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Abstract

In this study, a new type of blind bolt that combines high tensile resistance and stiffness

with easy and fast installation and demounting capabilities is proposed, named Swift-

Constructed Demountable Blind Bolt (SCDBB). The components, intended working 

mechanism, and fabrication process are first introduced. Geometric constraints of 

critical components are then derived based on the desired behaviour. To study the 

performance of SCDBBs under tensile loading and their behaviour during the 

installation process, 9 experimental tests were conducted. Two failure modes, namely, 

bolt shank fracture and buckling of the expansion nut blades, were revealed when 

subjected to maximum tensile loading. Subsequently, finite element (FE) models were 

developed and validated by comparing the numerical results with the experimental data. 

To further explore the impact of key design parameters on the behaviour of the bolts 

under tensile loading and performance during installation, parametric studies consisting 

of 106 FE models were conducted for bolts of three sizes with variations in four key 

design parameters. The findings indicate that the failure modes under maximum tensile 

loading and maximum installation force are sensitive to the length, thickness, and gap 

of the elastic expansion nut. The optimised ranges for each design parameter were 

identified to prevent undesirable blade buckling. 
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1.Introduction  

In recent decades, researchers have faced the challenge of no access to the inside of 

hollow section columns for nut installation. Various solutions have been put forward, 

such as Flowdrill drilling system, stud welding, and nuts pre-welded into the hollow 

section wall [1]. However, these methods require additional on-site work and result in 

increased costs. To address this issue, blind bolts have been developed and Fig. 1 

provides an overview of several existing blind bolt products, including Hollo-bolt [2], 

Thin Wall Bolt [3], Oneside Bolt [4], Oneside Hi-shear Bolt [5], Huck Blind Fasteners 

[6], Blind Bolt [7], Heavy Duty Bolt [8], and Juck Nut [9]. Regarding the Hollo-bolt 

(Fig. 1a and Fig. 2b), it has been successfully used in the construction industry for a 

long time and extensively researched by multiple experts [10–16]. Additionally, a 

modified version, the Extended Hollo-bolt, designed for concrete-filled steel tubular 

column connections, has also been proposed and studied by several research groups 

[17–20]. However, although this bolt performs well in shear connections, it lacks the 

necessary clamping force to prevent axial deformation at high tensile loads [21].  

To address this issue, Barnett et al. [22] modified the Hollo-bolt and developed the 

Reverse Mechanism Hollo-bolt (RMH) (Fig. 2a), in which the expanding part is 

inverted to achieve comparable tensile stiffness and strength to a standard high-strength 

bolt. The Thin Wall Bolt (Fig. 1b) is a commercially available product that incorporates 

the design of the RMH. Tensile behaviour comparisons between the Hollo- bolt and 

RMH were conducted by Barnett et al. [22] (Fig. 2). The RMH exhibited significantly 

higher tensile stiffness than the Hollo-bolt. However, its tensile resistance is affected 

by the mechanism with reversed expanding sleeve, leading to lower tensile capacity.  



Tizani & Ridley-Ellis [21] further studied the application of RMH in unfilled 

rectangular hollow section connections, focusing on connection tension behaviour 

under tube wall yielding failure mode. The findings revealed that connections made 

with the RMH are stiffer, have better tensile resistance, and exhibit greater ductility 

compared to those made with the Hollo-bolt. The mechanical mechanisms of these bolts 

in connection become more critical than the bolt tensile resistance itself when the tube 

wall failure mode governs the connection behaviour.  

However, these findings are limited to specific practical scenarios. If the application 

involves a thick tube wall and weaker bolts, the performance of the RMH may not 

exceed that of the Hollo-bolt. It indicates that the initial attempt to develop the RMH 

did not fully achieve the desired target at the component level. Additionally, the current 

commercial product Thin Wall Bolt (Fig. 1b), which adopts the concept of the RMH, is 

only available in sizes up to M8. Thus, there is a need to develop a novel bolt with a 

similar mechanism to the RMH while achieving better tensile strength and larger bolt 

sizes.  

Another widely used blind bolt is the Oneside Bolt (Fig. 1c), and its modified version 

called Oneside Hi-shear Bolt (Fig. 1d) is also available. Additionally, there are other 

popular blind bolt products from different countries (Fig. 1e to Fig. 1h). However, some 

of these blind bolts cannot be easily removed without machine cutting after installation. 

While some products allow for demountable structures by leaving certain components 

inside the tube during removal, the speed of installation and removal could be further 

improved.  



 

Fig. 1. Overview of common commercially available blind bolts with brand names in 

the bracket. 

 

Fig. 2. (a) Reverse Mechanism Hollo-bolt (RMH) and (b) Hollo-bolt [21]; Tensile 

behaviour comparison between Hollo-bolt (c) and RMH (d) [22]. 



Through extensive analysis of existing blind bolts, it becomes evident that there is a 

distinct demand for a blind bolt that combines high tensile resistance and stiffness with 

easy and fast installation/demounting capabilities. In response to this demand, this 

study proposes a new type of demountable blind bolt, named Swift-Constructed 

Demountable Blind Bolt (SCDBB). The components and intended working mechanism 

of SCDBB are first introduced. Geometric constraints of the critical components are 

then derived based on the desired behaviour. Subsequently, experimental tests were 

conducted to analyse the behaviour of SCDBBs when subjected to tensile loading and 

performance during the installation process. Next, numerical finite element (FE) 

models were developed and validated through comparison between the numerical and 

test results. To further explore the impact of key design parameters on the behaviour of 

the bolts under tensile loading and their performance during the installation process, 

parametric studies consisting of 106 FE models were conducted for bolts of three sizes 

with variations in four key design parameters. The insights gained from this parametric 

study were used to optimise the design of SCDBBs. 

 

2.The swift-constructed demountable blind bolt (SCDBB) 

With the motivation for a blind bolt that combines high tensile resistance and stiffness 

with easy and fast installation and demounting capabilities, a novel swift-constructed 

demountable blind bolt (SCDBB) is proposed [23]. In this section, the components, the 

installation and removal processes, the working mechanism and the fabrication method 

will be elaborated. 

2.1. Components  

The SCDBB consists of four components, namely, the bolt shank, nut, sleeve, and 

elastic expansion nut (EEN), as illustrated in Fig. 3. The geometric parameters of EEN 



are illustrated in Fig. 4. The EEN consists of two parts: the blades and the ring nut. The 

blades are made by cutting a hollow conical frustum with a constant thickness (i.e., the 

thickness of the blades, denoted by t). The smaller base of the conical frustum is 

connected with the ring nut. The difference between the radius of the smaller base of 

the conical frustum and the radius of the larger base is referred to as the gap of the 

blades and denoted by g. With the existence of the gap, the diameter of the blades is 

intended to be larger than that of the bolt hole. Threads that match that of the bolt shank 

exist inside the nut and the EEN. 

 

Fig. 3. Components of the swift-constructed demountable blind bolt (SCDBB). 

 

Fig. 4. Geometric parameters of the elastic expansion nut (EEN). 



2.2. Installation and removal process  

The step-by-step installation and removal processes are illustrated in Fig. 5. Regarding 

the installation process, firstly, the EEN can be assembled on the bolt shank like a 

traditional bolt and nut. The EEN will then be pushed through the bolt hole. During this 

process, the blades will be compressed as one side of it has a larger diameter than that 

of the bolt hole. It is noted that due to the contact force between the EEN and the bolt 

hole, this installation process has to overcome the frictional forces. Once the entire EEN 

passes the bolt hole, the blades will expand immediately back to their initial shapes. 

Subsequently, the sleeve will be installed. After that, the nut will be installed and 

tightened to complete the whole installation process.  

Alternatively, the multi-step installation process mentioned above can be further 

simplified by assembling the whole bolt in advance, and then just pushing it into the 

hole as presented by Fig. 5. The length of part of the sleeve that will be inserted into 

the bolt hole can be set as the thickness of the connected plates. Once the bolt stopped 

by the outside part of sleeve indicating the bolt is pushed to the right position, the 

outside nut can be tightened to complete the installation.  

 

Fig. 5. Step-by-step installation and removal processes. 



As mentioned above, it should be noted that a force is required to push the EEN through 

the bolt hole, and the range of this force should be reasonable to guarantee operability. 

Several installation force tests have been conducted in this study to investigate the 

required maximum force. In another comprehensive experimental investigation of 

SCDBB performed by the authors [24], a large amount of SCDBB specimens were 

fabricated according to the dimensions recommended by this study. Over 50 installation 

force tests of EEN were carried out to further check this installation force. The 

corresponding results showed that the installation forces were below 1 kN (most around 

0.4 to 0.8 kN) and could be accomplished by a single site worker using a hammer. 

However, it should be noted that the installation forces are not negligible. An auxiliary 

installation tool for the SCDBB has also been invented by authors [25] to help workers 

easily apply the installation force and offset the reaction force during the installation 

process, as illustrated in Fig. 6. Workers can conveniently operate the auxiliary 

installation tool using a single hand to hold the hand gripping arms. By gripping the 

handle to increase the opening angle of the end of the retractable clamping arm, the 

hook of the retractable clamping arm makes contact with the back of the column, 

allowing the clamping arm to securely clamp the column via the elastic force of the 

spring. The position of the load transfer head can be adjusted by the slider, aligning it 

with the position of the SCDBB. Subsequently, by rotating the hex bolt head with a 

wrench, the load transfer head moves towards the column, resulting in the application 

of an axial installation force in the axial direction of the SCDBB. It is important to note 

that the hook of this tool effectively counteracts the reaction force generated during the 

insertion of the SCDBB into the bolt hole. Once the EEN of SCDBB passes through 

the bolt hole, the sleeve of SCDBB prevents further movement. Finally, the auxiliary 



installation tool can be removed, and a torque wrench can be used to apply the required 

preloading by further tightening the SCDBB.  

 

Fig. 6. Auxiliary installation tool for the SCDBB: (a) schematic diagram, (b) 3D 

printing prototype. 

Regarding the removal of SCDBBs, the whole process can be completed in a fast 

manner by simply loosening the outside nut first, and then pulling and rotating the bolt 

shank to let the EEN separating from the shank and falling into the inner space of 

column. As such, except for the EEN, all other components of this bolt (the nut, shank 

and sleeve) can be retrieved and reused in the future. Such installation and removal 

processes have been validated through the 3D printing model before real fabrication. 

 

2.3. Working mechanism and desired behaviour  

As the outer diameter of the blades of EEN is larger than that of the bolt hole, tightening 

the nut causes the EEN to move outward from the column inside. Consequently, the 



blades can firmly grasp the inner surface of column wall, creating a robust clamping 

force that effectively connects the components. This clamping mechanism is designed 

to provide the necessary resistance to tensile forces, while the bolt shank with sleeve 

serve together to offer the essential shear resistance.  

To ensure the desired functionality of this working mechanism, two performance 

objectives shall be met during installation and under maximum tensile loads:  

(1) It is crucial for the blades to return to their initial shapes after installation and grip 

the inner wall when the nut is tightened externally. To achieve this, the blades shall 

remain elastic throughout the installation process, especially when they are compressed 

to pass through the bolt hole.  

(2) Under maximum tensile loads, it is preferable for the clamping mechanism to be 

maintained while the bolt shank fails through fracture. The blades should remain elastic, 

avoiding other failure modes such as buckling. 

 

2.4. Fabrication of the elastic expansion nut  

In this study, the bolt shanks are Grade 8.8 (with minimum nominal ultimate strength 

of 800 MPa and yield strength of 640 MPa), which are available on the commercial 

market. For the steel material of the EEN, a higher grade of 10.9 is intended, with the 

intention of securing the higher strength of the EEN than the bolt shank. To achieve the 

intended strength, the suitable raw material was carefully selected, and an appropriate 

heat treatment process was adopted. Li [26] introduced the raw material selection of 

blind bolt based on the China steel products with relevant Chinese steel material 

standards. In addition, through studying the material selection of high-strength bolts 

mentioned by researchers [27,28], 40Cr alloy structural steel was selected. The heat 



treatment process recommended by the current alloy structural steel standard GB/T 

3077 [29] was adopted.  

To verify if the properties of the steel after heat treatment have met the intended 

requirement, various tests, including strength test, hardness test, and metallographic 

examination were conducted by authors [30]. Results of strength tests are illustrated in 

Fig. 7. It can be found that the yield strength and ultimate strength of 40Cr steel can be 

significantly improved through the selected heat treatment procedure. After the heat 

treatment, the yield strength increased to 996 MPa, and the ultimate strength raised to 

1158 MPa, which meets the strength requirement for Grade 10.9. Moreover, the 

hardness test results reveal that the hardness of the EEN made of 40Cr steel with heat 

treatment is HRC 35.8, which meets the requirements for Grade 10.9 bolts specified in 

GB/T 3098.1 [31] and ISO 898-1 [32]. The results of the metallographic examination 

are presented in Fig. 8. As shown, the microstructure of the 40Cr raw material features 

ferrite and pearlite, which is typical of low-carbon steel with relatively low strength. 

While tempered martensite can be easily recognized in the steel with heat treatment 

which is typical of high- strength steel.  

 

Fig. 7. Stress-strain curves of 40Cr steel with and without heat treatment [30]. 



 

Fig. 8.Optical microstructure of 40Cr steel: (a) without heat treatment, (b) with 

adopted heat treatment (Note: ‘P', ‘F', ‘M' stand for pearlite, ferrite, martensite, 

respectively) [30]. 

Fig. 9 highlights the major steps and status involved in the fabrication process of EENs. 

Firstly, the components were machined from raw steel bars by using the computer 

numerical control (CNC) fabrication approach, ensuring precise geometric dimensions. 

Subsequently, heat treatment was carried out to attain the desired material properties, 

followed by the application of CNC fine finishing techniques. Lastly, the fabrication 

process was completed by obtaining slots between the blades through wire cutting. 

Although the cost is relatively high for fabrication of test specimens, it is expected to 

be considerably reduced for mass production in the future. Moreover, cast-in fabrication 

method may also be a suitable choice for mass production of this bolt in the future. 



 

Fig. 9. Fabrication process of EENs. 

 

3.Preliminary geometric dimensioning  

This section serves as a preliminary determination of the dimensions for the proposed 

SCDBBs, providing a starting point for further study and design optimisation in 

subsequent sections. Initially, the sizes of bolt shanks, threads, and nuts can be assumed 

to be the same as those of corresponding conventional bolts according to EN 14399–3: 

2015 [33]. The study focused on three specific sizes: M8, M12, and M16. Similarly, 

the ring nut of the EEN serves a similar function to the nut, so similar dimensions were 

adopted. Specifically, for M8, M12, and M16, the outer diameter of the ring nut was 

set at 12.6 mm, 23 mm, and 32 mm, respectively, with a depth of 8 mm, 11 mm, and 

15 mm. Regarding the sleeve, the section to be inserted into the bolt hole shares the 

same outer diameter as the ring nut of the EEN. The section responsible for providing 

the clamping force was designed with a larger diameter than the width across corners 

of nut. Specifically, for the M8, M12, and M16 SCDBBs, the corresponding dimensions 

of this section in sleeves are 18 mm, 29 mm, and 39 mm, respectively. For the blades 

of the EEN, the preliminary derivation of dimension constraints will be based on the 



desired behaviour, which will be further elaborated in subsequent sections. The 

corresponding bolt hole diameters for M8, M12, and M16 SCDBBs are 13 mm, 23.6 

mm, and 32.8 mm, respectively. 

 

3.1.Cut width of the blades (c)  

The compression of the EEN blades is necessary for them to pass through the bolt hole. 

To ensure smooth insertion, it is crucial to avoid any conflicts between the blades when 

they are compressed and confined within the bolt hole. By considering the minimal 

difference between the bolt hole radius and the outer radius of the blade end face, this 

requirement can be further described as ensuring that the total length of the outer sides 

of the blades remains smaller than the circumference of the bolt hole. Mathematically, 

this can be expressed as:  

2𝜋𝜋 �
𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

2
+ 𝑔𝑔� − 𝑛𝑛𝑐𝑐𝑐𝑐 ≤ 𝜋𝜋𝑑𝑑ℎ𝑜𝑜𝑜𝑜𝑜𝑜 (1) 

 

where 𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟  is the outer diameter of the ring nut of the EEN, 𝑔𝑔  is the gap size, 𝑛𝑛𝑐𝑐 

=number of cuts (4 for M8; 6 for M12 and M16 in this study), and 𝑑𝑑ℎ𝑜𝑜𝑜𝑜𝑜𝑜 is the diameter 

of the bolt hole. 

 

3.2. Thickness of the blades (t)  

As discussed in Section 2.3, the desired failure mode for SCDBBs under maximum 

tensile loading is the fracture of the bolt shank while the EEN remains elastic. In order 

to achieve this, it is necessary for the yielding strength of the blades to exceed the 

ultimate strength of the bolt shank. Mathematically, this can be expressed as: 

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑓𝑓𝑦𝑦,𝐸𝐸𝐸𝐸𝐸𝐸 > 𝐴𝐴𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑓𝑓𝑢𝑢,𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 (2) 

 



where 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  = the cross-sectional area of blades, 𝐴𝐴𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎  = the threaded cross-

sectional area of bolt shank, 𝑓𝑓𝑦𝑦,𝐸𝐸𝐸𝐸𝐸𝐸 = yield strength of the steel of EEN, 𝑓𝑓𝑢𝑢,𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = the 

ultimate strength of the steel of bolt shank. The cross-sectional area of the blades can 

be calculated as:  

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 𝜋𝜋 ��
𝑑𝑑
2
�
2

− �
𝑑𝑑
2
− 𝑡𝑡�

2

� − 𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐 (3) 

Considering the constraint provided in Eq. (3), the minimal thickness of the blades can 

be determined once the cut width and number of cuts have been established. 

 

3.3. Gap of the blades (g)  

To achieve the desired behaviour, it is crucial for the blades to return to their original 

shapes after passing through the bolt hole to ensure proper contact with the connected 

component. To fulfil this requirement, one extreme condition is that when the EEN is 

compressed and confined in the bolt hole, the stress of the extreme fibre at the blade 

root just reaches the yield strength, or equally, the bending moment at the blade root 

just reaches the yield moment of the section. By solving this problem, the upper limit 

of the gap of the blades can be determined. And it can be studied by treating the blade 

as a beam which is fixed on the one side and loaded in a direction perpendicular to the 

bolt hole surface on the other side, as illustrated in Fig. 10. Since the structure and 

loading have axial symmetry, the problem can be simplified as a plane problem with a 

unity depth.  



 

Fig. 10. Simplified beam model for blades under bending. 

When the bending moment at the fixed end section equals the yield bending moment 

of section (denoted by 𝑀𝑀𝑦𝑦), the bending moment along the x-axis (as shown in Fig. 10) 

can be expressed as:  

𝑀𝑀(𝑥𝑥) = 𝑀𝑀𝑦𝑦(1 −
𝑥𝑥
𝑙𝑙

) (4) 

Consequently, the curvature ϕ can be represented as a function of the moment:  

ϕ(x) =
𝑀𝑀(𝑥𝑥)
𝐸𝐸𝐸𝐸

=
𝑀𝑀𝑦𝑦

𝐸𝐸𝐸𝐸
(1 −

𝑥𝑥
𝑙𝑙

) (5) 

Subsequently, the curvature ϕ can be integrated once to find the rotation (or slope) 𝜃𝜃 

as a function of the location along the beam x, and twice to find the deflection Δ as a 

function of x,  

𝜃𝜃(𝑥𝑥) = �ϕ(x)𝑑𝑑𝑑𝑑 =
𝑀𝑀𝑦𝑦

𝐸𝐸𝐸𝐸
(𝑥𝑥 −

𝑥𝑥2

2𝑙𝑙
+ 𝐶𝐶) (6) 

Δ(𝑥𝑥) = �𝜃𝜃(x)𝑑𝑑𝑑𝑑 =
𝑀𝑀𝑦𝑦

𝐸𝐸𝐸𝐸
(
𝑥𝑥2

2
−
𝑥𝑥3

6𝑙𝑙
+ 𝐶𝐶𝐶𝐶 + 𝐷𝐷) 

(7) 

Considering that the rotation and deflection at the fixed end are both zero that is, 

𝜃𝜃(0)=0, and Δ(0)=0, the constants in Eqs. (6) and (7), can be solved as C=D=0.  



In the extreme condition, the deflection at the non-fixed end of the blades corresponds 

to the maximum gap, that is,  

𝑔𝑔 < Δ(𝑙𝑙) =
𝑀𝑀𝑦𝑦

𝐸𝐸𝐸𝐸
𝑙𝑙2

3
 (8) 

Since the yield moment can be calculated as 𝑀𝑀𝑦𝑦=2𝑓𝑓𝑦𝑦,𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼/𝑡𝑡 by assuming the stress of 

the section's extreme fiber reaches the yield strength, Eq. (8) can be further simplified 

as:  

𝑔𝑔 <
2𝑓𝑓𝑦𝑦,𝐸𝐸𝐸𝐸𝐸𝐸𝑙𝑙2

3𝐸𝐸𝐸𝐸
 (9) 

 

3.4.Length of the blades (l)  

Under tensile loading, the EEN blades experience primarily axial compression. One 

potential failure mode of the blades is buckling, which is undesirable as it completely 

alters the force resisting mechanism and can lead to sudden loss of resistance. The 

buckling resistance of the blades can be estimated by treating them as columns. Due to 

the axial symmetry of the blades and the loading, the problem can be simplified as a 

plane problem with a unity depth, as shown in Fig. 11.  

 

Fig. 11.Simplified column model for blades under compression. 

For these blades, the critical Euler stress in the axial direction can be calculated as  



𝜎𝜎𝑐𝑐𝑐𝑐 =
𝜋𝜋2𝐸𝐸𝐸𝐸

(𝐾𝐾𝐾𝐾/𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)2𝐴𝐴
=

𝜋𝜋2𝑡𝑡2𝐸𝐸
12(𝐾𝐾𝐾𝐾/𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)2

 (10) 

To prevent premature buckling of the blades before the bolt shank fractures, it is 

necessary to ensure that the resistance of blades is greater than the ultimate resistance 

of bolt shank, given by  

𝐴𝐴𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑓𝑓𝑢𝑢,𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ≤ 𝜎𝜎𝑐𝑐𝑐𝑐𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 (11) 

This can be further expressed as  

(𝐾𝐾𝐾𝐾)2 ≤
𝜋𝜋2𝑡𝑡2𝐸𝐸𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
12𝐴𝐴𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑓𝑓𝑢𝑢,𝑠𝑠ℎ𝑎𝑎𝑎𝑎𝑎𝑎

 (12) 

It is important to note that K represents the column effective length factor to account 

for different boundary conditions. For the blades of EEN, one end is fixed with the ring 

nut, which is considered fixed. The other end is almost rotation-free, but due to the 

presence of friction force between the blades and the connected component, it lies 

between translation-free (with a corresponding K factor of 1.0) and translation- fixed 

(with a corresponding K factor of 0.7). In this study, a value of 0.85 was used to estimate 

the buckling resistance, which was verified to be reasonable and conservative by the 

test results presented in Section 4.3. 

 

4.Experimental tests  

4.1.Test specimens and material properties  

This section presents the results of the experimental tests conducted to investigate the 

behaviour of the proposed SCDBBs. Specifically, five tests as shown in Fig. 12 were 

performed to analyse the behaviour under tensile loading, while another four tests 

focused on studying the behaviour during installation. On the one hand, regarding the 

tensile loading tests, the main objectives were to assess the ultimate resistance and 

identify the failure modes. On the other hand, the installation tests aimed to determine 



the maximum push force and potential plasticity in blades of the EEN during the 

installation process. Table 1 provides details of the nine experimental specimens used 

in these tests. The labels of the specimens indicate the bolt size, with letters ‘c’, ‘t’, ‘g’, 

and ‘l’, denoting the cut width, thickness, gap, and length of the blades, respectively. 

The number preceding each letter corresponds to the geometric dimension in 

millimetres. For example, the specimen labelled ‘M8 2.5c 2.3t 1.5g 37l’ refers to a 

specimen with an M8 bolt shank, while the cut width, thickness, gap, and length of the 

blades are 2.5 mm, 2.3 mm, 1.5 mm, and 37 mm, respectively.  

 

Fig. 12.Photo of test specimens. 

 
 
 
 



Table 1 Test specimen information 

Test 
type Specimen Label 

Bolt 
shank 
grade 

Bolt 
shank 

diameter 
(mm) 

c 
(mm) 

t 
(mm) 

g 
(mm) 

l 
(mm) 

Diameter 
of EEN 

ring 
(mm) 

Depth 
of EEN 

ring 
(mm) 

Tensile 
loading 

test 

M8 2c 2.3t 1.7g 20l 10.9 8 2.0 2.3 1.7 20 12.6 8 
M8 2.5c 2.3t 1.5g 37l 10.9 8 2.5 2.3 1.5 37 12.6 8 
M8 2.7c 2.2t 1.8g 37l 10.9 8 2.7 2.2 1.8 37 16.0 8 

M12 3c 2t 2g 39l 8.8 12 3.0 2.0 2.0 39 21.0 11 
M16 2.5c 2.2t 2g 45l 8.8 16 2.5 2.2 2.0 45 32.0 15 

Installa
tion test 

M8 2.5c 2.3t 1.5g 37l - 8 2.5 2.3 1.5 37 12.6 8 
M8 2.7c 2.2t 1.8g 37l - 8 2.7 2.2 1.8 37 16.0 8 

M12 3c 2t 2g 39l - 12 3.0 2.0 2.0 39 21.0 11 
M16 2.5c 2.2t 2g 45l - 16 2.5 2.2 2.0 45 32.0 15 
 

It should be noted that the dimensions of the test specimens did not strictly adhere to 

the geometric constraints outlined in Section 3. This deviation was intentional in order 

to expose different failure modes and validate the numerical models described in 

subsequent sections. In the case of M8 specimens, Grade 10.9 bolt shanks were utilized 

to facilitate comparison with RMH, as only Grade 10.9 RMHs are currently available 

in the market, the corresponding results have been reported by authors [30]. The 

material properties of each component of the test specimens were determined through 

tension coupon tests. Circular coupons were fabricated from steel bars used to construct 

the test specimen components. However, due to the small size of the M8 bolt shank, it 

was not feasible to fabricate a tension coupon for the Grade 10.9 bolt shank. The 

material properties obtained from the different parts of the test specimens are provided 

in Table 2. 

 

 

 



Table 1 Measured material properties 

Component 

 Circular Coupons 
 E fy,c fu,c εu,c εf,c 
 GPa MPa MPa % % 

Grade 8.8 Bolt 
Shank 

Coupon 1 208 946 1012 4.39 14.22 

Coupon 2 209 885 957 4.57 14.35 

EEN 
Coupon 1 211 996 1158 6.11 14.33 

Coupon 2 210 992 1149 5.24 13.30 

Sleeve 
Coupon 1 216 462 853 12.36 20.79 

Coupon 2 211 473 856 10.63 19.27 
Note: Presented are true stress/strain values, with εu,c and εf,c referring to strains at ultimate 
stress and at fracture of coupons, respectively. 

 

4.2.Test set-up and test programme  

The experimental tests were carried out using an MTS 600 kN hydraulic tension 

machine. A specially designed test rig, depicted in Fig. 13, was utilized. The green 

plates in Fig. 13 represent the two components that will be joined together by the 

SCDBB. It should be noted that the thin green plates were for M8 specimens only to 

convenient the comparison with RMH, while thick green plates were used for M12/M16 

specimens to ensure the test rig is rigid. For each test specimen, the plates with the 

corresponding bolt holes were fixed in place.  

In the case of the tensile loading tests, two rods at the ends of the test rig were clamped 

to the upper and lower grips of the tension machine, and an axial load was applied, as 

shown in Fig. 14(a). Throughout the tests, the applied load and the displacement of the 

machine grips were constantly monitored and recorded. First, a preload of 

approximately 10% of the estimated bolt shank resistance was applied to prevent any 

slippage and verify the accuracy of the equipment. After the preloading stage, 



displacement-controlled loading was implemented with a rate of 0.1 mm/min until 

failure occurred. 

 

Fig. 13. Schematic of the test rig. 

 

Fig. 14. Test setup photos: (a) for ultimate resistance, (b) for installation force. 



For the installation tests, only the lower part of the test rig was employed and clamped 

to the lower grip of the tension machine, as shown in Fig. 14(b). In order to simulate 

the installation process, a long bolt shank along with the corresponding EEN was used. 

Initially, the EEN was positioned below the connected plate. The opposite end of the 

bolt shank was fastened to the upper grip of the tension machine. The upper grip applied 

an axial load to draw the EEN through the bolt hole. The applied load was continuously 

monitored and collected during the test. As it was challenging to affix strain gauges 

onto the EEN, the alteration in geometric dimensions before and after the installation 

process was analysed to assess the development of plasticity. 

 

4.3.Test results and discussion  

During the tensile loading tests, various failure modes were observed. In the case of the 

three M8 specimens, the bolt shanks fractured at the ultimate load, while no significant 

deformation was observed in the other components, as shown in Fig. 15(a)-(c). In the 

case of specimens M12 3c 2t 2g 39l and M16 2.5c 2.2t 2g 45l, buckling of the blades 

occurred at the ultimate load. For the development of the buckling, several blades 

buckled inward first, causing the EEN to incline towards the buckled blades and 

resulting in outward bending of the remaining blades. Fig. 15 (d) and (e) show the 

buckled blades of specimens M12 3c 2t 2g 39l and M16 2.5c 2.2t 2g 45l, respectively. 

Table 3 summarizes the results of the five tensile loading tests.  



 

Fig. 15.Failure modes of: (a) M8 2c 2.3t 1.7g 20l, (b) M8 2.5c 2.3t 1.5g 37l, (c) M8 

2.7c 2.2t 1.8g 37l, (d) M12 3c 2t 2g 39l, (e) M16 2.5c 2.2t 2g 45l. 

Regarding the four installation force tests, Table 3 presents the maximum forces 

recorded during these tests. All the maximum forces were found to be smaller than 1.0 

kN, indicating that all the tested SCDBBs could be easily pushed through the bolt hole 

without the need for tools. By comparing the geometric features and dimensions of the 

EENs before and after the tests, negligible changes within the margin of error were 

observed, indicating that no plasticity had developed in the blades during installation. 



Table 2 Results of tests. 

Test type Specimen Failure mode 
Ultimate resistance / 

Max force 
(kN) 

Tensile 
loading 

tests 

M8 2c 2.3t 1.7g 20l Bolt shank fracture 40.74 
M8 2.5c 2.3t 1.5g 37l Bolt shank fracture 42.65 
M8 2.7c 2.2t 1.8g 37l Bolt shank fracture 41.84 

M12 3c 2t 2g 39l Blade buckling 58.60 
M16 2.5c 2.2t 2g 45l Blade buckling 152.14 

Installation 
tests 

M8 2.5c 2.3t 1.5g 37l - 0.36 
M8 2.7c 2.2t 1.8g 37l - 0.71 

M12 3c 2t 2g 39l - 0.51 
M16 2.5c 2.2t 2g 45l - 0.70 

 

 

5. Numerical modelling and validation  

In order to facilitate a more comprehensive numerical parametric study, a finite element 

(FE) modelling procedure was developed for SCDBBs. This procedure was validated 

by comparing the experimental test results with the numerical results, which will be 

elaborated in this section. 

5.1. Finite element modelling method  

Numerical models to simulate the tensile loading tests and installation tests were 

constructed in the commercial finite element software package ABAQUS 2019 [34]. 

For all components of the structure, the general-purpose 3-dimensional 8-noded solid 

elements of the type C3D8R were used. For modelling each SCDBB, individual 

components were initially created and then assembled to form the complete bolt, as 

depicted in Fig. 16. The threads in the bolt shank and nuts were not included in the 

model. However, in order to account for the reduction in cross-sectional area arising 

from the threads, the diameter of the bolt shank was adjusted to maintain the same net 

cross-sectional area as that of a real threaded bolt shank. The diameter of the nut hole 

was modified accordingly. The connection between the bolt shank and nuts was 



modelled using the ‘tie’ constraint. Additionally, an out-of-straightness of the ratio 

1/500 was introduced at the mid-span of the EEN blades to consider the imperfection 

due to fabrication tolerances. The material properties for each component were defined 

in accordance with the coupon test results. The plastic material behaviour was defined 

using the isotropic hardening rule. The material properties for the Grade 10.9 bolt shank 

were adopted from the reference [35].  

 

Fig. 16. FE models of SCDBB in parts and full assembly. 

The test rigs were modelled and assembled to match the setup used in the experimental 

tests, as shown in Figs. 17 and 18. The test rigs and bolts were initially positioned so 

that the bolt shank and the bolt hole were in contact, which is a closer representation of 

the real condition. The ‘hard contact’ was employed to define the normal contact 

behaviour between steel components, and the frictional contact behaviour was defined 

for tangential contact. A static friction coefficient of 0.3 was assigned to surfaces 

without lubricating oil for tensile resistance tests [36], while a kinetic/sliding friction 

coefficient of 0.15 was used for lubricated surfaces in installation force tests [37].  

 



Fig. 17. FE model for tensile loading tests. 

 

Fig. 18. FE model for installation tests. 

For simulation of the tensile loading tests, one end of the test rig was fixed, and the load 

was applied to the other end. For simulation of the installation tests, the end of the test 

rig was fixed, and the load was applied to the end face of the EEN in order to draw the 

EEN through the bolt hole. 

 

5.2.Mesh sensitivity study  

The accuracy of numerical simulation results can be influenced by the mesh of finite 

element (FE) models, particularly for critical components [38–40]. Theoretical analyses 

and experimental tests have demonstrated the significant role of the EEN blades in the 

behaviour of SCDBBs under tensile loading and during the installation process. A key 

mesh parameter for the blades is the layer of elements through their thickness. In this 

study, the sensitivity to the mesh layers of elements of blades was studied. Numerical 

models were developed for the M12 and M16 specimens in the installation tests. For 

each EEN model, the layer of elements for the blades varied from 1 layer to 4 layers, 

as depicted in Fig. 19. Fig. 20 presents the comparison of results of the same model 



with different layers of mesh. As shown, results converged with 3 layers, which will be 

adopted in the following FE models. 

 

Fig. 19. Elastic expansion nut with different layers of mesh in blades. 

 

Fig. 20. Effect of different layers of mesh on installation forces. 

 

5.3.Validation of the FE modelling method  

To validate the developed FE modelling method, numerical simulations were 

conducted for all the tensile loading tests and the installation tests presented in Section 



4. Comparison between the experimental test results and the numerical results was then 

performed. Firstly, for the five tensile loading tests, the FE simulations accurately 

captured the failure modes observed in the tests, as shown in Fig. 21. Furthermore, the 

ultimate resistances predicted by the FE simulations matched well with the 

corresponding test results. As shown in Table 4, the ratios of the FE result to the test 

result ranged from 0.93 to 1.1, with a mean of 0.99. Notably, there were slightly larger 

discrepancies observed for the two test specimens that experienced blade buckling, 

resulting in FE-to-test ratios of 0.93 and 1.1. This discrepancy can be attributed to the 

sensitivity of blade buckling to various factors, including imperfections, deviations 

from straightness, and flatness of the contact surfaces, etc. It is possible that these 

factors were not precisely captured in the FE models. However, overall, the developed 

FE models demonstrate a commendable ability to accurately represent the behaviour of 

SCDBBs under tensile loading.  

 

Fig. 21.Comparison between FE and test results: (a) fracture of bolt shank of M8 

specimens, (b) blade buckling of specimen M12 3c 2t 2g 39l, (c) blade buckling of 

specimen M16 2.5c 2.2t 2g 45l. 



Table 3 Comparison between test and FE results for the tensile loading tests 

Specimen ID 
 Ultimate resistance (kN)   Failure mode  

Test FE FE to Test 
Ratio Test FE 

M8 2c 2.3t 1.7g 20l 40.74 40.7 1.0 Bolt shank 
fracture 

Bolt shank 
fracture 

M8 2.5c 2.3t 1.5g 37l 42.65 40.7 0.96 Bolt shank 
fracture 

Bolt shank 
fracture 

M8 2.7c 2.2t 1.8g 37l 41.84 40.7 0.97 Bolt shank 
fracture 

Bolt shank 
fracture 

M12 3c 2t 2g 39l 58.60 64.3 1.1 Blade 
buckling 

Blade 
buckling 

M16 2.5c 2.2t 2g 45l 152.14 141.0 0.93 Blade 
buckling 

Blade 
buckling 

 

Regarding the installation tests, the FE simulations predicted the maximum installation 

forces with satisfactory accuracy, as shown in Table 5. The discrepancy between the 

FE and test results was mainly attributed to the significant variation in the real frictional 

force. Additionally, the forces were measured by the built-in sensor of the 600 kN 

loading machine. Since the maximum forces were of small magnitude (all below 1 kN), 

the measurement errors may have had a considerable impact on the accuracy of the 

collected data. Moreover, the FE simulations predicted no plasticity, which aligned well 

with the experimental observations.  

Overall, the developed FE modelling procedure was successfully validated to simulate 

the behaviour of SCDBBs under tensile loading and during installation with satisfactory 

accuracy. This lays the foundation for conducting more extensive numerical parametric 

studies. 

Table 4 Comparison between test and FE results for the installation tests 

Specimen ID  Max force (kN)   Plasticity  
Test FE Test FE 

M8 2.5c 2.3t 1.5g 37l 0.36 0.22 None None 
M8 2.7c 2.2t 1.8g 37l 0.71 0.56 None None 

M12 3c 2t 2g 39l 0.51 0.33 None None 
M16 2.5c 2.2t 2g 45l 0.70 0.76 None None 

 



 

6. Parametric study  

In order to analyse a wider range of design scenarios, understand the impact of key 

design parameters on behaviour, and optimise the design, a parametric study was 

conducted and detailed in this section. 

 

6.1. Parametric analyses  

The experimental tests highlighted the significance of the EEN blades in determining 

the behaviour of SCDBBs during installation and under tensile loading. Four key 

geometric parameters were identified for the blades: length (l), thickness (t), gap (g), 

and cut width (c). A reference design case was initially defined for each M8, M12, and 

M16 SCDBB by applying the constraints discussed in Section 3. To examine the 

influence of the four identified design parameters, variations were made to each 

parameter independently. This resulted in a total of 53 design cases, whose details are 

presented in Tables 6, 7, and 8, respectively. For each of the 53 design cases, two FE 

models were created and analysed to simulate the behaviour under tensile loading and 

during installation. Consequently, a total of 106 FE simulations were conducted, which 

form the basis for the discussion on the effect of the four design parameters in the 

subsequent sections. The nominal material properties were used for the FE models in 

the parametric study. 

Table 5 Parametric design cases of M8 SCDBBs 

Specimen Label l  
(mm) 

t 
(mm) 

g 
(mm) 

c 
(mm) 

Reference case 
M8 2.4t 1.6g 3.0c 40l 40 2.4 1.6 3.0 

M8 2.4t 1.6g 3.0c 30l 30 2.4 1.6 3.0 
M8 2.4t 1.6g 3.0c 35l 35 2.4 1.6 3.0 
M8 2.4t 1.6g 3.0c 45l 45 2.4 1.6 3.0 
M8 2.4t 1.6g 3.0c 50l 50 2.4 1.6 3.0 



M8 2.0t 1.6g 3.0c 40l 40 2.0 1.6 3.0 
M8 2.2t 1.6g 3.0c 40l 40 2.2 1.6 3.0 
M8 2.6t 1.6g 3.0c 40l 40 2.6 1.6 3.0 
M8 2.8t 1.6g 3.0c 40l 40 2.8 1.6 3.0 
M8 2.4t 1.2g 3.0c 40l 40 2.4 1.2 3.0 
M8 2.4t 1.4g 3.0c 40l 40 2.4 1.4 3.0 
M8 2.4t 1.8g 3.0c 40l 40 2.4 1.8 3.0 
M8 2.4t 2.0g 3.0c 40l 40 2.4 2.0 3.0 
M8 2.4t 1.6g 2.6c 40l 40 2.4 1.6 2.6 
M8 2.4t 1.6g 2.8c 40l 40 2.4 1.6 2.8 
M8 2.4t 1.6g 3.2c 40l 40 2.4 1.6 3.2 
M8 2.4t 1.6g 3.4c 40l 40 2.4 1.6 3.4 

 

 

Table 6 Parametric design cases of M12 SCDBBs 

Specimen Label l  
(mm) 

t 
(mm) 

g 
(mm) 

c 
(mm) 

Reference case 
M12 2.2t 2.2g 2.2c 45l 45 2.2 2.2 2.2 

M12 2.2t 2.2g 2.2c 35l 35 2.2 2.2 2.2 
M12 2.2t 2.2g 2.2c 40l 40 2.2 2.2 2.2 
M12 2.2t 2.2g 2.2c 50l 50 2.2 2.2 2.2 
M12 2.2t 2.2g 2.2c 55l 55 2.2 2.2 2.2 
M12 1.8t 2.2g 2.2c 45l 45 1.8 2.2 2.2 
M12 2.0t 2.2g 2.2c 45l 45 2.0 2.2 2.2 
M12 2.4t 2.2g 2.2c 45l 45 2.4 2.2 2.2 
M12 2.6t 2.2g 2.2c 45l 45 2.6 2.2 2.2 
M12 2.2t 1.8g 2.2c 45l 45 2.2 1.8 2.2 
M12 2.2t 2.0g 2.2c 45l 45 2.2 2.0 2.2 
M12 2.2t 2.4g 2.2c 45l 45 2.2 2.4 2.2 
M12 2.2t 2.6g 2.2c 45l 45 2.2 2.6 2.2 
M12 2.2t 2.2g 1.8c 45l 45 2.2 2.2 1.8 
M12 2.2t 2.2g 2.0c 45l 45 2.2 2.2 2.0 
M12 2.2t 2.2g 2.4c 45l 45 2.2 2.2 2.4 
M12 2.2t 2.2g 2.6c 45l 45 2.2 2.2 2.6 

 

 

Table 7 Parametric design cases of M16 SCDBBs 

Specimen Label l  
(mm) 

t 
(mm) 

g 
(mm) 

c 
(mm) 

Reference case 
M16 2.4t 2.2g 2.4c 50l 50 2.4 2.2 2.4 

M16 2.4t 2.2g 2.4c 40l 40 2.4 2.2 2.4 
M16 2.4t 2.2g 2.4c 45l 45 2.4 2.2 2.4 
M16 2.4t 2.2g 2.4c 55l 55 2.4 2.2 2.4 



M16 2.4t 2.2g 2.4c 60l 60 2.4 2.2 2.4 
M16 2.4t 2.2g 2.4c 65l 65 2.4 2.2 2.4 
M16 2.4t 2.2g 2.4c 70l 70 2.4 2.2 2.4 
M16 2.0t 2.2g 2.4c 50l 50 2.0 2.2 2.4 
M16 2.2t 2.2g 2.4c 50l 50 2.2 2.2 2.4 
M16 2.6t 2.2g 2.4c 50l 50 2.6 2.2 2.4 
M16 2.8t 2.2g 2.4c 50l 50 2.8 2.2 2.4 
M16 2.4t 1.8g 2.4c 50l 50 2.4 1.8 2.4 
M16 2.4t 2.0g 2.4c 50l 50 2.4 2.0 2.4 
M16 2.4t 2.4g 2.4c 50l 50 2.4 2.4 2.4 
M16 2.4t 2.6g 2.4c 50l 50 2.4 2.6 2.4 
M16 2.4t 2.2g 2.0c 50l 50 2.4 2.2 2.0 
M16 2.4t 2.2g 2.2c 50l 50 2.4 2.2 2.2 
M16 2.4t 2.2g 2.6c 50l 50 2.4 2.2 2.6 
M16 2.4t 2.2g 2.8c 50l 50 2.4 2.2 2.8 

 

 

6.2. Effect of length  

Fig. 22(a) illustrates the relationship between the ultimate resistance of SCDBB under 

tensile loading and the length of the EEN blades. The graph demonstrates that as the 

length of the blades increases, the failure mode changes from fracture of the bolt shank 

to buckling of the EEN blades. This observation aligns with the theoretical prediction 

outlined in Section 3.4.  

Fig. 22(b) depicts the changes in the maximum installation force and the development 

of plasticity in the blades as the length of the blades varies. The graph illustrates that 

with the increase in the blade length, the maximum installation forces reduce at a 

decreasing rate. This decrease occurs because longer blades have less bending stiffness, 

leading to lower contact forces between the blades and the bolt hole during installation. 

Consequently, a reduced frictional force is generated. It is worth noting that as the blade 

length shortens and stiffness increases, plasticity may occur at the blade root. This 

plastic deformation remains even after the blades pass through the bolt hole.  



 

Fig. 22.Effect of the length of blades: (a) under tensile loading, (b) during installation. 

While reducing the length of the blades effectively avoids buckling, it also leads to 

higher installation forces. Additionally, shorter blades may introduce plasticity at the 

blade root, causing the blades to not return to their original positions and potentially 

resulting in insufficient contact between the blades and the connected components. 

Therefore, careful consideration must be given to selecting the blade length, balancing 

its behaviour under tensile loading and during installation. Based on the parametric 

analyses, the appropriate ranges for blade length variations are (35, 45), (35, 45), and 

(45, 55) mm for the reference cases of M8, M12, and M16, respectively. 

 

6.3.Effect of thickness  

Fig. 23(a) depicts the relationship between the ultimate resistance of SCDBB under 

tensile loading and the thickness of blades. As the thickness increases, the blades 

become relatively stronger compared to the bolt shank. The failure mode remains 

consistent, with the bolt shank fracturing and the ultimate resistance of the bolt 

remaining unchanged. However, when the thickness of the blades decreases, there is a 

potential for blade buckling to occur, resulting in decreased ultimate resistance.  

In Fig. 23(b), the maximum installation force and the development of plasticity in the 

blades are shown in relation to the thickness of blades. For all three bolt sizes, the 



maximum installation forces increase nearly linearly with the increase in blade 

thickness. Additionally, no plasticity is observed at the blade root for the various blade 

thicknesses studied. This suggests that the blades will return to their original positions 

after being pushed through the bolt hole.  

 

Fig. 23. Effect of the thickness of blades: (a) under tensile loading, (b) during 

installation. 

Increasing the thickness of the blades effectively enhances their resistances. To prevent 

buckling, the thickness should be greater than 2.2 mm for the three reference cases of 

M8, M12, and M16. The variation in thickness does not cause plasticity during the 

installation process, but the upper bound of thickness should consider the increased 

installation force, as it may make installation more difficult. 

 

6.4.Effect of gap  

Fig. 24(a) illustrates the variation of ultimate resistance of SCDBB under tensile 

loading with the gap of blades. In general, the variation in the gap of blades does not 

result in variation in the ultimate resistance under tensile loading, as it does not result 

in notable variation in the resistance of blades and therefore does not lead to change of 

failure modes. However, for the M12 1.8g and M16 1.8g cases, where the gaps are 



small and the blade end faces do not fully contact the connected plate, the blades 

experienced eccentric compression and buckled before the bolt shanks developed their 

full resistance.  

In Fig. 24(b), the maximum installation force and the development of plasticity in the 

blades are shown in relation to the gap of blades. The maximum installation forces 

increase linearly with the increase in the gap, as larger gaps require more compression 

of the blades to pass through the bolt hole. It is also observed that for M8 cases with a 

gap larger than 1.8 mm, M12 cases with a gap larger than 2.4 mm, and M16 cases with 

a gap larger than 2.4 mm, plasticity develops at the blade root during installation.  

 

Fig. 24. Effect of the gap of blades: (a) under tensile loading, (b) during installation. 

To achieve a balance between behaviour under tensile loading and installation, the gap 

of blades should be carefully designed. A small gap may result in partial contact 

between the blades and the connected component, leading to eccentric compression and 

buckling under tensile loading. On the other hand, a large gap requires significant 

installation force and may induce plasticity at the blade root during installation. Based 

on the parametric analyses, the appropriate blade gaps for the reference cases of M8, 

M12, and M16 should fall within the ranges of (1.2, 1.6), (2.0, 2.2), and (2.0, 2.2) mm, 

respectively. 



6.5.Effect of cut width  

Fig. 25(a) shows the variation of ultimate resistance of SCDBB under tensile loading 

with the cut width of blades. It can be observed that the ultimate resistances remain 

unchanged, and the failure mode remains the same (i.e., bolt shank fracture) for the 

different cut widths studied. As the cut width increases, the maximum installation force 

decreases (as shown in Fig. 25(b)) due to less blade area. However, the reduction is 

minimal.  

 

Fig. 25. Effect of the cut width of blades: (a) under tensile loading, (b) during 

installation. 

As can be seen, the behaviour of SCDBBs shows limited sensitivity to the cut width. 

Given the only geometric constraint of the cut width is to avoid conflict between blades 

during the installation process, as elaborated in Section 3.1. The implication for design 

is that during design process, the cut width can be firstly determined to speed up the 

optimisation process. 

 

6.6. Validation of analytical models  

The analytical models presented in Section 3 serve as a preliminary means of 

determining the geometric dimensions of the bolts and act as a starting point for further 



optimisation. Based on these models, geometric dimension constraints were derived to 

prevent blade buckling under tensile loading and blade yielding during installation. To 

assess their accuracy, comparison was conducted between the predictions from the 

analytical models and the results obtained in experimental tests with the reference cases 

in FE simulations. The comparison is summarized in Table 9.  

As depicted in Table 9, the predictions from the analytical models align well with the 

experimental and FE results in the majority of cases. This strong correlation serves as 

validation for the accuracy of the analytical models. Therefore, the theoretical models 

presented in Section 3 can be regarded as reliable tools for preliminary determination 

of SCDBB dimensions. 

Table 9 Comparison between analytical predictions and results of experimental tests 
and FE simulations 

 Specimen label  Failure mode  Yielding of blades 
 Prediction Result Prediction Result 

Test 

M8 2c 2.3t 1.7g 20l Bolt shank fracture Bolt shank fracture Y Y 
M8 2.5c 2.3t 1.5g 37l Bolt shank fracture Bolt shank fracture N N 
M8 2.7c 2.2t 1.8g 37l Bolt shank fracture Bolt shank fracture N N 

M12 3c 2t 2g 39l Blade buckling Blade buckling N N 
M16 2.5c 2.2t 2g 45l Blade buckling Blade buckling N N 

FE 
M8 2.4t 1.6g 3.0c 40l Bolt shank fracture Bolt shank fracture N N 

M12 2.2t 2.2g 2.2c 45l Blade buckling Bolt shank fracture N N 
M16 2.4t 2.2g 2.4c 50l Blade buckling Bolt shank fracture N N 

 

 

7.Conclusions and design recommendations  

A novel blind bolt, that combines high tensile resistance and stiffness with easy and fast 

installation/demounting capabilities, was proposed in this study and named SCDBB 

(Swift-Constructed Demountable Blind Bolt). The components, intended working 

mechanism, and fabrication process of SCDBBs were introduced. Geometric 

constraints of the critical components were then derived based on the desired behaviour. 

To study the behaviour of SCDBBs under tensile loading and performance during 



installation process, 9 experimental tests were conducted. Subsequently, numerical 

finite element (FE) models are developed and validated by comparing the numerical 

results with the experimental data. To further explore the impact of key design 

parameters on the behaviour of the bolts under tensile loading and during installation, 

parametric studies consisting of 106 FE models were conducted for bolts of three sizes 

with variations in four key design parameters. The main findings and conclusions are 

as follows.  

1. The proposed SCDBBs can be installed and removed in a fast and efficient manner, 

which has been verified by the practice of 9 experimental tests. For the studied bolts of 

3 different sizes (M8, M12, and M16), the maximum installation forces are generally 

less than 1 kN.  

2. Under maximum tensile loading, two failure modes, namely, the fracture of bolt 

shank and the buckling of the EEN blades, are revealed. The former is preferred as the 

buckling of the EEN blades will alter the force transferring mechanism and result in an 

abrupt loss in the bolt resistance.  

3. Reducing the length of the blades can effectively prevent buckling. However, shorter 

blades will lead to higher installation forces. Additionally, shorter blades may introduce 

plasticity at the blade root, causing the blades to not return to their original position and 

potentially resulting in insufficient contact between the blades and the connected 

components. Careful consideration must be given to selecting the blade length, 

balancing its behaviour under tensile loading and during installation. The appropriate 

range for blade length variations is (35, 45), (35, 45), and (45, 55) mm for the reference 

cases of M8, M12, and M16, respectively.  

4. Increasing the thickness of the blades can effectively enhance their resistances, and 

to prevent buckling, the thickness should be greater than 2.2 mm for the three reference 



cases of M8, M12, and M16. The variations in thickness in the parametric study did not 

cause plasticity during the installation process, but the upper limit of thickness should 

consider the increased installation force, as it may make installation more difficult.  

5. A small gap may result in partial contact between the blades and the connected 

component, leading to eccentric compression and buckling under tensile loading. On 

the other hand, a large gap requires significant installation force and may induce 

plasticity at the blade root during installation. Based on the parametric analyses, the 

appropriate blade gaps for the reference cases of M8, M12, and M16 should fall within 

the ranges of (1.2, 1.6), (2.0, 2.2), and (2.0, 2.2) mm, respectively.  

6. The behaviour of SCDBBs is less sensitive to the cut width of the EEN blades. To 

speed up the optimisation process, the cut width can be firstly determined based on the 

geometric constraint to avoid conflict between blades during the installation process. 
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