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Abstract. High strength bolt joints used on the steel truss bridge are the mechanism of 
slip-critical. This mechanism relies on the clamping force of high strength bolt pretension 

led to friction between the surface of the tied steel plates, so the forces acting on the 

elements of the steel bridge held by the friction. In order to get the ratio of the pretensioning 

and observe the mode of failure, then the experiments in the laboratory and the simulation 
using software were carried out. The method used in this experiment was trial and error so 

that the value of the pretensioning of high strength bolts needed to reach the maximum 

axial load press was retrieved. There are four types of the surface coating of the tied steel; 

milling, grit-blast cleaning, coat of primer paint by grit-blast cleaning and coat of hot-dip 
galvanized given chromate treatment. The results obtained show that the ratio of the 

pretensioning on high strength bolt between the simulation and the experiments do not 

look different; the range is 0.97.  The pattern of failure that occurs in the simulation tends 

to be more regular and quite small in comparison with the experimental results. 

Keywords: pretensioning, the pattern of failure, bolt connection, friction type, and 

clamping force. 

1   Introduction 

Nowadays, it commonly found the use of high-quality bolt joint as a means of connecting 

to steel structures, especially in steel bridges in Indonesia. The joint used on bridges are 

generally shear-type joint; those are connection details that cause the bolt to receive the shear 

force. The working mechanism of the high-quality bolt joint used on steel bridges is the slip-

critical mechanism [1], [2], [3]. This mechanism relies on the clamping force of high-quality 

bolt pretensioning, which causes friction between the surface of the jointed steel plates so that 

forces on steel bridge elements will be held by the friction force [4], [5].  

Much research has done on the surface of steel joints that will accept the friction force 

because of the use of a shear-type joint with a slip-critical mechanism [6]. Previous research on 

steel joint using high-quality bolts have been done. The results of the study stated that Finite 

Element Analysis (FEA) makes it easy to simulate the behavior of beam-column end-plate joints 

at a low and relatively fast cost [6], [1]. The numerical analysis of the end-plate connection also 

shows that the high-quality bolts given pretensioning on the connection model using software 

has provided excellent results based on theory and the conducted experiment [7]. 

 

1.1. Steel Bridge Connection 
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Joint commonly used for bridges are shear-type joints in which the detail of the connection 

causes the bolt to receive the shear force. This connection used because it is relatively easy to 

make and install the detail. Based on the tightening process, the shear-type connection has two 

different working mechanisms when high-quality bolts are used and tightened by pretensioning 

[8]. The two mechanisms are called the slip-critical mechanism and the bearing mechanism [9]. 

The bolt connection with the slip-critical or bearing mechanism cannot be distinguished 

from its physical appearance [10], [4]. This type of connection can only be distinguished when 

the bolt connection is given loading. The slip-critical mechanism will work if the bolt does not 

slip (remains at its place) at the planned load. Its strength depends on the amount of friction 

resistance that occurs. Conversely, the overload mechanism will work if the bolt slips (shifts or 

moves due to a gap caused by a hole larger than the diameter of the bolt) when the connection 

is loaded [1]. 

The high-quality connection bolts of shear-type with slip-critical mechanisms are more 

widely used in structures that are dominated by dynamic loads or alternating loads such as 

bridges, which can cause fatigue failure in the joint structure. Although the strength is smaller 

than the connection of the support mechanism, this type of connection is used because it is more 

effective in reducing the risk of fatigue failure [11]. 

2. Research Methods 

This research was carried out using the help of finite element software by making 18 test 

simulation models. There were four types of preparation that consisted of factory-scale steel 

surfaces; steel surfaces through the grit-blast cleaning process, steel surfaces with primer paint 

layers that passed the grit- blast cleaning and steel surface with hot-dip galvanized coating given 

chromate treatment. Each model is made according to its original shape by using maximum 

compressive force according to empirical testing, and pretensioning on the model was sought 

by a trial and error strategy [12], [13]. The making of the specimen model used finite software 

elements (Fig. 1). 

The software analysis consists of three stages[14]. The preprocessing phase involved 

creating or inputting data that contained the data needed to carry out the analysis. The model 

making was done by entering geometry in the facility provided consisted of three phases, namely 

preprocessing, processing, and postprocessing [15], at software finite element. The model 

simulation made like an experimental test, which done gradually. This module functioned to 

determine the sequence of steps based on the loads given. The mesh module functioned to divide 

the part geometry made into several elements and nodal. The type of mesh used was hexagonal 

with mesh instance. Each part used the same mesh type and size [16]. 

   



 

 

 

 

 
a. Experiment specimen   b. Modeling specimen 

Fig. 1. The Specimen 

 

In the processing phase, the analysis of the preprocessing phases that have been previously 

defined was carried out. This phase was a numerical settlement process. The postprocessing 

phase showed the results of the processing phase. The results displayed in the software were 

stress values, and displacements occurred. The results are presented interactively by using the 

available visualization modules, namely in the form of images, animations, and graph plots [6], 

[17]. 

3. Result And Discussion 

2.1. Connection Test Result 

 

The response of this connection type in stress is shown in Fig. 2. It shows the contour of 

the von-mises plate and the high-quality bolt as resulted by pretensioning on the computerized 

model. 

  

 
 

Fig. 2. Distribution of σvon-mises resulted by Pretensioning at The Half Model (M1) 



 

 

 

 

 

 
Table 1. Comparison of Pretensioning Result 

Specimen 

(surface 

condition) 

Max. 

load 

(kN) 

Friction 

coefficient 

Pretensioning 

Experiment Simulation 

M
il

li
n
g

  

(M
) 

M1 156.90 0.248 316.00 308.9 

M2 184.00 0.291 316.00 307.1 

M3 153.50 0.243 316.00 306.4 

M4 131.20 0.208 316.00 310.7 

M5 147.40 0.233 316.00 307.7 

B
la

st
in

g
  

(B
) 

B1 308.00 0.487 316.00 306.3 

B2 258.60 0.409 316.00 308.3 

B3 287.80 0.455 316.00 305.6 

B4 255.90 0.405 316.00 307.7 

B5 219.30 0.347 316.00 307.8 

P
ri

m
ar

y
 p

ai
n
t 

(P
) 

P1 208.00 0.329 316.00 309.9 

P2 138.70 0.219 316.00 312.2 

P3 167.70 0.265 316.00 307.2 

P5 157.60 0.249 316.00 308.0 

G
al

v
an

iz
ed

  

(G
) 

G1 190.00 0.301 316.00 306.7 

G3 239.00 0.378 316.00 308.3 

G4 160.00 0.253 316.00 307.1 

G5 226.00 0.358 316.00 307.2 

 

 As displayed in Table 1, it can be seen that the amount of pretensioning in the computerized 

model has a smaller value and a slight difference than the experimental test. It shows that the 

alternative method for pretensioning on the experimental test conducted does not have many 

variables that influence it. So, the results of this study on high-quality bolt pretensioning can be 

considered as good. 

 

2.2. Failure Connection Pattern 

 

The shear connection using a slip-critical mechanism is considered to collapse when the 

slip occurs. Failure at this connection is due to compressive axial load that exceeds the friction 

strength of the joint surface. In this study, slips that occur only on the vertical axis / y 

axis/translation y. Identification is made by comparing the results of the decline in the simulation 

model and the experimental model. The pattern of stress distribution that occurs in experimental 

and simulation models due to the pretensioning of high-quality bolts and compressive axial 

forces that cause friction on the connection surface can be seen in Fig. 3 to Fig. 6. 

 

 

 

 



 

 

 

 

 
a). Experiment 

 

 
b). Simulation 

Fig. 3. Stress Distribution Pattern on Milling Surface Type (M) after being tested 

 

  

a). Experiment 

    

      
b). Simulation 

Fig. 4. Stress Distribution Pattern on Surface of Blasting Type (B) after being tested 

  

 

 

 

 

 



 

 

 

 

 

a). Experiment 

     

b). Simulation 

Fig. 5. Distribution of Stress Patterns on Primary Surface Types (P) after being tested 

 

 

a). Experiment 

 

 
 b). Simulation 

Fig. 6. Distribution of Stress Patterns on Galvanized   

(G) after being tested 

 

From the identification (Fig. 3 – 6), it can be seen that the comparison between the 

experimental model and the simulation model has a considerable difference. The pattern of 

spreading stress that occurs in the experimental and simulation models due to pretensioning of 



 

 

 

 

the high-quality bolt and compressive axial forces that cause friction forces on the junction 

surface. This result similar with reaserch Hwang (2013) [15] dan Zhao (2018) [6]. 

4.    Conclusion 

From the results of research conducted by the response of the friction high strength bolt 

connection, it can be concluded that pretensioning on the type of factory-scale steel surface layer 

has an average value of 308.2 kN. The type of steel surface through the grit-blasting cleaning 

process has an average value of 307.1 kN. The type of surface layer with primary paint that 

through the grit-blast cleaning process, it has an average value of 309.3 kN. So the type of hot-

dip galvanized surface layer given chromate treatment has an average value of 307.3 kN.  

The value comparison of pretensioning on high-quality bolts between experimental testing 

and simulation models shows good results. It can be seen from the ratio between the results of 

experimental testing and simulation models; the factory-scale steel surface layer is 0.9752. The 

steel surface layer through the process of cleaning grit-blast is 0.9720. The primary paint layer 

through the process of cleaning grit-blast is 0.9789. The hot-dip galvanized layer by given the 

chromate treatment is 0.9725. Pretensioning simulation results by using the computerized model 

show smaller results than the experiment. 

The failure pattern that occurs in the computerized model tends to be more orderly and quite 

small when compared with the results of experimental testing. The distribution of stresses in the 

experimental model and simulation model shows a similar pattern. 
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