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Abstract.During maintenance operations, technicians have to work as quickly as possible. But they 

are often stopped during disassembly by blocked bolts or studs. This paper examines causes of 

blockage and suggests new method for disassembling bolted joint in this case. Several methods are 

analyzed and tested with finite element simulations. An experimental protocol to test a new 

disassembling method is also introduced in this paper. 

Introduction 

Nowadays, in the industrial maintenance sector, small and medium enterprises (SME) need to adapt 

to more and more complex markets with a high competitiveness [1]. Dealing with this growing 

international competition, these companies have to optimize their costs, quality and deadlines to 

keep their market share and to win new ones. In this context, the development of new technologies 

to upgrade currently used tools, can improve the rapidity and the quality of the offered services. 

Dealing with increasingly complex industrial systems, the world of maintenance is particularly 

sensitive to this issue [2]. 

This paper is based on an industrial work led with the company Usitorque Engineering (Fidgi 

group). This SME is specialized in on-site machining and controlled tightening and disassembly of 

bolted joints. In many cases, during operation, technicians have difficulties with elements which are 

blocked because of galling or corrosion. The company is looking for a new safer and faster 

technique for loosening threaded elements with large diameters (up to 60 mm).  

First, the causes of the problem are going to be identified and analyzed thanks to the results of a 

bibliographical research. Then, the different solutions that are considered to disassembly bolted 

joints will be introduced and the first results of the finite element method will be displayed. Finally, 

we will propose an in-field validation of these simulations.  

State of the art 

The problems of threaded elements unscrewing depend on many combined parameters that occur all 

along the lifecycle of the assembly (installation, servicing, and disassembly). This makes difficult 

the understanding of the causes of blockages as a whole. Some cases of failure are studied on bolts 

exposed to corrosive atmospheres or used in petrochemical plant [3, 4]. Thus, the main damages 

that have been observed are due to corrosion or seizure.  

Firstly, the corrosion can be caused by the condensation of a portion of the water vapor 

contained in the atmosphere. Furthermore, they are different kind of corrosion. The phenomenon 

depends on many factors [5] such as the composition of the atmosphere, the operating temperature 

or the presence of vibrations. In contact with surfaces, water reacts with the metal to form oxides 

(Fe2O3, Cr(OH)3, Cr2O3, NiO…). Vibrations or small movements that may exist in the joint 
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accelerate this phenomenon by exposing non-corroded surfaces. This can lead to corrosion pitting 

and micro cracks on the threads (Fig. 1). It causes and changes conditions of friction between the 

internal and external threads and this also weakens screws or studs. 

 

Figure 1: Details from the threads of the stud failed: (a, b) Pits and corrosion products; (c, d) microcracks at 

the surface. [4] 

Bolts and studs used for assembly in petrochemical industries are usually made of alloyed steel 

according to standard ASTM 193 B7 [6]. On such elements, the anticorrosion coating is thin and 

easily damaged during assembly. If some preconizations are not followed during assembly 

(lubrication, adjustment, maximum torque...), corrosion may appear and this even though there is a 

coating steel (Ni-Cr-Zn or Cd) [4].  

The galling phenomenon occurs when there is a large difference in hardness between the 

assembled parts or when the lubrication is insufficient during the assembly [7]. Inadequate 

functional clearance can also foster this phenomenon by inducing very high stresses at the contact 

zone between the two parts. The result is the same when exceeding the recommended tightening 

torque [8]. The galling is characterized by a tearing of material on one of the parts or by the creation 

of a weld between the two threads. 

 

Figure 2: Cracked stud and cold welding between threads [4] 
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The primary causes of blocking are numerous and varied (mounting method, operating 

conditions, nature of the atmosphere, temperature ...). They first occur during assembly [9]. The 

type of coatings placed on the surface of threads can also induce fragility [10]. Furthermore there 

are the effects of temperature [11, 12], the effects of fatigue stress [13, 14] and the distribution of 

stress concentrations [15] which change according to the chosen type of screw element. 

Encountered situations are often unique, with random phenomena, and multiple factors are involved 

[16]. It is then difficult to establish precisely the cause of the failure, the relationships and the 

effects between these different determinants [17]. However, some comprehension on the involved 

phenomena is required in order to find new solutions for disassembly. A series of experiments has 

to be considered to determine the influence of each parameter in blocking of threads and to analyze 

the mode of action of the different ways to disassembly bolted joint. Various solutions are 

considered first for easy removal. They are introduced in the next section. 

Disassembly procedures 

In order to make easier the removal of seized or corroded bolts, various solutions are considered: 

chemical action, vibration, shock, and thermal action. Currently, blocked or broken studs in bolted 

joint are extracted by drilling. During this phase, the wasted time is about 6 hours, and a re-

machining of the bore is required when the stud is removed. The main criterion to select a 

dismantling solution is the wasted time during its execution. The process must also be easily 

implemented by technicians during maintenance operations, the working area can be difficult to 

access and it can be impossible to work directly on the affected area because it is trapped between 

the threads. 

Chemical processes are based on the principle of the dissolution of corrosion or seizure 

products. But this process is too slow. Moreover, it is difficult to insert a substance into the seized 

area between the threads, especially for horizontal assemblies or when the stud’s head is upside. It 

is also difficult to guarantee that there will be no deterioration of the rest of the assembly.  

The vibrations could help to generate movement between parts and to extract bodies which block 

the stud. However, it is impossible to make assemblies with the size of the ones encountered, as a 

steam turbine for instance (mass of several tons), vibrate. Vibration may also lead to an additional 

galling.  

 

For a quick release, a method which enables to destroy the screws by impacting the screw’s 

head is also developed [18]. By striking the screw through a transmitter body, the operator increases 

the maximum stress in the screw head and causes its break. This process is hardly transposable to 

studs with high diameter (up to 135mm), because it would require a high quantity of energy and this 

would not enable the removal of the broken stud from its bore. 

The last considered method is the thermal process. Currently, when technicians are unable to 

unscrew a nut, they heat it with a blowtorch. Once the nut is expanded, it is possible to unscrew it 

easier. The question is to know whether this technique can be transposed to studs seized in a bore. 

Given that the part in which the bore is made must not be damaged, it is better to act directly on the 

stud. By drilling a small diameter hole in the center of the stud, it is actually possible to inject a cold 

fluid (around -180°C) to cause the diminution of the stud’s diameter, and thus make its release 

easier.  

For the studied case, the technicians have to act quickly during a maintenance shutdown; 

therefore, the thermal method seems the most relevant to develop. So, thermal simulations are 

performed to conclude about the efficiency of this method. 

Thermal simulation 

Several configurations of thermal process exist. There is a need to define the best parameters to 

implement for an easier disassembly. After that, conclusion can be drawn on the purpose of testing 

solution and on the relevance of the range of parameters. Numerical simulations are performed to 
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assess the effects of thermal methods and determine which solutions have to be developed. To 

perform those simulations, the contact between a stud and its bore was modeled on a grip length of 

one thread pitch by using the finite element modeling software ANSYS
®

 (fig. 3). 

 

Figure 3: Model of thread 

The thread profile is defined by ISO standard [19]. A 6 mm thread pitch is chosen (size 

commonly used). It is a 2D and axisymmetric model, induced by the part’s geometry. The studied 

area is considered to be on the middle of the threaded zone. A first set of simulations is performed 

to quantify the diameter’s reduction in threads region according to the dimensions of the stud. It is 

considered that the bore inside the stud is keep at a temperature of -180 ° C by applying liquid 

nitrogen. The results of the simulation are given in table 1, with the temperature of the bore and the 

threads after cooling. 

Table 1: Results of numerical simulation 

Diameter Tbore [°C] TThread [°C] Cooling time [s] 

Diameter 

reduction [mm] 

M60 -180 -15 2 0,075 

M80 -180 -28 8 0,106 

M100 -180 -22 16 0,120 

M120 -180 -19 27 0,134 

M140 -180 -23 46 0,160 

 

Below a diameter of 80 mm, displacements are insignificant compared to the clearance between 

the threads. This technique is therefore inappropriate for small diameter studs. 

Then the same cooling is simulated on a case of seizing on a M80 stud. The concept is to drill a 

small diameter hole (30mm) in the middle of the stud in order to cool the interior to reduce its 

diameter and ease its removal. Initially, using dry ice is considered to cool the stud. At ambient 

conditions dry ice sublimates at a temperature of -68 ° C, and enables the cooling of objects with 

which it is in contact. This substance is widely available, cheap and can be manipulated by 

everyone, so it is interesting to use it as a cold source. However, as the ice is slow to sublime, it is 

difficult to effectively cool the studs. Thus, liquid nitrogen is chosen (boiling at -195 ° C), as a more 

efficient cooling solution. 

Additional simulations are performed for temperatures around -180 ° C. In this model, threads 

are welding by seizing. Some local constraints of several hundred MPa are noticed at the contact 

between the threads (around 350 MPa). To determine whether the thermal effect will be well 

present and effective, a series of experiments is required. Disassembling tests of elements in real 
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working conditions are planned. The results of those tests would lead to a conclusion on the 

effectiveness of this method of disassembling. In the next section, the experimental protocol that 

will be implemented is introduced.  

Experimental protocol  

For infield validation of simulations, experiments on a heat exchanger are planned (fig. 4). On this 

kind of equipment there are a lot of threaded stoppers that are often blocked. It is impossible to 

predetermine which caps will cause problems. Each cap must be tested with a calibrated torque 

wrench. This operation must be done by one technician who uses always the same tool to limit the 

dispersions. The blocked caps are marked and the maximum torque applied on recorded for 

comparison. 

Then the disassembly device can be tested on blocked caps (about 5 to 10). To do this, a 30 mm 

diameter hole in the center is drilled. Then, the hole is filled with liquid nitrogen by using a suitable 

device. During the operation, the temperature is measured with a thermometer at the junction 

between the stopper and the exchanger. Once the temperature reaches -20 ° C, cooling is stopped to 

not denature the steel which composes the structure. Then, the cap is released with the same key 

used previously and the loosening torque is measured. We are able to compare the torque required 

in each case for disassembly and also have a qualitative comparison of the effort experienced by the 

technician. 

 

Figure 4: Experimental protocol phases 

Conclusion 

The disassembling problem of large diameter threaded elements is complex because of the 

multiplicity of the physical parameters involved and the uniqueness of each case encountered by the 

technicians. In this article, probable causes of blockage have been identified. Solutions to eliminate 

their effects have been proposed  

Corrosion and seizure have been pointed out as the most common causes. For these cases, using 

a thermal process to contract the stud to facilitate its removal is proposed. Numerical simulations 

show a good potential for this method. As a future work, mechanical tests will allow us to evaluate 

this potential. 

It remains to study what is the best strategy to remove the studs of small diameters. 
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