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Abstract Wellbore stability problems are known to cost

the oil and gas industry billions of dollars each year.

However, these costs can be significantly reduced through

the application of comprehensive geomechanical models.

This paper is relevant and is appropriate in the oil and gas

industry. The objective of this paper is the comparison of

four rock failure criteria, named the Mohr–Coulomb, Mogi–

Coulomb, Modified Lade and Tresca yield criterion and to

apply them to determine the optimum drilling direction and

mud pressure. The stability models has been applied to a

well located in Iran oil field and leads to easily computed

expression for the critical mud pressure required to maintain

wellbore stability. Then the finite difference method was

used to show the validation and accuracy of predicted mud

pressure and investigate the wellbore stability in different

states of vertical, horizontal and deviated. The results

showed that the Mohr–Coulomb and Tresca criteria esti-

mate the highest minimum mud pressure required for

wellbore stability while the Mogi–Coulomb and the Mod-

ified Lade criteria estimate the lowest minimum mud

pressure. Nevertheless, the mud pressures predicted by all

these four criteria are acceptable and can be used.

Keywords Wellbore stability � Failure criteria �
Minimum mud pressure � Finite difference � Drilling

Introduction

Investigation of wellbore stability and advising a sensible

plan before drilling require identification of problematic

regions and improving of drilling operation. The two

important elements needed in a wellbore stability model are

the failure criterion and the constitutive behavior model.

Wellbore drilling in a formation causes stress alteration

around the borehole due to removal of rock. This stress

alteration is important, since it leads to an increase in stress

around the wall of the hole, therefore the induced stresses

should be adjusted by choosing proper mud pressure to sta-

bilize wellbore. Although the selection of an appropriate

rock failure criterion for analyzing wellbore stability is dif-

ficult and controversial (Al-Ajmi and Zimmerman 2009;

Mclean and Addis 1990), a number of rock failure criteria

and behavior models have been accomplished for the diag-

nosis and prediction of wellbore instability. Since there is no

single criterion suitable for all materials and situations,

drilling engineers should be able to choose a suitable rock

failure criterion based on formation rock properties to predict

an optimum mud pressure to stabilize wellbore. Bradley

(1979) was the first to model for compressive wellbore

failure of a deviated well for the purpose of proposing proper

mud weights to preclude borehole failure. However, he did

all of his analyses for the rare case where the two horizontal

stresses are equal and less than the vertical stress. Ewy (1999)

found that the modified Lade criterion predicts critical mud

weight values that are less conservative than those predicted

by the Mohr–Coulomb criterion yet are not as unconserva-

tive as those predicted by the Drucker–Prager criterion.
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Al. Ajmi and Zimmerman (Al-Ajmi and Zimmerman 2004)

introduced the fully polyaxial Mogi–Coulomb failure crite-

rion, and then proposed a new 3D analytical model (2006) to

approximate the mud weight needed to avoid failure for the

vertical wells based on Mogi–Coulomb failure mechanism

coupled with elastic theory. Their study shows the significant

role of intermediate principle stress in rock strength, where

using three dimensional Mogi–Coulomb failure criterion

greater mud weight windows than Mohr–Coulomb failure

mechanism have been obtained. Zhang et al. (2010) exam-

ined five failure criteria on various rock specimens to

determine the best criterion for the wellbore stability ana-

lysis. Therefore, they concluded that the 3D Hoek–Brown

and the Mogi–Coulomb criteria are appropriate for wellbore

stability analysis.

On the other hand, numerical modeling methods provide

an excellent opportunity to analyze the wellbore state of

stress for different applications such as wellbore drilling,

wellbore design or hydraulic fracturing (Lee et al. 2011).

McLean and Addis (1994) used finite element methods to

predict wellbore stability parameters. Chatterjee and Mu-

khopadhyay (2003) used ANSYS finite element software

and investigated stress around a wellbore to study the

effects of fluid pressure during drilling. Hoang et al. (2004)

investigated wellbore stability in multilateral junctions

using finite element method and showed that orientation of

junction and in situ stresses both have significant impact on

well completion and stability. Wang and Sterling (2007)

performed numerical analyses named finite element to

investigate the stability of a borehole wall during hori-

zontal directional drilling in loose sand with an emphasis

on the role of the filter cake in borehole stability. Muller

et al. (2007) performed wellbore stability analysis with a

finite element program that incorporates coupled fluid-

mechanical effects and elastoplastic behavior of the rock.

Alberto et al. (Alberto and Sepehrnoori 2008) used com-

mercial finite element software to investigate wellbore

stability in multilateral open holes during drilling and

production times and concluded that the most unstable

region in multilaterals is the junctions (lateral wells).

Salehi et al. (Salehi and Hareland 2010) investigated

wellbore stability in underbalanced drilling with respect to

equivalent circulating density with both Finite-Explicit and

Finite-Element codes to cross-check the results.

In this paper, we will use first the Mohr–Coulomb,

Mogi–Coulomb, Modified Lade and Tresca criteria to

determine the optimum drilling direction and mud pressure

for a well located in Iran oil field. Then the finite difference

method is used to show the validation and accuracy of

predicted mud pressure and investigate the wellbore sta-

bility in different states of vertical, horizontal and deviated.

Stress distribution around the wellbore

The in situ stresses of the virgin formation for a deviated

well are given below in coordinate system.

ro
x ¼ ðrH cos2 a þ rh sin2 aÞ cos2 i þ rv sin2 i;

ro
y ¼ ðrH sin2 a þ rh cos2 aÞ;

ro
z ¼ ðrH cos2 a þ rh sin2 aÞ sin2 i þ rv cos2 i;

ro
xy ¼ 0:5ðrh � rHÞ sin 2a cos i;

ro
yz ¼ 0:5ðrh � rHÞ sin 2a sin i;

ro
xz ¼ 0:5ðrH cos2 a þ rh sin2 a � rvÞ sin 2i:

ð1Þ

where rv, rH and rh are the vertical, maximum and mini-

mum horizontal stresses, respectively. The angle a corre-

spond to the deviation of the borehole from r2, and the

angle, i, represents the deviation of the borehole from r1

(see Fig. 1) (Aminul 2009).

Stresses around a vertical well

For a vertical well drilled in a homogeneous and isotropic

elastic rock in which one principal stress (the overburden

stress, Sv) is parallel to the wellbore axis and r = a= 0, the

effective stress at the wall of a vertical borehole is given by

Al-Ajmi and Zimmerman (2006)

rrr ¼ Pw;

rhh ¼ rH þ rh �2 rH � rhð Þ cos 2h � Pw;

rzz ¼ rE �2v rH � rhð Þ cos 2h;

ð2Þ

where rhh is the tangential stress, rrr is radial stress, rzz is

axial stress.

Fig. 1 Generalized stress transformation system for deviated

borehole
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Non-vertical borehole stress analysis

When analyzing stress and pore pressure distributions in

and around wellbores the polar coordinate system is gen-

erally adopted. For the generalized plane strain formulation

the stresses in polar coordinates are related to the cartesian

coordinate stresses according to the following rules:

rrr ¼ ro
x cos2 h þ ro

y sin2 h þ 2 ro
xy sin h cos h;

rhh ¼ ro
x sin2 h þ ro

y cos2 h � 2 ro
xy sin h cos h;

rzz ¼ ro
z �v 2 ro

x � ro
y

� �
cos 2h þ 4 ro

xy sin 2h
� �

;

rhz ¼ ro
yz cos h � ro

xz sin h

rrh ¼ ðro
y � ro

xÞ sin h cos h þ ro
xyðcos2 h � sin2 hÞ;

rrz ¼ ro
xz cos h þ ro

yz sin h;

ð3Þ

where h is the angle with reference to the center of the

wellbore in the polar coordinate system. The principal

effective stresses in the local borehole coordinate system in

which shear stress is zero are given by

rtmax ¼ 1

2
ðrzz þ rhh þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðrzz � rhh Þ2 þ4 r2

hz

q
Þ; ð4Þ

rtmin ¼ 1

2
rzz þ rhh �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðrzz � rhh Þ2 þ4 r2

hz

q� �
: ð5Þ

where rtmax is the largest and rtmin is the smallest principal

stress (Zoback 2007). Eventually, the calculated principal

stresses can be used in rock failure criteria to assess

wellbore stability.

Rock failure criteria

Mohr–Coulomb criterion

The Mohr–Coulomb shear-failure model is one of the most

widely used models for evaluating borehole collapse due to

its simplicity (Horsrud 2001; Fjaer et al. 2008). Mohr–

Coulomb criterion can be expressed based on shear stress

and the effective normal stress like below

s ¼ c þ rn tan / ð6Þ

where s is the shear stress, rn is the normal stress, c and / are

the cohesion and the internal friction angles of the rock,

respectively. The Mohr–Coulomb criterion uses unconfined

compressive strength (UCS) and angle of internal friction (/)

to assess the failure, and then it can be expressed in terms of

the maximum and minimum principal stresses, r1 and r3

r1 ¼ rc þqr3 ð7Þ

where q is a parameter related to / and rc is the unconfined

compressive strength of the rock. The parameters q and rc

can be determined, respectively, by Zhang et al. (2010)

q ¼ tan2 45 þ /
2

� �
¼ 1 þ sin /

1 � sin /
ð8Þ

rc ¼ 2c tan 45 þ /
2

� �
¼ 2c cos /

1 � sin /
: ð9Þ

This criterion can also be rewritten as follows:

F ¼ rc þq r3ð Þ � r1 : ð10Þ

Considering Mohr–Coulomb criterion, shear failure

occurs if F B 0, and accordingly, the required mud weight

to prevent failure in each mode of failure can be calculated.

Mogi–Coulomb criterion

The Mogi–Coulomb criterion was proposed by Al-Ajmi

and Zimmerman (2004) and is simply written as

soct ¼ a þ b rm;2 ð11Þ

where rm,2 and soct are the mean stress and the octahedral

shear stress, respectively, that defined by

rm;2 ¼ r1 þ r3

2
ð12Þ

soct ¼
1

3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðr1 � r2 Þ2 þðr2 � r3 Þ2 þðr3 � r1 Þ2

q
ð13Þ

and a and b are material constants which are simply related

to c and / as follows

a ¼ 2
ffiffiffi
2

p

3
c cos /; b ¼ 2

ffiffiffi
2

p

3
sin /: ð14Þ

This criterion can also be rewritten as follow

F ¼ a þ b rm;2

� �
� soct : ð15Þ

Considering Mogi–Coulomb criterion, shear failure occurs

if F B 0.

Modified Lade criterion

Ewy (1999) proposed the modified Lade criterion by

modifying the criterion of Lade and Duncan where only

two rock strength parameters are required, cohesion and

friction angle (Zoback 2007). The modified Lade criterion

is given as

I01
� �3

I03
¼ 27 þ g; ð16Þ

where

I
0
1 ¼ ðr1 þSÞ þ ðr2 þSÞ þ ðr3 þSÞ ð17Þ

I
0
3 ¼ ðr1 þSÞðr2 þSÞðr3 þSÞ: ð18Þ

The parameters S and g are material constants that S is

related to the cohesion of the rock, while the parameter g
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represents the internal friction. These parameters can be

calculated directly from the Mohr–coulomb cohesion, c,

and friction angle, u, as follows:

S ¼ c

tan /
ð19Þ

g ¼ 4 tan2 /ð9 � 7 sin /Þ
1 � sin /

: ð20Þ

This criterion can be rewritten as follow

F ¼ 27 þ g � I01
� �3

I03
: ð21Þ

According to this criterion failure occurs if F B 0.

Tresca criterion or the maximum shear stress criterion

This yield criterion was proposed by Henri Eduard Tresca,

who assumed that failure would occur if the maximum

shear stress exerted on any plane inside the rock reaches

some critical value, smax. In terms of the three principal

stresses, this criterion would be written as

smax ¼ rmax � rmin

2
; ð22Þ

where rmax and rmin are the maximum and minimum

principal stresses, respectively. Hence, the Tresca criterion

is (Jaeger et al. 2007)

r1 ¼ r3 þ2 rc ð23Þ

This criterion can be rewritten as follow

F ¼ rc � ðrmax � rminÞ ð24Þ

According to this criterion failure occurs if F B 0.

Wellbore stability analysis by analytical method

To predict the required mud pressure and the optimum well

trajectory for preventing wellbore collapse, an extensive

stress profile modeling is developed. To do this analysis,

the integration of data (such as young’s modulus, Poisson’s

ratio, pore pressure, etc.) from wireline logs and laboratory

core analysis to calculate all necessary parameters are

required to compute the shear failure criteria. This section

discusses the models for rock failure. Rock failure is a

complex process which is still not fully understood. To

simplify the analysis further, it is assumed that rocks are

homogeneous and isotropic and have a uniform wellbore

pressure profile.

The workflow of the process developed in this paper to

predict stability is provided in Fig. 2. These same calcu-

lations and workflow are used as a base to create the

geomechanical model.

After understanding each step in the workflow process

required to calculate the principal stresses, a Matlab

geomechanical simulator was created to replicate this

process and predict the required mud pressure and mud

weight in different drilling path to prevent wellbore

instability. The case study is conducted on a carbonate

formation in Iran reservoir in which the well has verti-

cally been drilled successfully with a mud density of

1.3 g/cm3.

The offset well data including the field stresses and rock

properties are shown in Tables 1 and 2:

The mechanical properties of the rock were derived

from open-hole logs and were calibrated with laboratory

testing results after which a wellbore stability analysis

was done, to predict the stresses around the wellbore area.

Finally, a failure analysis was done base on the Mohr–

Coulomb, the Mogi–Coulomb, the Modified-Lade, and the

Tresca criteria to analyze boreholes with various incli-

nations and azimuths. It should be pointed out that the

term overbalance pressure will be referred to the differ-

ence between mud pressure and pore pressure in this

paper.

Vertical wellbores

The minimum mud pressure predicted by the Mohr–Cou-

lomb, the Mogi–Coulomb, the Modified-Lade, and the

Tresca criteria accompanying mechanical/stress properties

is shown in Fig. 3. The Tresca criterion predicts higher

minimum mud pressure than that predicted by the other

three criteria, so it is considered more conservative. The

predicted minimum mud pressure by Modified Lade cri-

terion is the lowest; however, the Mogi–Coulomb and

Mohr–Coulomb are in the middle of these two criteria. As

illustrated in Fig. 3, the distance between predicted mini-

mum mud pressures by the Modified-Lade, the Mogi–

Coulomb, the Mohr–Coulomb, and the Tresca criteria

increases gradually with increasing drilling depth that are

equal to 107.33, 111.8, 114.09 and 143 MPa, respectively,

at the depth of 8,000 m .

Figure 4 illustrates the result of required mud weight for

wellbore stability versus depth predicted by four afore-

mentioned criteria. The mud weight also expands down

gradually with the increase in depth. The predicted mud

weight by the Modified-Lade, the Mogi–Coulomb, the

Mohr–Coulomb, and the Tresca criteria at the depth of

8,000 m are equal to 1.14, 1.19, 1.21, and 1.52 g/cm3,

respectively. Therefore, the Tresca criterion predicts high

mud weight and in contrast, the Modified-Lade criterion

predicts the lowest mud weight required for wellbore sta-

bility. The mud weight predicted by the Mohr–Coulomb

and the Mogi–Coulomb are close to each other in depth of

interest.
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Deviated wellbores

In deviated boreholes, the required mud pressure is affected

by well azimuth and inclination. Figure 5 shows the min-

imum overbalance pressure for different drilling directions

based on the Mohr–Coulomb, the Mogi–Coulomb, the

Modified-Lade and the Tresca criteria. The results are for

the rock at depth of 3,190 m. The lowest predicted over-

balance pressure that is required to prevent borehole

instability is a 20�-deviated borehole in a direction parallel

to the minimum in situ stress (i.e., rh). The predicted

minimum overbalance pressure by the Mohr–Coulomb

criteria is higher than the Mogi–Coulomb and the Modi-

fied-Lade criteria and lower than the Tresca criterion.

Figure 5 also shows that the stability of the horizontal

borehole (i = 90o) is lower than the vertical one (i = 0�);
therefore it needs higher minimum overbalance pressure

for being stable. The minimum overbalance pressure

Input data 

σx, σy, σz, τxy, τyz, τzx

F<0

No 
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Calculate 

σrr, σθθ , σzz, τθz θ=0 σtmax , σtmin, σrr

σtmax > σtmin > σrr F<0

σrr > σtmax > σtmin 

σtmax > σrr  > σtmin F<0 

Shear 
failure & 

<360
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No

No 
No 

No 

Yes 

Yes
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Shear 
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Shear 
failure & 

Start 

No failure 

End 

No 

Fig. 2 Flow chart for

calculating shear and tensile

failure

Table 1 In situ stress and pore pressure used in this study

Field stresses (MPa) values

Overburden pressure (rv) 80

Maximum horizontal stress (rH) 60

Minimum horizontal stress (rh) 58

Pore pressure (MPa) 34.5

Reservoir pressure (MPa) 40

Table 2 Rock properties for a carbonate formation

Rock properties Values

Cohesion (MPa) 4

Friction angle (�) 40

Poisson’s ratio 0.31
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Fig. 3 Minimum mud pressure verses depth for a vertical borehole
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predicted by the Mohr–Coulomb criterion is 8.3 MPa, by

the Mogi–Coulomb criterion is 8 MPa, by Modified Lade

criterion is 6 MPa, and by the Tresca criterion is 16 MPa in

vertical state that is 6.5 MPa more than actually used,

which represents that the Tresca and Mohr–Coulomb cri-

teria overestimate the minimum overbalance pressure. For

Tresca criterion, in the inclination of more than 30�, the

required minimum overbalance pressure for wellbore sta-

bility is approximately equal and merges together in dif-

ferent azimuths because of low difference between

minimum and maximum horizontal stresses. It should be

pointed out that increase in difference between minimum

and maximum horizontal stresses causes these curves of

various azimuths to move further away from each other.

For inclined wellbores, the stress states around the wellbore

altered and thus the required minimum overbalance pres-

sures are affected by the wellbore orientation (i,a).

Figure 6 shows the variation of the minimum overbal-

ance pressures in different wellbore inclination angle, i, for

the borehole in carbonate, at orientation angles a = 0�, 30�,
60� and 90�, respectively, based on different rock strength

criteria. The Tresca criterion predicts the highest minimum

overbalance pressures while the Modified-Lade criterion

predicts the lowest minimum overbalance pressures. The

modified Lade, Mogi–Coulomb criteria predict the mini-

mum mud pressures that are close to each other and near

the Mohr–Coulomb criterion.

For validation of the models, these criteria are applied

on a well that has vertically been drilled successfully.

Figure 7 shows the mud density as a function of wellbore

inclination angle for the borehole at different orientation a
at depth of 3,190 m. The mud density predicted by the

Tresca criterion is 1.35 g/cm3 in vertical state that is

0.05 g/cm3 more than actually used.

The reason for difference in the Mohr–Coulomb and the

Tresca criteria with the Mogi–Coulomb and the Modified-

Lade criteria in determination of well trajectory, mud

pressure, and mud weight is that, the Mohr–Coulomb and

the Tresca criteria involve only the maximum and mini-

mum principal stresses, r1 and r3, and therefore assume

that the intermediate stress r2 has no influence on rock

strength so the predicted rock strength is lower than the real

one, and then it needs more mud pressure to be stable, and

due to this fact, they are considered more conservative.

Conversely, the Mogi–Coulomb and the Modified-Lade

criteria consider intermediate stress r2 so they predict

higher rock strength, and then the required mud weight for

being stable is lower than that estimated by the Mohr–

Coulomb and the Tresca criteria. Therefore, the Mogi–

Coulomb and the Modified-Lade criteria represent field

conditions more realistic than do the Mohr–Coulomb and

the Tresca criteria.

Validation of mud pressures predicted by four rock

failure criteria via finite difference method

In this part, validation of mud pressures predicted by

Tresca, Mohr–Coulomb, Mogi–Coulomb, and Modified-

Lade criteria is investigated. The finite difference method

is used to simulate wellbore stability with predicted pres-

sures to ensure the accuracy of the results.

Figure 8 shows displacement around the wellbore dril-

led with different mud pressures predicted by the four

aforementioned rock failure criteria. The displacements

around the vertical well have maximum value and reduce

in parts far from the wellbore. The maximum and mini-

mum displacements belong to Lade and Tresca criteria that

are 0.052 and 0.027 mm, respectively.

Figure 9 shows maximum principle stress around the

vertical well. The maximum principle stresses caused by

various mud pressures have utmost value in the vicinity of

wellbore. The highest and the lowest maximum principle

stresses belong to Lade and Tresca criteria that are 80 and

68 MPa, respectively. These induced stresses merge toge-

ther at the distances far from the wellbore and finally reach

in situ stress. It is noted that decrease in the number of mud

pressure leads to an increase in maximum principle stress.

The minimum principle stress around the vertical well is

illustrated in Fig. 10. The highest minimum principle

stresses belong to Tresca criterion that is equal to 51 MPa.

The minimum induced stresses caused by other criteria are

nearly the same. These stresses are used to investigate the

wellbore stability, for instance failure occurs provided that

the value of these stresses exceeds rock strength. There-

fore, monitoring the induced stresses in the vicinity of the

well is absolutely essential that can be controlled by pre-

dicting a safe mud window and then prevents wellbore

instability.
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Fig. 4 Mud density verses depth for a vertical borehole
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As depicted in Figs. 8, 9, 10, the displacements, maxi-

mum and minimum principle stresses around the well

generated by the Mohr–Coulomb, Mogi–Coulomb, modi-

fied Lade criteria, and the actual drilling mud pressures are

very close to each other since there is a little difference

between the predicted pressures.

Figure 11 shows Mohr failure in shear-normal stress

space that represents stability or instability of wellbore.

Wellbore failure occurs provided that the maximum prin-

cipal stress exceeds the effective strength (Mohr–Coulomb

failure criterion is used here to account for the confining

effect) and reaches Mohr failure envelope shown in Figure.

Therefore, to stabilize wellbore, the stress state should

always be lower than Mohr failure envelope. This Figure

shows the stress state while drilling with mud pressure

predicted by modified-Lade and since the stress state is

lower than Mohr failure envelope, no failure occurs and the

well is stable.

Figure 12 shows Mohr failure in principle stress space.

This Figure also shows the stress state while drilling with

mud pressure predicted by modified-Lade and since the

stress state is lower than Mohr failure envelope, no failure

occurs and the well is stable. The reason that we used

modified-Lade mud pressure is that this pressure is lower

than other predicted pressures and if this pressure shows

stability then the other pressures also keep the well stable.

Eventually, the final results of validation of predicted

mud pressures in vertical and horizontal wells are
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Fig. 5 Predicted mud pressure using the Mohr–Coulomb, the Mogi–Coulomb, the Modified-Lade, and the Tresca criterion
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summarized and listed in Tables 3 and 4, respectively.

Table 3 shows the maximum displacement, maximum and

minimum principle stresses created by Tresca, Mohr–

Coulomb, Mogi–Coulomb, and modified-Lade.

Table 4 shows the results of validation for horizontal

well. The obtained results for horizontal drilling parallel to

both maximum and minimum principle stress are nearly

similar to each other.

Therefore, the mud pressures predicted by all these

criteria are acceptable and can be used with exception of

Tresca criterion, since it overestimates the required mud

pressure for wellbore stability. Therefore, a mud pressure

range of 40.38–43 MPa is recommended for drilling the

vertical section and 49.53–55.14 for horizontal sections of

the mentioned well. This is 0.38–3 MPa higher than res-

ervoir pressure. This difference is enough to guarantee

wellbore stability conditions.

Conclusions

Through this work, the following conclusions can be made:

The Tresca criterion accompanied by the Mohr–Cou-

lomb, Mogi–Coulomb, and Modified Lade criteria was

used to estimate minimum overbalance pressure and mud

density in vertical and deviated wellbore. The method was

demonstrated on a oil field case. The mud weight required

to prevent breakout generation and maintain wellbore
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Fig. 6 Minimum overbalance pressure as a function of wellbore inclination angle for the borehole at different orientation a
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Fig. 7 Mud density as a function of wellbore inclination angle for the borehole at different orientation
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stability during drilling was determined. At a wellbore

inclination of 20� the minimum mud density required for

wellbore stability was found at azimuth 90� that represents

drilling in the minimum horizontal stress direction as the

safest drilling direction. The estimated values by Tresca

were relatively more than actual used, and overestimates

the minimum mud pressure.

An elastoplastic model combined with both analytical

and Finite-Difference codes was used for mechanical

wellbore stability analysis of Iranian oil field. According to

the results and compared with field data using elastoplastic

models good predictions for wellbore stability in this field

are given.
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Fig. 10 Maximum principle stress around the vertical well drilled by

predicted mud pressures
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Fig. 11 Mohr failure in shear- normal stress space
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Fig. 12 Mohr failure in principle stress space

Table 3 Comparison of four rock failure criteria in vertical well

Rock

failure

criteria

Predicted

mud

pressure

(MPa)

Maximum

displacement

(m)

Maximum

principle

stress (MPa)

Minimum

principle

stress (MPa)

Tresca 50.45 2.695 9 10-5 68 51

Mohr–

Coulomb

43 4.431 9 10-5 77.5 42.5

Mogi–

Coulomb

42.64 4.529 9 10-5 77.5 42.5

Modified-

Lade

40.38 5.154 9 10-5 80 41.5

Table 4 Comparison of four rock failure criteria in horizontal well

Rock

failure

criteria

Predicted

mud

pressure

(MPa)

Maximum

displacement

(m)

Maximum

principle

stress (MPa)

Minimum

principle

stress (MPa)

Tresca 57.02 8.475 9 10-4 110 42.5

Mohr–

Coulomb

55.14 8.494 9 10-4 110 45

Mogi–

Coulomb

50.82 8.541 9 10-4 110 47.5

Modified-

Lade

49.53 8.555 9 10-4 110 47.5
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