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Abstract — Coiled tubing (CT) bears ultimate working load for high internal pressure and buckling load in operation process. CT 
is easy failure under the limit load. Based on the mechanics model of the classical plastic limit load and CAE technology, the three 
dimensional finite element model of the CT is established. The feasibility of the numerical model is verified by the experimental 

result. Under tensile load, bending moment load, internal pressure and extrusion load, the bearing capacity of 11 4
and 32 8

  CT 

is researched using the validated numerical model. The study shows that the internal pressure and bending moment loads are 
sensitive loads, which easily cause the CT failure under the above four load. According to the calculation result, allowable load 
range is obtained for the CT working, and the limit load value is given for different loads. The effect of the bearing capacity on CT 
is researched under the tensile load, bending moment load, internal pressure and extrusion load. It can effectively avoid early 
failure and improve the service life of the CT.  
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I. INTRODUCTION 

Comparing to conventional tubing and drill pipe for 
threaded connection, CT doesn’t need to set up on the 
derrick, and also fasten and unfasten screw in operation. So 
the work cycle is greatly shorten, labor intensity and mining 
cost are also reduced. CT has been widely used in multiple 
operations, such as workover, well completion, well logging, 
well drilling and so on. It is also called “universal operating 
equipment” in the petroleum industry [1~2]. Compared with 
conventional tube and drill pipe, the CT is made from by 
tube welding one and one, and their length from 2000 to 
6000 meter, the outside diameter is from 19.05 to 114.3 
millimeter, and the thickness of pipe is from 1.7 to 6 
millimeter. This can be seen CT has these features, which are 
small diameter, thin wall, and low stiffness. 

Due to bad working condition in actual operation, CT 
bears limit load, such as internal pressure of 45MPa and 
above, limit flexion and "self-locking" in borehole, pull 
torsion coupling load for downhole tool and excessive 
compression for clamping block. This coupling load leads to 
surpass the plastic limit of CT. So CT is prone to destructive 
failure for puncture, rupture, snap and collapse [5~6]. 
Therefore, it is necessary to carry out research that lead to 
CT failure in a variety of limit load, and obtain the main 
control limit load for effect CT failure. 

Steven studies the effect of ovality and buckling of CT 
on fatigue life using the methods of theory and numerical 
calculation [7]. Politecnico di Bari evaluates the fatigue limit 
of stainless steel based on the thermal map data analysis 
method [8]. Ma Weiguo and Li Zifeng analyze the 

mechanical behavior in the working process for the CT using 
solid mechanics and fluid mechanics methods [9,10]; Liu 
Yinghua and Liu Shaohu carry out the plastic limit research 
on pipe and pressure vessels with defect, but the study on 
plastic limit of CT is very little[11~12]. Therefore, it is very 
necessary to carry out research, which effect of complex 
coupling load on ultimate bearing capacity of the CT. 

II. CT FAILURE SITUATION  

The CT failure is statistical by BJ Company from March 
2004 to September 2006, as shown in Fig.1. Mechanical 
damage is the main form of CT failure, and their failure rate 
reach 35%. Mechanical damage easily causes plastic 
deformation of CT. The CT would be rupture, snap, collapse 
and puncture, when the ultimate mechanical loading is more 
than its carrying capacity, as shown in Fig.2 [13, 14]. 
According to the field survey result, the CT would need to be 
scrapped when it is continuing employed 7 times, and total 
service 300 hours. This directly affects the cost of CT 
operations. So it is very necessary to study the limits 
carrying capacity of the CT. 

 
Fig.(1). Failure mode and failure rate of CT 
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  (a)rupture                             (b)snap 

   
                (c)collapse                          (d)puncture 

Fig.(2). CT failure pictures 

III. NUMERICAL MODELING 

A. Geometry Model And Boundary Condition  

The 11 4


and 32 8


 CT are selected for the study. 

The Elastic Modulus (E) is 210000 MPa, the Poisson's ratio 
(µ) is 0.3, and the Yield Stress (σs) is 552 MPa. Fig.3 shows 
force model of CT for coupling load of the internal pressure, 
bending moment, tensile load and extrusion load.  

 
Fig.(3).Force model of CT 

B. Model Validation 

To verify the correctness of the numerical model, the 
experimental result is simulated in the literature [15]. For 

11 4


 CT, the tensile load (F) is 2630N, the bending 

moment (M) is 800 N·m. For 32 8


 CT, the tensile load (F) 

is 15600N, the bending moment (M) is 5700 N·m in 
simulation calculation. The numerical calculation result is 
proven to be in good agreement with experimental data. The 
maximum error is 7.81%, which is acceptable in engineering, 
as shown in Table 1. 

TABLE 1 COMPARISON OF SIMULATION RESULTS AND EXPERIMENTAL 
RESULTS. 

CT 
simulation results（

MPa） 
experimental 

results（MPa） Error 

1.25″ 511.4 552 7.36﹪ 
2.375″ 508.9 552 7.81﹪ 

 

IV. NUMERICAL SIMULATION 

When the limit load is calculated by numerical 
simulation, the tensile load, bending moment load, internal 
pressure and extrusion load are coupled in the model of CT. 
In order to facilitate calculation and comparison, the only 
one load change, and the other three loads unchanged. The 
aim is to study the effect of complex coupled loads on 
ultimate bearing capacity of CT. Constant load is loaded 
based on the actual force of CT in the filed, and also the 
constant value is less than or equal to the half of its 
corresponding limit load. This can help make the results to 
be closer the actual situation. The calculation result is 
compared with the yield strength of CT, which is regarded as 
invalid when the work load exceeds the yield strength.  

A. Effect Of Tensile Load On Ultimate Bearing Capacity 
Of CT 

In order to study the effect of tensile load on CT, the 

tensile load is gradually increased for the 11 4


and 

32 8


CT, when the bending moment, internal pressure and 

extrusion load are constant. According to the actual force of 
CT in the filed, the bending moment (M) is 400 N·m, 
internal pressure (P1) is 21 MPa, and extrusion load (P2) is 

20.25 MPa for the 11 4


CT. The bending moment (M) is 

2850 N·m, internal pressure (P1) is 44 MPa, and extrusion 

load (P2) is 41 MPa for the 32 8


CT. The result is shown 

in Fig.4. When the tensile load reaches the yield limit of the 
CT. Fig.5 shows the plastic deformation. 



SHAOHU LIU et al: INFLUENCE STUDY ON ULTIMATE BEARING CAPACITY OF COILED TUBING  

DOI 10.5013/IJSSST.a.17.04.02 2.3 ISSN: 1473-804x online, 1473-8031 print 

0 50000 100000 150000 200000 250000 300000
200

250

300

350

400

450

500

550

600

σ
/M

P
a

F/N

 
 
 Yield Limit


8

32


4

11

  

Fig.(4). Stress of the 11 4


and 32 8


 CT 

 
Fig.(5) CT plastic deformation  

As shown in Fig.4, due to load other forces for CT, firstly 
stress value decreases with the increase of tensile load, and 
then increase until to the yield limit of CT. For the 

11 4


CT, stress value increases under tensile load of 

3000~58750N. When the tensile load is 58750N, the 

11 4


CT has yielded, in other words σ=σs=552MPa. For 

the 32 8


CT, stress value increases under tensile load of 

33568~287000N. When the tensile load is 287000N, the 
stress value reaches the yield limit of CT. As can be seen by 

comparing the ultimate carrying capacity of the 32 8


CT is 

about 4.9 times the 11 4


CT. Thence, it is recommended 

that try to use the larger size CT in the deep vertical well 

B. Effect Of Bending Moment Load On Ultimate Bearing 
Capacity Of CT  

To study the effect of bending moment load on CT, the 
tensile load (F) is 29375 N, internal pressure (P1) is 21 MPa, 

and extrusion load (P2) is 20.25 MPa for the 11 4


CT. The 

tensile load (F) is 2850 N, internal pressure (P1) is 44 MPa, 

and extrusion load (P2) is 41 MPa for the 32 8


CT. The 

bending moment load is gradually increased for the 

11 4


and 32 8


CT, when the tensile load, internal 

pressure and extrusion load are constant. Result is shown in 
Fig.6, when the bending moment load reaches the yield limit 
of CT. 
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Fig.(6). Stress of the 11 4


and 32 8


 CT 

As shown in Fig.6, the stress value shows linear growth 

under the bending moment for the 11 4


and 32 8


. In other 

words, with the increase of bending moment, the stress value 
of CT is also increasing. When the bending moment load is 

674N·m, the 11 4


CT has yielded. When the bending 

moment load is 4850N·m, the 32 8


CT reaches the yield 

limit. CT requires to undergo six times cyclic loading of 
straightening-bending for only one operation. It is easy to 
cause a low-cycle fatigue failure for the CT. It can be seen 
that the bending moment load is one of the major factors that 
have effect on the limit load of CT. 

C. Effect Of Internal Pressure On Ultimate Bearing 
Capacity Of CT 

So as to study the effect of internal pressure on CT, the 
internal pressure is gradually increased, when the tensile 
load, bending moment load and extrusion load are constant. 
Tensile load (F) is 29375 N, bending moment (M) is 400 

N·m, and extrusion load (P2) is 20.25 MPa for the 11 4


CT. 

Tensile load (F) is 2850 N, bending moment (M) is 
2850N·m, and extrusion load (P2) is 41 MPa for the 

32 8


CT.  
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Fig.(7). Stress of the 11 4


and 32 8


 CT 

As shown in Fig.7, due to load other forces for CT, firstly 
the stress value decreases with the increase of internal 
pressure, and then the stress value increases to the yield limit 

of the CT in the range of yield limit. For the 11 4


CT, the 

stress value rises under internal pressure of 7~40.05MPa. 
When the internal pressure is 40.05MPa, the CT has yielded. 

For the 32 8


CT, under 24~83.3MPa of internal pressure, 

the stress value rises. When the internal pressure is 83.3MPa, 
the CT reaches the yield limit. CT bears the high pressure in 
the operation process of acid fracturing, and the value of 
pressure is above 45MPa in the normal fracturing. From the 
analysis result, the small size of the CT easily leads to failure 
such a high pressure. The carrying capacity of larger size CT 
reduces due to the pipe containing defect. Therefore, the on-
line monitoring must be strengthened for CT in the work. It 
is to prevent the puncture failure under the operation of high 
internal pressure. 

D. Effect Of Extrusion Load On Ultimate Bearing 
Capacity Of CT 

The CT will be squeezed by the clamping block of 
injection head in the operation. According to the field 
experience, the CT is easy to be pinched by the clamping 
block. In order to study the effect of extrusion load on CT, 
the tensile load, bending moment load and internal pressure 
are constant. So the tensile load (F) is 29375 N, and bending 
moment (M) is 400 N·m, internal pressure (P1) is 16 MPa 

for the 11 4


CT. The tensile load (F) is 2850 N, bending 

moment (M) is 2850N·m, internal pressure (P1) is 39 MPa 

for the 32 8


CT.  
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Fig.(8). Stress of the 11 4


and 32 8


 CT 

As shown in Fig.8, due to load other forces for CT, firstly 
the stress value decreases with the increase of extrusion load, 
and then the stress increases until to the yield limit for the 

CT. For the 11 4


CT, the stress arises under the internal 

pressure of 28~46.5MPa. When the extrusion load is 

46.5MPa, the CT has yielded. For the 32 8


CT, within the 

extrusion load of 54~100MPa, the stress increases. When the 
extrusion load is 100MPa, the CT reaches the yield limit. As 
can be seen by comparing the ultimate carrying capacity of 

the 32 8


CT is about 2.2 times the 11 4


CT. Therefore, 

the larger size of CT will be recommended to using. It is can 
prevent to be pushed for well repair and well completion 
operation. 

V. CONCLUSION 

(1) The effect of tensile load, bending moment load, 
internal pressure and extrusion load on carrying capacity of 
the CT is researched by numerical simulation. Comparing 
the results of numerical calculation, the internal pressure and 
bending moment load are the main control loads for affecting 
the carrying capacity of the CT. 

(2) According to the calculation results, the ultimate 

carrying capacity of the 32 8


 CT is about 4.9 times as 

much as the 11 4


 CT under the tensile load. The ultimate 

carrying capacity of the 32 8


 CT is about 7.2 times as 

much as the 11 4


 CT under the bending moment load. The 

ultimate carrying capacity of the 32 8


 CT is about 2 times 

as much as the 11 4


 CT under the internal pressure. The 

ultimate carrying. 
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