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Abstract: Upon examination of a fracture burst, it was 
found out that the main reason for this is the fatigue of 
the material in the annular section of the pipes. 
Analysis was made of the stress state and its impact on 
the nature of the destruction. In a working conditions, 
especially in rotor drilling, a direct correlation between 
the loss of stability of the column in the compression 
zone and the destruction of drill piping due to fatigue 
failures  in material is established. Object of study is 
the nature of the destruction of defective drill pipe. 
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1. Introduction 

 Nowadays the drilling wells are the only source 
for successful study and production of oil and gas. 
Drilling for oil and gas is made in most cases by 
rotary movement of a rock destroying tool, placed on 
the bottom end of the drilling column.   
The process of drilling consists of strictly repetitive 
operations [2,11]: 
 

- lowering of the drill column in the well; 
- working of the tool on the bottom of the well 

at a constant circulation of a drilling fluid; 
- extension of the column in accordance with 

the deepening of the well; 
- raising of the column for replacement of the 

worn out tool and lowering again; 
- auxiliary and emergency activities (washing, 

separation and preparation of the solution), 
elimination of the complications and 
accidents in drilling, etc.). 
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Besides the difficult operating conditions, the 
process of drilling is accompanied by a number of 
complications, which hinder the proper operation and 
often cause failure of the equipment. The main 
causes for failure include [3,10]: 

- Pressure drop of the solution in the 
permeable layers of the well, leading to 
direct contact of some parts of the drilling 
and beset columns with the walls of the well. 

- Violation of the integrity of the well shaft, 
caused by fracture, falling rock and 
narrowing of the well.    

- Formation of deposits on the tool in the 
process of drilling during its descent or rise.  

- Wedging after the replacement of a worn out 
tool with a new one during its diametric 
adjustment.  

- Stopping of the supply of the drilling 
solution due to clogging of the channels with 
rock and clay particles or distortion of its 
normal circulation on account of deficiencies 
in the joints of the column.   
 

 Often the accidents in drilling are related to 
fracture of the shaft or the drilling pipes and falling 
of the instrument, the hydraulic motor or parts of the 
drilling column in the well.  All this suggests a 
thorough study of the stress condition of the column 
and analysis of the causes for failure of the drilling 
shaft.    
 
2. Stress condition of the drilling column  

The drilling column as a link between the 
ground equipment and the working body is in 
complex stress state. Different sections of it are 
simultaneously subjected to the action of various 
loads, causing the following stresses [4,12]: 

- axial (tensile and compression); 
- radial, caused by the internal or external 

pressure of the drilling solution; 
- bending by the centrifugal forces with 

variable character;  
- tangential share stresses, from the transferred 

torque and reactive moment; 
- compressive, from the wedge; 
- dynamic, caused by unsteady, hard to report 

loads.  
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The upper part of the column I-I, which is under 
the influence of the gravity forces t and the pressure 
drop in the cleansing openings of the tool, is in 
tension state, and the bottom II-II of the column 
undertakes the reaction of the bottom of the well and 
is in compaction state (fig.1), i.e. on the length of the 
drilling column there is a section where there are no 
axial tensile or compressive stresses (section 0-0 at 
distance Z from the bottom of the well). 
The particular nature of operation of the drilling 
column [2] consists in the assumption that such a bar 
structure (long thin tube), subjected to longitudinal 
and transverse forces and a torque, leads to buckling. 
Each of the above mentioned efforts, due to the high 
column length, can cause buckling, thus disturbing 
the rectilinear shape of the column. The centrifugal 
forces cause bending of the column like a flat wavy 
curve, and the torque gives it the form of a spatial 
spiral. Therefore the axis of the column takes the 
shape of bent curve with a variable step, which 
increases towards the mouth of the drilling (fig.2).  
Column tension forces (gravity force) increase the 
length of the half-wave and the step of the spiral, and 
the compaction forces act in opposite direction. All 
this leads to significant deformations, which are 
limited by the walls in the conditions of the drilling 
well and this leads to drilling in distorted equilibrium 
shape of the column. In fatigue calculations [5,9] the 
stresses of its own weight and the bending of the 
drilling column are considered, taking into account 
that the nature of the loads acting on the drilling 
column is variable both in its length and time.  

 
 

Fig.1. Diagram of the axial efforts on the column:  +Q – 
tensile area; -Q – compaction  area; φн и φк– zenith 

angles of curvature   

 
Fig.2. Diagram of the impact of the centrifugal forces and 

the torque on the drilling column 
 

Fig. 3. shows the defects on the fractured drilling 
pipes, and the subsequent tests [1] regarding the 
fractured surface prove the assertion that the 
accidents in rotor drilling at the expense of fracturing 
the drilling column are caused by fatigue wear of the 
material of the drilling pipe and the connectors.   

 
Fig. 3. Drilling pipe with a newly formed fatigue crack a  

that led to fracture of the pipe  
 
In connection with above mentioned the task to 
analyze the material of the drilling shaft after its 
fatigue fracture has been assigned.  
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3. Study of the nature of the fracture of a 
faulty drilling shaft 

       Object of the study is the nature of the fracture 
of a faulty drillings haft, shown in fig. 4, described in 
standard BDS EN ISO 14556 [6] and [7]. 
 
     The material, of  which the shaft is made, is the 
same type of steel (S135) like the pipes in the 
facility. Tables 1.and 2. show respectively the 
chemical composition and them mechanical 
properties of the steel according to the 
manufacturer’s certificate [8]. 

 
Fig. 4. Object of study 

 
Table 1. Chemical composition 

 
 
Table 2. Mechanical properties 

Tensilestrength
,Rm [MPa] 

Yieldstre
ngth, Re 
[MPa] 

Relativee
longation
, А5 [%] 

Fracturetou
ghness 
KCV, 
[J/sm2] 

1090 990 19 120 

 
3.1. Parameters studied 

 
3.1.1. Macrostructure 

 
• Fractographic analyses  
 
In fig. 5., the fracture area, caused by low-cycle 
fatigue, is shown. The source of development of the 
fatigue is a metallurgical defect.  
 
        For this purpose a sample from non-defective 
area II is studied (fig.4). The studied planes of the 
sample are marked on fig. 6. 
 

 
 

Fig 5. Defective area I 
 
 

 
 

Fig. 6. Marked studied surfaces of a non-defective area 
(a); studied sample (b); axial cross section (c) 

 

3.1.2. Microstructure 
 

• Non-metalic inclusions in the axial surface, 
marked in  fig.  6.а. 
 

        In the surface area of the studied sample (up to 
5-8 mm) macro-defects are observed (oxides, 
metallurgical pores). In the core, these inclusions are 
insignificant and with micro dimensions. 
   
• non-metallic inclusions on the lateral surface of 

the sample, marked in fig. 6.а. 
• structure of the axial surface from the sample 

(fig.6.а) 
 
 
 
 

Chemical composition,% 

C Si Mn P S Cr Mo 
0.26-
0.28 

0.24-
0.3 

0.87-
0.89 

0.008-
0.011 

0.003-
0.005 

1-
1.02 

0.42-
0.44 
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The observed structure is supposed to be normalized 
steel. 

• Structure from the transverse surface of the 
sample– (fig.6.а) 

 

 
Fig 7. Non-metaic inclusions on the surface  (a,b) and in 
the centre (c) of the studied sample (fig. 3.) on the axial 

surface: x100 
 

 
Fig. 8. Non-metallic inclusions on: (a) the surface and (b) 

in the centre of the studied sample (fig. 6) on the 
transverse surface x100 

 

 
Fig. 9. Microstructure in the axial direction of the studied 

sample : 
        a) sorbic structure x500 ;b) sorbic structure x1000; 

c) micro-hardness (HV 0,05) 

 

 
Fig. 10. Microstructure in the transverse direction of the 

studied sample: 
a) sorbic structure - x500, b) sorbic structure - x1000 

 
 

3.2.  Mechanical properties 
 

• Hardness:    
 

      The hardness on the cylindrical surface of the 
sample is defined by the methods of Brinell (HB) and 
Rockwell (HRC). 
 

 
Fig. 11. Distribution of the hardness on the cylindrical 

surface of the shaft: a) hardness as per HRC;                                          
b) hardness HRB5/1000/30 

 
• Strength:  

 
        The measured values are presented in table 
(table 3) and in a graphic format on (fig. 12. а, b, c). 
 
Table 3. Mechanical properties 
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Fig. 12. Diagrams and a crack (a) for tensile testing of 
cylindrical samples (a, b, c) 
 

 
Fig. 13. Fractured sample, tested for impact strength and 

 type of the crack  
 

• Testing the impact strength – KCV 
 

Table 4. Results 

 
 

4.  Conclusion 

1. A significant number of non-metallic inclusions 
(oxides) with macro size on the surface layer of the 
drilling shaft are registered. 
 
2. The presence of surface pores, some of which 
maturing to a crack (fig. 6в) is ascertained. The total 
size of the pore with a crack reaches up to 3.5 mm. 
 
3. The structure (sorbite, troostite) is homogeneous in 
the entire section with a probability the steel to be 
normalized.  
 
4. As a result from the mechanical tests (hardness, 
strength, impact strength) average values are 
obtained: 34.5 HRC;  359.6 HB 5/1000/30;  RP0.2 = 
1075.3 N/mm2;  Rm = 1199.4 N/mm2; А = 16.7%;  
KCV = 35.4 J/sm2.  The resulting tensile strength of 
the tested sample is in the bottom limit of as per the 
requirements of БДС EN ISO 898-1 for strength 
class 12.9. 
 
5. The differences in hardness measurements (HRC) 
in the surface area are due to the presence of macro 
non-metallic inclusions.   
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         Regarding the defects of the drilling shaft it can 
be concluded that despite the high mechanical 
characteristics, the presence of macro-non-metallic 
inclusions and the metallurgical pores found, ending 
with sharp shapes and significant dimensions, are the 
ideal concentrator for the generation and 
development of a fatigue area.  Particularly 
dangerous for the development of the fatigue crack 
are surface pores which are in contact with the 
external atmosphere. The development of significant 
fatigue crack area, reaches shaft limit strength and 
cause fracture (fig. 5 and   fig. 6).  
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