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Abstract— This paper describes the simple approach to 

optimized bolted joints for shear and bending loaded 

condition. The research on Analyse Bolted joints subjected 

to preload, shear & bending loads in order to evaluate 

Failure stresses, deformations, Slipping during preload, 

Contact pressure & sliding behaviour. The stresses in the 

bolts of the bolted flange joint of the nozzle of stacked heat 

exchanger so that bolts/studs should not be failed during 

proof resistance test. This paper presents a theoretical model 

and a simulation analysis of bolted joint deformations. The 

bolt pretension force, friction coefficient and contact 

stiffness factor are considered as parameters which are 

influencing the joint deformation. The FEA modeling and 

experimental validation of composite bolted joint loaded in 

shear and bending. The optimization was performed by the 

non-linear programming approach. 
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I. INTRODUCTION 

Bolted joints are one of the most common elements in 

construction and machine design. They consist of fasteners 

that capture and join other parts, and are secured with the 

mating of screw threads. There are two main types of bolted 

joint designs: tension joints and shear joints.      

In the tension joint, the bolt and clamped 

components of the joint are designed to transfer the external 

tension load through the joint by way of the clamped 

components through the design of a proper balance of joint 

and bolt stiffness. The joint should be designed such that the 

clamp load is never overcome by the external tension forces 

acting to separate the joint (and therefore the joined parts 

see no relative motion). 

The second type of bolted joint transfers the 

applied load in shear on the bolt shank and relies on the 

shear strength of the bolt. Tension loads on such a joint are 

only incidental. A preload is still applied but is not as 

critical as in the case where loads are transmitted through 

the joint in tension. Other such shear joints do not employ a 

preload on the bolt as they allow rotation of the joint about 

the bolt, but use other methods of maintaining bolt/joint 

integrity. This may include clevis linkages, joints that can 

move, and joints that rely on a locking mechanism (like lock 

washers, thread adhesives, and lock nuts). 

Typically, a bolt is tensioned (preloaded) by the 

application of a torque to either the bolt head or the nut. The 

preload developed in a bolt is due to the applied torque and 

is a function of the bolt diameter, length, the geometry of the 

threads and the coefficients of friction that exist in the 

threads and under the bolt head or nut. The stiffness of the 

components clamped by the bolt has no relation to the 

preload that is developed by the torque. The relative 

stiffness of the bolt and the clamped joint components do, 

however, determine the fraction of the external tension load 

that the bolt will carry and that in turn determines preload 

needed to prevent joint separation and by that means to 

reduce the range of stress the bolt experiences as the tension 

load is repeatedly applied. This determines the durability of 

the bolt when subjected to repeated tension loads. 

Maintaining a sufficient joint preload also prevents relative 

slippage of the joint components that would produce fretting 

wear that could result in a fatigue failure of those parts when 

subjected to in-plane shearing forces.  

 
Fig. 1: Bolt model with loads 

A stacked heat exchanger is a piece of equipment 

built for efficient heat transfer from one medium to another. 

The media may be separated by a solid wall to prevent 

mixing or they may be in direct contact. They are widely 

used in space heating, refrigeration, air conditioning, power 

stations, chemical plants, petrochemical plants, petroleum 

refineries, natural-gas processing, and sewage treatment. 

The classic example of a heat exchanger is found in 

an internal combustion engine in which a circulating fluid 

known as engine coolant flows through radiator coils 

and air flows past the coils, which cools the coolant and 

heats the incoming air. 

Double pipe heat exchangers are the simplest 

exchangers used in industries. On one hand, these heat 

exchangers are cheap for both design and maintenance, 

making them a good choice for small industries. On the 

other hand, their low efficiency coupled with the high space 

occupied in large scales, has led modern industries to use 

more efficient heat exchangers like shell and tube or plate. 

However, since double pipe heat exchangers are simple, 

they are used to teach heat exchanger design basics to 

students as the fundamental rules for all heat exchangers are 

the same. To start the design of a double pipe heat 

exchanger, the first step is to calculate the heat duty of the 

heat exchanger. It must be noted that for easier design, it’s 

better to ignore heat loss to the environment for initial 

design. 

 
Fig. 2: Stacked Heat Exchanger 
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II. LITERATURE REVIEW 

A. Nomesh Kumar, P.V.G. Brahamanandam and B.V. Papa 

Rao “3-D Finite Element Analysis of Bolted Flange Joint of 

Pressure Vessel”   

In this paper it was found that, the stresses in the bolts of the 

bolted flange joint of the pressure vessel so that bolts/studs 

should not be failed during proof pressure test. Bolted flange 

joints perform a very important structural role in the closure 

of flanges in a pressure vessel. It has two important 

functions: (a). to maintain the structural integrity of the joint 

itself, and (b). to prevent the leakage through the gasket 

preloaded by bolts. The preload on the bolts is extremely 

important for the successful performance of the joint. The 

preload must be sufficiently large to seat the gasket and at 

the same time not excessive enough to crush it. The flange 

stiffness in conjunction with the bolt preload provides the 

necessary surface and the compressive force to prevent the 

leakage of the gases contained in the pressure vessel. The 

gas pressure tends to reduce the bolt preload, which reduces 

gasket compression and tends to separate the flange faces. 

Due to flange opening , bending has been noticed in the bolt. 

Hence the bolts/studs should be designed to withstand 

against preload, internal pressure load and bending moment. 

Due to existence of Preload, internal pressure and bending 

moment at a time, the bolt behaviour is nonlinear which 

cannot not be evaluated by simple mathematical formulas. 

3-Dimensional finite element analysis approach is only the 

technique which shows some satisfactory result. 

B. Gowri Srinivasan & Terry F. Lehnhoff “Bolt Head 

Fillet Stress Concentration Factor Cylindrical Pressure 

Vessels”  

In this paper it is found that, linear three-dimensional finite 

element analysis (FEA) was performed on bolted pressure 

vessel joints to determine maximum stresses and stress 

concentration factors in the bolt head fillet as a result of the 

prying action. The three-dimensional finite element models 

consisted of a segment of the flanges containing one bolt, 

using cyclic symmetry boundary conditions. The maximum 

stress in the bolt as well as the stress concentration factors in 

the bolt head fillet increase with an increase in bolt circle 

diameter for a given outer flange dimension. Keeping the 

bolt circle diameter constant, bolt stress and stress 

concentration factors inthe bolt head fillet decrease with 

increase in outer flange diameter. The maximum stresses in 

the bolt were also calculated according to the American 

Society of Mechanical Engineers (ASME) Boiler and 

Pressure Vessel Code and the Verein Deutscher Ingenieur 

(VDI) guidelines and compared to the results observed 

through finite element analysis. The stresses obtained 

through FEA were larger than those predicted by the ASME 

and VDI methods by a factor that ranged between 2.96 to 

3.41 (ASME) and 2.76 to 3.63 (VDI). 

C. S.H. Ju, C.Y. Fan, & G.H. Wub “3-dimensional finite 

elements of steel bolted connections”  

In this paper it was found that, the three-dimensional (3D) 

elasto-plastic finite element method is used to study the 

structural behaviour of the butt-type steel bolted joint. The 

numerical results are compared with AISC specification 

data. The similarity was found to be satisfactory despite the 

complication of stress and strain fields during the loading 

stages. When the steel reaches the nonlinear   behaviour, the 

bolt nominal forces obtained from the finite element 

analyses are almost linearly proportional to the bolt number 

arranged in the connection. Moreover, the bolt failure is 

marginally dependent on the plate thickness that dominates 

the magnitude of the bending effect. For the cracked plate in 

a bolted-joint structure, the relationship between KI and the 

applied load is near linear, in which the nonlinear part is 

only about one tenth of the total relationship. This means 

that the linear elastic fracture mechanics can still be applied 

to the bolted joint problem for the major part of the loading, 

even through this problem reveals highly nonlinear structural 

behaviour. 

D. Iuliana PISCAN, Nicolae PREDINCEA & Nicolae POP 

“FINITE ELEMENT ANALYSIS OF BOLTED JOINT”  

In this paper it was found that, this paper presents a 

theoretical model and a simulation analysis of bolted joint 

deformations. The bolt pretension force, friction coefficient 

and contact stiffness factor are considered as parameters 

which are influencing the joint deformation. The bolted joint 

is modelled using CATIA software and imported in ANSYS 

WORKBENCH. The finite element analysis procedure 

required in ANSYS WORKBENCH simulation is presented 

as a predefined process to obtain accurate results. 

E. Ali Najafi, Mohit Garg and Frank Abdi “Failure 

Analysis of Composite Bolted Joints in Tension”  

In this paper it is found that, the failure of preloaded cross-

ply laminated composite has been studied through finite 

element simulation embedded in Progressive Failure 

Analysis (PFA). Two modelling strategies including low- 

and high-fidelity models have been considered for this 

investigation. The high-fidelity FE model consists of fixture 

components (bolts and washers). It has been shown that both 

low- and high-fidelity FE models are capable of predicting 

the experimentally observed failure modes of bolted joints 

that depends on the geometric parameters with reasonable 

accuracy. Two catastrophic failure loads, net-tension and 

shear out can be predicted using both low- and high-fidelity 

model while the failure load of bearing mode can only be 

predicted via high-fidelity model that considers the applied 

preload of the bolt. However, the overall stiffness in the 

actual experiment is lower than that of predicted via finite 

element simulation. 

F. ZHANG Yongjie and SUN Qin “Joint Stiffness Analysis 

of Sheared Bolt with Preload” 

In this paper it is found that, nonlinear contact arithmetic of 

ANSYS system is employed for simulating hole-edge stress 

of sheared bolt. The preload of sheared bolt is caused by 

cool method. In this paper, an evaluation formula of bolt 

joint stiffness is presented to obtain relative curves between 

bolt joint stiffness and thickness of lapped plates. Some 

reliable conclusions are shown for simplifying computation 

of lapped bolt from complex structure. 

G. Qiwei Guo, Guoli Zhang & Jialu Li “Process 

parameters design of a three-dimensional and five-

directional braided composite joint based on finite element 

analysis” 

In this paper it is studied & found that, an analytical method 

for designing the configuration of composite joint with three 
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dimensional (3D) five-directional braided composites. Based 

on the analysis of 3D braided structure characteristics, the 

elastic properties of the 3D five-directional braided 

composites were determined by the volume averaging 

method. The effects of the braiding angle and fiber volume 

fraction on the elastic constants of the braided composites 

were also discussed. Finite element analysis on the load 

capacity of the 3D five-directional braided composite joint 

was implemented using the software ANSYS Workbench 

14.0. The influence of braiding angle on the stress, strain and 

deformation of the composite joint under tensile loading 

were calculated. The results show that when the fiber 

volume fraction of the 3D five-directional braided preform is 

given, the equivalent stress of the composite joint decreases 

monotonically as the braiding angle increases, while the 

normal stress, maximum principal stress and total 

deformation firstly decreases and then increases. Based on 

the finite element analysis, we found that at the fibre volume 

fraction of 60%, the braiding angle within the range of 30–

35_ are the optimum processing parameters for the 3D five-

directional braided composite joint structure that used in the 

tensile load 320 N condition. 

H. Ryosuke Matsuzaki, Motoko Shibata & Akira Todoroki 

“Improving performance of GFRP/aluminium single lap 

joints using bolted/co-cured hybrid method” 

In this paper it is studied & found that, the method allows 

for low scatter strength in static and fatigue loading for 

easily manufactured co-cured joints. Testing of the static 

tensile lap-shear and fatigue strengths is performed using 

aluminium alloy A5052-F and knit fabric glass epoxy 

composites. The results show that the hybrid joints have 

1.84 times higher maximum shear strength and a quarter of 

the standard deviation compared with conventional co-cured 

joints. Furthermore, less stress concentration and 

undamaged glass fibres in the hybrid joints contribute to a 

much higher fatigue strength than that of the bolted joint. 

III. CONVENTIONAL DESIGN 

A. Bolt Pretension 

Bolt pretension, also called preload or prestress, comes from 

the installation torque T you applies when you install the 

bolt.  The inclined plane of the bolt thread helix converts 

torque to bolt pretension.  Bolt preload is computed as 

follows. 

Pi = T/(K D)                                             (Eq. 1) 

Where,  

Pi = bolt preload (called Fi in Shigley).  

T = bolt installation torque.  

K = torque coefficient.  

D = bolt nominal shank diameter (i.e., bolt nominal size). 

Torque coefficient K is a function of thread 

geometry, thread coefficient of friction μt, and collar 

coefficient of friction μc.  Look up K for your specific thread 

interface and collar (bolt head or nut annulus) interface 

materials, surface condition, and lubricant (if 

any).  ("Torque specs for screws," Shigley, and various 

other sources discuss various K value estimates.)  If you 

cannot find or obtain K from credible references or sources 

for your specific interfaces, then you would need to research 

to try to find the coefficients of friction for your specific 

interfaces, then calculate K yourself using one of the 

following two formulas listed below (Shigley, Mechanical 

Engineering Design, 5 ed., McGraw-Hill, 1989, p. 346, 

Eq. 8-19, and MIL-HDBK-60, 1990, Sect. 100.5.1, p. 26, 

Eq. 100.5.1, respectively), the latter being far simpler.      

K = {[(0.5 dp)(tanλ+ μt secβ)/(1  – μt tanλ sec 

β)]  +  [0.625μc D]}/D                 (Eq. 2) 

K = {[0.5 p/π] + [0.5 μt (D – 0.75 p sin α)/sin α]  +  [0.625 

μc D]}/D               (Eq. 3) 

Where,  

D = bolt nominal shank diameter.  

p = thread pitch (bolt longitudinal distance per thread). 

α= thread profile angle = 60° (for M, MJ, UN, UNR, and 

UNJ thread profiles).  

β = thread profile half angle = 60°/2 = 30°.  

tan λ = thread helix angle tan = p/(π dp).  

dp = bolt pitch diameter.  

μt = thread coefficient of friction.  

μc = collar coefficient of friction. 

D and p can be obtained from bolt tables such as 

Standard Metric and USA Bolt Shank Dimensions. 

The three terms in Eq. 3 are axial load component 

(coefficient) of torque resistance due to (1) thread helix 

inclined plane normal force, (2) thread helix inclined plane 

tangential (thread friction) force, and (3) bolt head or nut 

washer face friction force, respectively. 

However, whether you look up K in references or 

calculate it yourself, the engineer must understand that using 

theoretical equations and typical values for K and 

coefficients of friction merely gives a preload 

estimate.  Coefficient of friction data in published tables 

vary widely, are often tenuous, and are often not specific to 

your specific interface combinations and lubricants.  Such 

things as unacknowledged surface condition variations and 

ignored dirt in the internal thread can skew the results and 

produce a false indication of preload. 

The engineer and technician must understand that 

published K values apply to perfectly clean interfaces and 

lubricants (if any).  If, for example, the threads of a steel, 

zinc-plated, K = 0.22, "dry" installation fastener were not 

clean, this might cause K to increase to a value of 0.32 or 

even higher.  One should also note that published K values 

are intended to be used when applying the torque to the 

nut.  The K values will change in relation to fastener length 

and assembly running torque if the torque is being read from 

the bolt head. 

One should measure the nut or assembly "running" 

torque with an accurate, small-scale torque 

wrench.  ("Running" torque, also called prevailing torque, is 

defined as the torque when all threads are fully engaged, 

fastener is in motion, and washer face has not yet made 

contact.) The only torque that generates bolt preload is the 

torque you apply above running torque. 

A few more things to be aware of are as 

follows.  Bolt proof strength Sp is the maximum tensile 

stress the bolt material can withstand without encountering 

permanent deformation.  Published bolt yield strengths are 

determined at room temperature.  Heat will lower the yield 

strength (and proof strength) of a fastener.  Especially in 

critical situations, you should never reuse a fastener unless 

you are certain the fastener has never been yielded. 
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B. Bolt Preload Measurement 

If a more accurate answer for bolt preload is needed than 

discussed above, the specific combination and lubricant 

would have to be measured instead of calculated. 

Measurement methods are generally involved, time-

consuming, and expensive, and are beyond the scope of this 

article.  But perhaps one of the simplest and least expensive 

methods, to test specific combinations and lubricants, is to 

measure the installed fastener with a micrometer, if possible, 

and compute torque coefficient K as follows, per Shigley, 

op. cit., p. 345, para. 2. 

K = T L/(E A delta D)                          (Eq. 4) 

Where, 

T = bolt installation torque, L = bolt grip length, E 

= bolt modulus of elasticity, A = bolt cross-sectional area, D 

= bolt nominal shank diameter, and delta = measured bolt 

elongation in units of length. 

C. Fastener Modeling 

A fastener is modeled by CBAR or CBEAM elements [2] 

with corresponding PBAR or PBEAM cards for properties 

definition. For the CBAR or CBEAM elements connectivity, 

a separate set of grid points coincidental with corresponding 

plate grid points (Figure 3) is created. This set also includes 

grid points located on intersection of the fastener axis and 

outer surfaces of the first and last connected plates. 

All CBAR or CBEAM elements representing the 

same fastener reference the same PBAR or PBEAM card [2] 

with following properties: 

 MID to reference the fastener material properties. 

 Fastener cross-sectional area   

   
   

 

 
 

where   - fastener diameter. 

 Moments of inertia of the fastener cross section  

       

       
   

 

  
 

 

 Torsional constant 

   
   

 

  
 

 

 Area factors for shear of circular section 

          

 

 
Fig. 1: Structure 

IV. CONCLUSION 

The various parameters for design of bolt i.e. pretension, 

pressure, bolt geometry, deformation, sliding behaviour, 

friction, contact stiffness; analysis approach has been 

studied for modeling bolt which is used in stacked heat 

exchanger.  
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