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ABSTRACT 
 
Due to the rapid increase of the building height of contemporary super-tall buildings, mega SRC columns 
become widely applied in the structural system of super-tall buildings. Super-tall buildings with RC or SRC 
columns will additionally experience long-term vertical deformation due to cumulative shrinkage and creep 
strains. Due to the presence of complex embedded steels, the differential moisture distribution of mega SRC 
columns is quite different from that of ordinary RC columns. The long-term deformation of mega SRC columns 
is thus quite different from that of ordinary RC columns. Due to the large size of mega SRC columns, it is 
difficult to conduct the moisture distribution tests of mega SRC columns in laboratory. To accurately predict the 
shrinkage and creep effects of SRC columns, it is of great significance to obtain actual moisture distribution of 
mega SRC columns. This paper proposed a moisture distribution monitoring program of actual mega SRC 
columns and records obtained from the monitoring of the real moisture distribution of mega SRC columns of 
Shanghai Tower project were analyzed to reveal the real moisture distribution of mega SRC columns. The 
difference of moisture distribution between mega SRC columns and ordinary RC columns are then investigated 
based on the recorded information. 
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INTRODUCTION  
 
Super tall buildings have been developed rapidly due to the rapid development of world economy, application of 
new materials and progress in design theory. Composite steel - concrete structures are commonly used in 
modern super high-rise buildings due to their high strength, efficient usage of materials, high stiffness and 
ductility, and significant savings in construction time. Composite structure is popular with such excellent 
characteristics as the overall economic efficiency, disaster prevention, wind resistance, anti-seismic and 
resistance to continuous destruction. Composite structure has been widely applied in the structural system of 
super tall buildings (Zhang 2011). Effect of creep and shrinkage of concrete produces long-term deformations 
that cause shortening of vertical elements in super tall buildings (Ghosh and Iyengar 1987). For vertical 
elements, this effect may lead to undesirable problems related to serviceability and structural safety. In 
particular, differential vertical deformation between vertical elements may be caused by different loads applied 
and differences in sectional capacities for loading (Seol et al. 2008). 
During the construction process of super high-rise composite structure, the differences in mechanical properties 
of steel and concrete materials, especially the effects of creep, shrinkage and loading age of concrete, result in 
different vertical shortening between outer frame and core-tube. Vertical deformation difference caused by 
shrinkage and creep will increase continuously with the increasing of the super-tall building height and the 
deformation difference will reach the maximum at the top floor due to the cumulative effect (Zhao et al. 2008). 
The vertical deformation difference will have adverse effect on structural and non-structural members of super 
tall building. In the case of mega frame core wall structure, vertical deformation difference between mega 
column and core wall may result in non-structural member damages and undesirable problems related to 
durability and architectural appearance, such as curtain wall, partition wall, elevators and electromechanical 
pipes. Deformation difference will cause local structural failure and additional repairing and strengthening. 
Vertical deformation difference between mega SRC columns and core wall can also affect the levelness of the 
floor and additional internal force of the horizontal component (such as cantilever truss) in contact mega SRC 



columns and core wall, leading to the internal force redistribution of vertical components. Therefore, accurately 
predicting the vertical deformation of vertical components is of great significance in super tall building design.  
The long-term vertical deformation of mega SRC columns is different from that of RC columns, because the 
progress of moisture diffusion in mega SRC columns is quite different from that in RC columns due to the 
presence of complex embedded steels (such as H-shaped steel) in mega SRC columns which may obstruct the 
moisture diffusion route of the inner concrete, as shown in Figure 1. However, the interference effects from the 
presence of complex embedded steels are actually not considered in current design practice of mega SRC 
columns, and thus overestimate the drying shrinkage and drying creep of mega SRC columns in comparison 
with ordinary RC columns.   
 

                                                       
Figure 1. The interference effects of complex steels 

 
In order to accurately calculate the vertical deformations of mega SRC columns and find out the causes of the 
different shortening behaviour between mega SRC and RC columns, moisture distribution analysis and contrast 
of mega SRC and RC columns are applied in this study. A new analysis approach is applied in this study to 
precisely investigate the moisture distribution of complex column section of composite material to find the 
causes of the difference between the long term behaviours of mega SRC and RC columns. Concrete humidity 
field theory model (Gong 2010) is established according to FICK diffusion law (Fick, et al. 1995) and the law of 
quality conservation. And the fiber model (Spacone et al. 1996; Qin and Zhang 2005) method which is based on 
B3 model (Bažant and Baweja 1995) has been proposed to calculate the long-term vertical deformation of mega 
SRC columns in this paper. The vertical deformation calculated by this method is more accurate, because it 
considers the relationship of shrinkage, creep and moisture diffusion of concrete.  
The interference effects from the reinforcement of concrete are not considered in the moisture diffusion analysis 
of mega SRC columns in this paper due to its trivial impact. 
 
MOISTURE DISTRIBUTION SIMULATION OF MEGA SRC COLUMNS 
 
The vertical deformation of mega SRC columns is different from that of RC columns, because the presence of 
complex embedded steels (such as H-shaped steel) in mega SRC columns obstructs the moisture diffusion route 
of the inner concrete. However, all the present calculation models of shrinkage and creep of concrete do not 
consider the impact of differential moisture distribution on shrinkage and creep.  In the models proposed by ACI 
(ACI Committee 209 1992), CEB-FIP (CEB-FIP, M. C. 1993) and B3 (Bažant and Baweja 1995), it is assumed 
that the differential moisture distribution in a given cross-section is the average moisture distribution, which 
means that the shrinkage and creep are equal throughout the enter section.  
Experiments (Kwon et al. 2003) presents a comparison of the results obtained from the analysis of the long-term 
behaviour of SRC and RC columns ,without considering the differential moisture distribution, with those 
obtained from experiments. The experiment indicates that the results for the analysis of the long-term behaviour 
of RC columns agree reasonably well with the experimental results.  For the SRC columns, however, there is a 
certain degree of mismatch between the results of the analysis and those of experiments. Therefore, it is of great 
significance to consider the effect of differential moisture distribution of cross section on the vertical 
deformation of mega SRC columns. 
 
The Moisture Distribution Simulation Principle of Concrete 
 
Concrete humidity field theory model (Gong 2010) is established according to FICK diffusion law and the law 
of quality conservation including control equation, initial conditions, and boundary conditions. 
The water in concrete can be divided into evaporable water and non-evaporable water according to whether the 
water can evaporate from the concrete at 105 degrees or not. The evaporable water in concrete was mainly 
studied in this paper. It is assumed that the migration of evaporable water in concrete is mainly due to the 
diffusion effect causing by moisture gradient (Walton et al. 1990), complying with FICK diffusion law. 
Length, width and height of concrete micro-unit are supposed to be dx , dy , dz , as shown in Figure 2. Inflow 
volume of evaporable water from the micro-unit left interface is xq dydz tΔ , and outflow volume of evaporable 



water from the micro-unit right interface is x dxq dydz t+ Δ  in tΔ  time. Therefore, volume variation of evaporable 

water of x axis direction can be obtained, as shown in equation (1): 
( )x x dx xQ q q dydz t+= − Δ                                                                             (1) 

Volume of evaporable water in concrete is directly proportional to the moisture gradient and the direction of 
evaporable water is in the opposite direction of moisture gradient, as shown in equation (2): 
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Figure 2. Concrete micro-unit 

 
( )xD w  is Concrete moisture diffusion coefficient of x direction, w is water content in concrete. 

Volume variation of evaporable water of x axis direction can be derived according to equation (2) and (1), as 
shown in equation (3): 
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                                                                     (3) 

So, volume variation of evaporable water of y, z axis direction can be derived, as shown in equation (4) and (5): 
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The influence of the temperature gradient would lead to the flow of moisture diffusion of concrete according to 
the SORET effect (Chipman, J. et al. 1926). Therefore, volume variation of evaporable water of concrete micro-
unit causing by temperature gradient in tΔ  time is shown in equation (6): 
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                                                                          (6) 

TK  is experimental constant, T is the temperature of the concrete. 

The so-called self-desiccation effects of concrete refer to the internal moisture consumption of concrete due to 
inside hydration. So, volume variation of evaporable water of concrete micro-unit causing by self-desiccation 
effects in tΔ  time is shown in equation (7):  
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Due to the carbonation reaction which would produce additional moisture, volume variation of evaporable water 
of concrete micro-unit in tΔ  time is shown in equation (8): 
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The total volume variation of evaporable water of concrete can be expressed as equation (9): 
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Equation (10) can be derived according to equation (3)-(9) and the law of quality conservation. 
w x y z T h cQ Q Q Q Q Q Q= + + + + +                                                             (10) 

Volume variation of evaporable water caused by temperature gradient is ignored, because its moisture diffusion 
ratio is much smaller than that caused by moisture gradient according to the studies (Basha and Selvadurai 
1988). 
It is assumed that moisture diffusion coefficient of all directions are equal to constant, as shown in equation (11): 

( ) ( ) ( ) ( )x y zD w D w D w D w= = =                                                            (11) 



The initial water content of concrete is assumed to be 0sw . Equation (12) can be derived according to equation 

(3)-(11): 
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.

zθ  is decrease rate of moisture, zθ is time-history curve of moisture decrease, cθ is Increase rate of moisture, 
.

cθ is time-history curve of moisture increase. 

Therefore, equation (12) is the final control equation. 
Initial conditions of moisture field: 
It is assumed that concrete was saturated at the initial moment, as shown in equation (14): 

( , , ,0) 1w x y z =                                                                              (14) 
Boundary conditions of moisture field: 
The moisture of the concrete surface is known, as shown in equation (15): 

( ) ( )ww t tθ=                                                                                (15) 

Moisture variation on the surface of concrete contacting with ambient is a known function, as shown in equation 
(16): 
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Volume variation of evaporable water on the surface of the concrete is proportional to the moisture difference 
between the concrete surface and ambient moisture, as shown in equation (17): 
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                                                                 (17) 

θβ is Moisture exchange coefficient, hθ is ambient moisture 

If contact between concrete and solid is good, the moisture variation is continuous, as shown in equation (18): 

1 2θ θ= ， 1 2
1 1D D

n n

θ θ∂ ∂=
∂ ∂
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1θ  is Moisture of first solid surface, 1D  is moisture diffusion coefficient of first solid, 2θ  is moisture of second 

solid surface, 2D  is moisture diffusion coefficient of second solid. 

 
The Moisture Simulation and Comparison of Different Section Columns 
 
Five kinds of section columns are simulated and compared according to the analysis method. The cross section 
size of columns is shown in table 1. 

Table 1. Cross section size of columns 

Section forms Section size 
Plain concrete column 150mm×150mm 
H-shaped SRC column 
T-shaped SRC column 

Box shaped SRC column 

150mm×150mm 
150mm×150mm 
150mm×150mm 

Mega SRC column 5000mm×300mm 
 
Plain Concrete Column 
 
Section size of plain concrete column is 150mm×150mm, as shown in Figure 3. Moisture diffusion coefficient 
of concrete is 0.000001m2/h. Moisture exchange coefficient between concrete and ambient is 0.001m/h. Initial 
relative moisture of concrete is 100% and the ambient relative moisture is 60%. The moisture distribution of 
plain concrete column is shown in Figure 3. 
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Figure 3. Plain concrete column section and moisture distribution (10, 30, 50yrs)  

 
H-Shaped SRC Columns 
 
Section size of H-shaped SRC column is 150mm×150mm, as shown in Figure 4. Moisture diffusion coefficient 
of concrete is 0.000001m2/h and moisture diffusion coefficient of steel shape is 0. Moisture exchange 
coefficient between concrete and ambient is 0.001m/h. Initial relative moisture of concrete is 100% and the 
ambient relative moisture is 60%. The moisture distribution of H-shaped SRC column is shown in Figure 4. 
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                       (a) Section size of H-shaped SRC concrete                                     (b) 10yrs 
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Figure 4. H-shaped SRC columns section and moisture distribution (10, 30, 50yrs)  



 
T-Shaped SRC Column 
 
Section size of T-shaped SRC column is 150mm×150mm, as shown in Figure 5. Moisture diffusion coefficient 
of concrete is 0.000001m2/h and moisture diffusion coefficient of steel shape is 0. Moisture exchange 
coefficient between concrete and ambient is 0.001m/h. Initial relative moisture of concrete is 100% and the 
ambient relative moisture is 60%. The moisture distribution of T-shaped SRC column is shown in Figure 5. 
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Figure 5. T-shaped SRC columns section and moisture distribution (10yrs) 

 
Box Shaped SRC Column 
 
Section size of box shaped SRC column is 150mm×150mm, as shown in Figure 6. Moisture diffusion 
coefficient of concrete is 0.000001m2/h and moisture diffusion coefficient of steel shape is 0. Moisture 
exchange coefficient between concrete and ambient is 0.001m/h. Initial relative moisture of concrete is 100% 
and the ambient relative moisture is 60%. The moisture distribution of box shaped SRC column is shown in 
Figure 6. 
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Figure 6. Box shaped SRC columns section and moisture distribution (10yrs) 

 
Mega SRC Column 
 
A mega SRC column section size of super-tall building is 5000×3000(mm). The size of shape steel is 
2200×950×40×40(mm). The horizontal spacing of shape steel is 1650mm. The vertical spacing of shape steel is 
1400mm. Area of reinforcement is 0.42m2, as shown in Figure 7. Such information can be drawn from the 
above section as: the steel area (shape steel and steel reinforce bar) is 1.14m2. The area of internal sealed 
concrete is 4.38m2. The area of exterior concrete is 9.48m2. It is assumed that the moisture diffusion coefficient 
of concrete is 0.000001m2/h. The moisture diffusion coefficient of shape steel is 0. The moisture exchange 
coefficient between concrete and ambient is 0.001m/h. Initial relative moisture of concrete is 90% and the 
ambient relative moisture is 60%. The moisture distribution of mega SRC column is shown in Figure 7.  
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Figure 7. Section size and moisture distribution of mega SRC column (10yrs) 

 
MOISTURE MONITORING 
 
Experiment (Seol et al. 2008) points out that the main cause of vertical deformation discrepancy between mega 
SRC column and RC column is the differential moisture distribution. Field moisture monitoring can provide 
important data for the analysis of vertical deformation discrepancy between mega SRC column and RC column. 
According to the actual situation of mega SRC column of Shanghai Tower, this paper has put forward a set of 
practical and feasible moisture monitoring program. 
 
Mega SRC Column Profile of Shanghai Tower 
 
Located near to the Jin Mao tower and the World Financial Center, the 632-metre (121-storey) Shanghai Tower 
will be the tallest super tower in the new Lujiazui Finance and Trade Zone of Shanghai. An efficient mega-
frame core-wall structural system is applied for resisting lateral loads. The super columns are critical structural 
members and the section design, manufacturing and installation of the super columns were thoroughly studied to 
obtain efficient and construction-friendly super column design. Mega frame core wall structural system is 
applied for the Shanghai Tower. The eight perimeter supper columns are extended to zone 8, while the four 
corner supper columns stop at zone 5. The four corner supper columns are arranged mainly for reducing the 
spans of the belt trusses below zone 6. Field moisture monitoring of mega SRC column is in zone 7 of Shanghai 
Tower in this paper for. Mega SRC column distribution of zone 7 is shown in figure 7. The section size and 
shape steel distribution of mega SRC column in zone 7 is shown in figure 9. 
 
 



                             
Figure 7. Shanghai Tower and mega SRC column distribution in zone 7 

 

                                                  
Figure 8. Mega SRC columns in zone 7 of Shanghai Tower 
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Figure 9 Section size and shape steel distribution of mega SRC columns in zone 7 
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Moisture Monitoring Program of Shanghai Tower Mega SRC Columns 
 
The moisture distribution of mega SRC column in zone 7 of Shanghai Tower is simulated in this paper, as 
shown in figure 10. In order to accurately obtain moisture distribution of mega SRC column and compared with 
the moisture distribution simulation result, respectively, moisture sensors are equipping in  89 and 110 layers of 
Shanghai Tower to measure the moisture distribution. 
According to the results of moisture distribution simulation, moisture changes of internal concrete sealed by 
embedded complex shape steel are small and the moisture is still uniform after 30 years. Therefore, it doesn't 
have to equip too much moisture sensors in the internal concrete. Due to the moisture gradient of external 
concrete without sealing by the steel is much larger than that of internal concrete, more moisture sensors should 
be equipped in the external concrete. The moisture sensors only need to be equipped in a quarter of mega SRC 
column due to the symmetry of mega SRC column size and moisture diffusion properties. There is 10 measuring 
points in total, respectively named c1 - c10, as shown in figure 11. In order to avoid damage of equipments and 
accident factors in the construction, each measuring point should be equipped two moisture sensors at least. The 
coordinates of 10 measuring points are as shown below: 
c1(0.45,1.0),c2(0.175,1.0),c3(0.305,1.0),c4(0.435,1.0),c5(.71,1.0),c6(1.1,1.0),c7(1.1,0.48),c8(1.1,.305),c9(1.1,0.
175),c10(1.1,0.45). 
 

 
Figure 10. moisture distribution of mega SRC column in zone 7 of Shanghai Tower (30yrs) 

 
 

550 1100 1100 550

3300

4
00

12
00

40
0

2
00

0 c1

c2

c3

c4

c5
c6

c7

c8

c9

c10

 
Figure 11. Moisture sensors layout of mega SRC column in zone 7 of Shanghai Tower 

 



CONCLUSION 
 
The moisture distribution of components was analyzed and simulation and contrast of RC column and mega 
SRC column were applied in this study. Based on the analysis and contrast results of moisture distribution, it 
can be concluded that the presence of steels in the mega SRC columns can reduce the long term deformation of 
the columns and moisture distribution is an important factor affecting the vertical deformation of SRC column. 
In order to validate the humidity in the SRC column distribution, in view of the Shanghai Tower of the mega 
column presents a feasible humidity monitoring programme. 
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