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Abstract: A combination of outstanding advantages of concrete 

filled steel tube (CFST) column with reinforced concrete (RC) flat 
slab creates the effective and potential structure to replace 
traditional reinforced concrete frame structures in high-rise 
buildings. The CFST column – RC slab connection is the key 
factor for this structure type to work properly and effectively. 
Currently, the studies mainly focus on inner CFST column and 
RC slab connection, there are very few experimental studies on 
connection of edge or corner CFST columns and RC flat slab. 
This paper proposes edge and corner CFST columns to RC flat 
slab connection structures using H-shaped shear head and then 
conducts two large size tests to investigate behaviors of the 
connection. 
 

Keywords: Concrete filled steel tube, Reinforced concrete,  
Column, Slab, Connection 

I. INTRODUCTION 

Concrete filled steel tube (CFST) column, with technical 
advantages such as high strength, stiffness and ability to 
disperse large energy, easy construction is considered a 
suitable replacement for traditional reinforced concrete (RC) 
column. Flat slab structure is convenient for construction to 
accelerate construction progress, flexibility for layout of 
technical equipment systems. Thus, the combination of 
CFST column and RC flat slab creates  an effective structures 
for high-rise buildings. CFST column-RC flat slab connection 
is the most important factor for this structure type to behave 
properly.   

Several authors studied inner CFST column with RC slab 
connection as well as  edge RC column, corner RC column 
with RC slab connection such as Adel, A. E. and Amin, G. [2],  
Jack, P. M. [4], John, D. M. and Amin, G. [5], Marinković, S. 

B. and Alendar, V. H. [6], Neil, H. and Amin, G. [7].  
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Hawkins, N. W. and Corley, W. G. [3] proposed a solution 
to use a shear head to enhance the shear resistance of the floor 
at the RC column - reinforced concrete slab under 
simultaneous shear stress due to shear and unbalanced 
moment transferred into column. The study was carried out on 
14 slab - edge column specimens with a T shape shear head 
made from  I section steel. Experimental results show that, 
when a moment transfer occurs, the shear stress is assumed to 
be linearly on the critical section. The shear stress distribution 
for the edge column using shear head is shown in Fig. 1. The 
maximum shear stress occurs on the critical section cut 
through the shear arm and is the sum of shear stress due to 
shear force v1 and due to the transfer of moment v2. 

  
Fig. 1. Experimental result and distribution of shear 
stress at edge RC column – RC slab connection [3] 

 
Currently, there have not been any experimental researches 

on the connection between the edge, corner CFST columns 
with RC flat slab. At this connection, due to geometrical 
asymmetry, unbalanced moments will increase shear forces 
on the critical section as well as change the shape of the 
critical section. 

In section 11.11.7.1 of ACI 318-11 [1], at edge column, 
corner columns where gravity load, wind cause transfer of 
unbalanced moment Mu between a slab and column, γfMu is 
transferred by flexure. The remainder of the unbalanced 
moment, γvMu, is considered to be transferred by eccentricity 
of shear about the centroid of the critical section (γv = 1 – γf) 
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(1)   

Where b1, b2 are the dimensions of the control perimeter 
with b1 – width of critical section parallel to unbalanced 
moment. 

In section 11.11.7.3 of ACI 318-11 [1], when shear 
reinforcement consisting of structural I-shaped or 
channel-shaped section steel shear-heads is provided,  
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the sum of the shear stresses due to vertical load acting on 
the critical section defined by Fig. 2 and the shear stresses 
resulting from moment transferred by eccentricity of shear 
about the centroid of the critical section that shall be located 
so that its perimeter bo is minimum but needs not approach 
closer than d/2 to edges or corners of columns, concentrated 

loads, or reaction areas shall not exceed '
c0.33 f   (where λ 

= 1.0 for normal weight concrete and 0.75 for all light weight  
concrete; fc’ cylinder compressive  strength  of concrete; ϕ = 
0.85).  

 

 
Fig. 2. Location of critical section using shear head and 

assumed distribution of shear stress. 
This paper, based on the solution suggested by ACI 318-11 

[1] for connection of edge, corner RC columns and RC flat 
slab using shear-head, proposes  connection structures of edge 
and corner CFST columns to RC flat slab using I-shaped 
shear-head. Two large size specimens (one for edge CFST 
column and one for corner CFST column) experiments are 
then performed to study their behaviors. 

II.  PROPOSED EXPERIMENT SPECIMENS FOR 

EDGE AND CORNER CFST COLUMNS TO RC FLAT 

SLAB CONNECTIONS  

Proper connection is necessary to ensure proper load 
transfer from slab to column and the overall behavior as CFST 
columns and reinforced concrete slabs are two separate 
structures. The load on the flat slab transfers to the column 
can be illustrated as strut and tie system as in Fig. 3. The 
connection needs to create a support to transmit the load from 
the slab to the column. 

TieStrutTie Strut

Strut StrutSupport  
Fig. 3. Illustrating the mechanism of transferring force 

from the slab to the column 
Therefore, the proposed connection is described as follows 

and illustrated in Fig. 4: 
Shear-head: the bottom flange of H-shaped or I-shaped 

steel shear-head provides a fulcrum for the concrete strut and 
receives this load for transmission to the column. The 
shear-head web is inserted in the column through the slot cut 
on the column surface and is welded to column surface. 
Shear-head increases punching shear resistance and ensures 
continuity between flat slab and CFST columns. As 

shear-head is embedded in slab concrete, it is protected under 
environmental impact and more aesthetic. 

Continuity plate: This plate is located below the bottom 
flange of H-shaped shear-head, welded to the perimeter of the 
column and shear-head flange. Its role is to create a fulcrum to 
transmit force from floor to column together with shear-head 
bottom flange. 

To increase the continuity of connection, longitudinal 
reinforcements are arranged across columns through 
pre-drilled holes on the steel pipe surface. 

Based on the proposed connection, two experimental 
specimens designs for the edge CFST column – RC slab 
connection (Specimen 1, S1) and corner CFST column – RC 
slab connection (Specimen 2, S2) are made. The specimen 
dimensions are selected so that their working conditions 
equivalent to the real slab system with span of 6m and 
thickness of 200mm (Fig. 5).  
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a) Edge CFST column – RC flat slab connection  
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b) Corner CFST column – RC flat slab connection 

1. CFST column; 2. Shear head; 3. Continuity plate; 4. Hole 
Fig. 4. Detailed structures of edge and corner CFST 

column – RC flat slab connection  
Analysis of slab model by SAFE V12.3.1 software with 

distributed load on the floor shows that the points of zero 
moments are at the distance of 1.2 m from the column. Thus, 
the sizes of Specimen 1 and 2 are 2.4m×1.2m and 1.2m × 
1.2m, respectively. However, as slab anchors need more 
space, the specimen areas are expanded 150mm on each side, 
resulting in the final dimension for Specimen 1 of 2.7m×1.5m 
and Specimen 2 of 1.5m × 1.5m. 
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Fig. 5. Flat slab system analysis by SAFE software 
  

 To ensure similar behaviors (same forces at the 
connections) between the test models and the real structures, 
the number and locations of anchor points on the slabs are 
selected to create approximate equal moment values with the 
moments in the real slab. The analysis results for anchor 
points layout are shown in Fig. 6.  
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 a) Specimen 1 for edge CFST column  b) Specimen 2 for corner CFST column 
Fig. 6. Dimension of experimental specimens and layout of anchor points on slab 

The detailed designs for the two specimens are shown in 
Fig. 7. CFST column is 300mmx300mm square steel tube 
with wall thickness of 10mm. Shear-head is H100×100 
shaped steel with the length from the column surface of 

600mm. The 50mm web of shear-head is inserted into the 
column through slot on the column face. Shear-head is welded 
to the outside of the column by 8mm weld.  
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Fig. 7. Reinforcement layout for RC flat slab

On the sides of the steel pipe, holes of 20mm in diameter 
are made for the reinforcement to anchor inside the column. 
While a steel plate of 340mm × 340mm× 20mm is welded at 
the foot of the column to place the load jack, the top of the 
column is empty to pour concrete. 

Continuity plate with width of 50mm and thickness of 
10mm is welded to the column perimeter at the bottom flange 
of H100 × 100 shear-head. 

The reinforcements of the slab consist of: the upper layer of 
14mm steel bars distributed at 85mm intervals for the area 
near the column and 14mm steel bars at 170mm intervals for 
the remaining area, and the lower layer of 10mm steel bars 
distributed at 100mm intervals. There are 2 bars across on 
each side of the column.   

C-shaped stirrup with diameter of 10mm and the length of 
6d= 60mm is used. The first layer of stirrup is arranged at 
distance d/2 =75mm from the column surface, the other 
stirrup layers are arranged at distances of 100mm (≤ 3d/4 = 
112.5). The stirrups are also arranged along both sides of 
H100×100 shear-head at the distance of d/2 =75mm in order 
to prevent the inclined cracks near the column areas. 

Rings of 10mm diameter reinforced bars are placed on top 
layer at 100mm intervals. At loading plate locations, 
additional steel mesh of 8mm steel bars at 50mm intervals are 
added. 

III. MATERIAL TESTING 

150mm × 300mm cylindrical concrete samples are made at 
the same time of concrete slab. The samples were cured in 
laboratory conditions and tested at 28 days of age. The result 
of the average compressive strength of concrete is 45.14Mpa, 
and the tensile strength is 3.71Mpa. 

Experimental results of reinforcement strength are shown 
in Table-I.  

Table-I: Rebars testing 10, 14 

Spec (mm) fy(MPa) fu(Mpa) εy 

1 10 421.20 511.3 1.98×10-3 

2 14 545.02 662.9 2.50×10-3 

IV. EXPERIMENTS SET UP 

Fig. 8 shows the experimental set up for two specimens so 
that their behaviors are the same as real structures.  

The columns are anchored at the top and bottom by round 
bars supported by bearings to ensure free sliding in the 
vertical direction and no horizontal displacement as in Fig. 

10. 

 
a) For Specimen 1 

  
b) For Specimen 2 

Fig. 8. Experiment set up for two specimens 
The slabs are anchored by anchor bars (diameter of 36mm) 

connected to the rigid floor with thickness of 700mm. 
Specimen 1 uses four anchor bars, Specimen 2 uses two 
anchor bars. The anchor bars go through the preset holes on 
the slab and are fixed at the top surface by round plate ϕ180 
thick 20mm and anchor bolts. Anchor bars, anchor pins as 
well as bolts are made of high strength steel. The anchor 
system at rigid floor is carefully tested to ensure that the 
anchor system works stably and reliably as shown in Fig. 9. 
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Fig. 9. Details and testing of anchor on rigid floor 

Hydraulic jack with lifting capacity P = 2500kN is placed 
under the column to perform loading. LVDT sensors measure 
column head and floor displacements. The strain gauges 
applied on the top and bottom surfaces of slab in a 
perpendicular and oblique direction measure the deformation 
of concrete (Fig. 8). 

  
Fig. 10. Details of column anchor 

V. TEST RESULTS  

Behavior of Specimen 1 for edge CFST column – RC 
slab connection: By performing load for the specimen with 
each load level Pi = 20kN, the time to keep the load at each 
level is 5 minutes, it can be observed that: 

At load level P = 140kN, the first crack appears on the 
upper surface of the slab and the crack is perpendicular to the 
outside face. Continuing to increase the load, cracks appear 
more, continue to develop and run to the free end of the 
shear-head. On the slab side, inclined cracks appear from the 
corner of the column with the approximate angle of 450. At 
load level P = 400kN, cracks widen at positions near the 
column surface. 

Continue to increase the load, the displacement of the slab 
increases rapidly, the cracks at the column edge develop 
strongly. At P = 430kN, the load does not increase anymore, 
while the displacement increases fast, resulting in the slab 
damage. The two floor sections fold to the sides of the 
shear-head as shown in Fig. 11. 

 

  
Fig. 11. Behavior at connection of edge CFST column and RC 

slab (Specimen 1) 
Fig. 12a shows the relationship between the load and 

displacement of the slab. The maximum load value is V= 
431.6kN corresponding to the maximum displacement of the 
column is 43mm. 

Fig. 12b shows concrete deformation at the bottom surface, 
the largest compression deformation occurs at the column 
face position and gradually decreases when away from the 
column. At a load of about 350kN, the compressive strain 
does not increase and reverses to decrease. 

                 
 a) Load  and displacement chart                                         b) Deformations on different positions  

                                                                                 on slab bottom surface 
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   c) Deformation of the shear reinforcements                        d) Deformation of the ring reinforcements 

Fig. 12. Testing results for edge CFST column - RC slab connection (Specimen 1) 
 

Fig. 12c on deformation of the shear reinforcements shows 
that only two stirrups SS1 and SS5 at the location near the 
column have large deformations and the plastic strains (εy = 
1.98×10-3), the remaining shear reinforcements have almost 
no deformations. This proves that there are inclined cracks 
cutting through these stirrups. 

The deformation of the ring reinforcements in Fig. 12d 
shows that the cracks cut through all of the ring 
reinforcements, resulting in their deformations increases. This 
proves that the addition of ring reinforcements is necessary. 

Behavior of Specimen 2 for corner CFST column – RC 
slab connection:  
At load level P = 43kN, the first crack on the upper surface of 
the floor appears. Continue to increase the load, there are no 
new cracks appearing, only few scattered cracks are within the 
ring layout till to load level P = 113kN. At this load, a long 
crack appears in parallel with the original one, and passes 
through the free end of the shear-head. 
At the load level P = 133kN, the initial crack widens by 
0.5mm, concrete at the column surface has large separation  
from steel tube with the width of 2mm. 
Continue to increase the load, the displacement of the slab 
increases rapidly, the crack at the edge of the column grows 
strongly, the external cracks increase insignificantly. At P = 
226kN, the excessive slab displacement occurs while the load 
does not increase and the slab failure occurs  (Fig. 13). 
Fig. 14a shows the relationship between the load and 
displacement of the slab. The maximum load value is 
226,3kN corresponding to the maximum displacement of the 
column is 64mm. 
Fig. 14b on the deformation graph of shear reinforcements  

shows that only 2 bars SS1 and SS5 at the position of the 
column have large deformations (εSS1 = 3×10-3

; εSS5 = 
2.24×10-3) and reach plastic strain limit of reinforcement 
(εy=1.98×10-3). This proves the existence of cracks that cuts 
through the SS1 and SS5 shear reinforcements. 

The results of the crack shape analysis in the damage state 
and the behavior of the reinforcement show that both the edge 
and corner column occur destructive at the position near the 
face of Fig. 11,  Fig. 13 and the stirrup reaches the yield limit 
of reinforcement. Therefore, the shear capacity on the critical 
perimeter includes shear resistance of concrete and stirrup. 

 

 
Fig. 13. Behavior at connection of corner CFST column 

and RC slab 
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                        a)  Load and displacement chart                                        b) Deformation of the shear reinforcement 
Fig. 14. Testing results for corner CFST column - RC slab connection (Specimen 2) 

 

VI. CONCLUSION 

The paper proposes connection structures for edge and 
corner concrete filled steel tube column and reinforced 
concrete flat slab, including: H-shaped steel shear-head, 
continuity steel plate, C-type shear reinforcements, ring 
reinforcements, longitudinal reinforcement through the 
column. Experimental program is implemented with two large 
size specimens. Experimental results show that: the slab is 
damaged on the critical section near the column surface, the 
shear reinforcements through this section reach plastic strain 
of reinforcement, ring reinforcements place active role in 
radial crack prevention. 
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