National Conference on Fire
Research & Engineering: FiRE 2014, Department of Mechanical
& Industrial Engineering, IIT Roorkee, March 1-2,2014,

S. K. Singh. 8. K. Bhattacharyya & D. Singh, The Structural
Behaviour at Elevated Temperature: An Overview, International
Conference on Trends and Challenges in Concrete Structures,
organized by Indian Concrete Institute, 19-21 December, 723-
738,2013.
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49, S.K. Singh, Post Fire Assessment and Rehabilitation of
Structure- A Case Study. Workshop on Structural Rehabilitation
and Retrofitting using Construction Chemicals (WSRR13), IT
Mumbai, 37-54, 24-25 September, 2013.

50. S. K. Singh, A. Chourasia & Y. P Kajale, Prefab Building
Construction: A Sustainable Approach, India Prefab-2014, 1EL
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