KeKeKe

SRKEeReR

AR T

B RR R

Modelling the durability of
cementitious material at

multi-scales

Yushan GU (VTT)

VTT - beyond the obvious




Contents

» Introduction of cementitious materials at multi-scales
 Thermo-chemo-cracking modelling -- ASR

* Poromechanical modelling -- sulfate attack
 Chemo-mechanical modelling -- drying-carbonation-corrosion

* Reactive-transport modelling -- Interaction with exposure solutions



10 m

Downscaling (Constitutive equation) Upscaling (Homogenization)
Data acquisition Data compression
C-S-H Cement paste Mortar Dam concrete Structure
Hydration models Sand Aggregate
| >
10° 10° 10* 10° 10" [m]
\ A | J
Y Y T
Micro-scale Meso-scale Macro-scale

Fig. 1 Cementitious material represented at multi-scales (Su et al. 2018).

Su, H., Hu, J. and Li, H., 2018. Multi-scale performance simulation and effect analysis for hydraulic concrete submitted to leaching and frost. Engineering with
Computers, 34, pp.821-842.



I: Cement paste . ]
(Gu et al. 2022) P II: Mortar ll: Concrete

Degradation mechanism

Boundary
Conditions * Carbonation

e Sulfate attack (SA)

/em@,at,l,t,lg,us *  Alkali-silica reaction (ASR) *  Chemical phases
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Changes regarding

Gu, Y., Bary, B., Machner, A., De Weerdt, K., Bolte, G. and Haha, M.B., 2022. Multi-scale strategy to estimate the mechanical and diffusive properties of
cementitious materials prepared with CEM II/CM. Cement and Concrete Composites, 131, p.104537.



(Gu et al. 2022)
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Degradation mechanism

Boundary
Conditions
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Carbonation
Sulfate attack (SA)

Alkali-silica reaction (ASR) — .

Leaching
Chloride ingress
Etc.

Modelling methods

Phenomenological modelling
Thermodynamic modelling
Poromechanical modelling
Mechanical modelling
Cracking / damage modelling
Reactive-transport modelling
Thermo-hydro-chemo model
Etc.



Thermo-chemo-cracking modelling - ASR
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« Expansion curve replication
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Fig. 2 Comparison of the simulated expansion curve to
experimental data.



Poromechanical modelling of sulfate attack

External Sulfate attack
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Chemo-mechanical modelling — Drying-Carbonation-Corrosion

Input

« Main reactants
 Microstructure
*  Boundary conditions

Output

* Phase changes * Initiation of corrosion
* pHvalue « Damage propagation

e Carbonation depths

b monocarbonat

Fig. 3 Phase assemblage of hydrated cement paste
calculated by thermodynamic modelling

Boundary conditions:
Cco, = 1%;
RH=60%;

Co, = 8.6 mol/m3

I

Assumption: Corrosion becomes active when
carbonation reaches the steel surface.

Mass balance equations regarding moisture, CO,, O,
Volume changes due to carbonation and corrosion
Coupled with a damage model

Software: Cast-3M
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Homogeneous concrete with CEM I[I/C-M (S-LL) Damage propagation

(a) After 1 year; (b) After 1.2 years; c) After 1.5 years;
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Reactive-transport modelling — Interaction with exposure solutions m
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Phase changes - Initial state
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Thanks for your attention!
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