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Abstract

Cracking and damage from crystallization of minerals in pores center on a wide range of problems,
from weathering and deterioration of structures to storage of CO2 via in situ carbonation. Here we
develop a theoretical and computational framework for modeling these crystallization-induced de-
formation and fracture in �uid-in�ltrated porous materials. Conservation laws are formulated for
coupled chemo-hydro-mechanical processes in amultiphasematerial composed of the solidmatrix,
liquid solution, gas, and crystals. We then derive an expression for the e�ective stress tensor that is
energy-conjugate to the strain rate of a porous material containing crystals growing in pores. �is
form of e�ective stress incorporates the excess pore pressure exerted by crystal growth—the crystal-
lization pressure—which has been recognized as the direct cause of deformation and fracture during
crystallization in pores. Continuum thermodynamics is further exploited to formalize a constitu-
tive framework for porous media subject to crystal growth.�e chemo-hydro-mechanical model is
then coupled with a phase-�eld approach to fracture which enables simulation of complex fractures
without explicitly tracking their geometry. For robust and e�cient solution of the initial-boundary
value problem at hand, we utilize a combination of �nite element and �nite volume methods and
devise a block-partitioned preconditioning strategy.�rough numerical examples we demonstrate
the capability of the proposed framework for simulating complex interactions among unsaturated
�ow, crystallization kinetics, and cracking in the solid matrix.

Keywords: in-pore crystallization, chemo-hydro-mechanics, fracture, phase �eld, e�ective stress,
reactive transport

1. Introduction

Growth of mineral crystals in pores can give rise to severe damage and cracks in the host mate-
rial.�ese coupled chemo-hydro-mechanical processes are now central to a number of problems in
our society. A well-known example is weathering and deterioration of historic and building struc-
tures due to salt crystallization. Many of these structures are comprised of materials prone to inva-
sion of salt water (e.g., stone), so they can be severely damaged when salt minerals grow inside the
pores. See Fig. 1 for example. Preventing this type of damage has been a critical element of conser-
vation of cultural heritage and structures around the world [1–6]. Also, crystallization ofminerals in

∗Corresponding Author
Email addresses: jchoo@hku.hk (Jinhyun Choo), wsun@columbia.edu (WaiChing Sun)

Preprint submitted to Computer Methods in Applied Mechanics and Engineering November 18, 2017

*Manuscript
Click here to download Manuscript: manuscript.pdf Click here to view linked References



Download English Version:

https://daneshyari.com/en/article/6915507

Download Persian Version:

https://daneshyari.com/article/6915507

Daneshyari.com

https://daneshyari.com/en/article/6915507
https://daneshyari.com/article/6915507
https://daneshyari.com

