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Abstract 

Title:  Development of Plane Rotating Traction System: 

Based on the High-speed Rail (72+128+72) m Continuous Prestressed Concrete Beam 

Bridge. 

Author: Weinan Wang 

Advisor: Nakin Suksawang, Ph. D. 

With the advent of rotate construction techniques, it is easy to build a new bridge 

crossing over existing structures, rivers and valleys quickly, easily and safely. Although the 

general concept of the rotating method is similar for different engineering characteristics, 

it is necessary to make some changes, which are more in line with the requirements of the 

particular project. 

Based on a 3-spans (72+128+72)m continuous concrete bridge, this paper presents a 

new rotation method, the down-slide-way unbalanced rotation system, which can save time 

and reduce cost compared to the up-slide-way rotation method. Through the improvements 

of the traction system and the travel system, the rotation construction period and cost-

effectively saved, yet the construction quality is still guaranteed. The construction 

technology of this new method will also reduce construction risks and simplify the process. 

Keywords:  

Plane unbalanced rotating-method; two supporting points rotating; down-slide-way 

continuous traction. 
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Chapter 1 Introduction 

The construction of bridges is becoming more and more closely related to the economic and 

social development of countries, especially with regard to China. By overcoming various 

difficulties in bridge construction, the Chinese are presenting splendid bridge works for both 

China and the world. The bridges are designed to move vehicles and pedestrians over rivers, 

valleys, and existing traffic routes, and spanning these obstacles is still an ongoing process. 

With the development of the social economy, the relatively traditional construction methods 

in the bridge industry for the bridge superstructure such as the bracket method, the cantilever 

method, and the large-scale transfer method can not meet the current construction 

requirements. On June 30, 2019, a dump chuck hit the temporary support of a bridge under 

construction in Shenzhen, caused the partial collapse of the upper bridge structure, affected 

nearly 10 hours of traffic, and delayed the construction period by one month. However, in 

recent years, the density of road networks has increased significantly in China, and the three-

dimensional intersection of newly built bridges with existing highways or railways has 

become increasingly common. In order to reduce the impact of the existing traffic( especially 

railway operation), more and more bridges will be used the rotation construction method. 

Such as the cable-stayed bridge on horizontal rotation construction in Shijiazhuang Ring 

Road in 2008 (crossing the Shitai railway), and Weizi overpass in Shanxi Changping 

Expressway in 2010( crossing existing railway). 

1.1 Rotation method in bridge construction 

The rotation method of construction is a kind of bridging process developed after the 1940s, 

the emergence of this technology has expanded the geographical scope of the bridge 

construction (Siwowski, T., & Wysocki, A., 2014). It is referred to that the main bridge 

span( be it a girder, a truss, or an arch) is divided into two main parts. Each part is built at 

one side of the obstacle— normally parallel the obstacle, depending on the bridge layout and 

surrounding landform(Zhang, J., & El-Diraby, T. E., 2006).  This technique can also be used 

to build bridges out of ice by using rotation via floatation (U.S. Army 1955). Transform 

operations over obstacles into operations onshore or near the ground.  
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Since the 1940s, the construction of bridges using rotating construction has been numerous. 

At the same time, the theoretical and practical level of rotation construction technology has 

developed rapidly, and tens of thousands of tons or super-long cantilevered rotation bridges 

have appeared more and more in bridge construction. With the development of rotation 

technology, people are increasingly aware of the vast superiority of this technology, 

especially in the case of severe restrictions imposed by the terrain rotation construction, 

generally the only choice. Today, the development of rotating construction technology has 

been quite mature, from mountain to plain, from the arch bridge to cable-stayed bridge, 

continuous beam, and rigid frame / continuous rigid frame. (Zhaohua, H. M. Z. L., 2010).  

From road to railway, from vertical to horizontal, and vertical combines horizontal, the 

application of rotation construction is ubiquitous. By summarizing the construction process 

of the rotation, this method of the construction process can be classified into three main types, 

which will be explained in detail in Chapter 2. 

1.2 The research problem and main contents 

1.2.1  The research problem 

Drawing on the successful examples of previous projects, this (72+128+72)m prestressed 

continuous beam bridge was initially scheduled to use the Up-slide-way push towing rotation 

method.  

If the up-slide-way method is used, this project might encounter the following difficulties, 

(1) The unbalanced weight is significantly considerable. In using the single point rotation 

method after the counterweight, the construction process will be complicated, and because 

the counterweight is too large, it may cause damage to the structure. 

(2) The up-slide-way rotation method requires a large concentration force of about 7000kN. 

Therefore, the steel box girder is required for the round slide-way. Since the concentration 

force is enormous, the girders need to custom-made, this leads to a long construction period, 

and a high cost. 
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(3) The worker's operating platform is located on the up-slide beam, increasing the safety 

risk. 

(4) The up-slide-way method has low efficiency in the rotation process. Relying on the 

pushing of the jack, it takes a long time to complete the rotation and cannot achieve 

continuous traction. 

Therefore, the down-slide-way rotation method described in this paper is to start with the 

above conditions. Hope to make the rotation construction more efficient and safe, the 

improvements made are as follow,  

(1) Transfer the slide-way system and travel system from air to the ground, reduce the 

amount of temporary structures, and improve the operating platform. By using the guide 

system, continuous tangential traction is achieved, and the safety of the rotation construction 

process is increased. 

(2) With the improved traction system and traction method, the segmented pushing method 

composed of the original two jacks has been changed to a tangential continuous pulling 

method composed of one continuous jack. Speed up rotation and safety will result. 

1.2.2 The main research content of the paper 

(1) Chapter 1 introduces the rotation construction, explains the reason why we want to 

develop this Down-slide-way Rotation System. 

(2) Chapter 2 reviews some classic construction cases in this field. 

(3) Chapter 3 explains the design concept and do calculations of this system. 

(4) Chapter 4 demonstrates the field implementation of the new method. 

(5) Chapter 5 contains the author's comments and conclusions in this field. 
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Chapter 2 Literature review 

Due to the increasing density of construction space, the rational implementation of 

construction space is becoming more and more demanding. It is more and more 

common to use rotation construction methods to cross the existing roads and railways 

due to its significant advantages. The rotation construction methods can be classified 

into vertical rotation method, horizontal rotation method, and vertical combines 

horizontal rotation method by the type of rotation. 

2.1 The development of rotation construction methods 

The vertical rotation method is the earliest construction method in the construction of 

the rotation. As early as the 1950s, Italy built the Domus River bridge with a span of 70 

m using the vertical rotation construction method (Roberts, C. L., Breen, J. E., & Kreger, 

M. E., 1993). Since then, the vertical construction method has begun to be recognized. 

Germany has built a bridge spanning 150 m. In 2011, the concrete arch bridge in 

Kambara Valley, Japan, was built with a span of 135 m(Liu, J. P., Tsunornoto, M., & 

Kunihioo, N., 2003). The cable-stayed bridge of the Danube Canal Bridge 

(55.7+119+55.7)m is located in Vienna Airport, Austria (Sun, Q. S., Guo, X. G., Zhang, 

D. P., Guan, X. K., & Zheng, Y., 2011). It was built in 1976 and is the first application 

of the horizontal rotation construction method of the bridge (Berger, I., Healy, D., & 

Tilley, M., 2013). The weight of the rotating body is about 4000 tons. After decades of 

development, the horizontal rotation construction technology has gradually matured, 

and the scope of application of the horizontal rotation construction method has not only 

increased, it has achieved some remarkable achievements. The bridge of the rotation 

construction method is only applicable to the arch bridge vertical rotation. With the 

development of construction materials, construction level, and construction technology, 

the horizontal rotation construction method can be applied to the rigid frame bridge, the 

steel plate girder bridge, and the cable-stayed bridge. The famous bridge built here has 

a total weight of 19,500 tons and a main span of 168 m. The Ben Ain cable-stayed bridge 

was built in Belgium in 1991. The construction process of the rotation reached the most 
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advanced level at that time (Chen, B., Sun, C., & Chen, Y., 2001). Table 2.1 shows some 

horizontal rotation cases. 

Table 2.1 Horizontal rotation cases. 

Name of the bridge Bridge type Nation 
Span 

length(m) 

Horizontal 

rotation 

weight(t) 

Year 

Storm Bridge 
Concrete 

Bridge 

South 

Africa 
113 ＿ 1955 

Danube Canal Bridge 
Cable-stayed 

Bridge 
Austria 55.7+119+55.7 4000 1976 

Canal Bridge 
T-Steel 

Bridge 

Former 

East 

Germany 

53+52 ＿ 1976 

Ilhoff Bridge 
Cable-stayed 

bridge 
France 20+79+20 ＿ 1982 

Tōkaidō Mainline 

Steel girder 

Bridge 

(Railway) 

Japan 62.4 280 1982 

Argentobel Bridge 
Box arch 

Bridge 
Germany 152 ＿ 1985 

Yumenoshima Bridge 

Steel girder 

Bridge 

(Railway) 

Japan 96+93+80 1200 1988 

Ben Ain Bridge 
Cable-stayed 

Bridge 
Belgium 168 19500 1991 

Tgv railway Bridge 

PC 

continuous 

beam Bridge 

France 60+100+60 4000 1999 

China began to research rotation construction methods in the 1970s. In 1977, the first 

construction of the Suining Jianshe Bridge in Sichuan province was built using a new 

technology of horizontal rotation construction, with a main span of 70m(Shen Guoliang, 

1981), shown in Figure 2.1. Since then, the flat-turn method has been popularized and 

applied in reinforced concrete arch bridges in mountainous areas.  
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Figure 2.1 Suining Jianshe Bridge.(Reference from www.cnluqiao.com) 

In the late 1970s and early 1980s, the arch bridges constructed in the rotation method 

by Chinese were all below 100m, and all of them were constructed with balanced 

revolving bodies. To solve the problem of the enormous weight of the large-span arch 

bridges, the Sichuan Provincial Communications Department Highway Planning and 

Design Institute began to research the "arch bridge double-box symmetric synchronous 

swivel construction process" (also known as unbalanced heavy-body construction) 

(Ivanov, A. P., 2009). In 1987, the test construction of the Wushan Longmen Bridge 

(Bao-chun, C. H. E. N., 2008) with a span of 122 m was successfully carried out, as 

shown in Figure 2.2. 

 

Figure 2.2 Wushan Longmen Bridge.(Reference from www.cnluqiao.com) 
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In 1993, in order to cross the railway marshaling station and not affecting the operation 

of rail traffic, the Zhengzhou Railway Bureau used the rotating construction process of 

vertical combines horizontal rotation method for the first time to build the Anyang 

concrete-filled steel tube arch bridge with a span of 150 m (MAO, W. Q., & LIU, C. Y., 

2007). In 1999, Guangzhou Yajisha Bridge (Han, L. H., Li, W., & Bjorhovde, R., 2014), 

the construction control technology combining the vertical rotation structure and the 

horizontal rotation and vertical rotation was a breakthrough in the construction 

technology of the international large-span arch bridge at that time, shown in Figure 2.3. 

 

Figure 2.3 Guangzhou Yajisha Bridge.( Reference from tupian.hudong.com) 

After 2000, the application and development of CFST( Concrete Filled Steel Tube) arch 

bridges in China have been rapid, which has made it possible to lighten the arch bridge 

and develop it into a large span (Zheng, J., & Wang, J., 2018). The rotation construction 

method is also widely used in this type of bridge. The application of the flat-to-vertical 

combination method in arch bridges has brought the bridge swivel construction method 

into a new development period. In 2006, Guangdong Foshan Dongping Bridge (PENG, 

L. Z., LI, D. Q., LIU, W., LI, Y. Q., & SONG, M. Z., 2006) further developed the rotation 

construction process. Their completion made a breakthrough in the construction of 

bridge rotation construction in China and entered the level of world leadership, shown 

in Figure 2.4.  
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Figure 2.4 Dongping Bridge bottom to top vertical rotation process and horizontal 

rotation process.( Reference from www.workercn.com) 

The author collected and sorted out some representative rotation bridges in China, 

shown in Table 2.2. 

Table 2.2  Representative rotation construction cases in China.  

No. 
Name of 

the bridge 
location Bridge type 

Span 

length(m) 

Rotation 

weight(t) 

Method of 

rotation 

Finish 

time 
Note 

1 
Jianshe 

Bridge 

Suining, 

Sichuan 

Box rib 

arch 
70 1200 

Horizontal 

rotation 
1977 

The first 

swivel bridge 
built in China 

2 
Zengda 

Bridge 

Jinchuan 
County, 

Sichuan 

Single 

tower cable-

stayed 
bridge 

71+40 1344 
Horizontal 

rotation 
1980 

The  first 
concrete cable-

stayed bridge 

with swivel 
construction 

built in China 

3 
Kuaxian 

Bridge 

Guixi, 

Jiangxi 

Inclined leg 

steel 
structure 

36.8 1100 
Horizontal 

rotation 
1985 - 

4 
Liyutang 
Bridge 

Guizhou 
Province 

Double arch 80 1630 
Horizontal 

rotation 
1981 - 

5 

Dragon 

Gate 

Bridge 

Wushan 

County, 

Sichuan 

Box arch 122 424 
Weightless 

rotation 
1987 

The successful 

application of 
methods of 

construction 

Unbalanced 
Heavy 

Rotation 



 

 

９ 

No. 
Name of 

the bridge 
location Bridge type 

Span 

length(m) 

Rotation 

weight(t) 

Method of 

rotation 

Finish 

time 
Note 

6 
Wujiang 

Bridge 

Sichuan 
Fuling 

County 

Box arch 200 750 

Double box 

symmetrical 

synchronous 
rotation 

1988 

Make the span 
of the arch 

bridge in China 

jump to 200m 
for the first 

time 

7 
Mianyang 

Bridge 

Mianyang 
City, 

Sichuan 

T-shaped 
steel 

structure 

70 2350 Horizontal 1990 - 

8 

Wenfeng 

Road 

Bridge 

Anyang, 

Henan 

CFST arch 

bridge 
135 - 

Vertical 

rotation with 

Horizontal 

rotation 

1995 

First successful 
use of vertical 

and horizontal 

rotation 
method 

9 
Xialaoxi 
Bridge 

Three 

Gorges, 

Hubei 

Rib arch 160 3600 
Horizontal 

rotation 
1998 

Swivel weight 

is much higher 

than before 

10 
Dulaying 

Bridge 
Guiyang 

Continuous 

steel bridge 
90 7100 

Horizontal 

rotation 
1998 - 

11 
Yuanjiang 

Bridge 

Wuzhou, 

Guangxi 

CFST arch 

bridge 
175 500 

Vertical 

rotation 
1999 

Vertical 

rotation system 

adopts 
hydraulic 

synchronous 

lifting 
technology 

At present, the most substantial rotation tonnage in the world is the Baoding Lekai 

Avenue extension bridge, a cable-stayed bridge, which was constructed using the 

horizontal rotation method and has a tonnage of 46,000 tons, shown in Figure 2.5. This 

bridge is the new record for the weight of the rotation body. 

 

Figure 2.5 Baoding Lekai Bridge.( Reference from www.rmjtxw.com) 
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Although the rotation construction method started late in China, China’s research and 

development of this technology are now in a world-leading position.  

2.2 Classification of bridge rotating construction methods 

2.2.1 The vertical rotation construction method 

The vertical rotation method is often applied to the construction of arch bridges 

spanning the deep canyon between the mountains. Usually, the terrain is used to erect 

the brackets. In a vertical rotation method, the main structure of the bridge is constructed 

at a lower position and then erected to the higher design bridge position. Therefore, the 

vertical rotation method can reduce the amount of construction of the bracket when 

building a bridge crossing a deep valley. The vertical rotation system generally consists 

of a traction system, a cable tower, and a cable. According to the direction of rotation, 

the construction of the rotation body can be divided into two types: construction from 

top to bottom and construction from bottom to top. In Figure 2.6, shows the top to 

bottom vertical rotation method. 

 

Figure 2.6 The top to bottom vertical rotation method.( Reference from baike.soso.com) 
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Under the same conditions, the vertical rotation method can transfer the operations 

above the valley to near the ground, reduced the equipment requirement, simplified the 

construction process, and increased construction safety. 

2.2.2 The horizontal rotation construction method 

The horizontal system of rotation mainly includes the rotation balance system, the 

rotation traction system, and the rotation support system. There are three types of rotary 

support systems: central support, ring support, and center-to-loop support. Because 

there are different ways of achieving balance in the rotation system, the horizontal 

rotating method can be divided into horizontal rotation construction with particular 

balance weight and horizontal rotation construction without balance weight. The 

horizontal turning construction without balance weight means that the center of gravity 

of the rotating structure of the bridge T structure itself falls on the rotating core ball 

hinge, making full use of the weight of the bridge structure itself to achieve essential 

balance, without the need for a counterweight. However, most rotation bridges cannot 

reach primary balance because of conditions leading to unbalanced weight. Therefore, 

the counterweights are needed to realize two primary conditions that the swivel is easy 

to rotate and still be safe and stable. The process is shown in Figure 2.7. 
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Figure 2.7 The process of horizontal rotation method. 

Due to there is no need to build support in the traffic line, the construction process will 

have no impact on the operating lines. The horizontal rotation construction method 

shows more advantages than standard methods in the construction, crossing the existing 

railways and highways. Table 2.3 shows some horizontal rotation cases in China. 
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Table 2.3 Horizontal rotation cases in China. 

Type of 

Bridge 
Name of Bridge Span Length(m) 

Rotation 

weight(t) 
Year 

Concrete 

cable-stayed 

bridge 

Viaduct of Shijingshan South 

Station, Beijing 
86.7+80 13800 2003 

Suifenhe Overpass 98+98 14000 2005 

Qinghe Bridge, Beijing - - 2008 

Fengsha Crossing Railway 

Bridge,Beijing 
- 15800 2008.07 

Shijiazhuang-Taiyuan railway 

overpass twist 

45+85+85+45  

The length of 

rotation is 142 

16500 2008.09 

Handan Swing Overpass Over 

Beijing-Guangzhou Railway 
90 3706 2010.06 

Jiefang Road Overpass,Zhengzhou  120 17100 2010.12 

Prestressed 

concrete  

continuous 

rigid frame 

bridge 

Gangneung Bridge,Jiangsu 50+86+50 5200 2000 

Anshan Bridge,Guizhou 2*60 8498 2005 

Qingjian Lake Bridge,Suzhou 40+70+40  7440 2006 

Shanghai-Hangzhou Expressway 

Turn Bridge 
35+65+35 2708 2006 

Zhangshi High-speed Swing Bridge 

across Beijing-Guangzhou Railway 
- 4800 2007.04 

Cizhou Bridge,Hebei 45+45 5978 2008 

Jinshan Railway Viaduct,Tianjin 61+61 2*13300 2008.08 

Fangshan Viaduct,Beijing  80 2600 2010.04 

Separated overpass across Beijing-

Kowloon Railway,Hebei 
100 4920 2010.06 

No. 2 Cross Bridge of Beijing-

Baotou railway  
134 9200 2010.09 

112 national highway rotation 

bridge 
122,112 12600 2010.10  

Yizhuang Crossing Fifth Ring 

Bridge in Beijing 
- 2000 2010 
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Type of 

Bridge 
Name of Bridge Span Length(m) 

Rotation 

weight(t) 
Year 

T-shaped 

rigid frame 

bridge 

Zhangjiawan dedicated railway 

Bridge 
67+63 4800 2006 

Chumi No.1 Bridge,Guizhou 2*55 4260 2007 

Langzhuo Expressway Bridge 

Across Beijing-Guangzhou Railway 
2*40 3100 2008.05 

Baofu Expressway Rotation Bridge 

across Beijing-Guangzhou Railway 
128 14480 2008.12 

Qinglan Expressway Bridge Across 

Beijing-Guangzhou Railway 
2*45 3459 2009 

Cixian Crossing Beijing-

Guangzhou Railway Bridge and 

National Highway 107 

120 15300 2010 

Nanchang Highway Bridge,Tianjin 86 - 2010.05 

Rotation Bridge across Shanghai-

Nanning Expressway,Jiangsu 
2*60 8000 2010.10 

Binde Expressway Rotation Bridge 

across Beijing-Shanghai Railway 
76 2*4500 2011.03 

Prestressed 

concrete 

 continuous 

box girder 

bridge 

Xingyuan Huangshui River Bridge 40+64+40 4870 2002 

Rotation Bridge across Shanghai-

Nanning Expressway,Kunshan 
40+70+40  5400 2003 

Orient Avenue Bridge,Suzhou 50+80+50 2*7788 2005 

Chuanyang River Bridge,Shanghai 35+72+35 3639 2006 

Xingguo Road Bridge, Suzhou 50+80+50 6320 2007 

Xingguo Road Bridge, Suzhou 55+85+55 2*4989 2009 

Haikou Road Bridge Over Beijing-

Shanghai Railway,Huai’an 
47.5+75+47.5 6500 2009.09 

Liufangzi Bridge over Haerbin-

Dalian Railway 
48+80+48 4700 2009 

Yunliang River Bridge 60+100+60 6205 2009.10 

Yizhuang Crossing Fifth Ring 

Bridge in Beijing 

The total length 

of 165 
200 2010.01 

Hutuo Bridge 
Main span length 

128 
12000 2010.08 



 

 

１５ 

Type of 

Bridge 
Name of Bridge Span Length(m) 

Rotation 

weight(t) 
Year 

Bawanghe No.1 Bridge 60+100+60 5000 2010.09 

Weizi overpass,Shanxi 72+120+72 12300 2010 

Duwu Bridge over Nanjing-

Guangzhou 

 Railway 

96 12000 2011.03 

Wuxian Intercity Railway Crossing  

Wuhan-Guangzhou High-speed Rail 

Bridge 

Main span length 

80 

Rotation length 

177.2 

2*14500 2011.04 

2.2.3 Vertical combines horizontal rotation construction method 

As the name is, the vertical combines horizontal rotation method combined with the 

rotary construction characteristics of the horizontal rotation method and the vertical 

rotation method. This type of rotation construction method makes more effective use of 

the terrain conditions and can convert the aerial work into low-altitude operations 

through the vertical rotation. The horizontal rotation can also cross obstacles and is 

suitable for rotation construction of long-span arch bridges. The first bridge constructed 

by this method in China is the Anyang concrete-filled steel tube arch bridge. Since then, 

Guangdong Foshan Dongping Bridge (PENG, L. Z., LI, D. Q., LIU, W., LI, Y. Q., & 

SONG, M. Z., 2006) and Guangzhou Lasha Bridge have successively adopted this 

method for bridge construction. Figure 2.8 shows the two steps rotation process of 

Yajisha Bridge. 
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Figure 2.8 The rotation construction process of Yajisha Bridge.(Reference from www.gzql.cn) 

The vertical combines horizontal rotation construction method is typically used in the 

construction of bridges over the rivers, this method can maximize the respective 

advantages of the vertical method and the horizontal method, while no effect to the 

navigation, simplifying and speeding the construction process,  reducing the 

construction risk. It is the embodiment of human wisdom. 

 

2.3 Summary  

After referring to a large number of cases, it was found that, compared with the 

traditional construction method, the rotation construction method has significant 
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economic, social, and environmental benefits. However, most of the rotation 

construction can be counterweighted and then solved by the single-pivot horizontal 

balance rotation method, which is also the most commonly used in China. Chinese 

researchers, such as Liu Tao (Liu Tao., 2018)and Wang Aiping et.( Aiping, W., Chengtao, 

M., Feng, Z., Jiaqi, L., & Han, W., 2019) have thoroughly and effectively studied the 

mechanical properties of the ball joint in the rotation process. However, with some 

individual exceptions, subject to various factors, according to the actual situation and 

requirements, the improvement of the rotation method is needed, which is also the 

starting point of this system. 
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Chapter 3 Design concept and verification 

The method described in this paper for the Jingxiong rotation project is a particular case. 

Its massive rotation weight and special construction period requirements require that 

the conventional rotation methods cannot be used, the new method, down-slide-way 

rotation construction method, is designed to suit this project. In the process of designing 

this system, references were noted regarding several classic project cases with 

characteristics that provided more ideas for the design of the system.  

3.1 Classic project cases 

(1) The bridge crosses the Wuhan-Guangdong Passenger Dedicated Railway. 

⚫ Reasons for rotation. 

 The design bridge has to cross the Wuhan-Guangdong Passenger Dedicated Railway, 

and the construction process must not affect the operation of the train under the bridge 

while ensuring safety. 

⚫ Bridge situation. 

The bridge over the Wuhan-Guangzhou Passenger Dedicated Line is located in 

Henggouqiao Town of Xianning City and is a vital project of the Wuhan-Xianning 

Intercity Railway. The bridge adopts a (48m + 80m + 48m) continuous beam; the beam 

body is a single box, single room, variable height, variable cross-section structure, with 

a three-way prestressed system; the beam height at the middle fulcrum is 6.23m,  the 

beam height at the 7.6m side span straight section is 3.83m, and the lower edge of the 

beam bottom changes according to a quadratic parabola, shown in Figure 3.1. 
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Figure 3.1 Daliying Bridge.( Reference from www.cnluqiao.com) 

⚫ Bridge rotation system. 

Daliying Bridge adopted balanced rotation construction to reduce the impact of bridge 

superstructure construction on the safe operation of railway lines; that is, the beam body 

was suspended and poured on the outside of the Wuhan-Guangzhou high-speed rail line 

parallel to the line position. After reaching the strength, the beam body was rotated 

horizontally to place the main beam, then the beam shape was adjusted,  the upper and 

lower discs of the ball joint were sealed, and finally, the closure section wast cast to 

make the bridge complete. The rotation system shows in Figure 3.2 and Figure 3.3. 
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Figure 3.2 The ball joint and slide-way system. 

 

Figure 3.3 The traction system. 

(2) The Daliying Bridge. 

⚫ Reasons for rotation. 

 The design beam axis crosses the Beijing-Qinhuangdao railway at an angle of 49 
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degrees, and the construction process must not affect the operation of the train under 

the bridge while ensuring safety. 

⚫ Bridge situation. 

The Daliying Bridge (Wuqin, W., 1998)was constructed with a main span of 50m and a 

cable-stayed bridge with a side-span of 40.75m. Two pairs of rigid stay cables are 

symmetrically arranged with the tower as the center, and the main beam adopts a 

channel beam, shown in Figure 3.4. 

 

Figure 3.4 Daliying Bridge.( Reference from www.iqilu.com) 

⚫ Bridge rotation system. 

The rotation system consists of a mid-pier rotation system, an end-weight steel frame at 

the side span, and an auxiliary slideway. The central pier rotation system is provided 

with upper and lower turntables, and the center of the upper and lower turntables is a 

solid ball hinge. The pressure of the entire structure is mainly borne by the ball joint. 

⚫ Contribution. 

The construction of the Daliying Bridge (Yunwei, T., Yongjun, L., & Yong, P., 2007) 
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rotation construction has created a continuous traction system and provided the 

important data regarding the ball joint friction coefficient for the subsequent design. 

In the design of the traction system of the Daliying Bridge, the standard routine in China 

has been changed for the first time from the cumbersome electric or manual hoist block 

system, which adopts the continuous jack, automatic tool anchor and pulls anchor. This 

change has great economic significance because this new device takes up little space 

and balances the operation, and the traction force can be calculated at any time by 

reading the oil meter on the jack.  

At the same time, the bridge has carried out tests on the construction process. The 

friction coefficient of the measured ball joint is less than 0.1. When rotating, the force 

is applied at the bottom of the weight steel frame to rotate the structure around the 

middle pier to ensure the longitudinal stability of the structure with the weight steel 

frame. 

(3) The Shijiazhuang Heping Road Viaduct. 

⚫ Reasons for rotation. 

The bridge crosses over seven busy electrified railway lines, sections including the 

Jingguang, Shitai, and Shide railways, causing a considerable pressure for safety and 

speedy construction. The rotation part has a massive weight of 17800kN in total. 

⚫ Bridge situation. 

Shijiazhuang Heping Road Viaduct cross railway project is the most difficult and most 

critical control project for its whole construction. It uses a continuous steel box girder 

structure. With the same span structure, the distance between the north and south ends 

is 5 meters, and the longitudinal center of gravity is shifted to the south. Therefore, the 

rotation trail is located on a curve with a radius of 4,000 meters. The linearity of the 

plane structure is the arc plus the gentle curve, and the maximum outer height is 60 cm. 
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The horizontal center of gravity is offset to the inside. 

⚫ Bridge rotation system. 

This bridge uses the up- slide-way rotation system to realize the rotation on the 

supporting cover beam, which is more complicated than the conventional common 

construction of the pier and the beam at the same time, see Figure 3.5. 

 

Figure 3.5 Heping Road up-slide-way rotation method. 

The up-slide-way system for the Beijing-Xiong'an high-speed rail Gu'an project is 

referenced from the Shijiazhuang Heping Road Viaduct rotation. However, the down-

slide-way rotation method combined all three cases of advantages and improved it. The 

Daliying rotation project gives reliable data of the PTFE friction coefficient and the new 

idea of the traction system. The first and third cases offer new temporary structural 

solutions for the down-slide-way rotation method. 
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3.2 Project site situation and project plan introduction 

3.2.1 Project site situation 

 

Figure 3.6 Bridge layout 

As shown in Figure 3.6, because of the underground utilities and the existing highway, 

pier 27, and pier 28 must be at the design positions. Therefore, the design institute chose 

a (72+128+72)m three-span continuous beam solution to cross over the existing 

highway and avoid the underground pipelines. Such a large span is not suitable for 

prefabrication and must be cast on site. Ordinary cantilever construction or bracketing 

will inevitably affect the existing highway traffic and safety. Moreover, the Lang-Zhuo 

Highway is an essential part of the Beijing high-speed network, with an average daily 

traffic volume of 32,000 vehicles. In order to not affect the vehicular use of the highway, 

and ensure the safety of the cars during the construction process, the rotation 

construction method has become the first choice. 

The structure is completed by a two-way parallel and uniform counterclockwise rotation 

of 39.5 degrees. The weight of the rotation body is 81776kN, with the unbalanced part 

weighting 3123kN. The length of the down-slide-way curved is 52.7 meters. As usual, 

we always use the balance rotation method, but in this case, if balance this rotation 

system by using too heavy an additional weight in the short side beam, the bridge will 

collapse, so we must use temporary support to hold the substantial body. 
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3.2.2 The original plan up-slide-way method. 

Initially, according to the previous successful construction case, a complicated 

construction plan was proposed. The ball joint was arranged in the main pier, and the 

jacking system arranged outside the side fulcrum. It was composed of an up-slide-way 

beam, a slider, the jacks, jack reaction seats, etc.. The up-slide-way beam was placed on 

the two temporary piers and the side pier, and the slider was arranged on the up-slide-

way beam at the permanent support position to support the beam body. After the side 

span was completed, the jacks were used to push the slider; the slider drove the beam 

body to move and rotate along the up-slide-way beam to the design beam position. The 

specific arrangement is as shown in Figure 3.7. 

 

Figure 3.7 Up-slide-way system arrangement. 
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Figure 3.8 Up-slide-way staking out work. 

According to Figure 3.8, it is not difficult to find that the up-slide-way method requires 

a large amount of temporary structural construction. Figure 3.8-A shows the series of 

the reaction seats set on the slide-way beam. Figure 3.8-B and Figure 3.8-C show the 

steel box slide-way girder and a large amount of temporary support. Figure 3.8-D shows 

the pulling jack. Moreover, due to the narrow working platform of the up-slide-way 

beam and the restrictions necessary for structure force and safety, the jacks used for 

pushing are limited, and the stroke is about 20cm. This means around the 53 meters 

slide-way, there will be 265 pairs of reaction seats. The original plan planned to equip 

four sets of jacks at each rotation point, in pairs of two, for rotation. Since the jack needs 

to be fixed through a pre-embedded reaction force seat, the next group of jacks can only 
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be installed after the previous section has completed the pushing. Each jacking process 

takes 30 minutes from the installation of the jack to the completion of the maximum 

range, and resetting the jack also requires time, so two sets of jacking equipment are 

equipped, with the two sets of equipment used alternately to save jacking time. Although 

configured a backup system to speed up the progress of the swivel, this set of solutions 

still requires 49.5
2460

30

20

1007.52
=





  days of nonstop work to complete the 

rotation process.    This method is inefficient and uneconomical. Therefore, 

improvements need to be made in this method to improve the efficiency of rotation and 

cost. 

3.2.3 The down-slide-way unbalanced rotation method. 

This method is based on an improvement in the up-slide-way method. The down-slide-

way system uses the same arrangement for the main pier, which still has a ball joint at 

the top of the main pier. The most significant difference is the improvement of the 

traction system and the travel system. The travel system is filled with concrete through 

a Φ1.6m steel tubular column on the side of the side pier, and the Φ32 finishing rolled 

rebar is used to consolidate the beam at the top, shown in Figure 3.9. The steel plate 

bottom is welded with a running plate, and a PTFE sliding surface is installed between 

the plate and the top surface of the slide-way, shown in Figure 3.10. The traction power 

equipment consists of a 150t continuous traction jack, a hydraulic pumping station, the 

main control station, and a high-pressure oil pipe to form a drag-and-turn system, as 

shown in Figure 3.11. 
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Figure 3.9 The connection between the beam and the concrete-filled columns. 

 

 

 

Figure 3.10 Travel system. 
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Figure 3.11 Traction power equipment. 

The slide-way system consists of the CFG pile foundation, a fan-shaped slide-way, a 

traction reaction seat, and the guide system. The new traction system and the guide 

system can achieve continuous tangential traction, shown in Figure 3.12 and Figure 3.13. 

 

Figure 3.12 CFG foundation. 
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Figure 3.13 The down-slide-way rotation system arrangement diagram. 

Eight Φ400 concrete-filled steel tubular columns are arranged along the inner side of 

the chute to ensure the position of the traction line during the rotation process; the anti-

overturning property is enhanced by the I-beam bracing, and the integrity is enhanced 

by welding the Φ10 steel plate between each concrete-filled steel tubular column. [20b 

channel steel is provided as a diagonal bracing between the Φ10 steel plate and the 

ground. The traction reaction force is 2m away from the slide-way, and the two ground 

beams are connected with the slide-way to form a whole. The concrete required for the 

concrete-filled steel columns, slide-way, and traction reaction seats is C30 concrete. 

3.3 Design  concept 

(1) Calculate the total traction and determine the type of continuous jack. 

(2) Determine the position of the steel wire. 

(3) Check whether the temporary structure meets the requirements. 

(4) Check whether the slide-way meets the requirements. 

(5) Check whether the guidance system meets the requirements. 

3.4  Design codes and assumptions 

Since the new bridge is part of the high-speed rail, the design is mainly based on Chinese 

railway design regulations. Therefore, all the formulas and values used in this paper 
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have come from the following codes. 

(1) GB50010-2010 Specification for Concrete Structure Design 

(2) TB10002.1-2005 Basic Specifications for Railway Bridge and Culvert Design 

(3) TB10203-2002 Code for Construction of Railway Bridges and Culverts 

The calculation of this design is to solve an actual problem, and the total amount of 

construction involved is substantial. The error caused by eccentricity will not have much 

impact on the final result so that it can be base on the axial compression assumption. 

Besides, the effect of eccentricity can also be correct by checking the minimum 

reinforcement ratio, which needs to be over 0.2%. 

Considering that this system is in use for the first time, and the temporary support needs 

a rigid connection with the beam body, in order to increase the attachment area between 

the beam and the tubular steel column, we fill the steel column with concrete. Filling 

tubular steel columns with concrete can also prevent local buckling, thereby increasing 

construction safety. 

With the safety factor (n), from the Chinese codes, commonly use 1.5-2. However, since 

this method is being used for the first time anywhere in the world, it is treating as an 

experimental construction; All the following design is conservative, and the safety 

factor used is always greater than 2.5 to decrease the construction risk.  

The detailed theoretical basis of the calculation shown in the Appendix. 

3.5  The determination of the continuous traction jack 

The total weight of the rotating body is 81776kN, and the force provided by the ball 

joint during rotation is W= 76507kN; the weight of the temporary column is W'= 

1456kN, and it provides a force F'= 5270kN. The radius of the ball joint is R=1.25m. 

The length of the cantilever is 72m. The distance from the center of the side pier support 

to the center of the column is 3.828m. Thus, the diameter of the rotation-table is   
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D=72-3.828=68.172m.  

The coefficient of static friction when the ball-joint started is μ1 = 0.1  and the 

coefficient of kinetic friction when rotating is μ2 = 0.06, so the friction forces of the 

ball joint are, 

kN.WFstatic 765110765071 === 
,

kN.WFkinetic 4590060765072 === 
 

Then, the traction force is, 
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For the temporary support column, the traction force μWT = , so, 

 kN.μWF'T static,static
67310)14565270()'(2 =+=+=

 ,

 kN.μW'FT kinetic,kinetic
447060)14565270()'(2 =+=+=

 

The total traction force is
 kN.TTT ,static,static 6.76667369321 =+=+=

.  

Due to the safety reserve considerations, the force that can be provided by the 

continuous traction jack must be 1.5 times the required; thus, the 150t( about 1500kN) 

continuous traction jack was chosen. 
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Figure 3.14 The temporary support and the beam position. 

3.6  Determination of the position of the traction line  

This rotation system has created a new era of the horizontal rotation of Chinese bridges, 

and there is no reference. In particular, to avoid the column bending during the rotation 

process, the choice of the traction point is critical.  

 

Figure 3.15 Calculation sketch of the ball joint and the beam. 
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From section 3.1.2, we know the friction forces at the ball joint are,  

kN.Fstatic 76511076507 ==
，

kN.Fkinetic 459006076507 ==
 

The radius of the ball-joint is 1.25m, and the length of the cantilever is 72m. The 

distance from the center of the side pier support to the center of the column is 3.828m. 

Thus, the friction forces from the ball-joint at the cantilever end are, 

( ) kN.
.

F"static 70828372
2

251
7651 =−=

, 

( ) kN.
.

F"kinetic 42828372
2

251
4590 =−=
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Figure 3.16 The calculation sketch of the traction position on concrete-filled support. 

The concrete-filled tubular steel column subjected a force of 5270kN,  the weight is 

1456kN, and its height is 14m, so,  

kN.)(F'static 6731014565270 =+=
,

kN.)(F'dynamic 44706014565270 =+=
 

The action point of the combined force of F' and F'' is selected to set the traction wire. 

Therefore, the height of the traction position is,  

m.32114
67370

70
=

+  
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s sakeConsidering the actual situation of construction, the traction height is set to 1.5m 

from the bottom of the column. 

3.7  The temporary support steel tubular column design 

3.7.1 Finite element model.  

There are many commercially available FEM packages that can generate various types 

of elements to model multiple components( columns and connections) of rotation 

system structures. In this study, a general purpose FEM package, ANSYS, was used to 

model the temporary support structure. The reason for using ANSYS was because of its 

vast material and elements library that is suited for civil engineering applications. One 

of its features is can easily create new material properties, which is very convenient for 

the materials used in this study. 

3.7.1.1 Idealization of temporary support columns. 

Two three-Dimensional finite element models were developed for analyzing temporary 

support columns. The Beam-Beam Model ( Figure 3.17), used beam elements to 

assemble the two steel temporary columns and  used Ⅰ40c I-steel, welded them as a 

whole structure. The second model, the Solid-Beam Model ( Figure 3.18 ), used solid 

and beam elements to assemble the part of rotation beam and temporary support 

columns respectively.  

Because the spacing of each CFG pile is 1.5 meters, with the tubular steel column 

diameter of 1600 millimeters, it always can be confident that the force will be shared 

by at least two CFG piles. First, however, it is necessary to determine whether the 

Ф1600 tubular columns can be used. 
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Figure 3.17 The Beam-Beam model. 

 

Figure 3.18 The Solid-Beam model. 
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The two finite element models were used for assembling the temporary support system. 

The first model is to study whether temporary support can withstand traction. The 

second model is to study whether the contact surface between the temporary supports 

and the beam body can meet the requirements. More details of the system and field 

implementation is found in Chapter 4. The finite element models were used for the 

analysis of whether the design can meet the project requirement. 

A static analysis of the temporary supporting structure was performed in ANSYS 

Workbench 2019 with beam elements, using the Mechanical APDL solver.  

3.7.1.2 Material  

In the Beam-Beam model, the temporary support structure consists of two steel tubular 

columns and some Ⅰ40c I-steel connections. All of these components were made of 

structural steel Q235,  Young’s modulus E was 200GPa, the Poisson ratio was 0.3, the 

Tensile Yield Strength was 235 MPa, and the density was 7850 kg/m3. 

In the Solid-Beam model, the structure consists of three types of material. The rotation 

beam body was made of concrete C30, Young’s modulus E was 30GPa, the Poisson 

ratio was 0.18, the Tensile Yield Strength was 5 MPa, and the density was 2300 kg/m3. 

The Ⅰ40c I-steel connections were using the same material as the first model. However, 

considering the actual situation of connections between the beam body and the 

temporary supports, defined the concrete-filled steel as new material. The properties of 

this new material were: Young’s modulus E was 117 GPa, the Poisson ratio was 0.3, the 

Tensile Yield Strength was 228.98 MPa, and the density was 5100 kg/m3 ( DING, F. X., 

& YU, Z. W., 2005 ). 

3.7.1.3 Element types  

(1) Beam Element 

The Beam element was used to assemble the tubular columns and Ⅰ40c I-steel. Two 
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types of beam elements were chosen for the analysis: 1) two-node beam 

element( BEAM188) and 2) three-node beam element( BEAM189). Both beam 

elements are modeled in spaces with six degrees of freedom at each node. The 

BEAM188 element has one integration point, whereas the BEAM189 element has two 

integration points along the length of the beam. 

(2) Solid Element 

The Solid element was used to model the part of the rotation beam. Workbench contains 

a vast library of solid elements, but in this case, chosen SOLID186 Element. SOLID186 

is a higher-order 3-D 20-node solid element that exhibits quadratic displacement 

behavior. The element is defined by 20 nodes having three degrees of freedom per node: 

translations in the nodal x, y, and z directions. The element supports plasticity, 

hyperelasticity, creep, stress stiffening, large deflection, and significant strain 

capabilities. It also has mixed formulation capability for simulating deformations of 

nearly incompressible elastoplastic materials, and fully incompressible hyperelastic 

materials. This type of element is well suited to modeling irregular meshes, and it may 

have any spatial orientation; various printout options are available.  

3.7.1.4 Boundary conditions 

In the Beam-Beam model, the temporary supports and rotation beam were idealized 

using boundary conditions to represent the actual situation in the field. The tubular 

columns were connected to the rotation beam body with rigid connection and used the 

PTFE plate to reduce the friction between the temporary supports and the down-slide 

way. Thus, set fixed supports at Point C and D, simply supported at Point E and F, as 

shown in Figure 3.19, and add the reaction force at the position got from the previous 

sections. Add standard earth gravity. 
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Figure 3.19 The Beam-Beam model boundary conditions. 

In the Solid-Beam model, focus on the study of the connecting surface of the temporary 

supports and rotation beam. Thus, set the boundary conditions as follows: The partial 

rotation beam body is fixed on one side, at Surface A, simply supported at Point B and 

D, as shown in Figure 3.20, and add the reaction force at the point C. 
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Figure 3.20 The Solid-Beam model boundary conditions. 

3.7.1.5 Results  

Figure 3.21 shows the maximum displacement of the Beam-Beam model, which is 

0.79mm. 
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Figure 3.21 The Beam-Beam model total deformation. 

As shown in Figure 3.22, the maximum stress is 22.01 MPa, so the minimum Safety 

Factor is 235/22.01=10.67 >1 so that this structure will not yield. 
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Figure 3.22 The Beam-Beam model maximum stress. 

Obviously, the temporary structure is safe. Because of the contact area between the 

annular steel tube and the beam body is tiny, to increase the  contact area, filled concrete 

into the columns. The tubular steel column is the main structure for this system; the 

concrete filling is solely to solve the local buckling problem and to increase the 

safety( Juang, J. N., & Pappa, R. S., 1985). 
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In the Solid-Beam model, mainly focus on the stress situation of the contact surface. 

Figure 3.23 shows the Stress Intensity when using the column in the diameter of 1600 

millimeters. The stress is 1.02 MPa, and the C30 concrete tensile strength design value 

is 1.43 MPa, so the beam body is safe. 

 

Figure 3.23 Ф1600 tubular columns Stress Intensity. 

Changed the column diameter to 800 millimeters, the Stress Intensity is 1.42 MPa, as 
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shown in Figure 3.24, close to the C30 concrete design value.  

 

Figure 3.24 Ф800 tubular columns Stress Intensity. 

This means the temporary support may use a smaller size. However, this design is 

determined to solve the practical project issues, and it’s crucial to concerning safety first, 

especially in China. Thus, chose the diameter of 1600 millimeters is reasonable.  

According to the 《Principle of Structural Design》, (Ye Jianshu. 1997). A concrete-

filled steel tube is a kind of pressure-contained concrete filled in the steel tube, and the 

steel tube has a restraining effect on the core concrete. It is developed based on spiral 

stirrup reinforced concrete and steel pipe structures.  
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On the one hand, the ferrule effect of steel pipes on concrete not only improves the 

compression strength of the concrete but also changes the concrete from a brittle 

material to plastic material. 

On the other hand, the concrete inside the steel pipe improves the local stability of the 

steel pipe, so that the yield strength of the steel pipe can be used. 

Thus, the compression check is based on this theory. 

3.7.2 Compression requirement 

If we just calculate the steel tube compression capacity, 

We find that, 

( )  kN.
π

fAN dss 91512719015681600
4

22 =−==  

Considering the practical situation, if the slideway is uneven, one steel pipe may be 

suspended, and the other steel pipe will bear the entire weight alone. Therefore, to 

improve safety, it is reasonable to design a steel pipe with a diameter of 1.6 meters, as 

shown in Figure 3.25. 
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Figure 3.25 Concrete-filled column and beam connection detail. 

Concrete-filled tubular columns are totally subjected to a vertical force of 5270kN, so 

the design value of the compression force of each temporary column is 2635kN; 

allowing for the axial compression member, the compression bearing capacity check  

using the following formula: 

0u NNN l =   

Where, 

N= Value of axial pressure of concrete-filled steel tubular members 

Nu=Design value of bearing capacity of concrete-filled steel tube compression members 
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N0= Design value of bearing capacity of concrete-filled steel tubular short columns 

under axial compression, 

θ= Reinforcement factor of concrete-filled steel tube, 

cc

ds

fA

fA
θ




=  

Ac = Section area of filled-in concrete. 

As= Section area of steel tube 

fd= Design value of axial compression or tensile strength of steel, shown in Table 3.1. 

fc= Design value of axial compression strength of concrete, shown in Table 3.2. 

l  = eearing capacity reduction factor considering the slenderness ratio of axially 

loaded members. 

Table 3.1 Design value of steel strength. 

 

Table 3.2 Concrete axial compression strength design value. 

Concrete axial compression strength design value (MPa) 

strength  
Concrete strength grade 

C15 C20 C25 C30 C35 C40 C45 C50 C55 C60 C65 C70 C75 C80 

fc 7.2 9.6 11.9 14.3 16.7 19.1 21.1 23.1 25.3 27.5 29.7 31.8 33.8 35.9 

 

Design Value of Steel Strength (MPa) 

Steel 
Tensile and Compression  fd Shear fcd 

Type Thickness (mm) 

Q235 

≤16 190 110 

16~40 180 105 

40~100 170 100 
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For this case,  

4/ Dle , so 

4)/(115.01 −−= Dlel  

Where, 

D=Outer diameter of the steel tube, D=1.6m; 

el = Equivalent alternative length of the compression member. For safety’s sake, the 

length takes  mle 14= . 

=Bearing capacity reduction factor considering the slenderness ratio of axially loaded 

members, 749.0=l . 

Therefore, 

( )  kN.θθfA.NN cclu 847755174900 =++==  

 kN N kN.Nu 2635847755 == , 

The compression capacity meets the requirement. 

 

3.7.3 The design of steel bars in a concrete-filled column 

Following the Chinese code, we also need to check whether the rebars in the concrete 

can meet the requirement. This step is to calculate the minimum number of rebars that 

can resist the tension during the movement of the column. 

The weight of the unbalanced section is about 3050kN, and its center is about 2.1m 

l
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away from the concrete-filled steel column; these data are given. And the radius of the 

concrete-filled steel column is 0.8m; the tension generated by the unbalanced section in 

the center of the concrete-filled concrete column is 

kNN 80088.01.230501 ==  

So, the tension of a single column is, 

kNN 4004280082 ==
 

And for the Φ32 steel ribbed bar, the cross-section area A= 804.2 mm2, and the tension 

strength ft= 340 MPa, so the single steel bar bearing capacity is 

kN..N  427310340102804 66

s == −

 

Thus, each concrete-filled steel column needs at least need, 

bars 15
4273

4004
. 2 ===

.N

N
No

s  

Considering a more extensive safety factor, and the actual situation of the site 

construction, it is necessary to use a safety factor 2<n<3. Therefore, the number of 

rebars chosen is 40, set as shown in Figure 3.26. 
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Figure 3.26 Rebar arrangement in the concrete-filled steel tube column. 

3.7.4 Rebar anchor length 

At this point, calculations are required to determine the shallowest embed depth to 

prevent the rebars from being pulled out.  

The pull force of a single concrete-filled steel tube column is 4004 kN, and the cross-

sectional area of the Ф32 rebar cross-section area is A= 804.2 mm2, so the single 

reinforcement design tensile strength is, 

 
 MPa.

.A

F
σ 5124

10280440

10004004
6
=




==

−

                       

The minimum anchor length uses the following formula, 

d
f

f
l

t

y
=ab

, 

Where, 
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entreinforcem   tensileoflength  anchorage minimum The=abl  

entreinforcem ofstrength   tensileof ueDesign val=yf  

concrete ofstrength   tensileaxial of ueDesign val=tf , shown in Table 3.3. 

entreinforcem anchorage ofDiameter =d  

entreinforcem anchorage offactor  Shape=  , using specifications from 

Table 3.4 

The shape factor is the coefficient used to modify the effect of the different rebar 

dimensions. 

Table 3.3 Design value of axial tensile strength of concrete. 

Concrete axial tensile strength design value (MPa) 

strength  
Concrete strength grade 

C15 C20 C25 C30 C35 C40 C45 C50 C55 C60 C65 C70 C75 C80 

ft 0.91 1.1 1.27 1.43 1.57 1.71 1.8 1.89 1.96 2.04 2.09 2.14 2.18 2.22 

 

Table 3.4 The shape factor of anchorage reinforcement. 

Rebar Type Plain bar Ribbed bar 
Helical rib steel 

wire  

Three-strand 

steel  
Seven strand steel 

α 0.16 0.14 0.13 0.16 0.17 

 

 The minimum anchor length of the column is： 
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mm
.

.l 39132
431

5.124
1401 ==

 

The minimum anchor length of the beam is： 

mm
.

.l 28532
961

5.124
1402 ==

 

For construction convenience and higher safety reserve, use a safety factor over 3, so 

the anchor length all use, 

mmmmgthAnchor Len 150011733391 ==  

3.7.5 Anti-overturning checking 

Since the temporary support is 14 meters high and always has a reaction force given by 

the guiding system during the rotation process, we need to do an anti-overturning check, 

to ensure structural stability.  

In the rotating process, the traction line is 0.54m from the side of the concrete-filled 

column, the traction angle is 39.5 degrees, the distance between the two columns is 

3.8m, and the columns are subject to a total force of 5270kN. Therefore, the unbalanced 

bending moment that is tangential to the direction of rotation during the rotating is, 

m kN.
.

FLM =−== 4.55305.39cos)540
2

83
(5270 

 

32

6.1143

32

33 
==

.πd
w

 

  MPafMPa＜.
w

M
σ 3.14713 c ===  
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Where, 

 
x

x S
y

I
w ==

 

    MPa,  fc 3.14=  axial compression strength design value of concrete C30, from 

Table 3.2. 

Therefore, the tangential anti-overturning property satisfies the requirements. 

The radial unbalanced bending moment in the direction of rotation during the rotating 

is： 

m kN.
.

FLM =−== 9.45585.39sin)540
2

83
(5270 

 

32

6.1143

32

33 
==

.πd
w

 

  MPafMPa＜
w

M
σ c 3.143.11 ===  

Therefore, the radial anti-overturning property satisfies the requirements. 
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3.8  Guiding system Ф400  concrete-filled column design  

 

Figure 3.27 Guiding system Ф400 concrete-filled steel column arrangement and side view. 

There are eight Ф400 concrete-filled steel columns arranged along the inner side of the 

slide-way, the total rotation angle is 39.5°, and the total traction force is T=F′+F″= 

673+70= 743 kN. Each concrete-filled steel  column receives a tangential force from 

the traction line such that, 

 kN
.

F 1.73
7

539
sin7431 ==  

The cross-section of Ⅰ40c I-steel is A= 102 cm2, and the force F2 of Ⅰ40c I-steel is, 

 kNFF 3.1032 12 ==  

So the normal stress is, 

MPaMPa
A

F
140][13.10

10102

10003.103
4

2 ==



==

−


 

Where the 
 steel.r the Q stress fo allowableMPa is the 235140][ =

 

The strength meets the requirement. 
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3.9 CFG pile bearing capacity checking 

The average spacing of CFG piles along the slides is 1.5m, the lateral spacing of the 

slides is also 1.5m, and the density of CFG pile is 25 kN/m3. Considering the rigid angle, 

the force range of the slide-way is (7+1.5+1.5)×（1.5+1.6+1.5）=46m. The concrete-

filled steel tube is subject to a force of 5270kN, and the concrete-filled steel tube column 

weighs 1456kN; the weight of the slide concrete is, 

kN1725255.16.410 =  

Then each CFG pile is stressed, 

NF k402
37

172514565270
=



++
=

 

The length of the CFG pile is 17m, and the bearing capacity is 500kN. Therefore, the 

bearing capacity of the CFG pile meets the requirements. 

  



 

 

５７ 

Chapter 4  Field implementation 

This chapter introduces the construction process and the critical points of the down-

slide-way rotation system. 

4.1 Rotating structural system 

The structure of the rotating system set at the top of the main pier 27# and 28#, which 

consists of upper and lower ball joints, positioning pin shaft, scale-board pad, and 

leveling plate, see Figure 4.1. 

 

Figure 4.1 Rotating ball joint  

(1) Lower ball joint installation  

In the positioning and mounting of the ball joint, firstly, the leveling plate of the lower 

ball joint is installed using a combination of positioning steel, jack adjustment, and 

leveling plate. When the concrete of the pier body poured for the first time, the 

embedded parts of the pre-positioned steel are pre-buried, the jack is placed, the leveling 

plate is hoisted, and the level of the jack is adjusted to adjust the leveling plate. Once it 

has been determined that the measurement error is within the specified range and that 
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the center of the leveling plate is lined up precisely with the center of the support, it is 

time to adjust the top surface elevation, so that the height difference of the top surface 

of the leveling pad is controlled within 1mm, and the positioning steel, the adjusting 

jack, and the leveling plate are welded firmly in place. 

The on-site assembly of the lower ball hinge and the leveling plate is mainly the 

installation of the anchoring sleeve and the bolt of the lower ball joint. This part is bolted, 

and other components are welded and assembled in the factory. Precise positioning and 

adjustment involve using the already-adjusted leveling plate, suspending the lower ball 

joint, adjusting the center position, and then adjusting the elevation by turning the 

screwup and down. After the precise positioning and adjustment are completed, the 

center line, elevation, and flatness of the lower ball joint are reviewed. After multiple 

points of re-measurement, the lower ball joint is locked after precision alignment. The 

ball joint top surface must be horizontal. The error of any two points on the top surface 

can not be more than 1mm. The center of the rotation ball joint must be at the design 

position. The error control along the bridge direction is ±1mm, and the transverse bridge 

is ±1.5mm. See Figure 4.2. 

 

Figure 4.2 The ball joint field installation. 



 

 

５９ 

(2) The pin and the upper ball joint installation 

After the concrete filling of the lower ball joint is completed, the Φ450mm and the 

length 66cm pin shaft are hoisted into the lower ball joint. See Figure 4.3. 

 

Figure 4.3 Sample picture after turning the pin into the ball joint. 

First, the top surface of the lower ball joint must be cleaned so that the surface of the 

ball joint and the hole where the PTFE slide will be placed do not have any debris, and 

the sphere is blown dry. According to their serial number, each of the PTFE sliding 

pieces will be placed in the corresponding slots, there are 890 PTFE sliding pieces of 

Φ6 cm arranged within the ball joint, as shown in Figure 4.4. After the installation of 

the PTFE slides, their top surfaces are located in the same sphere with an error within 

1mm. After passing inspection, spread the lubricant and PTFE coating between the 

sliding plates on the sphere, as shown in Figure 4.5. Make the lubricant and PTFE 

coating evenly fill the space between the sliding plates, and slightly higher than the top 

surface of the sliding plates, to ensure that there is a layer of lubricant and PTFE coating 

on the top surface of the sliding plates, as Figure 4.6 shows. If the PTFE slide is taken 

out of the insertion hole due to the viscosity of the lubricant, wipe up the excess from 

the slot and remove any lubricant on the slide with a dry cloth and re-install. The whole 

installation process should be focused on keeping the ball joint body clean; workers 

must wear shoe cover when working on the ball joint. After the lubricant and PTFE 
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coating are daubed, no debris is allowed to fall into the ball joint, and the upper ball 

joint is installed as soon as possible. 

 

Figure 4.4  Installing the PTFE. 

 

Figure 4.5 Spreading the lubricant coating. 
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Figure 4.6 Completed PTFE and lubricant coating. 

The upper ball joint is consolidated with the embedded plate at the bottom of the beam 

by bolts, shown in Figure 4.7. The upper ball joint is a spherical coronal body with a 

flat top and a convex bottom, and the diameter of the top surface is 3040mm. The upper 

ball joint is connected with the bottom of the beam by bolts (embedded steel plate is set 

at the bottom of the beam, and the bolt sleeve is reserved), and it is then rotated together 

with the rotating body. There is a lining plate between the upper ball joint and the 

embedded plate at the bottom of the beam. After completion of the ball joint installation, 

it is necessary to attempt to rotate the ball joint 3 to 5 times. One of the functions of the 

trial rotation is to ensure the correct installation position and smooth rotation of the ball 

joint. The second is to squeeze out the extra lubricant so that the lubricant between the 

upper and lower ball joint surfaces are evenly dense without bubbles. After accurate 

positioning, a temporary lock is required. Any extruded lubricant must be removed; tape 

wrapped tightly around the anastomosis surface of the upper and lower ball joint to seal 

it. Mud, sand, and debris are strictly forbidden to enter the friction surface of the ball 
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joint. After the accurate positioning of the upper ball joint, the temporary position locker 

is installed. 

 

Figure 4.7 The upper ball joint installation. 

4.2  Traction system design 

The slide-way and traction systems are arranged along the main beam rotation track. 

The system is composed of the foundation, the slid-way, the slide-way support, the 

beam body steel support (slide body), the guide system, the haul jack, and the traction 

reaction seat. Two concrete-filled steel columns with Φ1600 are set at 3.828m away 

from the beam end supporting centerline, with Φ32 finishing rolled rebar serving as the 

anchor and a steel mesh with Φ16 bar serving as the local reinforcement. Using c for 

transverse connection between the concrete-filled steel columns, two rows of [20b 

channel steel are set in the bottom of the concrete-filled steel columns position setting 

as flat anchor support, with the flat anchor center setting at the height of 1.5 m. The 

concrete-filled steel columns are rotated by pulling the steel wire to complete the 

rotation of the bridge superstructure. The rotation angle is 39.5 degrees, so the slide is 



 

 

６３ 
set with an angle of about 47 degrees, and the top surface is 10 cm above the ground; 

the brackets are set in the inner side of the slide. To ensure the traction line position 

during the process, along the slide inside eight Φ400 concrete-filled short tubular steel 

columns are set, and the two rows [20b channel steel support is used to enhance its 

resistance to capsizing. Integrity is enhanced by welding Φ10 steel plates between each 

short concrete-filled steel column, with [ 20 b channel steel as diagonal support set 

between Φ10 steel plate and the ground. The traction reaction seat is 2 meters away 

from the slide, connected to the slide through two ground beams to form a whole. The 

concrete required for concrete-filled steel columns, the slide, and the traction reaction 

seat is C30 concrete. The traction and guide systems are shown in Figure 4.8, and the 

slide system can be seen in Figure 4.9. 

 

Figure 4.8 Traction system 
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Figure 4.9 The slide-way and the concrete-filled steel columns. 

4.3  Traction system construction 

The traction system is set at the side fulcrum and consists of the foundation, the slide-

way, the slide brackets, the beam brackets, the traction system, the dragging jack, and 

the jack reaction seat, as shown in Figure 4.10. 

 

Figure 4.10 Traction system arrangement. 

(1) Construction of the foundation and the slide-way. 
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In the construction of the CFG pile foundation of the slide-way on the side of 26# and 

29# side piers, the CFG piles are arranged in a fan-shape in three rows, with a diameter 

of 0.5m, a length of 17m, and the spacing of 1.5m. After the foundation is completed, 

when the foundation pit is mechanically excavated, the top of the CFG pile is reserved 

for 20cm to be manually excavated to avoid damage to the integrity of the CFG pile 

body. After excavation, a manual clean-up of the over-irrigated concrete of the CFG pile 

is required. The 10cm pile head is reserved, to be embedded in the slide-way body. The 

slide-way reinforced concrete is set on the foundation, which is poured in two steps. 

When the installation of the rebars in the bottom of the slide-way and the vertical 

reinforcement is complete, the slide bracket is embedded, and the first slide-way is 

poured with C30 concrete, at a pouring height of 1.0m. The slide-way bracket must be 

hoisted and accurately positioned after the concrete strength reaches 75%, relying on 

the fixed adjustment screw up and down to adjust the top elevation of the slide-way 

plate. The top elevation of the slide-way must be in the same horizontal plane, and the 

top surface height difference must be controlled within 1mm. Then the slide-way 

bracket is welded to its positioning steel bar and the positioning steel. After the slide-

way bracket is installed, the second step of the concrete pouring of the slide-way takes 

place, and the concrete is vibrated through the Φ15cm round hole to ensure that the 

concrete under the slide-way is vibrated and compacted. At the Φ15cm round hole, the 

top surface of the concrete should be higher 1mm than the hole bank. After the concrete 

construction has been finished and has reached the strength required, the angle grinder 

is used to polish the flat surface. The height difference of the top surface of the slide-

way must be strictly controlled within 1mm. 

(2) Slide system construction 

Clean the surface of the slide-way steel plate, apply lubricant, and lay a 1cm thick PTFE 

plate along the slide-way, a 2cm thick steel support plate, and another 3cm steel plate 

as a running board. Two concrete-filled steel tubular columns of Φ1.6m, wall thickness 

is 2cm, and a spacing of 5.4m is arranged on the side of the slide-way. They are anchored 

by Φ32 finishing rolled steel and partially enhanced by Φ16 steel mesh. The Ⅰ40c I-steel 
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is used for horizontal connection between the columns, and at the bottom of the columns, 

two rows of [20b channel steel are arranged as the support of the flat anchor, and the 

height of the flat anchor center is 1.5m. Check the reinforcement measures to ensure 

that the reinforcement measures are firm and reliable. During the installation of the 

sliding body and after the installation, the top surface of the slide steel plate is covered 

with a 3mm rubber plate and waterproof cloth for protection. 

The traction power equipment consists of a 150t continuous traction jack, a hydraulic 

pumping station, the main control station, and a high-pressure fuel pipe. The jack is 

placed on the supporting reaction seat, and the traction reaction is 2m away from the 

slide-way, which can be rotated by pulling the steel wire to complete the rotation of the 

bridge superstructure. The traction system shows in Figure 4.11. 

 

Figure 4.11 The traction power system. 

The traction power equipment is installed in place before the rotation, and the 

equipment is tested in advance to check the regular operation of the equipment. The 
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traction reaction seat, the guiding facility foundation, and the slide-way are 

synchronously constructed. 

4.4  Rotation construction 

Figure 4.12 shows the process of rotation construction. 

 

Figure 4.12 The process of the rotation construction. 
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1. Prepare for rotation 

Before the rotation test, install the steel strand, continuous jack, etc., and check whether 

the ball joint can operate well; determine its friction coefficient; to provide the basis for 

the real rotation process, start the power system equipment, make it runs in the 

"automatic" state, and clean the annular slide-way; apply lubricant and PTFE coating to 

the front end of the slide plate. See Figure 4.13. 

 

Figure 4.13 Applying lubricant and PTFE coating. 

2. Test rotation 

One purpose of the test is to verify the practicality and operability of the rotation system; 

the second is to test the coordination of the entire operating system; the third is to verify 

whether the operators are clear about their job responsibilities and cooperation; fourth 

is through the test to gain experiences and find gaps to improve the rotation plan further; 

fifth, test the maximum sliding distance of the rotating body when the traction system 

stops loading and measure the horizontal arc distance of the rotating end of each 

cantilever end for the initial rotation, which can provide an accurate basis for the final 



 

 

６９ 
position. Figure 4.14 shows the process of test rotation. 

 

Figure 4.14 Processing of the test rotation. 

The specific arrangements are as follows: 

(1) One month before the construction of the rotation, the construction plan and the 

application form shall be submitted to the Expressway Administration Department to 

determine the traffic guidance plan. Before the testing, the shutter is installed in advance, 

which has an isolation effect on the bridge deck and the expressway. When the bridge deck 

is constructed after closure, it does not affect the driving of the lower highway. Safety 

protection facilities shall be installed on both sides of the box girder; the debris and 

equipment inside and outside the box girder shall be cleaned, and the mechanical equipment 

and materials shall not be left in the box girder. 

(2) Dismantle temporary consolidation measures for the main pier and on the bridge. 

Remove the machines on the bridge. 

(3) The rotation traction system, tool, and anchor are arranged at the end of the cantilever. 
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Connect the signal line between the console, pump station, and the jack, connect the power 

supply of the console and pump station, connect the oil circuit between the pump station and 

the jack and debug the equipment. 

(4) The steel stranded wire is pulled into the jack along the traction direction around the 

orienting device, and the steel strands are pre-tightened with 1-5kN one by one to ensure the 

uniform force of each steel strand. Then, the steel stranded bundle is pre-tightened under an 

oil pressure of 2 MPa, so that the same bundle of traction steel strands has the same holding 

force. 

(5) Unify command at the scene, using a walkie-talkie for communication. The starting 

traction force should be slightly smaller than the design value of the traction, then gradually, 

slowly increased, so that the structure is smoothly rotated, and the state of the rotating 

structure is observed in real-time to ensure structural safety at start-up. The parameters of 

the testing rotation are the basis for rotation control. Calculate according to the results 

obtained by various parameters, compare the theoretical values, and trim the parameters. 

(6) After successful rotation, cover protection measures for on-site facilities, cut off the 

power supply and set up special security monitoring. 

3. Formal rotation 

(1) All preparations are ready, meteorological conditions meet the requirements (ambient 

temperature control at 25 °C ± 1 °C), personnel in each position are in place, and the on-site 

commander issues the command. During the process of rotating, close contact with relevant 

highway departments is maintained. 
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Figure 4.15 Processing of formal rotation. 

 

Figure 4.16 Processing of formal rotation. 

(2) The results of the test rotation should guide the formal rotation. Before the rotation is in 

position, it is advisable to gradually reduce the top thrust to decelerate the rotating body and 

use the structural inertia to rotate into position. When the bridge recheck has been over 
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position due to rotational inertia or measurement error, the beam body attitude adjusting 

device placed at the top of the side pier can be used, and the reserved reaction seat can adjust 

the beam to the design position. Figure 4.15 and Figure 4.16 are formal rotation processing. 

(3) After the rotation is in position, effective measures should be taken to temporarily lock 

the beam before lifting the beam to ensure the stability of the beam. The finished view shows 

in Figure 4.17. 

 

Figure 4.17 Finished view after the rotation. 

4. System conversion 

After the beam body is into position, use the jack installed in the main pier top to lift 

the beam body 2~5mm, remove the upper ball joint bolt, and the lining plate. And then 

connect the upper ball joint and the embedded steel plate by bolt, so that the upper ball 

joint is connected with the beam body, and the upper and lower ball joints are separated 

from each other. In that way, this part can be treat as the anti-seismic falling beam 

measures during operation, so that the vertical force of the beam portion is not 

transmitted to the pier through the ball joint. Remove the top foot-support of the middle 

pier; apply the pinner, install the side and middle fulcrum permanent support; replace 

the pin shaft, and finally complete the system conversion. 
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5. Temporary lock 

After the rotation and precise positioning stage and the detection of the plane position 

and elevation are seen to be following the design requirements, the beam body is 

temporarily locked at once to ensure the stability of the beam body. Temporary locking 

can be achieved using the pre-buried steel plate at the top of the pier. Insert the steel 

wedge into the steel plate supporting the pre-buried steel plate,  and temporarily lock it 

to ensure that the rotating unit no longer has displacement. After the temporary 

consolidation of the beam body is completed, remove the middle pier top foot-support; 

the jacks are arranged on the middle pier top and the side fulcrum bracket to 

synchronously lift the beam body, then remove the side pier slide beam and install the 

permanent support of the side and middle points. The final site can be seen in Figure 

4.18. 

 

Figure 4.18 Final site view. 
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4.5  Observation of down-slide-way method 

4.5.1 Measured result 

After less than six hours, the three-span continuous beam bridge completed the rotation 

process and was temporarily locked. The pre-buried beam pier support accurately reached 

the side pier target position, and the mid-span closure section hanger was installed in place. 

The overall process was smooth without any loss of personnel or property. 

4.5.2  Construction schedule 

According to the project quality and construction technology of the bridge, the construction 

schedule is as follows: (72+128+72)m continuous beam construction, the planned 

completion date is April 10, 2019. See Table 4.1 below for the schedule of each time node. 

Table 4.1 The down- slide-way method construction schedule. 

No

. 
Name of work Duration (day) Start date End date 

1 Construction preparation 71 2018/3/1 2018/5/10 

2 Main pier pile foundation construction 46 2018/5/11 2018/6/25 

3 Main pier cap construction  33 2018/6/24 2018/7/26 

4 Main pier construction  34 2018/7/14 2018/8/16 

5 Ball joint installation 35 2018/7/21 2018/8/24 

6 
Cast-in-place beam and temporary structure 

construction 
99 2018/8/24 2018/11/30 

7 Rotation process and system conversion 17 2019/3/5 2019/3/21 

8 Mid clousure section construction 10 2019/3/22 2019/4/1 

 

The up-slide-way method schedule is shown in Table 4.2, where we can see the different 

duration in the rotation process and system conversion. 
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Table 4.2 The up-slide-way method schedule. 

No

. 
Name of work Duration (day) Start date End date 

1 Construction preparation 71 2018/3/1 2018/5/10 

2 Main pier pile foundation construction 46 2018/5/11 2018/6/25 

3 Main pier cap construction  33 2018/6/24 2018/7/26 

4 Main pier construction  34 2018/7/14 2018/8/16 

5 Ball joint installation 35 2018/7/21 2018/8/24 

6 
Cast-in-place beam and temporary structure 

construction 
114 2018/8/24 2018/12/15 

7 Rotation process and system conversion 25 2019/3/5 2019/3/29 

8 Mid clousure section construction 20 2019/3/30 2019/4/19 

 

It can find that, using the new method, we can save 15 days for the temporary structure 

construction and 8 days for the rotation process and the bridge system conversion. 

4.5.3  Labor organization 

Table 4.3 shows the leading labor organization of the construction process. 

Table 4.3 Main labor organization 

Type of work Work contents Person 

Chief Engineer 

Responsible for the overall 

construction treatment plan of 

rotation 

1 

Technical Director 

Responsible for the 

construction plan organization and 

technical guidance 

1 

Technician 
Responsible for the technical 

control 
2 

Quality 
Responsible for quality 

control 
2 

Surveyors 
Responsible for the data 

collecting 
4 
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Type of work Work contents Person 

Laboratory Technician 
Responsible for the 

supervision and measurement 
2 

Security Officer 

Responsible for the material 

testing and mix proportion 

allocation 

2 

Scaffolder Erection of steel pipe support 40 

Welder 
Responsible for the 

reinforcement construction 
20 

Rebar worker 
Responsible for the rebar 

binding 
40 

Template Worker 

Installation of the bearing 

platform, pier body, and box beam 

formwork 

50 

Tension Worker 
Prestressed tension and 

compression of box girder 
12 

Concrete Worker 
Responsible for concrete 

pouring 
30 

Manipulator 
Operation of tower crane, 

truck crane, etc. 
10 

Driver Tank car, flat car, etc. 20 

Tower crane 

Commander 
Direct tower crane operation 4 

Electrician 
Responsible for the power 

equipment on construction site 
2 

General Worker 
Responsible for general 

construction and emergency plan 
15 

Total  257 

4.5.4  Materials and equipment 

Table 4.4 shows the other materials and equipment need in the construction.  

Table 4.4 Other materials and equipment. 

No. Name of Work Type Remarks 

1 

 
Rotary drilling rig XR360 Main pier and side pier pile 

foundation 2 Rotary drilling rig XRS680 Main pier and side pier pile 

foundation 3 Rotary drilling rig XR220 Protective pile 

4 Mud pump 4PNL  

5 Pile cap template custom made  
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No. Name of Work Type Remarks 

6 Pier template custom made 
2 sets of main piers and 2 sets 

of side piers 

7 Beam template custom made  

8 High-pressure pumps KWPK200-40  

9 Tensioning device YCW250B  

10 Pulling jack YC500/200W  

11 Electric oil pump BZ-800  

12 Tower crane QTZ125  

13 Car crane QY25  

14 Excavator (with a vibrating 

hammer) 
1.0m³  

15 Loader ZL50  

16 Dump truck Red rock  

17 Electric welder BX-300  

18 Steel cutting machine J3G2 1#Steel processing plant 

19 Steel bending machine TGB2-32 1#Steel processing plant 

20 Steel straightening machine 2.5KW 1#Steel processing plant 

21 Woodworking machine   

22 The continuous tension 

traction system 
  

23 Concrete pump HBT60  

24 Concrete mixing station HZS180 1#Mixing station 

25 Concrete mixer truck Trinity, 

Liebherr 
1#Mixing station 

26 Transformer 630KVA  

27 Generator set GF350  

4.5.5  The comparison of two methods 

Before the introduction of this method, the original plan was an up-slide-way rotation 

method. It was necessary to build a rotating system consisting of a massive reinforced 

concrete project, using the reaction seat reserved on it, push the rotation body into the 

position several times with the jack, and the distance of each push is determined by the 

jack, about 20cm. So, for this bridge, it is estimated about 7 days to complete the rotation. 

The details can be seen in Figure 3.8. 

Therefore, it is not difficult to find the following disadvantages of the approach, 

(1) The safety risks are high, and the workers need to work at high altitude for a long time, 
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not only during the construction of the up-slide-way but also to complete the rotating process. 

However, the new method introduced in this paper can have most of the work done on the 

ground, which reduces the construction risk and makes the workers feel safe.  

(2) The up-slide-way method is complicated, and the construction process is lengthy. Due to 

the large size of the rotating body, it is necessary to construct a large-scale up-slide-way, and 

numerous reaction seats need to be reserved on the slide-way. The process is rotated several 

times, and the whole rotation period is exceptionally long, which is not convenient for 

scheduling. Also, in the new method, we complete the closure section of the side span ahead 

of time and pre-buried the supports. Therefore, after the completion of the rotation, the side 

span was placed directly on the side pier support, further saving time during the rotation and 

speeding up the construction process.  

(3) The temporary structure is complicated and extremely expensive. Not only is the 

construction cost high for the large-scale custom-made steel box girder, but the process is 

also cumbersome, and the demolition at the end also increases the cost and difficulty of the 

project. However, the new system is more straightforward than the old one, and during the 

design, we also improve the safety factor, and increase the security of the system, making 

the new method save costs by ensuring safety.   

(4) The traction process is discontinuous, and continuous tangential traction cannot be 

achieved, which may increase the risk of structural damage. The new method achieves 

continuous tangential traction, and the moving speed reaches 6-7 meters per hour during this 

rotation, as recorded in Table 4.5 below, 
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Table 4.5 Rotation process record 

Rotation 

distance(m) 
0 5 10 15 25 

Traction force (kN) 90.81 57.63 43.21 45.67 42.87 

Time 21:00 22:03 22:48 23:15 00:31 

Rotation 

distance(m) 
35 40 45 50 51 

Traction force (kN) 40.96 41.13 41.25 40.07 _ 

Time 02:03 02:57 03:38 04:10 04:21 

 

It can be seen from the records that the actual pulling force is much smaller than the 

theoretical calculation of the pulling force, which in fact confirms the superiority of the 

rotating body system, which provides a basis for the future construction of a larger rotation 

body, and also makes it possible for the further improvement of the system's crossing 

capability. 

4.6 Disadvantages 

(1) This system is suitable for large-span cast-in-place continuous beam construction. From 

the perspective of economic efficiency, the main span is more cost-effective for projects with 

a span of over 100 meters. 

(2) The slide-way requires a broader site and has restrictions on construction conditions. 

Thus, it can be further refined according to the site to improve the system further and increase 

its applicability. 

(3) For this design, because of the need to ensure construction safety, the design is more 

conservative. For this reason, this design is not based on the most extreme design. However, 

the solution to the engineering problem is not unique, and this design completed the 

improvements of the up-slide-way rotation method.  
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Chapter 5 Conclusion 

5.1 Summary 

Taking the construction of the Jingxiong Intercity (72+128+72)m rotating continuous beam 

in the 19th Bureau of China Railway as an example, this method saves the cost of the steel 

reinforcement of the middle pier support by 24,000 RMB and the labor cost savings of 

47,400 RMB. Saving on lifting and hoisting amounted to 170,000 RMB. The total cost 

savings are about 241,400 RMB.  

The actual construction period is 1.5 months less than the planned time. This method saves 

construction time, effectively reduces the safety risk of the long-span continuous beam 

across the existing line, reduces the impact on the business highway during construction, 

and has significant social benefits.  

The most important thing is, this rotation system is a first time application. It perfectly 

meets the expectations of the system at the beginning of the design, solves the problem of 

the construction of large-scale temporary structures, and solves the problem of the speed of 

the rotation. Moreover, since the traction is small and the weight of the rotation is massive 

after turn off the pumping station for the oil supply( use to prevent friction), the running 

system can stop moving immediately, achieving precise positioning of the rotation 

position.  

It has a strong ability to cross existing roads, railways, and other operating structures, 

saving construction time and construction costs, and reducing construction risks on 

business lines during the construction process. 

5.2 Conclusion 

Through the improvements of the Up-slide-way rotation method in this project, the 

following conclusions can be reached: 

(1) Through the guide system, the down-slide-way method changed the rotation type and 
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achieved continuous tangent traction. Increased rotation process efficiency and safety. 

(2)  The improvement of the slide-way form reduces the amounts of temporary structures, 

simplifies the construction process, improves the operating platform, and ensures the safety 

of workers. 

(3) The down-slide-way rotating construction method avoids the impact on the existing 

highway and railway tracks during the construction of large-span cast-in-place beams and 

reduces the project safety risk. 

5.3  Prospective work 

The method discussed in this paper is only to improve and verify the traction system and 

the traveling system. In this paper, there is less research on the main pier ball joint of 

another critical component in the construction of the rotation. However, for the moment, 

much construction and many existing projects have been referenced, and the ball joints are 

mostly disposable components, in which product quality is strictly required. The 

manufacturing accuracy directly affects the success rate of the rotation. The cost is high; 

once the transfer is completed, there is no use-value. Because it is embedded in the main 

pier, once it is damaged or incorrectly set up during the installation of the ball joint, it will 

be irreparable, which will have a considerable impact on the follow-up work and the 

overall project schedule. In a later stage, it is hoped that relevant research and exploration 

can be carried out on the multiple uses of the ball joint. 
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 Appendix  

Analysis method 

At present, the structural probability design method divided into three levels according 

to the degree of accuracy internationally. 

（1）Semi-probability design. Although this design method considers the principle of 

probability in terms of load and material strength, it considers load and resistance 

separately. However, it does not consider the reliability of the structure from the 

integrity of the structural members, so it cannot reach the core of structural reliability 

——The failure probability of the structure and the sub-item safety factors are mainly 

determined based on work experience，so it is called Semi-probability design. 

（2）Approximate probabilistic design method. It is a probability design method that 

has entered the practical stage internationally. It uses probability theory and 

mathematical statistics to make relatively approximate estimates of the "reliable 

probability" of structural engineering, component, or section design. Although this is a 

probabilistic method, due to the neglect or simplification of the relationship between 

the primary variables over time, the distribution of the essential variables is limited by 

the amount of available information when determining the distribution of the primary 

variables. In order to simplify the design calculations, linearize some complicated 

nonlinear limit state equations, so it is still an approximate probabilistic design method. 

However, at this stage, it is indeed a more reasonable and feasible method to deal with 

structural reliability. 

（3）Entire probabilistic design method. This design is an ideal method based entirely 

on probability theory. It not only describes the various factors and characteristics which 

affect the reliability of the structure and change with time, respectively, with a random 

variable probability model but the failure probability of a structure used as a direct 



 

 

８６ 
measure of structural reliability based on accurate probability analysis. At present, this 

is just a pioneering research direction of value, and it will take a long time to reach the 

point of use. 

In China, the design of engineering structures is widely used in the limit state design 

method (approximate probability design method) based on probability theory and 

expressed in fraction coefficients. Probabilistic limit state design methods require a 

large amount of statistical data as a basis. If this condition not met, the engineering 

structure design can be based on reliable engineering experience or through necessary 

test research. It can also continue to be designed based on traditional methods using 

empirical methods such as allowable stress or a single safety factor. 

The working state of the structure during the application period is called the working 

state of the structure. When the structure can meet the functional requirements and 

work well, it is called "reliable"; otherwise, it is called a "failure." However, when the 

entire structure or part of the structure exceeds a particular state and cannot meet a 

specific functional requirement specified by the design, this state is called the limit 

state of the function. This design adopts the natural use limit state, which corresponds 

to the state where the structure or structural member reaches a specific limit of regular 

use or durability, that is, to meet the applicability requirements of the structure. While 

one of the following states occurs, the regular use limit state considered to exceeded: 

deformation that affects regular use or appearance; local damage that affects regular 

use or durability; vibration that affects regular use; other specific states that affect 

regular use. 


