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Masonry bricks

Fired bricks

Unfired bricks

Non eco-friendly
Auspicious red color
Heavier in weight
Lower compressive
strength

More porous

High water absorption

Eco-friendly

Gray in color

Lighter in weight
Higher compressive
strength

Less porous

Low water absorption

Clay bricks

Fly ash bricks




ﬂey challenges: \

 Aesthetics of unfired bricks

* Search of a low cost raw material which fit into the budget of
brick mixes (typically in the range of INR 1 - 1.5 per kg. )

 Economic competitiveness of proposed solution in the existing
product range

 Manufacturing feasibility of proposed solution in existing

\ industrial set up /
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Mix design for various colored geopolymer mortars

“ Solid precursor Chemical binder

GGBS (g) Stone waste (g) NaOH solution (g) Na,SiO; solution (g)

40 40

50 S-| 50 Fine aggregate
50 S-ll 50 Standard sand

50 S-lll 50 Grade1(g) Grade2(g) Grade3 (g)

>0 S-IV >0 100 100 100

Specimen size: 50X50X50 mm cubic specimens
Curing condition: For first 24 hours in drying oven at 50 °C
Testing age: 3 days



Technical comparison of different colored composite mortars
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Gonceptualization of colored hi-layered bricks

Fired clay bricks Unfired fly ash bricks Colored bi-layered bricks

80 mm

| C———p|
90 mm '

Ref: Gupta et al. (2021)



Cost analysis of 10 mm thick top layer mortar

Raw material Weight (kg) Unit rate Total Cost

(In INR per kg) (In INR)

0.111 2.50 0.278
Stone waste 0.111 1.40% 0.155
River sand 0.111 1.65 0.183
Sodium hydroxide pellets* 0.010 50.0 0.500

Sodium silicate solution* 0.025 20.0 0.500
Total raw material cost (in INR) 1.616

*For cost calculations, unit rates of commercial-grade sodium hydroxide pallets and sodium silicate
solutions have been considered.

# While stone wastes are available free of cost, freight on delivery and other costs are considered in
calculating the rates per unit
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Economic feasihility of colored bi-layered bricks

Fly ash bricks | Cost per brick Bi-layered bricks Cost per brick (In
(In INR) INR)

Single layer (90 mm thick) Bottom layer (80 mm thick)

Hydrated lime 1.35 Hydrated lime 1.20

Raw material cost Fly ash 0.42 Fly ash 0.37

Stone dust 1.01 Stone dust 0.90

Top layer (10 mm thick)

Colored composite 1.62

Total raw material cost (A) 2.78 — |ncrease in cost — 4.09
(~INR 1.31)

0.65 0.65

Overall manufacturing cost 3.43 — Increase in cost — 4.74
(A + B) (~INR 1.31)

Plaster and paint work cost 3.80 Nil
Net cost per brick (A + B + C) 7.23 — Saving per brick — 4.74
(~“INR 2.49)
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STEP 1 STEP 2

Top side —
surface lock
Bottom side

punch

i (=~ e - S % 1 ]
Hydraulic piston : : = - 1 L Intermediate level : !
Mould ————F—> e \ : SRR mel

] 1

_ L Final level

Initial position First layer loose-fill l Move down to create additional space Second layer loose-fill

) _STEP 4 STEP 3
&=

f Initial level .

Top layer

| ' 1 1
Bottom layer
Surface unlock Ejection from Ready Surface lock Compression
from top mould Bi-layered brick from top from bottom

Ref: Gupta et al. (2021)



Actual hi-layered bricks produced at lahoratory scale

Dholpur stone waste Jaisalmer stone waste Kota stone waste Makrana stone waste
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Key take-away

 Manufacturing of bi-layered bricks is feasible in conventional plants (used for
manufacturing single layered bricks) with minor alterations

* Bi-layered bricks are found to be economically viable. Use of proposed bi-layered
bricks result in a net saving of INR 2.49 per brick surface of 90 mm x 190 mm;
\ amounting to a cost saving of ~35 %. /

Published article:
Gupta V, Pathak DK, Kumar R, Miglani A, Siddique S, Chaudhary S. Production of colored bi-layered bricks from stone processing wastes: structural and spectroscopic characterization.
Construction & Building Materials, 278 (2021) 122339
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* Opportunity available at lIT Indore for technology transfer of the developed products
* Opportunity for research collaboration in the field of gainful utilization of waste in
pre-manufactured products
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Glimpse of research facilities available at lIT Indore
related to Pre-manufactured products
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