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Abstract. The most incredible difficulty of the short-line matching method lies 

in bridge line shape control, which requires accurate measurement methods, ac-

curate control databases, and correct algorithms. On this basis, a bridge incre-

mental launching control system was built by using a distributed control system 

architecture and advanced measurement and control means to accurately adjust 

and control the bridge attitude. The error of control accuracy could be accurate 

to within 2 mm, and real-time monitoring and display of the bridge’s spatial atti-

tude could be implemented on the visualized operation interface. 

Keywords: prefabricated construction; short-line matching method; bridge jack-

ing; control system 

1 Introduction 

When it comes to the segmental prefabricated assembly construction method [1], all 

components of the bridge are prefabricated centrally and then transported to the site for 

assembly. Prefabrication of components contributes to a high degree of factorization. 

It guarantees quality with higher standardization requirements, good maintenance con-

ditions, a small amount of on-site construction, a short construction period, low labor 

costs, less work high above the ground, and few potential construction safety hazards. 

Meanwhile, most working procedures are implemented in factories while few are com-

pleted on site, thus generating little influence on the regular traffic operation, and more-

over, the pollution of wastes and noise can also be effectively controlled. 

The segmental prefabricated assembly construction method first appeared in Europe 

in the early 1960s, and so far, it has been widely used [2–4]. Prospering in China, bridge  
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construction presents the development trend of industrialization, standardization, struc-
tural assembly, and intelligent construction equipment [5]. The assembly construction 
technology with the prefabrication, transportation, and assembly technology of indus-
trialized bridge components as the core has seen extensive applications in various pro-
jects. 

Among the prefabricated construction methods of segmental beams, the short-line 
matching method has been most widely used in recent years [6–8], and it is more suit-
able for the assembly of standard segmental beams than the long-line prefabricated 
matching method. The most considerable difficulty of this technology lies in bridge line 
shape control. In order to accurately control the bridge attitude, requirements have been 
proposed for the accuracy of measurement methods, the accuracy of related control 
databases, and the correctness of algorithms, which, however, cannot be satisfied by 
traditional construction equipment such as truck-mounted cranes, crawler cranes, gan-
try cranes, and deck cranes. Hence, the short-line matching method is inapplicable to 
the construction of such traditional equipment. 

Incremental launching equipment systems [9–11] have been applied to multi-point 
incremental launching construction of box girders on bridge decks, involving mechan-
ical structure design, hydraulic system design, and electrical control system design. 
Large-scale bridge construction projects are characterized by heavy loads, harsh envi-
ronments, and the need for multiple pieces of incremental launching equipment to work 
simultaneously, and such types of incremental launching equipment are required to pos-
sess good safety, stability, and easy maintenance. During the working process, the po-
sition and attitude of multiple incremental launching equipment systems should be 
monitored and controlled to visualize their position and attitude, which, moreover, 
should be accurately adjusted in a real-time fashion in order to meet the accuracy re-
quirements of monitoring and measurement. Given this, an incremental launching 
equipment system was investigated in this study, and a functionally perfect intelligent 
attitude adjustment equipment for prefabricated components was established from the 
perspectives of bridge attitude detection, visualization, and attitude adjustment. 

2 Overview of Bridge Incremental Launching System 

2.1 Principle of Bridge Incremental Launching System 

2.1.1 Description Principle of the Spatial Position of the Contact Point be-

As shown in Figure 1, the spatial position coordinates of the contact point E’ between 
single position adjusters and the bridge are (XE’, YE’, ZE’). XE’ is the displacement 
indication of the longitudinal pushing sensor, YE’ is the displacement indication of the 
rectification sensor, and as shown in Figure 2, ZE’ is the Z-directional jacking displace-
ment of the contact point E’ between the incremental launching platform and the bridge. 
During the incremental launching process, XE’ and YE’ can be directly obtained. How-
ever, the jacking height ZE’ is decided by four jacking cylinders, i.e., it is acquired 
through the complex operation of the displacement indications of the four jacking sen-
sors. 
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Fig. 1. Layout Plan for Detecting Elements of Incremental Launching Devices 

 

Fig. 2. Computational Interpretation Diagram of Bridge Jacking by A Single Position Adjusters 

2.1.2 Description Principle of Visualized Spatial Attitude of the Overall 
Bridge 

During the jacking process, the spatial position coordinates of the contact point 
𝐸ᇱ between single position adjusters and the bridge are (𝑋𝐸ᇱ, 𝑌𝐸ᇱ, 𝑍𝐸′ሻ. As shown in 
Figure 3, the bridge is subjected to incremental launching using multiple incremental 
launching devices jointly. 

The spatial attitude of the bridge in the jacking process is visually described as fol-
lows: 

2.1.2.1 Description of Spatial Attitude During Bridge Jacking. 
Bridge incremental launching is completed by multiple incremental launching de-

vices. Assuming that the bridge is a rigid body in the incremental launching process, 
the contact between the bridge and each incremental launching device forms a contact 
plane. Because bridge incremental launching is mainly the translational motion of the 
bridge rigid body in space, it can be expressed by a three-dimensional coordinate, and 
the contact plane between the bridge rigid body and the incremental launching device 
can be determined just by three points during jacking. 
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As shown in Figure 3, in the process of bridge jacking, the jacking displacement of 
single incremental launching devices is 𝑍௜௝ (i and j stand for the serial number of single 
incremental launching devices), and the contact point with the bridge is determined 
through the search method. 

Since a finite number of incremental launching devices (n≤24) are adopted, the con-
tact point between each incremental launching device and the bridge can be determined 
quickly using the search method. If a contact plane m is determined by selecting 𝑍ଵଵ, 
𝑍ଶଶ, and 𝑍ଶଷ, then the distance of other incremental launching devices from the plane 
m is 𝑍ଵଶ 𝑍ଵଶ‘, 𝑍ଵଷ 𝑍ଵଷ‘, and 𝑍ଶଵ 𝑍ଶଵ‘, respectively. If all three distances are smaller 
than or equal to zero, the search ends, and the contact points are 𝑍ଵଵ, 𝑍ଶଶ, and 𝑍ଶଷ, or 
otherwise, the search continues until conditions are satisfied, i.e.: 

𝑚 ൌ ሼ𝑍ଵଶ 𝑍ଵଶ′ ൑ 0 ∩ 𝑍ଵଷ 𝑍ଵଷ′ ൑ 0 ∩ 𝑍ଶଵ 𝑍ଶଵ′ ൑ 0ሽ

 

Fig. 3. Description of Bridge Jacking Attitude 

2.1.2.2 Description of Spatial Attitude During Longitudinal Pushing 
of the Bridge.  

As shown in Figure 4, 𝑋௜௝ is the displacement indication of the longitudinal pushing 
sensor. Since it is the three points 𝑍ଵଵ, 𝑍ଶଶ, and 𝑍ଶଷ that truly function during the in-
cremental launching process, the longitudinal pushing-induced displacement of the 
bridge is decided by distances 𝑋ଵଵ 𝑋ଵଵ′, 𝑋ଶଶ 𝑋ଶଶ′, and 𝑋ଶଷ 𝑋ଶଷ′. Considering that the 
bridge and the incremental launching device may slide during the longitudinal pushing 
process, the minimum value of the three distances is taken, namely, the longitudinal 
pushing-induced displacement 𝑋௠௜௡: 

𝑋௠௜௡ ൌ 𝑚𝑖𝑛ሼ𝑋ଵଵ 𝑋ଵଵ
ᇱ , 𝑋ଶଶ 𝑋ଶଶ

ᇱ , 𝑋ଶଷ 𝑋ଶଷ
ᇱ ሽ
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Fig. 4. Description of Bridge’s Longitudinal Pushing Attitude 

2.1.2.3 Description of the Bridge’S Spatial Attitude during Deviation 
Rectification.  

As shown in Figure 5, 𝑌௜௝ is the displacement indication of the rectification sensor. 
Since it is the three points 𝑍ଵଵ, 𝑍ଶଶ, and 𝑍ଶଷ that truly function during the incremental 
launching process, the rectification displacement of the bridge is decided by distances 
𝑌ଵଵ  𝑌ଵଵ′, 𝑌ଶଶ  𝑌ଶଶ′, and 𝑌ଶଷ  𝑌ଶଷ′. Considering that the bridge and the incremental 
launching device may slide during the rectification process, the minimum value of the 
three distances is taken, namely, the rectification displacement 𝑌௠௜௡: 

𝑌௠௜௡ ൌ 𝑚𝑖𝑛ሼ𝑌ଵଵ 𝑌ଵଵ
ᇱ , 𝑌ଶଶ 𝑌ଶଶ

ᇱ , 𝑌ଶଷ 𝑌ଶଷ′ሽ 

 

Fig. 5. Description of Bridge Rectification Attitude 

2.2 Construction Process of Segmental Beam Incremental Launching 

The construction process of segmental beams is shown in Figure 6. 

Factory 
prefabrication of 

segmental beams

Transport beams 

to the field

Field handling and 

assembly

Incremental 
launching 

construction of 

segmental beams

Position 

adjustment

Position 
adjustment of the 
whole bridge and 

beam placement

Cyclic incremental launching until the last beam

Completion of 
incremental 

launching

 

Fig. 6. Construction Process of Standard Segmental Beam Incremental Launching 
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3 Bridge Incremental Launching Control System 

3.1 Hardware Composition 

The bridge incremental launching control system is a distributed control system. The 
upper computer consists of an industrial computer and a PLC, and the lower computer 
consists of 2 to 24 PLCs. The communication between the upper and lower computers 
is realized through the bus. The upper computer is used for the overall control of bridge 
incremental launching, coordinating the work of 24 single incremental launching de-
vices, and the lower computer completes the jacking, incremental launching, and recti-
fication operations of single incremental launching devices according to the orders of 
the upper computer. 

The control system is shown in Figure 7. An industrial computer serves as the main 
control system of the main console, S7-300PLC is the total station, PROFIBUS bus and 
data switching substations between incremental launching devices are adopted, and S7-
300PLC communicates with the industrial personal computer via MPI protocol. 

MPI

Master station：S7 300 cpu313c-
2dp

PG/PC

Substation1

Substation2

Substation3

Substation4

Substation5

Substation6

Substation7

Substation8

Substation9

PROFIBUS-DP

 

Fig. 7. Measurement and Control System for Bridge Incremental Launching  

3.2 Software System Development 

3.2.1 Software Functions and System Structure 
The software layer of this system realizes the function of controlling 2 to 24 incre-

mental launching devices simultaneously in one main interface without switching con-
trol platforms. The real-time dynamic display of 24 incremental launching devices fa-
cilitates monitoring the position and attitude of bridge incremental launching, and the 
automatic detection and control function of bridge rectification is introduced to realize 
the automatic adjustment of the three-dimensional attitude of bridge incremental 
launching. To optimally control the bridge incremental launching process, Proportional 
– Integral – Derivative (PID) control technology is adopted, which not only improves 
the accuracy and stability of bridge incremental launching but also enhances the effi-
ciency and saves the time of incremental launching. 
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This software mainly has the following functions: parameter setting of incremental 
launching, control button, display of bridge attitude, display of bridge position param-
eters, rectification control, PID control, and display of incremental launching position 
and state parameters. 

The overall structural framework of the system is shown in Figure 8, and the main 
modules and functions of the software system are described in Table 1. 

 

Fig. 8. Block Diagram of Software System Structure 

Table 1. Software Modules and Functions 

S/N Subtitle Subtitle 

1 Initialization 
Program parameter initialization setting and interface

initialization display 

2 Keyboard reading 
Reading of keywords in the command area and de-

vice number area 

3 
Operating state parameter reading 
of incremental launching devices 

Operating status parameter reading of single incre-
mental launching devices 

4 
Status calculation of incremental 
launching devices and the bridge 

Calculation of position and attitude parameters for 
incremental launching devices and the bridge accord-
ing to the operating status parameters of single incre-

mental launching devices 

5 
Display of bridge position and atti-

tude 
Display of bridge position and attitude 

6 Automatic rectification 
Starting of automatic rectification according to the 

parameters of three laser rangefinders 

7 
Status judgment of jacking, incre-
mental launching, and rectification 

Judging whether the jacking, incremental launching, 
and rectification of incremental launching devices 
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and the bridge are appropriately implemented ac-
cording to their calculated position and attitude pa-

rameters 

8 PID control 

Starting the PID control program according to the 
calculated position and attitude parameters of incre-
mental launching devices and the bridge as well as 

the set P, I, and D parameters 

9 Data saving 
Automatically save the incremental launching pro-
cess data once each incremental launching stroke is 

completed 

10 Writing of control status 

The software automatically gives a control command
and sends it to the lower computer according to the 
set parameters and the calculated position and atti-
tude parameters of incremental launching devices 

and the bridge 

11 
Playback of the incremental launch-

ing process 
The incremental launching process of such devices or

the bridge in one period can be played back. 

3.2.2 Software System Function Module 
The main interface of the visualization control system software for bridge incremental 
launching position and attitude is shown in Figure 9. 

 

Fig. 1. Main Interface of Software 

The installation function of the main interface is divided into eight areas, such as 
title, incremental launching setting, control button, bridge attitude display, bridge posi-
tion, rectification control, PID control, and display of incremental launching position 
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and status parameters, as shown in Figure 10, and the operation function area of the 
main interface is shown in Table 2. The essential functions and operation methods of 
the system are introduced below. 

 

Fig. 10. Main interface operation function area 

Table 2. Functional Areas of Main Interface 

S/N Name of functional area Functional description 

1 Title Names of system software and company user 

2 
Incremental launching set-

ting 
Incremental launching parameter setting 

3 Control button Operation control button 

4 
Incremental launching posi-
tion and status parameters 

Display of incremental launching devices’ position and
status parameters 

5 Bridge position Dynamic display of bridge position parameters 

6 Bridge attitude display 
The left picture displays the real-time incremental 
launching status of the bridge, and the right picture 

shows its attitude deviation. 

7 Rectification control 
Whether the rectification control function is started; 

real-time parameters of three rectification laser sensors

8 PID control 
Whether the PID control function is started; setting of 

P, I, and D parameters 

3.2.2.1 Incremental Launching Position and Status Parameters and Set-
tings.  

The incremental launching position and status parameters are displayed in Figure 
11. The attitude parameters of 1—24# devices participating in incremental launching 
are displayed in Table 3. 



The system works nonautomatically 

▇1# pump stops working 
●1# pump works normally 
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Fig. 11. Functional Areas of Incremental Launching Position and Status Parameters 

Table 3. Incremental Launching Position and Status Parameters 

S/N Parameter name Functional description 

1 Manual 
▇The system works nonmanually 

●The system works manually 

2 Automatic 
▇

●The system works automatically 

3 1# pump operation 

4 1# pump fault 
▇1# pump fault 

●1# pump is normal 

5 2# pump operation 
▇2# pump stops working 
●2# pump works normally 

6 2# pump fault 
▇2# pump fault 

●2# pump is normal 

7 Emergency stop 
▇System emergency 

● The system is normal 

8 Phase sequence fault 
▇Phase sequence fault of power supply 

●The phase sequence of the power supply is normal 
9 Working pressure Total pressure display of oil pressure pump, MPa 
10 Jacking pressure Pressure display of jacking oil hydraulic cylinder, MPa 
11 Jacking force Force display of jacking oil cylinder, T 
12 Jacking displacement 1 Displacement display of the 1# jacking oil cylinder, mm 
13 Jacking displacement 2 Displacement display of the 2# jacking oil cylinder, mm 
14 Jacking displacement 3 Displacement display of the 3# jacking oil cylinder, mm 
15 Jacking displacement 4 Displacement display of the 4# jacking oil cylinder, mm 

16 
Incremental launching 

displacement 
Display of incremental launching displacement, mm 

17 
Rectification displace-

ment 
Display of rectification displacement, mm 

18 Bridge detachment 
▇The system works manually 
●The system works manually 

19 Jacking detachment 
▇The system works manually 
●The system works manually 

20 
Incremental launching de-

tachment 
▇The system works manually 
●The system works manually 
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The functional areas setting for incremental launching is displayed in Figure 12, 
mainly including incremental launching quantity, jacking stroke, and incremental 
launching stroke, among which the incremental launching quantity should be an even 
number within 2-24, or otherwise, an alarm shown in Figure 13 will be sent. Press the 
“return” button after the input is correct as per the prompt and complete the setting. 

 

Fig. 12. Functional Areas Setting for Incremental Launching 

 

Fig. 13. Alarm Setting for the Number of Incremental Launching Devices 

After the number of incremental launching devices is set, the equipment status dis-
play interface will be automatically adjusted according to the set number. As shown in 
Figure 14, when the “incremental launching quantity” is set to “4”, the incremental 
launching position and status parameter only shows four devices. 

 

Fig. 14. Adjusted Incremental Launching Position and Status Parameters 

3.2.2.2 Bridge Position and Attitude Display and Rectification Control. 
The functional area of the bridge position includes three parts: bridge jacking dis-

placement, bridge incremental launching displacement, and bridge total incremental 
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launching displacement, as shown in Figure 15. Therein, “jacking displacement” and 
“incremental launching displacement” refer to the bridge working distance after multi-
ple times of incremental launching, and “total incremental launching displacement” de-
notes the total incremental launching distance of the bridge on that day.  

 

Fig. 15. Bridge Position Display 

The functional area of bridge attitude includes three parts: the left picture is the 
bridge movement diagram, the middle one is the bridge attitude diagram, and the right 
picture displays the parameters of incremental launching devices, as shown in Figure 
16. 

 

Fig. 16. Bridge Attitude Display 

The functional area of rectification control is exhibited in Figure 17. The display 
content includes whether to start the rectification control function and the real-time pa-
rameters of three rectification laser sensors. It is feasible to press the “automatic recti-
fication” button to start automatic rectification, or otherwise, start manual rectification. 
The functional area of PID control includes whether to start the PID control function 
and three set parameters: P, I, and D. Press the “PID control” button to start PID control, 
or otherwise, PID does not participate in control. The set values of the three parameters 
(P, I, and D) can be changed by the user. 

 

Fig. 17. Rectification and PID Control 
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4 Conclusion 

In order to solve the most challenging problem—bridge line shape control—in short-
line construction technology and put forward practical control measures, a piece of in-
telligent position and attitude adjustment equipment was established, and the following 
conclusions were drawn: 

(1) Prefabrication, standardization, and factory production and construction are the 
development trends of bridge construction. The key to the line shape control of prefab-
ricated segmental box girders includes form board precision control, matching beam 
positioning control, segmental prefabrication error control, and pre-camber control. 

(2) The intelligent position and attitude adjustment equipment can accurately adjust 
and control the bridge attitude in X, Y, and Z three-dimensional space with the control 
accuracy error being accurate to within 2 mm. Moreover, it is capable of real-time mon-
itoring and display of the bridge’s spatial attitude on the visualized operation interface. 
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