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FOREWORD

| have great pleasure in presenting the Twenty-second Annual Report of the Building Materials &
Technology Promotion Council for the year 2011-2012.

Since its inception in 1990, BMTPC has been into promotion of cost effective, eco friendly and
disaster resistant construction technologies, primarily based on locally available materials and
tocal skills. BMTPC has the distinction of successfully transferring number of alternate building
materials and building components from laboratory to field level applications. However, in the
context of ever changing urban scenario and housing shortage specially in urban areas, BMTPC,
in recent years, has made concerted and rejuvenated efforts for spreading awareness and
disseminating cost effective technologies. The ground example of use of BMTPC's technologies
in mass housing projects has been right in Delhi by DSIIDC in their JNNURM projects for
providing EWS housing.

Any advocacy is incomplete without actually demonstrating it in the field. BMTPC has initiated
model demonstration work in different parts of India and also imparted onsite training not only to
engineers including students of architecture and engineering colleges but also to artisans and
policy makers. These demonstration projects stand a testimony of cost effectiveness and
sustainability of technologies being promoted under the umbrella of BMTPC. The projects
undertaken are construction of 24 demonstration houses including onsite infrastructure at
Amethi, Sultanpur, U.P., Multi-facility two-storeyed Community Centre with facilities such as
Community Hall, dispensary, créche, library, green room, office, etc. at Village Khojkipur-Naggal,
Haryana, construction of 24 demonstration housing project including community centre and multi-
purpose meditation room at Pinjore, Distt. Panchkula, Haryana and Model Informal Market in
Vishakhapatnam, Andhra Pradesh.

It has been realized that the technologies being promoted by BMTPC has restricted use and
there is crying need to embrace industrialized technologies suited for mass housing. There have
been number of technologies from abroad as well as few from India which are being studied by
BMTPC for suitable adaptation in Indian conditions. BMTPC invited Global Expression of Interest
(EOI) from Construction System/Technology Developers/Providers for introducing emerging and
alternate cost effective housing technologies suitable to Indian geo-climatic and hazard
conditions. The Council received the expression of interest from the 12 agencies for different
technologies and systems and the Technology Advisory Group constituted by the Executive
Committee of BMTPC for identification, evaluation and selection of the suitable technologies
identified seven technologies for further evaluation. In order to promote local materials such as
use of bamboo in housing construction, the Council also continued its thrust on promotion of
bamboo based housing technologies by setting up Bamboo Mat Production Centres and
construction of demonstration structures in North Eastern Region.

The Council through its muiti-pronged approach within its core mandate of promotion,
development and application of innovative and disaster resistant building technologies continued
its involvement in the implementation of Jawaharlal Nehru National Urban Renewal Mission
(JNNURM) by way of appraising and monitoring the projects under BSUP and IHSDP. The
Council has aiso involved in capacity building of the municipal functionaries of ULBs in the area
of project preparation, appraisal & monitoring and quality assurance & control. Third Party
Inspection & Monitoring (TPIM) reports for BSUP and IHSDP under JNNURM are also being
reviewed by BMTPC for subsequent releases.

The Council is continuously striving to establish the proactive approach towards disaster
mitigation and management and has been in the forefront in educating and creating mass
awareness amongst stakeholders and the common man. With the objective of demonstrating
retrofitting technologies, BMTPC undertook seismic strengthening of few MCD school buildings
in Delhi region. During the year, the Council brought out Guidelines on Multi-Hazard Resistant
Construction of EWS Houses, Guidelines on “Aapda Pratirodhi Bhawan Nirman : Sampurn
Bharat ke liye Margdarshika” and Training Manual for Ductile Detailing in Hindi.
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In order to provide guidance to common man and professionals, the Council brought out the
Training Manual for Ductile Detailing in Hindi and Training Manual for Supervisors (English and
Hindi). The website of the Council was redesigned during the year making it more informative
and user friendly. There is good response on website in the form of general enquiry about
product and services. The website of the Council is regularly updated with latest information.

Like preceding years, on the occasion of World Habitat Day 2011, the Council brought out the
Special Issue of “Nirman Sarika” on the theme “Cities and Climate Change” chosen by the UN-
Habitat for the year. On this occasion, the Council organized a painting competition for Differently
Abled Chiidren and the winners were felicitated during the World Habitat Day celebrations.

With the emergence of new building materials, advancement of technologies and the need for
disaster resistant construction to mitigate the effect of natural disasters, it is important that
working professionals are regularly updated with current information and the construction
workforce is provided hands-on training. BMTPC continued its efforts in organizing structured
training programmes on subjects related to advancement in the area of building materials for
working professionals and construction workforce on regular basis.

With a focus on development and promotion of innovative building technologies, specific projects
have been undertaken such as Preparation of Design Package on Alternate House Building
Technologies, Preparation of Code of Practices on Alternate Housing Technologies,
Development of the Building Components from Sponge Iron Wastes, Utilization of Industrial
Waste Materials as Inexpensive Absorbents having Applications in Building Materials, Energy
Auditing & Carbon in manufacture of Bamboo Mat Corrugated Sheets and Bamboo Mat Ridge
Cap, Development of Design Methodology for Chemically Treated Bamboo Reinforced Concrete
Members for Low Cost Housing, Cost-effective Value Added Thermal Insulation Tiles for
Insulation Purpose, etc.

It is my privilege to place on record the valuable guidance, support and encouragement received
from the President, Members of the Board of Management, the Chairperson and Members of the
Executive Committee and Ministry of Housing & Urban Poverty Alleviation for various
programmes undertaken and executed by the Council. Special thanks are due to Planning
Commission, Pariamentary Standing Committee on Urban Development, JNNURM Mission
Directorate, MoHUPA, various State Govts., Municipa! Comporations and Urban Local Bodies,
Ministry of Home Affairs, Ministry of DONER, Ministry of Agriculture, NDMA, NIDM, MOS&PI,
DST, CSIR, lITs, CEPT, IPIRTI, CBTC, CBRI, SERC, ICI, IIHRD, SEP, SPA, HUDCOQ, BIS, NHB,
NCHF, HPL, CGEWHO, CPWD, NSIC, CIDC, UNDP, UNIDO and UN-Habitat for their continued
support and interest in strengthening and supporting the efforts of the Council over successive
years.

| would also like to place on record my deep appreciation of the cooperation of our officers and
staff members in implementing the Council's activities. The Council acknowledges the support
and cooperation received from all officers and staff members of the Ministry of Housing & Urban
Poverty Alleviation, which helped the Council to meet its mandate and further its objectives.

(Dr.Shailesh Kr.Agrawal)
Executive Director
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Vision

“BMTPC to be world class knowledge and
demonstration hub for providing solutions to all with
special focus on common man in the area of
sustainable building materials, appropriate construction
technologies & systems including disaster resistant
construction.”

Mission

“To work towards a comprehensive and integrated
approach for promotion and transfer of potential, cost-
effective, environment-friendly, disaster resistant
building materials and technologies including locally
available materials from lab to land for sustainable
development of housing.”

1 BMTPC Annual Report 2011-12



INTRODUCTION

The Building Materials & Technology Promotion
Council (BMTPC), established in 1990, is an
autonomous organisation fully supported by the
Ministry of Housing & Urban Poverty Alleviation,
Govt. of India with the objective of bridging gap
between the laboratory development and large scale
field application of cost effective, eco-friendly and
sustainable building materials and disaster resistant
construction technologies.

In order to realise its objectives, BMTPC initiated
several multi-faceted activities enshrined in the
mandate of the Council and looking at the aspiration
of the construction sector. QOver the years, the
Council has been focussing on the successful
transfer of the innovative, cost-effective,
environment-friendly and energy-efficient alternate
building materials and technologies at grass-root
level. The Council has also embarked upon the fieid
level application of alternate building materials and
technologies by way of construction of model
demaonstration housing and other structures such as
informal markets, community centre, etc. in different
parts of India. In its technology development,
promotion and dissemination efforts, the Council
developed various technologies for use in housing
and building construction including bamboo based
housing - solutions. The Council also constructed
demonstration structures in the North Eastern
Region and set up Bamboo Mat Production Centres
to make available the quality mats for the production
of bamboo mat related products such as corrugated
sheets, bamboo boards, etc. leading to employment
generation. Apart from bringing out the first ever
Vulnerability Atlas of India, the Councii regularly
publishes valuable guidelines/manuals on disaster
resistant construction. In order to mainstream
seismic retrofitting, the Council has undertaken
retrofitting of few MCD schools in Delhi. The Council
has also been designated as one of the Appraisal
and Monitoring Agencies for Projects under BSUP
and IHSDP under the Jawaharlal Nehru National
Urban Renewal Mission (JNNURM) & RAY. The
Council in recent years has reoriented its approach
towards promotion of not only sustainable
technologies  through intensive evaluation,
dissemination but also looking at prospective
technologies from abroad for social mass housing.

2 BMTPC Annual Report 2011-12
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Objectives

Thrust Areas

Building Materials & Construction Technologies :
To promote  development, standardisation,
mechanisation and large scale field appiication of
proven innovative and emerging building materiais
and technologies in the construction sector.
Capacity Building and Skill Development: To work
as a Training Resource Centre for capacity building
and promotion of good construction practices to
professionals, construction agencies, artisans and
marketing of building technologies from lab to land.
Disaster Mitigation & Management : To promote
methodologies and technologies for natural disaster
mitigation, wvulnerability & risk reduction and
retrofitting/ reconstruction of buildings and disaster
resistant planning for human settlements.

Project Management & Consultancy: To undertake
project management and consultancy services
including appraisal, monitoring and third party
inspection of housing projects under the various
Central/State Schemes.

Identification, evaluation of proven and emerging
technologies available globally and encouraging joint
venture in building materials and construction sector.
Promoting economy, efficiency and quality in
construction.

Up scaling of technologies, know-how acquisition,
absorption and dissemination.

Field level application of environment-friendly,
energy-efficient and disaster resistant technologies
for proven, locally available and emerging
technologies.

Formulation of Standards on proven building
materials/technologies including emerging
technologies/systems and incorporation in the
schedule of specifications/rates.

Documentation of  benefits, durability and
acceptability of cost effective and innovative building
materials and technologies.

Skill upgradation of professionals and construction
workers through capacity building programmes,
training  programmes, seminars, conferences,
workshops, exhibitions nationally as well as
internationally.

Promoting disaster resistant construction
technologies.

Appraisal, monitoring and third party inspection of
housing projects including undertaking project
management and consultancy services.

3 BMTPC Annual Report 2011-12



MAJOR INITIATIVES AND ACTIVITIES DURING THE YEAR 2011-2012

. DEMONSTRATION BUILDINGS USING COST-EFFECTIVE TECHNOLOGIES

1. Field level application of cost effective technologies through Demonstration

Housing Projects

The most important component for successful transfer of
technologies is demonstration construction. BMTPC on
regular basis constructs demonstration houses or any other
structure using cost-effective and disaster resistant
technologies on the land being provided by the State
Governments. Also during construction, the public of nearby
region, students of Civil Engineering and Architectural
colleges and artisans especially masons are
sensitized/trained about the technologies.

Construction of Community Building using alternate
construction technologies at Village Khojkipur-Naggal,
Ambala

The construction of the Community Centre with facilities of a
Community hall, dispensary, créche, library, green room,
office etc. with onsite infrastructure work has been
completed at Village Khojkipur-Naggal, Ambala. The
covered area of the Community Centre is 728 sq.mt. having
ground and first floors. The construction cost achieved with
cost effective and alternate technologies is Rs.670/sqit.
whereas the cost with conventional technologies is
averaged to Rs.850/sqft. In this Centre, a number of
alternate cost effective technoiogies have been used so that
local community visiting the Centre get exposure to such
technologies. The details of technologies/specifications
used in the project are as follows:

Walling alternate to English/
. Rat trap bond in bricks Flemish bond
. Interlocking type (
compressed earth Alternate to conventional
blocks; 4 burnt clay bricks
. Flyash bricks;
. Modular bricks. L
Roof/Floor
. RCC planks and joists;
. Prefabricated brick As an aliernate to
panels; conventional cast-in-situ
. Prefab brick arch panels; |RCC slab
. RCC filler slab;
. Funicular shell roof; \
. IPS flooring.
4 BMTPC Annual Report 2011-12
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Doors/Windows

. Pre-cast RCC door/window frames in place of
traditional frames to achieve cost effectiveness.

. Wood substitute door/window shutters.

Finishing

. Internal plastering.

. External walls exposed finish with water proof
cement paint

o Enamel painting on doors/windows

Miscellaneous

. Precast sunshades, Lintels, Staircases

. Earthquake resistant features such as plinth band,

lintel band etc.

The project also includes plinth protection, boundary wall,
rainwater harvesting and external development work. A few
training programmes were organised at the site for the
prospective architects and engineers of nearby colleges.
Also several interactive meetings with State Engineers were
held at the site.

After completion of the Demonstration Community Centre at
Village Khojkipur-Naggal, the same has been handed over
to the local administration on 2™ November, 2011 by the
then Hon'ble Minister of Housing & Urban Poverty
Alleviation, Kumari Selja.

Demonstration Housing Project at Pinjore, Disti.
Panchkula, Haryana

The Council is constructing 24 demonstration houses with
community centre & multi-purpose meditation room at
Bitna Road, Pinjore, Distt.Panchkula, Haryana. The
construction work of 24 demonstration houses has been
completed and the work for construction of multi-purpose
room and community centre is in progress. The
technologies used are rat-trap bond in bricks, RCC filler
slab, precast concrete door/window frames, etc.

In the Community Centre and multi-purpose meditation
room, the technology being used are concrete blocks for
walling, filler slab for roofing, precast concrete door/window
frames etc.

Promotion of Cost-effective Technologies through
Construction of Demonstration House during ITF 2011

The Council had put up a BMTPC Pavilion in HUDCO
BuildTech on Emerging Housing and Building Technologies
including Cost Effective Technologies during India

5 BMTPC Annual Report 2011-12



International Trade Fair 2011 from 14-27 November, 2011.
A demonstration house constructed using proven cost
effective, environment friendly, energy efficient and disaster
resistant technologies having built up area of 350 sq ft with
living room, bedroom, kitchen alcove, bath-cum W.C. and
balcony was showcased.

The Demo House attracted a number of professionals
including general visitors. Many of the visitors requested
BMTPC to provide technical assistance for construction of
such type of houses in their respective region.

The Specifications of the house constructed for
demonstration are given hereunder:

Space Norms:

. Plinth Area of 31.51 Sqgm. and Carpet area of 25.17
Sgm.

Two Habitable Independent Rooms

Kitchen Alcove

Combined Bath & Toilet

Court Yard/Balcony

Part of a Cluster of 4 Units at one Floor

Building Materials/ Construction Technologies used:

Masonry:

. One wall with Fired Clay Bricks in 1:4 Cement
Coarse sand mortar, in Rat-Trap Bond

. One wall with Fly ash Bricks in 1:4 Cement Coarse
sand mortar, in Rat-Trap Bond

. One Wall with Cellular Light-weight Concrete Blocks

. One Wall with Fly Ash Interiocking Blocks

Roofing:

. RCC Filler slab with Bricks and earthen Pots as infill

. Precast RC Planks and Joist Roofing

. MCR Tile Roofing

Openings:

Brick arches

Inbuilt Brick Jallies

Brick on Edge Lintels

RCC Door Frames

Steel section glazed window

Brick Corbelling

Bamboo mat door

Ferro cement Shelves, Sunshades, Kitchen Slab

Flooring:

. Precast concrete tile flooring

Finishing:

. Cement Pointing

Earthquake/Cyclone Resistant Features:

. RCC Plinth Bands, Lintel Bands, Roof Band and
Vertical Steel Reinforcement at corners & junctions

6 BMTPC Annual Report 2011-12
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Demonstration Community Centre constructed by BMTPC at Village Khojkipur-
Naggal, Haryana

Inauguration of Demonstration Community Centre constructed by BMTPC at Village
Khojkipur-Naggal, Haryana by Kumari Selja, the then Hon'ble Minister of Housing &
Urban Poverty Alleviation on 2" November, 2011
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Kumari Selja, the then Hon'ble Minister of Housmg & Urban Poverty Alle\natlon
releasing the “Manual on Basic of Ductile Detailing (Hindi)” brought out by BMTPC
during the Inauguration of Demonstration Community Centre at Village Khojkipur-
Naggal on 2™ November, 2011
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Kumari Selja, the then Hon‘ble Mlmster of Housmg & Urban Poverty Allewatlon,
releasing the “Training Manual for Supervisor (Hindi)” brought out by BMTPC during
the Inauguration of Demonstration Community Centre at Village Khojkipur-Naggal on

2" November, 2011
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Demonstration Houses being constructed by BMTPC at Bitna Road, Pinjore,
Distt.Panchkula, Haryana

Demonstration House of 350 sqft. area using cost effective technologies constructed
at BMTPC Pavilion on Emerging Housing & Building Technologies during India
International Trade Fair from 14-27 November, 2011
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. Cement Coarse Sand Mortar of 1:4
. Designed as per NBC, BIS Specifications

Sustainability:

. Thermal efficiency due to cavity in Rat-Trap Bond
Masonry

. Reduction in bricks and mortar quantity due to Cavity
in Masonry

. Concrete quantity reduces due to Filler slab, without
compromising structurat Strength

. RCC Door/Window Frames reduces demand for
Timber/Steel

. Brick Jallies eliminates requirements of windows
frames and shutters

. Ferro Cement shelves reduces Stone/RCC slab

. No Plastering

. Locally available building materials may be used as
per availability and Costing,

. Locally available materials are low Embodied Energy
materials

. Embodied Energy of the house can be decreased by
about 30 % without increase in Cost

. Cost is dependent on geographical area,

volume/scale of work and time, however cost of
construction with these technologies is about 10% -
15% less than the cost as per standard specifications
of CPWD/States PWDs/ Housing Boards/
Development Authority's
No Complicated construction Techniques

. A number of such units have already been
constructed throughout India.

Structural Design Manual for Use of Glass Fibre Reinforced Gypsum
(GFRG) Panels in Buildings

The Glass Fibre Reinforced Gypsum (GFRG) Panel
System, commonly known as Rapidwall, is an innovative
alternate technology for construction of buildings originally
developed and being in use for last two decades in
Australia. Now RCF, Mumbai has set up a plant for making
GFRG panels and ready for its commercial exploitation.
BMTPC is also assisting RCF in promotion of these panels.
The panels are manufactured in semi-automatic machine
using phosphogypsum (an industrial waste from fertilizer
plants) and glass fibre rovings. The technology is evaluated
by BMTPC under the Performance Appraisal Certified
Scheme (PACS). The evaluation of the system is based on
various tests performed on the panels. The panels, due to
unique configuration and materials have properties different
than normal conventional construction. Besides Australia
and China, materials properties, strength and behaviour of
the panels have also been studied in India at liT Madras.

7 BMTPC Annual Report 2011-12



While evaluating the system, it was realized that the design
Manual used in Australia for the system, needed
appropriate modifications to ensure conformity with the
prevailing Indian standards and to incorporate the research
findings of the studies undertaken at IIT Madras.
Accordingly, the Designs Manual has been prepared which
deals with the engineering design aspect of GFRG Panels
and endeavours to provide guidelines to the engineers who
intend to design building using GFRG Panels.

This Manuai is mandatory and required to be followed for
design of any buildings using GFRG Panels manufactured
by RCF as per the design specifications.

. DISASTER MITIGATION - REPAIR, RECONSTRUCTION AND RETROFITTING

1. Study for Seismic Retrofitting of Bara Hindu Rao Hospital in Delhi

A request was received from Municipal Corporation of Delhi
for retrofitting of existing hospital building of Hindu Rao
Hospital. In this connection, several meetings were held
with MCD and Medical Superintendent of the hospital.
Based on the priority of the hospital authorities, study of 250
bedded ward was taken up in association with Earthquake
Engineering Department of |IT Roorkee.

In this connection, seismic evaluation studies including non-
destructive tests have been carried out in the building. The
final report has been prepared and presented to MCD. The
retrofitting work based on the findings of the report is yet to
be taken by MCD.

2. Guidelines on “Aapda Pratirodhi Bhawan Nirman : Sampurn Bharat ke liye

Margdarshika”

In order to constantly sensitize the public about earthquake
disaster, BMTPC published the Hindi transiation of UNDP -
Ministry of Home Affairs, Govt. of India English Manual on
Disaster Resistant Construction : Safety of housing being
constructed without engineers. The Guidelines are entitled
“Aapda Pratirodhi Bhawan Nirman : Sampurn Bharat Ke
Liye Margdarshika". The document is quite useful in
creating awareness amongst common people as regards
disaster resistant techniques.

Further in India, constructions of houses are undertaken by
the local masons without the help of engineers in the semi-
urban and rural areas. These masons are not formally
trained and their ability depends upon the ability of master
mason who teaches them about the trade. Similarly, in
these construction lacks disaster resistant features.
Therefore, it is imperative to provide practical training to the
masons in the area of disaster resistant construction.

8 BMTPC Annual Report 2011-12

—
el

=03

.-._,—.] E—
|
herags | WS

e ae3 a=

B T N =N S NN -



F‘-‘—ll
e

D D o

B

-y N W e o

—

These Guideline are easy to understand, illustrative and
user-friendly. Various activities required for Repair and
retrofitting are also shown with the help of simple
illustrations. These will be useful to masons, construction
supervisors, engineers also besides common man.

Preparation of Updated Earthquake Hazard Zoning Maps and Atlases

In its pursuit towards mainstreaming disaster risk reduction
in housing sector, BMTPC has made significant
contributions in the area of disaster mitigation and
management. BMTPC was first to develop the first ever
Vulnerability Atlas of India in 1996 which was later updated
and revised on digitized format with latest data in 2006. The
Vuinerability Atlas of India contains hazard maps with
respect to earthquakes, cyclones, and floods and indicates
risk levels of different types of housing stock district-wise for
the entire country against these hazards.

Looking at the overall importance of seismic hazard in
Indian context and associated risks involved, the National
Disaster Management Authority (NDMA), Government of
India entrusted BMTPC the task of preparing updated
earthquake hazard maps up to district level incorporating
latest data as available from Survey of India, Census and
Geological Survey of India, India Metrological Department
etc. An Memorandum of Understanding (MOU) has been
signed with NDMA in this regard.

The Council has initiated work on the project and the work
for collection of data from various agencies has been
started. The Council has collected the digital vector
database of administrative boundary data of the country
upto taluka level required for preparation of maps from
Survey of India, aithough there has been some delay in
getting the data from Survey of India as they had
temporarily stopped giving data in view of updation of the
data. The data related to earthquake epicentres (upto
October 2010) have also been received from India
Meteorological Department (IMD).

An Advisory Group consisting of representatives from
Geological Survey of India (GSI), India Meteorological
Deptt. (IMD), Survey of India (SOIl), SERC Chennai, CBRI
Roorkee, Earthquake Engg. Dept. lIT Roorkee, Former ADG
(GSI) and Dr. A.S.Arya, Professor Emeritus IIT Roorkee has
been constituted to guide BMTPC in preparation of the
maps. The first meeting of the Advisory Group is being held
in the month of April, 2012 to discuss the proposed Hazards
Maps at District, State, and country levels.
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Organisation of Training Programmes on “Earthquake Resistant Design
and Construction”

BMTPC in its endeavour to promote earthquake resistant
design and construction, organizes a series of Short Term
Training Programmes on Earthquake Resistant Design and
Construction on yearly basis.

In this series, during the year, two Training Courses on
‘Earthquake Resistant Design and Construction’ were
organized from 1-3 September 2011 and from 28-30
December, 2011 in collaboration with Centre of Excellence
in Disaster Mitigation & Management, IT, Roorkee at New
Delhi. There were around 25-35 participants in each
programme mainly comprising of engineers and architects
at higher and middle level both from public and private
organizations.

The lectures were delivered by the Faculty of IIT Rookee,
CBRI, BMTPC and other experts in the areas in class-room
environment. The topics covered were as follows:

1. Elements of Structural Dynamics and Seismic

Response Estimation of Structures

Lessons Learnt during Past Earthquakes

Philosophy and Principles of Earthquake Resistant

Design and Construction

Earthquake Resistant Design of Masonry Buildings

and codal provisions

5. Design of R.C. buildings including Ductility
Provisions including code of practices

> on

6. Earthquake Resistant Design of Steel Frame
Buildings

7. Seismic Analysis and Design of Multi-storeyed
Buildings

8. Seismic Base Isolation and Supplemental Energy
Dissipation Techniques

9. Seismic evaluation of buildings including vulnerability
assessment

10.  Seismic retrofitting of existing buildings
11.  Case Studies

ACTIVITIES IN NORTH-EASTERN REGION

Significant Activities in North-Eastern Region through Demonstration
Structures

BMTPC is actively involved in developing and promoting
bamboo based technologies in the North-Eastern Region
and other bamboo growing areas, by setting up of Bamboo
Mat Production Centres for processing of bamboo,
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