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Abstract— A transfer beam is specifically defined as a beam 

that transmits loads from the upper closely spaced columns or 

walls acting on it to the widely spaced columns or walls 

supporting it. The discontinuity of the vertical structural 

members is the most significant characteristic of a structural 

system with transfer beams because it makes the mechanism 

of the system more complex than that of a regular structural 

system. The provision of transfer beams in the buildings 

cannot be avoided due to its functional requirements like 

parking facilities, public lobbies, and large openings at the 

ground floor level for shopping malls etc. But this provision 

of transfer beams creates soft storey effect in the buildings. 

Buildings with less than 70% stiffness of the floor 

immediately above it is classified as soft storey. Due to this 

soft storey effect, the flexibility of that floor increases and 

results in extreme deflection, which in turn leads to 

concentration of forces at the immediate above floors 

followed by large plastic deformations. In addition, most of 

the energy developed during earthquake is dissipated by the 

column of soft stories. The aim of the study is to reduce the 

soft storey effect of buildings with transfer beams by 

increasing the stiffness of soft storey equal to the stiffness of 

immediately above storey. For this the intermediate column 

size of ground floor of the frame is increased by 10% and 

corresponding stiffness and deformations are analysed using 

ANSYS software. To avoid the large sections of column a 

beam was introduced at the plinth level to reduce the soft 

storey effect. The results obtained shows increased stiffness 

and reduced deformations. 
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I. INTRODUCTION 

Buildings are classified as having a soft storey if that level is 

less than 70% as stiff as the floor immediately above it, or 

less than 80% as stiff as the average stiffness of the three 

floors above it. Soft storey buildings are vulnerable to 

collapse in a moderate to severe earthquake in a phenomenon 

known as soft storey collapse.  The inadequately-braced level 

is relatively less resistant than surrounding floors to lateral 

earthquake motion, so a disproportionate amount of the 

building's overall side-to-side drift is focused on that floor. 

Subject to disproportionate lateral stress, and less able to 

withstand the stress, the floor becomes a weak point that may 

suffer structural damage or complete failure, which in turn 

results in the collapse of the entire building. 

 A transfer beam is specifically defined as a beam 

that transmits loads from the upper closely spaced columns or 

walls acting on it to the widely spaced columns or walls 

supporting it. The discontinuity of the vertical structural 

members is the most significant characteristic of a structural 

system with transfer beams because it makes the mechanism 

of the system more complex than that of a regular structural 

system. Due to this discontinuity the building can experience 

soft storey effect. 

II. PREVIOUS STUDIES 

Hong-Gun Park and Hyeon-Jong Hwang (2011) presented 

paper on concrete filled U-shaped steel beams are used to 

increase the flexural strength and stiffness of the steel beams 

by using concrete fill. In this study, a seismic detail for the 

concrete filled U-shaped steel beam–RC column connection 

was developed. A special detail using diagonal re-bars and 

welded re-bar connections was used to strengthen the beam–

column joints. To verify the seismic performance of the 

beam–column connection, two full-scale specimens were 

tested under cyclic loading. The test parameter was the size 

of the U-shaped steel beam. The depths of the composite 

beams were 610 mm (steel plate thickness = 6 mm) and 710 

mm (steel plate thickness = 8 mm) including the slab depth 

of 160 mm. The test results showed that the specimens 

exhibited good strength, deformation, and energy dissipation 

capacities. The deformation capacity exceeded 4% inter-story 

drift ratio. The primary failure mode of the specimens was 

buckling and fracture of the steel plate in the beam and the 

corresponding joint cores. Tuba Eroglu and Sinan Akkar 

(2010) presented a paper on Lateral stiffness estimation in 

frames and its implementation to continuum models for linear 

and nonlinear static analysis. Continuum model is a useful 

tool for approximate analysis of tall structures including 

moment-resisting frames and shear wall-frame systems. In 

continuum model, discrete buildings are simplified such that 

their overall behavior is described through the contributions 

of flexural and shear stiffness at the story levels. Therefore, 

accurate determination of these lateral stiffness components 

constitutes one of the major issues in establishing reliable 

continuum models even if the proposed solution is an 

approximation to actual structural behavior. This study first 

examines the previous literature on the calculation of lateral 

stiffness components (i.e. flexural and shear stiffness) 

through comparisons with exact results obtained from 

discrete models. A new methodology for adapting the height 

wise variation of lateral stiffness to continuum model is 

presented based on these comparisons. The proposed 

methodology is then extended for estimating the nonlinear 

global capacity of moment resisting frames. The verifications 

that compare the nonlinear behavior of real systems with 

those estimated from the proposed procedure suggest its 

effective use for the performance assessment of large 

building stocks that exhibit similar structural features. This 

conclusion is further justified by comparing nonlinear 

response history analyses of single-degree-of-freedom (sdof) 

systems that are obtained from the global capacity curves of 

actual systems and their approximations computed by the 

proposed procedure. 
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III. MODEL DETAILS 

 

 

 

IV. FINITE ELEMENT ANALYSIS 

Finite element analysis (FEA) is the modeling of products and 

systems for the purpose of finding and solving structural or 

performance issues. FEA is the practical application of the 

finite element method (FEM), which is used by engineers and 

scientists to mathematically model and numerically solve 

complex structural, fluid and multi-physics problems. FEA 

help to predict and improve product performance and 

reliability, to reduce physical prototyping and testing, to 

evaluate different designs and materials, to optimize designs 

and reduce material usage. 

V. FINITE ELEMENT MODELLING 

ANSYS is general-purpose finite element software for 

numerically solving a wide variety of structural engineering 

problems. The ANSYS element library consists of more than 

100 different types of elements. The software creates 

simulated computer models of structures, electronics, or 

machine components to simulate strength, toughness, 

elasticity, temperature distribution, electromagnetism, fluid 

flow and other attributes. ANSYS is used to determine how a 

product will function with different specifications, without 

building test products or conducting crash tests. 

 Element type and characteristics for fee model Solid 

186 is used modelling of concrete, CFRP and GFRP. It is a 

higher order 3-D 20-node solid element that exhibits 

quadratic displacement behaviour. The element is defined by 

20 nodes having three degrees of freedom per node: 

translations in the nodal x, y, and z directions. The element 

supports plasticity, hyper elasticity, creep, stress stiffening, 

large deflection, and large strain capabilities. It also has 

mixed formulation capability for simulating deformations of 

nearly incompressible ELASTO plastic materials, and fully 

incompressible hyper plastic materials. 

 
Fig. 1: SOLID 186 Element 

 CONTA174 is used to represent contact and sliding 

between 3-D target surfaces and a deformable surface defined 

by this element. The element is applicable to 3-D structural 

and coupled-field contact analyses. It can be used for both 

pair-based contact and general contact. It is a 3-D 8-node 

surface-to-surface contact element. The element has the same 

geometric characteristics as the solid or shell element face 

with which it is connected. Contact occurs when the element 

surface penetrates an associated target surface. Coulomb 

friction, shear stress friction, user-defined friction, and user-

defined contact interaction are allowed. The element also 

allows separation of bonded contact to simulate interface 

delamination. 

 
Fig. 2: CONTA174 Element 

 SURF154 is a 3-D structural surface effect, used for 

various load and surface effect applications in 3-D structural 

analyses. It can be overlaid onto an area face of any 3-D 

element. Various loads and surface effects may exist 

simultaneously. 



Finite Element Analysis of Frames with Composite Transfer Beams 

 (IJSRD/Vol. 6/Issue 05/2018/224) 

 

 All rights reserved by www.ijsrd.com 992 

 

 
Fig. 3: SURF154 Element 

 
Fig. 4: Meshing of Frame model with Transfer Beam 

 
Fig. 5: Vertical Loading of the Model 

 
Fig. 6: Cyclic Loading 

 Meshing is an integral part of computer-aided 

engineering process. The mesh influences the accuracy, 

convergence and speed of the solution. Finer the mesh size 

accuracy will also increase. To obtain good results from the 

Solid186 element, a triangular mesh is used for the 

calculation of stiffness a method proposed by Benjamin 

(1959) is used in this study. 
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 Where; n, H, and ∑M are number of panels, the 

storey height, and the sum of the two member end moments 

respectively, for a storey shear force V; flexural stiffness K 

of a member = EI/L, and the subscripts ec, ic, ga, and gb are 

exterior columns, interior columns, girders in the floor above, 

and girders in the floor below respectively 

 Stiffness of first floor =74.95x107 N/mm 

 Stiffness of ground floor =32.02x107 N/mm 

 The stiffness of the ground floor with the transfer 

beams is very much less than the first floor. In order to 

increase the stiffness of ground floor the size of intermediate 

columns in the ground floor is increased at a rate of 10%. 

Then the stiffness is calculated for each case using the 

equation proposed by Benjamin. 

VI. RESULTS & ANALYSIS 

Intermediate column size 

(mm) 

Stiffness of ground floor, KS 

(N/mm) 

286x198 34.72x107 

312x216 37x107 

338x234 38.91x107 

364x252 40.5x107 

390x270 54.58x107 

416x288 56.44x107 

442x306 57.99x107 

468x324 59.3x107 

494x342 60.39x107 

520x360 61.31x107 

Fig 7: Shear Force – Displacement Graph without FRP 

 
Fig. 8: Deformation of First Floor 

 
Fig. 9: Deformation of Ground Floor with Intermediate 

Column Size of 520mmx360mm 

 As the size of column increased by 10% the obtained 

column size was very much higher. In order to increase the 

stiffness without a bigger column size, a beam of 

size180mmx180mm below the plinth level at the end frames 

STEPS TIME (s)

N1 N2 N3

0 0 0 0

1 6.0E+05 80000 1.00E+05

2 2 7.20E+05 96000 1.50E+05

3 3 8.40E+05 1.12E+05 2.00E+05

4 4 9.60E+05 1.28E+05 2.50E+05

5 5 1.08E+06 1.44E+05 3.00E+05

6 6 1.20E+06 1.60E+05 3.50E+05

7 7 1.32E+06 1.76E+05 4.00E+05

8 8 1.44E+06 1.92E+05 4.50E+05

9 9 1.56E+06 2.08E+05 5.00E+05

10 10 1.68E+06 2.24E+05 5.50E+05

11 11 1.80E+06 2.40E+05 6.00E+05

12 12 1.92E+06 2.56E+05 6.50E+05

1

FORCE (N)
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and 180mmx240mm below the plinth level at the middle 

frame was introduced. The stiffness of each storey is 

calculated by increasing the intermediate column size at 10% 

with beam at plinth level. The stiffness of each model is 

calculated and the results are compared. 

Intermediate column size 

(mm) 

Stiffness of ground floor, KS 

(N/mm) 

286x198 52.9x107 

312x216 55.46x107 

338x234 61.97x107 

364x252 66.09x107 

390x270 69.64x107 

416x288 72.70x107 

442x306 75.31x107 

Fig. 10: Stiffness of Ground Floor with Beam at Plinth 

Level) 

 
Fig. 11: Deformation of First Floor with Beam at Plinth 

Level 

 
Fig. 12: Deformation of Ground Floor with Beam at Plinth 

Level 

 As the size of column increases, the stiffness of the 

frame also increased. When the column size increased to 

520mmx360mm the stiffness obtained was 61.31x107N/mm 

which is not the required stiffness, but an increased stiffness 

value. The deformation of ground floor and first floor 

decreased as the column sizes increased. The stress and 

strains of the ground floor and first floor also showed reduced 

values as the column size increased. The introduction of beam 

under the plinth level increased the stiffness with reduced 

column size. The stiffness obtained was 727x106 N/mm with 

the column size of 416mmx288mm. The deformation, stress 

and strain values also decreased. 

VII. CONCLUSIONS 

1) From this study it can be concluded that, the stiffness of 

the soft storey building can be increased and can be made 

equal to the above stories by increasing the size of 

intermediate columns in the ground floor where the 

transfer beams are provided. 

2) The analysis of structures with higher column sizes 

shows higher stiffness values and reduced deformations. 

As though the method is expensive, the threat of soft 

storey effect followed by greater collapses and damages 

can be avoided to greater extent. 

3) The introduction of a beam at the plinth level shows 

much better results with smaller sizes of intermediate 

columns in the ground floor. 

4) The values of stiffness shows 23.58% increase, when a 

small beam is placed at the plinth level. 

5) The deformation value shows 42.5% reduced values. The 

reduction in deformation, stress and strain values also 

make the building more stable. Thus the soft storey effect 

can be reduced in the high rise buildings. 
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