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Zero-Carbon & Zero-Waste Construction
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ou r PrOiects Use of recycled materials 'Lc

Digitized Intelligent Sustainable
Quantification Segregation Processing

Recycled Aggregates
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Asphalt Pavement (RAP)

* More than 100 m

Milling of |

Failure
mode

Mode I: Cohesion
failure of mortar

Mode II: Adhesion
failure at the asphalt-
mortar interface

Mode III: Cohesion
failure of asphalt

Mode IV: Adhesion
failure at the asphalt-
aggregate interface

Mode V: Cohesion
ailure of aggregate

* RAP cannot be r¢

Recycled Asphalt Pavement

Prevalent
conditions

Not observed

Mostly for limestone
and sandstone
aggregates when used
for mortar grades <
M20

Mostly for limestone
and sandstone
aggregates when used
for mortar grades >
M30

Mostly for higher
grades of asphalt when
aged beyond short-
term aging,
irrespective of
aggregates mineralogy

Prevalent for granite
aggregates only

Not observed
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Alternative Low-carbon Sustainable
Raw Materials Cements Concrete

Resource Mapping
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Clay Mine

= Low-Grade Limestone = Mini cement plant = LC3 house
= Biomass = Low Energy Cement = LC3 Tetrapod
= QOverburden Clay = Molecular Modelling = Biomass Ash bricks s



tion projects

Other structures that have been in service for > 5 years:
 LC3 pavement slab at Chennai
e LC3 parking slab at high altitude (~11000 ft) at Leh



rade limestone

» Limestone which doesn’t qualify for cement

production
» Contains impurities like silica, clay, dolomite etc. 1o
beyond the limits specified 501
 Dumped in huge quantities in mines 7
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on of Si-rich precursor 'ﬁ:cz

Ground biomass ash Water

Mortars

Biomass ash dried at 100 °C Powder activators

Collection and drying of Ball milling Dry mixing
a SiO,-rich precursor

Caustification reaction Reaction products
Ca(OH), + Na,CO5; = CaCO; + 2NaOH Silica gel, CaCO;, Ca- modified
silica gel and C-S-H



Alkali-activated

Mortars
(one-part activation)

Biomass ash

(paper industry) Calcite-like Semi-crystalline

CcaCo,
10 MPa
RHA + Morphology
Granite of reaction
Waste products

12 MPa

Ca-modified silica gel Silica gel



Our Projects

Technology
Development

For Patna Metro

= Tendonfill grout

= TRC Sewage treatment plant

= FRC tunnel linings

Precast construction

I,

Promotion and
Implementation

= Completed sports complex
= Upcoming PPVC hostel,

designed for deconstruction

Standardization

M45 concrete; 1284 Tons

Bridge sector

= BIS standard
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S

Fine Concrete Matrix Carbon, glass,
" Aggregate size <2 mm Synthetic Ioolymer TRC Composite
mats

" High binder content

AR glass fabric

Optimal section size
Lower dead weight

Durability
Shrinkage and cracking resistance

Stage I: Initial response dominated by
the matrix.

Stage Il: Multiple cracking of the matrix

Stage lll: Cracks open. Load carried by the
textile filaments until rupture

Influence of number of layers, textile

geometry etc. also studied

ncrete (TRC)

Applications: column strengthening, water tank, ring

modules for sewage treatment system

Stress

v

Zone = Zone >
[N | 0

| Multiple |
| cracking |

— TRC

- — Concrete matrix

Strain

VIDEO EXTENSOMETER

AXIAL EXTENSOMETER
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FIREE REIRMORCEH Concrete (FRC)

Unnotched Beam Test | Notched Bea est

Control Displacement CMOD

Variable

Occurrence | Within middle th1rd span At the central span:
of Crack =" | Variability and

scatter are less

s Measuring
devices

LVDTs for dlsplacement Clip gage for CMOD (LVDTs optional)
O r T g™

Toughness characterization
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crete (FRC) — Long Term Creep

viscoelastic solid like response

0.60
0.50
£ 0.40
50_30 ] MA40SF15
5 0.20
2 0.10
i Pre cracking done F 0.00 . . . .
e Specimens in controlled according to EN . ine o 3% %
S of 25 3 : - ime (day:
Notches of 25 mm depth and 3 mm environment, Temp 25°C and 14651 with CMOD el
width were made by wet saw o 0.4
. o 65% RH control =
cutting at mid span g
E 03
(=]
g 0.2 -
5 ] M40SF30
0 T T T )
0 100 200 300 400
. ° Time (days)
applied after
= a correction 04
for two point g 03 |
"4 loading 8
: = 024
(correction g MA40SF45
factor 1.43) 0.1
Load cells measure load and CMOD is measured by clip gauges %n the frame 0.0 . . . )
which is connected to DAQ which monitors continuously in controlled 0 100 200 300 400
environment Sujatha Jose Thesis Time (days)
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crete (FRC) — Plastic state cracking 'ﬁCz

Plastic shrinkage cracking

53 3% . - -i. \ b2 i
: \ St a0 &(g : Mix ID Length | Max.width [ noan width |  Area
§ &-? \* « '\ 2 (mm) (mm) (mm) (mm?)
. . . " - -
: " v - >, t
-t . 5 oy j :
A ) i v oc 315 0.3 0.15 50
S .

‘{? G e, g 5 K 0C-S-0.1 No cracks
| .
1

0C-S-0.4 No cracks
r 2, I .; ! z 0C-L-0.1 No cracks
Plastic Shrinkage Mould AT 3 ko oc-L-04 No cracks
(ASTM C1579) . ot GC 392 11 0.35 139
- % : GC-5-0.1 300 0.7 0.34 103
Ry £ e GC-5-0.4 No cracks
GC-1-0.1 312 0.9 0.33 106
Plastic shrinkage Plastic shrinkage  Plastic shrinkage Plastic shrinkage GC-1-0.4 No cracks
crack in OPC mix crackin slagmix  crackin slag mix crack in slag mix
(0Q) (GC) with short DCF with long DCF
(GC-5-0.1) (GC-1-0.1)
Plastic shrinkage cracking reduces with the incorporation of coir fibres in
Keeping in the environmental chamber the mix.
(Controlled environment with constant Cracks mitigated in 0.1% dosage in OPC mix and 0.4% in slag mix
temperature, relative humidity, and . . . .
wind velocity) irrespective of fibre lengths considered

Someen Sanjeevan Khute, Shoeb Khan
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Our Projects AN N 1

Source Water Concrete with
Characterization Treated Wastewater

—
&
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et
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Chloride content of water used for
concrete in different regions g 10 s—+ UF Outlet SW
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- SRI LANKA Nicvar
W HEMN MALDIVES Ay &*“."‘"..Sm:‘mmfn\«s.

clear guidelines) in construction
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Quality and Safety

Virtual Reality Al-based
Training Risk Assessment

— ey~

= Early Prediction of Failure 1o



Al-based
Contract Risk Assessment

Upload Files
Chooes a POF fle: | Couna B Cuetet 2458

ledax St Page: 4 Index End Page: 1

Clouse Start Page: 22 Clause End Poge: [0

= Cross-Referencing Implicit Clauses
= Contract clauses and their risk potential

Contract Management

Al-based
Contractual Progress Monitoring

Original (A) Ground Truth Segmented (C,) Merged (C;) Predicted (Hg)

"" “
. [ il

Fige ] fi ‘\l .
o o [ | oy

Sy T :

Photo & Video

Stage-2

Stage-3

LL“ < lu‘-;
*

Stage-4

o ' L“" f]'l

Window Door Beam wall Column Slab

= Stage-wise progress detection
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| Cement Concrete Mixes
L T - T T T B NoSCM
Low-carbon materials = il s
1000 - 300 . L] A 15% FaF
e L I 1 ¥ 15% SgA
> | |
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1000 2 Clinker = 250 | W 30% FaC
910 S > ® 30% FaF
— V.77 \ g 600 + Direct emissions form limestone "E 0 30% SgB
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2 g0 0 . >, | Fossil fuels (extraction + heating) c 4 30% SgA
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#
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Framework for sustainable concrete design
= Strength and Workability
= Durability

OPC PPC PSC LC3

[ lclinkerization [ZZ7]Electricity

- Transportation E Others

- Clay calcination

Process mapping of cement manufacturing
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Technology Translatio

Concrete foundation
(1000-year design life)
Ayodhya

125 years service life Durable repair (50-year life extension)
Coastal Bridge, Kollam, Kerala Rashtrapati Bhawan, New Delhi

Low-carbon materials
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Technology Translati

=% Lean project delivery for
| Godrej Constructions, Mumbai
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Guest house construction
(3D concrete printing)
IIT Madras, Chennai
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Ot Brs — Academic

North America: UK & Europe:

« University of Leeds

-
b

1o}

« Massachusetts Institute of

Technology + Norwegian University of

« Oregon State University Science and Technology

« Texas State University « Brunel University

+ Clemson University + Karlsruhe Institute of
Technology, Germany

; « Politechnico di Milano, Italy

'y Asia:

« Hong Kong Polytechnic

« Michigan State University
« Stanford University

« Univ. of Texas at Arlington
« Univ. of Toronto

« Virginia Tech Univ.

« Arizona State Univ. University (China)

o « National University of
Singapore
- y
South America: . / - IIT Bombay
« Universidad Nacional de La Plata 5 - South Africa: Australia: « |IT Roorkee
(Argentina) « Univ. of Cape Town » University of New « |IT Kanpur
« Univ. Federal de Rio de Janeiro (Brazil) . Univ. of Witwatersrand South Wales « 1T Tirupati
« Curtin University « NIT Calicut

« MACE, Kerala
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3" Young Researchers’ Symposium &
Awards 2025
on Technologies for Low-Carbon & Lean Construction

January 27, 2025 (Monday) | (3 am to 5 pm I5T) | @ Research Park, IIT Madras

About the Symposium

I Young Researchers’ Symposium is a pramium international forum for senior PhD students
° and recent doctoral graduates fo showcase their cutting-edge research outcomes in the

areas of Technologies for Low-Carbon and Lean Construction (TLC2).

PROF. SURENDRA P. SHAH

* manus@iitm.ac.in Prestigious Surendra P e ostneses
= Shah Award is given to :r:::::: EE";’UTJW

the best speaker of YRS Materials University of Texas

at Arlington, USA

Distimguished Professor,

T Madras

e https://civil.iitm.ac.in/faculty/manus

¢ httpS://tICZ.iitm.aC.ln Winners of previous YRS

Dr. Payam Sadrolodabase Dr. Rohit Prajapati Dr Purnima Dogra
Universitat Politécnica de Catalunya University of Cambridge, UK IIT Delhi, India
Barcelona, Spaimn

Some images taken from the
internet for representational

What you need to do ?
Submission link

Send 200 words Abstract and
purposes- S5-minute video on your PhD
thesis by November 20, 2024

tlc2.iitm.ac.in/tic2-events fyrs-2025/
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