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Abstract— Past studies proves that Concrete filled steel tubes 

as efficient lateral load resisting systems. Its high initial stiff-

ness, strength, energy absorption capacity as well high load 

carrying capacity due to the composite action be-tween steel 

and concrete are some of its advantages. In buildings CFST 

was used as column; at present the use of CFST in bridge 

construction is limited due to the lack of practical and 

economical connections. Recent re-search has addressed this 

limitation through the study of column to foundation 

connection and column to cap beam connections. This paper 

presents the result of the numerical analysis of column to cap 

beam connection. The nonlinear analyses are performed to 

study the effect of embedment depth, thickness of steel tube. 

The stiff-ness & strength performance of different specimens 

under both axial and cyclic loading are studied. 
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Connection 

I. INTRODUCTION 

Concrete filled steel tubes (CFSTs) are composite structural 

element that offers an efficient and economical alternative to 

conventional reinforced concrete construction and it provides 

maximum strength and stiffness while permitting rapid 

construction. In bridges, CFSTs may be used as piers, piles, 

and drilled shaft foundation. In CFST columns the concrete 

increases the compressive strength and stiffness and also 

restrains local buckling of the tube and enhances ductility and 

resistance and the steel tube serves as formwork and 

reinforcement to the concrete. The steel tube is placed at the 

optimal location for flexural resistance, thereby maximizing 

strength and stiffness while minimizing weight and material 

requirements. In addition, the steel tube provides optimal 

confinement and shear strength to the concrete. In 

comparison to a RC column of the same geometry, CFST 

generally has larger axial, shear and flexural capacity and has 

larger stiffness. The result of the optimal placement of the 

steel reduced cracking and increased confinement. In 1980s 

the CFST was used in buildings to avoid a very large size 

column. At present the use of CFST in bridge construction is 

limited due to the lack of practical and economical 

connections. Recent research has addressed this limitation 

through the study of column to foundation connection and 

column to cap beam connections. From the literature survey 

it was found that column to cap beam connections are of three 

types such as: 

a) Embedded ring connection 

b) Welded dowel connection 

c) Reinforced concrete connection. 

The research on the behaviour of CFST column to 

precast cap beam connection done by Max T. Stephens et al. 

(2016) In which three different types of connections are 

studied that is [1] embedded ring (ER), [2] welded dowel 

(WD) and [3] Reinforced concrete (RC) connection. These 

construction methods simplify accelerated bridge 

construction (ABC) and from the result the ER connection 

can fully achieve superior seismic performance and hence 

prove more advantageous than other connections. 

Max T. Stephens et al. (2014) conducted a study that 

was focused on the seismic design of circular CFT bridge pier 

connections. In which two types of connections are studied 

which including column to foundation and column to cap 

beam connections. Lisa Berg et al. (2016) carried out a study 

which is focused on the design of CFST column to 

foundation/cap beam connections for moderate and high 

seismic regions and with the help of experimental result 

practical design expressions are developed. Haiqing Zhu et 

al. (2017) conducted a study on the Rigidity estimation of 

embedded CFST column to beam connections. In which 

embedded ring (ER) connection subjected to axial and lateral 

load were studied. The proposed FEA model was used to 

predict the damage states, local deformations, tube yield and 

tearing. 

From the detailed study of these connections an 

embedded ring connection was more economical and 

efficient. 

In this paper, various finite element models of CFST 

column to cap beam connections are developed by changing 

various parameters like steel tube thickness, embedmend 

depth etc.The performance under axial and cyclic loading is 

considered. 

II. EMBEDDED RING CONNECTION 

In which CFST column is embedded into a precast cap beam 

with grouted connection. An ER connection is a modified 

variation to the embedded ring column to foundation 

connection. The ER connection develops the full flexural 

capacity and ductility of the CFST. The primary transfer 

mechanism is annular ring which is the same thickness as the 

tube and is welded to the end of the tube. The ring extends 

inside and outside the tube providing normal and shear 

transfer from the CFST to the cap beam connection. 

III. FINITE ELEMENT MODELLING 

A. Proposed Model 

The ER connection was modeled and analyzed using ANSYS 

17.0 finite element software.SHELL181 is selected because 

it is suitable for analyzing thin to moderately-thick shell 

structures. It is a four node element with six degrees of 

freedom at each node, and is well suited for modeling of 

CFSTs. SOLID186 is a higher order 3-D 20-node solid 

element. The element is defined by 20 nodes having three 

degrees of freedom per node and is well suited for concrete. 

For Reinforcing steel BEAM 188 elements is selected. It is a 

linear, quadratic, or cubic two node beam element in 3-D. 

BEAM188 has six degrees of freedom at each node. To 

establish the accuracy of the numerical modeling, it is 

validated by a study done by Lisa Marie Berg titled, “CFST 
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Column to Cap Beam Connections for Accelerated Bridge 

Construction in Seismic Regions” with grouted ER 

connection. 

B. Specimen Details 

Specimen consisted of a 508 mm diameter straight stem 

CFST column is embedded 457.2 mm into a precast 

reinforced concrete cap beam. The thickness of the steel tube 

was 6.35 mm resulting in a diameter to thickness (D/t) ratio 

of 80.Specimen was subjected to a constant axial load of 1555 

kN, as well as a cyclic displacement controlled lateral load. 

1) Material Properties 

ITEM DESIGNATION 
YIELD 

STRENGTH(MPa) 

Steel tube 
ASTM A1018 

GRADE 36 
250 

Annular ring 
ASTM A572 

GRADE 60 
415 

Reinforcing 

steel 

ASTM A615 

GRADE 60 
414 

C. Load Protocol 

Each specimen was subjected to a constant axial load, as well 

as a cyclic displacement controlled lateral load. The lateral 

load protocol was adapted from that of University of 

Washington tests and ATC 24 in which the imposed 

displacements are based on incremental multiples of the 

member’s yield displacement. 

The drift ratio is defined as: 

drift =
Δ

Lcol
 

In which Δ represents the lateral displacement at the 

point of loading, and Lcol is the length of the column. 

D. Analysis 

1) Work Model 

 
Fig. 3.4.1: CFST Column with Annular Ring 

 
Fig. 3.4.2: CFST with Cap Beam Reinforcement 

From the analysis it was found that the lateral load was 

363.572 kN and from the journal it was 368.747 kN at a drift 

ratio of 0.83. 

IV. NON-LINEAR ANALYSIS OF EMBEDDED RING 

CONNECTION  

Two Specimens with diameter to thickness (D/t) ratio of 80 

and 96 are selected. Specimen was subjected to a constant 

axial load of 1555 kN, as well as a cyclic displacement 

controlled lateral load as given below. 

Cycle 

range 

No of 

cycles 

Increment 

(%Δy) 

Displacement 

(mm) 

Drift 

ratio 

(%) 

1-2 2 0.125 1.905 0.10 

3 1 0.25 3.81 0.21 

4 1 0.50 7.62 0.42 

5 1 0.75 11.43 0.63 

6 1 1 15.24 0.83 

7 1 1.5 34.29 1.88 

Table 1: 

A. Cap Beam Reinforcing 

 
Fig No: 4.1.1: Plan View 

 
Fig. 4.1.2: Section at B-B 

 
Fig. 4.1.3: Section at A-A 
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B. Analysis Result 

For the analysis four different embedded depths are consider 

with two different thickness of steel tube. 

1) Effect on Stiffness 

For studying the stiffness effect an embedded depth of 533.4 

mm with different concrete grades are consider. The load 

deformation graph for each condition are illustrated in chart 

1to 2. 

 
Fig. 4.2.1: Stiffness Curve 

Load deformation graph for different tube thickness. 

 
Fig. 4.2.2: Load vs Deformation 

2) Effect of Embedded Depth 

Four different embedded depths are considered with diameter 

to thickness ratio as 96. 

 
3) Effect of Thickness of Steel Tube 

Two different thicknesses are consider for the analysis with 

the same diameter and embedded depth of 508 and 457.2 mm 

respectively. 

 

V. CONCLUSION 

In order to understand the behavior of CFST column to cap 

beam connection many parametric studies are conducted 

analytically. 

From the above analysis following conclusions are drawn: 

 For attain the maximum strength adequate embedded 

depth should be provided load carrying capacity 

increases if thickness of steel tube increases. 

 For attain more strength the width of cap beam should be 

provide at least two times the column diameter. 

 Thickness of annular ring should be same as that of the 

steel tube thickness with yield strength equal or greater 

than that of CFST. 

 For the same embedded depth as grade of concrete 

increase stiffness also increases. 

VI. FUTURE WORK 

This work was done for low drift cycle. This work can be 

done for moderate to high drift cycle for better understanding 

of the behavior of CFST column to cap beam (embedded 

ring) connection. 
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