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WHY BAMBOO FOR CONSTRUCTION

Construction industry Is one of the
most polluting industries of the world

Production of 1 ton of
cement emits > 0.75-

1.2 tons of CO,in the
atmosphere

Production of 1 ton of
steel emits > 1.9 tons of

CO,in the atmosphere
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WHY BAMBOQO??

Production of 1 ton of bamboo
consumes> 1 ton of CO, of the
atmosphere

* Bamboo offers competitive strength to mass ratio *

* Unlike timber, matures in 4 to 5 years *
* Cultivation suitable in tropical climatic conditions*

MILD Ultimate Yo un g 0|®ensity =

STEEL strength = modulus = (7850 kg/m?3
410 MPa 200 GPa

CONCRETE | Tensile Compressive | Y0 U n g 0| ®ensity =

(Grade M 30) strength = | strength = | modulus = | 2400 kg/m3

3.8 MPa 38 MPa 27 GPa

Compressive | YO U n g 0| Pensity =
strength = | modulus =
55 MPa 140 GPa

BAMBOO | Tensile

Dendrocallamus
giganteus

(Ghavami, 2007) (|
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View showing a segment and

strand of bamboo fibre
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GOODNESS (SATTVA )

Bestow upon us a hundred
bamboo clumps
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COMBINE
TRADITIONAL
PRACTICES WITH
MODERN
STURCTUAL
ENGINEERING




BAMBOO AS A GREEN
ENGINEERING MATERIAL

IN RURAL HOUSING AND AGRICULTURAL STRUCTURES
FOR SUSTAINABLE ECONOMY

R&D project under Component 4 of
National Agricultural Innovation Project (NAIP),

Indian Council of Agricultural Research (ICAR)

2008-2013



LIGHT BATTEND BAMBOO
SYSTEM (LBBS)
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Connection of built up bamboo column to steel base plate
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LIGHT BATTEND BAMBOO
SYSTEM (LBBS)

A Fast speedy construction

A Suitable for rural warehouses, cowsheds,
cottage industries

A Modular construction
A Wind resistant
A Affordable

Technology disseminated to NGO (e.g. BGIS
Mathura)



HIGH CAPACITY SECTIONS
FOR MULTISTOREY FRAMES

Despite high strength, the
main shortcoming of single
bamboo culm is high
slenderness ratio, which
leads to under utilization of
Its strength




HIGH CAPACITY COMPOSITE MEMBERS
FRBC (AXIAL/ FLEXURE)é .BHAGAT (2017)




FRBC BEAM UNDER TEST
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FRB BEAM 1 STRAIN ACROSS DEPTH

000000

LOAD vs STRAIN FOR 10 KN TO 110 KN

LOAD IN KN
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BEAM-COLUMN JOINTS

1/11/2022 BHAGAT (2017)
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FRAME 1. UNDER COMBINED
MECHANISM

24






JL U ~EAL

Physical principles are postulated with reasoning

Application for physical principles identified but no results

Initial laboratory tests on general hardware configuration
to support physical principles

Integration level showing systems function in lab tests

System testing to evaluate function In realistic
environment

Evaluation of prototype system

Demonstration of complete system prototype in operating
environment

Certification testing on final system in lab and/or field

Final adjustment of system through mission operations




DEVELOPMENT OF
TECHNOLOGY FOR
TOWARDS SUSTAINABLE
BUILT ENVIRONMENT
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OBJECTIVES

Fibre reinforced bamboo composite (FRBC), invented by IIT Delhi, is a
new environment friendly high-capacity structural member suitable for
replacing concrete and steel.

A The main objective of the project is to elevate the technology
readiness level (TRL) of FRBC to 9 for affordable green housing
segment.

A Utilization of FRBC to devise an affordable house suitable for a small
rural family. The house should be modular in nature and amenable for
vertical and horizontal expansion.

Conceptual analysis and design, detailed engineering calculations, of
3D frame based on FRBC members suitable for modular housing unit.

Non-linear 3D analysis of FRBC beams and frames

Selection and use of suitable green building materials for walls and
Interiors.

Construction of prototype house measuring 23 m?#

Do Do Do Do



NON LINEAR FEA OF FRBC BEAMS

: Load cell
=

Two point loading

[E] Force 2:5000.N
[&] Force 4: 5000. N
[H] Force 8 5000. N
[l Force 5: 5000, N
[ Force 6: 5000. N

Simple Support
Conditions

Picfref: Bhagat, D. (2017)
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NON-LINEAR FINITE ELEMENT ANALYSIS

Vertical Load

- ANSYS

% 2020 R1

Experimental Setup of 5x6 FRBC portal frame

Plastic Moment Capacity = 40 kN-m
(against experimental value of 36 kN-m

Plastic
Hinge
Formation

SN\ /DA



3D ANALYSIS AND DESIGN
(LINEARLY ELASTIC ANALYSIS)




3D ANALYSIS AND DESIGN
(LINEARLY ELASTIC ANALYSIS)

ANALYSIS RESULTS (DEAD,IMPOSED, WIND AND EARTHQUAKE)
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1.74 13.37 0.56

17 + 17 3 17 =:1.3< 1.33

Column check (1x1x0.3 m) RC foundation (1x1x0.3 m)
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