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Demolition Waste as Raw Materials
for Sustainable Construction Products

Utilization of concrete waste as recycled aggregate (RA) in
construction sector is necessary to reduce the social,
environmental problem associated with disposal of waste & reduce
the consumption of natural resources, but the main drawback is the
presence of adhered mortar (AM) and cement paste (CP) on the
surface of recycled coarse aggregates (RCA) and recycled fine
aggregates (RFA).The AM consists of fine aggregates and CP
(hydrated and un hydrated cement) which usually have minor
cracks or fissures and pores that makes predominantly RA
(represents both RCA and RFA) to be porous. Thereby, RA is
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characterized as high water absorption, lower specific gravity,
lower bulk density than conventional aggregates. Furthermore, the
porosity of RA increases with an increase in the amount of CP.
Hence the properties of the RFA are worse than RCA. Therefore,
treatment process for removal of CP should be prominent to RFA
to improve its quality.

Researchers have attempted several techniques to remove the AM
from RCA. Meanwhile, very limited study has as yet been reported
in the literature on the removal of CP from RFA. Moreover, there is
no standard method for determing the cement paste on the surface
of RFA. Keeping these concerns in view, the present paper
addresses to study the thermo-chemical treatment for the purpose
of surpassing the limitations of RFA performances. This study also
elucidates the mechanical and microstructural behavior of
concrete made with thermo-chemically treated and untreated
recycled aggregates.

As observed in this study, the thermal treatment itself enables to
remove the minimal quantity of CP.As seen in Fig.1,the steep
slope of the loss of CP increases with respect to molarity of acid in
case of chemical treatment. It is attributed to that the reaction due
to acid increases with an increase in surface area of RA, apart

Table 2: Mix proportion used in concrete mixes

Materials used Quantity

Cement 450kg/m’

Fine aggregate 636kg/m’

Coarse aggregates 1200kg/m’

Super plasticizers 1% by weight of cement
Water-cement ratio 0.38

Such treated RFA is used in concrete mixes to understand the
effects on the properties of concrete.

Three different concrete mixes were prepared to assess its
properties and mentioned in Table.1. The mix proportions are
constant for all concrete mixes and presented in Table 2. The mix
proportions of the concrete mixes were selected from a trail mix of
concrete made with NCA and NFA on the basis of achieving the
target strength of 50 MPa for 28 days. The maximum size of
aggregates used in all concrete mixes was 12.5mm.

The mechanical properties of different concrete mixes are
presented in table.3.The UNT-RCA+UNT-RFA mix attains lower

molarity of acid. It can also be visualized that the that the increase Table 3: Mechanical properties of different concrete mixes

in loss of CP between the chemical treatment and pre-

heating at 300°C with acid soaking was high as compared Mix proportions |Compressive strength (Mpa)| Tensile | Modulus
to others. It can be inferred that the thermo-chemical strength |of elasticity
treatment makes a huge difference in removing the CP as (Mpa) (Mpa)
compared to chemical and thermal treatment as well. As 7 days | 28 days | 56 days

observeq in this study,_the trea?tmént process particularly |\ A+NFA 415 55 60.5 347 38480
pre-heating at 600°C with soaking in 0.4M of HCI for RFA

samples removes the CP to a greater extent as well as NCA+ UNT-RFA [31.04 33.13 34.65 2.75 21485
satisfying the properties and micro structural aspects. |NCA+TRT-RFA [34.58 38.66 4418 2.86 26653
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strength of 45.60%, 55.78% and 54.84 % with
respect to 7, 28 and 56 days as compared to
controlled concrete. However, the increase in
strength in case of NCA+TRT-RFA mix is
11.40%, 16.70% and 27.50% with respect to 7
,28 and 56 days as compared to NCA+UNT-
RFA mix. It can be also observed that untreated
RFA used in concrete results in to decrease the
modulus of elasticity to the maximum extent as
compared to others. In case of using untreated
RFA in concrete, the stiffness of the mortar
matrix may get lowered utmost due to the
presence of CP, which is the crucial factor for
decreasing the modulus of elasticity of concrete.
In contrast to this, such treated RFA used in

Fig. 1: Loss of CP under the influence of chemical

and thermo-chemical treatment

concrete results in to increase the modulus of
elasticity to a considerable level.

Table 1: Mix details of different types concrete mixes

SI.No. |Mix details of concrete mixes

Mix designation

1 Natural coarse aggregates Natural fine aggregates NCA+NFA(controlled concrete)
2 Natural coarse aggregates (100%) +Un treated recycled fine aggregates (100%) NCA+UNT-RFA
3 Natural coarse aggregates (100%) +Treated recycled fine aggregates (100%) NCA+TRT-RFA




(a) NCA + UNT — RFA 3191 &1 SEM

(b) NCA+TRT & RFA 3591 &1 SEM
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(2) SEM image of NCA + UNT-RFA mix

(b) SEM image of NCA+ TRT-RFA mix

Fig. 2: Microstructure of different concrete mixes

Asseenin Fig. 2 (a) and Fig. 2 (b), it can be inferred that the ITZ of
NCA+TRT-RFA is somewhat dense than ITZ of NCA+UNT-RFA.
The treated RFA used in concrete has the tendency in enhancing
the hydration process, improving the bond between aggregate

phase and mortar phase and reduction of the porosity of the matrix
phase as compared to untreated RFA.

-Dr. A.K. Minocha & Team

Jan Samvad-Press Meet

CSIR-CBRI, Roorkee organized a Press Meet “Jan Samvad” on
January 25, 2016 to apprise about the institute's works related to
Cultural heritage sites like Chittaurgarh Fort, Qutab Minar, Taj
Mahal, Kashi Vishwanath Temple, Sun Temple, Gorten Castle
Shimla, Indian Institute of Advanced Studies (IIAS), Shimla etc.
Mr. Yadvendra Pandey, Acting Director, CBRI, Dr. Harsh Verma,
Dr. B. Singh, Dr. Suvir Singh, Dr. Ajay Chaurasia, Dr. PK.S.
Chauhan and many other scientists attended the meet.

Mr. Y. Pandey informed that mining operations were done to study

| g«ﬁ’ég“ vt o B P

the impact of blasting at the Chittaurgarh Fort on the orders of the
Hon'ble Supreme Court. This study was conducted jointly by
CBRI Roorkee and Central Institute of Mining and Fuel Research
Dhanbad. He also informed about the institute's works to detect the
impact of the sound of aircraft on Qutab Minar and also the
geotechnical and structural investigations of the Taj Mahal. The
Himachal Pradesh government has requested CBRI to renovate the
Gorten Castle and the ITAS in Shimla.

Addressing the Press, Mr. Y. Pandey briefed about the work done at
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UNESCO World Heritage Site Sun Temple, Konark, Orissa. A
portion of the Sun Temple has collapsed and the main building has
been completely submerged by marine sand. The task of removing
the sand without damaging the structure of the building has been
assigned to CBRI. He also informed about the work done on
World Heritage site the Kashi Vishwanath Temple. Archaeological
Survey of India (ASI) has entrusted CBRI Roorkee the task of
finding the method to remove the coating of paint from the temple
walls without any damage to the temple wall carvings.

Mr. Y. Pandey informed that the institute has been asked to provide
its technical expertise to rehabilitate the disaster affected
Kedarnath and the institute has fulfilled the obligation
successfully. He informed that more than 150 buildings have

already been constructed in Kedarnath and work for two-storied
buildings is in progress. Rock fall barriers and RC counter forts
have been constructed for protection. In addition, the design for
piers and other amenities has been completed and construction
work has begun. The workers were trained to use materials
available on site for the construction of the stone masonry. He
informed that despite the adversities, more than 3000 workers are
engaged in construction work in Kedarnath.

Press representatives from Amar Ujala, Dainik Jagran, Hindustan,
Rastriya Sahara, Uttaranchal Deep, Awam-e-Hind, Jan Bharat
Mail etc. attended the meet and discussed various issues. Dr. Atul
Kumar Agarwal, Sr. Principal Scientist conducted the programme
and proposed a vote of thanks.

Republic Day

The Republic Day of the Nation was celebrated with a deep sense of patriotism combined with gaiety on January 26,2016 at CSIR- Central
Building Research Institute main lawns. Mr. Yadvendra Pandey, Acting 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 Nagar presented various cultural programmes on patriotic themes.

CSIR-CBRI Celebrates its Foundation Day

CSIR-Central Building Research Institute (CBRI), Roorkee
celebrated its 70" Foundation Day on February 10, 2016 in
Rabindra Nath Tagore Auditorium. Dr Ashwini Kumar, Director
General, Indian Council of Forestry Research & Education
(ICFRE), Dehradun and Vice-Chancellor, FRI & Colleges,
Dehradun was the Chief Guest and Mr. Pramod Adlakha,
Managing Director, M/S Adhlakha Associates Private Limited,
Delhi was the Guest of Honor. Mr. Yadvendra Pandey, Acting
Director, CSIR-CBRI presided over the function.

Mr. Yadvendra Pandey, Acting Director, CSIR-CBRI addressed
the gathering, highlighted 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, designing, foundations, materials
and construction including disaster mitigation in all kinds of
buildings, environment preservation and energy conservation. He
informed that CBRI, having provided assistance in Rehabilitation
of Chamoli earthquake, damage assessment of education and
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health buildings in earthquake affected Uttarkashi, Landslide
zonation of Garhwal districts, strong motion seismic
instrumentation, development of solar timber seasoning Kkilns,
building construction of Navodaya Vidyalaya complexes, has
been intensively involved in addressing this specificity related
items. The institute has also taken up projects for conservation of
nationally important heritage structures such as Taj Mabhal,
Konark Temple, Chittaurgarh Fort, Kashi Vishwanth Temple and
Qutub Minar. He also spoke about CSIR-800 project and role of
the institute aiming at the upliftment of the life of poor people in
the country. He talked about the major R&D projects, newer areas
of research such as sustainability, nanotechnology, use of Kota
stone dust, EPS Door shutters, Nano-concrete, Bio-concrete,
geopolymer and C&D waste utilization in the production of
construction materials and products. He also informed about the
involvement of CBRI in 'Housing for All' Mission and 'Make in
India'.
Dr. Ashwini Kumar, Chief Guest, in his address complimented
CBRI for its efforts and achievements, especially for its role in the
country's economy by providing one of life's three basic
necessities. He spoke about the scientific importance of the day.
He stated that CBRI is engaged in producing buildings while
ICFRE produce the building products. He shared his concern on
the recent climatic changes in the environment and encouraged the
efficient use of solar power. He dwelt upon the need of developing
energy efficient building products.
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Mr. Pramod Adlakha, Managing Director, M/S Adhlakha Associates
Private Limited, Delhi, who has been associated with the institute
since 1975, requested CBRI staff to take the lead in the Prime
Minister's Make in India movement. He informed that by using
CBRI Technologies, his industry covered an area of about one crore
sixty lakh square meter using the technological advancement made
by the institute. He told that CBRI's technology has been used in the

construction over twenty thousand houses in Bawana, Delhi.

On this occasion, Diamond Jubilee Director's Best paper Award
of Rs. 15000/- was awarded to Dr. Rajiv Kumar & Shri M. P.
Singh for the paper “Correlations among Signature for detection of
different types of fires”. Diamond Jubilee Director's Award for
development of best Technology which has maximum impact on
the society was awarded to Dr. B. Singh & Dr. Manorama Gupta
for “Building Products from Pine Needles” and a cash prize of Rs.
20,000/-.

A publication on “State of the Art on Prefab Technologies for
Housing” and two CDs on short films on Innovative Building
Materials and Confined Masonry were also released. The occasion
was also marked by inauguration of a Heritage Gallery having rare
photographs of various dignitaries who visited the Institute.
Winners of the inter school debate competition held on the
occasion, were also awarded. Dr. A.K. Minocha, Chief Scientist
conducted the proceedings and proposed a vote of thanks. The
superannuated staff of CBRI and all staff members of the institute
also witnessed the occasion besides other dignitaries.

Industrial Meet

An Industrial Meet was organised at CSIR-CBRI on February 11,
2016. Mr. Dinesh Bhardwaj, President, Kota Stone SSI
Association (KSSSIA) Kota and Ram Ganj Mandi along with 10
union officials and Mr. Aditya Sharma, Regional Manager, Centre
for Development of Stones, Jaipur also participated in the
meeting.

Mr. Dinesh Bhardwaj apprised that more than five thousand
splitting units of Kota Stone are operated in the Kota, Jhalawar and
Ram Ganj Mandi area. These Splitting units produce stone debris
which is ejected to the dumping yards. But these dumping yards
fill up within one to two years. So the entreprencurs dump the
debris wherever the space allows. Therefore in the past 50 years,
these units have disposed off more than 650 million tonnes of Kota
Stone Waste in Rajasthan's Hadhoti region leading to
environmental problems such as air pollution, water pollution, soil
pollution and numerous health problems.

To get around this problem, Rajasthan Pollution Control Board,
Jaipur in 2012 inspired CSIR-CBRI, Roorkee to produce valuable
building materials form this waste. Consequently, the Ministry of
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Science & Technology, New Delhi and Rajasthan Pollution
Control Board, Jaipur provided funds to CSIR-CBRI Roorkee. Dr.
(Mrs.) Rajni Lakhani and Mr. Rajesh Kumar, Scientists developed
advanced quality Carpet tiles of various designs, Paver blocks and
techniques to produce lightweight building blocks. The pilot
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plant to manufacture tiles and blocks from this waste have also
been built.

The Union from Kota & Ram Ganj Mandi inspected the building
materials and pilot plants and expressed their desire to licence the
technology and establish the industry at the earliest. Mr.
Yadvendra Pandey, Acting Director, CBRI assured for all possible
technical assistance from CBRI, Roorkee.

Mr. Aditya Sharma, Regional Manager, Centre for Development
of Stones, Jaipur presented his views and expressed his trust on
the Institute's technologies. The Meet also acknowledged senor
scientists of the institute. It is expected that wide propagation of
this technology will get rid of the problem of environmental
pollution.

Training Programme on
'Design of Disaster Resistant Housing & RiskR Mitigation'

Design professionals agree that the most successful way to
mitigate losses of life and property is to design disaster-resistant
buildings. An integrated approach should be incorporated into the
project planning, design, and development at the earliest possible
stage. A variety of techniques are available to mitigate the effects
ofnatural hazards on the built environment. Depending on the type
of hazard, the location and type of construction of a structure can
be designed to resist hazard induced loads. To reduce the risk from
natural hazards in existing building retrofitting and repairs of the
structure can be undertaken. This demands proper planning,
design, construction methods, use of innovative materials and
trained manpower. CSIR-CBRI is one of the leading institutions in
the country which has developed innovative technologies for
architectural and structural design of multi-hazard resistant
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construction. These building technologies have been
demonstrated in field, and hands-on training has been provided to
grass root level functionaries in different parts of the country. It is
essential to mass implement disaster-resistant innovative
technologies developed by different institutions. This demands
development of skills and capacity building among the
administrative and technical functionaries at the state/district level
for its systematic implementation. To achieve this, professionals
needs to be trained in the application of innovative technologies
for disaster risk mitigation.

Identifying the need to develop, a pool of trained professionals in
the construction of disaster resistant building risk mitigation,
CSIR-Central Building Research Institute, Roorkee conducted a

three day Training course on “Design of Disaster Resistant
Housing and Risk Mitigation” during February 24-26, 2016. This
training course was particularly aimed at enhancing knowledge
and skills of the implementing archives to incorporate disaster
resistant techniques in building design and construction and to
mitigate the risks in existing buildings through lectures,
demonstrations and hands-on exercises.

This training programme was attended by 19 officers from
different states consists eight Engineers from PWD & CPWD; five
students from BBD University, Lucknow & KEC, Gaziabad and
six newly recruited Scientist of CSIR-CBRI, Roorkee. The
technical sessions have been delivered by invited resource person
and in-house faculty of CSIR-CBRI, Roorkee.

The training programme was inaugurated by Mr. Mangesh
Ghildiyal, Joint Magistrate, Roorkee, Prof. Chandan Ghosh,
NIDM, New Delhi and Mr. Y. Pandey, Acting Director, CSIR-

Design of Disaster Resistant Housing and Risk Mitigation
3435, 3096
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CBRI. Mr. Mangesh Ghildiyal has expressed the importance of
construction of disaster resistant houses and mitigation of disaster
risks in different parts of the country with the involvement of
CSIR-CBRI for providing technical support on building science
needed for local administration for the development of sustainable
built environment. He also said that this can be achieved by
enhancing the knowledge and skills of implementing authorities
through providing training/demonstration/skill developmental
activities to the filed level functionaries. Prof. Chandan Ghosh on
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his speech focused on minimization of local level disaster risks
such as stabilization of soils slopes using Vetiver plantation. Lastly
Mr. Y. Pandey has assured that CSIR-CBRI is always in forefront
to provide the technical support for construction of disaster
resistant housing using innovative technologies developed by
CSIR-CBRI. Soon after the inaugural session of the training
programme few Vetiver plants have been planted by the dignitaries
at Village Toda Kalyanpur, Roorkee for stabilization of soil slopes
along the major nala in which sewage water flow generated by the
village.

The concluding session was chaired by Dr. A.K. Minocha, Chief
Scientist of the Institute. During the concluding session, training
coordinator Dr. R. Dharamraju apprised about the three days
activities of the training programme followed by the feedback

from the participants. They expressed that such kind of training
programme would enable us in updating the scientific knowledge,
adaptation of disaster resistant building technologies at grass root
level by the administrators/field level officer with technical
support of CSIR-CBRI scientific community. The session was
concluded with the distribution of certificates to the participants.

International Women's Day

CSIR-CBRI celebrated International Women's Day on 8" March
2016. A Panel discussion on “Role of Women Empowerment in
Nation Building” was organised. The women working in different
profession such as Dr. Madhuraka Saxena, Chairman Rotary Club
and Former Principal S. D. Degree College Roorkee ; Dr. Rama
Mehta, Scientist, N.I.LH Roorkee; Dr. Rashmi Panwar,
Homeopathy Physician, Vardan Clinic Roorkee; Dr. Renu Saxena,
Principal, S.D. Inter College, Roorkee participated in the
discussion and shared their valuable views on the subject.

Women empowerment and their proper physical, mental and
social development can only be achieved when the old mindset is
changed and social malpractices such as sexual abuse, dowry
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practice, women oppression are eradicated from the society. Also,
education should be made an essential part of their life from early
childhood to make them independent and empowered.

Mr. Yadvendra Pandey, Acting Director, CSIR-CBRI presided

over the function. Dr. Rajini Lakhani, Principal Scientist,
convened the event. Dr. Abha Mittal, Senior Principal Scientist
shared her views on the subject and introduced Dr. Rama Mehta.
Mrs. Neeta Mittal, Senior Principal Scientist formally introduced
Dr. Madhuraka Saxena and proposed the vote of thanks. The
women employees, CBRI Ladies Club members and Group
Leaders of the Institute attended the programme and actively
participated.
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Annual Flowers and Vegetables Show

CSIR-CBRI Staff club organized 49" Annual Flowers and
Vegetables Show-2016 at CSIR-CBRI Roorkee premises on 9"

March, 2016. Prestigious organisations of Roorkee such as IIT,
NIH, CBRI, BEG&C etc. participated in the Flower Show. In

addition to this, many individual participants and staff of CBRI
participated in this show. There were several categories for the
competition which include garden, pot plants, cut flowers,
vegetables and flowers arrangements etc. The first category was
open for all institutions, office, clubs and nurseries; second
category included all individual participants; the third category
exclusively for CBRI Staff; the fourth category for the gardeners;
and the fifth category incorporated pot plants, cut flowers,
vegetables and flower arrangements.

The show was inaugurated by Dr. Ashwini Kumar Minocha, Chief
Scientist, CSIR-CBRI and the prizes were distributed by the Chief
Guest Prof. S.C. Handa, Director General, Quantum Global

Campus, Roorkee.

Dr. PKS Chauhan was the convener of the flower show. Overall
Trophy in Institutional category was awarded to Director, NIH
and in the Individual category, trophy was awarded to Brigadier

S.K. Kataria. In the CBRI staff category, Mr. Y. Pandey, Acting
Director, CBRI won the Overall Trophy.

In the category of Pot plant, Garden, Bonsai, Cut flower,
Vegetables, Lawns, Garland, Miniature, Rangoli & Salad dressing
etc. Mr. Pradeep Batra, Estate & Works Department IIT and
G.P.Q.A, Mr. R.C. Saxena, Mr. S.K. Negi, Mrs. Milli Panigrahi,
Km. Megha Panigrahi, Mrs. Madhu Yadav, Mr. Y. Pandey and
Brigadier S.K. Kataria etc. won various prizes in their respective
categories.

The jury of the flower show comprised of Mr. K.D. Dhariyal,
Mr. Satpal Tyagi and Mrs. Amita Sinhwal.

Staift Dews

£

Degree Awarded

Mr. Rakesh Kumar, Technical Officer has been awarded AMIE in Mechanical
Engineering from The Institution of Engineers (India) in March 2016.

Appointments

Following persons have joined CBRI family as Scientist:

Md. Reyazur Rahman

08.01.2016 08.01.2016

Ms. Ishwarya G.
08.01.2016

Mr. Rajesh Kumar
08.01.2016

08.01.2016

Mr. Santha Kumar G.
08.01.2016

Mr. Rakesh Paswan

Ms. Monalisa Behera
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Mr. Chanchal Sonkar Ms. Sayantani Lala
@ 08.01.2016 28.03.2016
ﬁ Ms. Surya M. Mr. Debdutta Ghosh
=e!  31.03.2016 29.03.2016
) .

Ms. Hina Gupta
28.03.2016

Mr. Koushik Pandit
16.03.2016
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q@leatict Promotion
Sl guid |, AAMfa aR. T, e | 12.12.2012 Dr. S. K. Senapati Sr. Tech. Officer to
e T, JAfTBRI Principal Tech. Officer
2 SR R REdl T, AfbeR 4 29.05.2013 Mr. Itrat Amin Technical Officer to
R, . IARHRT (1) Sr. Technical Officer (1)
ST TIRET <Y TP, ARHR A 08.09.2013 Mrs. Gayatri Devi Technical Officer to
R, . STEaERT (1) Sr. Technical Officer (1)
I SIS gR. T, BRI A 01.10.2013 Mr. Bhupal Singh Sr. Tech. Officer to
T b, JAfTBRI Principal Tech. Officer
T 31T wer a®s. AERT o 28.02.2014 Mr. Amit Kush Technical Officer to
IR, . ARHRT (1) Sr. Technical Officer (1)
s oS B TR (2) & 01.02.2014 Mr. Jameel Hasan Technician (2) to
aR. AHAREA (1) Sr. Technician (1)
i SHIT TV THAIREA (2) | 01.02.2014 Mr. Umesh Chandra Technician (2) to
IR, AHAIREA (1) Sr. Technician (1)
o) Qi'sﬂ?vr AR CICEGELIIEIRG] (1) 3 16.03.2014 Mr. Sushil Kumar Sr. Technician (1)
R, BRI (2) to Sr. Technician (2)
EIRESININE gR. THRRE (1) ¥ 16.03.2014 Mr. Himanshu Sharma ~ Sr. Technician (1) to
R, THAREA (2) Sr. Technician (2)
) =R et Rig aR. qHIRE (1) & 02.04.2013 Mr. Rishi Pal Singh Sr. Technician (1) to
Elﬁ. THIRR (2) " Sr. Technician (2)
s T uTel aR STTEI%@'CE 3 16.02.2016 Mr. Satya Pal Sr. Stenographer to
ol wfa Private Secretary
) P HOR HED (A=) A 16.02.2016 Mr. Constan Kujur Assistant G to
> W eﬂw (W) Section Ofﬁcer(G)
anteigier Superannuation
CIRIEQ] AT Y (fIy v @/a) 31012016 Mr. BabuRam S.0.(F&A)
o1 simerer dive oo afua 31.012016 Mr. S.P. Kapil PS.
qaqiqeh / Editor

ST, A HAR 3UATA/Dr Atul Kumar Agarwal
g3 ger a1 / Senior Principal Scientist

fe=t argane - it wew Te, et anferamnit

forega SIECai) 3@' O WA/For further details, please contact:
fie9TeR/Director

12.12.2012

29.05.2013

08.09.2013

01.10.2013

28.02.2014

01.02.2014

01.02.2014

16.03.2014

16.03.2014

02.04.2013

16.02.2016

16.02.2016

31.01.2016
31.01.2016

CBR

gl doial SIgRIiTEl A2, B
CENTRAL BUILDING RESEARCH INSTITUTE, ROORKEE
(A Constituent Establishment of CSIR)

HICTATSHR-Bogier AT e gTal Tedrd / CSIR-Central Building Research Institute
TIHI-247 667 (3TTRIUS) HTed / Roorkee-247 667 (Uttarakhand) India

TAIM/Phone: 01332-272243; %ha/Fax: 01332-272543, 272272;
é—ﬁ'ﬂ/E-mail: director@cbrimail.com; W/Website: www.cbri.res.in
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