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Origin of the project

= Summer 2019: apparition of bubbles
affter vibration on a thick airport
concrete pavement

= The bubbles could have been
created by an incompatibility
between the paver and the
concrete mix

= |t is necessary for all the actors of the concrete sector in
Belgium to understand how to avoid such a phenomenon
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Project goals

= Study the formulation, production and placement
of thick concrete pavements

= Increase the sustainability of formulations through
the integration of recycled concrete aggregates
and the development of a new low carbon
cement
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=Bibliographic review
= _aboratory study

=Test beds

= |mpact of concrete vibration
= Placement of new concrete mixes

=Life Cycle Assessment
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Effect of the vibration frequency
on the concrete air content

= Evacuation of entrapped air

= Evacuation of entrained air

=» Decrease in frost resistance

= Especially at high frequency
Stark (1986), confirmed by(Ling & Taylor, 2021)
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lowa 1999 study: influence of core position on air
content (slipform)

= Compaction frequencies 5000 and 8000 vpm
=Speeds 1.5 m/min (normal) and 0.75 m/min
= Cores taken in the vibrator fracks and between the tracks

= Air content evaluated in the upper, middle and lower part
of each specimen

= The air content is strongly dependent on the position
= A high frequency will generate an insufficient air conftent
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lowa 1999 study: influence of core position on air
content (slipform)
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lllinois study: influence of slipform compaction on
the bubble network

= Two frequencies (5000 or 8000 vpm) and two speeds (1.22 or 1.88 m/min)
were tested and generally achieved the desired values

= With a higher frequency and a faster set-up

= Better surface finish
= Sometimes lack of entrained air

In some US states, recommendations to limit the frequency to 5000 to 8000 vpm

And in Belgium ¢

=>No recommendations
= Different pavers and concrete compositions
= In-situ tests!
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Laboratory study

= For vibration tests in the laboratory, a box
was assembled and equipped with:

= 2 accelerometers positioned at 15 cm and
20 cm from the bottom

= A Plexiglas window to observe the migration
of air bubbles during vibration

=» Tests are still ongoing
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Bholim

olcim

CRIC-OCCN

Laboratory study

= Development of a new CEM V cement
integrating reclaimed fly ash

= |[ncrease of the proportion of locally sourced materials

= Reduced dependancy on imported fly ash
and blast-furnace slag

= Satisfactory results for strength
and durability
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Qlolcim

Laboratory study

CRIC-OCCN

= Tests on the natural and recycled materials

Test Results Qualiroutes requirements
(F;;)Qrghyry S/CQIS E/CQIS\ Pavement Foundation (R 1)

Fines content % 0,063 mm 2,1 51 4,2 <15 <4
Freeze/thaw resistance cetboo -l i hl7 8,37 =2 ==

% passing 63 um 0,10 0,43 finittfger<=5%
Freeze/thaw resistance (MgSO4) Mass loss(%) 2,42 9.87 MS,5
Real volumic massa p,4 g/cm? 2,68 2,31 > 2 (lean concrete)
Water absorption % 0,61 5,94
MDE % 6 25 <20 <25
LA % 9 31 <25 <30
MDE+LA % 15 56 <30 <55
PSV 55 59 >50
Organic content (NaOH method) negative negative
Water-soluble sulfates 0,024 <0,2 (lean concrete)
total sulphur content % 024 <1

Chlorides content 0,006 <0,03



Test of concrete mixes

= Natural and recycled materials Particle size distributions of the tested
mixes
= 10 mixes 120
% vol RCA | Compo | Compo 0/2 | 2/6 | 6/20 2/6 6/20 100
(aggregate [CEM Il | CEM V Rhine | RCA | RCA | Porphyry | Porphyry 80
fraction) sand B
2 60
Cl Cé 365 00 00 5.5 58.0 N »
C2 C7 290 00 710 0.0 0.0

_ C3 C8 330 00 335 0.0 33.5 20
_ C4 C9 36.0 0.0 160 0.0 48.0 0
%

C5 C10 275 100 235 00 39.0 IR e o
. article size (mm)
incl. 10%
2/6 —C1:0% RCA —C2: 100% RCA
*33.5% inert materials including sand (as in C3 and C8) —C3:50%RCA —C4:25% RCA
—C5:10% 2/6 —Reference curve

= Tests on fresh concrete, strength and durability
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Test of concrete mixes

= The objective is to make highway concrete in
accordance with Qualiroutes Réseau |

Parameter Qualiroutes Rl requirements Our objective

Cement content > 400 kg/m3 400 kg/m?
W/C <0.45 0.41-0.42

Cement CEM III/A 42,5 N LA

< 6.3% (average value for water absorption
by immersion)

Average Rc at 90d on cores
(h=10cm, s = 100 cm?)
Air content v 3% <v<6% 4%

> 50 MPa (with entfrained air)

Freeze-Thaw resistance in Losses <5 g/dm? with the ISO/DIS method

2
presence of de-icing salts  JNOREEZ) slabfestlosses<1,5kg/m
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= Bibliographic review
= aboratory study

»Test beds

= Impact of concrete vibration
= Placement of new concrete mixes

=Life Cycle Assessment
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Test bed 1:
Influence of vibration parameters

= November 2022, with CEM lll/A cement and natural aggregates

Frequency High Low Medium
190 Hz / 11400 vpm 150 Hz / 2000 vpm 170 Hz / 10200 vpm
Speed Low High Low High High Low
0.81 m/min 3.5m/min ' 0.81 m/min 3.5 m/min 3.5 m/min 0.81 m/min
Inclined

vibrating cores
g 6,5m

Semi-horizontal
vibrating cores

75m

All frequencies are superior to the US recommandations (5000-8000 vpm)
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Test bed 1:
Influence of vibration parameters

Tests on fresh concrete Tests on drilled cores Tests on cubes

% slum Rc Slab WAI Rc WAI Slab
Section [FEe] Speed Vc\)/o’rer (mml)o Air (%) 90+d 28 d ?0d 28 d 28d 28d
(MPa)  (kg/m?) (%) (MPa) (%) (kg/m?)
Top Top
7.9 25 3.3 64.01
: Slow
High 7.73 15 3.4 60.3 2.44 5.57
Fast 57.3 1.70 5.55
Low Slow 7.48 15 4 54.2 1.44 5.53 60.85  5.57 2.31
Fast 51.9 2.05 5.40
<) Average Fast 8 50 4.2 53.2 2.18 5.53 60.19 5.7 0.71
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Test bed 1:
Influence of vibration parameters

= Compressive strength
= The 90 d strength is sufficient for ™

Rc

all samples (>50 MPQq) 50

= The compressive strength is 20% 4
lower at the top than at the 50

Rc

Rc

5
base of the pavement =0
~. Segregation during vibration * 30

- Cold temperatures at young age 20

= Higher compressive strengths 10

measured on cubes than on 0
cores

Belgian Road Research Centre

Depth influence on the compressive strength

90 d cubes : 79,59

554 28 d cubes : 61,71

90 d objective : 50

Base Middle Top
Position
m28d m90d
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Test bed 1:
Influence of vibration parameters

= Water a bsorp’rion Influence of the vibration parameters on the

water absorption

= The WAI is lower on cores 5,8 Average WA on cubes: 5,66 %
.I.hon On CUbeS 35’6 ...............................................................................................................................
. e S 5,4
= The WAI is higher at the 2.,
surface s~
< 5
= The WAI is lower than the g 48
6,3% requirement = 4,6
4,4

Low speed High speed Low speed High speed High speed

High Freq. Low Freq. Avg Freq.
Vibration parameters

B Base H Middle mTop
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Test bed 1:

Influence of vibration parameters

= Slab test results

= Even with a good WA, the
28 d slab test results are not
satistying

= The slab test losses
measured on the cores
after 90 days are much
lower than on the 28 days
cores

= Concrete hardening
= Natural freeze-thaw cycles
= Surface erosion due to traffic

Belgian Road Research Cenire
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Test bed 1:
Influence of vibration parameters

0 Fleld observa’rlons

E A L . . Low speed + high freq:
e m-% | Surface irregularities
& (= overvibratione)

High speed + low freq:'
Surface finish S
problems (« tearing ») &
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Test bed 1:
Influence of vibration parameters

= Apparition of surface bleeding craters

Trongon 1

Section Notation Frequency Speed Surface Craters =

defects 2

': HRI

la HLI High Slow Iregula- - ‘s’

rities .o L

e BLI
b HRI High Fast ++ &
2a BLI Low Slow - + BRI
2b BRI Low Fast Tearing - % /5 Trongon 3
MRI
3a MRI Medium Fast + o7
é MLI

3b MLI Medium Slow --

More craters are observed with the semi-horizontal vibrating
needles
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Test bed 2:
New concrete mixes

= May 2023, 2400 m?

Belgian Road Research Centre Concrete Day | 26



Test bed 2: ™
New concrete mixes H

olcim

= Industrial production of the new CEM V cement
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Test bed 2:
New concrete mixes

= Placement of the new CEM V :
= Darker color
= Similar fresh behavior as the CEM I
= Difficulty to entrain air with the available air entraining agent
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Test bed 2:
New concrete mixes

Vibration Fresh concrete Cores Cubes
measurements

Freq. Speed  Slump Air (%) Rc 90 CRR Slob WAI WAI  Slab
(mm) 90 d 90 d 28d 28d
Top Middle Base Top (MPa) (%)
M M 15 4 71,8 71,3 794 2,14 48 7441 54 134
M M 24 35 57,2 60,9 63,9 9.3 6042 91 417
M M 2 2 69,5 68,7 769 317 6,1 7483 55 33
C4 25%R CEM III M 4 2,7 81 73,2 80,7 258 56 7542 6 3,04
R M 12 4,2 63,4 64,6 71,3 6 69,52 58 234
M B 26 42 69,2
C5: 50%R+f CEM II M M 25 2.3 59 66,8 72 358 7 66,16 7.3 4,58
ce 0%R CEM V M 49 3 6772 59 322
M M 15 32 83,5 83,3 84,7 484 52 69,73 4,61
M M 50 2,8 59,4 58,4 9,5 56,61 91 6,57
M M 14 2,9 63,53 3,86
M H 9 2,6 72,5
L M 14 3.4 62,3 72,4 75.4 6,5 6522 7.1 6,04
Iv\ M 10 2,6 76,6 74,9 868 291 53 71,81 6,6 407
co: 25%R CEM V M 26 3.6 65.5 74,8 75,6 53 67,46 6 583
M M 5 70,2 70,9 723 492 68 69.65 69 6,22
L M 50 2.4 68,2



Test bed 2:

New COncre'I'e mixes Compressive strength at 90 d measured on cubes and
NS 00 core samples

= Allcompressive strengths are
above 50 MPa g
= The RCA’s decreases the B 60

compressive resistance, witha £ s .
strength loss of about 25% 3 40
with100% RCA = 20
S 20

= Less strength difference
between the top and the base 10
= Average vibration parameters 0

0 25 50 100
= Warm weather % RCA
mmm CEM V Base mmm CEM V Middle
CEM V Top mmm CEM 11l Base
CEM Il Middle CEM Il Top
—e—Cube CEM V —e— Cube CEM III
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Test bed 2:
New concrete mixes

= The water absorption is directly
inked to the RCA content

= The limit of 6,3% will be almost
impossible to reach with more
than 50% RCA

=215 this thresold still valid with
recycled concrete?¢

Belgian Road Research Cenire

Water absorption (%)
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Water absorption by immersion
(surface cores)

20 40 60 80 100
% RCA

—-—-CEM YV ——CEM Il
CEMV +10% 2/6 CEM Il + 10% 2/6
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Test bed 2:
New concrete mixes

. Air content influence on freeze/thaw resistance
= Slab tests losses are very high 7 (slab tests on cube)
= Air content is very low (despite B C7:100%R CEMV |
increasing the AE agent) ES mcnpeRcy
= Tests on hardened concrete 5 =T T |
. . g [ ] C6:0%RCEMV0 1
confirmed that the spacing % coagncemy W AN
factor is foo high s | B o R cEp Y
= No improvement of slab test %3 ke AL s cal
results at 90 days g2
=25 e B A R
) ) ) Sl O1: 0%R CEM I
= More investigations needed
=2>The fqrmulos must be improved (better 15 5 25 3 35 A 45
material compatibility) % air
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Life Cycle Assessment y o LEGE

université

= The impact on climate change is positive and mainly impacted by
the tfransport reduction (EN 15804 + A2 method for 1m? of pavement)

130

120 - B D - Recyclage du béton

|
T 100 B C3 - Traitement des déchets de béton
g g0 | |18-83 17.75
‘:n 80 - 7.41 H C1 - Démolition
= 70
go 60 - [l A5 - Construction
2 50 -
: 40 - H A3 - Production béton
g 30
S 20 @Transport des matiéres pre@

10 -
0 ﬁMatiéres premiéE
-10 : |
) N\ o N oR oR
\ng RKe by 5 5 A0
0‘,‘m\ 0?(0&\ R R o o
A0 W
o CX'
CEMV — ~2.7% reduction 100% RCA — ~2.8% reduction Transport — ~9.7% reduction
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Preliminary conclusions

= The vibration frequencies used in EU are often superior to
US recommendations.

= According to the first results, we would advise not to use
frequencies above 170 Hz.
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Preliminary conclusions

= The compressive strengths of all mixes are satisfactory,
although a decrease can be observed at 100% RCA.

= Water absorption increases significantly with RCA
substitution rates

= Difficulty fo produce entrained air (lack of material
compatibility) = low freeze-thaw resistance

= Up to ~15% CO, eq reduction, mainly due to transport
reduction
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Perspectives

= Tests and analyses are still ongoing

= Observations of the evolution of the test sections with the
traffic and the winter temperatures
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