
JOURNAL OF MECHANICAL ENGINEERING AND SCIENCES (JMES) 
ISSN: 2289-4659     e-ISSN: 2231-8380 
VOL. 15, ISSUE 4, 8635 – 8643 
DOI: https://doi.org/10.15282/jmes.15.4.2021.16.0682  

 

 

 
*CORRESPONDING AUTHOR  |  M. A. Yunus  |    mayunus@uitm.edu.my 8635 
© The Authors 2021. Published by Penerbit UMP. This is an open access article under the CC BY license.  
 

ORIGINAL ARTICLE 

The improvement of bolted joints model via finite element model updating method    

M.A Yunus,12, M.N Abdul Rani12, M.A.S. Aziz Shah1, M.S M. Sani3 and Z.Yahya4       

1 Structural Dynamics Analysis & Validation (SDAV), Faculty of Mechanical Engineering, Universiti Teknologi MARA (UiTM), 40450 Shah Alam, 
Selangor, Malaysia  
Phone: +60355436020; Fax: +60355436073 
2 Institute for Infrastructure Engineering and Sustainable Management  (IIESM), Universiti Teknologi MARA (UiTM), 40450 Shah Alam,  

Selangor, Malaysia 
3 Faculty of Mechanical and Automotive Engineering, Universiti Malaysia Pahang, 26600 Pekan, Pahang, Malaysia 
4 Faculty of Computing and Multimedia, Kolej Universiti Poly-Tech MARA, 56100, Kuala Lumpur  

 

 

ARTICLE HISTORY 
Received: 15th Feb. 2021 
Revised: 23rd Nov. 2021 
Accepted: 03rd Dec. 2021      
 

KEYWORDS 
Thin sheet metal; 

bolted joints; 

modal based updating; 

local effects 

INTRODUCTION 

Bolted joints have been widely used as jointed mechanism for assembled automotive structures. Typically, thin metal 

sheets which are in dissimilar sizes are used to form automotive structure parts which are combined together by a thousand 

numbers of bolted joints. The bolted joints have been preferable among others joining methods mainly because of the 

joint versatility such as can be easily dissembled and maintained in comparison with spot welds or adhesive [1, 2]. 

Although the recent survey articles [3–5] reported many advances in their finding. However, the problem is that improving 

the predicted model of the bolted joints remains to be difficult and challenging.  

Understandably, numerical analysis such as finite element (FE) method is a practical computational tool that are 

widely used to provide initial solutions to the engineering problems and are becoming increasingly popular in engineering 

design and analysis to predict the initial dynamic characteristic of structure [6]. However, the predicted result from initial 

FE model of the bolted joined structure is often found to be inconsistent with the experimental data. This is due to the 

input data of the initial FE model are made based on nominal value [7–10]. On top of that, the factors of over simplification 

on the jointed properties such as local geometry features, boundary conditions and inaccurate of joints modelling also 

affects the quality of the developed FE model. 

The simplifications of the local effects can lead inaccuracy being introduced in the mathematical model of a structure 

[11–13]. On top of that, [14–16] mentioned that the local effects due to joints are difficult to measure and calculate 

theoretically and therefore the finite element models are prone to be inaccurate or incorrect. In developing mathematical 

model of bolted joint structure using FE method, several schemes have been implemented among the researchers and 

among the schemes, FE model based on solid element, coupling techniques, rigid element, and beam connectors has been 

frequently discussed [17]. In recent, simplified version of bolted joint in FE model such as implementation of spring 

elements have been demanding subject due to its versatility to represent bolt flexibility stiffness in various degree of 

freedoms [18]. Studies by Brown et al. [19] , Xiao et al. [20] and Soderberg [21] explained the important of stiffness 

flexibilities in bolted joint. Omar et al. [22] discussed the implementation of swift’s formulation in bush element 

(CBUSH) for simulating bolted joints stiffness where the finding highlights advantages of the scheme in calculating 

ABSTRACT – Efficient schemes to represent mathematical model of thin-sheet metal structures 
jointed by bolted joints for accurately predict the structure dynamic behaviour has been a significant 
unresolved issue in structural dynamics community. The biggest challenge is to efficiently 
incorporate the joints local deformation effects on the developed mathematical model via finite 
element (FE) method. Generally, the joints local deformation typically exerts on the joints mating 
area. To solve this issue, this paper proposes efficient schemes to represent mathematical model 
of thin-sheet metal structures jointed by bolted joints with application to accurately calculate the 
structure dynamic behaviour using FE model updating method. The initial FE model of the 
assembled structure was developed by employed Fastener Connector (CFAST) in MSC NASTRAN 
software to represent the bolted joints while, the inclusion of the local deformation effects at the 
bolted joints mating area was represented by contact elements. Then, the responses obtained from 
the FE model was evaluated by weight up with experimental data. FE model updating (FEMU) 
method then was utilised for minimising prediction discrepancies originated from the initial FE 
model based on the experimental data. The proposed scheme shows the accuracy of the initial 
prediction was improved from 25.03 % to 14.65 %  while the accuracy of the predicted mode 
shapes via modal assurance criterion (MAC) analysis were above 0.8. Therefore, the findings offer 
useful schemes for improving the quality of predicted dynamic behaviour, particularly in the thin-
sheet metal jointed structure and the developed model can be used with confident for any 
subsequence dynamic analyses. 
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structure dynamic behaviour. In additions, Zhan et al. [23] analyse stochastic dynamic behaviour of bolted joint by 

composing bolt shank stiffness and contact stiffness in CFAST element using Hugh flexibility stiffness. 

It is very crucial for engineers to develop accurate FE model for improving structure’s behaviour at the design level 

apart of savings in terms of money and time prior to be used for subsequence analysis [4, 24]. Furthermore, accuracy of 

FE model can be evaluated by means of model validation, which refers to the process of determining the degree of 

accurateness of the initial model based on the modal properties of the joints that can be extracted from the experimental 

counterpart. Subsequently, the responses of the initial FE model particularly natural frequencies and mode shapes are 

required to be match up against the experimental counterpart to verify the validity the developed FE model.  

This paper proposes efficient scheme to represent mathematical model of bolted joint in assembled thin-sheet metal 

structure for accurately predict the structure dynamic behaviour. Initially, the mathematical model of the thin-sheet metal 

components of the assembled structure namely as Thin-Plate 1 and Thin-Plate 2 are develop using FE method and the 

predicted dynamic behaviour of Thin-Plate 1 and Thin-Plate 2 are calculated in term of natural frequencies and mode 

shapes. For focusing on modelling of the bolted joints, the initial FE model are updated against EMA data of the plate 

components respectively. Then, FE model of assembled thin-sheet metal is develop by utilising the updated FE models 

of the plate components and CFAST element connector as bolted joints. The dynamic behaviour of the initial assembled 

FE model is calculated in term of natural frequencies and mode shapes. The prediction results from the initial FE model 

are compared with those obtained from the experimental counterpart to evaluate the model accuracy. Finally, FEMU is 

employed to improve the initial prediction. 

 

EXPERIMENTAL WORK 

Experimental modal analysis (EMA) is an experimental process that typically used to identify structure dynamic 

responses. In EMA, the identified dynamic behaviour in terms of natural frequencies, mode shapes and damping are 

derived from modal model of structural system [25–27]. Generally, the dynamic behaviour obtained from the 

experimental process are used as reference data when evaluating quality of mathematical model. In this paper, the 

structure under investigation which are the Thin-Plate 1, Thin-Plate 2 and the assembled structures were test using EMA 

procedure for obtaining structure’s responses. The assembled structure was formed from Thin Plate 1 (green), Thin Plate 

2 (blue) and they are assembled together by a number of bolts and nuts. The schematic of the assembled structure is 

shown in Figure 1. Meanwhile, the details properties of the assembled structure are tabulated in Table 1.  

 

Figure 1. The schematic of the assembed Thin Plate 1-2 structures 

 

Table 1.  Mechanical properties of the Thin-Plate structures [28] 

Mechanical Properties Steel (A283) 

Young’s modulus 210 GPa 

Shear modulus 81 GPa 

Density 7900 kg/m3 

Poisson’s ratio 0.31 

Thickness 1.5 mm 

 

Experimental Procedure 

In the experimental work, the soft springs were employed to hang the structures to replicate free-free boundary 

conditions. As shown in Figure 2, LMS SCADAS was used to extract structure responses from the experimental work. 

Prior that, the roving accelerometer method was utilised in the experimental work for eliminating mass loading issues 

during the experimental work. There are two uniaxial accelerometers were employed in this work as illustrate in Figure 
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2. The identified experimental data of the Thin-Plate 1, Thin-Plate 2 and the assembled structures are illustrated in Column 

I of Table 3, Table 4 and Table 5.  

 

 
Figure 2. EMA set-up 

 

In the EMA, the degree of freedom is a measurement point and the direction of the accelerometer defined on a test 

structure. The structures responses obtained in this study are based on the formulation in Eq. (1) where H(ω) represents 

the structural response to a unit force at the corresponding degrees of freedom and an  index i is used to indicate a response 

DOF, and j an excitation DOF [29]. 

 

𝐇𝑖𝑗 =
𝐗𝑖 (𝜔)

𝐅𝑗(𝜔)
 (1) 

 

FE MODELLING AND MODEL UPDATING  

Normal Mode Analysis 

In this paper, FE model of plate components and bolted joint structures were developed by using MSC 

NASTRAN/PATRAN using CQUAD4 elements. CFAST element connectors then were employed to represent the bolted 

joint connection on the Thin-Plate 1 and Thin-Plate 2. The selection of the CFAST element to represent as bolted joint 

were explained in [30]. The developed FE model is shown in Figure 3. Meanwhile, the input properties values of the bolt 

used in the FE model are tabulated in Table 2.  

 

 

Figure 3. (a) Simplified geometry of the assembled structure and (b) Simplified assembled FE model 

 

Table 2. Values of the bolted joints stiffness 

Parameters of Bolt Joint 

(Translation) 

Stiffness Initial Value              

(N/m) 

KT1 - X 1.38E+06 

KT2 - Y 1.02E+05 

KT3 - Z 1.02E+05 

 

(a) (b) 
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In theoritical point of view, the stiffness of the CFAST element is depended on a few parameters that associated with 

the CFAST fastener property values that can be adjusted such as diameter of bolt D, length of the joint L, mass of the bolt 

M and coupling between of 3 translational degree of freedoms (DOFs) in x, y and z directions and 3 rotational along x, y 

and z axis [30].  

 

The stiffness values of the bolt are described in 6 directions as KT (3 Translation in x, y, z direction)  

 

𝑇𝑥 =
𝐸𝐴

𝐿
, and  𝐾𝑇𝑦 = 𝐾𝐾𝑇𝑧=

1

𝐶
 (2) 

  

and as KR (3 rotational along x, y, z axis) of the bolt is specified as,  

 

𝐾𝑅𝑥 =
𝐺𝐽

𝐿
, 𝐾𝑅𝑦 = 𝐾𝑅𝑧 =

𝐸𝐼

𝐿
+

𝐺2𝐴𝑠𝐿

3
   (3) 

 

The fastener flexibility in shear direction based on Douglas formula [30],  

 

𝑐 =
1.67

𝑑𝑓𝐸𝑓

+ 0.86 (
1

𝑡1𝐸1

+
1

𝑡2𝐸2

) (4) 

 

where,  A for steel bolts = 1.67 and B for steel bolts = 0.86, Ef    is Young’s modulus of  bolt,  and  df  is diameter of  

bolts. E1  is Young’s modulus of first property connected of the bolt and  E2 is Young’s modulus of second property 

connected of the bolt, t1 and t2 are thickness of the bolted plates. Meanwhile, the normal mode solution was used to 

calculated the dynamic behaviour of the components and the bolted joints structure as shown in Figure 3(b). Meanwhile, 

in the FE modelling, the normal mode solution of the developed model were calculated by solving equation of motion 

[31]  

𝐌�̈�(𝑡) + 𝐂�̇�(𝑡) + 𝐊𝑥(𝑡) = 𝐅(𝐭) (5) 

 

where M, C, and K are matrix form of mass, damping and stiffness, while f(t) is the input force and x(t) is the response 

vector. Considering normal mode solution as free vibration problem and the structures under investigation are undamped 

system, Eq. (5) can be simplify as  

 

(−𝜆𝐌 + 𝐊)𝑢 = 0 (6) 

 

where u is the n x 1 modal displacement vector, while 𝜆 is structure responses function of natural frequency.  

 

FE Model Updating 

Commonly, FE model is always differed from their respective physical structure due to invalid assumption used as 

input of the developed FE model. For instance, the input value of the material properties and boundary conditions are 

always based on text book values and consequently causing high discrepancies in predicted responses of the developed 

FE model. Nevertheless, errors of the FE model can be enhanced systematically by comparing the modal properties of 

the initial FE model and measured structure. Meanwhile, the improvement of an FE model can be divided into two 

categories, 1) model refinement and 2) model reconciliation [32, 33].   

Model refinement is involving the change of the modelling parameters and input properties by introducing the micro 

scale modelling to the model of the joint. However, to introduce a micro scale modelling to the structure requires a large 

of modelling affords and computational time. Therefore, it is expensive and impractical for modelling bolted joints with 

detailed and fine model [27, 33]. Meanwhile, model reconciliation using FE model updating (FEMU) method utilises 

mathematical means to match experimental result by improving the initial input parameters of the FE model [33, 34].  

In the FEMU, the process of correlation is applied iteratively to FE model by utilising the advantages of the 

experimental results as a benchmark to improve the modal properties by enhancing the initial FE model. At the same 

time, in the FEMU process, the experimental result is used as a benchmark for improving the initial FE model against the 

physical structure using objective function as,  

 

𝐽 = ∑ 𝑊𝑖

𝑛

𝑖=1

(
𝜆𝑖

𝑓𝑒

𝜆𝑖
𝑒𝑥𝑝 − 1)

2

     (7) 

 

where, 𝜆𝑖
𝑒𝑥𝑝

 is the measured frequencies, while 𝜆𝑖
𝑓𝑒

  is the ith calculated frequencies from FE analysis.  

The iterative model updating scheme is based on the parametrisation of the system matrices and formulated using Eq. 

(6) as shown in Eq. (8), 
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(𝐊 − 𝜆𝑖𝐌)𝑢𝑖 = 0 (8) 

  

𝜕

∂𝜃
(𝐊 − 𝜆𝑖𝐌)𝑢𝑖 = 0 (9) 

  

(𝐊 − 𝜆𝑖𝐌)
𝜕(𝑢𝑖)

∂𝜃
+ (

𝜕𝐊

∂𝜃
−

𝜕𝜆𝑖

∂𝜃
𝐌 − 𝜆𝑖

𝜕𝐌

∂𝜃
) 𝑢𝑖 = 0 (10) 

 

Multiply by  𝒖𝑖
𝑇  

 

𝒖𝑖
𝑇(𝐊 − 𝜆𝑖𝐌)

𝜕(𝑢𝑖)

∂𝜃
+ 𝒖𝑖

𝑇 (
𝜕𝐊

∂𝜃
−

𝜕𝜆𝑖

∂𝜃
𝐌 − 𝜆𝑖

𝜕𝐌

∂𝜃
) 𝑢𝑖 = 0 (11) 

     

This leads to the following expression:  

 

𝜕𝜆𝑖

∂𝜃
=

𝒖𝑖
𝑇 (

𝜕𝐊
∂𝜃

− 𝜆𝑖
𝜕𝐌
∂𝜃

) 𝑢𝑖

𝒖𝑖
𝑇𝐌𝑢𝑖

 (12) 

 

Sensitivity matrix at the linearisation point i and the parameter changes calculated from Eq. (12) are added to the 

initial parameter values at the linearisation point and the objective function are then evaluating and minimising the error 

using the new design parameters until the objective function achieve the threshold value or converge to an acceptable 

value.  

 

𝐒𝑖 =
∂𝜆𝑖

∂𝜃
= 𝒖𝑖

𝑇 (
𝜕𝐊

𝜕𝜃
− 𝜆𝑖

𝜕𝐌

𝜕
) 𝑢𝑖 (13) 

 

In this study, a validation method was used in quantify the mode shapes from developed FE model and experimental 

data [35, 36]. Generally, modal assurance criterion (MAC) analysis is calculated by solving Eq.(14) as follow  

 

MAC = 𝚽𝑚𝚽𝑎 =
|𝚽𝑚

𝑇 𝚽𝑎|2

(𝚽𝑎
𝑇𝚽𝑎)(𝚽𝑚

𝑇 𝚽𝑚)
 (14) 

 

where 𝚽𝑎 and 𝚽𝑚  represent the mode shapes vector from FE and experimental respectively. The MAC values obtain 

are vary in scale of 0 (poor correlation) to 1 ( excellent correlation) for representing similarity of mode shapes from 

different set of data [37]. 

 

RESULTS AND DISCUSSION 

Main objective of this research is to propose efficient schemes for accurately predict the bolted joints model via FEMU 

method. In order to attain the main objective, the dynamic behaviour of the structures under investigation were obtained 

using EMA and FE method respectively. The relative error obtained from the developed FE models were systematically 

minimised using FEMU method with EMA of the structures under investigation were used as reference in respectively 

cases. Initially, the relative error in the FE models of plate components were updated first. These works are crucial in 

order to focusing modelling error on the bolted joints without conspired by the influence of the structure components. 

The calculated and experimental natural frequencies of the plate components are weighed up as tabulated in Table 3 

and in Table 4. Only first five modes were utilised in this works. From Table 3 (Column III), the total relative error 

recorded for natural frequencies of the FE model of Thin-Plate 1 is 15.17 % with MAC values (Column IV) of the first 

five modes are above 0.7. Meanwhile, in Table 4 (Column III), total relative error recorded for the initial FE model of 

Thin-Plate 2 is 12.47 % with MAC values (Column IV) of the first five modes are above 0.8. Obviously, the MAC values 

recorded for the initial FE models shows acceptable similarity between mode shapes of EMA and the initial FE results of 

Thin-Plate 1 and Thin-Plate 2. However, the results in Column III of Table 3 and Table 4 indicates that the FE model of 

Thin-Plate 1 and Thin-Plate 2 required to be improved in order to minimise the relative errors originate from the natural 

frequencies obtained. The difference in the calculated natural frequencies of Thin-Plate 1 and 2 are mainly due to the 

invalid assumptions made during modelling stages. Generally, the initial assumptions of the initial FE models are based 

on established data that available in literature [28]. Nevertheless, these assumptions could vary with the physical structure 

due to the several uncontrolled circumstances such as tolerance in productions, manufacturing defects and temperature 

influenced [38]. Therefore, systematic method such as FE model updating is required to obtain true values of the 

assumptions made for improving the prediction of the structure responses.  
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Table 3.  Comparisons of dynamic behaviour of Thin-Plate 1 

 EMA Initial FE of Thin-Plate 1 Updated FE of Thin-Plate 1 

Order 
Experiment 

(Hz) 

Frequency 

(Hz) 

Error            

(%) 
MAC 

Frequency 

(Hz) 

Error            

(%) 
MAC 

1 87.45 89.14 1.93 0.88 86.51 1.07 0.90 

2 104.82 110.04 4.98 0.83 106.78 1.87 0.83 

3 236.97 242.28 2.24 0.85 235.12 0.78 0.87 

4 240.21 247.74 3.13 0.79 240.44 0.10 0.82 

5 355.34 365.6 2.89 0.83 354.82 0.15 0.87 

Total Error  15.17   3.97  

 

Table 4.  Comparisons of dynamic behaviour of Thin-Plate 2 

 EMA Initial FE of Thin-Plate 2 Updated FE of Thin-Plate 2 

Order 
Experiment 

(Hz) 

Frequency 

(Hz) 

Error            

(%) 
MAC 

Frequency 

(Hz) 

Error            

(%) 
MAC 

1 86.76 89.14 2.74 0.87 86.96 0.23 0.90 

2 107.21 110.04 2.64 0.83 107.36 0.14 0.83 

3 236.58 242.28 2.41 0.86 236.40 0.08 0.87 

4 242.46 247.74 2.18 0.80 241.71 0.31 0.82 

5 356.69 365.6 2.50 0.85 356.70 0.00 0.87 

Total Error  12.47   0.76  

 

The identification of the most sensitive parameters of the plate components were calculated using NASTRAN SOL200 

solver. There are a few potential parameters that have been listed in the sensitivity analysis as tabulated in Table 1. 

Engineering judgement were made for selecting appropriate updating parameters based on sensitivity analysis result. In 

this process, the structural responses of the Thin-Plate 1 and 2 were more sensitive to the Young’s and shear modulus. 

Consequently, the Young’s modulus and shear modulus were used to update the thin-sheet metal components. The results 

of the updated natural frequencies for the Thin-Plate 1 and 2 were compared with the experimental data in Column V of 

Table 3 and Table 4 respectively and together with their updated MAC values. Astonishing improvement can be seen in 

Column V of Table 3, where the total relative error of the natural frequencies for Thin-Plate 1 is minimised from 15.17 

% to 3.97 % while the total relative error of the natural frequencies for Thin-Plate 2 in Table 4 (Column V) is minimised 

significantly from 12.47 % to 0.76 %. The result proves the capabilities of FE model updating in identifying and correcting 

invalid initial assumptions made in FE modelling. The results also highlight that, the updated parameters of the Young’s 

and shear modulus are able to improve the first five natural frequencies and MAC values for Thin-Plate 1 (Table 3, 

Column VI) and Thin-Plate 2 (Table 4, Column VI) with a better correlation of each individual modes. Consequence to 

the achievement obtained as tabulated in Table 3 and Table 4, the updated FE models of plate components are then were 

connected by six sets of bolts and nuts using CFAST element connectors to form a bolted joints structure. Therefore, any 

error emerges from the assembled FE model can be categorise from bolted modelling. 

 

Table 5.  Comparisons of natural frequencies (relative error) and mode shapes (MAC) of the assembled structure 

 EMA Initial FE of Assembled structure Updated FE of Assembled structure 

Order 
Experiment 

(Hz) 

Frequency 

(Hz) 

Error            

(%) 
MAC 

Frequency 

(Hz) 

Error            

(%) 
MAC 

1 22.43 23.99 6.95 0.85 22.57 0.62 0.90 

2 57.25 59.36 3.69 0.81 58.75 2.62 0.83 

3 63.87 68.34 7.00 0.83 68.29 6.92 0.87 

4 109.02 113.07 3.71 0.82 112.3 3.01 0.82 

5 124.56 129.14 3.68 0.80 122.72 1.48 0.87 

Total Error  25.03   14.65  
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As mentioned previously, the CFAST were utilised to establish the bolt joints in the assembled FE. Consequently, 

assigned input parameters originate from the CFAST element connectors such as translation stiffness in X axis (KT1), Y 

axis (KT2) and Z axis (KT3) are considered as potential updating parameters. In additions, input parameters for represent 

mating area in the assembled FE model such as contact stiffness in jointed region between bolts, nuts and thin-sheet metal 

plates are also considered as potential updating parameters. From sensitivity analysis, it been found that, assembled 

structure’s responses are sensitive to the parameters in CFAST element connectors. The parameters in CFAST element 

connectors such as translation stiffness in X-direction (KT1), Y-direction (KT2) and Z-direction (KT3) have chosen to 

be included in the FE model updating scheme as updating parameters. Figure 4 shows parameters changed during updating 

process.  

 
Figure 4. Convergence graph of the updating parameters of the bolted joints stiffness in translations of X (KT1), Y 

(KT2) and Z (KTZ) 

 

The first five measured natural frequencies and three input parameters in the CFAST element connectors were used 

in the updating procedure of the initial FE model of the bolted structure. The result shows that discrepancies of the updated 

are significantly minimised from 25.03 % (Table 5, Column III) to 14.65 % (Table 5, Column VI). Moreover, significant 

achievement can also be seen in the calculated MAC values of the assembled structure where the updated MAC values 

recorded are above 0.8. It was discovered that there is substantial reduction in the stiffness values of the X-direction, Y-

direction and Z-direction of the bolt joints. These results emphasize that, the FE model updating schemes used in this 

study managed to identify optimum values of the bolt stiffness in the particular directions and therefore managed to 

produce an accurate mathematical model of bolt joints.  

 

Table 6. Updated values of the the bolted joints stiffness 

Parameters  

Stiffness of Bolt 

Stiffness Initial 

Value (N/m) 

Frictional Value 

of the Iteration 

Updated Stiffness 

Value (N/m) 

KT1 1.38E+06 8.24E-04 1.14E+03 

KT2 1.02E+05 3.86E-02 3.94E+03 

KT3 1.02E+05 1.62E-03 1.65E+02 

 

CONCLUSION 

In this paper, the CFAST element were utilised to establish the bolts joint connections in the assembled FE model. 

The FEMU schemes were successfully implemented and thus enhancing correlation between the FE model and 

experimental data. Meanwhile rigidities of the bolt in three translation directions (X, Y and Z) can be utilised as simple 

approach to represent the detailed of the local effects of the bolted joints at the mating areas of the bolts and surface 

structure. The results show that, relative error originated from updated model is significantly minimised from 25.03 % to 

14.65 % and the improvement can be observed for all first five frequencies, together with the MAC values which are 

above 0.8. Finally, the modelling schemes provided an acceptable understanding in the prediction dynamic behaviour of 

bolted joint structure. In can be conclude that, the proposed scheme can be used to develop accurate mathematical model 

consist local effects of bolt joints and the model itself can be utilised in the  dynamic analysis of jointed structure with a 

high level of confident. 
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