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Evaluating Fastened Joint Integrity: An Overview 

• Fasteners are one of the most common and fundamental engineering components we 

encounter.

• Proper design of fasteners is so fundamental, every Mechanical Engineer takes a University 

course in which the proper design of these components is covered (or at least a course in 

which the required textbook does so).

• With recent increases in computational power and ease in creating and solving finite 

element models, engineers are increasingly tempted to simulate their fasteners or fastened 

joints in order to gain better insights into such concerns as thread stresses

• In what follows, we’d like to demonstrate a basic procedure for doing so, assess the 
cost/benefits of doing so, and to lay the groundwork for some further explorations in part 2
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Model: 3/8 – 18 NPT fastener 

• Male fitting: 

Brass

• Female 

fitting: Cast 

Aluminum

• We’ll look at a generic pipe fitting (NPT threads), 
because the tapered threads pose some analysis 

details missing from straight threads
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Model: Materials 

• The male fitting is made a generic cast brass, while the female fitting is made of 

cast Aluminum. Some googling provides good material data…

Cast Brass Cast Aluminum

E = 13.92 x 107 psi

Nu = 0.345

Sy = 52040 psi

E = 10.59 x 107 psi

Nu = 0.33

Sy = 23206 psi
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Hand Calculations 

• Threaded fasteners are such commonly used engineering components, that analytical estimates are 

available to assess the maximum load capacity of the threads (before failing in shear, for example)

• These calculations are quite standard and can be found in many Mechanical Engineering references 

(such as the Machinery’s Handbook). They are also easily found online. For example, the following 
useful dimensions for 3/8 -18  may be found at: 

https://www.amesweb.info/Screws/NPT_National_Taper_Pipe_Threads.aspx

https://www.amesweb.info/Screws/NPT_National_Taper_Pipe_Threads.aspx
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Hand Calculations 

• At first glance, one might think that typical thread torque/tensile force calculations, like those found 

at: https://mechanicalc.com/reference/bolted-joint-analysis#torque might not be applicable to 

tapered threads. 

• The main difficulty is that there is no constant mean, or pitch, diameter. However, one can obtain 

rather good estimates with the following approximations for a 3/8-18 NPT fitting…

• dm = dnom = dp = 0.635”
•  = 30
• With teflon tape, ft =  = 0.1

• We can eliminate the second term. 

It addresses the torque contribution 

of a collar (or other mating surface 

which we don’t have with tapered 
threads)

(1)

https://mechanicalc.com/reference/bolted-joint-analysis#torque
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• https://www.fastenal.com/content/feds/pdf/Article%20-

%20Screw%20Threads%20Design.pdf

(2)

0.6472 0.6216 0.222

• Next, let’s assume the female part is the most “at-risk”. The cast Aluminum part has the lower 
yield stress (see slide 4), and so let’s do some calculations assuming that part will fail first.

• We’ll want to estimate the tensile load and torque which results in a safety factor sf = 1.25 for 
that part. To do this, we first need to estimate the effective tensile stress area, As, and the 

effective thread shear area, Ats

• Finally, we perform our calculations for the configuration 

shown at the left: There are 4 threads effectively engaged 

(carrying load). 

• The tensile area of the aluminum part is:

• As = 0.1414 in^2

• The effective thread shear area, Ats may be calculated 

according to:

https://www.fastenal.com/content/feds/pdf/Article - Screw Threads Design.pdf
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• So, with the following effective stress area estimates..

As = 0.1414 in2

Ats = 0.3458 in^2

…the predicted tensile load that results in a safety factor of 1.25 is…

• For thread shear: Fts = Ats*1/sf*y/2 = 0.3458*.8*23206/2 = 3209.9 lbf

• For tensile failure: Ft = As*1/sf* y = 0.1414*.8*23206 = 2625.1 lbf

• Since the tensile load that results in a safety factor of 1.25 in tensile failure is 

less than that which results from thread shear, this is the value we’ll use for 
design purposes.

• In particular, using equation (1) to estimate the torque resulting in the tensile 

load, Ft (assuming a friction coefficient of 0.1):

T = 120 In-lbf (10 ft-lbf)

• In what follows, we’ll want to verify all these estimates (tensile load, torque, and 
thread stress)
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Finite Element Model 

• We want to model turning the male fitting to tighten its bond with the internal threads of the 

Aluminum piece.

• To begin, we’ll place the male fitting at one thread below the “hand-tight” engagement depth 
(0.24”). This is shown at the left

• Additionally, we’ll offset the male fitting 0.002” in the positive y-direction (axial up)

• This is to ensure a small interference which aid in  initiating thread contact (shown below right)
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• We will simulate two full turns of the brass fitting, as shown below

Begin End

Finite Element Model 
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• Our two-part fastener model will have both material and geometric nonlinearity

• The material nonlinearity is obvious from the material properties shown on slide 4

• The geometric nonlinearity is necessary to simulate loads generated by the tapered 

threads. 

• As the male fitting is turned, the torque and tensile load will increase by virtue of the 

tapered threads. This load will be reflected in the contact interface between the male 

and female fittings. This effect can only be captured with large geometric deformation 

effects turned on.

• So, we will not apply a torque directly. Although possible in principle, doing so poses a 

numerical convergence challenge which is much greater than simply applying a 

translation and corresponding rotation (as defined by the thread helix angle). We will 

do the latter, and track the reaction forces and moments.

Finite Element Model 

Loads and Boundary Conditions 
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• The turning of the brass fitting will be applied in 9 load steps. The first load step is 

used simply to establish the initial thread contact. Each subsequent load step turns the 

brass fitting by 90, and translates it axially by one full thread (0.05556”).
• An axial load of 1 lbf is applied at load step 1 –just for added stability during 

initialization

Finite Element Model 

Loads and Boundary Conditions 

Axial load at load step 1 Rotation at load steps 2  - 9
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• The bottom of the female part is fixed in all directions for all load steps

• The brass fitting is not allowed to translate or rotate in X, Z

Finite Element Model 

Loads and Boundary Conditions 

Fixed translations and rotations 

of male fitting

Applied axial translation of male 

fitting: load steps 2  - 9
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Finite Element Model 

Additional Concerns and Settings 

• All loads and stresses in this model are derived purely from the 

tapered thread interactions.

• Because of the sharp re-entrant geometry of the thread roots 

and the sharp discontinuities at the thread interfaces, one 

expects the stress and strain fields to be dominated by 

singularities.

• The maximum value of all stresses and strains, however, will be 

capped by the bilinear material properties shown on slide 4

• For more realistic values of stresses and strains, we insert the 

APDL command “eresx,no” right before solution. This ensures 
that integration point values are copied, rather than 

extrapolated, to nodes (if we don’t’ do this, stress values are 
likely to exceed those of the bilinear material curves –and this 

would be purely an artifact of the extrapolation
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Finite Element Model 

Singularities 

• In addition to the sharp re-entrant corners 

of the thread roots (highlighted in green), 

the edges of thread surface contact can also 

be expected to cause singular stress regions 

on the target side (highlighted in red) of 

contact

• This is because any stress solution field at 

these surfaces cannot have C1 continuity  at 

these locations, as required  by the 

governing equation

• For this reason, we will not concern 

ourselves with a detailed investigation of 

thread surface stresses (and we will not 

spend a great deal of time refining the 

mesh). Rather, we will focus on the mean 

stress of the part cross section
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Finite Element Model 

• Default mesh settings (2nd order 

tetrahedra). Element size 0.05”
• Automatically determined thread contact 

surfaces (friction coefficient – 0.1)
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Results 

• Its important to note the sign of the reaction force and moments. The reaction moment at 

the base is in the positive y direction, which makes sense because we turned the male 

fitting clockwise (negative y) to tighten it. The female is reacting in the opposite direction

• But the tensile (axial) force reaction is in the negative direction. This surprises many. It 

means that the male fitting pulls up on the female fitting as it tightens

Reaction moment at base Reaction force at base
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Results 

• We get another surprise when we look at the sign of the RADIAL force reaction. Remember, 

this is a positive radial force reaction at the base (!). What’s going on?
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• We get a better sense of what’s going on by looking at a radial deflection plot over the 
course of the tightening analysis:

Radial deflection 

at =-90
Radial deflection 

at =-450

Radial deflection 

at =-720

• In addition to pulling the female threads up 

(positive y), the male fitting pulls the female 

threads radially inward

Results 
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• Next, we want to assess how well we’re doing at the design point. Recall that we calculate that 
occurs at 120 in-lbf torque (at t = 5.3 s, or  = 387). We want the average stress across the worst 

case cross section. We cap the contours at the yield value (23206 psi) and look for purple (note: 

we’re looking at the loaded thread region, not the flaring top part of the part). Focusing on the 
maximum stressed section (lower right), we see an average von Mises stress of 20083 psi. This 

corresponds to a safety factor of 1.16. So, the FEA result is more conservative than our hand-

calculation. In reality, we should refine the mesh, re-run, and check our results again. Still, for a 

single coarse run, this analysis yields remarkably good results.

Results 

We focus on the 

maximum stressed 

section, which has 

an average stress = 

20083 psi (or sf = 

1.16)
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Results 

• As a final check of the accuracy of this model, we’d like to revisit the reaction moment 
and axial force at the base of the female part, and compare these to the hand-

calculated values.

• The result matches as well as we could hope to expect!
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Conclusions

• In this study (part 1), we sought only to assess the overall tensile force, moment, and 

thread reaction stress of the female component of a pipe thread fitting

• The analysis showed that hand-calculated values are quite good, and so the investment 

required to assess the thread integrity under a prescribed torque load is probably not 

worth the result (which can be obtained through hand-calculation)

• However, the analysis also revealed a somewhat surprising pattern of loading

• The male fitting pulls on the female part in a way which is not quite intuitive (slide 19), 

but this information may help us analyze situations where we are not so much interested 

in the threads, but rather the overall female part reaction –particularly at locations other 

than the threads (consider the highly stressed female part opening at the top with its 

corresponding ‘flaring’ distortion)
• In part 2, we will use lessons learned from this analysis to analyze parts fitted with pipe 

fittings. In particular, we will remove the threads and verify that there exists an 

equivalent, but much simpler loading configuration (one which perhaps involves only the 

part of interest).


