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Before 2005: early studies by the clay community Eﬂf
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2005 to 2012: specialised studies
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20 years of research ‘i’
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20 years of research ‘J’
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The present of atomistic simulations in cement ‘I’
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My 2005 self

“We can go beyond laboratory limitations, do thousands of simulations
to test materials and calculate properties, and design cement from
electrons to buildings”
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My 2005 self =

“We can go beyond laboratory limitations, do thousands of simulations
to test materials and calculate properties, and design cement from
electrons to buildings”
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20 years later

“In practice, the number of atomistic simulation studies that truly imply a
practical advance or guide the design of cement towards enhanced
performance is limited”

Duque-Redondo, E., de Souza, F. B., Geng, G., & Manzano, H. (2026). A critical review and perspectives on atomistic
models of non-crystalline cementitious materials. Cement and Concrete Research, 199, 108067.

10



The present of atomistic simulations in cement Eﬁ

x %
My 2005 self =

“We can go beyond laboratory limitations, do thousands of simulations
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20 years later

“In practice, the number of atomistic simulation studies that truly imply a
practical advance or guide the design of cement towards enhanced
performance is limited”

Duque-Redondo, E., de Souza, F. B., Geng, G., & Manzano, H. (2026). A critical review and perspectives on atomistic
models of non-crystalline cementitious materials. Cement and Concrete Research, 199, 108067.

Intrinsic scale limitations, lack of contextualization, incomplete
models, lack of experimental focus,...
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Calcium Silicate Hydrate ‘.ﬂ’
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models of non-crystalline cementitious materials. Cement and Concrete Research, 199, 108067.
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Calcium Silicate Hydrate: interfaces 2T
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Duque-Redondo, E., Masoero, E., & Manzano, H. (2022). Nanoscale shear cohesion between cement hydrates: The role of
water diffusivity under structural and electrostatic confinement. Cement and Concrete Research, 154, 106716.

A1)

. .
AT
-

.Q..l » - ‘ e ....'
Y {.... 000‘:‘.”'..'.3.. 24

2 e
'.",.’ Lf02nia's

. ' '~ -
’....‘..

.
L4

13



Calcium Silicate Hydrate: interfaces Eﬂf

Duque-Redondo, E., Masoero, E., & Manzano, H. (2022). Nanoscale shear cohesion between cement hydrates: The role of
water diffusivity under structural and electrostatic confinement. Cement and Concrete Research, 154, 106716.
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Calcium Silicate Hydrate: interfaces Eﬂf

Shear strength (GPa) o

Duque-Redondo, E., Masoero, E., & Manzano, H. (2022). Nanoscale shear cohesion between cement hydrates: The role of
water diffusivity under structural and electrostatic confinement. Cement and Concrete Research, 154, 106716.
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Calcium Silicate Hydrate: interfaces Eﬂ?

Shear strength (GPa) o

Duque-Redondo, E., Masoero, E., & Manzano, H. (2022). Nanoscale shear cohesion between cement hydrates: The role of
water diffusivity under structural and electrostatic confinement. Cement and Concrete Research, 154, 106716.
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Calcium Silicate Hydrate: interfaces Eﬂ?

Duque-Redondo, E., Masoero, E., & Manzano, H. (2022). Nanoscale shear cohesion between cement hydrates: The role of
water diffusivity under structural and electrostatic confinement. Cement and Concrete Research, 154, 106716.
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Calcium Silicate Hydrate: interfaces
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Calcium Silicate Hydrate: interfaces Eﬂf

Cohesion lost when water mobility increases
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Calcium Silicate Hydrate: interfaces ‘i’
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Cohesion lost when water mobility increases
Control water mobility to test the mechanism
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Calcium Silicate Hydrate: interfaces Eﬂ?

Cohesion lost when water mobility increases

Electrostatic confinement controls cohesion
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Calcium Silicate Hydrate: Microstructure
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Umar Hayat, Eduardo Duque-Redondo, Ming-Feng Kai, Hegoi Manzano, Muhammad Riaz Ahmad, You Dong, Jian-Guo Dai, Desorption of

water from aqueous solution confined in CSH gel pore: A molecular dynamics study Construction and Building Materials 490, 142602
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Calcium Silicate Hydrate: Microstructure E‘If

Umar Hayat, Eduardo Duque-Redondo, Ming-Feng Kai, Hegoi Manzano, Muhammad Riaz Ahmad, You Dong, Jian-Guo Dai, Desorption of
water from aqueous solution confined in CSH gel pore: A molecular dynamics study Construction and Building Materials 490, 142602
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The present of atomistic simulations in cement Eﬁ
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“In practice, the number of atomistic simulation studies that truly imply a
practical advance or guide the design of cement towards enhanced
performance is limited”
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Intrinsic scale limitations, lack of contextualization, incomplete
models, lack of experimental focus,...
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Kaolinite to Metakaolin
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Kaolinite to metakaolin ‘i’
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Dehydroxylation

Amorphization Change in Al coordination
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Metakaolin: current models ‘i’
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Metakaolin: current models ‘i’
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White, C. E., Provis, J. L., etal. (2010). \?Vp?rmd}((’ Sé,olﬁitesi, rI]D.,dMarkls:[_N., 8]2 Muraleedharan, Murali Gopal, et al. "Elucidating
Combining DFT and PDF analysis to solve 3 r'gf. o ( t )k el' y roxy? |on| ° thermally induced structural and chemical
the structure of metastable materials: the dao nite to tmg aJao m—lafrlr\\/lo fCl?' ?r transformations in kaolinite using reactive molecular
case of metakaolin. PCCP12(13) ynamics study. Journal ot viaterials dynamics simulations and X-ray scattering

Chemistry, 21(7)

measurements." Chemistry of Materials 32.2 (2019):

Dehydroxylation: spontaneous with T
MD from 298L to 1300K, monolayer

Dehydroxylation: progresive by hand
DFT relaxation (OK) MD 1000K

Layer structure is preserved in current models
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Metakaolin: work in progress ‘i’
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Dehydroxylation protocols Melting - quenching
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Metakaolin: work in progress ‘J’
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Metakaolin: work in progress
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Metakaolin: work in progress
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Dehydroxylation protocols
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Metakaolin: work in progress
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Metakaolin: work in progress ‘E.',f

Dehydroxylation protocols Melting - quenching
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The present of atomistic simulations in cement Eﬁ
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My 2005 self =

“We can go beyond laboratory limitations, do thousands of simulations
to test materials and calculate properties, and design cement from
electrons to buildings”
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20 years later

“In practice, the number of atomistic simulation studies that truly imply a
practical advance or guide the design of cement towards enhanced
performance is limited”

Duque-Redondo, E., de Souza, F. B., Geng, G., & Manzano, H. (2026). A critical review and perspectives on atomistic
models of non-crystalline cementitious materials. Cement and Concrete Research, 199, 108067.

Intrinsic scale limitations, lack of contextualization, incomplete
models, lack of experimental focus,...
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Case of study: belitic cements ‘i’
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iyazaki, et al. “Crystallographic Data of a New Phase ~4500C
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Dicalcium Silicate: searching for new polymorphs
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Lopez-Zorrilla, J., Aretxabaleta, X. M., & Manzano, H. (2024). Exploring the polymorphism of dicalcium silicates using transfer learning enhanced

machine learning atomic potentials.
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Dicalcium Silicate: searching for new polymorphs
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The amorphous phases are likely to be the reactive ones ‘

Lopez-Zorrilla, J., Aretxabaleta, X. M., & Manzano, H. (2024). Exploring the polymorphism of dicalcium silicates using transfer learning enhanced

machine learning atomic potentials.
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A bright future ahead!

Better models
Better methods
Focused studies

ncreasing contextualization an
iInteraction with experiments

EHU
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Fly ashes and slags: current models
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Qi Zhai, Macro Bertani, Hegoi Manzano, Takayasu Ito, Koji Ohara, Kiyofumi Kurumisawa, The changes in the reactivity of
synthetic aluminate silicate-based slag in alkaline environment induced by minor components, under review
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Machine Learning potentials ‘i’
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Chemical admixtures ‘.ﬂ’
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