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Abstract. Due to the topographical constraints in mountainous areas, hollow 

thin-walled high piers are typically employed for highway bridges. To enhance 

the stability of these high piers, both transverse and vertical diaphragms are usu-

ally installed, which, however, increases construction difficulty and reduces effi-

ciency. To address this issue, this study investigates the impact of transverse and 

vertical diaphragm placement on the stability of hollow thin-walled high piers. 

Using Midas Civil and Midas FEA finite element software, the study examines a 

low-tower cable-stayed bridge currently under construction. The analysis focuses 

on the internal forces at the pier top and the effects of wind load during the max-

imum cantilever stage. The results indicate that transverse diaphragms have a 

minimal effect on the overall stability of hollow thin-walled piers, primarily af-

fecting local stability. Therefore, reducing the number of transverse diaphragms 

can facilitate construction. Similarly, vertical diaphragms also have a minimal 

effect on the overall stability, mainly influencing local stability. Increasing the 

wall thickness can enhance the overall stability of the piers. 

Keywords: partial cable stayed bridge, super high pier, diaphragm, mediastinal 

plate, stability. 

1 Introduction 

Mountain highways, due to topographical constraints, typically require tall piers and 

long-span bridges to cross rivers, gorges, and other complex terrains [1]. Thin-walled 

high piers are better suited to the complex topography, geological features, navigation, 

and route requirements of mountainous areas, and thus are widely used in practical 

engineering [2]. For some cable-stayed bridges with ultra-high piers in mountainous 

regions, the main pier type is single-leg hollow thin-walled piers. This type of pier has 

excellent torsional performance and good overall structural stability when the main  
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girder is constructed using the cantilever casting method. It is also convenient and effi-

cient to construct [3-5]. However, in practical engineering, hollow thin-walled high 

piers include not only horizontal diaphragms but also vertical diaphragms. The pres-

ence of horizontal and vertical diaphragms increases construction difficulty and reduces 

efficiency. Therefore, to address this issue, it is necessary to simultaneously consider 

the impact of horizontal and vertical diaphragms on the stability of hollow thin-walled 

high piers. 

The main span arrangement of the Mozhai Wujiang Grand Bridge is 

153m+296m+153m, with the superstructure being a low-pylon cable-stayed bridge in 

a continuous rigid frame system. The main piers are single-leg hollow thin-walled piers, 

with pier 3 being 216m tall and pier 4 being 185m tall. Both the main span length and 

the height of pier 3 are world records. The pier body has a significant thickness, with 

the minimum thin-walled thickness being 1.3m and the maximum thickness being 

1.8m. The piers are equipped with multiple layers of horizontal diaphragms and vertical 

diaphragms of varying heights. The horizontal diaphragm thickness is 2m, while the 

vertical diaphragm thickness ranges from 0.6m to 0.8m. The sectional structure of the 

piers is shown in Fig. 1. Therefore, this paper studies the impact of horizontal and ver-

tical diaphragm configurations on the stability of ultra-high piers based on the charac-

teristics of the high piers of this bridge. The study results are used to optimize the dia-

phragm configurations, aiming to simplify the structure of hollow thin-walled piers, 

facilitate construction, and save materials. The research results can provide a reference 

for the optimization design of similar high-pier bridge structures. 

 

Fig. 1. Structural drawing of pier section of Mozhai Wujiang super large bridge 

2 Construction of Finite Element Model 

2.1 Calculated Load 

The Mozhai Wujiang Grand Bridge is constructed using the cantilever casting method. 

During the maximum cantilever stage of the main girder construction, the structure 
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faces significant stress with minimal constraints, resulting in poor stability at this stage. 

Therefore, in the design of the main pier, the state during the maximum cantilever stage 

is generally used as the control point for stability [6,7]. At this stage, the loads on the 

structure primarily include self-weight, prestress, cable tension, wind load, and con-

struction load. In this study, the Midas Civil finite element software was used to estab-

lish a full-bridge finite element model, and the internal force data at the top of pier 3 

was extracted for the maximum cantilever stage of the main girder construction. The 

finite element model for the maximum cantilever stage is shown in Fig. 2, and the cor-

responding internal force data at the top of the pier is summarized in Table 1. It should 

be noted that the internal force data at the top of the pier does not consider the effect of 

wind load; this effect will be considered in subsequent analyses using the Midas FEA 

solid model of the pier [8,9]. According to the relevant calculation requirements of the 

"Wind resistant Design Specification for Highway Bridges" (JTG/T 3360-01-2018), the 

wind load q in the longitudinal direction of the bridge is 1.218 kN/m2. In the Midas 

FEA bridge pier solid model, the wind load is loaded in the form of uniformly distrib-

uted surface load. 

 

Fig. 2. Finite element model of maximum cantilever stage 

Table 1. Pier top internal force at maximum cantilever stage 

Axial force FN Bending moment My Shear force FQ 

kN kN·m kN 

4.823×105 1.208×104 1.821×103 
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2.2 Calculation Model 

To enhance computational efficiency and facilitate mesh division, the Midas FEA solid 

finite element model of a hollow thin-walled high pier is moderately simplified without 

compromising the analysis results [10,11]: (1) Given the complexity of the actual pier’s 

reinforcement layout, the impact of reinforcement on the pier’s stability is conserva-

tively ignored; (2) To facilitate mesh division, the pier’s manhole and chamfered sec-

tions are disregarded; (3) The maximum cantilever phase of the main beam is simplified 

as an internal force acting on the centroid of the pier top, while the longitudinal wind 

load on the pier body is applied to the solid finite element model as a uniformly distrib-

uted surface load [12]. The schematic of the most unfavorable loading on the high pier 

is depicted in Fig. 3. 

 

Fig. 3. Schematic diagram of model loading 

Given the favorable geological conditions of the pier foundation and its use of a pile 

cap foundation, the study does not account for elastic foundation effects. Therefore, the 

calculation model assumes the bottom of the pier to be fixed while the top remains free 

[13,14]. The bearing platform, diaphragms, pier walls, and solid concrete sections are 

all modeled using 3D elements [15]. With the exception of the bearing platform, which 

is constructed of C45 concrete, all other components are built with C50 concrete. 

3 Linear Buckling Analysis 

3.1 Influence of Diaphragm on Pier Stability 

To investigate the impact of diaphragms on the stability of hollow, thin-walled high 

piers, six scenarios were developed and designated as HG-1, HG-2, HG-3, HG-4, HG-

5, and HG-6. Detailed scenarios can be found in Table 2 and Fig. 4. 
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Table 2. Working condition description of diaphragm 

Working condition Describe 

HG-1 Original design 

HG-2 No diaphragm 

HG-3 The third diaphragm originally designed 

HG-4 The second and fourth diaphragms originally designed 

HG-5 The first, third and fifth diaphragms of the original design 

HG-6 The first, second, fourth and fifth diaphragms in the original design 

 

 

Fig. 4. Cross section of diaphragm pier 

Based on Table 2 and Fig. 4, by altering the arrangement of the transverse dia-

phragms while maintaining the layout of the longitudinal diaphragms in the hollow 

thin-walled piers, a linear buckling analysis is conducted for the piers under six differ-

ent conditions. This yields the eigenvalues and buckling modes for the first five buck-

ling modes. Detailed results are illustrated in Fig. 5. 
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Fig. 5. Modal eigenvalues and rate of change 

From Fig. 5, it can be observed that the first-order and second-order buckling modes 

of the pier under six different diaphragm conditions both exhibit overall instability, 

with the HG-3 condition having the highest modal characteristic value. Compared to 

the modal characteristic value of the original design HG-1 condition, the variation rates 

of the first-order and second-order modal characteristic values of the HG-3 condition 

are 0.89% and 0.97%, respectively, both of which are less than 1%. This indicates that 

diaphragms have a minimal impact on the overall stability of hollow thin-walled piers. 

According to the third-order and fourth-order buckling modes, it can be seen that the 

piers mainly exhibit local instability under each condition, suggesting that diaphragms 

primarily affect the local stability of the piers. For the fifth-order buckling mode, HG-

1, HG-3, and HG-5 conditions exhibit local instability of longitudinal diaphragms, 

while HG-2, HG-4, and HG-6 conditions exhibit second-order instability along the 

bridge direction. Additionally, the modal characteristic values for HG-2 to HG-6 con-

ditions are all greater than that of the original design HG-1 condition. In practical en-

gineering, higher-order modes are usually not considered; the first-order modal charac-

teristic value most accurately represents the critical load for pier instability. Therefore, 

diaphragms do not play a decisive role in the overall stability of this pier. Taking into 

account the modal characteristic values, construction costs, and other factors, it is fea-

sible to consider removing some diaphragms and adopting the diaphragm arrangement 

of the HG-3 condition for this pier. 

3.2 Influence of Mediastinal Plate on Pier Stability 

To investigate the impact of longitudinal diaphragms on the stability of hollow thin-

walled high piers, six different conditions were designed, named ZG-1, ZG-2, ZG-3, 

ZG-4, ZG-5, and ZG-6. The specific conditions are detailed in Table 3 and illustrated 

in Fig. 6. 
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Table 3. Working condition description of longitudinal diaphragm 

Working condition Describe 

ZG-1 Original design 

ZG-2 Set up a mediastinal plate between the pier bottom and the pier top 

ZG-3 
Set a mediastinal plate between the pier bottom and the second dia-

phragm 

ZG-4 
Set a mediastinal plate between the pier bottom and the first dia-

phragm 

ZG-5 No mediastinum 

ZG-6 
No mediastinal plate is set, but the thickness of the mediastinal plate 

is assigned to the wall thickness 

 

 

Fig. 6. Schematic diagram of section of bridge pier with mediastinal slab 

From Table 3 and Fig. 6, it can be seen that the arrangement of the transverse dia-

phragms in the hollow thin-walled piers remains unchanged, while the arrangement of 

the longitudinal diaphragms varies. A linear buckling analysis was conducted on the 

piers under the six different conditions, yielding the first five orders of buckling modal 

characteristic values and buckling modes. The specific results are presented in Fig. 7. 
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Fig. 7. Modal eigenvalues and change rate 

According to Fig. 7, the first and second buckling modes of the six longitudinal baf-

fle conditions for the pier exhibit overall instability. The eigenvalues of the first modes 

are 15.6, 15.3, 15.5, 15.5, 15.3, and 16.8, respectively. Compared to the original design 

condition ZG-1, the rate of change in the eigenvalues of the first mode for the other 

conditions are -1.93%, -0.731%, -0.732%, -2.03%, and 7.53%. It can be seen that the 

longitudinal baffles have a relatively minor impact on the overall stability of the hollow 

thin-walled pier, but assigning the thickness of the longitudinal baffles to the wall thick-

ness can improve the overall stability of the pier. According to the third buckling mode, 

it can be observed that ZG-1 and ZG-2 both exhibit local instability between the first 

and second horizontal baffles, while the remaining conditions show local instability in 

the pier walls. This indicates that setting longitudinal baffles can effectively improve 

the local stability of the pier. For piers with reduced longitudinal baffles, the eigenval-

ues of each mode are relatively large. In practical engineering, the eigenvalue of the 

first mode best represents the critical load at which the pier becomes unstable. There-

fore, longitudinal baffles do not play a decisive role in the overall stability of this pier. 

Comparing the ZG-1 and ZG-6 conditions, it is found that the eigenvalues of the first 

to fifth modes of the ZG-6 condition are greater than those of ZG-1. This demonstrates 

that assigning the thickness of longitudinal baffles to the wall thickness can more ef-

fectively improve the stability characteristics of the pier than directly setting longitudi-

nal baffles. Therefore, considering the eigenvalues of buckling modes, construction 

costs, and construction factors, this pier can consider either eliminating longitudinal 

baffles or using the HG-6 condition to assign the thickness of longitudinal baffles to 

the wall thickness to enhance both the overall and local stability of the pier. 

3.3 Influence of Vertical and Horizontal Diaphragms on Pier Stability 

Based on the stability analysis results of the transverse and longitudinal baffles men-

tioned earlier, an optimized pier baffle model can be derived. In this optimized model, 
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based on the original design, only one transverse baffle is installed, and the thickness 

of the longitudinal baffles is added to the pier wall thickness. The optimized pier model 

under the new conditions is shown in Fig. 8. 

 

Fig. 8. Schematic diagram of optimized pier model 

For both the original design condition and the optimized condition, linear buckling 

analysis was conducted on the piers, and the results for the first five buckling mode 

eigenvalues and mode shapes are presented in Fig. 9. 
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Fig. 9. Comparison of eigenvalues of buckling modes 

Based on Fig. 9, it can be observed that the trend of eigenvalue variation with mode 

order for the optimized pier remains consistent with that of the original design pier. 

Additionally, the first two eigenvalues of the optimized pier are greater than those of 

the original design condition, and all buckling modes exhibit overall instability. There-

fore, the proposed optimization scheme for the hollow thin-walled pier baffles in this 

study is feasible and more conducive to construction. 

4 Conclusions 

With the aid of Midas Civil and Midas FEA finite element software, a study was con-

ducted on the effects of transverse and longitudinal baffle configurations on the stability 

of hollow thin-walled tall pier shafts under maximum cantilever stage pier top forces 

and wind loads. The following conclusions were drawn: 

1) The horizontal diaphragms have a minor impact on the overall stability of hollow 

thin-walled piers, primarily affecting their local stability. Reducing the number of hor-

izontal diaphragms appropriately can facilitate construction. 

2) The vertical diaphragms also have a minor impact on the overall stability of hol-

low thin-walled piers, primarily affecting their local stability. The thickness of the ver-

tical diaphragms can be added to the wall thickness to enhance the overall stability of 

the piers. 
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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