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Abstract 

In view of the significant stress loss induced by stuructural collapse when simulating high-porous soft rocks 
using traditional damage bond models in DEM ( discrete element methd) modelling, a novel damage bond 
contact model is proposed to capture the ductile failure of high-porous cemented soft rocks. To address the 
unrealistic physical contact distribution resulting from the use of spherical particles in DEM modelling and 
consider the physical presence of broken bonds, far-field interaction is introduced between grains when two 
untouched particles reach a specific activation gap, enabling the genration of stable, highly porous open 
structure samples while using spherical DEM particles. The final results demonstrate that this newly 
developed model facilitates the transition from the purely elastic rock-like behaviour stage to the transitional 
ductile failure stage of porous soft rocks, as well as reproduces the softening/hardening response of soft 
rocks under different confinements. 
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1 Introduction 

In general, rocks with an unconfined compressive strength (UCS) within the range of 0.5 to 25 MPa are 
collectively referred as soft rocks [1]. Typical examples include chalk, calcarenites and porous tuffs. Typical 
microstructure of soft rocks is usually characterised by angular grains connected by a chemical bond formed 
during their sedimentation and diagenesis process. This configuration often leads to a high-porous structures 
characterized by inter and intra-granular voids. Due to this, soft rocks exhibit unique mechanical responses, 
showing elastic rock-like behaviour transitioning to soil-like behaviour induced by the damaged 
microstructure during loading [2]. Under triaxial loading conditions, the behaviour depends on the 
confinement, as two competing effects develop in the sample: i) softening induced by bond degradation and 
ii) hardening attributed to the granular structure resulting from the rearrangement of particles. These two
microscale effects are at the base of the complex behaviour oof soft rocks.

In recent years, there has been a growing trend in constructing engineering projects on porous rocks. For 
example, monopiles supporting offshore wind turbines built on the chalk in the North Sea [3] require a more 
economic foundation design while the intricate mechanical characteristics of high-the material poses 
challenges in assessing foundation bearing capacity, often leading to conservative designs. From a numerical 
perspective, the key to developing an improved foundation design lies in using advanced models enabling a 
comprehensive reproduction the complicated mechanical behaviour. Over the past few decades, several 
constitutive models based on plasticity theory and considering damage to cemented bonds, as well as models 
considering bond degradation based on macro-element method, have been proposed [4] [5]. However, these 
models regard soft rocks as continuous mediums and would require continuum modelling frameworks able 
to manage discontinuities and large deformations. These include PFEM [6], MPM [7], XFEM [8]. 

As an effective approach to address discontinuity issues, there are currently numerous models developed 
based on the DEM to describe the behaviour of cemented soft rocks. These models primarily focus on 
replicating the damage induced softening of cemented bonds to capture the ductile failure of soft rocks. For 
example, Nguyen et al. [9] proposed a damage bonded model by considering the bond damage caused by 
tension and shearing, where the evolution of bond damage follows an exponential damage law attributed to 
the plastic deformation of the bond. Subsequently, a new model incorporating compressive damage was 
developed by Senanayake et al. [10] based on Nguyen et al. [9]'s work. Zheng et al. [11] provided a damage 
DEM model for bonded rocks that can reflect bond damage caused by compression, tension, shearing and 
rotation. Nonetheless the above-mentioned models are still limited in comprehensively capturing the 
behaviour of high-porous soft rock because unbonded contacts are only created after bonds breakage, 
resulting in significant stress loss in numerical samples during loading. In reality, bond degradation is a 
nrmrressive nrocess. and the initial intact hond can he deITTaded into several seITTTients fl 21. some fraITTTients 
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