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Concrete which is able to repair itself

Self-healing concrete by means of
microfibres and superabsorbent polymers
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Link between concrete & baby diapers?
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Cracks cause concrete damaging

Cracking > water ingress > deterioration

Deterioration - repair > economic losses
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Cracks cause concrete damaging

Cracking > water ingress > deterioration

Deterioration - repair = economic losses

How to solve this problem?



Mechanism of autogenous healing (1)

Swelling of cementitious matrix
Blockage by loose particles




Mechanism of autogenous healing (2)

CaCO; crystals + further hydration

CO,




Three criteria for autogenous healing

1) Presence of building blocks (Ca?*)

Additional SAFP/ PVA-fibres

H,O //\Superplasticizer

Fine silica
sand

2) Environmental conditions (H,O) - SAPs
3) Crack width limitation = Microfibres

Snoeck et al. (2015) From straw in bricks to modern use of microfibres for improved autogenous healing - A review, Constr Build Mater, 95:774-787.






Chemical structure of SAPs

Polymer chain with
electrically charged groups

Cross-link




Osmotic swelling mechanism of SAPs

Dipolar water molecule ~._

‘D




Charge screening effect and complexation

Strong
complexation

Charge screening
effect

Difference AV:
1) screening effect cations
2) complex formation Ca?* with
carboxylate groups - new cross-links



Swelling capacity of SAPs [g/g SAP]
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SAPs decrease workability due to absorption

Fresh state Hardened

Swelling of Water-filled ~ Water for | Remaining
SAPs inclusions internal macro
curing pores



SAPs mitigate autogenous shrinkage
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Snoeck et al. (2015) The influence of SAPs on the autogenous shrinkage properties of cement pastes, Cem Con Res, 74:59-67.






Water release by SAPs for internal curing
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Snoeck et al. (2017) The water kinetics of SAPs during cement hydration and internal curing by NMR, Scientific Reports, 7:9514.
Snoeck et al. (2020) Autogenous Healing with Superabsorbent Polymers Quantified by Means of NMR, Scientific Reports, 10:642.



Effects on the capillary porosity

Amount of capillary pores [%]

0 15 20
REF

(w/c)| _

SAPs —\
SAPs+(H,0)

SAPs cause a densification of the matrix
(w/c),4q counteracts the SAP densification

Snoeck et al. (2015) The effects of SAPs on the microstructure of cementitious materials, Cem Con Res, 77:26-35.



Influence on the mechanical properties

Compressive strength [MPal]

0 50 70
REF ——
(wic)| -—
SAPs -
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Decrease: macro pores & air voids
Increase: further hydration & densification

Snoeck et al. (2014) Effect of high amounts of SAPs and additional water on the workability, microstructure and strength, Constr Build Mater, 72:148-157.



Potholes: becoming a problem?
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Potholes: becoming a problem?




Freeze-thaw resistance: scaled material

Scaled
material
[kg/m?]

w/c=0.5
8 _

w/c=0.45

SAP

SAP+add
AEA

0 14 28 42 56
# cycles

Amount of scaled material | when using SAPs

Mechtcherine et al. (2017) Effect of SAP on the freeze-thaw resistance of concrete: RILEM interlaboratory test, Mater Struct, 50:14, 1-19.









Permeability through neutron radiography

Swelling of SAP - water permeability |

Visualization of the water head
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Snoeck et al. (2012) Visualization of water penetration in cementitious materials with SAPs by neutron radiography, Cem Con Res, 42(8):1113-1121.






Principle of human bone healing
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c;;;tilagjnmls bony callus and  re-modelling
and granulation callus cartilaginous
fissue remnants



SAPs to promote autogenous healing

. Swelling of . Water for self- Further . Completely

superabsorbent healing hydration and closed crack
polymers CaCoO,




Testing procedure method

(1% strain)

RH>90% RH=60%

regain in o, [° 0]




Microfibres to limit the crack width

Four-point-bending test

Multiple cracking (6-36 um)

Snoeck et al. (2014) Self-healing cementitious materials by the combination of microfibres and SAPs, J Intell Mat Syst Struct, 25(1):13-24.



Crack healing in wet/dry cycles (1)
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Crack healing in wet/dry cycles (2)

Complete healing' due to further hydration
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Crack healing in wet/dry cycles (3)




Crack healing in wet/dry cycles (4)
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Crack healing in wet/dry cycles (5)
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Crack healing in wet/dry cycles (6)

Combination of further hydration and
CaCO; crystallisation




Material is able to heal itself perfectly

Swelling of SAP - water for self-healing
Further hydration + CaCO;, crystallization
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Material is able to heal itself perfectly

Swelling of SAP - water for self-healing

Further hydration + CaCO;, crystallization

Are the healing materials strong enough?



No reduced strength and good healing

strength ~ healing 1

25 oy, [MPa] 5 0  Strength regain [%] 100
RH=60% S | |
RH>90% —e—
Wet/dry cycles —
RH=60% +SAP —
RH>90% +SAP -

Wet/dry cycles +SAP

Snoeck et al. (2014) Self-healing cementitious materials by the combination of microfibres and SAPs, J Intell Mat Syst Struct, 25(1):13-24.
Snoeck et al. (2015) Repeated autogenous healing in strain-hardening cementitious composites by SAPs, J Mater Civ Eng, 04015086, 1-11.



“Just because you can’t see anything
doesn’t mean you should shut your eyes”
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“Just because you can’t see anything
doesn’t mean you should shut your eyes”




Testing procedure method

& Stable 100 ym average crack width

RH>90% RH=60%




UCT testing equipment




UCT on autogenously healed specimens

Porosity Crack

SAP macropores

Snoeck et al. (2016) X-ray computed microtomography to study autogenous healing promoted by SAPs, Cem Con Comp, 65:83-93.



UCT on autogenously healed specimens

REF REF SAP SAP SAP

RH>90% wet/dry RH=60% RH>90% wet/dry

Snoeck et al. (2016) X-ray computed microtomography to study autogenous healing promoted by SAPs, Cem Con Comp, 65:83-93.



Internal curing + sealing + healing

= -
<D 155 s
ARTES e GHENT
DEPRET HEIDELBERGCEMENTGroup (T-ﬁEIM.SI'}EFN UNIVERSITY

| =
;E\ FLANDERS Q
. INNOVATION &
(( \ A = | \Y |

Clusters for Growth







Conclusion: a smart material




Conclusion: a smart material

Self-sealing

Self-healing

Less maintenance + less repair required



SAPs in concrete enhance self-healing
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