
130 International Journal for Computational Civil and Structural Engineering

NUMERICAL MODELING OF CAST-IN-PLACE REINFORCED 
CONCRETE BUBBLE DECK FLOOR SLABS UTILIZED IN 

EARTHQUAKE-PRONE REGIONS. PART TWO 
 

Alexander M. Belostotsky 1,2, Alexander I. Nagibovich 1,2, Sergey V. Scherbina 1,2, 
Tatiana N. Vasileva 1,2  

1 National Research Moscow State University of Civil Engineering, Moscow, RUSSIA 
2 Research & Development Centre StaDyO, Moscow, RUSSIA 

 
Abstract: This article presents developed techniques for numerical modelling of lightweight cast-in-place rein-
forced concrete bubble deck floor slabs and a comparative analysis of different approaches to numerical model-
ling of buildings and structures with such lightweight floors, that are constructed in earthquake-prone regions. 
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1. INTRODUCTION 
 
A reinforced concrete bubble deck floor slab 
solution is widely used as a building design so-
lution in earthquake-prone regions. Utilization 
of void formers is one of the ways to decrease 
the dead weight of concrete structures, that 
leads to reduced seismic loads and loads on ver-
tical load-bearing structures and foundation. 
The finite element method is widely used to 
solve structural mechanics problems, eigenvalue 
problems, and to perform a response spectrum 

analysis. The best way to extract eigenmodes 
and eigenfrequencies of a system with structural 
elements having complex cross-sections, to de-
termine its stress-strain state is spatial discreti-
zation of such a system with solid elements. 
However, such a technique is computationally 
ineffective. Therefore, a common practice is to 
use structural finite elements, shell and beam 
ones, to spatially discretize a structural mechan-
ics problem.  
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Figure 1. An example of void formers used in 
reinforced concrete floor slabs, and their geo-

metrical parameters 
 
The first part of the present research [1] has 
considered a single floor cell of a reinforced 
concrete frame building (see Fig. 2). The chosen 
part of the floor slab has dimensions of 5.6×5.6 
meters and comprises 16 void former cells in 
each direction. The floor slab has the following 
values of its geometrical parameters: the floor 
slab thickness hd = 250mm; the void former 
height hu = 140mm; the concrete cover at the 
upper slab face cnom,o = 20mm; the concrete 
cover at the lower slab face cnom,u = 20mm; the 
distance between bubbles centers e = 350mm; 
the void former diameter d = 315mm. A cross-
section of the single void former cell is shown 
in Fig. 3. 
Properties of the considered bubble deck floor 
slab material are given in Table 1. 
The verified ANSYS software [2] has been 
used for all simulations (a static loading anal-
ysis and a modal analysis). A reference finite 
element model of the simulated part of the 
floor slab has been assembled using solid fi-
nite elements of the type SOLID185 for spa-
tial discretization of the problem. Correspond-
ing mesh within the void former cell is illus-
trated in Fig. 4. Because only elastic part of 
the problem has been considered, utilization 

of the numerical solution obtained using the 
FE model meshed with solid elements is ap-
propriate, since high accuracy of finite ele-
ment simulations within the theory of elastici-
ty has been verified multiple times (see, for 
instance, [2]). 
 

 
 

Figure 2. The drawing of a bubble deck floor 
slab in the reinforced concrete frame building 
(a part of the slab chosen for a comparative 

analysis of various numerical modelling tech-
niques is outlined in red) 

 

 

Figure 3. The cross-section of a void former cell 
used in the considered bubble deck floor slab 

 
 

Table 1. Bubble deck floor slab  
material properties 

Material Elastic 
Modulus 
E, GPa 

Poisson’s 
ratio  

Density 
, kg/m3 

Concrete B25 30 0.2 2500 
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Figure 4. Mesh within the void former cell used 
in the reference model of the considered cast-in-
place reinforced concrete bubble deck floor slab  
 
According to the results of the first part of the pre-
sent research [1], within which the modal analysis 
and static analysis have been performed for the 
models of the considered bubble deck floor slab 
meshed with either solid finite elements (the refer-
ence model) or structural finite elements, the clos-
est agreement to the results calculated with the 
reference finite element model has been obtained 
for the following two cases. In the first case, the 
slab has been simulated as two horizontal layers of 
shell finite elements of the type SHELL181, in 
which the Reissner-Mindlin plate theory is im-
plemented, with effective density (increased by a 
factor of k  = 1.1484 to match the mass of the 
model to that of the reference model) connected 
together with a honey-comb structure also meshed 
with shell finite elements of the type SHELL181 
with effective density (increased by the same fac-
tor of k  = 1.1484) and effective elastic modulus 
(iteratively changed to match the results of the 
modal analysis with the reference ones) (see Table 
2). In the second case, the slab has been modeled 
with one layer of shell finite elements of the type 
SHELL181 with effective density (decreased by a 
factor of k  = 1.4376) and effective elastic modu-
lus (see Table 3). 
In the present paper, various approaches to numer-
ical simulation of structural assembly comprised 
reinforced concrete bubble deck floor slab and 
reinforced concrete vertical load-bearing structural 
elements, in particular a column and wall with an 
embedded column, are considered. 

Table 2. Parameters of the double-layer engi-
neering finite element model 

# Element E, GPa  , kg/m3 t, mm 

1 Horizontal 
plate of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the floor slab 

87 0.2 2871.1 35 

Note: parameters different from the reference 
ones are colored in blue 
 

Table 3. Parameters of the single-layer engi-
neering finite element model 

# Element E, GPa  , kg/m3 t, mm 

1 Floor slab 24 0.2 1739.1 250 

Note: parameters different from the reference 
ones are colored in blue 
 
 

ONE. INTERACTION OF 
THE BUBBLE DECK PART AND THE 
SOLID PART OF THE FLOOR SLAB 
 
The reinforced concrete bubble deck floor slab, 
as illustrated in Fig. 5, has two distinct areas. 
The central part of the slab contains void for-
mers, while the perimeter of the slab is solid to 
provide mechanical safety of the structural ele-
ment.  
 

 
Figure 5. The simulated part of the bubble deck 
floor slab (the part of the slab with void formers 

is outlined in red, the solid area of the slab is 
colored in blue) 
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a)  

b)  
Figure 6. The numerical model meshed with sol-

id finite elements: a) geometrical parameters 
and boundary conditions, b) cross-section view 

 
To simulate various structural assemblies in-
cluding bubble deck floor slab, it is necessary to 
accurately model transition between the part of 
the slab with void formers and the solid one.  
A finite element model of the whole floor slab 
utilized for reference simulations is shown in 
Fig. 6. All DOFs (Ux, Uy, Uz) of the nodes lo-
cated at the slab boundaries are restrained. 
Two different techniques to simulate the bubble 
deck floor slab, including its solid part, using 
structural finite elements are considered.  
Within the first technique, the void former cell 
of the slab is modelled as a honeycomb struc-
ture with top and bottom cover plates, which are 
all discretized through shell finite elements, 
while the solid part of the slab is discretized via 

a single layer of shell finite elements located at 
the middle surface (see Fig. 7).  
 

a)  

b)  

c)  

d)  

Figure 7. Finite element model for the first sim-
ulation technique: a) cross-section of the actual 
structure; b) computational model of the struc-
ture; c) computational model of the structure 

with displayed element thickness; d) orthogonal 
view (red – solid floor slab; light blue – cover 
plates of the bubble deck part of the floor slab; 
purple – vertical ribs of the bubble deck part of 

the floor slab) 
 
With the first engineering technique (Model 1), 
two different sets of material properties have 
been adopted (see Tables 4, 5). 
In the first parameter set, 1A, vertical ribs be-
tween the solid and the bubble deck parts of the 
floor slab have effective properties (density, 
elastic modulus) similar to those of other verti-
cal ribs for parameter set 1A. 
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Table 4. The parameters set 1A 
# Element E, GPa  , kg/m3 t, mm 

1 Horizontal plate 
of the bubble 

deck part of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble deck 
part of the floor 

slab 

87 0.2 2871.1 35 

3 Solid part of the 
floor slab 

30 0.2 2500 250 

Note: parameters different from the reference 
ones are colored in blue 
 
The parameter set 1B is based onto the parame-
ter set 1A. In the parameter set 1B, the elastic 
modulus of the vertical ribs between the solid 
part and the bubble deck parts of the floor slab 
elastic modulus has been significantly increased 
for the simulation results to match eigenfre-
quencies, eigenmodes, and static response of the 
reference model. 
 

Table 5. The parameters set 1B 
# Element E, GPa  , kg/m3 t, mm 

1 Horizontal plate 
of the bubble 

deck part of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble deck 
part of the floor 

slab 

87 0.2 2871.1 35 

3 Solid part of the 
floor slab 

30 0.2 2500 250 

4 Vertical rib at 
the perimeter of 
the bubble deck 
part of the floor 

slab 

400 0.2 2871.1 35 

Note: parameters different from the parameters 
set 1A are colored in yellow 
 
Within the second engineering technique (Mod-
el 2), both the solid part and the bubble deck 
part of the floor slab are discretized through one 
layer of shell finite elements. To match mass, 
stiffness, and dynamic response characteristics 
of the actual structure, effective values of mate-
rial properties – a parameters set 2A – have 
been used (see Table 6). 

Table 6. The parameters set 2A 
# Element E, GPa  , kg/m3 t, mm 

1 Bubble deck 
part of the floor 

slab 
24 0.2 1739.1 250 

2 Solid part of the 
floor slab 

30 0.2 2500 250 

Note: parameters different from the reference 
ones are colored in blue 
 
In the finite element models utilized within both 
considered techniques, all DOFs (Ux, Uy, Uz, 
Rotx, Roty, Rotz) of the nodes located at the 
slab boundaries are restrained. 
Results of the modal analyses performed using 
different numerical models are given in Table 7. 
Results of the static response analyses per-
formed using different numerical models are 
presented in Tables 8, 9, and Fig. 8. 
 

 

 
Figure 8. Normal stress along X-axis at the top 
face of the slab in the central cross-section due 

to the slab dead weight 
 
The finite element model created within the first 
engineering technique using the values of the 
parameters given in the set 1B and the finite el-
ement model created within the second engi-
neering approach using the values of the param-
eters given in the set 2A have yielded the closest 
agreement with the results of the modal analysis 
and the static response analysis obtained using 
the reference finite element model. The finite 
element model implementing the first engineer-
ing approach with the parameters set 1B has 
been chosen for further research. 
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Table 7. Results of the modal analyses (In 
brackets given are the discrepancy, in percent, 
from the results obtained with the reference fi-

nite element model) 

# 
Reference 

model 

Model 1 (pa-
rameters set 

1A) 

Model 1 (pa-
rameters set 

1B) 

Model 2 (pa-
rameters set 

2A) 

1 

 
36.6 Hz 

 

 
32.1 Hz  

(-12.1 %) 

 
34.8 Hz  
(-4.7 %) 

36.0 Hz  
(-1.5 %) 

2 

 
72.8 Hz 

 

 
69.4 Hz  
(-4.7 %) 

 
71.5 Hz  
(-1.8 %) 

 
72.2 Hz  
(-0.8 %) 

3 

 
72.8 Hz 

 

 
69.4 Hz  
(-4.7 %) 

 
71.5 Hz  
(-1.8 %) 

 
72.2 Hz  
(-0.8 %) 

4 

 
105.3 Hz 

 

 
101.5 Hz  
(-3.6 %) 

 
103.3 Hz  
(-1.9 %) 

 
105.1 Hz  
(-0.2 %) 

5 

 
126.5 Hz 

 

 
125.9 Hz  
(-0.5 %) 

 
126.7 Hz  
(+0.1 %) 

 
127.0 Hz  
(+0.4 %) 

6 

 
127.2 Hz 

 

 
126.4 Hz  
(-0.6 %) 

 
127.2 Hz  
(+0.0 %) 

 
127.7 Hz  
(+0.4 %) 

7 

 
156.2 Hz 

 

 
153.4 Hz  
(-1.8 %) 

 
154.5 Hz  
(-1.1 %) 

 
157.4 Hz  
(+0.8 %) 

8 

 
156.2 Hz 

 

 
153.4 Hz  
(-1.8 %) 

 
154.5 Hz  
(-1.1 %) 

 
157.4 Hz  
(+0.8 %) 

Table 8. Comparison of the vertical displace-
ments due to the slab dead weight (In brackets 
given are the discrepancy, in percent, from the 

results obtained with the reference finite ele-
ment model) 

Reference 
model 

 

Uzmax = 
 -0.31 
mm 

Model 1 
(parameters 

set 1B) 

 

Uzmax =  
-0.34 mm 
(-9.7%) 

Model 2 
(parameters 

set 2A) 

 

Uzmax =  
-0.32 mm 
(-3.2%) 

 
Table 9. Comparison of the normal stress along 

X-axis at the top face of the slab in the central 
cross-section due to the slab dead weight (see 

also Fig. 8) 
Finite ele-

ment model 
Min x, Pa  

Max x, 
Pa 

 

Reference 
model 

-448349 - 1025472 - 

Model 1 
(parameters 

set 1B) 
-466473 -4 831076 -19 

Model 2 
(parameters 

set 2A) 
-376800 +16 901916.2 -12 

 
 
3. PROBLEM TWO. A STRUCTURAL 
ASSEMBLY COMPRISING A BUBBLE 
DECK FLOOR SLAB AND A COLUMN 
 
The second formulated problem deals with sim-
ulation of a structural assembly comprising a 

Numerical Modeling of Cast-In-Place Reinforced Concrete Bubble Deck Floor Slabs Utilized in Earthquake-Prone 
Regions. Part Two



136 International Journal for Computational Civil and Structural Engineering

bubble deck floor slab and a column using shell 
and beam finite elements for its spatial discreti-
zation. To determine the most accurate and effi-
cient engineering technique for this problem, 
several models based on shell finite elements 
have been assembled and tested. Accuracy and 
efficiency of the particular engineering tech-
nique has been evaluated through comparison of 
the results of modal analysis with those obtained 
using a reference finite element model. As in the 
first case considered in the present work, as well 
as in the first part of the research [1], the refer-
ence model is the one constructed using solid 
finite elements. The reference finite element 
model is shown in Fig. 9. 
According to the solution of the first problem 
describe in the previous section, the constructed 
engineering models are all based onto represen-
tation of the bubble deck part of the floor slab as 
a honey-comb structure covered with top and 
bottom plates, and discretization of the solid 
part of the floor slab with one layer of shell fi-
nite elements located at its middle surface. A 
total of three engineering models have been 
constructed, which use the same mesh (shown 
in Fig. 10) and differ from each other only in 
their parameter values. 
The first parameters set, 1A, (see Table 10) is 
based onto the parameters set 1A from the pre-
vious section (see Table 4) with an extension to 
include column parameters.  
In the second parameters set, 1B, (see Table 11) 
which is based onto the parameters set 1A, an 
area of the floor slab within the projection of the 
column cross-section (see Fig. 11) has the 
Young’s modulus several orders of magnitude 
greater than that for the rest of the slab to more 
precisely simulate a column-slab intersection 
which response within the considered problem 
is close the rigid body one.  
In the third parameters set, 1C, (see Table 12) 
the Young’s modulus of the vertical ribs at the 
perimeter of the bubble deck part of the floor 
slab (see Fig. 11) has been increased by several 
times, like in the parameters set 1B of the previ-
ous section (see Table 5). 
 

a)  

b)  

)  
Figure 9. Geometrical parameters and bounda-
ry conditions (red lined) of the reference model 
of the structural assembly comprising the bub-

ble deck floor slab and the column: a) top view; 
b) side view; c) orthogonal view 

 
All DOFs (Ux, Uy, Uz, Rotx, Roty, Rotz for 
the models constructed using shell and beam 
finite elements and Ux, Uy, Uz for the refer-
ence model discretized with solid finite ele-
ments) of the nodes located at the column top 
and bottom are restrained. Boundary condi-
tions at the simulated slab perimeter take into 
account symmetry of the problem, in particu-
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lar horizontal displacements in the normal 
direction to a corresponding edge are re-
strained. 

 

a)  

b)  
Figure 10. Finite element mesh used to simulate 
the structural assembly comprising the bubble 

deck floor slab and the column: a) element 
thickness displayed; b) element thickness is not 

displayed 
 
 

Table 10. The parameters set 1A 
# Element E, GPa  , kg/m3 t, mm 

1 Horizontal 
plate of the 
bubble deck 
part of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble 

deck part of 
the floor slab 

87 0.2 2871.1 35 

3 Solid part of 
the floor slab 

30 0.2 2500 250 

4 Column 30 0.2 2500 500×500 

Note: parameters different from the reference 
ones are colored in blue 
 
The results of the modal analysis of the struc-
tural assembly comprising the bubble deck floor 
slab and the column are given in Table 13. The 
engineering finite element model used in con-

junction with the parameters set 1C (see in Ta-
ble 11) has yielded the closest agreement with 
the eigenproblem solution obtained using the 
reference finite element model discretized with 
solid finite elements. The largest discrepancy 
amounts to 5%. 
 

Table 11. The parameters set 1B 
# Element E, GPa  , kg/m3 t, mm 

1 Horizontal 
plate of the 
bubble deck 
part of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble 

deck part of 
the floor slab 

87 0.2 2871.1 35 

3 Solid part of 
the floor slab 

30 0.2 2500 250 

4 Column 30 0.2 2500 500×500 

5 

Floor slab 
within the 

projection of 
the column 

cross-section 

3e06 0.2 0 250 

Note: parameters different from the parameters 
set 1A are colored in yellow 
 

Table 12. The parameters set 1C 
# Element E, GPa  , kg/m3 t, mm 

1 Horizontal 
plate of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the floor slab 

87 0.2 2871.1 35 

3 Solid part of 
the floor slab 

30 0.2 2500 250 

4 Column 30 0.2 2500 500×500 
5 Floor slab 

within the 
projection of 
the column 

cross-section 

3e06 0.2 0 250 

6 

Vertical rib at 
the perimeter 
of the bubble 
deck part of 
the floor slab 

400 0.2 2871.1 35 

Note: parameters different from the parameters 
set 1B are colored in yellow 
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Table 13. Results of the modal analysis (In 
brackets given are the discrepancy, in percent, 
from the results obtained with the reference fi-

nite element model) 
# 

Reference 
model 

Parameter set 
1A 

Parameter set 
1B 

Parameter 
set 1C 

1 
 

14.3 Hz 
 

 
11.0 Hz  

(-22.9 %) 

 
14.5 Hz  
(+1.5 %) 

 
14.8 Hz  
(+3.6 %) 

2 
 

14.3 Hz 
 

 
11.0 Hz  

(-22.9 %) 

 
14.5 Hz  
(+1.5 %) 

 
14.8 Hz  
(+3.6 %) 

3 
 

16.3 Hz 
 

 
13.9 Hz  

(-15.1 %) 

 
15.4 Hz  
(-5.4 %) 

 
16.5 Hz  
(+1.3 %) 

4 
 

20.5 Hz 
 

 
19.6 Hz  
(-4.1 %) 

 
20.1 Hz  
(-1.7 %) 

20.3 Hz  
(-0.7 %) 

5 
 

37.4 Hz 
 

 
31.9 Hz  

(-14.7 %) 

 
32.7 Hz  

(-12.6 %) 

 
36.3 Hz  
(-3.1 %) 

6 
 

49.1 Hz 
 

 
41.6 Hz  

(-15.2 %) 

 
43.2 Hz  

(-12.0 %) 
46.6 Hz  
(-5.0 %) 

7 
 

49.1 Hz 
 

 
41.6 Hz  

(-15.2 %) 

 
43.2 Hz  

(-12.0 %) 

 
46.6 Hz  
(-5.0 %) 

8 
 

58.6 Hz 
 

 
50.0 Hz  

(-14.7 %) 

 
52.7 Hz  

(-10.1 %) 

 
56.11 Hz  
(-4.3 %) 

… … … … … 

 
Figure 11. The finite element model used in con-
junction with the parameters set 1C (finite ele-

ments within the projection of the column cross-
section are colored in green) 

 
 
4. PROBLEM THREE. A STRUCTURAL 
ASSEMBLY COMPRISING A BUBBLE 
DECK FLOOR SLAB AND A WALL WITH 
AN EMBEDDED COLUMN 
 
Another problem considered in the present pa-
per deals with simulation of a structural assem-
bly comprising a bubble deck floor slab and a 
wall with an embedded column using shell and 
beam finite elements for its spatial discretiza-
tion. Three engineering approaches have been 
tested to determine the most accurate and effi-
cient one. Accuracy and efficiency of the par-
ticular engineering technique has been evaluated 
through comparison of the results of modal 
analysis with those obtained using a reference 
finite element model. As in the first two cases 
considered in the present work, as well as in the 
first part of the research [1], the reference model 
is the one constructed using solid finite ele-
ments. Geometrical parameters and spatial dis-
cretization of the reference finite element model 
are given in Fig. 12.  
All DOFs (Ux, Uy, Uz, Rotx, Roty, Rotz for the 
models constructed using shell and beam finite 
elements and Ux, Uy, Uz for the reference mod-
el discretized with solid finite elements) of the 
nodes located at the column top and bottom are 
restrained. Boundary conditions at the simulated 
slab perimeter take into account symmetry of 

Vertical ribs at the perimeter of 
the bubble deck part of the slab
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the problem, in particular horizontal displace-
ments in the normal direction to a corresponding 
edge are restrained. 
 

a)  

b)  

c)  
Figure 12. Geometrical parameters and bound-
ary conditions (red lined) of the reference model 
of the structural assembly comprising the bub-

ble deck floor slab and the wall with the embed-
ded column: a) top view; b) side view; c) or-

thogonal view 
 
The engineering finite element model used to 
solve the considered problem is based onto the 
model constructed in the previous section with 

the only difference that the wall has been added 
(see Fig. 13). As in the previous case, a differ-
ence between the three tested engineering tech-
niques concerns values of the parameters de-
fined in each case (see Tables 14–16). 
 

a)  

b)  
Figure 13. Finite element mesh used to simulate 
the structural assembly comprising the bubble 
deck floor slab and the wall with the embedded 
column: a) element thickness displayed; b) ele-

ment thickness is not displayed 
 

Table 14. The parameters set 1A 
# Element E, GPa  , kg/m3 t, mm 

1 Horizontal 
plate of the 
bubble deck 
part of the 
floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble 

deck part of 
the floor slab 

87 0.2 2871.1 35 

3 Solid part of 
the floor slab 

30 0.2 2500 250 

4 Column 30 0.2 2500 500×500 

5 Wall 30 0.2 2500 250 

Note: parameters different from the reference 
ones are colored in blue 

Numerical Modeling of Cast-In-Place Reinforced Concrete Bubble Deck Floor Slabs Utilized in Earthquake-Prone 
Regions. Part Two



140 International Journal for Computational Civil and Structural Engineering

Table 15. The parameters set 1B 
# Element E, GPa  , kg/m3 t, mm 
1 Horizontal plate 

of the bubble 
deck part of the 

floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble deck 
part of the floor 

slab 

87 0.2 2871.1 35 

3 Solid part of the 
floor slab 

30 0.2 2500 250 

4 Column 30 0.2 2500 500×500 

5 Wall 30 0.2 2500 250 

6 

Floor slab with-
in the projection 
of the column 
cross-section 

3e06 0.2 0 250 

Note: parameters different from the parameters 
set 1A are colored in yellow 
 

Table 16. The parameters set 1C 
# Element E, GPa  , kg/m3 t, mm 
1 Horizontal plate 

of the bubble 
deck part of the 

floor slab 

30 0.2 2871.1 55 

2 Vertical rib of 
the bubble deck 
part of the floor 

slab 

87 0.2 2871.1 35 

3 Solid part of the 
floor slab 

30 0.2 2500 250 

4 Column 30 0.2 2500 500×500 
5 Wall 30 0.2 2500 250 
6 Floor slab with-

in the projection 
of the column 
cross-section 

3e06 0.2 0 250 

7 

Vertical rib at 
the perimeter of 
the bubble deck 
part of the floor 

slab 

400 0.2 2871.1 35 

Note: parameters different from the parameters 
set 1B are colored in yellow 
 
The results of the modal analysis of the structural 
assembly comprising the bubble deck floor slab 
and the wall with the embedded column are given 
in Table 17. The engineering model used in con-
junction with the parameters set 1C (see in Table 
16) has yielded the closest agreement with the so-
lution obtained using the reference finite element 
model discretized with solid finite elements. The 
largest discrepancy amounts to 5.7%. 

Table 17. Results of the modal analysis (In 
brackets given are the discrepancy, in percent, 
from the results obtained with the reference fi-

nite element model) 

# 
Reference 

model 
Parameter set 

1A 
Parameter set 

1B 
Parameter set 

1C 

1 
 

15.8 Hz 
 

 
13.1 Hz  

(-17.0 %) 

 
15.3 Hz  
(-2.9 %) 

 
16.1 Hz  
(+2.2 %) 

2 
 

16.1 Hz 
 

 
14.1 Hz  

(-12.8 %) 

 
15.9 Hz  
(-1.4 %) 

 
16.4 Hz  
(+1.6 %) 

3 

24.9 Hz 
 

 
22.0 Hz  

(-11.5 %) 

 
22.6 Hz  
(-9.5 %) 

 
23.9 Hz  
(-4.0 %) 

4 
 

25.9 Hz 
 

 
22.9 Hz  

(-11.5 %) 

 
23.1 Hz  

(-10.7 %) 

 
24.4 Hz  
(-5.7 %) 

5 
 

43.2 Hz 
 

 
37.1 Hz  

(-14.3 %) 

 
37.7 Hz  

(-12.7 %) 

 
41.2 Hz  
(-4.7 %) 

6 
 

50.3 Hz 
 

 
43.1 Hz  

(-14.2 %) 

 
44.2 Hz  

(-12.1 %) 
47.6 Hz  
(-5.4 %) 

7 
 

56.8 Hz 
 

 
48.4 Hz  

(-14.9 %) 

 
50.6 Hz  

(-10.9 %) 

 
54.1 Hz  
(-4.8 %) 

8 
 

93.5 Hz 
 

 
81.7 Hz  

(-12.6 %) 

 
84.3 Hz  
(-9.8 %) 

 
91.8 Hz  
(-1.8 %) 
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CONCLUSION 
 
The following conclusions can be made based 
on the first part of the research [1], the present 
paper, and their comparison: 
1. Three types of finite element models have 

been constructed to perform static response 
analysis and modal analysis of a reinforced 
concrete bubble deck floor slab as a separate 
unit or as a part of a structural assembly 
comprising the slab and a column or the slab 
and a wall with an embedded column: 

 Models of the first type have been spatially 
discretized with solid finite elements, that has 
allowed one to precisely repeat the bubble deck 
floor slab geometry. Numerical results ob-
tained with such models have been considered 
as reference ones.  
 Models of the second type have been spa-

tially discretized with shell and beam finite el-
ements. In these models the void former cell of 
the slab is modelled as a honey-comb structure 
with top and bottom cover plates.  
 Models of the third type have also been spa-

tially discretized with shell and beam finite el-
ements, but in these models the part of the 
floor slab with void formers is modelled 
through one layer of shell finite elements locat-
ed at the slab middle surface and been assigned 
effective mass and stiffness properties.  
2. Numerical models based on solid finite ele-

ments allow one to accurately simulate stat-
ic and dynamic responses of structural ele-
ments with a complex cross-section, like the 
considered bubble deck floor slab. Yet, ap-
plication of such an approach to a building 
arises enormous difficulties during model 
construction and is very time consuming at 
the analysis stage. Moreover, common tools 
to design reinforcement are not applicable 
within such an approach. 

3. The engineering approach, within which the 
void former cell of the slab is modelled as a 
honeycomb structure with top and bottom 
cover plates, all discretized with shell finite 
elements, significantly reduces human and 
computational resources necessary to con-

struct and analyze the model of a building, in 
which the considered lightweight structural 
solution is adopted. It provides sufficient ac-
curacy and allows one to use standard design 
tools, in particular to determine the required 
amount of reinforcement. This developed 
technique is recommended to be utilized for 
simulation of building with similar light-
weight structural elements solutions, in par-
ticular located in earthquake-prone regions. 

4. The engineering approach, in which the rein-
forced concrete bubble deck floor slab is 
modelled with one layer of shell finite ele-
ments located at the slab middle surface and 
been assigned effective mass and stiffness 
properties, provides relatively low accuracy 
with respect to both static and dynamic re-
sponses of such structural elements and as-
semblies comprising them, and, given the 
more accurate alternative exists, should not be 
utilized for simulation of buildings with bub-
ble deck floor slabs exposed to seismic loads. 
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