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Fractures everywhere

Faults, Km scale

http://science.howstuffworks.com/nature/natural-disasters/tsunami2.htm



Fractures everywhere
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Aircraft Accident Report, NTSB/AAR-04/04
(http://www.ntsb.gov/doclib/reports/2004/AAR0404.pdf)



Fractures everywhere

Age crackling in the Mona Lisa (Scale:mm-cm)

http://www.chromaonline.com




Fractures everywhere

Fractures in rock (Scale:nm-pum)

Journal of Sedimentary Research December 2009 vol. 79 no. 12 848-861



Fracture: A multiscale problem




Fracture: A multiscale problem
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Question: Which scale should we use when
solving the fracture problems in rocks?
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http://wWww.slb.com/services/drilling/directional_drilling




HYDRAULIC FRACTURING

http://www.slb.com/services/drilling/directional_drilling




Description of Problem

 How does fracture propagate in rock?
 What is the governing equation of rock damage?
 How can we solve the equation using COMSOL?



Description of Problem: rock damage
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Damage parameter o varies between 0 and 1.

0: intact rock
1:fully pulverized rock



Description of Problem: rock damage
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0: intact rock
1:fully pulverized rock




Description of Problem: rock damage
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Description of Problem: rock damage




Coefficient form of PDE in COMSOL
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Results

—Initial condition, ®
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Distribution of damage in a bar under tension




Use MATLAB to fix the problem

ESTIMATE OF SOLUTIONS AT N.R. ITERATIONS SOLUTIONS AT TIME STEPS

estimate at 1iteration 7 = 1
(within first time step)
estimate at iteration 7 = 2
estimate at iteration 7 = 3
estimate at iteration 1 = 4
estimate at the last iteration

initial value at (#g)

solution at (tg + At)

solution at (tg + 2Af)




Use MATLAB to fix the problem

STEP 1: Obtain solution data

nodes = xmeshinfo (fem, "out', "nodes"');
dofs=nodes.dofs; %0btain degrees of freedom
coords=nodes.coords; %Obtain coordinates for the DOFs
X=fem.sol.u; %$Store solution vector

STEP 2: Remove negative results

X=fem.sol.u; %Assigns the entire solution wvector to X
for 1il1=1:1length (dofs)
if (X(11,2))<(X(11,1))
X (i1,2)=x(i1,1);
end
end



Results

—Initial condition, (1)0
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Distribution of damage in a bar under tension




Results

|—TInitial condition
i |—Time Step: 400
|— Time Step: 700
P | i |~ Time Step: 900
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Distribution of damage : Blow-up of solution (Fracture initiation)



Conclusions

 In this paper we have used COMSOL Multiphysics and COMSOL
Script to solve the transient rock damage problem. We have
analyzed the non-healing process and incorporated the
positive rate of damage in the finite element solution we
obtained from COMSOL.

* Due to the nonlinearity of damage problem, to obtain an accurate
converged solution, time steps have to be very small. Our
numerical results indicate that for the number of time steps
beyond 10,000, the solution converges.

* Inducing rock damage, enhances the permeability of rock and
Increases productivity of oil and gas wells.
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