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Abstract

Concrete pier-supported double-layer reticulated shells are widely used in long-span
industrial buildings, yet the influence of support equivalent stiffness on structural stability
remains insufficiently understood. This study investigates the stability behavior of an
elliptical cylindrical double-layer reticulated shell supported by concrete piers with steel
bearings. A simplified calculation method for equivalent support stiffness is derived based
on a series cantilever system model and validated numerically. Seven steel bearing web
thicknesses (10-40 mm) commonly used in engineering practice are selected, yielding
equivalent stiffness coefficients ranging from 0.017 to 0.065. Eigenvalue buckling analysis is
performed, and three quantitative indicators—critical load factor, sensitivity, and saturation
degree—are introduced to systematically evaluate the effect of equivalent stiffness on
stability capacity. Results show that the equivalent stiffness coefficient is typically less
than 0.1, and using rigid links (infinite stiffness) overestimates the stability capacity by
approximately 7% compared with the lowest stiffness case. The sensitivity of stability
capacity to stiffness decreases monotonically as equivalent stiffness increases, with a
threshold identified at ¢ = 0.05. When the saturation degree of the critical load factor
exceeds 72%, further increasing equivalent stiffness yields diminishing returns. Buckling
modes transition from local end uplift to overall lateral tilting as equivalent stiffness
increases. These findings provide a theoretical basis for selecting rational support stiffness
values in the design of concrete-pier-supported reticulated shell structures.

Keywords: double-layer reticulated shell; equivalent stiffness; stability capacity; eigenvalue
buckling; sensitivity analysis; concrete pier support

1. Introduction

Spatial grid structures have been widely adopted in long-span public and industrial
buildings due to their rational load-bearing behavior, light self-weight, high stiffness, and
geometric flexibility [1]. These structural systems can cover large spans with relatively
small member sections, making them particularly suitable for sports stadiums, airport
terminals, convention centers, and industrial facilities such as storage sheds and coal
bunkers. Chilton noted that through the optimization of geometric topology, spatial grid
structures maximize material utilization, thereby providing an efficient structural solution
for long-span buildings [1]. In recent years, free-form spatial grid structures have become
increasingly common in large public buildings, where the grid layout influences both
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mechanical performance and architectural aesthetics. Liu et al. found that the topological
form of a free-form spatial grid often has a greater effect on its mechanical behavior than
the member material or cross-sectional dimensions [2].

With the rapid economic development and urbanization in China, the demand for
long-span space structures has grown considerably to accommodate various cultural, sports,
transportation, and social activities. Significant progress has been made in the engineering
practice of such structures. Xue Suduo showed that various types of spatial structural
systems have been successfully applied in sports stadiums, convention centers, enter-
tainment venues, airport terminals, factories, and warehouses, among which spatial grid
structures have become a primary form for airport terminals and stadiums [3]. Benefiting
from their superior spanning capability and architectural expression, spatial grid structures
are among the most preferred options for long-span buildings. Chen et al. proposed an
equivalent model simplification method for failure-state analysis of innovative spatial grid
arch structures, which has been successfully applied to landmark public buildings such
as museums, exhibition centers, and gymnasiums [4]. From planar grids and cylindrical
reticulated shells to spatial dome-shaped grids and free-form grids, these diverse structural
forms continue to expand the boundaries of spatial grid structural systems [5-8].

However, the large span and high flexibility of long-span spatial grid structures often
make stability capacity a controlling factor in design and analysis. Unlike traditional
low- and mid-rise buildings, long-span space structures must satisfy not only strength
requirements but also global stability under external loads. Numerous engineering practices
and studies have demonstrated that the instability of reticulated shells tends to occur
suddenly without obvious warning, potentially leading to complete collapse. The collapse
of a 93.5 m single-layer reticulated shell roof in Bucharest in 1963 under heavy snow, and the
overturning of a coal bunker composite reticulated shell during construction in Changzhi,
Shanxi Province in 1993, brought the issue of shell stability to the forefront [9]. Since then,
the stability of long-span single-layer reticulated shells has been extensively and intensively
studied worldwide. Ferretti et al. proposed an equivalent Timoshenko beam model
incorporating prestressing effects for the buckling analysis of periodic micro-structured
beams, providing theoretical support for understanding the buckling behavior of spatial
grid structures [10]. Recent advances in shell mechanics have moved from deterministic
analysis toward stochastic frameworks that account for material parameter variability.
Xiang et al. [11] developed a perturbation stochastic meshless method without partial
derivatives for the free vibration analysis of FG-CNTRC conical shell panels, incorporating
the spatial randomness of material properties into a first-order shear deformation shell
formulation. Their work demonstrates the efficiency of stochastic meshless frameworks
for low-uncertainty shell problems, providing a methodological reference for uncertainty
quantification in shell-type structures.

Gioncu systematically reviewed the history of reticulated shell stability research, sum-
marized various instability modes, and investigated the propagation of local buckling [9].
Tian et al. studied the collapse-resistant performance of long-span single-layer spatial grid
structures subjected to equivalent sudden joint loads, revealing the failure mechanisms
of spatial structures under extreme loading [12]. Current research results and engineer-
ing experience indicate that the stability of reticulated shells has surpassed strength and
stiffness issues to become the governing factor in their design. Luo et al. conducted an
in-depth study on the buckling instability of in-service space grid steel tubes using an
image-vision-based prediction method, pointing out that initial bending deformations of
members may develop into significant buckling deformations as the load increases [13]. A
dynamic experimental study on the progressive collapse resistance of a polyline-shaped
long-span double-layer grid space structure revealed the collapse mechanisms under dif-
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ferent failure locations, showing that the top chord is a key component in collapse-resistant
design [7]. Zhou et al. investigated the distribution of survival space in grid structures un-
der overload collapse, demonstrating how different loading regions affect collapse behavior
and survival space patterns [6]. For any new structural system, the static load-bearing
capacity (including failure state, failure mode, and ultimate load) is an essential research
topic to ensure safe operation.

The current technical specification for space frame structures (JGJ 7-2010) explicitly
states that when performing independent verification of an upper space grid structure,
the influence of the lower supporting structure should be considered by converting it into
equivalent stiffness and equivalent mass as boundary conditions for the upper structure
analysis [14]. The specification also notes that reasonable boundary constraints should be
determined based on the actual construction details of the support joints and the stiffness
of the supporting structure. This provision highlights the engineering significance of
properly determining the equivalent stiffness at supports for stability analysis of spatial grid
structures. For large space truss structures, Liu et al. proposed an equivalent continuum
modeling method considering nonlinear elastic joints, deriving an equivalent 8-degree-of-
freedom nonlinear beam element based on the energy equivalence method, and verified
the correctness and efficiency of the method through numerical examples [15]. Wang Yuan
et al. showed that replacing concrete supports with fixed, hinged, or sliding supports fails
to accurately reflect the actual stress state of the structure; concrete supports significantly
affect the overall performance of large-span space grid structure models, and the results of
integrated structural models tend to be more unfavorable [16]. Therefore, it is necessary to
consider the cooperative work between the space structure and the lower concrete supports.

In the field of industrial buildings, concrete pier-type reticulated shell structures are
very common—the lower part consists of concrete piers with relatively large cross-sections,
and the upper space grid structure is connected via steel supports. Gao Yan et al., using
the flat grid roof of a coal industry plant as a background, solved for the equivalent spring
stiffness of cantilever column supports based on mechanics of materials theory, clarifying
the calculation methods for tangential, normal, and elastic support constraints [17]. In such
systems, the concrete pier and the steel support form a series cantilever system, and the
overall equivalent stiffness directly affects the boundary constraint conditions of the upper
reticulated shell, thereby influencing the structural stability capacity. Hence, a thorough
understanding of the influence of equivalent stiffness on the stability capacity of this type
of building is key to ensuring design safety and economy. Currently, there is relatively
little research on the cooperative work between the upper space structure and the lower
supporting structure, especially regarding the sensitivity and saturation characteristics
of the contribution of equivalent stiffness to stability capacity. The design of elastic grid
structures, as a lightweight, material-efficient structural form, requires a balance between
material resources and architectural, structural, and environmental factors [18].

Equivalent support stiffness is a well-established concept in the analysis of space
frame structures. However, for concrete-pier-supported elliptical cylindrical double-layer
reticulated shells, previous studies have not systematically quantified how the equivalent
stiffness of the pier—steel bearing series system affects the stability capacity. Therefore,
the novelty of this study is not the concept of equivalent stiffness itself, but the following
two aspects. First, for large-section concrete pier supports, a simplified estimation method
for the equivalent stiffness is derived from a series cantilever model. This method is
intended to provide an order-of-magnitude parameter range for scientific studies when
a refined pier-bearing model is not available; it is not intended to determine an exact
equivalent stiffness. Second, two quantitative indicators—sensitivity S and saturation
degree D—are introduced to characterize the influence of equivalent stiffness on stability
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capacity. The sensitivity describes the marginal gain in the critical load factor as the
equivalent stiffness increases, while the saturation degree measures how close the current
support condition is to the rigid-link upper bound. These indicators make it possible to
identify the transition from a sensitive range to an insensitive range and to evaluate the
diminishing returns of increasing stiffness. Based on these two aspects, seven equivalent
stiffness coefficients (¢ = 0.017-0.065) corresponding to steel bearing web thicknesses of
10-40 mm are selected, and eigenvalue buckling analysis is performed to examine the
critical load factor, sensitivity, saturation, and buckling mode evolution. The results provide
a theoretical basis for selecting rational support stiffness values for concrete-pier-supported
reticulated shell structures.

2. Numerical Model

To thoroughly investigate the influence of bearing equivalent stiffness on the sta-
bility capacity of the upper spatial latticed shell structure, this study establishes a three-
dimensional model of the upper spatial latticed shell based on a general design scheme of
an actual storage shed project (Figure 1a), with a top view shown in Figure 1b. The model
is developed using the general-purpose structural analysis software SAP2000 27.x. The
overall shape is an elliptical cylinder, with a plan span of 85 m, length of 160 m, rise height
of 34 m, and a rise-to-span ratio of approximately 1/2.5 (Figure 1c). The spatial latticed
shell adopts a quadrangular pyramid as the basic unit, with a pyramid height of 2.5 m and
a base side length of approximately 4 m; detailed dimensions are shown in Figure 1d.

85m

support joints
at the left gable

| 160m ‘
(b) top view

=
wy
o

(c) side view (d) quadrangular pyramid

Figure 1. Numerical calculation model.

For double-layer spatial latticed shell structures, bolted spherical joints are commonly
used in engineering practice, and they are typically simplified as hinged connections in
analytical models [14]; each member is assumed to be a truss element. Since SAP2000’s
element library does not contain a dedicated truss element, this study uses frame elements
(beam elements) combined with end-release techniques (releasing major bending moment,
minor bending moment, and torque at beam ends) to simulate the mechanical behavior
of truss elements. All members in the model are circular steel tubes, with a maximum
cross-section of @180 x 12 and a minimum of ®75.5 x 3.75. The material is Q235B steel, and
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the material parameters adopt the standard values specified in the Chinese code embedded
in the software.

The support joints of the model use single-point link elements to simulate lateral
stiffness. The local 1-axis of the element is along the width direction of the reticulated
shell, and the equivalent stiffness is adopted to simulate different support constraints.
The rotational and vertical degrees of freedom of the joints are both constrained, and
the longitudinal degree of freedom is released to simulate support sliding that considers
temperature effects in practical engineering. However, for the support joints at the left
gable, the longitudinal translational degree of freedom is constrained to prevent overall
longitudinal rigid-body displacement of the structure.

3. Loads and Analysis Method

Stability verification is a necessary step in the design of long-span spatial latticed shell
structures. In engineering design, eigenvalue buckling analysis is commonly used to verify
the stability of latticed shell systems. This method accounts for geometric stiffness and aims
to determine the theoretical critical buckling load and the corresponding buckling mode.
The governing equation is the generalized eigenvalue problem shown in Equation (1):

(K—AKg)p =0 (1)

where: K is the elastic stiffness matrix, K¢ is the geometric stiffness matrix, A is the buckling
load factor, and the critical buckling load factor is denoted as A, and the corresponding
critical buckling load is Per = ArPyes, with Pyo¢ being the reference load.

This study evaluates the stability of the double-layer elliptical cylindrical latticed
shell using eigenvalue buckling analysis. Long-span spatial latticed shell buildings have
large open spaces, and external loads (e.g., wind load, snow load) are often non-uniformly
distributed; in particular, the edge regions of the structure typically experience higher
loads [19]. Therefore, a surface-normal pressure load is applied to the edge regions of the
latticed shell. In eigenvalue buckling analysis, the magnitude of the reference load does
not affect the computed results; in this study, a uniform value of 1 kN/ m? is adopted. The
specific load application region is shown in Figure 2.
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Figure 2. Load application region.

4. Setting of Equivalent Stiffness Levels

When performing an independent stability analysis of a spatial latticed shell system,
it is necessary to consider the equivalent stiffness at the supports. This paper focuses
on the commonly encountered concrete pier-supported spatial latticed shell structures in
industrial buildings. In such systems, the substructure consists of concrete piers, which
typically have large cross-sectional dimensions, with the strong-axis dimension larger
than the weak-axis dimension. The strong axis is generally oriented to resist lateral forces
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transmitted from the upper latticed shell. Steel bearings are installed at the top of the
concrete piers to connect the upper latticed shell. The bearing height is generally 300-500
mm, and the bearings are free to slide longitudinally to accommodate thermal deformations
(Figure 3). In order to ensure that the equivalent stiffness levels in this paper are comparable
in order of magnitude to those in actual engineering, the equivalent stiffness of this type
of large-section concrete pier support structure is first reasonably estimated. Based on
the characteristics of this type of lower supporting structure, the following assumptions
are proposed:

(i) The concrete pier and the steel bearing form a series cantilever system;

(ii) The concrete pier effectively restrains the bottom of the steel bearing, preventing
rotational deformation;

(iii) For the steel bearing, only the transverse web provides the lateral stiffness.

steel bearing PR~
AN 4|5
o ~ I
- k-‘
—+— ¢
@ E,
~ I,
k&‘
e
(a) three-dimensional view (b) mechanical model

Figure 3. Series cantilever system.

The equivalent stiffness is defined as the reaction force required to produce a unit
displacement at the free end of the pier-steel bearing cantilever system. The mechanical
model is shown in Figure 3. Let ks and As denote the lateral stiffness and lateral displace-
ment of the steel bearing, respectively, and k. and A. denote the lateral stiffness and lateral
displacement of the concrete pier, respectively. Neglecting the contribution of the pier’s
end moment to the lateral displacement, the series system satisfies Equation (2):

)

ksAs = kcAc = F
A= As + A

where: A is the total lateral displacement. The lateral stiffness can be simplified using

Equation (3):
ke = ksl
{kc 3508 ©

where: Eg, I, and Lg are the elastic modulus, moment of inertia, and length of the steel bear-
ing, respectively; E, I, and L. are the elastic modulus, moment of inertia, and length of the
concrete pier, respectively. Combining Equations (2) and (3) yields the displacement ratio:

A _ LE (LY @
Ac L Es \ Lc
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Let I. /I = a. The elastic modulus of Q355B steel is approximately seven times that of
C30 concrete. Based on practical engineering, the height ratio of the concrete pier to the
steel bearing is L./Ls ~ 4. Substituting these into Equation (4) gives:
Ag o

Kczm 5)

The equivalent stiffness k satisfies:

1 1 1
PR ©

Combining Equations (2), (5) and (6), the equivalent stiffness expressed in terms of the
lateral stiffness of the concrete pier is obtained:

448

k= sk @

To verify the practicality of this assumption, take a concrete cross-section of
500 mm x 1200 mm and a length L. = 2 m, then the stiffness k. = 810 kN/mm. For the steel
bearing web of 150 mm x 20 mm, substituting into Equation (7) yields k = 28 kN/mm.

A numerical model was established as shown in Figure 4. The bottom of the model
is a fixed end. A unit horizontal displacement is applied at the top, and the out-of-plane
translational degree of freedom is constrained to ensure that deformation occurs in the
plane. The vertical degree of freedom and rotational degrees of freedom remain free.
There is no load within the spans of the pier and steel bearing in this model; only joint
displacements occur. Its deflection curve is a cubic function, and the SAP2000 frame
element adopts cubic displacement interpolation, so one element is divided for each part.

I F1=24.71
A=lmm ¢72=0.00
¢
M1=0.00
$M2=-61.79
(a) series cantilever model (b) series cantilever model

Figure 4. Numerical model of the series cantilever system (A = 1 mm).

The numerical calculation result shows k = 24.7 kN /mm. It can be observed that the
two results are close. The error mainly comes from two aspects. First, this paper assumes
that the large-section concrete pier can effectively restrain the steel bearing from rotational
displacement. However, when the steel bearing joint is subjected to a relatively large
horizontal force, the top of the concrete pier is simultaneously subjected to a horizontal
force and a moment; in addition to lateral displacement, there is also slight rotation.
Second, the frame element in SAP2000 is based on Timoshenko beam theory and considers
shear deformation, whereas the lateral stiffness in this paper is established based on Euler
beam theory in traditional structural mechanics and does not consider shear deformation,
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resulting in a smaller lateral displacement value while the actual value is larger, which
makes the calculated equivalent stiffness larger than the numerical result.

It is worth noting that the proposed formula is not intended to establish an accurate
theoretical model of equivalent stiffness, and it cannot be used to directly calculate the
exact value of equivalent stiffness. If it is necessary to reasonably estimate the equivalent
stiffness of large-section concrete pier supports so as to provide parameter values of
comparable order of magnitude for scientific research, this formula can provide a certain
reference value.

Define the equivalent stiffness coefficient § = 448/ (x + 448). Sincea > 0, < 1;
that is, the equivalent stiffness is always smaller than the lateral stiffness of the con-
crete pier. Directly using the pier’s lateral stiffness would overestimate the overall stiff-
ness. To investigate the influence of different equivalent stiffness values on the structural
stability, according to the specifications of JGJ 7-2010 (Technical specification for space
frame structures) [14,19], seven commonly used steel bearing web thicknesses (with a
height of 150 mm) are selected. The concrete pier cross-section remains the same as be-
fore (500 mm x 1200 mm). The parameters are listed in Table 1. The equivalent stiffness
coefficient ranges from 0.017 to 0.065, generally less than 0.1, meaning that the equivalent
stiffness is less than one-tenth of the pier’s lateral stiffness. For comparison, this study also
considers a rigid link boundary condition, which corresponds to an equivalent stiffness
approaching infinity.

Table 1. Equivalent stiffness values.

Web thickness (mm) 10 14 20 25 30 35 40
Equivalent stiffness coefficient (&) 0.017 0.024 0.034 0.042 0.050 0.058 0.065
Equivalent stiffness (k) 14 19 28 34 41 47 53

5. Analysis of Stability Results
5.1. Critical Load Factor

Using the link elements in SAP2000, the seven equivalent stiffness values obtained
above are assigned to the axial stiffness of the link elements. For the reference case (rigid
link, infinite stiffness), a hinge boundary condition is directly applied. Eigenvalue buckling
analysis is performed, and the first-order buckling factor is extracted, which represents the
critical load factor Aq; of the structure. The calculated results for all cases are summarized
in Table 2. Figure 5 shows the variation of A with ¢.

It can be observed that as the equivalent stiffness coefficient increases, the critical
load factor also increases, but it always remains lower than the value under the rigid link
constraint. This indicates that using a simple rigid link overestimates the stability capacity
of the structure to some extent—approximately 7% higher than the case with ¢ = 0.017.
Meanwhile, the growth rate of the curve gradually slows down as the equivalent stiffness
increases, suggesting that further increases in stiffness contribute less to the enhancement
of stability capacity.

Table 2. Critical load factors.

Equivalent stiffness coefficient (&) 0.017 0.024 0.034 0.042 0.050 0.058 0.065 )

Critical load factor (A¢r) 52.06 53.00 53.82 54.14 54.39 54.55 54.67 55.69

https:/ /doi.org/10.3390/buildings16183737


https://doi.org/10.3390/buildings16183737

Buildings 2026, 16, 3737

90f13

56

Critical load factor A,

52 1 1 1 1 1
0.01 0.02 0.03 004 005 0.06 0.07

Equivalent stiffness coefficient ¢
Figure 5. Relationship between critical load factor and equivalent stiffness coefficient.

5.2. Sensitivity Analysis

To quantitatively describe the feature that the critical load factor tends to level off as
the equivalent stiffness coefficient increases, the sensitivity is defined as follows:

Alc;rl - )\lcr) /Alcr

_
5= (Civ1 —Ci)/Ci

x 100%, i=1,2,...,6 8)

where: AL, and A1 are two adjacent critical load factors, and & and ¢, are the corre-
sponding equivalent stiffness coefficients. Since only seven different equivalent stiffness
coefficients are analyzed in this paper, the maximum value of i is taken as 6. The sensitivity
S corresponding to each equivalent stiffness coefficient is calculated, and the S-¢ curve is
plotted (as shown in Figure 6).

4.5

4.0

35¢F

Plateau section

Sensitive range /
2.0 ---2TENER . .

Insensitive range

Sensitivity of critical load factor S(%)

5 1 1 1 1 1
0.01 0.02 0.03 0.04 005 006 0.07

Equivalent stiffness coefficient &

Figure 6. Sensitivity of critical load factor.

It can be seen that the sensitivity decreases continuously as ¢ increases. In the sen-
sitive range (S > 2%), the curve decreases monotonically; after entering the insensitive
range (S < 2%), the sensitivity essentially stabilizes, and the rate of decrease diminishes
significantly. For example, when ¢ = 0.058, S = 1.82%, which is 58.5% lower than the
highest value, indicating that further increases in stiffness no longer yield significant gains
in stability capacity. The equivalent stiffness coefficient at this turning point is taken as
the threshold for load-carrying capacity improvement. It can be seen that, for the example
model in this paper, when the equivalent stiffness coefficient is 0.05, the critical load factor
enters the insensitive range for the first time.
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5.3. Saturation Analysis

As can be seen from Figure 5, simply setting the support condition of the latticed
shell as a rigid link overestimates the critical buckling load to a certain extent. The rigid
link corresponds to an equivalent stiffness approaching infinity, and the critical buckling
load under this condition represents an upper bound of the structural stability capacity. It
is worth noting that using eigenvalue buckling analysis to predict stability capacity is a
rough approach. The actual stability capacity of the structure usually needs to consider
factors such as geometric imperfections and geometric nonlinearity, and nonlinear buckling
analysis techniques are required for prediction. To evaluate whether the current equivalent
stiffness becomes the dominant factor controlling the load-carrying capacity, the saturation
degree D is defined as follows:

Ai - )\min

D= i ~min
Aoo_)\min

x 100% )
where: A; is the critical load factor under each working condition, A, is the minimum
among all critical load factors (in this paper, Amin = 52.06), and A« is the critical load
factor under the rigid link condition. The value of D ranges from 0% to 100%. A value
closer to 100% indicates that the contribution of stiffness to the load-carrying capacity
is nearly saturated and no longer governs the capacity; otherwise, there remains room
for improvement.

Figure 7 shows the variation of D with . As the equivalent stiffness coefficient
increases, the cumulative contribution continuously increases and gradually approaches
100%. For this example model, it can be observed that when ¢ = 0.065, D = 71.9%, indicating
that there is still room for further improvement in stiffness. However, the sensitivity index
clearly shows that as the equivalent stiffness continues to increase, there is a marginal effect
on the stability capacity; that is, the capacity gain brought by a unit percentage increase in
stiffness continues to decrease, meaning that the cost-effectiveness becomes increasingly
lower. At this time, it is not recommended to continue considering using an increase in
stiffness to exchange for an improvement in stability capacity.

100

80

60 -

0 1 1 1 1 1
0.01 0.02 0.03 0.04 0.05 0.06 0.07

Equivalent stiffness coefficient &

Saturation degree of critical load factor D(%)

Figure 7. Saturation degree of critical load factor.

5.4. Buckling Modes

Figure 8 shows the buckling modes of the latticed shell under different equivalent
stiffness coefficients. Based on the instability patterns, these modes can be classified into
two major categories: (i) When the equivalent stiffness is relatively small (represented
by ¢ = 0.017), the instability manifests as a local uplift in the end region near the top,
with insignificant deformation on both sides. (ii) As the equivalent stiffness increases, the
instability modes in Figure 8b—e are essentially the same: the end of the latticed shell tilts
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integrally to one side, with one side sagging and the other side rising. The instability modes
in Figure 8f-h tilt integrally in the opposite direction, with the overall deformation pattern
being generally consistent with the previous category.

i
Javas
JAVAY

5
:

(a) £=0.017

(c) £=0.034 (d) £=0.042

(e) £=0.05 (f) £=0.058

(g) £=0.065 (h) £ =

Figure 8. Buckling modes under different equivalent stiffness coefficients.

6. Conclusions

To explore the influence of different equivalent stiffness values on the stability capacity
of concrete-pier-supported elliptical cylindrical double-layer reticulated shell structures,
this paper establishes a three-dimensional model of the upper elliptical cylindrical double-
layer reticulated shell spatial structure. Based on the lower large-section concrete pier
support structure, an approximate equivalent stiffness is derived to reasonably set different
stiffness levels, and eigenvalue buckling analysis is used to evaluate the stability of the
reticulated shell. Under the edge-region loading mode of this example, the following
conclusions are obtained:

(1) For reticulated shell structures supported by large-section concrete piers, if a
reasonable estimation of the equivalent stiffness is required to provide parameter values of
comparable order of magnitude for scientific research, the calculation may be approximately
performed using a series cantilever system, assuming that the concrete pier can effectively
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restrain the bottom of the steel bearing from rotational deformation. However, it should be
noted that this method cannot be used to obtain the exact value of the equivalent stiffness.

(2) Increasing the equivalent support stiffness can enhance the stability capacity of the
structure to a certain extent. However, this benefit is more sensitive in the low-stiffness
range. As the stiffness increases, the sensitivity gradually decreases, indicating that there
is a threshold for the contribution of equivalent stiffness to the load-carrying capacity. In
practice, when the applied equivalent stiffness is relatively large, it is recommended to
avoid continuing to adopt measures of increasing the equivalent stiffness to improve the
stability capacity as much as possible.

(3) Simply applying rigid link constraints laterally at the support joints (assuming
infinite equivalent stiffness) will overestimate the stability capacity of the structure to a
certain extent.

(4) Under the edge local load mode, when the equivalent stiffness at the supports
is relatively low, the instability mode of the reticulated shell appears as a local uplift at
the end; as the stiffness gradually increases, its instability mode changes to overall lateral
tilting instability.

(5) This paper uses eigenvalue buckling analysis to evaluate the stability of the elliptical
cylindrical double-layer reticulated shell structure. This method can usually only obtain a
relatively rough stability capacity. The actual stability capacity of the structure needs to be
predicted using nonlinear buckling analysis techniques, usually considering factors such
as geometric imperfections and geometric nonlinearity. These works will continue to be
followed up in future research.
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