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Hydraulic fracturing is one of the conventional and common methods to stimulate oil and gas 
formations with low permeability. This method is widely used for creating artificial fractures 
and stimulate fluid flow in oil and gas wells. In this paper, fracture propagation process was 
simulated by using a Discrete Fracture Network (DFN) in UDEC software. Discrete Element Method 
(DEM) is a key for simulating hydraulic fracturing which is capable of performing a fully coupled 
hydromechanical analysis to model fluid flow through a network of fractures. In this regard, 
fictitious joints were used for modeling fracture propagation in a medium with equal to intact 
rock properties. To achieve this goal, the mechanical and strength properties of discontinuities 
were considered equal to mechanical and strength properties of intact rock. Then, the role of rock 
mechanics parameters including elastic modulus, cohesion and friction angle were studied in the 
process of fracture propagation. The results of numerical simulations showed that the extended 
fracture length is increased by increasing the elastic modulus and decreasing the friction angle. 
Also, increasing in the cohesion does not have a significant effect on the extended fracture length, 
but it reduces the hydraulic fracture opening.
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Introduction
Hydraulic fracturing is widely used to stimulate 

oil and gas formations with low permeability. This 

process involves injecting fluid into underground 

formations. The injection pressure increases 

until a critical value is achieved, and a fracture 

is initiated. The fracture will propagate away 

from the injection well and dilate as the injection 

continues.

Hydraulic fracturing can be broadly defined as 

the process by which a fracture initiates and 

propagates due to hydraulic pressure applied 

by a fluid inside the fracture [1]. There are 

various applications for hydraulic fracturing 

treatment including increasing the flow rate 

of oil or gas, connecting the natural fractures 

around the well, adjustment of pressure drop 

around the well, and etc. [2]. In the petroleum 

industry, determination of extended fracture in 

this process is important. Therefore, the effect 

of Geomechanical parameters such as elastic 

modulus, friction angle, and cohesion should be 

determined in this process. 

In this regard, different numerical methods 

have been used to investigate the geometry 

and hydraulic fracturing propagation path 

which discussed in the reference [4]. Various 

researchers investigated the hydraulic fracturing 

propagation in the hydrocarbon reservoirs using 

different numerical methods [5-10]. In this 

paper, the effect of geomechanical properties in 

the process of hydraulic fracturing propagation is 

studied using Discrete Element Method (DEM) in 

UDEC software.

Methodology and Approaches
DEM is a key for simulating hydraulic fracturing 

which is capable of performing a fully coupled 

hydromechanical analysis to model fluid flow 

through a fractures network. Mechanical 

deformation of joint apertures changes 

conductivity and, conversely, the connectivity 

changes the joint fluid pressure, which affects the 

mechanical computations of joint aperture. DEM 

is a particular model that considers the process 

of flow and transfer of fluid into a fractured rock 

mass from a set of interconnected joints [11]. 

The propagation of hydraulic fracturing can be 

estimated by opened fractured during fluid 

injection.

In this paper, fracture propagation process was 

simulated by using Discrete Fracture Network 

(DFN). In this regard, fictitious joints were used 

for modeling of fracture propagation in a medium 

with equal to intact rock properties. To achieve 

this goal, the mechanical and strength properties 

of discontinuities were considered equal to 

mechanical and strength properties of intact 

rock. Also, the ratio of normal to shear stiffness is 

suggested equal to the elastic to shear modulus 

ratio [12]. Then, the role of rock mechanics 

parameters including elastic modulus, cohesion, 

and friction angle were studied in the process 

of fracture propagation. An analytical method 

(Kristianovich-Geertsma-de Klerk model) is also 

used for verification of numerical model. This 

analytical model is presented in the reference 

[13] completely.

Results and Conclusions
The obtained extended fracture length in 

numerical methods had a good agreement with 

KGD analytical model as an analytical approach. 

Therefore, this method (Fictitious DFN method) 

can be used for simulating hydraulic fracturing 

process. The results indicated that extended 
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length is decreased by increasing friction angle, 

and its effect remained almost constant for 

values greater than 40 degrees. The shear 

strength is increased with increasing friction 

angle; therefore, more shear force is needed 

to expand fracture. This result proved by Ivars 

et al. [14] for underground tunnel application. 

The results of numerical simulations showed 

that hydraulic fracture length is increased by 

enhancing elastic modulus. In fact, by increasing 

the elasticity modulus of the rock, its brittleness 

value is increased, and therefore fracture length 

is increased. The relationship between the 

brittleness index and fracture propagation has 

been proved by experiments conducted by Liu et 

al. [15]. The results also presented that increasing 

in the cohesion does not have a significant effect 

on the extended fracture length, but it reduces 

the hydraulic fracture opening.
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