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Abstract 
In this study, the concrete-steel bond strength of concrete filled cylindrical steel tubes has been 

experimentally investigated. 22 short, high strength and normal concrete filled circular steel tubes were 

tested. Push-out test was carried out as the common method to evaluate the bond carrying capacity. Four 

different concrete mixes were used in preparing the specimens. The steel tubes were welded type with the 

nominal inside diameters of 3, 4, 6 and 8 inches. According to the test results bond strength increases with 

reduction of the w/c ratio of concrete mixes. The high strength to normal concrete bond strength ratio 

increases with the diameter of steel tubes. The bond strength decreases for higher diameters in both 

normal and high strength concrete specimens. 
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1. Introduction 

Concrete filled steel tubular (CFST) columns have 

been extensively used in modern structures, such as 

bridges, marine structures, warehouses and high-rise 

buildings in recent years. Greater stiffness, higher 

buckling capacity, higher ductility, smaller sections 

and weights, and economical benefits are some 

advantages of CFST columns over other columns. In 

the CFST columns, bond strength between concrete 

and steel plays a major role in the composite 

structural action. For bridges, wharves and other 

similar structures with steel piles and concrete deck, 

force transfer between the piles and the deck usually 

takes place in the concrete filled regions of top of 

piles, therefore the steel-concrete bond should be 

strong to insure high durability and strength of the 

connection zone (Fig.1). 

Some investigations, have been carried out on the 

bond strength of CFSTs. Push-out test is the common 

method to evaluate the bond carrying capacity. 

The bond strength is dependent on several factors 

including age, size, curing and temperature. Age of 

the concrete is a major factor on bond reduction in 

composite columns. The bond strength at the age of 

one year is approximately 30% of that at the age of 21 

days. Rusting of steel at the surface of contact with 

concrete increases the mechanical keying due to 

micro-irregularities and thus, enhances the bond 

between the two materials. Based on an experimental 

study, the bond strength at the age of five years is 

about two and one-half times that at the age of one 

year (Hunaiti., 1991). 
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Fig. 1: Pile-deck connection zone in a marine structure 

 

The interface length in the case of normal concrete 

has no direct effect on the bond strength. The bond 

strength is sensitive to the roughness of the concrete-

steel interface (Shakir-Khalil., 1993). 

Concrete shrinkage is an important factor on the 

bond strength. Due to the concrete shrinkage, the 

bond strength decreases when the tube diameter and 

or the diameter-to-thickness ratio increases (Roeder 

et al., 1999).  

Rectangular CFST columns smaller bond strength 

than circular ones. (Tao et al., 2011). Under static 

push out loading conditions, the interface bond 

strength in CFST circular columns with normal 

strength concrete is found to be higher than that with 

high strength concrete (Aly et al. 2011).  

Light weight aggregate concrete (LWAC) showed 

higher results to push-loads and thus better composite 

action in comparison to normal concrete (Moulia et al. 

2007). 

The bond strength of CFST members are 

enhanced at the age of 7 days by adding an 

expansive agent into concrete, but the strength gain 

from 7 days to 28 days is low (Li et al. 2003). The 

bond strength of pre-stressing concrete filled 

circular steel tube (PCFST), based on the 

experimental study on the steel tubes with inside 

diameter of 150mm and different amount of 

expansive component, are 1.2–3.3 times as that of 

the CFST ones(Xuet al., 2009). 

Shrinkage due to change in moisture content of 

concrete is one of the most important factors 

affecting long-term strength and durability of the 

bond strength. Decrease of volume of the concrete 

core in the CFST members weakens the interface 

bond and deteriorates durability specifically in 

marine structures that are exposed to corrosive 

environment.  

In this study, the bond strength of concrete filled 

steel tubes (CFST), with normal and high strength 

concrete were experimentally investigated. 22 short, 

CFST specimens filled with normal and high 

strength concrete were tested. Push-out test was 

carried out as the common method to evaluate the 

bond carrying capacity. Four different mixes of 

concrete were used in casting the specimens. The 

steel tubes were welded type with the nominal inside 

diameters of 3, 4, 6 and 8 inches. Concrete shrinkage 

due to change in moisture content of concrete was 

one of the most important factors on the bond 

strength reduction by time. 

2. Experimental Investigation 

2.1. Material Properties 

Portland cement types of II, Crushed type aggregate 

with the maximum size of 12 mm and washed natural 

river sand, were used in the concrete mixes. 

To investigate the effect of the water reducer 

admixture on the bond strength, a superplasticiser 



Journal of the Persian Gulf (Marine Science)/Vol.4/No.11/March 2013/7/9-16 

11 

(Glenium 110 UNR) admixture based on modified 

polycarboxylic ether was added in half of the concrete 

mixes. Use of the admixture caused improved 

workability, and provided flowable concrete with 

greatly reduced water demand. The suggested dosage 

was 0.62-0.75% by the weight of the cement. 

2.2. Concrete Mixtures 

Four different mixes of concrete were used in the 

casting of the specimens (Table1). N1 and N2 mixes 

were normal concrete with a water cement ratio of 0.50. 

N1 mix was used to prepare the tubes with the diameter 

of 3 and 4 inch and N2 used for the 6 and 8 inches 

tubes. The next two mixes were related to high strength 

concrete mixes, which similarly used in the casting of 

3-4 inch and 6-8 inches tubes. Super plasticizer 

admixture (Glenium 110UNR) was used to reduce the 

w/c ratio and increase the concrete strength in S1 and 

S2 mix. Two concrete specimens were cast with each 

mixes for compression test. 

Table 1. Mixtures of Concrete 

 

2.3. Preparation of Steel Tubes and Test Specimens 

Welded type steel tubes were used in the 

construction of the specimens. Ends of the steel tubes 

were cut and machined to the required length as 

shown in fig.2.Inside of the tubes were cleaned from 

any rust and loose scale and deposits of grease and 

oil. Bottom of the steel tubes were sealed to support 

the wet concrete during casting. The steel tubes were 

held upright and filled up to 280-300 mm depth, with 

concrete in three layers, and the top surface of the 

concrete was made flat 20 mm below the tube edge, 

covered and cured during first 7days(Figs. 3 and 4). 

Each layer of the concrete was compacted using hand 

operations. 

 
Fig. 2: Preparation of steel tubes 

 
Fig. 3: Concrete casting inside of the steel tubes 

 
 

Mix          
identification 

W/C 
Type II Portland  
Cement(kg/m3) 

Sand 
(kg/m3) 

Aggregate 
(kg/m3) 

Super 
plasticizer(kg/m3)

N1 0.50 435 978 738 - 

N2 0.50 440 1030 640 - 

S1 0.35 400  1032 778 3.9 
S2 0.40 400 1095 715 3.9 
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Fig. 4: Concrete compression test specimens preparation and slump test 

 

2.4. Test Setup 

The specimens were set up in a 2000 Kn capacity 

digital compression testing machine in a vertical 

position with the air gap at top as shown in figure. 5. 

A steel block was placed between the specimen and 

the bottom platen of the testing machine.The steel 

block had a cross-section which was a little smaller 

than concrete core.  

Movement of the concrete core was measured by a 

magnetic base transducer placed in the middle of the 

steel tube. 

The load was increased at the rate of 30 Kn /min and 

deflections were recorded at every 3–4 Kn. After the 

peak load, recordings were taken after every 0.5 mm 

movement of the concrete core. Loading was continued 

up to the slip of 7 mm. A specimen before and after the 

test is shown in figure.6. 

Fig. 5: Push out test set up 

 
Fig. 6: A specimen before (Left) and after (Right) Push out test 

 

  

Machine top platten(Fixed)

Machine bottom platten(Moving)
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3. Resultsand Discussion 

Average surface bond stress between the steel and 

concrete was calculated by the equation of 

t=P/(pDL), Where P is the applied load by the testing 

machine; D is the inside diameter of the steel tube; 

and L is the length of concrete core.  

Load-slip curves are shown in figs.7-10 for the 

specimens filled with the normal and high strength 

concrete. All curves are consisted of the following 

portions: an initial high stiffness bond portion; a 

transitional nonlinear portion up to the peak bond 

stress; a declining or approximately constant portion 

after peak point with a residual stress that pushes out 

the concrete core. The average residual strength at the 

slip of 7mm is about 60%–100% of the peak strength. 

Steel tubes and concrete core parameters with the 

bond strength of the specimens are presented inTable 

2. Table 3 shows the average results of push out test 

for each diameter of steel tubes and group of 

concrete mixes including normal and high strength 

mixes (N and S groups). 

According to the results presented in Tables 2 and 

3, the bond strength in the same dimensional 

condition increase with the compressive strength of 

concrete. The average bond strength ratio of high 

strength to normal concrete for the tested specimens 

was 1.2, 1.37, 1.50, 1.97 and for the steel tube 

diameters of 3, 4, 6, and 8 inchesrespectively. This 

ratio increased with diameter of steel tubes. 

Table 2: Parameters of the specimens and test results 

 
Table 3: Average test results for each diameter of steel tubes and group of concrete mixes (N, S). 

 
 
  

No.
Specimen 

label
Mix Type O.D(mm) t(mm) L(mm)

Concrete 
Age(Weeks)

fcu(Mpa) t u(Mpa)
t res(Mpa) at 

slip=7 mm

1 N3-1 1 0.93 0.60

2 N3-2 2 0.97 0.54

3 N3-4 4 0.99 0.64

4 S3-1 1 1.11 0.64

5 S3-2 2 1.10 0.62

6 S3-4 4 1.24 1.97

7 N4-1 1 1.53 1.07

8 N4-2 2 1.51 1.05

9 N4-4 4 1.39 0.95

10 N4-7 7 1.31 1.00

11 S4-1 1 1.95 1.20

12 S4-2 2 2.11 1.44

13 S4-4 4 1.95 1.28

14 S4-7 7 1.85 1.31

15 N6-a 0.27 0.26

16 N6-b 0.25 0.25

17 S6-a 0.38 0.35

18 S6-b 0.40 0.37

19 N8-a 0.20 0.20

20 N8-b 0.15 0.15

21 S8-a 0.32 0.32

22 S8-b 0.37 0.36

46.7

66.13S-1 88.7 3.2 300

46.7

66.13

N-1 88.7 3.2 300

4.5

5.5

300

300

280 17(4 months)

N-1 114.9

S-1 114.9

17(4 months) 55.26

168.3

S-2 168.3 4 280

N-2 4 42.70

N-2

S-2

219.1

219.1

4.8

4.8

281

282

17(4 months)

17(4 months)

42.70

55.26

Tube Diameter(inches) Mix Group τ uave(Mpa) Bond strength ratio

N 0.96

S 1.15

N 1.44

S 1.97

N 0.26

S 0.39

N 0.175

S 0.345

3 1.20

4 1.37

6 1.50

8 1.97
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Figs.7-10 Show the stress-slip curves for the 

normal and high-strength concrete filled specimens 

for each steel tube diameter. According to the test 

results, water reducer additives had an increasing 

effect on the bond strength. The bond stress-slip 

curves for the specimens with the same dimensions 

were similar. For the specimens with diameters of 6 

and 8 inches, there was a horizontal part after peak 

point indicating that after the peak point the concrete 

core of the specimens move with a constant pushing 

force. For all specimens and concrete mixes, bond 

strength decreased with increasing the diameter-to-

thickness ratio of the steel tubes. 

 
Fig. 7: Bond stress-slip curves for the N1 and S1 concrete mixes 
with the tube diameter of 3 inches. 

 
Fig. 8: Bond stress-slip curves for the N1 and S1 concrete mixes 
with the tube diameter of 4 inches. 

 
Fig. 9: Bond stress-slip curves for the N2 and S2 concrete mixes 
with tube diameter of 6 inches. 

 
Fig. 10: Bond stress-slip curves for the N2 and S2 concrete 
mixes with tube diameter of 8 inches. 

4. Conclusions 

An experimental investigation on 22 short concrete 

filled steel tubes carried out to study the effect of 

concrete strength on the interface bond strength. The 

following conclusions were drawn based on the results 

of this study: 

 The bond strength increased with reduction of the 

w/c ratio of concrete mixes, resulting in higher 

bond strength in the case of high strength concrete. 

The excessive water for high strength concrete was 

lower than normal concrete; therefore the effect of 

shrinkage wasless for high strength concrete. 

 For all specimens and concrete mixes, bond 

strength decreases with increasing of the diameter 

of the steel tubes. 
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 The bond strength ratio of high strength concrete to 

normal concrete for the tested specimens varied 

from 1.2 to 1.97. This ratio increased with diameter 

of steel tubes.  

 The bond stress-slip curves for the specimens with 

the same dimensions were similar.  
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