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Casing collapse is a costly phenomenon in drilling industry that occurred in different geological environment 
with different geomechanical property. Geomechanical and numerical analysis of casing collapse in Sirri-E, one 
of the offshore Iranian oilfield in Persian Gulf has been investigated in this work. In this study we tried to model 
several collapse loading of rock-cement-casing system under real condition of in-situ stress and geomechanical 
property of different lithology, cement and casing, to decrease simplified modeling assumption. A mechanical 
earth model is built to determine the accurate amount of in-situ stresses and different mechanical property of 
rock. This geomechanical data extracted from 1D geomechanical earth model and entered to numerical model 
involved formation, cement and casing. Furthermore the interactions between the casing and surrounding for-
mation are simulated by applied elastic-plastic behavior for rock and cement. Also Joint property between 
different media considered to increase the accuracy of model to real condition of borehole at the collapsing 
depth. The result show that over pressured marl and salt have high potential for casing collapse and the 
maximum external load applied to the casing is very more than maximum mud weight that usually considered in 
API standard for design of casing. So it is necessary to use coupled data from mechanical earth modeling and 
numerical analysis to determine maximum lithostatic pressure applied to the casing.   

1. Introduction 

Drilling in complex geological environment with variety in geo-
mechanical property increased with development of petroleum explo-
ration. Cap rocks in many oilfields around the worlds consist of 
evaporitic rock and overpressure shale or marl. Casing collapse is a 
costly phenomenon in drilling industry. In order to calculate the collapse 
strength of casing, API5C3, ISO10400, GOCT and SY/T standards are 
currently used (API Bull 5C3, 1994; NDRC 2008; ISO 10400, 2007). 
However, there are still a lot of casings failure reported using these 
standards. These standards consider hydrostatic pressure that is equal 
maximum mud weight pressure, for design of casing strength against 
collapse pressure. A number of researchers have reported that the 
external stresses applied on the casings can be more than hydrostatic 
pressure in special situation (Huaiwen and Xueshi, 1991; Yin and Gao 
2014). In formations with plastic behavior, such as salt rock and shale, 
casings will bear the mechanical pressure of surrounding rock which is 
named in-situ stresses’ load (Willson et al., 2002; Poiate et al., 2006; Li 
and Yin, 2006; Morita et al., 2005). There are many experimental and 
analytical research has been carried out on the collapse of casings up to 

date (Huang et al., 2000; Liu et al., 2014; Huang and Gao 2015; Salehi 
et al., 2009), but few changes have been done in this subject because 
there are many important factors which strongly influence the collapse 
strength of casings (Rodriguez et al., 2003). Collapse of casing observed 
in some of Iranian oilfields such as Sirri-E, Marun and Kupal in Gach-
saran formation. This formation is the most important cap rock in Ira-
nian oilfields, contain over pressured marl and evaporates that has 
flexible behavior. Although flexible behavior is a suitable property for 
prevent hydrocarbon leakage but it’s due to some problems in drilling 
and exploit of oil and gas wells, such as casing collapse. This problem 
was investigated in this study in Sirri-E, one of the offshore Iranian 
oilfields in Persian Gulf. Researchers often consider simplified assump-
tion in rock and cement property and in-situ earth stress condition in 
their analysis on the casing collapse modeling that due to the unreal 
results. In order to solve this problem in this research mechanical earth 
model (MEM) was built to determine the accurate amount of in-situ 
stresses and different mechanical property of rock. This geo-
mechanical data extracted from 1D geomechanical earth model and 
entered to numerical model involved formation, cement and casing. This 
will allow a real estimate of resultant induced stresses in the casing 
under the variety of earth’s stress and lithological conditions. 
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2. Theory and methodology 

The failure types of casing under external load can be divided into 
elastic instability and yielding. Depending on the D/t ratio of casing, API 
collapse strength formula is divided into the following four formulas: 
Collapse pressure formula of yield strength, plastic, transition (elastic- 
plastic) and elastic collapse pressure formula (API 1994; ISO 10400, 
2007; Zheng et al., 1998). So in analysis it is necessary to notice type of 
collapse to determine the amount of casing stress. Using Von-Mises 
stress criteria is possible in casings with yield strength collapse for-
mula mode. Analytical solution of thick walled cylinder at the base of 
lame equation and finite element analysis can be used. The simplified 
mathematical statement of this theory often referred to as a Hencky-Von 
Mises yield condition for a cylinder is given follow: 

σVon− Mises =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(
(σ1 − σ2)

2
+ (σ2 − σ3)

2
+ (σ3 − σ1)

2

2

√ )

> σyeild of casing (1) 

Collapse of thick walled casing occurred if Von-Mises stress become 
more than yield strength of casing. For other type of collapse not only 
the yield strength of steel but numeral parameter influenced on ultimate 
collapse strength of casing. So we should consider casing collapse 
pressure in the standards Catalog. The range of four mode of collapse 
pressure of casing depends upon outer diameters and wall thickness 
ratio and material yield strength which shows at Fig. 1 (Rodriguez et al., 
2003). 

The problem of casing collapse is a complicated system governed by 
highly non-linear equations for the stress, strain and displacement. API 
casing strength standard is not considering nonuniform load of casing. 

Nomenclature 

API American Petroleum Institute 
α Biot’s coefficient 
C cohesion 
cali caliper log 
D outer diameter of casing 
E Young’s modulus 
Es static Young’s modulus 
Ed dynamic Young’s modulus 
ϕ Friction Angle 
εx rock deformation in the horizontal plane 
εy rock deformation in the vertical plane 
G Shear Modulus 
kn joint normal stiffness 
ks joint shear stiffness 
MEM Mechanical Earth Model 
MW mud weight (mud density) 
OBG overburden stress gradient 
Ppg pore pressure gradient 
Png normal pore pressure 
ρ density 
Pmw mud weight pressure 

ΔP the difference mud pressure and pore pressure 
PP Pore Pressure 
R radius of wellbore 
RHOB density log 
r a point on an axis parallel to the wellbore axis 
SHmax Minimum Horizontal Stress 
Shmin Maximum Horizontal Stress 
Sigma xx Maximum hoop Stress 
Sv Vertical Stress 
Sonic wave travel time 
T0 tensile strength 
t wall thickness of casing 
θ angle measured from Shmin 
UCS unconfined compressive strength 
ν Poisson Ratio 
Vp compressional wave velocity 
Vs shear wave velocity 
σθθ hoop stress 
σ1,2,3 greatest, intermediate, least effective stress 
σv effective vertical stress 
Δtn sonic slowness at the normal pressure 
Δt sonic transit time  

Fig. 1. Different API collapse mode formula and regions.  
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So the finite element modeling and numerical analysis is a powerful 
technique and an effective way of obtaining the ultimate collapse 
pressure of casing. (Rodriguez et al., 2003; Shahri et al., 2005). 

Comparison between analytical and numerical modeling that considered 
simplified assumption show that the deviation between analytical and 
numerical solutions is tiny, so the numerical analysis is a good method 
for simulate collapse of casing (Jo and Gary 2010). Widely known that 
over-design leads to costly tubular purchases while under-design can 
lead to failures and costly repair operations. Therefore, it is extremely 
necessary to develop a more accurate method for design collapse 
strength of casings against external pressure (Huang et al., 2000). Me-
chanical earth model (MEM) is a good method to determine the accurate 
amount of in-situ stresses and different mechanical property of rock. 
Different formations with different mechanical properties subjected to a 
similar state of stresses, they respond differently. MEM can be used to 
understand how the earth will react when subjected to a drilling sce-
nario and changing stress state (Barton et al., 1988; Van Oort et al., 
2001). The MEM consists in integrating data from various sources into a 
model that provides the rock mechanical properties of formation. It is 
fundamentally consists of characterization of the elastic parameters, 
rock strength properties, pore pressure, in-situ stresses magnitude and 
direction (Alkamil et al., 2018; Plumb et al., 2000; Ali et al., 2003). 
Elastic and mechanical properties obtained from correlations between 
dynamic rocks physical properties and petrophysical logs data. The 
MEM uses this basis and extracts rock elastic and mechanical properties 

Fig. 2. Different three stress and faulting regimes.  

Table 1 
Some simplified modeling assumptions decreased in this study.  

Physical assumption in some before study Physical assumption in this study 

Each media in the model is homogenous and 
isotropic 

Yes (we assumed too) 

All the surface are concentric, thickness 
through the different media is constant 

Yes (we assumed too) 

There is no discontinuity within each media. Yes (we assumed too) 
The cement sheath is perfectly bonded to the 

casing surface and formation surface 
Considered joint between formation - 
cement and cement – casing 

No temperature effect are considered Yes (we assumed too) 
Material deformation is only elastic Considered elastic-plastic 

deformation in cement and 
formation 

Pressure is applied uniformly on the outer 
boundary without any perturbation 

Pressure is true triaxial and real in- 
situ stresses at the base of MEM 

Geometry has no effect on stress state Geometry can effect on stresses state 
The cement and formation will not fracture 

under the applied pressure 
Shear and tension fracture can 
created along an analysis  

Fig. 3. Location of Sirri-E oilfield in Persian Gulf- Iran.  
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as well as state of stresses from data obtained in one or few wells in a 
field. Dynamic parameters obtained from the log are overestimated 
values and need to be converted to static properties through an empir-
ical correlation. Static rock mechanical lab data such as uniaxial or 
triaxial tests data on the few cores obtained from different depths of 
wellbore and minimum stress magnitude will obtained from leak-off-test 

and drilling events such as break out, induced fracture and mud loss or 
gain are used to calibrate mechanical properties of formation and in-
crease accuracy of state of stresses in the geomechanical model. Some 
correlations based on various rock types have been proposed in this 
purpose for different rocks (Zoback, 2007; Maleki et al., 2014) that 
presented in appendix A. The stress field of deep formation is usually 

Fig. 4. Map of collapsed well (E1P1, E1P2, E2P2 and E2P3) in Sirri-E oilfield.  

Fig. 5. The shape of tools after hitting the blockage.  

Table 2 
Information of collapsed well in Sirri oilfield.  

Well name Casing size Grade Nominal weight (lb/ft) Collapsing depth (m) RTE(m) lithology formation 

E1P1 9 5/8′′ N80 47 1310.6 33 salt Gachsaran 
E1P2 9 5/8′′ N80 47 1239.6 33 marl 
E2P2 9 5/8′′ N80 47 1347.2 31.5 Salt 
E2P3 9 5/8′′ N80 47 1341.0 31.5 Salt  
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described by triaxial principal in-situ stresses, which include the 
maximum in-situ stress, the intermediate in-situ stress and the minimum 
in-situ stress (σ1, 2, 3). Depending on which of the three principal 
stresses is the vertical one, different three faulting regimes are defined as 
Fig. 2 (Anderson, 1951). 

To determine the magnitude of the vertical stress, it is usually 
assumed that it is solely due to the weight of the overburden. That is: 

SV = ρgh (2)  

where ρ is the density of the overlying rock, g is the acceleration coef-
ficient due to gravity, and h is the depth. If the density varies with depth, 
the vertical stress is determined by integrating the densities of the 
overlaying rocks. At the depths of interest, the vertical stress has a 
gradient in the range of 18.1–22.6 kPa/m (0.8–1.0 psi/ft) (Fjaer et al., 
1992). The poroelastic horizontal strain model was used to determine 
the magnitudes of the minimum and maximum horizontal stresses 
(Thiercelin and Plumb, 1994; Higgins et al., 2008; Ostadhassan et al., 
2012) formulation expressed as Eqs. (3) and (4). 

shmin =
υ

1 − υSv −
υ

1 − υ αPP + αPP +
Es

1 − υ2εx +
υEs

1 − υ2εy (3)  

SHmax =
υ

1 − υSv −
υ

1 − υ αPP + αPP +
υEs

1 − υ2εx +
Es

1 − υ2εy (4) 

In these equations εx and εy are tectonic strains in the field. Field 
scale measurements such as hydraulic fracturing, leak-off test (LOT), 
micro-fracture test and mini-fracture test can be performed to obtain an 
estimation of the magnitude of the minimum horizontal stress and 
model calibration (Thiercelin and Plumb, 1994; Fjaer et al., 1992; 
Zoback et al., 2003). The formation surrounding the wellbore wall is 
subject to a stress concentration that varies strongly with the position 
around the well and the distance from the wellbore wall. The way in 
which this formation responds to the stress concentration is a function of 
both the stress field and rock strength. The stress concentration around a 
vertical well drilled parallel to the vertical principal stress, Sv, is 
described by the Kirsch equations, Eqs. (5) and (6) (Kirsch 1898; Jaeger 
and Cook 1979; Zoback, 2007). 

σθθ =
1
2
×(SHmax + shmin − 2ΔP  )×

(

1+
R2

r2

)

−
1
2
×

(SHmax − shmin)×

(

1 − 3
R4

r4

)

cos 2θ −
PR2

r
(5) 

At the borehole wall Equation (5) simplified to Equation (6) as 

below: 

σθθ =SHmax + shmin − 2(SHmax − shmin)cos 2θ − Pmw (6)  

where, σ00 is hoop stress and, R is radius of wellbore, r is a point on an 
axis parallel to the wellbore axis, θ is the angle measured from Shmin and 
ΔP is the difference between mud pressure and pore pressure. 

Direct pore pressure measurements such as Modular Dynamic For-
mation Tester (MDT) or DST (drill stem test) are very expensive and time 
consuming, that provide pore pressure only in few depths along the well 
(Chopra and Huffman 2006). Therefore, several indirect methods have 
been proposed to predict pore pressure (Eaton, 1975; Jordan and Shirley 
1996; Lopez et al., 2004; Zhang 2011). Among these methods, Eaton 
equation is commonly used to predict pore pressure in wells where sonic 
or resistivity logs are available this equation is formulated as follow: 

Ppg =OBG −
(
OBG − Png

)(Δtn

Δt

)3
(7)  

where, Ppg is the pore pressure gradient, OBG is the overburden stress 
gradient, Png is the normal pore pressure (also known as hydrostatic 
pressure). Δtn is the sonic transit time or slowness in shale at the normal 
pressure; Δt is the sonic transit time in shale obtained from well logging, 
and it can also be derived from seismic interval velocity (Eaton 1975; 
Zhang 2011). 

The main objective of this paper is to model several collapse loading 
of rock-cement-casing system under real condition of in-situ stress and 
geomechanical property of different lithology and cement, and decrease 
simplified modeling assumption in Gachsaran formation in Sirri-E oil-
field. For determination of lithology’s and cement reaction under in-situ 
stress and drilling effect, the elastic-plastic behavior has been considered 
and numerical analysis has done by using mohr-coulomb failure criteria 
and Phase.2 software. 

This will allow a real estimate of resultant induced stresses in the 
casing under the variety of earth’s stress and lithological conditions. 
Some simplified physical assumption that we decrease in this study 
summarized in Table 1. 

3. Case study 

The Sirri-E oilfields are located close to Sirri Island in the Persian 
Gulf (Fig. 3). During wire line survey blockage of flow string in some of 
the wells including wells E1P1, E1P2, E2P2 and E2P3 were detected that 
showed in Fig. 4(Mousavi, 2013). 

To analysis of production string blockages and check the kind and 

Fig. 6. Stratigraphy of Fars group and casing set in one of the collapsed well.  
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Fig. 7. 1D mechanical earth model (MEM) in Gachsaran formation.  

Table 3 
Geomechanical property of different lithology in depths of collapse extracted 1D-MEM.  

Lithology Depth(m) Stress (MPa) Rock Property 

SV SHmax Shmin PP Pmw ES (GPa) υ T0 (MPa) C (MPa) ϕ (deg) 

Marl 1258 28.5 29.53 28.3 21.9 27.78 0.77 0.45 0.328 1.55 3 
Anhydrite 1456 32.93 64.17 31 0 32.1 19.38 0.31 8.22 17.18 44 
Salt 1301 29.5 41.2 31.2 0 28.7 6.32 0.4 2.68 6.98 37  
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shape of this blockage, a sand bailer and a 2 1/2′′ impression block were 
run. The shape of tools after hitting the blockage phenomena are shown 
in Fig. 5. 

Denoted that collapse of casing occurred at these wells that detailed 
in Table 2. 

3.1. Geological setting 

Survey on the collapsing depth show that this phenomenon occurred 
in the Gachsaran formation. Progressive post-Oligocene regression in 
the Zagros basin was favorable for deposition of the evaporitic and 
detrital sediments known as the Fars group. These consist of the lower 
Fars Gachsaran, the middle Fars Mishan, and the upper Fars Aghajari 
formations. Stratigraphic column of Gachsaran formation is one of the 
most important seals for hydrocarbon reservoirs (especially in the 
Asmari limestone) in one of the richest habitats for hydrocarbon in the 
world (Beydoun et al. 1992; Motiei 1993; Stocklin 1968). Gachsaran 
formation contains mainly of evaporates, it also contains marls, lime-
stone, and shale (Falcon 1958; Gill and Ala 1972; Kashfi 1980; Bahroudi 
and Koyi 2004). In the Sirri oilfield Gachsaran formation divided to two 
parts that named lower Fars anhydritic and lower Fars salifoureos 
(Fig. 6). 

3.2. Geomechanical property of Gachsaran formation 

Gachsaran formation is evaporitic formation consist of anhydride, 
salt and over pressured marl that has flexible behavior. So it is an 
important cap rock for hydrocarbon reservoirs in Zagros basin. Although 
flexible behavior is suitable property for prevent hydrocarbon leakage 
but it’s due to some problems in drilling and exploit of oil and gas wells, 
such as casing collapse. Casing collapse is complicated problems that 
occur at the result of interaction between casing, cement and formation. 
So it is necessary to determine geomechanical property of formation and 
their reaction under in-situ stresses through and after drilling. For reach 
this goal mechanical earth model (MEM) has been established in 
Gachsaran formation showed at Fig. 7. Mechanical earth model show 
that the stress regime in Gachsaran formation is revers to strike-slip and 
difference between main in-situ stresses are depended to geomechanical 
property of different lithology. 

In this paper dynamic geomechanical parameter calculated by pet-
rophysical log data and then converted to static properties by empirical 
correlation that established in Iran and world at the base of correlation 
between log data and direct lab data measurements summarized in ap-
pendix A. Unfortunately well log data in production well such as 
collapsed wells were not enough in Gachsaran formation for MEM 
construction, so we built MEM in exploration well SIE-4 and project 
depth of collapse point to this well at the base of TVD (true vertical 
depth) and geology formation. Geomechanical property of different li-
thology in depths of collapse extracted from 1D-MEM show in Table 3. 

This real data of in-situ stress and geomechanical property of 
different rock at collapsing depth are used in numerical model that 
consist formation, cement and casing. 

Fig. 8. Numerical Plane Strain model established in this paper.  

Table 4 
Numeral and mechanical property of collapsed casing in Sirri oilfield.  

Collapsed Casings Property 

type Weight (lbf) OD (in) D/T Collapse type Formula Collapse resistance (MPa) Minimum Yield (MPa) E υ 

N80 47 9 5/8′′ 20.39 Plastic collapse 32.82 551.58 206,842 0.3  

Table 5 
Cement property and related joint stiffness.  

CEMENT PROPERTY 

mechanical property Joint property 

ES (MPa) υ T0 (MPa) C (MPa) ϕ (deg) kn (GPa/m) ks (GPa/m) 

2430 0.4 2 3.6 18 30.303 25.39  
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4. Numerical analysis 

To determine quantity of loads that applied on the casing, 2D plane 
strain model by using the finite element code is built to simulate 
formation-cement-casing system. A Plane Strain model assumes that the 
excavations are of infinite length in the out-of-plane direction, and 
therefore the strain in the out-of-plane direction is zero. The numerical 
model established in this paper is shown in Fig. 8. Minimum and 
maximum horizontal stresses applied as perpendicular in plane and 
vertical stress applied perpendicular to horizontal stresses out of plane. 
Dimensions of model are similar to borehole, casing and cement size at 
the depth of collapse. 

Although there is no collapse of casing in anhydride lithology, but we 
done analysis in this lithology to compare with result in marl and salt to 
determine the effect of geomechanical property of different lithology on 
the collapse of casing. To reach final analysis about collapse of casing it 

is necessary to know type of collapse strength of casing. The table of 
casing collapse data in Sirri oilfield show that the grad of casing are 
similar in all collapsed well. The property of collapsed casing summa-
rized in Table 4. 

Collapse type’s formula of casing under external load depended to D/ 
t ratio of casing, is “plastic collapse”. So we should compare maximum 
external load applied on the casing with collapse resistance of casing. 
The quantity of external load is maximum hoop stresses that induced by 
in-situ earth stress, that depended formation lithology and cement 
behavior. We considered cement property at the base of lab test data that 
we done on the cement specimen, showed in Table 5. 

We considered that cement sheath is not perfectly bounded to the 
casing and formation. So there are two joint between formation and 
cement media as well as cement and casing media (Fig. 8). Overall we 
can consider cement as filling material that located in the area between 
formation and casing. Therefore, we calculated normal and shear 

Fig. 9. Numerical analysis in anhydride.  

2 Numerical analysis in over pressured marl: 

Fig. 10. Numerical analysis in over pressured marl.  

B.B. Dashtaki et al.                                                                                                                                                                                                                             



Journal of Petroleum Science and Engineering 196 (2021) 108009

9

stiffness of these joint based on the properties of the infilling material 
(cement). The stiffness of a joint can be estimated from the thickness and 
modulus of the infilling material by the following equations: (Darling, 
1956).  

Kn = E/h                                                                                        (8)  

Ks = G/h                                                                                        (9) 

Where, Kn is joint normal stiffness and Ks is joint shear stiffness. E is 
Young’s modulus of infill material and G is shear modulus of infill ma-
terial, and h is joint thickness or aperture (thickness of cement layer). 
Numerical analysis of casing collapse is divided to follow cases:  

1 Numerical analysis in anhydrite lithology: 

Numerical analysis in anhydride show that although hoop stress in 

Fig. 11. Numerical analysis in salt.  

Fig. 12. Numerical analysis in over pressured marl and overlapping casing.  

Table 6 
Numeral and mechanical property of innermost liner in overlapping casing mode.  

Casings Property 

type Weight (lbf) OD (in) D/T Collapse type Formula Collapse resistance (MPa) Minimum Yield (MPa) E υ 

N80 26 7′′ 19.34 Plastic collapse 37.3 551.58 206,842 0.3  
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borehole wall is very high (135 MPa) but the displacement is very tiny at 
the result of good geomechanical property of anhydride such as young 
modulus and unconfined compressive strength against in-situ stresses 
(Fig. 14). So failure occurred in the weak cement layer under high hoop 
stresses, and because the displacement of borehole wall in anhydride is 
very low translation of stresses could not reach to the casing at the result 
of stress releases by cement failure. So the maximum hoop stresses 
around casing is 10 (MPa). This stresses is very less than collapse 
resistance of N80 casing equal 32.82 (MPa) and it will stay safe against 
collapsing in anhydride lithology (Fig. 9). 

Hoop stresses of borehole wall in over pressured marl is very low 
compare to anhydride, that occurred at the result of low geomechanical 
property of marl that cannot bear loads triggered by in-situ stresses and 
show flow behavior by numerous shear failure that extended so far to the 
borehole wall in the marly formation (Fig. 10). This behavior is common 
in all material with low elasticity property and plastic behavior that 
cannot bear deviatoric stresses. So the displacement is enough high to 
translate stresses from formation to the cement sheath and cussed failure 
in cement layer, and applied stresses to the casing. 

Approximately all the lithostatic hoop stress equal 40 (MPa) applied 
to the casing and because collapse resistance of casing is lower, collapse 
of casing will occurred if the interior pressure of casing decreased to 
critical level.  

3 Numerical analysis in salt 

As we show in before numerical analysis the amount of stresses that 
applied to the casing is depended to the mechanical behavior of different 
lithology and cement layer against in-situ stresses. Geomechanical 
property of salt is lower than anhydride and bigger than over pressured 
marl. So the quantity of stresses that applied to the casing show in 
Fig. 11. Although the shear failure occurred in salt lithology but it has 
lower extension in salt lithology than marl and the salt lithology stabled 
after some shear failure. So the displacement is lower than marl and the 
stresses translated to the casing are lower too. 

This analysis show that 30 (MPa) stresses applied to the casing. This 
stress is very close to collapse resistance of collapsed casing and by 
taking to account some parameter that decrease collapse resistance of 
casing such as eccentricity, roundness and also design factor of casing, 
the collapse of casing is possible in this lithology under in-situ stress 
condition.  

4 Numerical analysis in over pressured marl with overlapping casing: 

Studying on the point of collapse show that collapsing depth are on 
the part of casing string that interior liner doesn’t exist (Fig. 6), and they 
are safe in dipper depth with higher in-situ stresses that liner 7′′ are exist. 
So a new model with four joint and two casing and cement layer was ran 
to see the effect of overlapping casing on the preventing of casing 
collapse (Fig. 12). The property of 7′′ liner show in Table 6. 

The analysis with overlapping casing show that the hoop stress 
around innermost liner decrease about 50%, so if the innermost liner 
had suitable collapse resistance the injury wont occurred and the casing 
is safe against collapsing. 

5. Sensitivity analysis of cement Poisson ratio 

For determination the effect of cement Poisson ratio on the amount 
of stress that applied to the casing, numerical analysis has been done by 
using different Poisson ratio of cement, summarized in Fig. 13. Results 
show that cement Poisson ratio effect is important only in the formation 
with high geomechanical property such as Anhydrite that borehole wall 
displacement is tiny. High elasticity cement transfer bigger load to the 
casing at the result of lower failure in the cement that doesn’t allow 
formation stresses released. But for plastic formation that borehole wall 
displacement is large, cement ring failure occurred completely and 
cement haven’t elastic behavior and entered to the plastic phase 
completely, so all in-situ stresses transmitted to the casing regardless the 
property of cement. 

6. Discussion 

Casing collapse strength design in drilling industry performed by 
considering of pore pressure as a maximum external load applied on the 
casing. The next researches show that not only pore pressure but the in- 
situ earth stresses can applied on the casing in plastic formation. So to 
determine maximum external load of casing it is necessary to calculate 
in-situ earth stresses as well as geomechanical property of formation. 
Mechanical earth model (MEM) is powerful tools for determination of 
in-situ earth stresses and mechanical property of formation of borehole 
wall. MEM show that deviatoric stress increased in the lithology’s with 
high elastic and rock strength property such as anhydride and decreased 
in some rock that they have low elasticity and rock strength such as over 
pressured marl and salt. So the stress regime in anhydride lithology is 
reverse and in marl and salt at result of plastic behavior, stresses close 
together and represents a revers to strike-slip stress regime (Fig. 14). 

Although the maximum horizontal stress and deviatoric stress in 
anhydride is bigger than salt and over pressured marl but Maximum load 

Fig. 13. Effect of cement Poisson ratio on the amount of stress applied to the casing in different lithology.  
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applied to the casing is depended to rock behavior around borehole wall 
and cement under these in-situ stresses. Numerical analysis shows that 
displacement of borehole wall in anhydride lithology is very tiny 
compare to the marl and salt (Fig. 15). So anhydride became stable after 
displacement about 0.5 [mm] and in-situ stresses didn’t transmitted to 
the casing compare to the over pressured marl and salt that applied 
stresses to the casing is very high at the result of plastic behavior and 
bigger displacement of borehole wall. 

To see final result of casing collapse in different lithology under real 
in-situ stresses that analyzed above, we should considered the collapse 
strength of casing compare to maximum hoop stresses that it bear. This 
comparison is depended to the collapse strength formula of different 
type of casing that determined by D/t ratio of each casing. The type of 
collapse formula of N80 casing is “plastic collapse”, so we should 
consider casing collapse resistance in the standards Catalog. Table 4 
shows the collapsed casing parameter in this case study, Sirri-E oilfield. 
We survey the possibility of collapsing in different condition by use 
collapse strength of this type of casing. Further we considered proposed 
API safety factor equal 1.125 for resistance of casing against collapsing. 
By taking this safety factor to account the results of numerical analysis in 
Sirri-E oilfield summarized in Table 7. 

Results show that under real condition of in-situ stresses and geo-
mechanical property of different lithology casing collapse can be 
occurred in marl and salt lithology. Although the external load in salt 
lithology is less than collapse resistance of N80 casing but by considering 
safety factor casing N80 is not stable against formation load and collapse 
of casing can be occurred. Plastic deformation and Total displacement of 
formation was an important factor in the enlargement of load applied to 
the casing. 

7. Conclusion 

Geomechanical and numerical analysis of casing collapse in Gach-
saran formation in Sirri-E oilfield has been investigated in this work. The 
Sirri-E oilfield is located close to Sirri Island in the Persian Gulf, south of 
Iran. Casing collapse occurred at result of interaction between casing 
and external load from surrounding formation that oil well drilled 
through it. Therefore it is necessary to consider both external load and 
collapse resistance of casing. A mechanical earth model is built to 
determine the accurate amount of in-situ stresses and different me-
chanical property of rock. This geomechanical data extracted from 1D 
geomechanical earth model and entered to numerical model involved 
formation, cement and casing. Also we consider a joint between these 
media for done real analysis and decrease assumption. Numerical 
analysis has been done at the depth of collapsing in different lithology. 
The following results are obtained from this study:  

1 Mechanical earth model show that the stress regime in Gachsaran 
formation is revers to strike slip and difference between main in-situ 
stresses are depended to geomechanical property of different lithol-
ogy. Deviatoric stress increased in the lithologies with high elastic 
and rock strength property such as anhydrite and decreased in some 
rock that they have low elasticity and strength such as over pressured 
marl and salt, therefore the magnitude of main in-situ stresses close 
together in these lithology.  

2 Numerical analysis in anhydrite show that although the hoop stress 
in the borehole wall in this lithology is very high but the stresses that 
transmitted to the casing is very low and casing collapse don’t 
occurred in anhydrite.  

3 Over pressured marl and salt are high risk lithologies for collapse of 
casing. 

4 Geomechanical behavior of rock under in-situ stresses is an impor-
tant factor for the amount of stresses that transmitted to casing. By 
increasing plastic behavior of formation and displacement of bore-
hole wall, the induce stresses applied to casing increased too. 

Fig. 14. Difference between in-situ stresses magnitude in anhydride, over-
pressure marl and salt. 

Fig. 15. Maximum displacement in rock from borehole wall in different li-
thology at the presence of cement and casing. 
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5 Cement failure is a good event for releasing and decreasing the 
stresses applied on the casing. So weak or medium strength cement 
maybe have better efficiency than hard cement to prevent collapse of 
casing. Cement layer doesn’t important role to prevent casing 
collapse. So casing design by considering real in-situ earth condition 
(stresses and rock behavior) is very important and couldn’t 
compensated by cement property.  

6 Numerical analysis show that in soft lithology with high plastic 
behavior the amount of stresses applied on the casing is very bigger 
than maximum mud weight pressure that be considered in API 
standard for casing design against collapse. So it is necessary to 
determine the in-situ field stresses by geomechanical earth modeling 
for design of casing in this condition. 

7 Overlapping casing can decrease hoop stress applied on the inner-
most liner about 50%. Although it is a good way to prevent casing 
collapse but it isn’t costly, and necessity of this method should be 
determined by geomechanical earth modeling and numerical 
analysis. 
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Appendix A. Calculation of elastic and strength property of rocks  

a) Elastic parameters: 

Elastic properties including Young’s modulus (E), and Poisson’s ratio (υ) can be estimated from compression and shear velocity and density (ρ) logs 
using elastic equations addressed as Eq. (A1) & A2 (Fjaer et al., 2008; Wang 2000). 

Ed = ρVS
2( 3Vp

2 − 4VS
2)/( Vp

2 − Vs
2) (A1)  

υ=Vp
2 − 2VS

2/2
(
Vp

2 − Vs
2) (A2)  

where ρ is density, VP is the compressional wave velocity, and Vs is the shear wave velocity. The subscript d is to specify the dynamic Young’s modulus. 
Wang correlation had good correlation with our lab data and was used to convert dynamic Young’s modulus to static Young’s modulus. Wang 
correlation is expressed as eq. (A3) (Wang 2000):  

Es = 0.4145Ed – 1.0593                                                                                                                                                                                  (A3)  

b) Unconfined compressive strength: 

Unconfined compressive strength (UCS) is one of the most important parameters required to be determined for geomechanical analysis (e.g. Moos 
et al., 2003). Some of the correlations commonly used for estimation of the UCS are summarized in Table A1.  

Table A1 
Various empirical correlations proposed to estimate the UCS in different formations (Chang et al., 
2006).  

UCS (MPa) Formation type References 

0.03Vp-31.5 – Freyburg (1972) 
1200exp(¡0.036Δt) Sandstone McNally (1987) 
2.28 þ 4.1089E Any Bradford et al. (1998) 
254(1–2.7φ)2 Any Vernik et al. (1993) 
(0.77304.8/Δt)2.93 Shale Horsrud (2001) 
7.97E0.91 Shale Lal (1999) 
2.922φ¡0.96 Shale Horsrud (2001) 
13.8E0.34 Limestone Golubev and Rabinovich (1976) 
135.9exp(¡4.8φ) Limestone Rzhevsky and Novick (1971) 

*Δt is the transient time of sonic wave, Vp is the compressional wave velocity, E is the Young’s 
modulus. 

Table 7 
Final result of numerical analysis of casing collapse.  

lithology innermost casing 
type & size 

Collapse resistance of 
innermost casing (MPa) 

Collapse resistance of innermost casing 
with DF = 1.125 (MPa) 

Maximum hoop 
stress (MPa) 

Casing collapse 
possibility 

Anhydrite N80-47 (lbf)-9-5/8′′ 32.82 29.17 10 NO 
Over pressured marl N80-47 (lbf)-9-5/8′′ 32.82 29.17 40 YES 
Salt N80-47 (lbf)-9-5/8′′ 32.82 29.17 30 YES 
Over pressured marl 

overlapping casing 
N80-26 (lbf)-7′′ 37.3 33.15 20 NO  
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To estimate the uniaxial compressive strength of rocks correlation proposed by Bradford was used (Bradford et al., 1998). This correlation is 
formulated eq. (A4).  

UCS (MPa) = 4.1089E (GPa) + 2.28                                                                                                                                                               (A4)  

c) Friction angle: 

Various correlations have been proposed for determination of friction angle using wireline logs measurements which three of them are summarized 
in Table A2.  

Table A2 
Correlation proposed to relate friction angle to physical properties of formations.  

Friction Angle (Degree) Formation type References 

26.5 ¡ 37.4 £ (1 ¡ NPHI ¡ Vshale) + 62.1 £ (1 ¡ NPHI ¡ Vshale)2 Shaly sedimentary rocks Plumb (1994) 
Sin¡1((Vp ¡ 1000)/(Vp + 1000)) Shale Lal (1999) 
70 ¡ 0.417 GR Shaly sedimentary rocks Zoback (2007)    

d) Cohesion strength: 

Jaeger proposed correlation to compute the cohesion as a function of UCS and friction angle expressed as eq. (A5) (Jaeger et al., 2007): 

c=
UCS

2
[ ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(1 + tanφ)2
√

+ tanφ
] (A5)    

e) Empirical correlation between various parameters established in Gachsaran formation in Iran summarized in table A3. (Amiri, 2019).   

Table A3 
Proposed correlations to estimate rock mechanical parameters in Gachsaran 
formation  

Correlation Lithology R2 

ES = 0.5795Ed + 0.2449  All 0.7613 
UCS = 2.2915ES + 6.8467  All 0.9277 
ES = 0.2046 exp(0.121Ed)  Salt 0.8626 
ES = 0.2397Ed

1.1778  Limestone 0.9212 
ES = 0.1867Ed

1.277  Anhydrite 0.9564 
ES = 1.3317Ed − 42.025  Dolomite 0.9367 
ES = 1.0717Ed − 1.1399  Gray Marl 0.9092 
UCS = 1.9066ES + 11.001  Salt 0.8721 
UCS = 4.1847ES

0.8475  Limestone 0.9492 
UCS = 2.8528ES

0.9504  Anhydrite 0.9720 
UCS = 72.37 ln(ES) − 163.51  Dolomite 0.9850 
UCS = 2.1618ES + 2.3342  Gray Marl 0.9474 
ϕ = 6.1395V1.0088

p  All 0.7547 

C = 0.3881V2.5142
p  All 0.8434 

T0 = 0.1191(UCS)0.9366  All 0.8032 

VP: km/s, Ed and ES: GPa, UCS, C and T0: MPa. 
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