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Efficient Utilization of Waste for Construction

Construction and Demolition Waste
by Country (million tonnes) BARRANQUILLA|TAL 3 DE I“‘“-
Japan == *
United Kingdom === I
Germany s Signiﬁcant
France s Underestimation
United States mossssss
India e—— /
China
0O 200 400 600 800 1000 1200

Source : Akhtar and Sarmah (2018) oy v .

»C&DMWaste

Demand and Available Reserve of :
Concrete Ingredients

Material Total Demand Reserve Available
per annum
Sand 751 million Mostly banned
Crushed Stones | 1.6 billion 126 billion tons Current availability of biomass in India is around
Limestone 320" million 89.3 billion tons

500 million tons per year!
It is estimated that Limestone would be

exhausted in the next 30-40 years! Source: Ministry of New and Renewable Energy, India

Source : G1Z 2016; *Statista2019 . ‘ . . 4
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Influence of the introduction of a mi%
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new cement or binder in a project

BARRANQUILLA | 1AL 3 DE MARZO DE 2023

* For the constructorworkabllity, superplasticizer dosage, placing
time, curing duration and plastic shrinkage (cracking)

* For the structural designerstrength, stiffness, shrinkage and creep
 For the userdurability

 For the researchenelation between response/properties and
composition

* For the administration:service life

 For the environment (planet)carbon footprint, raw material
consumption, embodied energy
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Limestone Calcined Clay Cement (LC3)
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Ternary blend of clinker, calcined BARRANQUILLA| 1AL 3 DEWARZD DE0Z8)
clay & limestone

T Secondary limestone,
— Calcined 3 unusable for cement |
5% Clay ‘ -

Cement

- . ¥ 3 .\-' -
- -

limestone

15%

clinker

50%

calcined clay

30%

Reduction in clinker content by about
50% intended to significantly reduce
the total CO, emissions.
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Scope of work at IIT Madras on SCMs micousnesouAc.ouAL
DE : :

SCM: Slag. (SG), Fly Early age and . Clompatlblllty_ Wlthhsuperpl.asfuuzers [
ash (FA), limestone- Fresh properties « S ump rete_ntlon characteristics
calcined clay (LC2) + _Plastic shrinkage
: « Evolution of compressive strength
M;?Qﬁ:;?ée * Elastic modulus
P « Shrinkage of concrete
Ay « Indices of transport properties
Durability + Carbonation resistance
Performance * Chloride-induced corrosion resistance
 SUSTAINABLE * Sulphate resistance
PLANET PROFIT
SCtewardship \NUiablen Prosperity
Microstructural * Pore structure evolution
characteristics * Pore connectivity factor and tortuosity
Service life * Chloride induced corrosion
modelling * Carbonation induced corrosion
Sustainability » Carbon footprint
otential * Energy estimates
P e Sustainability potential

. A A
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Concretes Discussed Further
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u OPC BARRANQUILLA | 1AL 3 DE MARZO DE 2023

u PFA :
, Classification Sinder | wib
A OPC +30% fly ash replacement Type | kg/m

LS OPC 0.50

. | | AR PFA | 310 [0.45
A 50% clinker, 31% calcined clay, (4.5 ksl)

LC3 0.50
OPC 360 |0.40

15% limestone and 4% gypsum

N 7.5 ksi) PFA | 380 |0.35
U Design Mixes Lc3 | 340 [o0.40
A |\/|:_30 & M50 - 30 an_d 50 MPa (4500 47 MPa | OPC
psi and 7500 30 psi) design _
compressive strength grades C-Mix 43 MPa | PFA 360 |0.45
A C-Mixes - Similar mixture proportions 49 MPa | LC3

Binder content = 360 kg/m?3
( g/m-) Target slump: 80 to 120 mm

. y VW N




Durability parameters ONERESD NACIONAL MR
I Surface Resistivity mi T4

RETOS Y PARADIGMAS EN LA INGENIERIA
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S 1000 - ————————ry . —————
Surface resistivity: : 5
e 1LeST s ok
LC3 >>> PFA > OPC O = » i i
- Resistivity of LC3 is higher than 2 77 - ;
PFA and OPC concretes > v
> v °
. . 7 n
- Better resistance to ionic ; OPC { $ e ¢
movement in SCM systems = 10- . =t -
3 : M30—-4500 psi
3 M50 — 7500 psi
N m OPC-M30 ® OPC-M50 + OPC - C Mix
v PFA -M30 PFA - M50 PFA - C mix
» LC3-M30 LC3 - M50 LC3 - C mix
Wenner 4probe 10 100 1000

surface resistivity test i
y Age of curing (days) Dhandapani and Santhanam, 202

. y VW N
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Chloride profiles after 56 days exposure: ASTM C1556 BARRANQUILLA |1 AL 3 DE MARZO DE 2023

1.6 | _ e Cl =16%NaCl

seipee OPC C-Mix .
«spes FA30 C-Mix 3.4 ®
«=@- LC3I CMix

2

@

Durab_lllty perfo_rmance - CONGRESO NACIONAL S0t
- Chloride diffusion coefficient mi \uy

surface

3
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& .
S e’e
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.., 1 . DCI =7
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:l
b

o
o
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et

Chloride concentration
(%by wt. of conc.)

. . A T
*ou !.". .“'. L ..
0.4 ..'n i. ""- .‘ &
1Y %,_E T
0 ... 1__m'.'.'.‘.‘_f':-.a'::::...':..:..:.E.'.'.’.‘:::mm......., « C(x,t) = Chloride concentration
T « C,= Surface chloride concentration
0 5 10 15 20 25

« C; = Initial chloride concentration
« X = cover depth
* D, = apparent chloride diffusion

X
2 W] coefflcw_znt, rﬁ/s_

« t=service life [i.e., whel&(x, {) = Cl]

Depth (mm)

Clx,t) = C, — (CS—Ci).erf[

RengarajuPillai, DhandapanandSanthanan?018

Dol . A 4
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D values

DE
RETOS Y PARADIGMAS EN LA INGENIERIA

e |In M30 & M50 mixes BARRANQUILLA |1 AL 3 DE MARZO DE 2023
« PFAALC3<<OPC

N
o
1

-
(%)
1

 |In C-Mixes
e LC3 <PFA << OPC

Diffusion coefficient x 102 (m?2/s)
o =

« PFA and LC3 concretes

0 -
° Lower D OPC PFA LC3 OPC PFA LC3 OPC PFA LC3
* Enhanced ionic resistance M30— 4500 ps

and chloride binding M50 — 7500 psi
DhandapanandSanthanam2018
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Durability parameters

Pore connectivity

£ 100 y—r—r——————————,
o : - o OPC.
g Tmll ST -0 ¢ PFA|]
UE - A LC3 |-
S E 10, ;E!' -
© o ] } .

22

£ x ' .f 4

‘EE & - i

28 1 : %‘af 3
> 5 A 1a

B oPC T 1

9 FA

9 cC

s 01+4+——ab——TF-"rTiT—"— T
< 0 5 10 15 20 25 30 35

Tortuosity

Reduction of pore size results in highly tortuous pore
network and a more compact microstructure
« Main cause for improved chloride resistance

G

SOC'EDAD
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Tortuosity T = 1/\B
7 7 8 8

, = bulk conductivity
(ASTM C 1760)

, = pore solution
conductivity

(from extracted pore
solution, Snyder et al. 2003)

U = vacuum saturated
porosity

B = (electrical) pore
connectivity

Dhandapani and Santhanam, CCR, 2020
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Clieshoig ODtained by monitoring the
Inverse of polarization resistance (1/R;)

micousneso NACIONAL S0l gl

"
/ -~

—— Counter electrode (CE)
Circular ni-chrome mesh

Working electrode (WE)

Measured corrosion cumrent density, i..,
[pAfomE)
)
[

~—— Observed LPR curve

‘-corr

B

/]

(AE/Ag e

=07 -0.18

-0.15

Applied potential Vs, SCE, E (Valts)

-0.14

SOC|EDAD

Potentiostat
CE LWE RE I Y BARRANQUILLA | 1AL 3 DE MARZO DE 2023
h s A Electrochemical parameters
||= l> Iy Saturated calomel Slactios « Scanrange: £ 10 mV
— U ~—— Saturated KCI solution
| | « Scan rate: 0.05 mV/s
_ —34!4—* ] ;Luggln probe )
| TEpoxy coat A EX p O S U re

RETOS Y PARADIGMAS EN LA INGENIERIA

» 2-day wetting & 5-day drying (25°C, 65% RH)
» 3.5% NaCl + Simulated pore solution

Steel sample 1 2 y 10_3 | | | | |
M— Exposure solution H,/\ 4 : Measured 1/Rp
— Lollipop sample NE 9.6 x10 _.._ Stable data m +3s N
o st st
R z 7.2x10* m +1.5s .
1e-6 Tangent of the cur%/ VQ_ st st
x 4 _
0 = 48x10

12

Cycle number (C)

B

Rengarajltand Pillai,

ZOli



OPC, PFA and LC3 mortars

Clijresnolg for TMT/QST steel embedded in '

RETOS Y PARADIGMAS EN LA INGENIERIA

:g 0.6 m 04 0.3 0.1 BARRANQUILLA | 1AL 3 DE MARZO DE 2023
9 05-cov=0.14 0.16 0.48 -
S s

- 04- " = i
E ° m

n 0.3- ™ -
o B

|E 0.2+ -
)

g 0.1- A, A B
Q W ——

L O A

O OPC PFA LC3

%bwob - percent by weight of binder

Clyecnoq: OPC > PFA > LC3

RengarajiandPillai, 2018
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Database of properties: Materials Passport '

RETOS Y PARADIGMAS EN LA INGENIERIA

BARRANQUILLA | 1AL 3 DE MARZO DE 2023

A (Digital) Catalogue of building materials

A Information to support assessment and
certification

A Facilitates estimation of future material flows
and requirements

A Helps recycling/ reuse of materials and
elements

A Incentives for suppliers with complete data

Materials Passponrt Best Practice
Innovative Solutions for a Transition to a Circular Economy in the Built Environment

Heinrich and Lang, 2019 ‘ AA



Case study - Service life of a typical
bridge pier/girder exposed to chlorides

Variables Input values (means)

Clear cover, d (mm) Girder : 50
Pier :70
Chloride threshold, Cl,,
(Y%bwob) « PFA :0.3
« LC3 :0.1
Chloride diffusion coefficient,
DCI
PFA-M30 2.8
(x 1012 m?/s)
LC3-M30 4.7
LC3-C 1.3
PFA-M50 1.9
LC3-M50 1.6
Maximum chloride conc. atthe | Clg ., = 3 %bwoc
concrete surface, Clg ax (0.6 % wt. conc.) (800 m away from the
coast)
Decay constant (from electrical
conductivity measurements), PFA 0.55
m LC3 0.50

RETOS Y PARADIGMAS EN LA INGENIERIA

w micousneso NACIONAL 50 Gl 0/

BARRANQUILLA | 1AL 3 DE MARZO DE 2023
- 2000

“* Longitudinal
Reinforcement
ik

Shear
Reinforcement

Cover
depth =70

M30—-4500 psi
M50 — 7500 psi

— 400 —>

10 e

1800




Service lives of pier and girder with CONGRESO NACIONAL il
M35 & M50 concretes 'mi 7T |

RETOS Y PARADIGMAS EN LA INGENIERIA

- 2000

P —
: /// BARRANQUILLA |1 AL 3 DE MARZO DE 2023

. Longitudinal
\\ Reinforcement
Y
Shear
Reinforcement

Probability of corrosion initiation (P;)
at 100 years of service

Cumulative probability
of corrosion initiation

. RC bridge pier | OPC PFA LC3 LC3-C M30—4500 psi

' riage pier - - - - - .

| INjSOMPa M30 M30 M30 M50 — 7500 psi
D= 70mm

95% | 80% 85% 65%

0 50 100 150 200
Age of the structure (years)
1‘ T I I - - - - - - -
R —— Probability of corrosion initiation
400 —»| ' / :
T 25 o & ; 1 (P;) at 100 years of service
o= N\ !
® 8 & !
L] o = 1
o £ ! ] OPC-M50 PFA-M50 LC3-M50
T S ;.S |
0 1
£° ; ] 95% 80% 82%
:E5 § E RC bridge girder
3 ° | f.Nj50 MPa .
] i D= 50mm
‘ ! ‘ Service life: OPC << PFA 4 LC3
50 100 150 200

Age of the structure (years)

Pillai et al. 2018
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Environmental Impact Assessment

BARRANQUILLA | 1 AL 3 DE MARZO DE 202’

C Life Cycle Assessment (LCA)
C System definition (here,
groundto-gate system is
considered)
C Data collection for the

Inventory from plants Groundto-Gate or Cradlko-Gate
G Conversion of inventory system considers all processes from

data to the impacts the mining of raw materials and
fossil fuels, construction of the
plants to the final product.

available, the data for the inventor
has to be collected for all materials
and processes involved.

When there is no readily databaseJ

C Impacts considered:
C Carbon dioxide emissions
C Embodied energy

. y VW N
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Case Studies Clinker/Cement
Production
1.

rr CONGRESO NACIONAL _c g0

DE
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Cement PlantAriyalur, Tamil Nadu, IndiéAR)
(Integrated Cement Plan OPCPPC

2. Cement PlantArakkonam Tamil Nadu, India
(Grinding unit)- OPCPPC

3. Cement PlantNandyal, AP, India*(ND) 82r?kklonam
(Integrated Cement Plant)OPCPSCGGBS Q B;II\Ir:r:r

4. Cement PlantBellary, KA, India* 9 mangrol
(Grinding unit)- PSCGGBS Q Nimbol

5. Cement PlantNimbahera Rajasthan, Indid@NB) Nandyal

(Integrated Cement Pla - OPCPPC

6. Cement PlantMangrol, Rajasthan, IndigviG)
(Integrated Cement Plan OPCPPC

7. Cement plantNimbol, Pali, Rajasthan, IndigNM)
(Integrated Cement Planty OPCPPC

Limestone clusters

nindia_ | i

* Cements plants using grid electricity I
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Case Study for Foreground Data

CDNGRESO NACIONAL .. =
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Nandyalcement plant (Kurnool,
Andhra Pradesh, India) BARRANQUILLA |1 AL 3 DE MARZO DE 2023
Established in 2011 Materials/Processes Quantities
Integrated plant (Gstage (pertonne of clinker) (Nandya)
preheater withprecalcine)

Raw material (kg)

_ 7 Limestone 1420
Present capacity: 4.8 million Flue dust (Bellary, 225 km) 30
Red mud Belgavi 540 km) 30
tonnesper anhum Laterite Rajamandri500 km) 46
Products: OPC, PSC & GGBS GBS (Bellary, 225 km) 23
Fuel used: 100 kg/tonne of clinker e e Zgg'ir(:)g) -
. : ury
Electricity from the grid (88.7 Coal (USA, 22,000 km) 37
kWh/t of OPC) Pharma solids (Hyderabad, 300} 3
Pharma liq. (Hyderabad, 300 km) 2
Carbon Black (Hyderabad, 300 | 3
Taken as the cement source for the Electricity (kWh
Electricity (Limestone crushing) 1.77
assessment of concrete Electricity (Raw mill) 21.30
Electricity (Coal mill) 3.57
Electricity (Clinkerization) 25.59

Secondary data used for cement factory,

refractory lining, steel, lubricating oil I ' '
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Considered

System Boundaries Processes
N

Clinker Productio

-
| O Raw Materials Extraction of Fuels

1 Fluedust | [Red Mud | | Laterite Pet Coke | | Coal
I e r. o=

1

Alternative Fuels

Pharma Ligquid | | Carbon black |
i

|Pharrna waste |

Limestone crusher

1
1

' :
! il
I | Quarry -Limestone e
! . Fikmsh |2 E
: extraction ! : E =
1 . ! 1| = E
1 | Explosives ! =
| [Eplosives | i

CSli | Lading point |
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Impact of Clinker (Groundo-Gate) mrmmo NACIONAL 00405

RETOS Y PARADIGMAS EN LA INGENIERIA

BARRANQUILLA | 1 AL 3 DE MARZO DE 202’

Integrated Cement Plant ilNandyal

7

7

138" 215 272 (30%)

(2%)  (4%)
=g 09
Limestone extraction

Fossil fuels (extraction + burning) gz Direct emissions from limestone= Fossil fuels (extraction + burning)

=1 Altemate fuels (burning) =S Transportation = Alternate fuels (burning) Transportation
- == Electricity == others

Electricity = Others

. y VW N
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Processes considered for Cements ONGRESO NACIONAL S
(OPC, PSC) mlu

—— BARRANQUILLA | 1 AL 3 DE MARZO DE 20'

Raw Materials ‘ Extraction of Fuels ‘ T ‘ Alternative Fuels )
) v -
Fluedust | | Red Mu Laterite ‘;-:'?;‘IH Pharma Liquid | | Carbon black o
""" T B - [ < : -
----------- oo : : A 3
-------------- .: |I 1 : | ! I ! :9—)1- Q_
L e . o '
. v oo ¥ ¥ v = g
E 1 ! * Pharmawaste Carbon black 1 & ?
liquid 1

0 ¢ Petcoge  Loa - 2 Q
- ~ ; - D m
1420 kg a2 My @ UETE '('D"

Coal Mill |*——" EYe4l Waste (solid)

3.57kWh < J
2 - R 3 kg
| Raw Material Hoppers | : ﬁ
Quarry: Limestone ﬂqi-o]

Cross belt
conveyor

extraction

Cross belt
analyzer

extraction

AL Ly

21.37 kWh

ﬁ ¥
ﬁ w i L
g, e
. C ) 960kg i :

1
—
40 k .4_0_0.k..”15_ﬂE| Phosphogypsum
32.5 kWhﬁﬁ & v ProEYR

1
|
1
|
1
1 Natural gypsum
1
|
1
|

Blending Gypsum |8 KE

[
[
[
I 1
: Unit Roller press 1
1
I 1.27 kWh:ﬁ}@ 40 kg CO,/tonne of GGBS |
! - 855 kg CO,/tonne 375 MJ/tonne of GGBS 1
I m 3900 MJ/tl ] I GBS
I onne : - |
" . Grinding of GBS | '
1| PSC | 495 kg CO,/tonne o | } 190 kms
' 2370 MJ/tonne X e 30 ks S - 435558 -




Cement

micousneso NACIONAL 50!
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Impact Assessment (Ground-to-Gate) : '

iccoi BARRANQUILLA | 1AL 3 DE MARZO DE 2023
CO, Emissions [ Clinkerization Electricity 0000 s
S . .
N\ Transportation E Others ] s C||nker
[TTTT] cray calcination S s00d/ E
1000~ 910 w =
g % N : | Direct emissions form limestone
g “6 \:\"\_ IV Fossil fuels (extraction + heating)
‘6‘ g g Pet coke (extraction-+ heating)
[ 800 _ GJN c Alternate fuels (heating)
g 670 8 Electricity -
t 600 Transportation
o
o 560 - Others
O 600-
(=2 200
x
7))
c
2 400 0- _
7))
E Cement Clinker | SCM
Q OPC, Ordinary portland 90-95% 5% fly ash, limestone
ON 200 — cement
O PPC, Portland 70-75% 25-30% fly ash
pozzolonacement
PSC, Portland slag 40-50% 50-60% GGBS
0 T T T T T T T 1 cement
OPC PPC PSC LC3 LC3, Limestone calcine| 50% 30% calcined kaolinitic
] ] clay cement clay, 15% limestone
LC3 - Calcination energy: 2.6 MJ/kg of clay (waste grade)
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Cement

Impact Assessment (Ground-to-Gate) : '

6000
AN Transportation == others S sovo| /PR A
mﬂﬂ:ﬂ Clay CaICination "'6 \\\ Pet coke (extraction + heating)
. g 4006 : Alternate fuels (heating)
000 { 5900 Clinker 5 /71 N B
= - ers
_ 2/ 000 . ™
€ 5000 4750 B ] N
§ 4600 g
) 4100 @ 2000 -
= 4000 Q ]
- (&
: = 1000 [
2 3000 - 2 /
- Ll
8 o
3 2000 -
5 Cement Clinker | SCM
I.ICJ OPC, Ordinary portland | 90-95% | 5% fly ash, limestone
1000 cement
PPC, Portlangdozzolona | 70-75% | 25-30% fly ash
0 cement
OFI’C ' PI',C ' PS!‘»C ' L(I: 3 ' PSC, Portland slag 4050% | 50-60% GGBS
cement
LC3 - Calcination energy. 2.6 M‘J/kg of Clay LC3, Limestone calcined 50% 30% calcined kaolinitic
clay cement clay, 15% limestone
(waste grade)




Life Cycle Assessment of Concrete
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Groundto-Gate




SCMs
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Impact Assessment : Concretes with '

BARRANQUILLA | 1 AL 3 DE MARZO DE 2023

[ ]Cement || Aggregates |\ | Electricity [ ]Cement Aggregates [\ Electricity
=] Transportation Others ] Transportation [[[[[][] others
M30 —4500 psi __ 4000 — T __ 450 — T
2 -mi 2 1 M30 M50 C-mixes
M50 - 7500 pSI = 3500 - M30 — M50 H..WC mixes % 400 ]
Q ]
o TTTTTIT — o | — _
© 3000 - 9 350
L1 4
° : ]
I w300
£ 2500 - =
= ' o 250 1
3 2000 o ]
£ ' 2 200 -
S 1500 4 "J;
g ] 2 150 -
9 9 ]
o 1000 [
> @ 100
5 500- 5 |
5 5001 5
w | Q ]
0 e ror ' L © 0 T T T T T T T T T
I S S S F  F
» & & L S S S S o o o N N S & &
8 c,@ & o“‘\ o"x\ G’b’\‘\ o'(’& 0,0& ,5,65\ 0;\’3’ 0;@“" g G;sf’ O;s?’ ,bgtf’ c§°\ & 0&‘
S R - R N & & N g & L 620 QQO N

| Lower binder content leads to reduction in total emissions and energy consymed
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SOC'EDAD

Environmental Product Declaration (EPD)
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Redi-Mix Concrete, LLC

A EPD is a report giving the environmental 331 N. Main Street

. . . Euless, TX 76039817-835-4100
Impacts of material production. Sowrw.us-soncrete.com/

Environmental Product Declaration for Concrete

A Cradle-to-Gate system is considered; Impacts Declred Uni 1 of 26 s concrte (2300 )

are given for a function unit, e.g., metric tonne; LIFE CYCLE INVENTORY DATA Tociiast
Core impact indicators are reported; Values Gonrei btcing watercansumpton (7 raoEo
based O n LCA; Li m ited Val Id ity Concrete washing wat.er cor:sumption (m?) 4.33E-02

Total water consumption (m~) 1.92E-01

Use of renewable primary energy (MJ) 60

A Can be used for checking if requirements are Depletion of non-renewabla energy resources (W) 5089

Use of renewable material resources (kg) 0.51

SatISfI ed Depletion of non-renewable material resources (kg) 0.01

Hazardous waste (kg) 0.0

A Can be used for comparing similar products Non-hazardous waste (kg

LIFE CYCLE IMPACT ASSESSMENT

A Can be used to calculate environmental et cnamge (0,01
Impact for applications of the material Ozone depletion” (kg GFC 11 eq)

Acidification** (kg SO; eq) 2.4

Eutrophication** (kg N eq) 6.6

Photochemical Ozone Creation/smog** (kg O; eq) 3.0

. CML based characterization TRACI based charact




Estimation of impacts for a community

the carbon footprint

water

@ @ emissions

fuel

electricity

personnel

transport

offsets

recycling

waste

Imports (Mt)

Materials
270.3

Fossil Fuels
187.2
Mon-metallic
minerals 65
Biomass 0.8

Water
501 Mm?

Mahalingam, 2023

suc'Eunn

Greenhouse
Gases (CO,e) 51.5

CONGRESO NACIONAL

RETOS Y PARADIGMAS EN LA INGENIERIA

SOCJEDAD

BARRANQUILLA |1 AL 3 DE MARZO DE 2023

Rainfall 2167 mm/yr

5.6 million m

9,308
lane-km

Waste-to-Energy, Recycling 7.6
“

Water recycling 164 Mm?

Land area: 720 km?

h. 4 A B

Exports (Mt)

|

L 1736
i Fossil Fuels
: 160.8

Biomass 6.3
Metals 5.3

Outflows

Discharge
404 Mm?
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Concrete in a Construction Project BARRANQUILLA| AL 3DE WARZO DE 2023

In a construction project, many concrete mix designs can be used to
obtain similar workability, strength and other properties, in order to
comply with the specifications and tender conditions.

Can the final choice be made based on sustainability?

C Frameworkfor the Choice of sustainable concrete mix considering:
C Strength and Workability
C Embodied energy
C Carbon footprint
C Durability

h. 4 A B



SOC'EDAD

Sustainability or eco-efficiency indicators

considered
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Energy Intensity Index
(€lcs)

i _ I wl - wo ™
w0 D = D e vWom v [ 4

&mmxefsonwmﬂee%%nmmc o]

e%?@a\ﬁ&%%ﬂﬁ%ﬁ? RS QINe e 4 Le2| ]
e D

processes involved % 207 “uh

Embodied energy also loosely 3 '] P

represents cost and clinker contel s _ " ":,;.‘_&, _

OPC: Ordinaryortland cement 404 M ., ,. .

PFA: Class F Fly ash -

SLG: Ground granulatealastfurnaceslag a

LC2: Limestone + Calcined kaolinitic clay (1:2) 10 20 30 40 50 60 70 80

Compressive strength, 28 days (MPa)
| yV 22000000 ¥ A




Sustainability or eco-efficiency indicators '
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considered
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Apathy Indiceq A-indices)

FrmO. YV o=V
lmrontgr+Og <g >

A set of indicators based on durability and environmental impact
parameters of concrete

The Aindex stands for the apathy towards carbon footprint and
durability; often reflected in specifications and construction

contracts

. y VW N



Proposed Framework for Sustainability Througfiiees E

Durability

Apathy IndiceqA-indices)
FFrmO: YV o=V
{mron k& >+ m m>

When chloride ingress governs durability

Ai

cousneso NACIONAL S ol ”

DE
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« Carbon emissions calculated based
on raw materials, energy sources
and the processes involved.

« Diffusion coefficient is determined
here based on migration or
surface resistivity

hi
crer Fchlnr

Where’ ch!ur — €Xp (10 6/\." )

with D, having units as m?/s
and CO, emissions in kg-CO, eqg./m?3 of concrete

.

CO, emissions per cubic metre of concrete I
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Sustainability framework: CONGRESO NACIONAL S0iiir
Chloride attack mi 7

250 - BARRANQUILLA |1 AL 3 DE MARZO DE 2023
= OPC||
¢ PFA L. )
300 A LC3 Ai CO, emissions per cubic metre of concrete
M30-4500 psi Lehtor = For
. [}
M50 —7500 psi 2 2504
= | Energy consumed
£ ei.s(MJ/m3/MPa) = 9
S 200 Compressive strength
5 M50
< 150 -
100 a2 A C-mix
-1 A
M50 M30
4 45 50 55 60 65 70 75 80 85 90
e".cs, 365 days
4 I

High SCM content, and ternary bler§sLow ei..andAi,,, A Moresustainable

It is possible to proportion concrete mixes with high resistance against chlorides,

and reduced energy use and emisgjoBustainable options
\_ _ /A A
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Recycling of Waste Concrete in New Structures SARRANGUILLA | 1AL 3 DE MARZO DE2028)

Challenges:

» Structural design codes do nots
allow use of recycled aggregat

* Waste Is not separated at
source, leading to undesirable
material even after rigorous
sorting at recycling plant

* No compulsion or incentives
except in few places, e.q.,
Bogota, to use waste
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r’- CONGRESO NACIONAL _ - —q,
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BARRANQUILLA | 1AL 3 DE MARZO0 DE 2029

Main challenge in the use of crushed
concrete as aggregates in structural
applications

The adhered mortar

normally leads to:

» High water absorption
(4 to 5 times)

» Lower mechanical
strength

» Compressive strength
reduction up to 30%

Attached
mortar

Crushed concrete

h. 4 A B




Thermomechanical Beneficiation of Waste
Concrete
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; : Feed concrete: 10 kg
Size reduction of waste e BARRANQUILLA |1 AL 3 DE MARZO DE 2023
concrete to 50 mm

Heating time: 1 hour

wMajor chemical change occurs at
450 C, when Ca(Okljlecomposes
weakening the concrete. Differences
in thermal expansion ease the
disintegration.

wHeating for one hour at 50C, and 15
l minute milling with steel balls yields
acceptable material.

(][]

Building demolition Waste concrete Heating in furnace

gnb:pkeg feed Cﬁgcr‘;t; _ Ambient cooling: 24 hours
Size: > 20mm . G wThe obtained RCA have dry density

and absorption comparable to pristin
granite aggregate.

wThis process generates fines that co
be used for other applications such a
filler, activated SCM in concrete or a
raw meal for clinker production.

Coarse aggregate
Fraction by weight: ~27%
Size: 20 mm - 4.75 mm 7774

Fine aggregate
Fraction by weight: ~45%
Size: 4.75 mm - 300 um

Concrete fines
Fraction by weight: ~20%
Size: < 300 pm

Sieving Mechanical scrubbing

Milling machine: 500 revolution @ 33 rpm
Charge: 11 steel balls, each 380 gms A A



Properties of Concrete with
Recycled Aggregate (RAC):
Compressive strength

suc'Eunn

CONGRESO NACIONAL . OE LL

LINGENIERIA
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a1

o
1

al

o
1

- aE The compressive strength
Nad was not affected
significantly - slight
reduction at high

replacement levels

IN
o
1
N
o
]

N
o
1

Compressive strength (MPa)
8

Compressive strength (MPa)
N w
o o

=
o
1
=
o
1

| | ! T I I
RACO RAC20 RAC60 RAC80 RACI100 FRACO FRAC20 FRAC60 FRACS0 FRAC100
Coarse RCA replacement level (%) Fine RCA replacement level (%)

h. 4 A B



Concrete with only Recycled Aggregate
(FCRAC): Properties

Strength and durability parameters for concrete with fine

i m::om;neso NACIONAL S CCEn A0
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and coarse recycled aggregates (FCRAC), compared with

reference concrete with natural aggregates (NAC)

FCRAC

Parameters

NAC

Compressive strength (MPa) 45.1 47.5 Beneficiated RCA can
completely replace pristine

Surface resistivity (kohm.cm) 38.6 31.1 aggregate

Chloride migration coefficient 3.7 5.1

(U 1012m ?/s)

Oxygen permeability index (OPI) 10.3 10.2

h. 4 A B



Trials at India One Solar Thermal
Power Plant with heating through
concentrated solar radiation

cousneso NACIONAL S5
DE uy
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Beneficiation using
concentrated solar energy

CONGRESO NACIONAL SOC‘EDM’

i R
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Reeo dish

Receiver
Building demolition Concrete waste Heating using solar concentrator
20 mm 10 mm 1

20 mm
10 mm

ﬁ I | I 4.75 mm _
. . =

Sustainable 4.75mm  <0.3 mm

infrastructure Recycled products

Slevmg Ball milling
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For sustainable construction:

* New low carbon cements

» Extending durabillity

* Recycling of old concrete

* Lowering the water demand

« New composite systems
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Natural carbonation tests (in Chennai) WWHGONGRESONAC'ONM ELTLL:
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Grade Mix ID w/b kg/m3 Shelte(ed - Open
OPGM30 050 | 310 i
M30 PFAM30 0.45 360
M30 —4500 psi LC3M30 0.50 310
M50 —7500 psi OPGM50 0.40 | 360 -
M50 PFAMS0 0.35 | 380 =3
LCIMB0 040 | 340 710071001 500 mm prisms
OPCCmix 0.45 360
CGMix PFACMIxX 0.45 360
LC3Cmix 0.45 360

& __“4. No measurements
; are taken on the
aggregate surfaces

Carbonation coefficient (K.,,) was determined

with data up to 5 years, from ongoing tests

RathnarajamndPillai, 2018

. y VW N



KeopObt al ned using Tutt

- Sheltered case

mHCONGRESO NACIONAL S0 oo
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F |=\/_€zi+'opcﬁ-1'(3) A e eSS BARRANQUILLA | 1AL 3 DE MARZO DE 2023
—~ 15  d=49t" 151 d=4.4t"°
€ 1 A OPC
- Grade |Mix ID Keo,
= ( mmyr)a
CC) . . . OPC -1 4.9 M30-4500 psi
.; r +PFA_1 (S) IH? 25:- S pmn !IYI'IYVKI_- 8 1 M5O_7500 pSi
CU 200 e ] 20“ +PFA 2(S) 1 PFA -1 .
- 15i et 0 ] 15! [ —d=4.8t"° ] MBO
o : : LC3-1S 8.5
o 10 10 ]
— 5 : : 1 LC3-1P 7.5
CU . ] 5? ]
(|} ] (e, R \ ]
...L_J 0 05 1 15 2 25 0 05 1 15 2 25 OPC -2 4.4
© a5 bl S e e PFA - 2 4.8
— 20 =LC3-1(8) il gl = SN ] M50
+ | —d = 8.5t°° 15-__—d=7-‘|t°'5 _ LC3-2 7.1
@) 15[ I
D 0] 100 L C3
O s alt ]
0, T | Kego: OPC < PFA<LC3

9 g ol 0SSl 2026

Square root of time (year?®)
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| mpl ementi ng Sust al
Construction

Sustainability or eco-efficiency

Indicators considered BARRANQUILLA | 1AL 3 DE MARZO DE 2023
- T » Carbon emissions are calculated
Apathy |ndIC6iA |nd|ces) based on the raw materials,
F |= mC Wi m W energy sources and the processes
'” m>°o" 'H'H >=|= Hm ‘m > « Carbonation rate is determined
from exposed, sheltered
specimens.

When carbonation governs durability

C0, emissions per cubic metre of concrete

icurb =
'F carb

2
5
F carb — ( k )
€02, nat

Carbonation rate (k o,) having units of J% and CO, emissions in kg-C(mn3 of edncrete A A

where,




Sustainability framework:Carbonation ' mic""‘“‘““ HACIONAL g

M30—-4500 psi
M50 — 7500 psi
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' T ' T ' T ' T ' BARRANQUILLA | 1AL 3 DE MARZO DE 2023
700 - = OPC

A e PFA|]
M30 A LC3 |
600
=
(<]
=]
£ 500+ N
>
=
®
o 400
$ _
2
=S 300
q
200
100 —T 7T T T T T T F _ €O, emissions per cubic metre of concrete
40 45 50 55 60 65 70 75 80 85 a0 cark Feorn
i . Energy consumed
el MJ/m3/MPa) =
cs; 365 days eles(M]/m”/MPa) Compressive strength
4 )\

LC3, high SCM contents and ternary bledd ow ei., possibly higheAi_,,,
It is possible to proportion concrete mixes considering carbonation resistange, and

energy use and emissions
- J
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Comparison of the properties of CONGRESO NACIONAL
aggregates OE
t

(RCA: Recycled Concrete Aggregates, wi RETOS Y PARADIGMAS EN LA INGENIERIA
0 ];hers) BARRANQUILLA) 1 AL 3 DE MARZO DE 2023

Dry Water Crushing [ Impact Adhered
Coarse aggregates density |absorption value value mortar
(kg/m_3) (%) (%)
Granite aggregates 2.74 0.4 21.1 19 -
10 mm 2.79 1.2
Treated RCA >0 I > 37 70 23.7 12 4
10 mm 2.23 5.9
Jaw crushed RCA 50 mm 520 78 31.2 29 43
produced RCA 20 mm 2.52 5.7 33.8 41 30 B
Treated RCA

- Dry density Wate_r
Fine aggregates . absorption
(kg/m 3) )
River sand 2.61 0.7
Treated RCA 2.35 5.9
Crushed sand 2.45 3.0
Laboratory jaw crushed RCA 2.04 9.8
[ .
Industrially produced RCA 226 108

(<2 mm) |
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