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Abstract 

This paper investigates the seismic performance of the 
buildings with transfer plate provided in two different building 
models, which further divided into two conditions in which the 
height of the building and the height of transfer floor itself is 
taken as variable. Different buildings with storey conditions as 
G+3+transfer floor+15; G+3+transfer floor+20; G+5+transfer 
floor+18 are modelled, analysed, designed and finally 
subjected to nonlinear static or pushover analysis (POA) using 
computer program CSI SAP 2000. various response factors 
such base shear, storey drift, roof displacement, inter-storey 
drift, time period is determined. Transfer Plates with depths 
ranging from 1m to 3m are used Owing to the irregularity in 
the elevation in turn, leads to the need for utilizing structural 
transfer system to transmit the heavy loads from towers 
vertical structural elements to podium vertical structural 
elements. One of these transfer systems that are recently 
becoming common and sometimes even inevitable in modern 
building developments is the Transfer Plate or slab system. 
Depending upon the architectural requirements the location of 
the Transfer Plate is located along the height of the building at 
the optimum position in the building to attain maximum 
performance characteristics with thickness of transfer plates 
ranging from 1m to 3m. 

Keywords: Pushover Analysis, Tall Buildings, Transfer 
Floors, Transfer Plates. 

INTRODUCTION   

Innovative architectural design merged with the advanced and 
powerful structural numerical analysis stimulated a new 
generation of super and mega-tall buildings. Furthermore, 
discontinued vertical elements (columns and shear walls) 
within high-rise buildings are no longer considered as a design 
mistake. Consequently, the architectural demands for high-rise 
buildings in which columns may have different arrangement 
between levels become familiar. Many high-rise buildings are 
currently constructed with this kind of vertical irregularity 
where a “transfer” tool is provided to account for the 
discontinuous columns and or shear walls. Transfer Structure 
is a structure, comprising of horizontal deep beams, trusses or 
thick slabs which transfers load actions and which supports 
vertical elements above to vertical elements below that are not 
aligned with each other, through flexure and shear actions [1]. 

Need to Study the Performance of the Buildings with Transfer 

Floors  

A transfer floor transmits vertical and lateral loads from 
columns or shear walls or the super-structure above to the sub-
structure below it. These transfer structures may be in form of 
transfer deep girders or transfer thick slabs. Depending on the 
distribution of the loads above the transfer system and the 
chosen type of the transfer floor system, the building is 
classified as either a flexural or shear structure. The difficulty 
of the structural behavior is an abrupt change in the lateral 
stiffness at the transfer floor level from a stiff system above it 
to a comparatively flexible one below it. This creates a soft-
story and violates the seismic design concept. Therefore, a 
high-rise building with a transfer floor could be vulnerable to 
earthquakes. In case of high-rise buildings, the severity of the 
collapse increases with the increase of the number of stories. 
This is because of the energy that accumulates at the weak 
story of the building which increases with the increase of 
number of stories. 

Hence, to control this failure in irregular tall structure during 
the earthquake is needed especially in high-rise buildings. As 
a result of the expected total collapse of such buildings due to 
its vulnerability to the horizontal excitation, design codes 
modified the earthquake force reduction factor on the basis of 
the irregularity that is classified according to the geometric 
profile and the distribution of over strength and masses along 
the structure height. 

LITERATURE REVIEW 

A. Osman and M. Abdel Azim [2] concluded that interaction 
between the transfer plate slabs and supporting tower can 
significantly affect the calculated straining actions within 
tower structural elements and consequently should be 
accounted for during analysing the structure. This requires that 
the transfer plate slabs modelled accurately during developing 
the structural numerical model to simulate the real structural 
behavior of the high-rise building and to capture the interaction 
between them and the vertical structural elements of the tower. 
In addition, the study showed that, transfer slab should be 
accurately modelled in any global model to structures in order 
to simulate the real behaviour of this thick slab that can 
significantly affect the analysis results. Amal Elawady et al [3] 
concluded that the location of the transfer floor influenced the 
global seismic response of the structure. Georgievich, 
Tamrazyan A. et al [4] reported that the buildings with shear 
wall and transfer floor should be designed such that the ratio if 
equivalent rigidity ℽ e should be close to 1 and not more than 
1. The core rigidity and transitional floors has no abrupt change 
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when the building is designed having moment resisting frame, 
but it shown that there is steep change in shear force on the 
height of the structure. R.K.L. Su [5] in his investigation 
reviewed the existing literature to improve the seismic 
response of concrete buildings with transfer structures located 
in low to moderate seismic regions. Design principles were 
developed for controlling the soft story failure and minimizing 
the shear concentration on the exterior walls supported by 
transfer structures. Shaking table tests indicated that under 
frequent earthquake attacks all buildings remained elastic and 
no cracks were found in the prototype models and the natural 
frequencies are observed to be unchanged. When subjected to 
major earthquake it was observed that there is decrease in 
natural frequency up to 46% and the damping ratio is increased 
to 4.5-7.5%. C.S. Li et al [6] have done seismic analysis on a 
structure and it was qualitatively assessed that the majority of 
the damage and failure occurred at the story above the transfer 
plate. To minimize the damage, they choose to strengthen the 
walls between the 4th and 15th floors as well as reducing any 
change in stiffness within the transfer plate zone. Data obtained 
from the shaking table tests was analysed. It was concluded 
that the spectral frequencies of the acceleration spectra 
estimated by the fast Fourier transform method and 
deformation measurements are good indicators on structural 
damage. Plots of acceleration against displacement were 
obtained which helped in assessing the locations of structural 
damage. They also concluded that the use of the ratio of lateral 
stiffness to check the existence of a soft story may not be 
appropriate for high-rise buildings. However, it was found that 
the story drift relates well with the degree of structural damage. 
R.K.L. Su et al [7] inspected the structural performance of a 
transfer structure located in Hong Kong which is prone to 
seismic actions. They developed a reinforced concrete model 
having seven storeys and the transfer beams located at first 
floor level. Parametric analyses of the moment–curvature 
relationship of each component have been conducted. The 
deformations induced by the predicted seismic actions in Hong 
Kong were compared with those arising from POA in terms of 
average lateral drift ratios and maximum inter storey drift 
ratios arising in the building. 

By studying the above literature on the performance of 
buildings with transfer slab we can assess that most of the study 
is done by earlier researchers in investigating the 
complications of the structure by various approaches like 
experimental, prototype simulation, analytical etc. for 
investigating the response characteristics of the structure. 
However, emphasis is not given on the structure with transfer 
slab upon which the super structure is supported by only 
reinforced concrete walls by replacing columns and beams. 
Also, comparison has not been done by varying the number of 
storeys and position of the transfer plate. The present work is 
focused on the buildings that constructed using transfer plate 
as their transfer tool which supports the super structure and 
transfer the entire load to the substructure below on the super 
or mega columns. This study aims at investigating and 
comparing the performance of the moment resisting frame 
structure and shear wall structure with transfer plates by 
considering the different heights of the structure and also by 
varying the position of the transfer plate. 

METHODOLOGY 

Building Models used in the Study 

A total of six building models were used in this study, the 
detailed categorization is as described below. 

CASE-1 

For this model, the configuration is taken as G+4+transfer slab 
(5m storey height) +15 storeys (G+4+TP+15). It is divided into 
two types, a model with beam and column frame with coupled 
shear wall for basic lateral resistance labelled as Moment-
Resisting Frame (MRF) and a model replacing the beams and 
columns with reinforced concrete walls (all exterior, and 
partition walls) labelled as Shear Wall Frame (SWF). 

CASE-2 

For this model the configuration is taken as G+4+transfer slab 
(5m storey height) + 20 storeys (G+4+TP+20). It is divided 
into two types, a model with beam and column frame with 
coupled shear wall for basic lateral resistance labelled as MRF 
and a model replacing the beams and columns with reinforced 
concrete walls (all exterior, and partition walls) labelled as 
SWF. 

CASE-3 

For this model, the configuration is taken as G+6+transfer slab 
(5m storey height) + 18 storeys (G+6+TP+18). It is divided 
into two types, a model with beam and column frame with 
coupled shear wall for basic lateral resistance labelled as MRF 
and a model replacing the beams and columns with reinforced 
concrete walls (all exterior, and partition walls) labelled as 
SWF. 

The data assumed in the analysis is shown in Table 1. The plan, 
elevation and 3D view of the models is shown in Figures 1 to 
6. The plan of the transfer slab is shown in Figure 7. The 
section of the transfer slab with floating columns is shown in 
Figure 8. The transfer slab is designed as 2m thick shell using 
SAP 2000 software. Tables 3-8 lists the geometric details of 
the models used in the study. The shear wall of thickness 0.3 m 
is provided for lift in the MRF models and in SWF models 
along with this shear wall of 0.3 m additional reinforced 
concrete walls are provided replacing beams and columns. 

 

 
Figure 1: Plan of MRF model 

 

https://www.researchgate.net/profile/RKL_Su


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 8 (2019) pp. 1849-1859 
© Research India Publications.  http://www.ripublication.com 

1851 

Table 1: Preliminary data assumed for the analysis for the 
structure 

S. 
No 

Variable Data 

1 Building height 

a. 65 m 

b. 80 m 

c. 80 m 

2 Floor height 3m typical, 5m for 
transfer floor 

3 Open Ground 
storey  Yes 

4 Type of building Regular 

5 Nature of 
building Residential/Commercial 

6 Live Load 2.0 kN/m2 and 3.0 kN/m2 

7 Materials 
Concrete (M30) 

Reinforced with HYSD 
Fe500 bars 

8 Zone V 

9 Importance 
Factor 1 

10 
Response 
Reduction 

Factor 
5 

11 Soil Medium 

12 Software used SAP 2000 

 

 
Figure 2: Elevation view of MRF model 

 

 
Figure 3: 3-D View of MRF model 

 
Figure 4: Plan view of SWF model replacing beams and 

columns 

 

 
Figure 5: 3-D View of SWF model 
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Figure 6: Elevation view of SWF model 

 

Figure 7: Plan view of Transfer slab 

 

 

 

 

Figure 8: Cross-sectional view of transfer slab and the 

floating columns respectively. 

Time Periods 

Table 2 lists fundamental time periods of the buildings used in 
the study. The number of modes were chosen such that a 
minimum 95% mass participation occurs. 

Table 2: Time Period of the models 
M

od
e 

Sh
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Time Period (sec) 
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F 

M
od

el
 

1 1.152 1.376 1.457 1.791 1.466 1.839 
2 0.987 1.087 1.258 1.375 1.264 1.409 
3 0.901 0.936 1.145 1.165 1.159 1.231 

 

Table 3: Geometric details of the model G+4+TP+15 with MRF Model 

G+4+TP+15 

MRF 

Storey 
15-10 

Storey 
10-06 

Storey 
05-01 

Storey 
TP-G 

Plan Dimension 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 34 m x 55.6 m 

Top Beam 0.23 m x 0.6m 0.23 m x 0.6m 0.23 m x 0.6m 0.45 m x 1 m 

Column 0.3 m x 0.75 m 0.3 m x 0.9 m 0.6 m x 0.9 m 0.75 m x 1.5 m 

Slab 0.12 m 0.12 m 0.12 m 0.18 m 

Transfer slab - - - 2 m 

Shear Wall 
(for lift) 

0.3 m 0.3 m 0.3 m 0.3 m 
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Table 4: Geometric details of the model G+4+TP+15 with SWF Model 

G+4+TP+15 

SWF 

Storey 
15-10 

Storey 
10-06 

Storey 
05-01 

Storey 
TP-G 

Plan Dimension 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 34 m x 55.6 m 

Beam - - - 0.45 m x 1 m 

Column - - - 0.75 m x 1.5 m 

Slab 0.12 m 0.12 m 0.12 m 0.18 m 

Transfer slab - - - 2 m 

Shear Wall 0.25 m 0.25 m 0.25 m 0.25 m 

 

Table 5: Geometric details of the model G+4+TP+20 with MRF Model 

G+4+TP+20 

MRF 

Storey 
20-16 

Storey 
15-11 

Storey 
10-06 

Storey 
05-01 

Storey 
TP-G 

Plan 
Dimension 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 34 m x 55.6 m 

Beam 0.23 m x 0.6 m 0.23 m x 0.6 m 0.23 m x 0.6 m 0.23 m x 0.6 m 0.45 m x 1 m 

Column 0.3 m x 0.75 m 0.45 m x 0.9 m 0.6 m x 0.9 m 0.75 m x 1.5 m 0.75 m x 2 m 

Slab 0.12 m 0.12 m 0.12 m 0.12 m 0.18 m 

Transfer slab - - - - 2 m 

Shear Wall 
(for lift) 

0.3 m 0.3 m 0.3 m 0.3 m 0.3 m 

 

Table 6: Geometric details of the model G+4+TP+20 with SWF Model 

G+4+TP+20 

SWF 

Storey 
20-16 

Storey 
15-11 

Storey 
10-06 

Storey 
05-01 

Storey 
TP-G 

Plan 
Dimension 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 34 m x 55.6 m 

Beam - - - - 0.45 m x 1 m 

Column - - - - 0.75m x 1.5 m 

Slab 0.12 m 0.12 m 0.12 m 0.12 m 0.18 m 

Transfer slab - - - - 2 m 

Shear Wall 0.25 m 0.25 m 0.25 m 0.25 m 0.25 m 
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Table 7: Geometric details of the model G+6+TP+18 with MRF Model 

G+6+TP+18 

MRF 

Storey 
18-16 

Storey 
15-11 

Storey 
10-06 

Storey 
05-01 

Storey 
TP-G 

Plan 
Dimension 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 34 m x 55.6 m 

Beam 0.23 m x 0.6 m 0.23 m x 0.6 m 0.23 m x 0.6 m 0.23 m x 0.6 m 0.45 m x 1 m 

Column 0.3 m x 0.75 m 0.45 m x 0.9 m 0.6 m x 0.9 m 0.75 m x 1.5 m 0.75 m x 2 m 

Slab 0.12 m 0.12 m 0.12 m 0.12 m 0.18 m 

Transfer slab - - - - 2 m 
Shear Wall 

(for lift) 0.3 m 0.3 m 0.3 m 0.3 m 0.3 m 

Table 8: Geometric details of the model G+6+TP+18 with SWF Model 

G+6+TP+18 

SWF 

Storey 
18-16 

Storey 
15-11 

Storey 
10-06 

Storey 
05-01 

Storey 
TP-G 

Plan 
Dimension 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 30 m x 51.6 m 34 m x 55.6 m 

Beam - - - - 0.45 m x 1 m 

Column - - - - 0.75 m x 1.5 m 

Slab 0.12 m 0.12 m 0.12 m 0.12 m 0.18 m 

Transfer slab - - - - 2 m 

Shear Wall 0.25 m 0.25 m 0.25 m 0.25 m 0.25 m 
 

RESULTS AND DISCUSSION  

Storey Drifts 

 
Figure 9: Storey drift for model G+4+TP+15 

Figure 9 represents the storey drift for G+4+TP+15 model, we 
can observe that the drifts are less in MRF model up to the level 
of transfer plate when compared to SWF model. MRF model 
shows a regular curve with increase in the drift with the height 
of the building. Whereas the SWF model has regular drift up 
to the location of transfer slab reaching the maximum drift for 
the structure below transfer slab and suddenly changes to 
minimum and follows a regular pattern with height. Storey 

drift in SWF model is 94% less when compared the MRF 
model.  

Figure 10 shows the storey drift for model G+4+TP+20, it can 
be seen that the storey drift in SWF model is 88% less when 
compared to MRF model for the structure above the transfer 
slab and it is about 200% more for the structure below the 
transfer slab. There is a steep change in storey drift at the 
location of transfer slab in shear wall building, the reason being 
due to the relatively large change in stiffnesses in the model.  

 

Figure 10: Storey drift for model G+4+TP+20 
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Figure 11: Storey drift for model G+6+TP+18 

Storey drift for the model G+6+TP+18 can be seen in the 
Figure 11. It can be seen that with the change in the position of 
the transfer slab, is better controlled in SWF model with 94% 
less when compared to the drift in MRF model. When this 
model is compared to the SWF model G+4+TP+20 (Figure 
10), it can be concluded that the drifts are less for SWF model 
G+6+TP+18 which can be attributed to more lateral stiffness 
below the transfer slab when compared to the model 
G+4+TP+20. 

Capacity Curves 

 

Figure 12: Capacity curve for G+4+TP+15 model with MRF 

 

Figure 13: Capacity curve for G+4+TP+15 model with SWF 

 
Figure 14: Capacity curve for G+4+TP+20 model with MRF 

 
Figure 15: Capacity curve for G+4+TP+20 model with SWF 

 

Figure 16: Capacity curve for G+6+TP+18 model with MRF 

 
Figure 17: Capacity curve for G+6+TP+18 model with SWF 
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From the above plots Base shear vs Roof displacement in 
Figures 12 to 17, it can be observed that, the change in the 
structural configuration of the building, such as when MRF 
model is replaced with SWF model, there is a considerable 
effect on the performance of the structure. When compared it 
is evident that the effect of shear wall having overall box effect 
resists more lateral loads than MRF model and developing 
great amount of base shear as much as 200% and the roof 
displacement varies 11 times lesser. Hence we can assure that 
the structure performs well in times of misfortunes. The slope 
of the first line segment in these figures represents the global 
stiffness in its elastic range. As the analysis progresses, the 
lateral load is steadily increased beyond the elastic limit, and 
first hinges are formed. This decreases the overall stiffness of 
the structure, as represented be the subsequent line segments. 
These capacity curves or base shear vs roof displacement 
curves are then merged with Response Spectrum curve in 
Acceleration Displacement Response Spectra ADRS 
representation. 

Performance Points 

The capacity curve is super-imposed on the demand spectrum 
and the intersection point, where the total lateral force expected 
is same as the lateral force applied, is considered to be the 
performance point. From values of Sa and Sd of performance 
point, responses of the structure under severe earthquakes are 
obtained. Once the performance point is found, the overall 
performance of the structure can be checked to see whether it 
matches the required performance level based on the drift 
limits specified in ATC-40.  

Figure 18 shows the ADRS plot in which Sa and Sd at the 
performance point are 0.202g and 0.111 mm. the 
corresponding base shear and roof displacement are 28746.5 
kN and 62 mm. the value of effective T is 1.442s. the effective 
β at the level of the demand curve which met the performance 
point is 12.2%. Figure 19 shows the ADRS plot in which Sa 
and Sd at the performance point are 0.296 g and 0.116 mm. the 
corresponding base shear and roof displacement are 88674 kN 
and 7 mm. the value of effective T is 1.56 s. the effective β at 
the level of the demand curve which met the performance point 
is 6.1 %. 

Figure 20 shows the ADRS plot in which Sa and Sd at the 
performance point are 0.13 g and 49.912 mm. the 
corresponding base shear and roof displacement are 47020.7 
kN and 80.99 mm. the value of effective T is 1.211 s. the 
effective β at the level of the demand curve which met the 
performance point is 10.2%. Figure 21 shows the ADRS plot 
in which Sa and Sd at the performance point are 0.25 g and 
126.267 mm. the corresponding base shear and roof 
displacement are 75447.5 kN and 29 mm. the value of effective 
T is 1.304 s. the effective β at the level of the demand curve 
which met the performance point is 5.5 %. 

 
Figure 18: Performance point for G+4+TP+15 MRF model. 

 
Figure 19: Performance point for G+4+TP+15 SWF model. 

 
Figure 20: Performance point for G+4+TP+20 MRF model 

 
Figure 21: Performance point for G+4+TP+20 SWF model. 
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Figure 22: Performance point for G+6+TP+18 MRF model. 

 
Figure 23: Performance point for G+6+TP+18 SWF model. 

Figure 22 shows the ADRS plot in which Sa and Sd at the 
performance point are 0.156 g and 154.066 mm. the 
corresponding base shear and roof displacement are 34103.2 
kN and 25.9 mm. the value of effective T is 1.977 s. the 
effective β at the level of the demand curve which met the 
performance point is 11.9 %. Figure 23 shows the ADRS plot 
in which Sa and Sd at the performance point are 0.211 g and 
157.76 mm. the corresponding base shear and roof 
displacement are 74349.31 kN and 17.21 mm. the value of 
effective T is 1.44 s. the effective β at the level of the demand 
curve which met the performance point is 4.3 %. 

The increase in the value of effective structural damping β 
decreases the Response Spectrum curve. By observing the 
effective structural damping β for the models, it can be 
concluded that SWF models performed better. When the MRF 
models are compared for change in the position of the transfer 
slab, the capacity of the model G+4+TP+18 is more when 
compared to G+6+TP+18. When the SWF models are 
compared for the change in the position of the transfer slab, the 
capacity of the model G+6+TP+18 is more when compared to 
G+4+TP+18. Of all the SWF models, G+6+TP+18 model 
shows the least value of effective β thereby making it the best 
performing model. For all the models the roof displacement to 
height of the building ratio lies within the performance level of 
IO as specified by ATC-40. 

Hinge Results 

The Figures 24 to 29 show the deflected shape and the 
nonlinear hinge formations due to the action of lateral 
nonlinear loads i.e., P1, P2, P3, where P1 being Nonlinear 
Modal Load, P2 Nonlinear acceleration in X-direction, and P3 
being Nonlinear acceleration in Y-direction. It is observed that 
majority of the hinges fall under the range of B-IO. From the 
Figures 24 and 26, it can also be noticed that the hinges are 
formed up to 70% of the total height of the building, they are 
all in the IO range. When the location of the transfer slab is 
changed, as seen in Figure 28, it can be seen that there is 
reduction in the total number of hinges formed and the hinges 
are formed up to 57% of the total height of the building. 

 
Figure 24: G+4+TP+15 MRF Model 

 
Figure 25: G+4+TP+15 SWF Model 
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Figure 26: G+4+TP+20 MRF Model 

 
Figure 27: G+4+TP+20 SWF Model 

 
Figure 28: G+6+TP+18 MRF Model 

 
Figure 29: G+6+TP+18 SWF Model 

The hinge formation for the SWF model, as seen in Figures 25, 
27 and 29, the hinges are formed in the structure below the 
transfer slab as the columns and beams in superstructure are 
replaced by the shear wall resulting the box effect and hence 
there is no possibility of the forming the hinge.  

CONCLUSIONS 

The capacity curves showed large contrast in initial stiffness 
and load capacity for the MRF and SWF models. In SWF 
models, shifting the transfer slab position to seventh floor level 
increased the performance, whereas in MRF models the 
transfer slab located at the lower level gave good results. On 
comparing all the models, it can be concluded that SWF 
models performed better in both stiffness and load capacity and 
gives better results for base shear, storey drift, roof 
displacement.  
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