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Abstract– This paper presents the results of the assembly process of a gasketed bolted flanged 
pipe joint for two different bolt tightening strategies, i.e. ASME and Industrial using torque control 
of preload method.  The final clamping force is achieved in four and five passes in ASME and 
Industrial strategy respectively. Axial bolt stress variation, at the end of each pass, individual bolt 
bending behavior, gasket stress and flange stress variations for both strategies are discussed.           

 
Keywords– Pipe flange joint, assembly process, torque control, clamping force, finite element analysis  
 

1. INTRODUCTION 
 

Bolted flanged joints are used to join pipes to pipes or pipes to equipment. It is necessary to create a 
proper preload in the bolts of the joint to operate safely and reliably. There are many variables which 
affect the assembly process so it is difficult to predict and achieve a given amount of preload [1-26]. In 
industry, the most widely used assembly method is torque control using torque wrenches. In this method, 
bolt is stretched by turning the bolt or nut against flange surfaces. Bolts are tightened individually in a 
defined tightening sequence. Due to the elastic interactions of flange, gasket and other components, bolt 
preload scatter (different bolt preload values in all bolts), bolt bending behavior and gasket crushing is 
observed. Also, any excessive preload can crush the gasket and its recovery may not be possible. 
Depending on the size, type and application of the gasket, manufacturer usually provides the upper limit of 
gasket contact stress. This paper provides the comparison between the ASME [27] and Industrial [28] 
strategies for 8 inch flange size of Class 900# bolted flanged joint using nonlinear finite element analysis. 
 

2. MODELING AND ANALYSIS 

As gasketed bolted flanged pipe joints has both rotational and reflective symmetry, only one pipe, flange 
and half of the gasket is modeled. Flange, bolt and gasket dimensions are taken as per ANSI B16.5 [29]. 
SOLID45 are used for bolts and flange, interface (INTER195) elements are used for gasket and contact 
elements, CONTA171 and CONTA174 are used for contact between different surfaces, i.e. under bolt 
head and flange top surface, flange bottom surface and gasket top surface in ANSYS software [30]. Figure 
1a shows meshed flange, bolt and gasket. For pipe, bolts and flange elasto-plastic material model is used 
and material properties are given in Table 1 [31]. Bilinear kinematic hardening for the elasto-plastic 
material properties is used during the analysis. A bilinear material model consists of two sections, each 
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In order to determine bolt relaxation or bolt bending behaviour during bolt tightening as per 
sequence-1 and sequence-2, four nodes are selected on the shank of each bolt at an angle of 90 degrees. 
Inner and outer nodes are represented by B1/1 and B1/2, while side nodes are represented by B1/3 and 
B1/4, and B1/M represents the mid node at the bolt shank. For all other bolts similar nomenclature is used. 
The mid node on the shank of bolt is selected for the axial bolt stresses. The magnitude of axial 
displacement applied at the bottom area of the bolt shank to pre-stress each bolt to the target stress value is 
given in Table 3 for both ASME and Industrial strategies. 

Table 2. Torque Increments and Incremental target stress values for each pass. 

Tightening 
Pass 

Loading (ASME Strategy) 
Pre stress 

(MPa) 
Loading (Industrial Strategy) 

Pre stress 
(MPa) 

Pass 1 
Tighten to 20% to 30% of 
Target Torque. 

61 Tighten to 15% to 25% of 
Target Torque. 

40 

Pass 2 
Tighten to 50% to 70% of 
Target Torque. 

132 Tighten to 40% to 50% of 
Target Torque. 

90 

Pass 3 
Tighten to 100% of Target 
Torque 

202 Tighten to 70% to 80% of 
Target Torque. 

150 

Pass 4 
Clockwise pattern the same 
Target Torque value of 100%. 

202 Tighten to 100% of Target 
Torque 

202 

Pass 5 
               -------- -- Clockwise pattern of the same 

Target Torque value of 100%. 
202 

Table 3. Magnitude of UY for each pass 

  ASME Strategy  Industrial Strategy 

Bolt #  
UY (mm)  UY (mm) 

Pass 1 Pass 2 Pass 3 Pass 4  Pass 1 Pass 2 Pass 3 Pass 4 Pass 5 
Bolt 1  0.153 0.191 0.257 0.129  0.090 0.119 0.172 0.201 0.091 
Bolt 7  0.112 0.205 0.263 0.141  0.060 0.129 0.180 0.194 0.106 
Bolt 4  0.176 0.167 0.245 0.128  0.106 0.117 0.170 0.177 0.129 

Bolt 10  0.118 0.178 0.252 0.150  0.079 0.110 0.174 0.180 0.105 
Bolt 2  0.207 0.225 0.242 0.082 0.123 0.137 0.189 0.181 0.066
Bolt 8  0.154 0.236 0.255 0.097  0.087 0.145 0.190 0.184 0.066 

Bolt 5  0.190 0.214 0.231 0.089  0.114 0.141 0.179 0.167 0.084 

Bolt 11  0.160 0.213 0.244 0.100  0.098 0.139 0.179 0.171 0.070 

Bolt 3  0.234 0.242 0.240 0.044  0.141 0.155 0.195 0.175 0.038 
Bolt 9  0.178 0.252 0.264 0.051  0.105 0.160 0.199 0.167 0.020 
Bolt 6  0.196 0.240 0.239 0.068  0.119 0.158 0.194 0.159 0.038 
Bolt 12  0.199 0.242 0.222 0.066 0.118 0.160 0.196 0.157 0.038

 
4. RESULTS AND DISCUSSIONS 

a) Bolt preload scatter 

Figure 2 shows bolt stress variations after the completion of individual pass. Stress variations at target 
stresses are observed considerable in the first three and four passes tightened as per sequence 1for ASME 
and Industrial strategy respectively. Gradual stress increase in the first three and four passes for ASME 
and industrial strategies, respectively, is observed. The difference between the maximum and minimum 
stress values during the first three passes for ASME strategy is 65 to 145 MPa while for the Industrial 
strategy the difference of stresses between the first four passes varies between 45 to 115 MPa. In the last 
pass as per sequence 2, bolt stress variations reduce 42 MPa for ASME and 22 MPa for Industrial strategy. 
Hence the 4th pass with 100% of target torque tightened as per sequence 2 is concluded to be very 
important to have a pronounced effect in reducing the stress variations. 
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(a)                                                                                             (b) 

Fig. 10. Maximum principle axial stress variation at hub pipe fillet during bolt up for  
(a) ASME strategy (b) Industrial strategy 

 

5. CONCLUSION 

 In torque control method, bolts are tightened individually, which is concluded to be the main 
reason for non-uniform stresses in the bolts. The maximum preload reduction is observed in the 
first bolt tightened and the least in the last bolt. It is concluded that the bolt scatter cannot be 
eliminated using torque control method, but can be reduced within acceptable level by proper bolt 
up sequence and multiple pass tightening. 

 The variations in the stresses in the gasket are directly related to bolt pre load scatter in the torque 
control method. However, maximum stress in the gasket is less than the crushing limit of 206MPa. 

 The bending behavior of each bolt is observed different in the torque control method. 
 The strength and the sealing performance of a joint depend upon the preload applied, the sequence 

of tightening and the number of passes selected. 
 The variations of stresses within a pass and in between the passes are observed greater for ASME 

Strategy than the Industrial Strategy. 
 Smoother stress variations could be achieved by increasing the number of passes and decreasing 

the torque increments in between the passes 
 Industrial strategy is concluded to be better than the ASME for less stress variations, better gasket 

sealing, and for good overall behavior of the joint. However, this method requires more time to 
increase number of passes.  
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