
 

 
Proceedings of the 

Annual Stability Conference 
Structural Stability Research Council 

Nashville, Tennessee, March 24-27, 2015 
 
 
 
 

Modeling protocols for elastic buckling and collapse analysis of spirally  
welded circular hollow thin-walled sections 

 
Abdullah Mahmoud1, Shahabeddin Torabian2, Angelina Jay3, Andrew Myers 4,  

Eric Smith5, Benjamin W. Schafer6  
 
 
Abstract 
The elastic buckling and ultimate capacity of thin-walled steel circular hollow sections 
manufactured with spiral welding and subjected to axial force or pure bending are studied 
numerically in ABAQUS and experimentally validated to provide a numerical modeling 
protocol. This effort, focused on shell finite element analysis and the development of validated 
modeling protocols, is a part of a larger effort to definitively understand the limit-states and 
provide design standards for spirally welded steel wind turbine towers. The modeling protocol 
incorporates fundamental modeling parameters including element type, mesh aspect ratio, mesh 
style including structured mesh versus spiral mesh along the spiral welds, mesh size along the 
length, mesh size on the circular cross-section, material modeling, geometrical imperfections, 
and weld imperfections. The geometrical dimensions in the parametric analyses were selected in 
accordance with reasonable archetype dimensions and practical plate thicknesses and cross-
sectional diameters applicable to wind turbine towers. An eigen-buckling convergence study 
including both buckling shapes and capacities was performed under pure bending and 
compressive axial force to find a base-line modeling protocol. To validate the base-line modeling 
protocol, a spirally welded tube specimen recently tested at Northeastern University was 
simulated via geometric and material nonlinear shell finite element analysis. The validated 
protocol will be applied to a larger parametric collapse analyses to generalize the experimental 
results and to develop reliability based design methods for spirally welded wind turbine towers. 
 
1. Introduction 
An important obstacle impeding the growth of wind-generated energy is the manufacture of 
taller wind turbine towers, which are currently limited by manufacturing, construction and 
transportation constraints. One idea to reduce the cost of these towers is to manufacture them on-
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site with automated spiral welding. The basic concept of this idea is to transport materials to site 
as constant-width plates or coils and then fabricate towers on-site rather than transporting the 
prohibitively cumbersome sections of a prefabricated tower. In this process, plates or coils are 
cut to size, rolled, and welded in a continuous welding process. This manufacturing process has 
never been used to manufacture wind turbine towers, and the specifics of the process may alter 
the stability and design of these towers compared to towers made with conventional processes. 
For example, the process may introduce unique imperfection patterns such as weld- or rolling-
induced imperfections and out of roundness or locally altered strength, toughness and ductility at 
the welding lines. Given the novelty of this process, experimental studies as well as 
comprehensive parametric finite element analyses are important steps in the development of 
reliability based design methods for spirally welded wind turbine towers.  
 
From an analytical point of view, behavior of circular hollow thin-walled tubes is relatively 
complex due to sensitivity of the response under load to imperfections and residual stresses, and 
due to post-buckling behavior, which is typically unstable.  Moreover, spirally welded tubes, in 
particular, are preferably modeled with a helically-oriented mesh since such tubes are expected 
to have important helically-oriented features in their manufacture. Recent work reveals that such 
meshes can create biases if not partitioned carefully (Sadowski et. al. 2014).  
 
The most common applications of spirally welded tubes to-date are as retaining walls and 
pipelines. Within this context, several researchers have experimentally and analytically studied 
the buckling characteristics of spirally welded steel tubes (Hanada et. al. 1986). 
Recommendations exist for classifying thin shelled tubes, for example Hallai et al. (1992) and 
Heyman (1977) classified tubes according to various D/t ratios i.e. D/t > 40 for thin tubes, 26 < 
D/t < 40 for thick tubes and D/t < 26 for very thick tubes while Calladine (1983) classified tubes 
with D/t > 20 as thin shells. These studies considered prismatic spirally welded tubes analyzed 
with a regular square mesh. More recent numerical studies have focused on the sensitivity of 
such structures to helically-oriented features (Sadowski et al 2014). Experimental work was also 
recently completed on non-compact and slender spirally welded tubes subjected to pure bending 
to investigate buckling behavior (Pueppke 2014). However, no studies exist on applying spirally 
welded tubes as wind turbine towers. Wind turbine towers are distinct from other applications of 
spirally welded tubes with larger D/t ratios and a lack of internal pressurization.  
 
In this paper, the elastic buckling and ultimate capacity of thin-walled steel circular hollow 
sections under axial force or pure bending are studied numerically and experimentally to develop 
and validate a modeling protocol applicable to spirally welded thin-walled steel tubes. The 
numerical studies include consideration of several mesh characteristics including: element type, 
mesh aspect ratio, mesh style (i.e. structured mesh versus spiral mesh), mesh resolution along the 
length and circumference, material modeling, geometric imperfections, and weld imperfections. 
The modeling protocol is validated against the recently available experimental results of an 
ongoing comprehensive study on spirally welded wind turbine towers. This study is supported by 
the National Science Foundation and is a collaboration between the Johns Hopkins University, 
Northeastern University, and Keystone Tower Systems (KTS). 
 
 
 



 3 

2. Geometry of the thin-walled steel circular hollow sections  
The geometry of a perfect, prismatic tube made from a thin-walled steel circular hollow section 
can be defined in terms of diameter D, height H, and wall thickness t. However, for an imperfect 
spirally welded tower, defining the geometry is more involved, as the construction process 
influences the geometry. The geometry of a spirally welded tower is also defined by D, H and t, 
but also requires the plate or sheet width and length and the angle of inclination. These 
characteristics specify the location of the helical and cross welds, and the number of turns of the 
spiral weld in the longitudinal direction of the tower. The length of the plates controls the 
location and number of cross welds, and the plate width defines the location and number of spiral 
welds, as shown in Fig. 1a. The inclination angle of the spiral weld is tied to all parameters. 
 
For wind turbine tower applications, additional complications arise. Although not the detailed 
focus of this paper, it is possible and beneficial to taper the tower itself. The basic geometry of a 
tapered tower is provided in Fig. 1b. In addition, changes in the plate thickness along the tower 
length also may be employed. Ultimately, it is intended that an optimal balance between final 
geometry and manufacturing are struck in creating next generation spirally welded wind turbine 
towers.  
 

  
(a) (b) 

Figure 1: Basic schematics of spirally welded tubes (a) prismatic tube with spiral features detailed  
(b) basic dimensions of tapered tube.  

3. Finite element modeling 
3.1.Mesh geometry 
The geometry of a finite element model of a structure should represent all influential aspects of 
the structure’s geometry. For modeling thin-walled tubes, shell elements are a reasonable choice 
for the finite element model, so long as through-thickness deformations and tri-axial stress 
distribution are not significant. Meshing a spirally welded tube, while considering the welds, is 
challenging due to the preference of a non-orthogonal mesh. Recently, a study has been 
performed on the mesh geometry using different layouts such as single helix partition, distorted 
mesh, double helix partition, and inclined irregular mesh to optimize the mesh geometry for 
spirally welded tubes (Sadowski et al. 2014). The main challenges are to orient the mesh in a 
way that is compatible with the spiral and cross weld locations and to provide a proper mesh for 
the ends. 
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To study the effect of mesh geometry and provide a base-line meshing protocol, a series of 
parametric eigen-buckling studies including both buckling loads (axial compression and pure 
bending) and shapes was performed and compared against the theoretical elastic critical 
compressive axial load and bending moment for pure compression and pure bending. Theoretical 
equations are provided in Eq. 1-3 (Seide 1956).  
 

σ cr =
Et cos2(Φ)
rmin 3 1− v2( )

 

Mcr−th =
πEt2rmin cos

2(Φ)

3 1− v2( )
 

Pcr−th =
2πEt2 cos2(Φ)

3 1− v2( )
 

 

 

(1) 

(2) 

(3) 

 
where σcr is the critical compressive buckling stress, rmin is the minimum radius of the tapered 
cone, E is the Young’s modulus, ν is the Poisson’s ratio, t is the thickness of the cylinder, which 
is assumed to be constant along the length, Φ is the angle of tapering, which is zero for prismatic 
tubes (see Fig. 1b ), Mcr-th is the theoretical elastic buckling moment, and Pcr-th is the theoretical 
elastic buckling load. 

 
3.2 Archetype model for finite element analysis  
Spirally welded wind turbine towers aiming to have a wide range of diameter-to-thickness ratios 
(D/t) between 75 and 600 along the height, with tower heights reaching up to 500 ft [152 m] (Jay 
et al. 2014). For this study, a diameter-to-thickness ratio, D/t=350 is considered with a height-to-
diameter ratio of 4. 
 
The model chosen for parametric study on the mesh sensitivity is a section of a wind turbine 
tower with a diameter of 525 in. [13.3 m] a thickness of 1.5 inches [38 mm] (D/t = 350) and a 
height of 2100 inches (175 feet, [53.3 m] which is 4 times the diameter). The model is assumed 
to be prismatic herein. This model represents a segment of a tower typically under linear moment 
distribution, maximum at the bottom and a smaller value at the top. Presuming the length of the 
segment is small compared to the total length of the tower, a uniform moment distribution is a 
reasonable loading for the model. 
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Figure 2: A segment of an archetype wind turbine towers. 

 
The mesh geometry is created with a custom MATLAB program that generates input files to be 
used directly with the commercial finite element program ABAQUS. The MATLAB tool 
generates quadrilateral shell elements with desired mesh size, aspect ratio, and angle of 
inclination applicable to different shell element types (4 to 9 node quadrilateral shell elements). 
For the spirally meshed models, a second MATLAB program is used to generate quadrilateral 
element locations and orientations aligned with the welds of a spirally welded tube. The code is 
able to assign different element properties including thickness, geometry and material properties 
for elements adjacent to weld locations and is based on efforts initially completed by KTS. 
 
3.3 Material properties and boundary conditions 
For the eigen-buckling finite element analyses, the material properties of both the steel plates and 
the welds are modeled as linear elastic with an elastic modulus of 29000 ksi [200 GPa] and 
Poisson’s ratio of 0.3. For the nonlinear collapse analyses performed to validate the modeling 
protocol against experimental results, the welds and steel plate are modeled inelastic with strain 
hardening, as explained in Section 5. 
 
The boundary conditions of the numerical model are selected to be consistent with those for the 
experiments. The experimental rig is capable of loading specimens in pure compression or 
bending. The specimen is welded to thick (4 in. [102 mm]) end plates and then connected to deep 
crossbeams (24 in. [610 mm]; see Fig. 13 for more detail) (Jay et al. 2015). Two reference points 
were created at the center of both ends of the tube to define loads and boundary conditions. A 
beam-type multi-point constraint (MPC) connects the reference points (shown as RP-1 and RP-2 
in Fig. 3a) to the end nodes of the models. Using this type of constraint prevents any relative 
deformation between the reference point and the end nodes of the model, but all end nodes along 
with the reference point are able to displace or rotate in any direction. These boundary conditions 
restrict ovalization of the ends. The boundary conditions of the reference points are defined in 
Table 1. To provide free end rotations and also free longitudinal movement of one end of the 
tube, the reference nodes are not permitted to move across the member (along axis 1 or 2) on 
both ends, and are not permitted to move longitudinally (along axis 3) at one end (RP-1) as 
shown in Table 1. Bending moments (Mx) are applied to both reference points in case of bending, 
or for the compressive axial load, the load (Pz) only applied to RP-2, as shown in Fig 4a.  
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                            (a)                                        (b) 

Figure 3: Features of the numerical model: (a) Loading; (b) Constraints. 
 
 
 
 
 

Table 1: Coordinates and restraints of the Reference points  
  Coordinates   Restrained Degrees of freedom 

Reference 
points  

 1 
(in) 

2 
(in) 

3  
(in) 

 U1 U2 U3 UR1 UR2 UR3 

RP-1  0 0 0  � � �   � 
RP-2  0 0 2100  � �    � 

 
4. Parametric study 
To establish a modeling protocol, a comprehensive parametric study has been carried out on 
several analytically influential factors such as loading, shell element type, element aspect ratio, 
element angle of inclination, and mesh density or mesh size. The critical loads resulting from the 
eigen-buckling analysis are compared against the theoretical critical loads (see Section 3.1) to 
evaluate the convergence. 
 
4.1 Shell elements 
Four types of ABAQUS shell elements, including S4, S4R, S8R, and S9R5, were used to study 
the effect of element type on the elastic buckling of the D/t = 350 cylinder models under both 
axial load and bending moment. The element aspect ratio is fixed at 1:1, and the angle of 
inclination is kept zero (no spiral mesh shape, regular structured meshes are employed). The 
results are normalized to the associated critical loads (see Eq. 1-3) and the convergence rate is 
examined for all specimens. 
 
As shown in Fig. 4a and b, for the case of pure compressive axial load, the S4 has the slowest 
rate of convergence to a stable solution. The S4R element with reduced integration and hourglass 
control performs much better than its S4 counterpart. The thin shell quadratic elements, S8 and 
S9R5, converge at approximately the same rate as the S4R, but interestingly converge to a 
different axial critical load, approximately 2% lower than the theoretical buckling load. The 
definitive reason for this modestly softer response was not established. No difference is readily 
apparent in the buckling mode shape. Notably, the quadratic elements are thin shell elements 
while the S4R only enforces Kirchoff constraints through a penalty. As the studied shell is thin, 
the quadratic elements would be expected to perform well.  
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Fig. 4c and d provide the convergence study for the case of pure bending. Again, the S4 is a poor 
performer. The results show that the S4R, S8R, and S9R5 elements eventually converge, with the 
S9R5 showing the fastest rate of convergence. Based on equal numbers of degrees of freedom 
the S4R converges faster than the S8R and nearly as fast as the S9R5. The one drawback to the 
S4R is its overly stiff response for very coarse meshes, otherwise it provides a robust solution. 
The S4R is easier to code from a meshing perspective. Theoretically the S4R is a more robust 
element, with an ability to handle a larger range of D/t, as well as finite strains. Given the 
element formulation, excellent comparison with the theoretical solutions, and the reasonable 
speed of convergence the S4R is selected for further study. 
 

  
(a) (b) 

  
(c) (d) 

Figure 4: Mesh convergence for different shell elements types under  
(a) and (b) pure compression, and (c) and (d) pure bending. 

 
4.2 Element aspect ratio 
The effect of element aspect ratio is studied on the prismatic cylinder. All models are meshed 
with the S4R shell element, without inclination, but under different aspect ratios and subjected to 
compressive axial load and separately to bending moment. 
 
Fig. 5a and b shows the mesh size in terms of a/ 𝑅𝑡 , where a is the dimension in the 
longitudinal direction of the cylinder (wind tower), R is the cylinder radius, and t is the cylinder 
thickness. Theoretical solutions for the elastic stability show that the half-wave length of the 
buckled shape in a circular hollow section with Poisson’s ratio 0.3 is approximately 1.72 𝑅𝑡 
(Timoshenko 1961). Notably, the mesh size should be less than the half-wave length to be able to 
model the buckling mode accurately.  
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    (a) (b) 

Figure 5: Mesh convergence with size of element in longitudinal direction in terms of 𝑹𝒕  
(a) under pure axial compression (b) under pure bending 

 

                                                                           
 1:1                                       1:2    2:1 

Figure 6: Aspect ratio of element meshes (a:b). 

Element aspect ratios of 1:1, 1:2, and 2:1 are considered as shown Fig. 6. Fig. 5 shows the effect 
of aspect ratio and mesh size on the normalized critical axial compressive load and bending 
moment. Although the convergence of the models with aspect ratio 1:2 is much faster even on 
meshes coarser than 1.72 𝑅𝑡 in the longitudinal direction (see Fig. 5a and b), it is shown that for 
a finer mesh size (less than 𝑅𝑡) the effect of the aspect ratio decreases for both cases of loading 
and all of the aspect ratios give reasonable results. Conservatively, an aspect ratio of 1:1 has 
been chosen for this work. 
 
4.3 Inclination angle of element (spiral meshing) 
The effect of the inclination angle of the elements (𝜃) on the results has been studied for a 
number of angles between 0o and 30o using S4R shell elements, 1:1 element aspect ratio, and the 
two loading cases of axial compression and pure bending. The maximum practical angle in 
manufacturing and construction of spirally welded towers is expected to be about 15o. Fig. 7 
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provides the mesh layout for the models with helical meshes at different angles. Termination at 
the ends of the members is also completed using quadrilaterals. This can result in one or more of 
the S4R elements nearest the ends having internal angles relatively far from 90°. Recall that the 
ends are not free, but rather constrained to remain in a cylinder, and as a result it is not expected 
that these mesh irregularities are influential (see mode shapes in Section 4.4).    
 

   
(a) (b) (C) 

Figure 2: Helical mesh with different inclination angles (a) 5o  (b) 15o  (c) 30o. 

 
    (a) (b) 

Figure 8: Mesh convergence with the size of element in the longitudinal direction and 1:1 element aspect ratio for 
(a) pure compression and (b) pure bending.  

 
The results in Fig. 8 show that the high inclination angles can dramatically reduce the mesh 
performance for both load cases. Small inclination angles (0°-10°) show better convergence rates 
even for mesh size equal to 𝑅𝑡. As the angle of inclination increases from 10° to 30° it is 
required to refine the mesh to almost 0.1 𝑅𝑡  to achieve convergence. One would expect higher 
stiffness and critical loads when using coarser meshes, but due to numerical issues, observed  
also in Sadowski et al. (2013) convergence is from below. The convergence rate is better in 
bending than in compression. Accordingly, the maximum mesh size should be limited to ensure 
the convergence of the numerical models.  It appears that for the angle of inclination between 0o 
and 10o, the mesh size needs to be less than 0.5 𝑅𝑡 to ensure convergence for all loading 
conditions.  
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4.4 Buckling shapes 
Figs. 9a-c provide buckled shapes for three models under axial compression with different 
element aspect ratios and inclination angle of 0°. Differences are negligible as the mesh is 
extremely refined, with a<< 𝑅𝑡. In Fig. 10 three models with a coarser mesh of a ≈ 𝑅𝑡 are 
compared under bending moment. The difference between the models is more noticeable. Fig. 
10b shows a more reasonable buckled shape compared to Fig. 10a and Fig 10c.  
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
  
 
 
 

       (a) 1:1                                      (b) 1:2                                (c) 2:1 
Figure 9: Buckled shape under axial compression for models with same number of elements. 

 

      (a) 1:1                                      (b) 1:2                                 (c) 2:1 
Figure 10: Buckled shape under bending moment for models with same number of elements. 

                        (a) 5o                                          (b) 15o                                       (c) 30o 
Figure 11: Buckled shape under axial compression for models with same number of elements. 
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The buckling shapes in Figs. 11a-c shows three models under axial compression with aspect ratio 
1:1 and a fine mesh of a≈0.2 𝑅𝑡. The three models shows that the buckled shape is highly 
dependent on the angle of inclination of the mesh (5°, 15° and 30° in Fig. 11a, Fig. 11b and Fig. 
11c respectively). This erroneous dependence on the angle of the mesh is related to the poor 
convergence displayed in Figure 8a and provides significant pause on the use of these models in 
axial compression. Fortunately, under bending moment inclination angle dependency is much 
reduced as shown in Fig. 12a-c.  
 
4.5 Meshing protocol from elastic buckling analysis  
Based on the studies performed herein the S4R element is recommended. For inclination angles 
less than 10°, the mesh size in the longitudinal direction should be no more than 0.5 𝑅𝑡. When 
the mesh size is approximately 0.5 𝑅𝑡 or smaller the effect of element aspect ratio is minimal 
and either 1:1 or 2:1 aspect ratios are admissible. If inclination angle is more than 10° a finer 
mesh (i.e. 0.1~0.2 𝑅𝑡) may be required depending on the loading and desired accuracy. 
 
5. Experimental work and nonlinear collapse analysis 
 
5.1 Experiment summary 
Experimental work on steel spirally welded thin-walled cylinders is ongoing (at the time of 
writing of this paper) at the STReSS lab at Northeastern University. The test rig consists of two 
parallel actuators connected to two cross beams. The crossbeams are connected to the end plate 
of the specimens and transfer moment applied by actuators (see Fig. 13a). The first shakedown 
specimen, under discussion here, is a prismatic tube with diameter of 30 in. [762 mm], thickness 
of 0.134 in. [3.4 mm], and clear length of 135 in. [3.43 m] (inside the end plates). The specimen 
is made from steel sheets that are 12 in. [305 mm] wide. The specimen was welded to the end 
plates before placement in the rig and is connected to the crossbeams by pre-tensioned high 
strength bolts. The test specimen was subjected to a monotonic bending moment applied by 
displacement-control in both actuators I and II as shown in Fig. 13b.  
 

      (a) 5o                                       (b) 15o                                  (c) 30o 
Figure 12: Buckled shape under bending moment for models with the same number of elements. 
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                                       (a)                                                                                  (b) 

Figure 13: Test rig with specimen shown as (a) overhead photograph and (b) drawing in plan view.  
 
As shown in Fig. 14a, the first observed failure mode was buckling along a spiral weld location 
near one of the end plates. After buckling, a failure occurred on the tension side in one of the 
welds specially made for the shakedown specimens, as shown in Fig 14b. It should be noted that 
the manufacturing process for this cylindrical shakedown specimen is not representative of future 
tapered specimens that will be provided by KTS. 
 

 

 

 

 

 

 

 

 

 

 

 

 
5.2 Nonlinear geometric and material finite element analysis 
 
5.2.1 Material modeling 
Material coupon test results along with an idealized stress-strain curve as used in the finite 
element model for collapse analysis are shown in Fig. 15. The modulus of elasticity, E, and 
Poisson's ratio, ν, were modeled as 29,000 ksi [200 GPa] and 0.3, respectively. The plasticity 
model employs von Mises yield criteria, associated flow, and kinematic hardening. The idealized 
engineering stress-strain curve was converted to true stress-strain (see Fig. 15) for use in 
ABAQUS. 

        (a)                                                            (b)            
Figure 14: Failure in (a) compression side and (b) tension side (failure of welds) of specimen. 
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Figure 15: Material stress-strain curve.  

 
Table 2: Finite element models. 

Model Features 

Model-1 Plate imperfections obtained from 1st buckling mode where the maximum 
deformation is 0.5t. 

Model-2 Weld deformations 0.1 in. [2.5 mm] along all spirals and cross welds. 

Model-3 
Weld deformations 0.1in. [2.5 mm] along all spirals and cross welds, along 
with plate imperfections obtained from 1st buckling mode where the 
maximum deformation is 0.5t. 

 
 
5.2.2 Geometry of the model 
Using the modeling protocol of Section 4.5 as a base line model for collapse analyses, three 
models with different imperfection features were subjected to collapse analysis using a Riks 
solver. The spiral welds in the model were modeled at the actual location of the welds in the test 
specimen for consistency. 
 
5.2.3 Boundary conditions  
The implemented Multi-Point Constraint (MPC-beam) provides a similar boundary condition as 
the end plate and couples all degrees of freedom of the nodes at the top and bottom ends. 
Boundary conditions and the degrees of freedom are the same as given in Table 1.   
 
5.2.4 Geometric imperfections 
In models 2 and 3 (see Table 2), a nodal offset of 0.1 in. [2.5mm], which is almost 75% of the 
thickness, is implemented as a conservative local weld imperfection at the edges of the plates. 
This is consistent with Pircher et al. (2001) recommendation to use between 0.2 and 0.8 of the 
wall thickness. In models 1 and 3 a plate geometric imperfection pattern is applied based on the 
first buckling mode shape of the specimen with an absolute maximum magnitude of 0.067 in. 
[1.7 mm], which is 50% of the thickness (see Zeinoddini et al. 2012 for related work). 
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Comparison of the finite element results with the shakedown test results is provided in Fig. 16. 
The results show a good agreement between the analytical and experimental results in terms of 
stiffness for all models. The test-to-predicted peak moment ratio for models 1, 2, and 3 are 0.86, 
0.86, and 0.94, respectively. The results showed that for capacity prediction, only model 3 is in 
relatively good agreement with the test results. 

 

Figure 16: Test results vs FE collapse analysis results. Note: the horizontal axis is the sum of end rotations.  
 

                                                             
(a) Model-1                           (b) Model-2 (c) Model-3 

Figure 17:  Collapse analysis mode shapes at maximum moment.  
 
Fig 17a-c show the observed failure deformations in all three models. In model 1 and 2 the 
failure occurred at the location of the imperfections from the buckling waves, but in model 3 the 

First and second 
local buckles 

Spiral weld 
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failure is close to the weld imperfection as observed in the test. In terms of buckling failure 
mode, the third model showed the most consistency, and the buckling location and shape is very 
similar to the buckling that occurred in the test. 
 
It is clear that significant additional work remains in developing the final modeling protocol for 
thin-walled spirally welded steel tubes appropriate for wind tower applications. Nonetheless, the 
work provided here provides an important initial step in determining key modeling protocols and 
revealing some of the unique sensitivities when modeling these unique structures. 

 
6. Summary and Conclusions 
To develop a modeling protocol for thin-walled steel circular hollow sections with spiral welds, a 
parametric series of shell finite element eigen-buckling analyses are performed in ABAQUS. 
The studies demonstrate the impact of loading, shell element type, element aspect ratio, element 
angle of inclination, and mesh density. The modeling protocol was explored against initial 
experimental results of a spirally welded cylinder in bending via geometric and material 
nonlinear collapse analyses, including geometrical and weld imperfections. Modeling of the thin 
walled circular hollow section tubes shows high dependency on the geometry of the mesh, the 
boundary conditions, and the loading type. The elastic critical buckling moment is less 
dependent on mesh geometry (particularly inclination angle of the mesh) than the elastic critical 
buckling load. For mesh inclination angles less than 10°, the mesh size in the longitudinal 
direction can be as large as 0.5 𝑅𝑡; however, for inclination angles larger than 10°, a much finer 
mesh is required. The modeling protocol was applied in a collapse analysis to estimate stiffness, 
strength and deformation of a recently tested spirally welded steel cylinder specimen. 
Preliminary results indicate favorable agreement between the shell finite element collapse model 
and the testing. This study is a part of an ongoing comprehensive study on tapered spirally 
welded turbine towers. The proposed modeling protocol will be validated using the results of a 
series of experiments on tapered cylinders. Based on past experience and preliminary modeling, 
more detailed geometric imperfection and residual stress representations will be required, and 
these are currently being pursued by the research team. 
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