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Sustainable solutions
for concrete

5-8% of the anthropogenic CO, emission worldwide is from the cement and concrete industry and it

IS mainly attributed to the production of Portland cement.
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Sustainable solutions
for concrete

Research focus:

Reduce cement/binder in concrete: optimized concrete mix design by particle packing modelling (PPM)
Reduce clinker in cement: use of supplementary cementitious material (SCM) e.g. slag, limestone filler

Alternative aggregates: recycled aggregate (RA), all-in aggregate

Improve packing % SCM substitution % Recycling content

- Combined effects towards sustainability are expected.
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Sustainable solutions Research
for concrete focus

LBC [ vs. standard prescribed concrete: feasible?
» Practical requirements regarding execution: no segregation, suitable cohesion, etc.

» Requirement regarding the performances: 1) workability, 2) strength, 3) durability

Low binder concrete (LBC) Concrete conform to Standards

VS. | * Min. Cement content, max
w/c ratio, min strength class

for durability
* Max replacing ratio of RA

» ‘k-value’ concept

A
\ 4

Low binder (PPM) % SCMs

[11 LBC: concrete with lower amount of binder in comparison to the minimum cement content of concrete
prescribed by standard NBN B 15-001 for different environmental classes
| KU LEUVEN
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM

Particle packing modelling (PPM) to optimize the concrete mixes for lowering the binder content

« Optimization of materials (Dewar’s model): binder mixes, sand mixes, coarse aggregate mixes

« Binders/fillers filling in the voids of aggregates, | voids of inert — | binder

Aggregates
O PPM
Cement paste \@OO

Traditional concrete mixes Optimized low binder concrete mixes

Aggregates

Cement paste
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM

New mix design methodology: introduce fines content as a parameter in Dewar’'s PPM model

Workability of LBC.: 100 -
: | Es Bolomey A=12 D=20
= | binder — | paste — | workability =300 Cement w/c 0.47
80 F
= 1 superplasticizer (SP) — 1 workability
= Excessive SP — bleeding -§)60 -
8
Fines content passing 0.125 mm, 0.25 mm, %40 -
0.5 mm should be checked carefully to =
guarantee the workability of LBC: 20
= | Binder _ el N _
0 Mixes with bleeding:~11% passing 0.125 mm
= 1 fines from sand 0.01 01 1 10

Size [mm]
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Sustainable solutions Research Mix design of eco-

for concrete focus concrete via PPM

100 r

E d

Limestone filler

—CEM 525N
——CEM IlI/A42.5N o
--- GGBFS LS AR

- - -Limestone filler
0 | | J

0,001 0,01 0,1 1
Size [mm)]
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM
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High fines content in all-in aggregate — | Sand 0/0.5 * ARCA 0/20: all-in recycled concrete aggregate 0/20
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM

Step 1: Type of concrete & application field

LBC for the ready-mix concrete industry:

Example: LBC in relation to T(0.50)

LBC Particularly to be fulfilled:

« cement content < 320 kg/m3 » Consistency class: S3

« wi/cratio: 0.5 » No segregation or bleeding

« strength class = C30/C37 » Min. amount of fines passing 0.125 mm

» Use of superplasticizer

» Durability performances
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM

Step 2: Proportion materials (based on their packing profile and other considerations)

> Binder mixes (PPM & durability): 1,1 ¢ 66
——\/oids ratio
= 100% CEM | 52.5 N (C100) 10 L -u-Fines0125mm cc
= 100% CEM IlII/A42.5 N (CEM llI/A) §
= 50% CEM | 52.5N & 50% GGBFS (C50S50) 0.9 442
= 80% CEM | 52.5N & 20% limestone filler (C80F20) 20,8 334
= 40% CEM | 52.5N, 40% GGBFS & 20% limestone filler _cg 0.7 22;
(C40S40F20) 5 2
c
> Sand mixes (PPM & fines): 40% Sand 0/0.5 & 60% Sand 0/4 0,6 11w
» Coarse aggregate mixes (PPM): ~30% Limestone 2/8 & 0,5 0
70%’Limestone 8/20 00 0.2 Fing'?ract%g n [-?'8 1O

s The fractions 0/2, 2/8, and 8/20 within all-in aggregates (ALM 0/20 & ARCA 0/20) were considered as the

replacements of the Sand 0/0.5, Limestone 2/8 and Limestone 8/20.
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM

Step 3: Evaluation of fines to avoid segregation and to achieve required consistency
An exemplary LBC mix 280C100 in order to 400

achieve 14% of fines passing 0.125 mm in :E:?]:z 122;:
concrete solids: £360 _ — - Fines: 15%
« 280 kg/m3 CEM [ 52.5 N = S — - Fines: 16%
£ 320 .
- Inert: 40% of sand (16% Sand 0/0.5 & 24% &
Sand 0/4) and 60% coarse aggregate (18% §280
Limestone 2/8, 42% Limestone 8/20) =
)
 Designed slump 120 mm £ 240
)
 w/b=0.5 with 1.4% SP to achieve around 12%
water reduction 200
500 700 900 1100

Sand content [kg/m3]

% 1 fines content — helps in avoiding segregation and bleeding and in improving the consistency

/7

** The inert skeleton of 280C100 is selected as reference inert skeleton for other mixes.
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Sustainable solutions Research Mix design of eco-
for concrete focus concrete via PPM

Other concrete mixes for comparative study (w/b=0.5): in total 12 mixes

» PC vs. PC+ SCMs (inert skeleton as 280C100) 100 -
« CEM 1525 N: = Binder with slag: lgg&g‘gg’s’z‘lz b=20
o 280C100 o 270C50S50 80 I . 530C50S50ARCAGO
0 300C100 o 280C50S50 4 280C50S50ARCA30
0 320C100 0 300C50S50 260 || —= 300 Cement w/c 0.47
o 320CEM IlI/A §
» Binder with limestone filler e
> 280C80F20 =40
o 280C40S40F20 -
20 e :
> All-in materials (S/A=0.4 as reference inert) |  Taaa-s¥ 0.25 mm: 20%~27% vs. 17%

" ALM 0/20: " ARCA 0/20: 0 0 125mm: 14%~16% vs. 11% '
6 280C50S50ALM42 o 280C50S50ARCAGOD 0,01 0.1 | 10
o 280C50S50ARCA30 Size [mm]

« The number after ALM and ARCA indicates the replacement ratio of ALM and ARCA within the reference inert skeleton.
« The Sand 0/0.5 within mixes with all-in materials was significantly decreased.
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Sustainable solutions Research Mix design of eco- Tgx?gmggf gi Oo_f
for concrete focus concrete via PPM O

Fresh properties: all the mixes achieved at least 120 mm slump value

Compressive strength: all the mixes achieved the strength class C30/37 at 28 days
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Sustainable solutions Research Mix design of eco- Tgx?gmggf gi Oo_f
for concrete focus concrete via PPM O

Carbonation coefficients after 56 days exposure from accelerated carbonation test

N
o
1

NBN EN 13295: 2004
CO, concentration: 1%
Temperature: (21 £ 2) °C
Humidity: (60 = 10) % RH Filler

——

=
ol
T

Carbonation resistance:

All-in > | binder no negative affect

(@))]
=  aggregate
c'v = o ,g » SCMs | the resistance

C50S50

=
&)
T

o » Limited influence from using
[}

Limestone 0/20

WS D » ARCA influences the resistance

Carbonation coefficients after 56
days exposure [mm/yeart?]
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Sustainable solutions Research Mix design of eco- Tgx?gmggf gi Oo_f
for concrete focus concrete via PPM O

Chloride migration coefficients after 28 days/56days water curing

25

£ 28d curing
e I
o L9 L & % 56d curing
-3 L . _
28 o N C100 | § Cl mlgrfa\tlon re.S|stance. |
& NE ‘ I izL SSFiIIer All-in » 1 curing period — 1 resistance
S T10 F A £50550 N1 aggregate - e i
c S &'§ % ‘l’\% ' N > | binder no negative influence
o N N I 3 I © N , 1 ‘
g N § \‘§ on — S § . . .
5 5 § § § ,\% & 3 °°§ § = % }é I\\ » SCMs influence the resistance
= NI N N N N N N N NN NN > All-in aggregates have influence

Q on the resistance
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Performances of
low-binder eco-
concrete

Sustainable solutions Research Mix design of eco-

for concrete focus concrete via PPM

Freeze-thaw with deicing salt damage after 28 / 56 cycles

25 r
Il 28 cycles
0 % 56 cycles
£ Freeze-thaw with de-icing salt
2. Filler i | |
@ C50S50 . A resistance:
%10 EC » | binder no negative effect
Eo c » | resistance using CEM | 52.5N
'Tgs » SCMs affect the resistance
(Y]

» All-in aggregates have influence

on the resistance
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Sustainable solutions Research Mix design of eco- ﬁ’fﬂfﬂﬂj‘gf gi(ﬁf
for concrete focus concrete via PPM concrete

» Fines content is very important: passing 0.125 mm, 0.25 mm, 0.5 mm

» Low-binder concrete with fixed w/b (here 0.5) and identical inert skeleton:
= | binder content not necessarily jeopardizes concrete performances

» Influence of SCMs on concrete performances is as expected

» All-in materials (ALM 0/20 & ARCA 0/20) in LBC
=  Sustainable replacements of natural aggregate (especially sand fraction, | Sand 0/0.5)
= ALM 0/20: limited influence (tends to 1 concrete performances)
= ARCA 0/20 affects concrete performances differently: no negative effects on ClI- ingress and
freeze-thaw with de-icing salt resistance

= LBC can have comparable performances as the reference concretes conform to standards
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Dank u wel !
Thank you !

Please contact:

 For this doctoral research:
Sugin Liu
sugin.liu@kuleuven.be

 For project-related consultancy:
Hanne Vanoutrive
hanne.vanoutrive @kuleuven.be
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