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ABSTRACT: This paper presents the strain monitoring and stress analysis of Guangzhou New 
Television Tower during the construction stage, particularly addressing the following issues: 1) 
temperature effect on the measured strain data; 2) strain response of the Tower to the extreme 
loading events including Typhoon, earthquake and unfavorable construction loading; 3) stress 
development at critical positions; and 4) finite element analysis and comparison with the 
measurement. Strain responses under the natural hazards show that the structure is in the safe 
condition. The model prediction is in a good agreement with the measurement data at different 
construction stages. The exercise verifies the effectiveness and importance of the construction 
monitoring for such a super-tall structure. 

 
 

1 INTRODUCTION 

In the recent years, many supertall skyscrapers have been constructed and the height record has 
been broken from time to time. For these supertall structures of hundreds meters, although 
numerical analysis and scaled laboratory experimental techniques have been well developed, the 
structural performance during the real construction and service conditions hasn’t been well 
investigated yet because there is shortage of existing, sufficient and mature experience for the 
practical supertall skyscrapers. Structural health monitoring (SHM) provides a site-based 
laboratory experimental innovation to record the loadings, environment factors, and responses 
of the structures. The SHM exercise allows the researchers examine the theoretical assumptions, 
the designers check the correctness of the design, and the contractors inspect safety of the 
construction activity and make sure the constructed structure satisfy the design as closely as 
possible. 

Guangzhou New Television Tower, currently being constructed in Guangzhou, is a supertall 
structure with a height of 618 m. Figure 1 illustrates the aerial view of the Tower as in the end 
of 2008, when the inner tube and outer tube were completed except the mast. It will be the 
tallest of the type in the world when it is completed in 2009.  

This tube-in-tube structure comprises a reinforced concrete inner tube and an outer tube with 24 
concrete-filled-tube (CFT) columns. CFT columns form a hyperbolic outer tube, while the 
centroid of the tube does not coincide with the centroid of the inner tube. This makes the 
structure vital and attractive in aesthetics while complex in mechanics. For clearance, Figure 2 
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shows the inner tube and outer tube separately. It is clearly seen that there are four levels of 
connection between the inner tube and outer tube in the middle of the structure, where the outer 
tube reaches the minimum of 20.65m×27.5m in plan at height of 280m. In other levels, the floor 
girders extend from floors and connect to the CFT columns of the outer tube. During the 
construction stage, strain/stress monitoring of some critical components (including the four 
connection levels) under extreme loadings is one of major concerns of the contractors, the 
designers and the client. 

 

         
  Figure 1. Guangzhou New TV Tower Figure 2. The outer tube and inner tube with mast 

2 THE STRAIN MONITORING SYSTEM OF THE GUANGZHOU NEW TV TOWER 

To ensure the safety of construction progress and long-term service, a sophisticated SHM 
system consisting of 16 types of more than 700 sensors is being established in the Tower, by the 
Consortium of the Hong Kong Polytechnic University and Sun Yat-Sen University (located in 
Guangzhou, Guangdong Province, China). In particular, the strain and temperature monitoring 
system during the construction stage comprises substations, vibrating wire strain gauges and 
thermal sensors distributed along 12 sections at different heights. Based on modular design 
concept (Ni et al. 2009), each substation is responsible to collect the signals from surrounding 
sensors, digitize the analog signals and transmit the data into a control room. The critical 
sections are determined by a preliminary FE analysis. As shown in Figure 3, the 12 sections are 
chosen at elevations of 32.8 m, 100.4 m, 121.2 m, 173.2 m, 204.4 m, 230.4 m, 272.0 m, 303.2 
m, 334.4 m, 355.2 m, 376.0 m, and 433.2 m for the inner concrete structure. These elevations 
correspond to Ring No. 3, 9, 11, 17, 21, 24, 28, 32, 36, 37, 40 and 44 of the outer tubular 
structure.  

For the inner tube, four points (denoted as Point 1 ~ Point 4 in Fig. 4a) at each critical section 
are installed with a 45-degree strain rosette, each consisting of three vibrating wire strain gauges 
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(Geokon 4200) to measure the strain and temperature of the concrete wall. Figure 4a shows the 
position of the strain gauges in plan, and Figure 4b the photo of a typical strain rosette 
embedded in the RC wall of the inner tube with protection. 

For the outer structure, four points (denoted as Point A ~ Point D in Fig. 4a) are monitored at 
each section by vibrating wire strain gauges as well. There are six strain gauges (Geokon 4000) 
at every monitoring location: three of them are used to monitor the strain at the external surface 
of the CFT, one for strain inside the CFT, one for ring member and one for brace (inclined 
supporting member). In addition, two thermal sensors are installed at the opposite surface of the 
four CFTs to measure the surface temperature of the CFTs while inside temperature is obtained 
through the vibrating wire temperature sensor.  

During the construction stage, the strain and temperature data are collected and stored at each 
substation temporarily, and transmitted to the control room in real time through a wireless 
manner. The wireless data transmission system consists of three parts: WiFi router, wireless 
bridge, and antenna. The system can transmit the data at speed of up to 100 Mps and enables the 
maximum transmission distance of 2 km. Network Time Protocol (NTP) is used for 
synchronization of substations. This paper only presents the monitoring results of the inner tube. 
 

 

 
Figure 4a. Location of strain and temperature 
monitoring points at one critical section 

 
Figure 3. Layout of the strain monitoring 

system of Guangzhou New TV Tower 
Figure 4b. Installation of a strain rosette at the 
inner tube 
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3 CORRELATION BETWEEN TEMPERATURE AND STRAIN 

The raw data obtained from a vibrating wire strain gauge is the frequency of the vibrating wire 
embedded in the gauge. The frequency is transferred into the strain of the wire by compensation 
of the temperature, which is measured by the embedded thermocouple. It is noted that the strain 
of the wire can be regarded as the strain of the structure at the sensor point, which includes the 
strain due to the external forces and the strain due to temperature variation. Figure 5a shows 
curves of strain and temperature at Point 1 of the inner tube, at height of 204.4m measured from 
15th October, 2007 to 31st October, 2007. The figure clearly demonstrates the linear relation 
between the strain and temperature. Therefore, the temperature effect on the measured strain can 
be easily removed and the residue can be regarded as net strain due to external loadings only. 
Figure 5b is the net strain during this period and shows the strain development with the progress 
of construction activity, which cannot be found from Figure 5a. This indicates that the 
temperature effect should be removed from the total strain to evaluate the structural responses to 
external loadings. 

 
 

  

Figure 5a. Strain vs. temperature (upper: 
strain, lower: temperature) 

Figure 5b. Net strain after removing 
temperature variation 

4 STRAIN AND STRESS RESPONSES DUE TO EXTREME LOADING CASES 

To evaluate the safety condition of the Tower structure during the construction stage, the strain 
and stress under extreme loadings cases are analyzed here. The loading cases include 
construction loading, Typhoon loading, and earthquake loading, as described in the following 
sections, respectively. 

4.1 Construction loading 

According to the construction progress, the inner tube is constructed earlier than the outer tube. 
Consequently the completed inner tube is higher than the outer tube so that the cranes (attached 
to the inner wall) can erect components of CFTs. As a result, the inner tube can be treated as a 
cantilever part and its bottom is supported by the floors (or connection girders) connected to the 
outer tube. Figure 6a illustrates an extreme situation when the inner tube is higher than the outer 
tube by about 50 m and the two tubes are linked through the connection girders at height of 205 
m (or denoted as the first connection level. There are four connection levels in total as 
illustrated in Figure 2.). In the case, the stresses at the first connection level (bottom of the 
cantilever part) need to be examined carefully. 

Figure 6b draws variation of the principal stresses obtained at the first connection level in one 
day at the forgoing critical stage. As there was no other special loading acted on the structure, 
the variation of stresses are attributed to the normal construction events, most likely the cranes’ 
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erection activity. Detailed examination can find that at 15:00 pm, the compressive stress at Point 
4 increased while that at Point 2 decreased, which might indicate that one crane was erecting a 
heavy component in this plane and caused compression at Point 4 and tension at Point 2. After 
about half an hour, the compressive stress at Point 2 raised while that at Point 4 dropped down, 
which might indicate that the crane moved to another point. There were a few cycles can be 
observed from the figure. As the stress variation is under controlled level (0.2 MPa), the 
construction activity can be treated as safe. In addition, this monitoring can be potentially 
applied for identification of construction activities. 

 

 

 
(a) Principal stress at Point 2 (204.4m) 

 

 
(b) Principal stress at Point 4 (204.4m) 

Figure 6a. One critical construction 

stage  

Figure 6b. Principal stresses at the first connection 
level during one construction stage 

4.2 Typhoon loading 

There were 4 times of Typhoon attacking Guangzhou in the year of 2008. The real-time 
monitoring system of the GZTVT recorded structural responses to all the Typhoon events. For 
example, Typhoon Neoguri attacked Guangzhou area on April 19, 2008. The anemometer 
installed at the top of the Tower (at the height of 375 m) read the 2-minute maximum mean 
wind speed was 23.3 m/s and 3-second maximum wind speed was 28.1 m/s. The maximum 
wind occurred between 17:00 pm and 20:00 pm. At that time, the inner tube has been 
constructed to the height of 370 m and the outer tube to about 310 m. Therefore the fourth 
connection level (about 303 m) is regarded as the bottom of the cantilever and shows largest 
stress variation during the day. As compared with the daytime, the principal stresses at the four 
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monitoring points of the inner tube for this section vary about 0.46 MPa, 0.19 MPa, 0.32 MPa, 
and 0.27 MPa, respectively. As the Typhoon came from south-east, Points 1 and 4 are in 
compression and Points 2 and 3 in tension.  

4.3 Earthquake loading 

The Sichuan Earthquake occurred at 14:28 pm, 12th May 2008. The monitoring system of 
GZTVT observed significant strain variation at about 14:35 pm, 7 minutes later than the 
occurrence of the catastrophe due to wave propagation. Figure 7 shows the principal stresses at 
four points of the fourth connection level (303 m). It can be found that the vibration mainly 
occurred along east-west direction (Points 2 and 4) and lasted a few minutes. The principal 
stresses varied 0.2 MPa (peak to peak), smaller than the Typhoon responses. Measurement data 
at other sections show that the maximum responses due to the earthquake events occurred at the 
middle height of the tower, rather than the section at the cantilever bottom. This is different 
from the response pattern under the wind loading. 
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Figure 7. Principal stresses at the 4th connection level (303 m) under the Sichuan Earthquake 

5 DEVELOPMENT OF STRAINS AND STRESSES DURING THE CONSTRUCTION 
STAGE 

The entire structure construction of the Tower lasts two and half years. Tracking change and 
development of strains has a few merits: 1) First, it allows the contractor and the designer aware 
the stress level of the structure at different components at different construction stages; 2) 
Second, one can obtain the absolute strains/stresses at the structural components after 
completion of the structure, rather than the relative strains/stresses as the usual long-term 
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monitoring systems can obtain. 3) Comparison between the measurement data and FE 
prediction can verify the design model and design assumptions. 

Figure 8 illustrates six FE models established corresponding to different construction stages 
from July of 2007 to June of 2008, via SAP2000 Version 11.0 (2006). At each stage, the FE 
model was built according to the real structure state. Only construction loading was applied.  

 

 
Figure 8. FE models of the Tower at different stages 

Figure 9 shows the principal stress prediction with FE models compared with the measurement 
data at Point 2. The horizontal direction indicates the development of stresses at one particular 
section with the progress of the construction, while the vertical axis shows stress distribution 
along different heights at one particular time. It can be found that: 

1) The model predictions match the measurement counterparts very well, verifying the 
reliability of the design model; 

2) At one particular stage, the stresses at lower sections are generally larger than the upper 
levels, as expected; 

3) At one particular section, the stresses monotonically increase with the development 
construction, except for the section of 121.2m at stage 3 and stage 4. Both analytical 
results and measurement data show that the principal stresses of the section at stage 4 
are slightly smaller than those at stage 3. It may be because some construction loads are 
transferred to the outer tube through the upper connections at stage 4. This demonstrates 
the mechanics complexion of the structure. 
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6 CONCLUSIONS 

A sophisticated structural health monitoring system is being established in Guangzhou New 
Television Tower. The strain monitoring exercise during the construction stage shows that: 1) 
the daily variation of strain is mainly attributed to the temperature factor; 2) after removing the 
temperature effect, the structure stresses under various types of extreme loads are within design 
limit, which ensure the safety of the Tower during the construction period; 3) the structural 
responses due to Typhoon events are larger than those due to the far earthquake and daily 
construction operations; 4) the FE model is verified through comparison with the measurement 
data; and 5) the strain data in the construction stage also provide a baseline for the long-term in-
service monitoring in the near future. 

 
(a) FE prediction                                  (b) Measurement 

Figure 9. Stress comparisons between measurement and FE model prediction 
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