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Sustainability?
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…zero energy building!
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Climatic Response – winter!

Winter performance (Jan’ 2007): 
• No power (and no AC)
• External temperature
• Internal Temperature



Climatic Response

Summer performance (May’ 2007): 
• External temperature
• Internal Temperature



No (Ecological) footprint



…modern transformations

…transition-IV …transition-III

…transition-II…transition-I



…consider this!

…transition-V, VI, VII…



Scope of rating 
systems



…modern pursuits



…modern pursuits
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CSSB load bearing 
masonry walls
Courtesy: Dr. M. R. Yogananda
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<100 mm

> 1.80 gm/cc
< 3%
< 0.05%

� 0.50
� 0.75

c) Block thickness
(machines using static compaction process)
d) Dry density of the block
e) Weight loss (ASTM D559 test)
f) Linear expansion on saturation

Stabiliser to Clay ratio:
(a) Soils with non-expansive clay minerals
(b) Soils with expansive clay minerals

10 – 15%
85% – 90%

Material composition
a) Clay fraction (<0.002mm)
b) Sand &silt fraction (0.002 – 4.75mm)

Limiting 
values

Specifications
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Reddy & Kumar, J Mat. In Civil Engg. 2010 
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Source: Dr. Schroeder 
Bauhaus University Germany
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How to accelerate lime-fly ash reactions 
or rate of strength gain?
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Mixing raw
Materials

Pressing into 
dense block

Steam
curing

• Sand
• Fly ash
• Lime/cement

Using a 
machine 

At 80OC
Efficient 
Steam chamber
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Fly ash block load bearing building



Steam cured block building at IISc Bangalore 1998
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Source: www.StrawBale.com
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Source:
www.celebratebig.com/.../index.htm
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Source: www.StrawBale.com
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Source:
www.glubam.com/content/products

Bridge girders
using GluBam

House using GluBam



House using GluBam, China

Source: www.glubam.com/content/products
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~300 X 106 t/yearInorganic industrial/mine wastes (total)

112
60
18
15
11
11
4
6

20

Fly ash 
Coal mine wastes 
Lime stone waste

Construction waste 
Blast furnace slag 

Iron ore tailings 
Copper mine tailings 

Marble dust
Red mud, lime sludge, phospho-gypsum, zinc 
tailings, kiln dust, gold mine tailings etc
+ Organic wastes, MSW, etc 
……………………….

… X 106 t/yearType of solid waste

Source: Gupta (1998), Ramachandra & Saira (2004), Asokan Pappu et al (2007)



Lakya dam Kudremukh Iron ore tailings

• 200 X 106 tons of iron ore tailings stored in dams 
• Iron ore Tailings: Potential sand substitute for constructions
• Can meet sand requirement of Karnataka state for several decades
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Energy in masonry/walls

0.15 – 0.30
0.00 – 0.18
0.00 – 0.10

0.00 – 0.10
0.00 – 0.10
0.00 – 0.00

6. Laterite, natural stone
7. unstabilised rammed earth, 
8. Adobe, cob, pure mud walls

0.45 – 0.600.25 – 0.355. Stabilised rammed earth wall 

2.00 – 3.40
0.50 – 0.60
1.30 – 1.60
1.00 – 1.35

1.25 – 2.40
0.25 – 0.35
0.80 – 1.00
0.60 – 0.85

1. Burnt clay brick
2. Stabilised mud block
3. Hollow concrete block
4. Fly ash brick

per m3per tonne

Energy (GJ)Type of masonry / wall
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