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Summary 

 

Fractures often control fluid migration properties in 

geological formations, especially for those with low matrix 

permeability. The fluid migration of fractures is influenced 

by tectonic stresses. In this research, we have studied the 

stress influence on the fluid migration properties of a single 

crack. We focus on the Poisson effect induced by the 

horizontal deformation of the elastic rough crack surface, 

and the influence of the autocorrelation length on the stress-

dependent permeability. The Poisson effect will decrease the 

aperture of the crack, decreasing the effect permeability of 

the crack, increasing the time for fluid to move through the 

crack, making the passageway for fluid to move in the crack 

more complex. In addition, the crack with shorter 

autocorrelation length will decrease the influence of the 

Poisson’s ratio. 

 

Introduction 

 

Fractures often control fluid migration in geological 

formations, especially for those with low matrix 

permeability. The fluid migration of fractures is influenced 

by tectonic stresses. Therefore, it is important to research the 

tectonic stress influence on the fluid migration properties of 

fractures. 

The cracks are always loaded by the tectonic stress. 

When a rough fracture is under compression, the asperity 

peaks are put into contact, and the fracture aperture will be 

decreased, causing the closure of the fracture and blockage 

of the flow path. Several researchers have studied the normal 

stress loaded influence on the fluid flow properties of the 

single crack (e.g., Koyama et al. 2008; Kang et al., 2016; Ma 

et al., 2019). They assume the upper surface of the crack is 

rigid and flat, and the lower surface is rough, controlling the 

displacement of the upper surface, as well as the contact area 

of the lower rough surface, demonstrating that the normal 

stress will decrease the effective permeability of a single 

crack, and increase the time for fluid to go through the crack, 

which can be reflected by the fluid flow curve. However, 

there are still aspects of their work that can be improved. In 

their researches, they mainly considered the aperture 

decrease induced by the compression of the upper flat 

surface. In fact, the lower surface is an elastic solid, because 

of the compression of the upper surface, the height of the 

lower surface which don’t contact with the upper surface 

will increase, and decrease the crack aperture further. This 

phenomenon is called Poisson effect, which have not been 

considered detailly in these studies. However, this kind of 

deformation will also induce the change in fluid migration 

property. 

In this research, we will focus on the Poisson effect 

influence on the geometry of the crack, and its influence on 

the fluid migration properties. 

 

Method 

 

Because a full description of fracture topography is not 

practical, in this study, we use statistical descriptions to 

represent and characterize the fracture surface height 

distribution (Swan, 1981). We consider a single isotropic 

fracture in a square domain with length L, where the upper 

surface (S1) is flat and lower surface (S2) is rough. The lower 

surface is generated by a random function with power law 

distribution, and its autocorrelation length is varying, 

controlling change the roughness of the crack surface. The 

aperture (h) of the crack at point (x, y) is given by 

ℎ(𝑥, 𝑦) = max{0, [𝑆1(𝑥, 𝑦) − 𝑆2(𝑥, 𝑦)]}. (1) 

The permeability of the crack, according to Gangi (1978), is 

expressed as 

𝑘 =
1

12
ℎ(𝑥, 𝑦)2,   (2) 

and for the fluid flow in this rough crack, the flow flux can 

be modeled by Darcy’s law as (Kang et al., 2016) 

�⃑� = −
𝑘

𝜇
∇𝑃,   (3) 

where μ is viscosity of the fluid inside the crack, P is the 

pressure motivate the movement of the fluid. 

Then, we load the normal stress on the upper surface of 

the crack, as shown in Figure 1. When we load normal stress 

on the upper surface of the crack, the upper surface will 

compress the lower surface. The surface height of lower 

surface S2(x, y) that contact with the upper surface will 

decrease, and the height of the area that do not contact with 

the upper surface will increase (Pyrak-Nolte and Morris, 

2000), and this phenomenon is called Poisson effect, which 

will decrease the crack aperture further. 

 

 
Figure 1. The diagram for the normal stress loading. 

 

To model Poisson effect, we use a group of cylinders 

with different heights to represent the lower surface (Gangi, 

1978; Pyrak-Nolte and Morris, 2000), as shown in Figure 2. 
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We assume the point j is point contact with the upper surface 

and the point m do not contact with the upper surface, when 

we load the normal stress. 

 

 
Figure 2. The diagram for dividing the lower surface S2 

 

Based on Pyrak-Nolte and Morris (2000), the shrink of 

the height ΔLj of the point j in surface S2 is given by, 

∆𝐿𝑗 = 𝑓𝑗
𝐿𝑗
0

𝐸𝜋𝑎2
,    (4) 

where fj is the force loaded on the point j, and a is the radius 

of the cylinder. E is the Young’s modulus of the lower 

surface. L0
j is original length of the cylinder in point j. For 

the cylinder in the point m, which do not contact with the 

upper surface, its height increase is induced by the 

compression of the cylinders that contact with the upper 

surface. The height increase of the cylinder in the point m 

induced by the compression on the point j is expressed as 

𝑤𝑚𝑗 = 𝑓𝑗
2(1−𝜈2)

𝜋𝐸

1

𝑟𝑚𝑗
,   (5) 

where ν is the Poisson’s ratio of the lower surface. rmj is the 

distance between cylinders in point j and point m. The total 

height increase is a summarization of the height increase 

induced by all the contact points. Through equations (4) and 

(5), we can calculate the height change of lower surface S2 

induced by Poisson effect, and its influence on the crack 

aperture. Finally, combining equations (2) and (3), we can 

calculate the influence of Poisson effect on the fluid 

migration properties. In this study, we control the 

displacement of upper surface to control the force loaded on 

the lower surface to research Poisson effect. 

 

Examples 

 

We keep the value of crack length L as a constant at 

1mm. The mean of the height of lower surface S2 is 15μm. 

We will vary the Poisson's ratio and the autocorrelation 

length of the lower surface of crack to research the Poisson 

effect influence and the surface roughness influence on the 

fluid migration properties of a single crack. 

 

 
Figure 3. The geometry of the lower surface, (a) the 

autocorrelation length is 10μm, (b) the autocorrelation 

length is 20μm. 

 

Figures 3a and 3b show two kinds of lower surfaces 

S2(x, y) used in this study. They have the same mean height 

(15μm). The only difference is the autocorrelation length. 

The autocorrelation length of the surface in Figure 3a is 

10μm, and in Figure 3b is 20μm. We calculate the aperture 

distribution of the crack as shown in Figure 3a and Figure 

3b, respectively, after loaded by normal stress. The results 

are shown in Figures 4a to 4d. To study the Poisson’s ratio 

influence on the Poisson effect, we change the Poisson’s 

ratio (0.15 and 0.35) of each surface, and maintain the 

Young’s modulus as a constant 14GPa.  

We make the displacement of the upper surface to load 

normal stress on the crack. Figures 4a to 4d show the 

aperture distribution of the cracks shown in Figures 3a and 

3b after compressed, respectively.  

Figures 4a 4b and 4c 4d show the aperture distribution 

of the sample with the surface as shown in Figure 3a and 3b, 

when the normalized displacements are 0.79 and 0.65 

respectively (The normalized displacement is the ratio 

between the decreased mean aperture and the original mean 

aperture. The original average aperture for the fracture with 

lower surface in Figure 3a is 55.50μm, and that with Figure 

3b is 10.61μm). 

 

 
Figure 4. (a) The aperture distribution of the crack as shown 

in Figure 3a with Poisson’s ratio as 0.15, when the 

normalized displacement of upper surface is 0.79, (b) the 

aperture distribution of the crack as shown in Figure 3a with 

Poisson’s ratio as 0.35, when the normalized displacement 

of upper surface is 0.79, (c) The aperture distribution of the 

crack as shown in Figure 3b with Poisson’s ratio as 0.15, 

when the normalized displacement of upper surface is 0.65, 

o

y

x

j m



Poisson effect on fluid migration properties 

(d) the aperture distribution of the crack as shown in Figure 

3b with Poisson’s ratio as 0.35, when the normalized 

displacement of upper surface is 0.65. 

 

The only difference between the parameters used in 

Figures 4a and 4b are the Poisson’s ratio of Figure 4a is 0.15, 

and the other is 0.35. According to Figures 4a and 4b, the 

location of peak value of the aperture distribution curve for 

the sample with Poisson effect is less than the sample 

without Poisson effect, which means Poisson effect will 

decrease the aperture of the crack, as a result, Poisson effect 

will decrease the effective permeability of the fracture. 

However, the difference between the curves with Poisson’s 

ratio value at 0.15 and 0.35 is not significant (the same result 

can be also seen in Figures 4c and 4d). To study Poisson 

effect on the fluid migration properties further, we calculate 

the change of fluid flow curve. 

Poisson effect will induce obvious difference of the 

fluid flow for the fluid to move through the crack through 

changing the aperture of the crack, and the difference of 

Poisson’ ratio will induce some difference in fluid flow. 

Figures 5 and 6 show the fluid flow curve for the 

surface in Figure 3a with Poisson ratio as 0.15 and 0.35, 

respectively. It can be seen that for both Figures 5 and 6, the 

difference between the curves with and without Poisson 

effect is much more obvious with the increase of the 

normalized displacement. The peak value of the curve with 

Poisson effect is lower and the width of the curve is wider 

(as shown in Figures 5c and 6c). As we know, the flow curve 

with lower peak and wider width mean the fluid passageway 

is more heterogenous. The lower peak and the wider width 

of the curve with Poisson effect indicate the Poisson effect 

will close the main passageway for fluid to move, making 

the passageway for fluid more complex and heterogenous 

(Kang et al., 2016; Ma et al., 2019).  

 

 
Figure 5. The flow for the surface in Figure 3a with Poisson’ 

ratio as 0.15, (a) normalized displacement at 0, (b) 

normalized displacement at 0.79, (c) log value of Figure 5b. 

 

 
Figure 6. The flow for the surface in Figure 3a with Poisson’ 

ratio as 0.35, (a) normalized displacement at 0, (b) 

normalized displacement at 0.79, (c) log value of Figure 6b. 

 

In addition, because of the Poisson effect, the location 

of the peak of the curve is moving to a later time, indicating 

the fluid need more time to go pass the crack. According to 

the breakthrough tail slope shown in Figures 5c and 6c, the 

slope of the sample with Poisson effect is less, which means 

the distribution of passageway for the fluid is more 

heterogenous (Kang et al., 2016).  

Comparing the curve with Poisson effect of Figures 5b 

and 6b, it can be seen that the peak value of the curve in 

Figure 6b will be a little lower, when it has the same vertical 

normalized displacement, which indicate that higher 

Poisson’s ratio of the sample in Figure 6b will induce higher 

horizontal extension, which will decrease the aperture of the 

crack much more, closing some passageway for fluid flow, 

increasing the time for fluid to move through the crack. 

In Figures 7and 8, we continue to compare the Poisson 

effect of the surface in Figure 3b. It can be seen the Poisson 

effect is obvious with the increase of the normalized 

displacement. In addition, when the normalized 

displacement is at 0.65 the difference between Figure 7b and 

8b is obvious. In Figure 7b, the curve for Poisson effect is 

thinner compared with the curve in Figure 8b, which means 

there is still a main passageway for the fluid in the situation 

of Figure 7b. In Figure 8b, the width of the curve is wider, 

and is peak value is less than that in Figure 7b, which means 

for the same vertical normal displacement, because of the 

higher Poisson’s ratio of the sample in Figure 8b, it will 

induce more horizontal extension, which will decrease the 

aperture of the crack, and as result, decrease the fluid flux of 

the crack. Because the sample in Figure 8 have larger 

Poisson’s ratio, as well as lager horizontal extension, it will 

close some area with larger aperture, and make the aperture 

more heterogenous and the fluid flow curve will be wider. 

However, according to Figures 7c and 8c, the difference of 

the breakthrough tail slope between the flow with and 

without Poisson effect is not obvious, although the slope 

with Poisson effect is still a little less than that without 
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Poisson effect. Combining the aperture distribution of this 

stage as shown in Figures 4c and 4d, the mean aperture is 

about 4μm. However, when we do not load stress, the mean 

aperture is 10μm. Therefore, the aperture decreases induced 

by the normal stress loaded is about 6μm, and the difference 

of the aperture distribution between with and without 

Poisson effect is only about 1μm. Therefore, the difference 

induced by Poisson effect is neglectable, and the 

heterogeneity of passageway for fluid to move induced by 

Poisson effect is not obvious. It should also be noted that 

because the sample used in Figures 7 and 8 with less mean 

aperture, it will need more time for fluid to go through, 

although the normalized displacement is less compared with 

the sample in Figures 5 and 6.  

 

 
Figure 7. The flow for the surface in Figure 3b with Poisson’ 

ratio as 0.15, (a) normalized displacement at 0, (b) 

normalized displacement at 0.65, (c) log value of Figure 7b. 

 

 
Figure 8. The flow for the surface in Figure 3b with Poisson’ 

ratio as 0.35, (a) normalized displacement at 0, (b) 

normalized displacement at 0.65, (c) log value of Figure 8b. 

 

To study the parameters that influence Poisson effect 

further, we compare the fluid flow curve for the samples 

with different Poisson’s ratio and autocorrelation length 

respectively, as shown in Figures 9a and 9b. In Figure 9a, we 

have compared the flow curve for the sample with 

autocorrelation length at 10μm, and the normalized 

displacement of upper surface is 0.79. At this stage the two 

curves with different Poisson’s ratio are similar to each other, 

and the breakthrough tail slopes are consistent with each 

other, which means the difference in Poisson’s ratio will not 

induce difference in the fluid passageway heterogeneity. 

 

 
Figure 9. The comparison of the flow for the surface with 

different Poisson’s ratio, (a) the autocorrelation length of 

the surface is 10μm, (b) the autocorrelation length of the 

surface is 20μm. 

 

For the result in Figure 9b (the normalized 

displacement of upper surface is 0.60), it can be seen that the 

curve with larger Poisson’ ratio will have less breakthrough 

tail slope, and as a result with higher passageway 

heterogeneity, which indicate the sample with larger 

Poisson’s ratio will induce larger horizontal extension, and 

induce larger passageway heterogeneity. The difference 

between Figure 9a and 9b indicate that the Poisson’ ratio 

influence on Poisson effect will be more obvious for the 

sample with larger autocorrelation length. 

 

Conclusions 

 

In this work, we have studied normal stress loading 

influence on the fluid flow properties, and focus on the 

Poisson effect. Because of the Poisson effect, the normal 

stress loading will decrease the aperture of the crack much 

more, compared with the situation that neglect the Poisson 

effect. Because of the horizontal extension induced by 

Poisson effect, when the normal displacement of the upper 

surface is same, the sample with larger Poisson ratio has 

larger horizontal extension, decreasing the crack aperture 

further, making the passageway of the fluid more 

heterogenous. Therefore, it will take more time for fluid to 

move through the crack. The Poisson’ ratio influence on 

Poisson effect is found to be more significant for the sample 

with larger autocorrelation length. 
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