
 

1 
 

Analysis of the stress and load distribution of an assembled screw 
including threaded contact 
C. Hollenbeck1      * ch.hollenbeck@gmail.com  
1. IMAGINE Engineering GmbH, Bergheim, Germany 

Abstract 
 
The goal of this work is to determine reliable results of the stress and contact pressure distribution of a bolted joint 
using studies that are as accurate as possible in terms of material and geometry. For this purpose, a bolted joint 
including geometric details is considered. A 2D-axisymmetric view of the bolt opens up the possibility of very 
finely meshing the system and also simulating it in other respects with very high accuracy. Material nonlinearity 
is considered. Comparisons are made with geometrically simplified threads to show the importance of geometrical 
details for the accuracy of the simulation results. These and linear elastic studies for comparison show even higher 
notch or stress concentration effects. The most probable locations of mechanical failure of a bolted joint, namely 
the fillet of the first thread and the transition to the bolt head, are shown. All mechanical contact pairs are consid-
ered. A rather uneven contact pressure distribution at the washer on the bolt head is found. The load distribution 
on the threads simulated in this work is more uniform than others have determined. Additional studies with other 
shapes of nuts and modified threads are conducted to identify ways to equalize the thread pressure distribution. 
  
Keywords: FEM, FEA, nonlinearity, plasticity, mechanical contact, Lagrange multiplier, notch effect, stress 
concentration, thread contact 

Introduction 
 
There are different possibilities to simulate a bolted 
joint. If only the connection of parts in an assembly 
with the stress distribution and surface pressure be-
tween the components without the bolt itself is of in-
terest, the thread of the bolt is omitted and only the 
effect of bolted connections on an assembly is calcu-
lated. 
Here in this work, the thread of the screw is included 
because the thread contact pressure besides the stress 
distribution is of great interest to analyze the screw 
itself. In accordance with VDI Guideline 2230 
Sheet 2, simulations are performed here according to 
model class IV as the most accurate and demanding 
model class. Several studies are compared with each 
other. Geometrically and materially simplified stud-
ies are compared with more accurate studies includ-
ing physical nonlinearity and anyway geometrical 
nonlinearity due to geometrical contact. Very de-
tailed insights into the stress and contact pressure 
characteristics of all areas of the bolted joint are 
given. 

Geometry 
 
At the beginning, a screw of the type M12 with a 
simplified, automatically generated 3D thread was 
designed with SOLIDWORKS® (see Fig. 1 (left)). 
This thread does not contain root radii resp. core fil-
lets. The pitch angle of the 3D-thread with respect to 
the horizontal is only about φ ≈ arctan(P/(⌀flank · π)) 
= arctan((1.75 mm)/(10.8633 mm · π)) ≈ 2.94 °. 
This angle is close to zero and it seemed reasonable 
to make a 2D-axisymmetric simplification. 

 
 
 

  
Figure 1. 3D – thread with simplified contour (left) and 
2D – thread with root radii or core fillets (right) 

This 2D-axisymmetric simplification (see Fig. 1 
(right)) opened up the possibility of meshing the ge-
ometry very finely and also to consider several vari-
ants including nonlinearity of the material, too. 
Theoretically, an M12-screw might have a diameter 
of exactly 12 mm, but it is normally smaller due to 
common tolerances. Here a diameter of the screw 
with 11.9 mm has been chosen. This diameter is 
within the tolerance field '6h' with a minimum to 
maximum dimension of 11.735 mm to 12 mm. This 
diameter is also within the tolerance field '6g' with a 
minimum to maximum dimension of 11.701 mm to 
11.966 mm. The corresponding root radii are 
rscrew = 0.253 mm und rnut = 0.126 mm. These radii 
are not just small geometric details, they have a very 
strong effect on the level of the notch effect or stress 
concentration. For the pitch of the thread the default 
value of P = 1.75 mm has been chosen. An assembly 
of a 2D-axisymmetric bolt similar to a Hexagon 
socket screw has been constructed, which is per se 
more similar to a 2D axisymmetric shape than a hex-
agon head bolt. The M12 × 60 mm screw is mounted 
in a through hole with a diameter of ⌀hole = 13 mm. 
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Figure 2. 3D – CAD – assembly as a basis for the simula-
tion (system in halved view to be able to see the screw) 

This assembly contains besides the screw one nut, 
two washers and two blocks of metal (see Fig. 2). In 
the simulation, a vertical sectional view of this as-
sembly was used as geometric basis for the simula-
tion. 

Material Properties 
 
Linear elastic simulations follow the simple equation 
σ = ε · E. The mechanical stress σ increases linearly 
as function of the strain ε, if the Young's modulus E 
is constant and this is the case for linear elastic stud-
ies. Here in this work, it is simulated materially non-
linearly and some studies are additionally calculated 
in linear elastic for comparison. 
A bolt with steel as material and a strength class of 
10.9 has been considered. That means, that the ulti-
mate tensile strength (UTS) has a value of 
Rm = 1000 N/mm2. The 0.2 % yield strength is 90 % 
of this value, i. e. Rp0.2 = 900 N/mm2. The Young's 
modulus is E = 2 · 105 N/mm2 = 200 GPa. The Pois-
son's ratio is ν = 0.3. A strain of ε = 0.65 % = 
(0.45 + 0.2) % = Rp0.2 / E + 0.2 % occurs, if the 0.2% 
yield strength is reached and 0.2 % of this strain is 
inelastic or plastic, so this part of the strain does not 
disappear after mechanical unloading. For high-ten-
sile steels, the uniform elongation is in the range of 
5 % to 6 %. Here for this study, a uniform elongation 
of Ag = 5.45 % is chosen.  
 

 
Figure 3. Graph with different stress-strain-curves 

Especially for metals with a 0.2% yield strength 
which is close to the UTS, a bilinear model of the 
stress-strain curve seems to be an approach with 
small deviations to the reality (see Fig. 3). In this 
way, an isotropic hardening is implemented. With 
the assumed values, a so-called isotropic tangent 
modulus of ET = 2 GPa = 0.01 · E is calculated. This 
is the slope of the bilinear model of the stress-strain 
curve in the plastic range. This slope is by 99 % 
lower than the Young's modulus. That means, that 
the stress only slowly increases in the nonelastic or 
plastic range. For example, a strain of ε = 1 % is pre-
sent when a stress of 911 N/mm2 is reached in the 
bilinear model. For the same strain, the linear model 
leads to a stress of 2000 N/mm2 which is much too 
high compared to reality. 
The stress cross-sectional area is reduced because of 
the thread and a preload force of 
Fpretension = Rp0.2 · 0.25 · π · (dcore)2 = 
900 N/mm2 · 0.25 · π · (9.853 mm)2 ≈ 68.6 kN 
is calculated, if an average stress of 900 N/mm2 cor-
responding to the 0.2 % yield strength should occur 
in the core cross-section of the screw. The screw 
should therefore be loaded with significantly less 
than a pretension force of Fpretension = 68.6 kN. Here 
in these simulation studies, loads of up to 75 kN and 
above were also applied in order to be able to see 
nonlinear effects in the range of this very high load. 

Numerical Model 
 
All mechanical contact pairs were considered nu-
merically. That are eleven contact pairs in total with 
six contact pairs at the single thread flanks. All of the 
simulations presented here in this work are geomet-
rically nonlinear because of considering these con-
tact pairs. In COMSOL®, each contact pair has a so-
called source and destination. Beside other aspects, 
the mechanically stiffer side should be assigned to 
the source and the destination should be meshed 
finer compared to the source by at least a factor of 
two [1]. Here the destination boundary resp. line was 
meshed finer by a factor of three. The side length of 
the tetrahedral finite elements at the threads has been 
set to a value of Δs = 10 µm (see Fig. 4). The contact 
length at each thread has a value of Δl ≈ 1036 μm, 
thus a number of about 104 elements can be placed 
there. This is an extremely fine mesh with a number 
of elements for the whole geometry of n = 0.138277 
Mio. in total. Additionally, a value of Δs = 30 µm 
has been chosen for a comparison to a coarser, but in 
general also fine mesh (n = 0.037459 Mio. FE-ele-
ments in total). 
In [2, p. 138] it is stated, that linear [discretized] tet-
rahedral elements are the worst which can be chosen, 
because each is mechanically very stiff itself. The 
default setting of the discretization in structural me-
chanical simulations in COMSOL® is 'quadratic ser-
endipity'. Here an even higher discretization of 'La-
grange 3rd order' (or 'Cubic Lagrange' in older ver-
sions) has been chosen, which is far beyond 'linear'. 
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Figure 4. Part of the FE-Mesh at one thread flank 

For comparison a FE-mesh with exclusively quadri-
lateral elements has been set up additionally with the 
same increased discretization (with Δs = 20 µm at 
the threads and n = 0.087206 Mio. FE-elements in 
total). These quadrilateral or hexahedral (in 3D) 
meshes are more commonly used in other FE soft-
ware’s. In addition, the optional settings "Calculate 
boundary flows" and "Apply smoothing to boundary 
flows" have been activated in all simulations. All 
contact pairs were defined with the contact method 
"Augmented Lagrangian" in contrast to the less ac-
curate "Penalty" method. In [3, p. 263] it is stated, 
that the Lagrange multiplier is the same as the con-
tact force and in [2, p. 229] it is mentioned, that dis-
placements correspond exactly to the analytical so-
lution using the method of Lagrange Multiplier in the 
context of mechanical contact in FEM-studies. 
The initial value of the contact pressure is set to 
Tn = 0 N/m2 for all mechanical contact pairs, which 
is the default value. This makes sense in combination 
of ramping up the pretension in an auxiliary sweep 
beginning with a pretension of Fpretension = 0 kN and 
increasing it in small steps to reach convergence. 
Then there are appropriate initial values available for 
each intermediate step in this so-called 'Continuation 
method'. The preload is induced in an intermediate 
plane resp. horizontal line of the screw about 5 mm 
above the last thread (see Fig. 5) using the subnode 
'bolt pretension' as a global setting. 
In general, the physics “structural mechanics” has 
been used obviously. By default, it is calculated lin-
ear elastically. In the model builder of COMSOL® 
the subnode “plasticity” of the node “linear elastic 
material” was chosen to implement the isotropic tan-
gent modulus of ET described before in the section 
“Material Properties” to realize the physical nonlin-
earity and to deactivate the linear calculation. 
Friction makes the simulation even more nonlinear. 
Source [2, p. 234] describes that the Lagrange mul-
tiplier method in combination with friction should 
only be used when very high accuracies are required 
due to increased computational effort and lower con-
vergence probability. This work has the requirement 
of very high accuracy, so in one study the Lagran-
gian method was combined with friction (friction co-
efficient of μ = 0.1) for comparison. The other 

studies, on the other hand, have been simulated with-
out friction losses.  
The simulation with the coarser tetrahedral mesh 
converged up to a preload of Fpreload = 85 kN with a 
calculation time of Δtcalc = 11 h 42 min and a physi-
cal memory requirement of 5.09 GB RAM. The sim-
ulation with quadrilateral mesh converged up to a 
preload of Fpreload = 81 kN with a calculation time of 
Δtcalc = 18 h 2 min and a memory requirement of 
17.64 GB RAM (> 16 GB RAM). The simulation 
with the finer tetrahedral mesh converged up to a 
preload of Fpreload = 77 kN with a calc. time of Δtcalc 
≈ 20 h (manually stopped because of slow conver-
gence) and a memory requirement of 13.15 GB 
RAM. The calculations were performed with an 
Intel® Core™ i7-10750H processor. 

Simulation Results 
 
Several areas of the simulated geometry are of inter-
est for a detailed presentation. An overview of the 
entire geometry of the nonlinear study for a high pre-
load force with representation of the equivalent 
stress according to von Mises is displayed in Fig. 5. 
Large stresses can be seen in the area of the thread 
and in the area of the transition of the bolt to the 
screw head. Certain areas, such as the thread contact 
between the screw and the nut, are particularly inter-
esting and will be shown in more detail in the fol-
lowing. 
 

 
Figure 5. Nonlinear calculation; Fpreload = 75 kN; simula-
tion result spanned by φ = 270° with display of the equiv-
alent stress according to von Mises (color scale limited to 
σv ≤ 1100 N/mm2 for direct comparability to other simu-
lation results) [fine tetrahedral mesh] 

In Fig. 6, the equivalent stress is displayed for a pre-
load of Fpreload = 50 kN. In the area of the first thread, 
the highest stresses occur in the rounded transitions 
to the other threads. The max. stress occurs in the 
upper fillet of the first thread and has a value of σv ≈ 
929 N/mm2 > Rp0.2, so this mechanical load is locally 
already in the plastic range.  
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Figure 6. Nonlinear calculation; Fpreload = 50 kN; equiva-
lent stress according to von Mises [fine tetrahedral mesh] 

A linear elastic calculation leads to a value of σv ≈ 
2330 N/mm2 ≈ 2.51 · 929 N/mm2 at the same loca-
tion. In Fig. 7, the equivalent stress is displayed for 
a very high preload of Fpreload = 75 kN. Here it is also 
the case, that the highest stress related to the screw 
with a value of σv = 1018.21 N/mm2 occurs in the 
fillet of the first thread flank. In comparison to this, 
the coarser tetrahedral mesh outputs a value of 
1018.50 N/mm2. The sharp geometry transitions at 
the nut in contact to the washer lead to extreme 
stresses very locally concentrated as this is marked 
in Fig. 7, but these stress concentrations do not occur 
at this level for the coarser mesh. 
 

 
Figure 7. Nonlinear calculation; Fpreload = 75 kN; equiva-
lent stress according to von Mises [fine tetrahedral mesh] 

In Fig. 8, the equivalent stress is displayed for the 
same very high preload of Fpreload = 75 kN having 
simulated linear elastically. Here stress concentra-
tions due to the notch effect are very clearly visible 
at the roots of the thread flanks. In the case of the 
linear elastic model, the stresses can increase to very 
high values, while in the nonlinear model they can-
not increase by far to such an extent due to the onset 
of plasticization. The max. stress in the fillet of the 
first thread has a value of σv ≈ 3512 N/mm2 
≈ 3.45 · 1018 N/mm2 (see marking in Fig. 8). 
  
 

 
Figure 8. Linear elastic calculation; Fpreload = 75 kN; 
equivalent stress according to von Mises 
[fine tetrahedral mesh] 

In Fig. 9, a linear elastic simulation result for a ge-
ometry without root radii resp. fillets or roundings at 
the thread bases is to see. Here a maximal stress of 
14423 N/mm2 ≈ 4.11 · 3512 N/mm2 
≈ 14.17 · 1018 N/mm2 occurs, which is far beyond 
the ultimate tensile strength. This results here be-
cause of an increased notch effect due to sharp-
edged, geometric transitions. The max. von Mises 
stress for Fpreload = 50 kN is σmax = 9359.7 N/mm2 ≈ 
0.649 · 14423 N/mm2 ≈ 50 / 75 · 14423 N/mm2.
  

 
Figure 9. Linear calculation; Fpreload = 75 kN; equivalent 
stress according to von Mises; without root radii 
[fine tetrahedral mesh] 

This shows that omitting supposedly unimportant 
geometrical details can lead to much higher local 
peak stress values due to extremely increased notch 
effects. 
In the following, the three different FE-meshes are 
compared for the same preload force of Fpreload = 
70 kN on a partial section of the geometry. For all 
three cases, a max. equivalent stress of σv ≈ 
971 N/mm2 can be seen in the fillet of the first thread 
(for more precise values: see markings in the Figures 
10 – 12). The still fine tetrahedral mesh, which is 
significantly coarser only in direct comparison, thus 
seems to be just as suitable for precise results. 
 



 

5 
 

 
Figure 10. Nonlinear calculation; Fpreload = 70 kN; 
equivalent stress according to von Mises; 
[fine tetrahedral mesh] 

 
Figure 11. Nonlinear calculation; Fpreload = 70 kN; 
equivalent stress according to von Mises; 
[coarser tetrahedral mesh] 

 
Figure 12. Nonlinear calculation; Fpreload = 70 kN; 
equivalent stress according to von Mises; 
[quadrilateral mesh] 

However, the equivalent stress peak values differ at 
the contact of the nut to the washer in very small lo-
cal areas. This is why there are different max. values 
to see at each end of color scale in Fig. 10 – 12. 
Another interesting part of the simulated geometry is 
the head of the bolt and the area in its ambience also 
with contact pairs. In the fillet of the transition from 
the bolt to the screw head, a strong notch effect also 
occurs here (radius modeled with r = 1 mm). In ad-
dition to the equivalent stress, Fig. 13 also shows the 
contact pressure of two pairs of contacts. At the 
edges of the screw head contact surface, there is a 
strong contact pressure increase radially inwards and 
outwards (see Fig. 13 & 14). The high surface pres-
sures would damage, notch or scratch the contact 
surface. The washer with a contact surface that is 
larger by a factor of ≈ 3.58 significantly reduces the 
contact pressure and thus fulfills its purpose of not 

damaging the component. However, the peak contact 
pressure of 469 N/mm2 occurring radially on the in-
side of the washer is 3.00 times larger than the aver-
age contact pressure of  
TØ = (50 kN) / (π · (122 – 6.52) mm2) 
= 156.42 N/mm2. The simulation has been per-
formed without friction (μ = 0). Surprisingly, the ra-
dially outer region of the washer lifts off the bearing 
or contact surface, resulting in zero contact pressure 
over a fairly large area (see Fig. 15). Analytical cal-
culations would only provide the average values 
without detecting the extreme distribution. The max-
imal gap distance between the outer diameter of the 
washer to the metal block is Δzgap = 2.134 µm for a 
preload of Fpreload = 50 kN. 
 

 
Figure 13. nonlinear calculation; Fpreload = 50 kN; equiv-
alent stress according to von Mises (left scale) & contact 
pressure (right scale); displacement exaggerated 
by 25 times [coarser tetrahedral mesh] 

 
Figure 14. nonlinear calculation; Fpreload = 50 kN; con-
tact pressure at the screw head contact surface to the 
washer [coarser tetrahedral mesh] 

 
Figure 15. nonlinear calculation; Fpreload = 50 kN; con-
tact pressure at contact surface of the washer to the metal 
block [coarser tetrahedral mesh] 
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The simulation results of the contact pressure distri-
bution on the threads for different variants are pre-
sented below. 
It can be seen qualitatively that the contact pressure 
on the first threads is higher than on the deeper 
threads (see Fig. 16). The load distribution between 
the individual threads can be seen quantitatively in 
Table 1. Surprisingly, the average contact pressure 
or load on the last (6th) thread is greater than that of 
the penultimate (5th) thread. 
If very large preload forces are applied, the load dis-
tribution between the threads becomes significantly 
more uniform. When an extremely large preload 
force of Fpreload = 85 kN is applied, plastic effects 
dominate. The screw would fail mechanically before 
reaching this preload force, but this result (see 
Fig. 17 r.) could be determined by simulation. In this 
figure it can be seen that the displacement is so large 
that the distance between the first two threads of the 
bolt and the internal thread of the nut significantly 
increases. The displacement has been set realistically 
with a deformation scaling factor of '1'. For this pre-
load of 85 kN the load distribution does not lead to 
perfectly balanced load shares of φi = 1/6 ≈ 16.67 %. 
(see Tab. 1). 
 

  
Figure 16. contact pressure at threads: nonlinear calcu-
lation with a preload of 25 kN (left) & 50 kN (right) 

  
Figure 17. contact pressure at threads: nonlinear calcu-
lation with a preload of 75 kN (left) & 85 kN (right) 

According to the simulation, the load share of the 
first thread is φ1 = 21.4 % [for Fpreload = 25 kN (linear 
effects dominate)]. This is significantly less than the 
value of approximately 28 % determined by Yang 
et. al. [4]. A cause for this rather large difference was 
sought. An additional simulation was carried out 
with omission of the washer at the nut. This study 
showed a larger load share of the first thread of φ1 = 
23.9 % (see Tab. 2 & Fig. 18 l.). This can be ex-
plained by the fact that the force flow without washer 
has to cover a shorter distance to the first thread, i. e. 
the force is applied more directly, but this is still less 
than 28 %. One reason for this deviation could be 
that the through hole in [4] is modeled with 
⌀hole* ≈ 12 mm < ⌀hole = 13 mm and this dimension-
ing is not standard, so the force can flow even more 
directly with more radially inner contact surface. 
 

 Load shares of the individual threads 
(The 1st thread is the top one in Fig. 16 & 17) 

  Fpretension 
in kN 1st 2nd 3rd 4th 5th 6th 

25 21.4 % 20.5 % 16.5 % 13.9 % 12.8 % 14.9 % 
50 21.1 % 20.5 % 16.6 % 14.0 % 12.9 % 15.0 % 
75 19.4 % 19.9 % 17.1 % 14.6 % 13.5 % 15.5 % 
85 18.1 % 16.9 % 18.9 % 15.9 % 14.2 % 16.0 % 

Table 1. Load distribution for different pretensions 
(coarser tetrahedral mesh) 

A study including friction at all contact pairs with a 
coefficient of friction of μ = 0.1 with a slightly higher 
load share of the first thread has been added 
(see Tab. 2). 
 

 Load shares of the individual threads 
  note 1st 2nd 3rd 4th 5th 6th 

incl. 
washer 21.1 % 20.5 % 16.6 % 14.0 % 12.9 % 15.0 % 

without 
washer 23.9 % 20.6 % 16.0 % 13.2 % 12.1 % 14.1 % 

incl. 
μ = 0.1 22.0 % 21.0 % 16.5 % 13.5 % 11.9 % 15.0 % 

nut in Alu 17.7 % 19.7 % 16.3 % 14.2 % 13.9 % 18.2 % 
nut in Ti 18.7 % 19.9 % 16.4 % 14.2 % 13.7 % 17.1 % 

Table 2. Load distribution of different variants for 50 kN 
(friction with μ = 0.1 incl. washer; nut in Alu & Titanium 
calculated in linear elastic incl. washer) 

It is to be expected that a mechanically less stiff nut 
will lead to a more uniform contact pressure distri-
bution. This has been simulated in an additional 
study in the form of a nut made of aluminum with a 
Young's modulus of EAlu = 70 GPa = 0.35 · Esteel. The 
densities have almost the same relative relationship 
of ϱAlu = 2700 kg/m3 ≈ 0.34 · ϱsteel. In the simulation, 
source and destination were swapped in the contact 
pairs and, accordingly, the FE meshing. The load 
distribution is clearly more uniform when comparing 
the threads with each other (see Tab. 2), but the con-
tact pressure distribution per individual thread devi-
ates far from a constant profile with an approxi-
mately triangular profile. Surprisingly, especially the 
first and last thread are not fully engaged (see 
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Fig. 18 r.). In [4] one calculation is performed for 
E* = 1/3 · Esteel. This Young's modulus E* is very 
close to EAlu (s. above). In [4] a load share of the first 
thread for this reduced Young's modulus of φ1* = 
29.2 % is calculated (for '2D FEA'), but the density 
is probably not reduced in this work. Anyway, there 
is a large difference between this load share and the 
load share calculated here in this paper of 
φ1 = 17.7 %. 
A nut made of titanium (Ti) with a Young's modulus 
of ETi = 105 GPa and a density of ϱTi = 4500 kg/m3 
has been added (see Tab. 2, last row). 
 

  
Figure 18. preload of 50 kN; left: nonlinear steel without 
washer; right: linear elastic calculation with nut in Alu-
minum (color scale directly comparable to Fig. 16) 

Additional Studies 
 
The simulation studies up to this point appeared to 
be so interesting especially concerning the subject of 
contact pressure distribution at the threads that this 
paper is expanded to include other nuts with more 
uniform contact pressure distribution in the follow-
ing. In Fig. 19, a tension nut (in German: 'Zugmut-
ter') is shown [5, p. 228]. A suggested load distribu-
tion, which might be analytically calculated or esti-
mated is to see in the same figure. There are similar 
geometries and load distributions to see in the 
sources [6, p. 205] and [7, p. 315].  
 

 
Figure 19. tension nut ('Zugmutter') with load distribu-
tion or load share ('Lastanteil') 
[source for this illustration: [5, p. 228]] 

This type of nut has been modeled in CAD with the 
same type of thread (M12) with the same tolerance 
as before and steel as material. 
The simulated resulting pressure distribution of the 
threads is illustrated in Fig. 20.  
 

 
Figure 20. tension nut; linear calc. for 25 kN; Display of 
the contact pressure distribution incl. illustration of the 
equivalent stress in the background 

According to the simulation, a contact pressure dis-
tribution resp. a load distribution can be seen in 
Table 3 for the simulated tension nut.  
 

Load shares of the individual threads 
for a tension nut corresponding to Fig. 20 

 1st 2nd 3rd 4th 5th 6th 
17.2 % 17.9 % 16.9 % 15.7 % 15.3 % 17.0 % 

Table 3. Load shares of the simulated tension nut 
(linear elastic simulation for a preload of 25 kN for steel) 

This simulated load distribution is comparable to the 
thread pressure distribution outlined in Fig. 19. 
 
Another screw nut with an expected more even load 
distribution compared to a default nut is a ring-
shaped screwed-in nut resp. an annularly screwed-in 
nut to redirect the flow of force (see Fig. 21). 
 

 
Figure 21. ring-shaped screwed-in nut resp. annularly 
screwed-in nut [source for this illustration: [5, p. 228]] 

The simulated resulting pressure distribution of the 
threads is displayed in Fig. 22. 



 

8 
 

 
Figure 22. annularly screwed-in nut; nonlinear calc. for 
25 kN; display of the contact pressure distribution (scale 
r.) incl. illustration of the equivalent stress in the back-
ground (scale l.) [geometry more similar to [7, p. 314]] 

The simulated load distribution can be seen in 
Table 4 for the simulated annularly screwed-in nut. 
 

Load shares of the individual threads 
for an annularly screwed-in nut corresponding to Fig. 22 

 1st 2nd 3rd 4th 5th 6th 
11.1 % 15.1 % 13.6 % 9.96 % 9.75 % 10.7 % 

7th 8th 9th    
10.2 % 9.42 % 10.3 %    

Table 4. Load shares of the simulated annularly screwed-
in nut (nonlinear for a preload of 25 kN for steel) 

This simulated load distribution is broadly compara-
ble to the thread pressure distribution to see in 
Fig. 21. 
 
Another screw connection with an expected more 
even load distribution is the so-called Solt-thread 
[5, p. 228]; [8].  
 

 
Figure 23. nut with Solt-thread: equivalent stress (von 
Mises) displayed (l.) and contact pressure & mesh (r.) 

Load shares of the individual threads 
for a nut with Solt-thread corresponding to Fig. 23 

 1st 2nd 3rd 4th 5th 6th 
17.6 % 17.9 % 16.8 % 15.8 % 15.2 % 16.6 % 

Table 5. Load shares of the Solt-thread (nonlinear for a 
preload of 25 kN for steel) corresponding to Fig. 23 

This specific design of a Solt screw connection 
shows an almost uniform contact pressure distribu-
tion (see Tab. 5). The long threaded bars have a 
springy effect. The threads are therefore geometri-
cally softer and the contact pressure profile is similar 
to the simulation result with aluminum as the mate-
rial of the nut (compare Fig. 23 to Fig. 18). 

Conclusions 
 
Very detailed insights into the stress distribution in 
the components of a screw were obtained. As ex-
pected, it was shown that a bolted joint is most likely 
to fail mechanically at the first thread or at the fillet 
at the bolt head. Studies comparing linear elastic 
considerations and geometric simplifications with 
omission of core fillets have shown even much 
stronger notch resp. stress concentration effects 
compared to more realistic nonlinear simulations. 
Detailed insights into the contact pressure distribu-
tion have surprisingly shown that a washer is not 
completely in contact with the bearing surface under 
load. The contact pressure distribution at the metric 
threads simulated here in this work has shown a more 
uniform load distribution than values determined in 
other papers or textbooks. Several variants of simu-
lations have given detailed insights into the shape of 
the contact pressure at the threads. 
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