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Wind load equivalence method and structural response
analysis of large-span space steel structures
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Abstract: In coastal areas, large-span space steel net trusses experience structural deformation due to
strong winds. Currently, the application of equivalent static wind load to the structure does not consider
the influence of local forces. The local uneven force on the bars caused by the structural appearance is
ignored, complicating the identification of local deformation in the net truss. Additionally, this simplification
increases the difficulty in evaluating wind load-sensitive areas of the building. This paper introduces a novel
method for calculating static equivalent wind load, considering the transmission relationship between the
structural roofs appearance and the internal truss forces. Following the outlined methodology, wind load is
precisely applied at nodes with diverse windward faces, taking into account the node area ratio. The paper
also examines how varying standard wind load values affect mesh truss deformation under different wind
angles. Results indicate that, at 0◦, 90◦, 180◦, and 270◦ wind directions, wind load-sensitive areas are linked
to roof shape and structural characteristics. Maximum displacement in the truss grid’s overall structure
primarily occurs in the windward corner contact area. Network truss deformation linearly increases with the
load standard. If the wind load exceeds 1.0 kN/m2, deformation is associated with the windward vertical
plane’s area and steel column spacing, impacting overall structural safety.
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1. Introduction

Large-span spatial steel roofs are typical wind-sensitive structures. However, due to their
inherent structural characteristics, such as light mass, flexibility, and a low natural vibration
frequency [1–3], they are extensively utilized in prominent public buildings, including railroad
passenger stations. Nevertheless, the structural design encounters numerous engineering chal-
lenges, particularly when subjected to strong winds [4, 5]. In the typhoon-prone regions along
the coast of China, structural damage induced by wind leads to localized harm or destruction
of large-span spatial steel structures, culminating in significant economic losses to both lives
and property [6, 7].

In practical construction, the distinctive and innovative appearance of the net truss structure
design prompts the utilization of the Equivalent Static Wind Load (ESWL) method to calculate
the impact of strong winds on the roof structure [8]. This method, employed to assess the
structure’s response to wind load, aims to simplify the intricate randomized wind forces
into a static force load [9]. However, limitations arise in conducting structural static analysis,
including insufficient consideration of the transmission relationship between the structural
roof’s exterior shape and the internal web truss forces. Furthermore, there is a lack of attention
to the issue of local force heterogeneity in the bars, induced by the structure’s exterior
characteristics. This heterogeneity leads to wind load influencing the local nodes of the web
trusses, with no significant variance in the static force of the local area [10]. During the
steel structure design process and the evaluation of the overall load carrying capacity, the
bars uniformly experience wind load. However, the prediction of node displacement fails
to accurately pinpoint the sensitive area of structural wind load. Consequently, achieving
structural optimization design based on structural deformation becomes challenging [11]. In
light of this, a more precise analysis of the uneven force at the local nodes, attributed to the net
truss structure’s shape, is essential for the accurate assessment of its deformation.

Currently, scholars both at home and abroad have undertaken extensive research on
the impact of wind on the deformation of steel buildings [12]. Finite element simulation
is commonly employed to predict the structure’s deformation. Ma et al. [13]. used ANSYS to
establish the finite element modeling of the roof structure and analyzed the wind performance
and equivalent static wind load of a large-span openable truss structure. Li et al. [14] investigated
the wind response of the large-span airsupported membrane structure coal scaffolding under
the influence of typhoons and obtained the displacement response by finite element software
ANSYS to calculate the displacement response. Xu et al. [15] took Dongsheng Station of the
Guangzhou-Zhuhai Intercity Rail Transit Project as an example and conducted a relevant study
on the wind load of the roof structure when the train passes the station. WO et al. [16] analyzed
the roof structure deformation of the Zhanjiang New Airport terminal building using zonal
multiobjective equivalent static wind load. However, there are fewer studies on the conversion
of wind load acting on surface forces and nodal static loads for large-span roofs in strong
typhoon regions, especially on the stress performance of large-span steel roof mesh truss
structures under different standard values of wind loads [17, 18].

In summary, this paper proposes a steel structure wind load equivalence method based on
the force transfer relationship between the outer wall surface of the roof cover and the mesh
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truss, and calculates the static wind load at the contact node between the roof cover and the
rods. Taking Xintang Station in Guangzhou, China, as an example, ANSYS finite element
software is used to analyze the deformation response characteristics of steel mesh trusses,
and to explore the displacement response of the large-span steel mesh truss structure under
different wind loads at various wind angles at the forming structure.

2. A static equivalent method of wind load
In order to apply static wind loads reasonably to the nodes of large-span space steel

structures, this paper proposes a new computational method for the static equivalent application
of wind load, and the flow of the equivalent method is shown in Fig. 1. This method is mainly
applied to the equivalent application of node loads on the facial region. Firstly, at the structural
acting face level, it is necessary to assess the appearance shape of the structure and calculate
the length and width of the force surface to obtain the area of the vertical windward face [19].
Second, at the net truss node level, the location of the bars, the number of nodes, and the
direction of the force need to be determined. Then, using the method of target node area cutting,
the wind load in the facial area is assigned to the structural rod nodes according to the area
ratio, so as to obtain the static load of a single node as shown in Eq. (2.1):

(2.1) Fi = wkhb
Si

stotal

where: Fi – the node static load, kN, wk – the standard value of wind load, kN/m2; h – the
length of the vertical windward surface, m; b – the width of the vertical windward surface, m;
Stotal – the total area of the structure, m2; Si – the node of the area occupied, m2.

Fig. 1. Static Equivalent Method of Wind Load

In order to calculate the area occupied by the i node, assuming any target node Pi =

(xi, yi, zi),with adjacent bars having four nodes Pi−1, Pi−2, Pi−2 and Pi+2, calculate the midpoint
coordinates of the target node, and their midpoints M(i,i−1), N(i−1, j) and N(i−1,k), as shown in
Eq. (2.2), Eq. (2.3), and Eq. (2.4).
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(2.4)

The formula for calculating the area of the quadrilateral formed by the target node Pi and
its adjacent midpoints M(i,i−1), N(i−1, j) and N(i−1,k). Assuming the target node is the i node, the
area of the quadrilateral occupied by the target node i is given by Eq. (2.5).

(2.5) Si =
1
2

[ (PiN(i−1, j) × M(i−1,i)N(i, j)
 + (PiN(i+1, j) × M(i,i+1)N(i, j)


+
(PiN(i−1,k) × M(i−1,i)N(i,k)

 + (PiN(i+1,k) × M(i,i+1)N(i,k)

]

At the same time, the total area of the structural outer surface can be obtained, calculated
as shown in Eq. (2.6):

(2.6) Stotal =

N∑
i=1

sI

Based on the above calculation method, the nodal area of each bar in the model is calculated
using MATLAB software programming to obtain accurate nodal static loads.

3. Model and load value extraction

3.1. Engineering background

This paper takes the net truss of Xintang Station in Xintang Town, Zengcheng District,
Guangzhou City, as an example, to analyze the static characteristics of the net truss. The roof
structure adopts the net truss combination system, with a quadrangular conical net frame
structure on the north and south sides, triangular trusses in the middle part, and the nodes
adopt the welded ball node, which is a typical large-span steel structure roof. The schematic
diagram of the net truss structure is shown in Fig. 2.

3.2. Model parameter sensitivity analysis

In finite element modeling of steel mesh trusses, element type and element count are
key sensitive parameters in the model calculation. In this study, the upper web members
are depicted schematically in Fig. 3(a). They are 4500 mm in length with a section size of
D299 × 14 mm, and the concentrated force at the end is P = 20 kN. Beam188 and Beam189
elements are used for modeling. The effects of element type and number of elements on the
structural deformation are compared and analyzed.
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Fig. 2. Schematic diagram of the structure of the network truss

Figure 3(b) shows the displacement variation maps for different element types and mesh
sizes. The element types used are Beam188 and Beam189, and the mesh sizes are set to
2, 20, and 100 divisions for three working conditions. From Fig. 3, it is observed that the
displacement and rod deformation maps calculated using Beam188 and Beam189 elements
are identical. Additionally, the number of mesh divisions has no effect on the structural
deformation of the beam elements. are identical. Additionally, the number of mesh divisions
has no effect on the structural deformation of the beam elements.

(a) Schematic diagram of web rods (b) Element type and mesh size

Fig. 3. Model parameter sensitivity analysis;
(a) Schematic diagram of web rods, (b) Element type and mesh size

3.3. Model building

ANSYS and CAD modeling were combined to create the roof net truss finite element
model [20]. The finite element model was established by selecting roof transverse trusses,
vertical trusses (including truss chords, and web rods), steel columns, and roof net frames.
We defined different crosssection sizes to distinguish the steel pipe diameter, then simulated
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and calculated the pipe diameter of the steel column as D1300 × 40 mm. We simplified
the rest of the truss rods and net frame crosssections to the same crosssection and chose
the smallest crosssection size, D299×14 mm. In the static analysis, the stresses of the structural
rods may be more than the yield stresses of the steel, and the elasticplastic properties of the
rod materials should be considered. The elasticplastic properties were analyzed using the
geometric nonlinearity of ANSYS, and the unit type was set as Beam188 unit, which considers
the elasticplastic properties of the material as well as the effects of large displacements,
large rotations, and shear deformations of the rods [21]. The rods were connected through
the common node, and the restraining boundary conditions were applied at the bottom end
of the steel column and the contact nodes of the two sides of the bending landing and the
concrete structure of the waiting floor. The degrees of freedom in each direction were restrained,
i.e., six directions, UX, UY, UZ, ROTX, ROTY, and ROTZ [22]. The finite element model of
the three dimensional curved roof main web truss mesh frame is shown in Fig. 4.

Fig. 4. The finite element model of the three-dimensional

3.4. Steel material parameter acquisition

In order to obtain the intrinsic stress-strain relationship of Q355B material, a set of
quasistatic tensile tests were carried out with the test environment temperature of 20◦ [23].
The specimens used in the experiment were cut and processed from Q355B steel pipe with
a thickness of H = 0.05 m, and the specimen test equipment and the fractured specimen after
tensile are shown in Fig. 5. In the ANSYS static analysis, the net truss structure material
is defined as a multilinear material model, and the stress-strain curve is shown in Fig. 6,
with a tensile strength of 489 MPa, a yield strength of 317 MPa, and a total elongation of
10.5% at the maximum force.
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Fig. 5. Specimen equipment and post-tension fracture specimens; (a) Universal material testing machine,
(b) Specimen size, (c) Fracture specimen after tensile test

Fig. 6. Q355B stress-strain curve

3.5. Values of angular wind loads for different wind directions

The project is located in Zengcheng District, Guangzhou City, Guangdong Province,
according to the relevant provisions of the Code for Structural Loading of Buildings (GB
50009-2012) [24]. The basic wind pressure in this study was 0.6 kN/m2, the terrain was flat,
the height of the building was 35.65 m, and the degree of roughness of the ground was class B.
The coefficient of variation of the height of the wind pressure was determined to be 1.39,
and the value of the wind vibration coefficient according to the value of 100-year one time
occurrence was 1.6. The body coefficient is shown in Fig. 7, which calculates the main stress
structure. The standard value of wind load perpendicular to the building’s surface can be
expressed as Eq. (3.1):

(3.1) Wk = βzµsµzW0

where: Wk – the standard value of wind load (kN/m2), βz – the wind vibration coefficient
at height z, µs – the wind load body type coefficient, µz – the wind pressure height change
coefficient, W0 – the basic wind pressure (kN/m2).
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Fig. 7. Roof shape coefficient distribution

4. Static Analysis of the Main Truss Structure of Roof

Wind load is a type of surface load whose direction is perpendicular to the windward
surface, and different wind directions have a great influence on the internal mesh truss structure.
In this paper, according to the characteristics of the structure, static analysis is carried out at
four direction angles of 0◦, 90◦, 180◦, and 270° [25]. The positions of different wind direction
angles are shown in Fig. 8. Using the static equivalent method of wind load proposed in this
paper, six standard load values are applied to the surface of the outer cover. The displacement
components in the x, y, and z directions, as well as the total displacement, are then analyzed
under different load conditions.

(a) 0◦ wind angle (b) 90◦ wind angle

(c) 180◦ wind angle (d) 270◦ wind angle

Fig. 8. The 0◦ (a), 90◦ (b), 180◦ (c), and 270◦ (d) wind direction angle diagram

4.1. Relationship between wind loads and structurally sensitive areas

The characteristics of large-span space steel structure roofs and wind load values are crucial
for structural design [26]. Figure 9 shows the displacement cloud diagram for different wind
loads. Observing the displacement cloud diagram under four different wind load standard values
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(a) 0.67 kN/m2 (b) 0.93 kN/m2

(c) 1.33 kN/m2 (d) 1.87 kN/m2

Fig. 9. Displacement map under different standard values of wind loads;
(a) 0.67 kN/m2, (b) 0.93 kN/m2, (c) 1.33 kN/m2, (d) 1.87 kN/m2

reveals that the structural deformation of roof mesh trusses occurs at the same location. The
larger the wind load, the more pronounced the structural deformation. This deformation is not
affected by the wind load acting on the roof surface, indicating that the sensitive area of the steel
roof net truss is related to the roof shape and structural characteristics.

The above analysis shows that the wind load standard value had less influence on the wind
load sensitive area of the net truss. The maximum displacement was in the same position under
the action of different wind load standard values, and the structural deformation of the net truss
was analyzed only for the typical load standard value of 0.67 kN/m2.

4.2. Deformation of main net truss structure at 0◦ wind angle

Figure 10 shows the displacement cloud diagram of the main roof truss under typical
working conditions with a standard wind load of 0.67 kN/m2. When the vertical wind blew the
main roof truss, there was a significant difference in the displacement in different directions
and the total displacement change. From Fig. 10(a), we see that the maximum displacement
in the x-direction occurred in the corner area of the windward side, i.e., in the contact area
between wind load and web trusses; the web trusses are tensile under the wind load and
cause deformation of the neighboring side of the structure. Fig. 10(b) shows the maximum
displacement in the y-direction was mainly concentrated on the opposite side of the wind
load and the roof surface, and the deformation of the roof surface was caused by the joint
action of gravity and wind suction. From Fig. 10(c), we know that the deformation of the
two sides of the net truss in the z-direction was the smallest, which is mainly due to the wind
load direction being the same as the deformation direction; the deformation of the structure
was mainly in the contacting area of the corners of the windward side. From Fig. 10(d), the
maximum displacement of the overall net truss structure was mainly concentrated in the corner



322 Y. CHEN, J. CENG, Z. YU, Y. WANG, L. GONG, T. YANG

(a) x-direction (b) y-direction

(c) z-direction (d) Total displacement deformation

Fig. 10. The 0◦ wind direction angle (0.67 kN/m2) truss grid deformation;
(a) x-direction, (b) y-direction, (c) z-direction, (d) Total displacement deformation

contact area of the net truss surface where the maximum wind load contacts. The deformation
expanded from the maximum contact surface of the wind load in the form of a bow wave to the
surroundings in order, and with increased distance, the overall displacement and deformation
of the overall structure of the net truss decreased.

Figure 11 shows the maximum displacement value of the net truss under different load
standard values at a 0◦ wind angle. With increased wind load, the displacement in the
x-, y-, and z-directions and the total displacement of the net trusses increased. The wind load

Fig. 11. Maximum displacement of the structure for different standard values of wind loads (The 0◦ wind
direction angle)
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had a linear relationship with structural change. The wind load sensitive zone of the roof main
web truss structure appeared in the windward side area; the leeward side had less influence,
and the wind load size had less influence on the wind load sensitive zone of the roof web truss.

4.3. Deformation of main net truss structure at 90◦ wind angle

Figure 12 shows the displacement cloud diagram of the main roof truss under typical
working conditions with a standard wind load of 0.67 kN/m2. From Fig. 12(a), the maximum
displacement in x-direction appears in the center roof of the contact area of the wind load, and
the deformation is minimum at the steel columns and the connection with the concrete. The
maximum displacement in the x-direction occurs in the center roof of the wind–loaded contact
area, the steel columns and mesh trusses had the least deformation at the concrete connections,
and the deformation in the x-direction was consistent with the overall structure deformation.
From Fig. 12(b), the maximum deformation in the y-direction was mainly concentrated in
the wind load contact area and the roof surface, and the deformation of the net frame on the
roof surface was mainly distributed between the main trusses. From Fig. 12(c), the minimum
deformation in the z-direction of the roof web trusses indicates that the lateral stiffness of
the structure is strong. From Fig. 12(d), the maximum displacement of the overall structure
of the net truss was mainly concentrated in the net truss surface with the largest wind load
contact; the deformation extended from the surface of the largest wind load contact in the
form of a bow wave to the surroundings. With increased distance, displacement was uniformly
transmitted along the negative x-direction, and the deformation decreased, so the net truss
deformation was uniformly and symmetrically distributed.

(a) x-direction (b) y-direction

(c) z-direction (d) Total displacement deformation

Fig. 12. The 90◦ wind direction angle (0.67 kN/m2) truss grid deformation;
(a) x-direction, (b) y-direction, (c) z-direction, (d) Total displacement deformation
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Figure 13 shows the maximum displacement value of the net truss under different load
standard values at 90◦. With the increased wind load standard value, the displacement
generated by the structural net truss also increased, and its wind load standard value had a linear
relationship with the deformation displacement of the structure, and the size of the total
displacement was consistent with that of the x-direction displacement. The results show that
the deformation of the net truss roof under a 90◦ wind load is in the edge corner area of the
contact angle imposed by wind load.

Fig. 13. Maximum displacement of the structure for different standard values of wind loads (The 90◦
wind direction angle)

4.4. Deformation of main net truss structure at 180◦ wind angle

Figure 14 shows the displacement cloud diagrams of the main web truss for the roof
cover with a typical wind load standard value of 0.67 kN/m2 at a 180◦ wind angle. Fig. 14(a)
shows that the maximum displacement in the x-direction occurs in the contact corner area
of the windward face. The left and right surfaces of the roof were not uniformly loaded, and
the displacement of the left side of the windward face was larger than that of the right side,
which is related to the loaded area of the web trusses. Fig. 14(b) shows that the maximum
displacement in the y-direction was mainly concentrated in the contact area of wind load on
the left windward side and the backward side, and it is worth noting that the deformation of
the net truss on the right side of the wind loaded contact area was smaller. Fig. 14(c) and
Fig. 14(d) show the deformation of the net truss in the z-direction and the total deformation of
the whole structure. The maximum displacement was mainly concentrated in the corner area
of the net truss with maximum contact with the wind load; at the same time, the roof cover
deformation was extended from the maximum contact surface of the wind load in the form
of a bow wave in the four directions, and with the increased distance, the displacement and
deformation decreased, and the deformation of the truss net truss presented as symmetrically
distributed with a relatively uniform force.
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(a) x-direction (b) y-direction

(c) z-direction (d) Total displacement deformation

Fig. 14. The 180◦ wind direction angle (0.67 kN/m2) truss grid deformation;
(a) x-direction, (b) y-direction, (c) z-direction, (d) Total displacement deformation

Figure 15 shows the maximum displacement value of the truss net frame under different
load standard values at a 180° direction angle. The displacement of the net truss increased
with the standard value of the wind load. There was a linear relationship between different
load standard values and the maximum displacement value of the truss net frame at 180◦.

Fig. 15. Maximum displacement of the structure for different standard values of wind loads (The 180◦
wind direction angle)
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4.5. Deformation of main net truss structure at 270◦ wind angle

Figure 16 shows the structural deformation of the main trusses of the roof with the typical
wind load standard value of 0.67 kN/m2 at a 270◦ wind angle. Fig. 16(a) shows that the
maximum displacement of the truss in the x-direction is mainly concentrated at the corners
of the connection between the supporting frame and the roof frame. The deformation of the
truss on the roof surface extended in the form of a bow wave from the maximum contact
surface of the wind load to the surroundings, and with the increased distance, the displacement
and deformation decreased, and the deformation was symmetrically distributed in both the left
and right directions. From Fig. 16(b), the maximum displacement in the y-direction was mainly
concentrated on the opposite side of the wind load contact area. This is because the spacing of
the steel columns at this location is large, which leads to the deformation of the roof trusses.
From Fig. 16(c), the maximum displacement of the net truss appeared in the center of the
supporting net frame and roof cover, and the deformation of the structure on the side far away
from the wind load was small and almost not affected by the wind load. From Fig. 16(d), the
maximum displacement of the steel roof net joist was mainly concentrated in the connection of
the supporting net frame and roof net frame. The deformation of the roof net joist was extended
from the maximum contact surface of wind load to all directions in the form of a bow wave; the
deformation of the net joist was symmetrically distributed in both the left and right directions.
The biggest difference with the net joist deformation in the x-direction was a big displacement
in a small portion of the roof net joist in the side away from wind load. The reason for this
deformation was a supporting net frame in the area, which was almost unaffected by wind

(a) x-direction (b) y-direction

(c) z-direction (d) Total displacement deformation

Fig. 16. The 270◦ wind direction angle (0.67 kN/m2) truss grid deformation;
(a) x-direction, (b) y-direction, (c) z-direction, (d) Total displacement deformation
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load. The biggest difference in the x-direction deformation of the net truss was that a small
part of the roof cover on the side away from the wind load had a big displacement [27].

The maximum displacement of the truss net frame under different load standard values
at 270◦ direction angle is given in Fig. 17, from which it can be found that the displacement of
the truss net frame increases with the increase of the standard value of wind load, and there
is a linear correlation between the two.

Fig. 17. Maximum displacement of the structure for different standard values of wind loads (The 270◦
wind direction angle)

5. Analysis of overall deformation of mesh truss under
the combination of wind angle and standard value

of wind load
Through the above analysis of the single factor influence on the net truss with different wind

angles and wind loads, we see that the maximum displacement of the net truss was affected by
the wind angle and wind load standard value; the single factor influence was significant.

Figure 18 shows the relationship between different wind angles and standard values of wind
load on the displacement of the net truss. It is shows that under the two-factor combination
of wind angle and wind load standard value, the structural deformation displacement of the
net truss can be roughly divided into three intervals. In the wind load standard value range
of 0–1.0 kN/m2, the overall net truss deformation was less affected by the different wind
angles. The deformation displacement was in the interval of 0–20 mm, and the growth rate
of structural deformation displacement of the net truss increased significantly in the wind
load range of 1.0–1.4 kN/m2. In the wind load range of 1.0–1.4 kN/m2, the growth rate of
structural deformation and displacement increased significantly, the effect of wind load in the
0◦ and 180◦ wind angle direction on the structural response of the net truss increased gradually,
and the overall structural displacement of the net truss was in the range of 20–32 mm. The net
truss structure response was evident in the case of the standard wind load value < 1.4 kN/m2,



328 Y. CHEN, J. CENG, Z. YU, Y. WANG, L. GONG, T. YANG

Fig. 18. Wind direction angle–wind load standard value displacement diagram

the growth rate of structural deformation and displacement increased, and the maximum
structural displacement of the net truss occurred in the 0◦ and 180◦ directions. The maximum
displacement of the net truss structure occurred at 0◦ and 180° direction angles, among which
the 0◦ angle had the largest structural deformation. In summary, when the standard value of
wind load was < 1.0 kN/m2, the wind load impact on the overall structure of the net truss
was small. When the standard value of wind load was > 1.0 kN/m2, the deformation and
displacement of the net truss structure in the 0◦ and 180◦ directions were the largest, which
may affect the safety of the overall net truss structure.

6. Conclusions

In this paper, a static equivalent method for transferring the wind load on the roof
surface and the nodal force of the internal rods of the large-span space net truss structure is
proposed. The quasistatic tensile test of Q355B steel pipe material is conducted to provide
the material parameters for the deformation of the structure. The equivalent static analysis
of the main net truss of the roof is performed using the finite element software ANSYS,
with Xintang Station in Guangzhou City, China, as an example, to explore the structural
deformation of the whole structure under different standard values of the wind load working
conditions. Structural deformation under different standard wind load conditions. The following
conclusions are drawn:

1. By using the static equivalent method of wind load, the wind load on the face area is
divided based on the node area ratio of the rods. This approach addresses the issue of local
force inhomogeneity caused by the structural characteristics of the roof’s appearance
and enhances the accuracy of node displacement solutions in the wind load-sensitive
areas of large-span spatial steel roof mesh trusses.



WIND LOAD EQUIVALENCE METHOD AND STRUCTURAL RESPONSE ANALYSIS. . . 329

2. By observing the structural deformation under fourwind load standard values (0.67 kN/m2,
0.93 kN/m2, 1.33 kN/m2, and 1.87 kN/m2), it is found that the wind load-sensitive zone
of the steel roof trusses is consistent with the location of the wind load-sensitive zone.
The greater the wind load, the more pronounced the structural deformation, which is
not affected by the wind load acting on the roof surface. This further indicates that the
sensitive zone of the steel roof net truss is related to the design of the roof profile and
structural characteristics.

3. When the roof surface is subjected to various wind loads at different wind angles, the
deformation of the large-span steel mesh truss structure varies significantly. Under four
wind angles (0◦, 90◦, 180◦, and 270◦), the windward side corner contact area is the
wind load-sensitive zone, experiencing the greatest overall structural deformation of the
mesh truss. The deformation radiates from the largest contact surface of the wind load
in a bow wave pattern in all directions. As the distance increases, the overall structural
displacement and deformation of the mesh truss decrease. As the distance increases, the
displacement and deformation of the overall truss net structure decrease.

4. The overall deformation analysis of the net truss under various wind angles and wind
load combinations shows that as the wind load standard value increases, the deformation
displacement of the net truss structure also increases. There is a linear correlation
between the wind load standard value and the deformation displacement of the net truss
structure. When the wind load standard value exceeds 1.0 kN/m2, the deformation is
greatest at 0° and 180◦ wind angles. This is related to the size of the vertical windward
surface area and the spacing of steel columns. Therefore, in the design of large-span
space structures, multiple wind-resistant defenses should be established on the windward
side to prevent damage to local wind-resistant facilities from compromising the overall
wind-resistant system.
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