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Context
Concrete production - environmental impact
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Concrete: the most
destructive material on
Earth

After water concrete s the most widely used
substanceon the planet. But its benefits
mask enormous dangers to the planet. to
human health - and toculture tsel
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Context
Innovations in low-carbon & circular concrete
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granulaten hebben als voordeel dat er geen bijkomende belasting van natuurlijke bronnen

Eco2beton s een ontwikkeling van de Devagro Group, een verzameling firma's langs de Leie in Waregem die opgericht
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samenwerking met zijn schoonvader in de aannemerj terecht, om er vervolgens een succesvolle carrizre als

is en er is minder transport nodig, dus minder CO2-uitstoot. De productie van het beton Toxic 'red tide' blam

of manatee deaths in

"GHRANTE

wordt verzorgd door De Brabandere, Aswebo voert de werken uit.

feests
ondernemer uit te bouwen. Een eerste wapenfeit was de oprichting van Devagro in 1989, een onderneming die zich ATI %
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eerste element gegoten. Ecologisch alternatief A Construction on the Victoria Square precinct in the inner city suburb of Zetland in Sydney. Photograph: Dean
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Context
Circular.Concrete

Putting innovative circular concrete technologies into practice

g 2018-2020
STEP 1 — SOTA & SWOT
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Events

CECULAR Knowledge Cases Practical guide

— https://www.circular-concrete.be/
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Context
Circular.Concrete
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Context

Circular.Concrete
» State-of-the-Art Report on circular technologies 0
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Concrete composition - Aggregates
Environmental impact of natural aggregates

e 70 - 75 % of concrete volume

.2..°°t 3000: 30000: 12000000:
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Concrete composition - Aggregates
Environmental impact of natural aggregates

— Quarrying
— Treatment
— Transportation
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Concrete composition - Aggregates
Recycled aggregates

* Reuse of construction debris
— Recycled Concrete Aggregates
— Recycled Mixed Aggregates

* Environmental ‘gains’
— Less consumption natural resources
— Less transportation

* Attention points for concrete:
* Water-management!!

» Continuity / purity

» Effects on properties

’ L‘ b b .
N »  Researches * Develops * Informs
N
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Concrete composition - Aggregates
Manufactured aggregates

— |Industrial by-products (slags)
— Waste streams (ashes, poluted soil)

* Environmental gains
— Less consumption natural resources
— Less transportation
— Less waste

o Attention points for concrete:
» Continuity / purity

* Chemical reactions | __
e 2Md & 3 [ife - leaching e, ;&aﬁﬁw
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Concrete composition - Aggregates grmusmow  av

EUROPAISCHE NORM December 2013

C u r re nt Sta n d a rd S 1G5 91.100.30 Supersedes EN 208-1:2000. EN 206-8:2010
o E N 2 O 6 : 2 01 3 (Ca St— i n - p | a Ce CO n C rete) Concrete - Speciﬂcaticégh?s:ﬁ“r;nance, production and
5.1.3 Aggregates Deton-Fesgung Cigscchaten, kg
(1) General suitability is established for. e s

Efich, GEMMan ). A VErskan In any ofher [anguage made by transiation
d notified to the CEN-CENELEC Managemsant Cantre has the same

— natural normal-weight aggregates, heavy-weight aggregates and air-cooled blast furnace slag conforming | ... cou o o s s scone

Graece, Hungary, lesland, Irzland, Raly, Lalvia, Lithuania,

tD EN 12620; Slovakla, Slovenla, Spain, Sweden, Switzeriand, Tukey and Unibed
— lightweight aggregates conforming to prEN 13055;

— reclaimed aggregates conforming to 5.2.3.3;

and conforming to the categories given in EN 12620 or in prEN 13055 established in the provisions valid in the
place of use.

EFOR. STANDARDIZATION
i DE NOEMALISATION
IMITEE FUR NORMUNG

NOTE Recommendations|for the use of aggregates (categories) are given in Annex E.

. Awvenus Marnlx 17, B-1000 Brusssls

(2) Recycled and manufactured aggregates, other than air-cooled blast furnace slag, may be used as

& M2sened Ref. No. EN 206:2013 E

aggregate for concrete if the suitability is established by provisions valid in the place of use.

n
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Concrete composition - Aggregates
Current standards

* EN 206:2013 (cast-in-place concrete) - Informative Annex E

Table E.2 — Maximum percentage of replacement ol{coarse aggregates](% by mass)

Table E.3 — Recommendations for(coarse recycled aggregates|according to EN 12620

Exposure classes
Clause in
Recycled aggregate type %0 XCH, ig? ig? g};g;ﬁ; Property ° EN Type | Category according to EN 12620
XC2 XD1 classes 12620:2002+A1:2008
Type A: Fines content 4.6 A +B | Category or value to be declared
(Regq, Retgs, Rbyg , Ra, , FL, , XRg, ) 50 % 30 % 30 % 0% Flakiness Index 44 A+B | SFIgor =Sk,
Type B b. Resistance to fragmentation 52 A+B | sLdgpor =85z,
50 % 20 % 0% 0%
(Resg, Reugg, Rbag Rag FLy XRgp ) ) 5.5 A > 2 100 kg/m3
; - _ - _ Oven dried particle density o4
Type A recycled aggregates from a known source may be used in exposure classes to which the original concrete was designe B > 1700 kg!m3
with a maximum percentage of replacement of 30 %. -
b  Type B recycled aggregates should not be used in concrete with compressive strength classes > C30/37. Water absorption 55 A+ B | Value to be declared
- 5.8 A Regg, Reugs, Rbyq_, Ray_, FL, , XRg,._
Constituents "
B RCED‘ RCH?O, Rbau_l RHS—.FLQ—-‘X‘RgZ—
Water soluble sulfate content 6.3.3 A+B | S5,
Acid-soluble chloride ion content 6.2 A+ B | Value to be declared
Influence on the initial setting 8.4.1 A+B | o
time =40

@  Category NR (no requirements) applies for all other properties not stated in this table for which a category NR can be declared
according to EN 12620.

b por special applications requiring high quality surface finish the constituent L should be limited to category FLq o_.

EUPAVE webinar - Towards a low-carbon & circular concrete - 23 june 2021 13



Concrete composition - Aggregates
Current standards

* NBN B 15-001:2018 (Normative part)

 General suitability is established for:
* RC Aggregate ‘A+’ (d > 4 mm)
* ‘A" + extra requirements:

— Oven dried particle density (p,q) > 2200 kg/m?

* Limited application:
« Strength class: < C30/37
» Replacement % of coarse aggregates:

Mixed aggregates B+
XC3,XC4, Alle andere
Xo XC1 XC2 XF1, XF3, b et
XA, XD
Betongranulaat type A+ 50% 30% 30% 20% 0%
A . b b rl be Menggranutaat type B+ 20% 20% 0% 0% 0%

EUPAVE webinar - Towards a low-carbon & circular concrete - 23 june 2021 14



Concrete composition - Aggregates
Current standards

* NBN B 15-001:2018 (Normative part)

 General suitability is established for:

« Manufactured aggregates

* Only pig iron blast furnace slag, ferro steel slag (BOF, EAF, INOX steel
slag) and non-ferro steel slag (Pb)

ed>2mmandD > 10 mm

 The producers provide proof of suitability in concrete

— No negative influence on hydraulic reaction and durability
— No long-term instability or autodegradation

* Strength class: < C30/37

* Only X0 and XC1

4 P .
L L‘. b b Ilbe
A \ »  Researches * Develops * Informs
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Concrete composition - Aggregates

Current standards
* NBN B 15-001:2018 (Normative part)

* Higher replacement percentages
» Higher strength classes

ICS: 91.100.10 Ontwerp
prBelgische norm prNBN B 15-101
1 uitg., <maand> <JJJJ>

Normklasse: B 15

 Other exposure classes

(NL) Beton - Methodologie voor de evaluatie en attestering van de
gebruiksgeschiktheid van inerte grondstoffen bestemd voor beton

« Other fractions (sand)
» Other types of manufactured aggregates

— Establish general and/or specific suitabi
\

Identification (geometric/chemical/physical properties)
Predictif behaviour, no negative side-effects for concrete
or rebars

4 P> .
\u‘ bbrise
\'y Researches * Develops * Informs

Ity

= Equivalent Concrete Performance Concept
For a specific application/exposure class
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Concrete composition - Aggregates

Research at BBRI
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

1. Maximum replacement

Recycled/manufactured [%)] Natural aggregates [%]
Sand Coarse Sand Coarse
RCA 1 45 45 10 /
RCA 2 60 40 / /
RCA 3 48 42 10 /
Cleaned pol. sand 26 / 10 64
Copperslag 20 / 20 60
INOX slag 20 29 9 42
100 % natural / / 35 65

« 2 concrete qualities:
* Average (cf XC3): 300 kg/m3 CEM llI/A 42.5, W/C ratio 0.55, C25/30
 High (cf XS3): 340 kg/m3 CEM llI/A 42.5, W/C ratio 0.45, C35/45

e > .
\1‘. b b Ilbe
\y Researches * Develops * Informs
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

1. Maximum replacement

* RCA
— Aggregates were added oven-dried
— High amounts of added extra water (WA, of RCA)

* Influence on mechanical properties (compressive strength):
— Average quality concrete: limited/no negative influence
— High quality concrete: significant negative influence
* Influence on durability properties (carbonation resistance, chloride
iIngress resistance, frost resistance with de-icing salts)
— Significant negative influence (except frost resistance)

R rl.be
h Researches * Develops * Informs
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

1. Maximum replacement

« Manufactured aggregates
— Similar or better mechanical/durability properties

EUPAVE webinar - Towards a low-carbon & circular concrete - 23 june 2021 20



Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

2. 'Smart crushing’ technology

* Environmental ‘gains’
e Less influence of RCA on concrete properties
 Low-quality — High-quality application

Circulair Mineraal

R rl.be
h Researches * Develops * Informs
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

2. 'Smart crushing’ technology

)

1 0 B e -
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

2. 'Smart crushing’ technology
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

2. 'Smart crushing’ technology

» Aggregate properties similar to normal crushed recycled aggregates
— Water absorption and oven-dried particle density
— Micro-Deval

* Fines show little/no reactivity
— XRD, XRF, TGA
— Jests on mortar

* Efficiency of technology on ‘Belgian’ concrete?
— Crushed limestone (angular) vs gravel (round)
— Cost vs benefits

’ L‘ b b .
N »  Researches * Develops * Informs
N
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

3. Carbonation of recycled aggregates

/

CO,
autoclaaf

* Environmental ‘gains’
* Less influence of RCA on concrete properties
 Low-quality — High-quality application

* CO,-consumption?

. bb”be
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

3. Carbonation of recycled aggregates

N‘ I be
x Researches * Develops * Informs
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Concrete composition - Aggregates
Research at BBRI - Circular.Concrete

3. Carbonation of recycled aggregates

e Clear albeit limited positive influence of treatment
— Water absorption and oven-dried particle density
— Especially sand (high ‘susceptical’ mortar fraction)

 No clear influence on Micro-Deval
— Intensity test method?

* Practical application of technology?
* CO,-capture?
* Gains vs costs?

L\ .be
Researches * Develops * Informs
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Thank you for your attention

Bram Dooms, Jeroen Vrijders, Niels Hulsbosch

Bram.dooms@bbri.be
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