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Abstract— Structural steel-reinforced concrete (SRC) 

coupling beams are an alternative to conventional and 

diagonal rebar reinforced concrete coupling beams. To 

address gaps in testing that was used to develop design 

recommendations, flexure yielding, cantilever SRC coupling 

beams were embedded, without inclusion of auxiliary 

transfer bars and bearing plates, into reinforced concrete 

structural walls. Beams were tested by applying quasi static, 

reversed cyclic shear loading to the coupling beam, moment 

and shear to the top of the wall to create cyclic tension and 

compression fields across the embedment region. The 

primary test variables were the structural steel section 

embedment length, beam span length (aspect ratio), 

quantities of wall boundary longitudinal and transverse 

reinforcement, and applied wall loading (moment, shear, 

and axial load). Favorable finite element performance by 

using ANSYS, characterized by minimal pinching and 

asymmetry in the load deformation response and 

concentration of damage at the beam wall interface, was 

associated with long embedment length, moderate to light 

beveled concrete, and heavy wall boundary reinforcement. 

Reduced embedment length, large wall demands, and light 

wall boundary reinforcement led to reduced performance, 

with increased pinching, asymmetry, and cyclic degradation 

evident in the load deformation response and significant 

damage in the embedment region. 
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I. INTRODUCTION 

Reinforced concrete structural walls provide an efficient 

lateral system for resisting seismic and wind loads. Coupling 

beams are commonly used to connect adjacent coplanar 

structural walls to enhance building lateral strength and 

stiffness. For seismic design, coupling beams often act as 

the primary fuses to limit overall system demand therefore, 

they are typically subjected to large plastic rotations and 

must provide a reliable energy dissipation mechanism. An 

efficient structural system can be achieved if openings in 

structural walls can be arranged in a regular pattern. In this 

manner, a number of individual wall piers can be coupled to 

produce a system with large lateral stiffness and strength. 

By coupling individual flexural walls, the lateral load 

resisting behaviour changes to one where overturning 

moments are resisted by an axial compression tension 

couple across the wall system rather than by the individual 

flexural action of the walls. The beams that interconnect the 

individual wall piers are commonly referred to as coupling 

beams. Coupling beams are analogous to and serve the same 

structural role as link beams in eccentrically braced frames. 

For optimum performance, the energy dissipating 

mechanism should involve formation of plastic hinges in 

most of the coupling beams and at the base of each wall. In 

order for the desired behaviour of the coupled wall system 

to be attained, the coupling beams must be sufficiently 

strong and stiff. In addition, the coupling beams must 

sustain a large number of shear reversals, and accommodate 

large rotations as well as large relative vertical 

displacements at their ends. The coupling beams, however, 

must also yield before the wall piers behave in a ductile 

manner and exhibit significant energy dissipation 

characteristics. Structural steel reinforced concrete (SRC) 

coupling beams are an alternative to conventional and 

diagonal rebar reinforced concrete coupling beams. To 

address gaps in previous testing that was used to develop 

design recommendations, flexure yielding, cantilever SRC 

coupling beams were embedded, without inclusion of 

auxiliary transfer bars and bearing plates, into reinforced 

concrete structural walls. Beams were tested by applying 

quasi static, reversed cyclic shear loading to the coupling 

beam, and moment and shear to the top of the wall to create 

cyclic tension and compression fields across the embedment 

region. The primary test variables were the structural steel 

section embedment length, beam span length (aspect ratio), 

quantities of wall boundary longitudinal and transverse 

reinforcement, and applied wall loading (moment, shear, 

and axial load). Favourable performance, characterised by 

minimal pinching and asymmetry in the load-deformation 

response and concentration of damage at the beam wall 

interface, was associated with long embedment length, 

moderate to light wall demands, and heavy wall boundary 

reinforcement.  

II. PREVIOUS STUDIES 

The Studies on SRC coupling beams were started by Gong 

and Shahrooz at the University of Cincinnati. The main 

objectives of their study were to investigate the effect of 

concrete encasement on the strength, ductility and stiffness 

of SRC coupling beams with shear yielding steel beam. The 

research results indicated that reinforced encasement around 

the shear-yielding steel coupling beams enhanced the 

strength and stiffness. Harries et al reviewed the state of the 

art for the design of conventional RC, diagonal RC, and 

steel-concrete composite coupling beams.Song et al 

proposed a new detail for the connection between RC wall 

and SRC coupling beam and tested three SRC coupling 

beams with different embedment length. Their test results 

indicated that SRC coupling beams with only anchor bolts 

exhibited more strengths than that calculated with current 

PCI Code. Oh et al developed the prestressed composite 

coupling beams and conducted the tests on two prestressed 

composite coupling beams with different amount of shear 

reinforcements. Baek proposed the SRC coupling beam with 

a steel hysteresis damper and investigated experimentally 

the seismic performance of the special coupling beam. A 

coordinated analytical and experimental research program at 

the University of Cincinnati has examined cyclic response 
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of steel and steel-concrete composite coupling beams, their 

connections to reinforced concrete walls, and overall 

behavior of composite coupled wall systems. Issues related 

to steel coupling beams have been addressed previously 

(Shahrooz et al. 1992, 1993; Harries 1995; Harries et al. 

1997, 1998); hence, the focus of this and a companion paper 

(Gong and Shahrooz 2001) will be on steel concrete 

composite coupling beams. Each diagonal bar group was 

required to confined by the same transverse reinforcement 

as that for columns to prevent buckling and increase the 

deformability of diagonal bar group in compression. The 

diagonal reinforcing detail for short coupling beam led to 

the difficulties of placing diagonal bar group and transverse 

reinforcement along diagonal bar group. In 2008, ACI (ACI 

318-08) proposed an alternative detailing option confining 

the full beam cross section with transverse reinforcement 

without hoops along diagonal bar group to simplify the 

complicated detailing. However, the difficulty to placing the 

steel bars of short coupling beams has not been solved in 

practice. A companion paper (Gong and Shahrooz 2001) 

summarizes derivation of the design model, and its 

verification through testing of specimens that are more 

realistic. Moreover, the influence of other factors, such as 

face bearing plates and floor slab, on the behavior of steel-

concrete composite coupling beams and their connections to 

walls will be addressed in the companion paper. Numerous 

researchers have sought to design ductile coupling beams 

since Paulay (1971) first published test results showing that 

short and highly stressed coupling beams reinforced with 

conventional longitudinal bars and sufficient transverse 

reinforcement to prevent a diagonal tension failure are 

susceptible to sliding shear failures under large displacement 

reversals. The results from the first of these subsequent 

studies (Paulay and Binney 1974) demonstrated that 

diagonally reinforced coupling beams exhibit a considerably 

more ductile response than beams reinforced with 

conventional beam type reinforcement. Recently, various 

types of steel and concrete composite coupling beams have 

been proposed as viable alternatives to diagonally reinforced 

concrete coupling beams and the structural performance of 

these composite coupling beams was experimentally 

evaluated by many researchers. These composite coupling 

beams can be categorized as encased steel plate coupling 

beam, SRC coupling beam, structural steel concrete 

coupling beam, and concrete filled steel plate coupling 

beam.  

Many alternatives have been investigated to 

improve the construct ability of coupling beams without 

compromising performance under reversed cyclic loading. 

These alternatives have included adding dowel bars in the 

plastic hinging region of beams reinforced with 

conventional beam type detailing, i.e., rhombic type 

reinforcement, which provides unconfined diagonal bars 

through the plastic hinge (Shiu et al. 1978; Galano and 

Vignoli 2000; Tassios et al. 1996), and diagonally 

reinforced coupling beams with alternative or reduced 

confinement detailing (Fortney et al. 2008; Naish et al. 

2009). Of these alternatives, only the full section 

confinement tested by Naish et al. (2009) was shown to 

provide sufficiently stable performance to justify a change 

from the state-of-the-art and adoption by the ACI Building 

Code (ACI 2008). Other alternatives, including steel and 

hybrid steel concrete coupling beams, have also been 

investigated [summarized by Harries et al. (2000)] and used 

in practice. 

III. REINFORCEMENT DETAILS  

 

 
section A-A 

IV. MATERIAL PROPERTIES 

A. Concrete 

Density – 2300 kg/m3 

Young’s Modulus -33166 MPa 

Poisson’s ratio – 0.2 

B. Reinforcement 

Density - 7850 kg/m3 

Young’s Modulus – 200000 MPa 

Poisson’s ratio – 0.3 

C. I-Section 

Density – 1700 kg/m3  

Young’s modulus - 240000 MPa  

Poisson’s ratio – 0.3 

V. FINITE ELEMENT ANALYSIS 

The finite element method (FEM) has become a staple for 

predicting and simulating the physical behaviour of complex 

engineering systems. The commercial finite element 

analysis (FEA) programs have gained common acceptance 

among engineers in industry and researchers. The Finite 

Element Analysis is a numerical technique in which all 

complexities of the problems varying shape, boundary 

conditions and loads are maintained as they are but the 

solutions obtained are approximate. Solutions can be 

obtained for all problems by Finite Element Analysis. 



Finite Element Analysis of Encased Steel Coupling Beam in Shear Wall 

 (IJSRD/Vol. 6/Issue 05/2018/219) 

 

 All rights reserved by www.ijsrd.com 971 

VI. 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. For the numerical 

simulation of any RC structure, three dimensional solid 

element SOLID186 has been used for modelling the 

nonlinear behaviour of concrete, three dimensional spar 

elements LINK180 has been used for modelling the 

reinforcement. 

A. Element type and characteristics for fe model 

1) Concrete 

Concrete generally exhibits large number of micro cracks, 

especially, at the interface between coarse aggregates and 

mortar, even before it is subjected to any load. The presence 

of these micro cracks has a great effect on the mechanical 

behaviour of concrete, since their propagation during 

loading contributes to the nonlinear behaviour at low stress 

levels and causes volume expansion near failure. 

Solid 65 is used for the 3-Dimensional modelling 

of concrete with or without reinforcing bars. The solid is 

capable of cracking in tension and crushing in compression. 

The element is defined by eight nodes having three degrees 

of freedom at each node: translations in the nodal x, y, and z 

directions. The element is capable of accommodating three 

different rebar specifications. The most important aspect of 

this element is the treatment of nonlinear material 

properties. The concrete is capable of cracking (in three 

orthogonal directions), crushing, plastic deformation, and 

creep. The rebar’s are capable of tension and compression, 

but not shear. The element is shown in Figure 1.Typical 

shear transfer coefficients range from 0.0 to 1.0, with 0.0 

representing a smooth crack (complete loss of shear 

transfer) and 1.0 representing a rough crack (no loss of shear 

transfer). In ANSYS, outputs, i.e., stresses and strains, are 

calculated at integration points of the concrete solid 

elements. A cracking sign represented by a circle appears 

when a principal tensile stress exceeds the ultimate tensile 

strength of the concrete. The cracking sign appears 

perpendicular to the direction of the principal stress. 

 
Fig. 1: SOLID 65 Element 

2) Steel reinforcement: 

The reinforcement can be provided in two different ways 

either discrete or smeared. The discrete model uses bar or 

beam elements that are connected to concrete mesh nodes. 

So the concrete and reinforcement share the same nodes. 

LINK180 is a spar that can be used in a variety of 

engineering applications. This element can be used to model 

trusses, sagging cables, links, springs, etc. 3-D spar element 

is a uni-axial tension-compression element with three 

degrees of freedom at each node: translations in the nodal x, 

y, and z directions. This element is used to model the steel 

in reinforced concrete. The three-dimensional spar element 

is a uniaxial tension-compression element with three degrees 

of freedom at each node: translations in the nodal x, y, and z 

directions. This element is also capable of plastic 

deformation. 

 
Fig. 2: LINK180 Element 

 
Fig. 3: meshing of SRC coupling beam wall joint using 

ANSYS 

The meshing is the important step .This is the 

process of discretization of the structure to obtain accurate 

results. Finer the mesh size accuracy also increases. To 

obtain good results from the Solid186 element, a rectangular 

mesh is used. Therefore, the mesh is setup such that square 

or rectangular elements are created. This properly sets the 

width and length of elements in the concrete support and 

makes it consistent with the elements and nodes in the 

concrete portions of the model 

 
Fig. 4: cyclic horizontal loading history 
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VII. RESULTS & ANALYSIS 

 
Fig. 5: force – displacement graph without beveled 

Sl.no Combination 
Beveled concrete 

size 

Embedment 

length 

1 B1-E1 
(L/4)= 380X 380 

mm 
785 mm 

2 B1-E2 
(L/4)= 380X 380 

mm 
500 mm 

3 B1-E3 
(L/4)= 380X 380 

mm 
240 mm 

4 B2-E1 300X 300 mm 785 mm 

5 B2-E2 300X 300 mm 500 mm 

6 B2-E3 300X 300 mm 240 mm 

7 B3-E1 
(L/8)= 190X 190 

mm 
785 mm 

8 B3-E2 
(L/8)= 190X 190 

mm 
500 mm 

9 B3-E3 
(L/8)= 190X 190 

mm 
240 mm 

Table 1: modification details 

 
Fig. 6: force – displacement graph with modification 

 
Fig. 7: equivalent stress in concrete with bevelled concrete 

 
Fig. 8: equivalent stress in steel with bevelled concrete 

Fig 6 shows the force verses displacement curves 

(hysteresis loops) of Coupling beam-wall joint with different 

bevelled concrete and embedment length subjected to 

horizontal cyclic loading in nonlinear analysis using 

ANSYS workbench16 software. Maximum storey shear 

force of coupling beam with shear wall joint without 

bevelled concrete is 725.5 kN. 

Fig 7, 8 shows the equivalent stresses of coupling 

beam-wall joint with bevelled concrete. The colour indicates 

various stress concentrations from maximum to minimum. 

VIII. CONCLUSIONS 

Based on the FE numerical results of the coupling beam 

wall joint specimens, the following conclusions can be 

drawn: 

1) The performance of SRC coupling beams was found to 

be dependent on embedment length/strength, wall 

demands, and wall reinforcement. Better performance 

was evident when embedment strength exceeded beam 

strength, wall demands did not produce yielding of 

longitudinal reinforcement, and larger quantities of wall 

boundary reinforcement were provided. 

2) Embedded steel composite coupling beams are effective 

both in resisting large shear forces and in withstanding 

substantial inelastic deformations.  

3) Better performance was evident when embedment 

strength exceeded beam strength, wall demands did not 
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produce yielding of longitudinal reinforcement, and 

larger quantities of wall boundary reinforcement were 

provided. 

4) Bearing forces developed in the embedment region of 

SRC coupling beams increase demands on wall 

longitudinal reinforcement in this region. This may 

cause localized yielding of this reinforcement, which 

leads to increased pinching and strength degradation in 

the load-deformation response and increased damage in 

the embedment zone of the SRC coupling beam. 

5) A beveled concrete on the coupling beam wall joint can 

resist the bearing force developed in the embedment 

region of SRC coupling beam. 
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