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BACKGROUND 



Construction industry is one of the 

most polluting industries of the world 

WHY BAMBOO FOR CONSTRUCTION 

Production of 1 ton of 

cement emits > 0.75-

1.2 tons of CO2 in the 

atmosphere 

Production of 1 ton of 

steel emits > 1.9 tons of 

CO2 in the atmosphere 

(Barcelo et al., 2014 ) 

(World Steel Association, 2021) 
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WHY BAMBOO?? 

Production of 1 ton of bamboo 

consumes> 1 ton of CO2 of the 

atmosphere 

MILD 

STEEL 

Ultimate 

strength = 

410 MPa 

Yield 

strength = 

250 MPa 

Youngôs 

modulus = 

200 GPa 

Density = 

7850 kg/m3 

BAMBOO 
Dendrocallamus 

giganteus 

(Ghavami, 2007) 

Tensile  

strength = 

120 MPa 

Compressive 

strength = 

55 MPa 

Youngôs 

modulus = 

140 GPa 

Density = 

700 kg/m3 

CONCRETE  
(Grade M 30) 

Tensile  

strength = 

3.8 MPa 

Compressive 

strength = 

38 MPa 

Youngôs 

modulus = 

27 GPa 

Density = 

2400 kg/m3 

* Bamboo offers competitive strength to mass ratio * 

* Unlike timber, matures in 4 to 5 years * 

* Cultivation suitable in tropical climatic conditions* 
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View showing a segment and 

strand of bamboo fibre 



INTEGRAL PART OF 
TRADITIONAL HOUSING 
TECHNOLOGY SINCE  
THOUSANDS OF YEARS 

https://www.freesoundslibrary.com/rural-village-morning-ambience/ 



ŘƅŅƁ ŗŶƅńűȠƅŅƁ ŘŰŉƂƄ ŘƅŅƁ ĻŏūƈƄŬń ˃ūƅŅūŬŉƄ ί 

ŘƅŅƁ ŏŶƄ ō̇ Ľ̏ ŰƅĶū ĤƚƄŚůńūƁƅ ĻŅŰƂƄŘŅŏž ΰ  
έ.ΥΪΪ.ΥΨ 

 
śa║ta Ve║Ȋ¶cha║ta śuna⇔ śa║ta CarmǕ⇔i MlǕ║tǕni⇔. 

śa║ta Me⇔ Balbajastu║kǕ Aru⇔ǭǕ║ Catu⇔ Ŝatam   
 

RIGVEDA 

Bestow upon us a hundred 

bamboo clumps 

GOODNESS (SATTVA ) 



https://www.wordzz.com/lord-krishna-images/ 



ENGINEERING 
SOULUTION: 

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) 

P  A  R  T  N  E  R  S 

2008-2013 



LIGHT BATTEND BAMBOO 

SYSTEM (LBBS) 

3m 



Connection of built up bamboo column to steel base plate  



Connection to concrete pedestal 



 





LIGHT BATTEND BAMBOO 

SYSTEM (LBBS) 

ÅFast speedy construction 

ÅSuitable for rural warehouses, cowsheds, 

cottage industries 

ÅModular construction 

ÅWind resistant 

ÅAffordable 

 

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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BHAGAT, BHALLA, WEST (2021) 

 



FRB BEAM ï STRAIN ACROSS DEPTH 
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Plane section remains plane 

BHAGAT (2017) 
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BEAM-COLUMN JOINTS 

BHAGAT (2017) 
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Horizontal Load Cell 

Vertical Load Cell 

Bamboo Portal Frame in Steel Testing 

Frame 

Rigid Connection 

Load 

Readings 

Strain Gauge Wires 

LVD

T 

Measuring 

Tape 

LVDT 

LVDT 

TESTING AT TRINITY COLLEGE, 

UNIVERSITY OF DUBLIN 

WEST, BHALLA, BHAGAT 

(2017) 

 



FRAME 1:  UNDER COMBINED 

MECHANISM 
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Extremely resilient and ductile behaviour, 

suitable for seismic design 
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LVL TECHNOLOGY READINESS 

LEVEL 
1 Physical principles are postulated with reasoning 

2 Application for physical principles identified but no results 

3 Initial laboratory tests on general hardware configuration 

to support physical principles 

4 Integration level showing systems function in lab tests 

5 System testing to evaluate function in realistic 

environment 

6 Evaluation of prototype system 

7 Demonstration of complete system prototype in operating 

environment 

8 Certification testing on final system in lab and/or field 

9 Final adjustment of system through mission operations 

(Roach and Neidigk, 2011) 
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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.  

 

Å The main objective of the project is to elevate the technology 

readiness level (TRL) of FRBC to 9 for affordable green housing 

segment. 

Å 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. 

Å Conceptual analysis and design, detailed engineering calculations, of 

3D frame based on FRBC members suitable for modular housing unit.  

Å Non-linear 3D analysis of FRBC beams and frames 

Å Selection and use of suitable green building materials for walls and 

interiors. 

Å Construction of prototype house measuring 23 m2. 



NON LINEAR FEA OF FRBC BEAMS 

Pic ref: Bhagat, D. (2017) 

Simple Support 

Conditions  
  

Epoxy filled 

voids 



Numerical Modelling of 2x2 FRBC portal frame 

      Experimental Setup of 5x6 FRBC portal frame 

 

NON-LINEAR FINITE ELEMENT ANALYSIS 

30/34 

Plastic 

Hinge 

Formation 

Plastic Moment Capacity = 40 kN-m 

(against experimental value of 36 kN-m 



 

 

 

3D ANALYSIS AND DESIGN 

(LINEARLY ELASTIC ANALYSIS) 

4  m 



ANALYSIS RESULTS (DEAD,IMPOSED, WIND AND EARTHQUAKE)  

 

 

RC foundation (1x1x0.3 m) 

3D ANALYSIS AND DESIGN 

(LINEARLY ELASTIC ANALYSIS) 

4  m 

Maximum axial load in the column  21.020 kN 

Maximum moments in the column (about local z 

axis)  

8.573 kN-m 

Maximum moment in the column (about local y 

axis)  
1.422 kN-m 

Maximum bending moment in the beam  8.287 kN-m 

Maximum shear force in the beam  8.903 kN 

Maximum vertical load on foundation transfer by 

column  

21.020 kN  

Maximum moment act on the foundation  8.573 kN-m  

Maximum horizontal force act on the foundation  4.22 kN  

Column check (1x1x0.3 m) 



FABRICATION OF 
PROTOTYPE 
UNIT 



PREFABRICATED 

ELEMENTS 



FOUNDATION  

1M BELOW NGL 


