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ABSTRACT 
 
The in building Shanghai tower in Shanghai is a frame-core wall structure with a height of 632m. As the long 
construction period, the time-dependent in structure take an effect on the forced condition of the structure during 
the construction period. Considering the effect mentioned above, a comprehensive structural health monitoring 
(SHM) system has been installed on Shanghai tower. The SHM system is composed of a main monitoring 
station and 11 substations which are installed on the strengthened stories, basement and top of tower. The SHM 
system can provides very useful information for safety evaluation and regular maintenance of the tower under 
construction and in-service condition. By making use of this SHM system, the concrete stress-strain 
measurement is carried out. The analytical of the concrete stress-strain of the tower at different construction 
stages is presented. In order to verify the accurate of result, an accurate FEM model that relates the tower 
construction stages is created. All the superstructures, substructures, connections and boundary conditions of the 
tower were properly modeled in FEM model. Then, comparison between SHM and FEM model was performed. 
Comparison result indicated that the considering of concrete creep property is important, and the date of the 
strain can be used to update the FEM model of the tower to obtain a more accurate FEM model that relates the 
tower performance and condition. It verifies the effectiveness and importance of monitoring of super-tall 
building during the construction phase. 
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INTRODUCTION 
 
Shanghai tower is the highest building in china which is in construction. It is a frame-core structure with a high 
632m. The construction schedule time is 1573 days. In order to monitor the variation of Shanghai tower in 
construction stage, Tongji University, Hong Kong Polytechnic University and Tongji architectural design 
institute conduct a long-term structural health monitoring system. The monitoring content include the 11 items, 
such as: wind velocity, displacement, internal force, temperature, corrosion, crack, elevation and earth quake. 
 
In traditional design, loads are applied to the whole model for one time without considering the construction 
process, which is different from the actual mechanical behavior of structure during construction. Especially for 
super high-rise buildings, due to the long construction cycle, the time-dependent property of structure, material 
and load will impact the behavior of structure during the construction. Therefore, it is essential to carry out the 
construction process analysis of high-rise building, and adjust the construction process with on-site monitoring 
(Brownjohn 2007; Dundar et al. 2008; Ye et al. 2012; Zhou 2003) . 
 
The main contents researched in this paper are as follows: (1) A finite element model of Shanghai tower was 
created which consider the time-dependent effect of material and construction stage. Based on this model, the 
changing regularity of dynamic property, elevation and stress has been analysis. (2) Monitored the changing 
regularity of stress of concrete. (3) Compared the result of monitor and FEM, the effect of time-dependent effect 
on dynamic property, elevation and stress has been studied. 

 



 

NUMERICAL SIMULATION  
 

Finite Element Model 
 
The finite element model of Shanghai tower was created by MIDAS/GEN 7.8 software. The finite element 
model comprises of two main components, steel structure (including mega frame and outriggers) and concrete 
structure (core-tube). Concrete and steel section of super columns were modeled separately using plate and 
beam elements, with core-tube using wall elements and other parts using beam elements. The master-slave 
constraints were used to simulate the co-work between steel and concrete elements of super columns. The 
bottom end was set as fixed constraint considering the deep foundation effect. 

 
Time-Dependent Effect in Finite Element Analysis 
 
The construction sequence is summarized as follows: (a) core-tube, (b) frame and (c) slab. The construction of 
composite columns is followed for six to nine levels below the top of the core-tube, and the cast of slab is 
followed about four to seven levels below the composite columns. The construction cycle of one typical floor is 
reduced gradually from 8 days in lower zone to 4 days in the upper zone. The installation of curtain wall begins 
when the structure constructs to 1/3 height, and it is always behind the construction of floors. Vertical loads, 
concrete creep and shrinkage are considered in the simulation of construction process, of which, vertical loads 
include gravity loads, curtain wall loads, attached dead loads and construction live loads (1kN/m2) (Zhao et al. 
2011).  
 
Shrinkage and creep of concrete is the mainly property of time-dependent property, of which the concrete creep 
is affected by loading age, relative humidity, member size, reinforcement constraint effect and etc. In this paper, 
PCA (Fintel M et al. 1987) and ACI models are selected to consider the effects of shrinkage and creep of 
concrete, and the CEB-FIP model is chosen to consider the time-dependent effect of concrete compression 
strength. 
 
STRUCTURAL HEALTH MONITORING SYSTEM  
 
On-site monitoring of high-rise building can provide the real-time data of structure behavior during the 
construction. Through the comparison between monitoring and numerical analysis, the structural behavior of 
subsequent construction stage can be predicted by modify the calculation model (Wu et al. 2012; Peng et al. 
2009).  
 
Elevation control points (+ 0.500 m) were used as the starting point of elevation transmission in the elevation 
measurement of Shanghai tower. Hanging steel tape and precision level gauges were used for elevation 
transmission, and the effects of temperature, self-gravity and tension of steel tape should be corrected when 
calculating elevation. Elevation measure points were arranged in the super columns and core-tube wall of the 
monitoring floor, as shown in (Figure 1). Elevation measurements were initiated when the slabs in monitoring 
floor inside and outside the core-tube completed, and the time-dependent vertical deformation of monitoring 
floor is calculated. 

 



 

 
Figure 1. The position of elevation measure points 

 
Vibrating wire sensors were used to measure the stress and strain of key members of the tower building, which 
measure the deformation through the change of wire resonant frequency. In each zone, a floor was chosen to 
arrange the measuring points of stress and strain, as shown in (Figure 2). This paper analyzes the measured 
stress and strain of super column of external frame and concealed column in core-tube. (Figure 3) shows the 
detail of measure points. 

 

 
Figure 2. The position of stress measure points 

 



 

        
(a) Installed gauges mounted on the steel shape     (b) Installed gauges embedded in the concealed column 

Figure 3. Vibrating wire strain gauge 
 

 
MONITORING AND ANALYSIS IN ELEVATION AND STRESS 
 

Elevation Monitoring 
 
In this paper, numerical analysis of construction process is conducted in accordance with the actual construction 
scheme of Shanghai Tower, and the results are compared with the on-site monitoring. Numerical simulation 
considers the effect of vertical loads, concrete shrinkage and creep, and seasonal temperature difference to 
improve the result accuracy. The calculation of seasonal temperature difference considers the floor temperature 
when the members start the installation as the initial temperature and the measured temperature as the final 
temperature. 
 
Measure point WN1 of core-tube and measure point N4 of external frame in 4th floor (zone 1) chosen to study 
the elevation change from July 2011 to November 2012. The results are shown in (Figure 4), curve of measured 
result, calculated result without and with considering seasonal temperature difference are identified as M, C and 
CT, respectively. 

 

 
(a) Measure point WN1 of core-tube    

 
        (b) Measure point N4 of external frame 

Figure 4. Comparison of vertical deformation between the measured and theoretical values 
 
The measured results show that the maximum vertical deformation of measure point WN1 is 14.1mm and N4 is 
11mm, and the vertical deformation can be seen an increasing trend over time. The calculated curve without 
considering seasonal temperature difference shows a gentle trend with the values lower than the measured 
deformation, while the calculated curve considering seasonal temperature difference are more compatible with 
the measured result. It is found that the vertical deformation of high-rise building is significantly affected by the 
seasonal temperature difference and this should be considered in numerical analysis. 
 



 

Stress Monitoring 
 
Measure point (5-JZ1-ST-BM3) of the steel shape of super column in fifth floor is chosen to study the stress in 
steel shape from September 2011 to November 2012. The curve of measured results and numerical results are 
identified as M and C, separately. Since the initial time of measured result is behind the member installation 
time, the time period calculating stress increment of construction simulation should be consistent with the actual 
measurement to make the numerical analysis in good agreement with the on-site measured results. 

 
Figure 5. Comparison of stress between the measured and theoretical values 

 
Comparison between the measured and theoretical values is shown in (Figure 5). Measured strain through 
temperature correction multiplied by steel elastic modulus can obtain the steel shape stress. (Figure 5) shows 
that the measured curve basically fluctuates up and down around the calculated curve. That is concerned with 
the environmental factors of the construction site, such as concrete mixing, steel member welding, hanging, etc., 
and the calculation model is simplified, it makes some difference between calculated and measured value. Steel 
shape stress of super column of external frame and concealed column in core-tube has a tendency to enlarge 
with the vertical load increasing. Through numerical analysis of construction process, the variation of member 
forces can be predicted, and thus the construction can be in control. 

 
CONCLUSIONS 
 
This article discusses the time-dependent effect in Shanghai Tower. A sophisticated SHM system established to 
monitoring the changes and effects during construction stage. The strain and temperature monitoring subsystem 
installed comprises 11substataions placed in different strengthened story. Numerical analysis of construction 
process and on-site monitoring of Shanghai tower were presented in this paper. The following conclusions are 
drawn from these studies: 
(1) The numerical analysis result of construction process are more compatible with the monitoring result 

considering the effect of time-dependent characters of material (such as creep and shrinkage of concrete) 
and thus, these characters of material must be considered in construction process analysis of high-rise 
composite structure. 

(2) The vertical deformation of high-rise building is significantly affected by the seasonal temperature 
difference; the numerical results considering seasonal temperature difference are in good agreement with 
the monitoring results.  

(3) The numerical analysis result of construction process can be used to predict the variation of elevation and 
member forces to make a reference for design and construction. 

(4) The monitoring exercise discussed in this article not only provides valuable information on the stress and 
strains of the structure during construction, but also represents a baseline for long-term monitoring in the 
near future. 
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