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Project description

Moisture transport in cementitious Literature: Approach
?f::fl’egi:’sall)sllIltr;St(;L;T;Ie;;aIS:ﬁC:?:i;SC;?;ti Tw.o m;%jor structural models are currently * The material has a characteristic + ltis perceived that C-S-H'.S
phases are the reaction product being dlscqssed: _ length scales of a few nano metres. structure affects man.y.of its
between cement and water . CoIImdngodels [Jennings2008] Thus, th«_a tranjqur_t laws in such pores properties in an ambigious way.
« (C-S-H contains the smal.lest may deviate significantly from Thus, the connection of one
: . continuum values. structure with a given property is
pores t?emg found in cement « Due to its amorphous character hard.
* Thereis no general agreement = scattering data is hard to interpret + By generating different model
on the C-S-H structure « Sheet-like models There is no information about structures and calculting their
+ C-SH ma_y govern Fhe moisture [FeldmanSereda1970] transport properties in just C-S-H. properties it is hoped to generate
transport in cementitious a clearer picture than just
materials if all other pores/cracks considering individual properties
depercolate ’

Project results — are perturbed sphere packings a

Idea: » Characterise their properties: 0 ;:;a;’zg?s’: i'aéjvé?/re:pfr:s&‘z'g :os:
Particle models have been used to describe C- + LB-Permeability: vy = —E(Vp -9 approxim'ated by da!ta obtained foyr very
S-H. [Powers1958,Jennings2000,UIm2012] e ... D 5 E“ %, d K-t ith ol
; ; - : : « LB-Diffusivity: = =2 =< ¢ mature and crack-free paste with de-
Thus, the simplest imaginable particle model is Dy T2 G $ percolated pore systems. Thus, the
used for C-S-H: monodisperse particles. + Compute the scattering patternto  § o : ) ’
. L e . . Soal lower limit of the literature data may
» Scattering results indicate a characteristic compare against data available for £ . be a base for comparison
size of 4-5 nm for C-S-H particles C-S-H [Debye]. e . ) )
[Skinner2010, Popova2002]. e ,sin(qr) o] —— @) Permeability: the lowest valueszln the
« NMR-results (McDonald) suggest porosities I(q) x fo x@)r dr : - literature go down to 10%m?/s.
€(Gel) of 31 % and £(Sheet) of 24.5 %. + Diffusion: . [Cui2001] .
oy FETmesbilty of spherocylinder packings D(bulk) = 3x101° m?/s __['["b) Diffusivity: the lowest values being
Hypothesis: soonh E* D(surf. L.) = 7.4x10""'m?/s found in the literature are 9.81x1012
Monodi ol i i . - 6.3x10'3m?/s [Pigeon1998]
: onqdlsperse partic es sutice Vil 3 " . r~c) The scattering curve obtained shows
« Continuum theory suffices gooeE, f Scattering pattern i . .
: L ) Zooor ¢ s " 0.02 distinct peaks, in contrast to typical
+ Gel pores are described as interparticle space gmw_ . N ek o.mi 7 N N SANS results [Allen2007]
+ Sheet pores are assumed to be contained S ok ohs e Mol a0 wilenbp —_— — )
within particles [Jennings2008] and are not N <. ;o.mg\ ~\ \ Conclusion
modelled. N T L ST ,‘;0‘02 - ———— Monodisperse packings of spherical
¢ Nl g om; N ‘ particles with continuum transport
B £ 00 i il laws do not match the transport
Approach + Permeability for £(Gel) = 31 %. 001 i,,,,,/\,/\/ ;/v properties of C-S-H as estimated from
- Generate suitable packings with a mmén}u? Be;rgefg_lg}yr;gr this s 10 experimental data.
suitable porosity. odel:k = 4.ox J a® ) )
The next step is to try different base
(a) The permeability is likely to be ,an upper limit* for a spherocylinder- units, e. g. (polydisperse) sheets (see
based C-S-H model, because irregular fluid behaviour due to the small below).
pore sizes may reduce the permeability further [Karniadakis2005].
. 3 : (b) The same argument applies for diffusion. However, the introduction In principle, this approach can be
..,5‘:»?,:.?3 X of immobile surface layers might be able to compensate for it applied to any perceivable structure.
— Churakov2011
D
Investigation of other “simple model structures”  Study of 3D sheet growth structures Key problem: how to represent a growing
The idea i q ial additi ) ) sheet in space?

e idea is to use a random se.quentlla addition Synthetic C-S-H looks like cIust(_ars of sheets _ Trials have been conducted for an
(RSA) sequence to fill space with various formed by homogenous nucleation. For C-S-H in approach based on a 3D cellular
geometric forms: cement paste, however, a heterogeneous automaton with 2D oriented update

1. Determine insertion position and nucleation growth mechanism is conceivable.
; A sequence.
orientation.
2. Check whether insertion is It is planed to investigate the formation and the However, bent and randomly
_ po§S|b_Ie w/o (_)verlap o properties of structures formed by interacting oriented sheets have not been
If no further insertion is possible, shrink inserted sheets. realised
strij_lcture by sngftacttrc: r znd_ret(;::'n tol 1+rl13epeat| g ’ Stra|gh|t shehets A finite element based vectorial description (triangles
gn :jspace.tlhs. fed to the desired level. This cou » Crumpled sheets ) in space) has been considered. Different approaches
e done with: . Sheets_ WIFh hard_ interactions as well as are being currently evaluated.
« Discs and similar platelets attractive interactions
* Spheres

Compute the resulting properties
Outstanding questions

. Experimental data of the transport properties in C-S-H? -> direct measurements on C-S-H would allow better
ConCIUSionS. References

. How to generate Feldman-Sereda type sheet structures?
Modelling of mechanical properties of the structures?
Obtaining a structure morel consistent with all observations.
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