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Abstract: In this paper, the rigid slab hypothesis, which is widely used in high-rise buildings, 
would be discussed. The modal analysis results for two building structures would be presented and 
compared based on the ISSS [1-4], with and without rigid slab hypothesis respectively. It could be 
observed from the present computing results that: (1) there are only slight difference between the 
natural frequencies of elastic slab model and rigid slab model; (2) while there are large difference 
between the effective mass coefficients for one of the buildings. So the following conclusion could 
be obtained that the hypothesis of rigid slab is not adaptive to all kinds of high-rise buildings and 
for some structures the elastic slab model also deserves attention, although its computational scale 
is much larger than that of rigid slab model. 

1. Introduction 

To satisfy the engineering requirements of high performance simulation (HPS), the authors [1-4] 
have developed an integrated simulation system for building structures, or simply ISSS for short, 
which is an integration of traditional design softwares, such as PKPM, ETABS, MIDAS, YJK, etc., 
and general FEA softwares, such as ABAQUS, ANSYS, etc., together with abundant secondary 
software development, such as data automatic transformation from the structural model to finite 
element analysis (FEA) model [2,3], data automatic evaluation and statistics according to the 
building structure specification, and the additional parallel FEA computing kernel developed 
specially for the building structures [4].  

In this paper, the rigid slab hypothesis, which is widely used in high-rise buildings, would be 
discussed. The modal analysis results for two building structures would be presented and compared 
based on the above ISSS, with and without rigid slab hypothesis respectively. It could be observed 
from the computing results that: (1) there are only slight difference between the natural frequencies 
of elastic slab model and rigid slab model; (2) while there are large difference between the effective 
mass coefficients for one of the buildings. So the following conclusion could be obtained that the 
hypothesis of rigid slab is not adaptive to all kinds of high-rise buildings and for some structures the 
elastic slab model also deserves attention, although its computational scale is much larger than that 
of rigid slab model. 

2. Consideration about the rigid slab hypothesis in ISSS 

The hypothesis of rigid slab could be described as that the in-plane stiffness of the slab is infinite 
large while the out-plane stiffness is infinite small. Due to the fact that the slabs usually connect 
with shear walls and beam-components, the boundary nodes lying at the connecting lines of shear 
walls and slabs shown in Fig. 1 would satisfy the above hypothesis. That is to say all of those 
boundary nodes at the same floor have the same horizontal displacements and share the same angle 
displacement about z-axis. In another word, only one of the boundary nodes at the same floor could 
serve as the master node, while all of the other nodes should serve as the slave nodes. If node 1 is 
assumed as the master node, then all of the others, e.g. node i, are slave nodes. The displacement 
relationship of the master node and slave nodes could be described by Fig. 2 and the following Eq. 
1 (see References [5-7] for details) are adopted in ISSS [1-4] to consider the effects of rigid slab. 
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Figure 1 Illustration of rigid slab 
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Where 1
x
ir  and 1

y
ir  represent the projections of vector 1ir  along axes x and y respectively, x

iu  

and y
iu  represent the components of displacement iu  along axes x and y respectively, and z
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represent the component of angle displacement i  

 

Figure 2 Constraints of rigid slab 

3. Comparison of results with elastic slab and rigid slab hypothesis 

To examine the different effects of rigid slab hypothesis for different complex building structures, 
two examples of multi-tower building are presented and discussed in the following. 

3.1 Comparison of results with example one 

Fig. 3 shows another example of multi-tower building. The computing scale with elastic slab and 
rigid slab hypothesis are shown in Table 1, from which it can be seen that the computing scale of 
elastic slab model is much larger than that of rigid slab model. The natural frequencies and effective 
mass coefficients computed with elastic slab model and rigid slab hypothesis are shown in Table 2 
and Fig. 4. Obviously, the results of frequency are very close, with the maximum error of 4% 
approximately, while the results of effective mass coefficient are very different, with the maximum 
error of 40% approximately. So for this building structure, the difference between elastic slab model 
and rigid slab model could not be ignored. In another word, the rigid slab hypothesis is not, at least 
not very, suitable for this building structure. 
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Figure 5 Model of example two 
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Figure 6 Natural frequencies with elastic slab and rigid slab hypothesis for example two 

Table 3 Computing scale with elastic slab and rigid slab hypothesis for example two 

 Rigid slab model Elastic slab model 
Dofs (million) 0.6 1.5 
Dynamic dofs 690 500,000 

Table 4 Computing results with elastic slab and rigid slab hypothesis for example two 

 Rigid slab model Elastic slab model Computing error 
Frequency (Hz)  1st 0.26 0.24 7.7% 

30th 1.79 1.65  7.8% 
Effective mass coefficient  0.60 (x) 0.61 (x) 1.7% 

0.62 (y) 0.63 (y) 1.6% 

4. Conclusions 

The rigid slab hypothesis, which is widely used in high-rise buildings, has be discussed in this paper. 
The modal analysis results for two building structures are presented and compared based on the 
ISSS [1-4], with and without rigid slab hypothesis respectively. It could be observed from the 
present computing results that: (1) there are only slight difference between the natural frequencies 
of elastic slab model and rigid slab model; (2) while there are large difference between the effective 
mass coefficients for one of the buildings. So the following conclusion could be obtained that the 
hypothesis of rigid slab is not adaptive to all kinds of high-rise buildings and for some structures the 
elastic slab model also deserves attention, although its computational scale is much larger than that 
of rigid slab model. 
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