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ABSTRACT

Considering the influences of the interaction between gable walls and the
reticulated shell as well as the soil-structure interaction (SSI). The dynamic responses of
the two models were studied under variations of structural parameters (aspect ratio,
vector span ratio), soil types, and PGA (peak ground motion acceleration). It is found that
structural parameters, soil types, and PGA have significant influences on the dynamic
response differences between the two types of reticulated shells, among them, the
influence of joint stiffness on dynamic response becomes the most significant as the
aspect ratio increases, with the increase of PGA and the decrease of soil stiffness, the
influence degree of joint stiffness on the dynamic response and the maximum stress and
strain values of the reticulated shell increase gradually. The main reason for this
difference in dynamic response is the large strain discrepancy between spherical joints
and members....

1. INTRODUCTION

The single-layer cylindrical reticulated shell has a novel structural form, with
members and joints connected into aesthetically pleasing spatial structures according to
designed curved surfaces. They possess advantages such as uniform force distribution
and excellent seismic resistance. However, welded spherical joints have complex force
characteristics and cumbersome modeling processes, often simplified as rigid points (Zhi
et al. 2023, Xu et al. 2023, Yang et al. 2019). In practice, spherical joints exert a certain
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constraint on member ends, and the bearing capacity (Yu et al. 2021, Li and Taniguchi
2020) and stability (Guo 2020) of reticulated shells will significantly decrease when
considering joint stiffness.

With the deepening of research, the interaction between gable walls and reticulated
shells at the two arch ends has gradually become a research focus (Kong 2019).
Considering the significant importance of joint stiffness, site type, and gable walls in
seismic analysis, there are few studies that simultaneously consider these three factors.
Therefore, traditional beam element reticulated shell models and refined shell element
reticulated shell models considering both gable walls and SSI effect are established
herein. The shell element model can consider the stiffness of welded spherical joints.
The displacement time-history curves of the two types of models are compared when
structural parameters (aspect ratio, rise-span ratio) change. The dynamic response
differences between the two types of models in different soil types (medium-stiff soil 1I,
medium-soft soil III, and soft soil IV) and the variation law of these differences with PGA
are analyzed. Finally, by comparing the stress and strain of joints and members of the
two types of models, the causes of the seismic response differences are summarized,
and the dynamic stability of the two types of models is further analyzed using the
Budiansky-Roth instability criterion.

2. Model Establishment

Beam element and the shell element reticulated shell models were established
using B31 beam element and S4R shell element in ABAQUS, respectively. On the basis
of the original model (Group 1), the aspect ratio and rise-span ratio of the structure were
increased. To ensure the form of the reticulated shell model remains unchanged, the
aspect ratio was appropriately adjusted when increasing the rise-span ratio. Foundation
soil was simulated by using C3D8R solid elements. The appearance of first group of
reticulated shell models was shown in Fig. 1.
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(a) Overall reticulated shell model (b) Shell element model
Fig. 1 Appearance diagram of the first group of reticulated shell models

Three types of homogeneous site soils were defined (Zhan 2019): medium-stiff soil
II, medium-soft soil III, and soft soil IV. To reduce computational cost, the plane size
(length x width) of the soil was set to 5 times that of the upper structure (Ma 2021).
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Viscoelastic artificial boundaries were selected, and Springs/Dashpots elements were
set at the vertical sections around the soil (Du et al. 2006), as shown in Fig. 2.

Fig. 2 Configuration of spring-damper elements
3. Dynamic Responses of Three Groups of Models Considering Gable Walls

As shown in Fig. 3, when PGA is 140 gal, the dynamic response difference between
the two types of models in Group 1 is very small.
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Fig. 3 Vertical displacement time-history curves of models (medium-stiff soil - 140 gal)

4. Seismic Responses of Single-Layer Reticulated Shells with Increasing PGA

Table 1 Maximum Displacement Difference Ratio of the First Group of Models (240 gal)

Reticulated X-direction Y-direction
Soil Type |U1 | imax/m |U; | max/m Difference Difference
shell Type € :
Ratio Ratio
eierﬁgt 0.148 0.128
1 Shell 0.047 0.125
0.155 0.144
element
eﬁfﬁgt 0.161 0.128
= Shell 0.155 16.828
0.186 2282

element
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eIBefT‘;‘Q]t 0.169 0.128
v Shell 1.030 33.906
0.343 4.468
element

As shown in Table 1, when PGA is 240 gal, there is a significant dynamic response
difference between the two types of models in Group 1. The shell element models in
medium-soft soil and soft soil foundations undergo premature instability failure (the
structural vertical displacement increases sharply after t = 8 s), while the displacement
time-history curves of the beam element models in the three types of soils are relatively
stable. The maximum X-direction and Y-direction displacement values of the two types
of models increase with the decrease of soil stiffness.

5. Dynamic Stability of Reticulated Shells Considering Gable Walls

Table 2 PGA Critical Values of Three Groups of Models

Group Reticulated  Medium- Medium- Soft Soil Medium- Medium- Soft Soil
No.  Shell Type stiff Soil soft Sail (gal) stiff Soil soft Soil Difference
(oal) (gal) Difference  Difference Ratio
Ratio Ratio
eﬁf}i‘g:]t 520 500 480
1 Shell 1.00 1.083 1.182
260 240 220
element
eIIBei:I(re?lt 180 160 140
2 Shell 0.125 0.143 0
160 140 140
element
elBeen?gt 340 340 320
3 Shell 0.063 0.133 0.143
320 300 280
element

As shown in Table 2, with the decrease of soil stiffness, the critical values of the
two types of models gradually decrease, and the stability difference between the two
types of models in the three groups gradually increases with the decrease of soil stiffness.
Joint stiffness has the greatest influence on the dynamic stability of the first group of
reticulated shells. The critical values of the traditional beam element models in this group
are more than twice those of the shell element models (the critical difference ratios are
100%, 108.3%, and 118.2%, respectively). However, when the structural parameters
(aspect ratio, rise-span ratio) change, the influence of joint stiffness on the stability of the
reticulated shell is small, and the PGA critical difference ratios are all below 15%.

6. Conclusions
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Joint stiffness has little effect on the natural vibration frequency of the reticulated
shell. The decrease of solil stiffness and the increase of structural parameters do not
significantly change the influence degree of joint stiffness on the natural vibration
frequency of the structure.

With the increase of PGA and the decrease of soil stiffness, the influence degree
of joint stiffness on the dynamic response, as well as the maximum stress and strain
values of the reticulated shell, gradually increase, resulting in premature instability failure
of the shell element model in the soft soil foundation.

With the decrease of soil stiffness, the PGA critical value of the reticulated shell
gradually decreases, and the influence degree of joint stiffness on the stability of the
reticulated shell is improved. Among them, joint stiffness has the greatest influence on
the stability of the original model. However, when the structural parameters increase,
the influence of joint stiffness on the stability of the reticulated shell becomes smaller.
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