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ABSTRACT: The removal of temporary support members will cause structural stress redistribution in construction phase, as well as infecting the dynamic characteristics and stiffness of the structure system in construction phase. This paper analyzed the frequency variation after the removal of temporary support bars of Shenzhen Nanshan Science and Technology Innovation Center by combining monitoring acceleration data and finite element simulation to evaluate the effect of temporary support bars demolition on structural system stiffness in construction phase. Midas Gen is used to simulate the frequency variation after support bars demolition through finite element method; The acceleration data of this structure were monitored using accelerometer sensors to obtain the frequency. The results of simulation and monitoring data in field matches each other, showing that the frequency almost remain the same value after temporary support bars demolition, which indicates that there is little effect of boundary conditions variation on this temporary structural system stiffness at current construction phase. The conclusion of this paper could be reference for other structural construction using similar support bars. 
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1 INTRODACTION
The removal of temporary support components is a critical step in structural construction [1]. The temporary support demolition of the structure would change the boundary conditions of the structure, causing stress redistribution of the structure [3], and affecting the stress and deformation of both components and overall structural system in construction phase [4] .
Significant efforts have been invested in researching the influence of temporary support components demolition on structure. Liu Kang et al. conducted a finite element simulation analysis of the structure at the podium in the North District of Raffles, Changning, Shanghai. The results showed that different temporary support demolishing schemes will cause different deformation of the cantilevered section of the structure [6]; Minghui Liao et al. carried out finite element simulation analysis of four different temporary support bars demolition plans for a large-span steel structure located at east corridor of Jiujiang Poyang Lake Technology City, saying that midspan deflection under different demolition plan was different [7].
However, the studies about temporary support system of structural construction only researched the components deformation or deflection at the most unfavorable positions of the structure so far. Few studies focused on influence of boundary conditions variation on structural system in construction phase. The stiffness of the structure is an important indicator of the overall performance of the structure [8], and the natural vibration frequency of the structure can directly reflect the stiffness of the structure. This paper studied the effect of boundary conditions variation caused by support bars demolition on temporary structural system stiffness by comparing the frequency before and after support bars removal. Finite element simulation and field monitoring data analysis are combined in this paper to verify each other.
2 Structure DESCRIPTION
2.1 Brief introduction of the structure
Shenzhen Nanshan Science and Technology Innovation Center includes seven towers and a huge podium with 400 meters long and 110 meters wide. The steel structure of the podium is located on the 7th to 11th floors, which is composed of connecting beams and steel trusses, connecting the seven towers together. The general view of this structure is shown in Figure 1. 
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Figure 1. Shenzhen Nanshan Science and Technology Innovation Center.

2.2 Description of support bars
The temporary support bars were used in podium building construction to connect the upper and lower chords of the steel truss. The construction process of steel truss is described below:

· Step 1: Use support bars to fix lower chord of the truss at two ends 

· Step 2: Install the whole lower chord and secondary beams
· Step 3: Construct the truss above lower chord
· Step 4: Finish constructing the truss and remove the support bars
The construction process of steel truss is shown in Figure 2.
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(a) Step 1
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(b) Step 2
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(c) Step 3
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(d) Step 4

Figure 2. Construction process of steel truss.
The support bars were removed when tower A1, A2, A4, A5 and the podium connecting them finished constructing. Figure 3 shows the photo of the podium steel truss before (a) and after (b) removing support bars.
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(a) Before removing support bars
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(b) After removing support bars
Figure 3. Photo of the podium in construction phase.
3 Finite element SIMULATION

3.1 Modeling of the structure

This paper used Midas Gen to model and analysis the structure of Shenzhen Nanshan Science and Technology Innovation Center. The steel truss and support bars were modeled as truss elements while the columns were modeled as beam elements. The finite element model of this structure is shown in Figure 4.
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Figure 4. Finite element model of the structure.
3.2 Result of finite element simulation
The result of finite element simulation shows that mode shapes of the structure remain same before and after support bars demolition. The first-order mode is translation in the x-direction (parallel to the A1-A2 direction), the second-order mode is translation in the y-direction (parallel to the A1-A4 direction), and the third-order mode is translation in the x-direction. The mode shapes of the structure show in Figure 5. 
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(a) First order
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(b) Second order
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(c) Third order

Figure 5. Mode shapes of the structure.

The frequency changed a little after support bars removal, with maximum difference 0.04%. The frequency changes of the structure are measured only for the first three modes. The higher vibration modes of the structure may have different changes due to removal of supports bars.
The first three modes frequencies of the structure are shown in Table 1.
Table 1. Frequency of the structure.

	Mode order
	Frequency (Hz)

	
	before support bars removal
	after support bars removal

	1
	1.3369
	1.3366

	2
	1.4826
	1.4823

	3
	1.7203
	1.7199


The results of finite element simulation shows that the boundary condition caused by support bars demolition has little effect on frequency of this structure. Since frequency can reflect the stiffness of the structure, the result also tells that the boundary condition caused by support bars demolition can hardly infect the structural system stiffness at current construction phase.
4 SHM data analysis
4.1 Field monitoring sensors set up

Two monitoring points were set up at the steel truss connecting Tower A1 and A4, with two acceleration sensors at each monitoring point. The position of monitoring points were shown in Figure 6. Two sensors measured the acceleration at X direction while the other two sensors measured acceleration at Y direction. The acceleration sensors used in this paper were shown in Figure 7. After obtaining the measured data, the fast Fourier transform is used to convert the acceleration data into the power spectral density function of the structural vibration. The frequency corresponding to the peak value of the power spectral density function is the structural natural vibration frequency.
4.2 Results of SHM data analysis
The support bars demolition cost two days to finish. The demolishing process began at 10:30 am and finished at 5:00 pm the next day. The acceleration data within 10:00 am to 6:00 pm and 10:00 am to 5:00 pm the next day were collected with sampling frequency 100 Hz. The frequency data is shown in Figure 8.
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Figure 6. Monitoring points on structure.
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Figure 7. Acceleration sensors.
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Figure 8. Structure frequencies based on monitored data.

The results shows that the frequency of structure increased 17% during the support bars demolition process. The process of removing the support bars is to first cut off the connection between one side of the bar and the structure, fix the bar to the tower crane with this side of the bar, and then cut off the connection between the other side of the bar and the structure, finally lift the bar down by the tower crane. It is speculated that during the removing process when one side of the bar is still connected to the structure and the other side is fixed with the tower crane, the frequency of the structure is affected to a certain extent. Hence, the frequency of the structure during the removing process is slightly increased.
The frequency at X direction is 1.76 Hz while 1.56 Hz at Y direction, which are same at the beginning and the end point of support bars demolition process. This result matches the finite element simulation conclusion. 

5 conclusion

The frequencies of structure are computed by field monitoring data as well as finite element simulation for the first three modes. 

According to the results of the FEM simulation and the SHM measured data analysis, the natural vibration frequencies of the structure for the first three modes are almost the same (maximum difference 0.04%) before and after the removal of support bars, indicating that the boundary conditions variation caused by support bars demolition is not very important to the structural system stiffness at current construction phase. It should be noticed that there are also some limitations of the structural health monitoring and finite element simulation of the structure. The load carrying capacity and earthquake resistance may not be fully captured during the construction phase, because the higher vibration modes changes are not covered in this paper. This conclusion is only acceptable for Shenzhen Nanshan Science and Technology Innovation Center so far. More temporary structural system in construction will be studied to find a general mechanism in the future study.
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