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INTRODUCTION

Throughout the past twenty years, concrete-filled fiber reinforced polymer (FRP) tubes (CFFTs) members have been introduced as a structurally efficient alternative to supplant conventional steel-reinforced concrete elements [START_REF] Abouzied | Structural performance of new fully and partially concrete-filled rectangular frp-tube beams[END_REF], [START_REF] Lai | A stress-path dependent stress-strain model for frp-confined concrete[END_REF]. The FRP tube (FRP-T) serves as formwork and by comparing it to the steel formwork, it considers as a lightweight form-work. Also, because of higher axial and flexural capacities of 5 concrete-filled FRP tubes (CFFT), compared to conventional reinforced concrete columns/beams, we can use smaller sections, which means lighter CFFT's structures Concrete filled FRP tubes (CFFTs) have superior resistance against severe environmental conditions, where the FRP-T covers the concrete. So, the concrete core and the internal steel reinforcement will be protected against the exterior deterioration effects. Due to these advantages, CFFTs members have been employed in several structural applications namely; marine constructions, bridges, poles, and over-head sign structures. CFFT members have demonstrated respectable advantages such as permanent lightweight formwork, providing external non-corrosive reinforcement, and confining the CC [START_REF] Ali | Experimental investigation of bond and tube thickness effect on the flexural behavior of concrete-filled fpr tube under lateral cyclic loading[END_REF]. These advantages reinforce their durability in the harsh environmental conditions.

Moreover, the fact that the CC is confined increases strength, stiffness, and ductility of such members. The improvement of interfacial bonding actually increases the stiffness of concrete-filled-FRP much more than the strength. Notwithstanding that numerous studies [[4]- [START_REF] Mohamed | Axial load capacity of concrete-filled frp tube columns: Experimental versus theoretical predictions[END_REF]] have been operated to examine the axial and the flexural behavior of CFFT elements, very little attention has been granted to the influence of the interfacial bond stress between the FRP-T and its CC [ [START_REF] Ali | Experimental investigation of bond and tube thickness effect on the flexural behavior of concrete-filled fpr tube under lateral cyclic loading[END_REF], [START_REF] Ali | Flexural strength and behavior of circular sand-coated concrete-filled frp tubes under cyclic load[END_REF], [START_REF] Ali | Effect of sand-coating bond performance on the flexural capacity of circular concrete-filled frp tubes[END_REF]]. Stress should effectively transfer from the FRP-T to its CC to achieve the structural superiority of the CFFT members. The interfacial bond strength is altering from case to case based on various factors such as the properties the CC, tube thickness, tube diameter ( [START_REF] Roeder | Composite action in concrete filled tubes[END_REF]), and texture of the tube interior surface. Fundamentally, the interfacial bond can be created by using either shear connectors (using resin ribs) or the natural bond between the FRP-T and its concrete (in the case of the rough texture of the interior surface of the tube).

Helmi [START_REF] Helmi | The effects of driving forces and reversed bending fatigue of concrete-filled frp circular tubes for piles and other applications[END_REF] has tested the bond strength between the CC and filament-wound E-Glass/Epoxy FRP (GFRP) tubes. The interior skin of Helmi's tubes had small circumferential ridges of about 0.3 mm projection and spaced at about 9 mm in the longitudinal direction. Helmi's tubes had an exterior diameter of 367 mm and 5.7 mm tube wall thickness. The height of the tubes was 30 mm. The tubes had been filled with concrete of average cylindrical compressive strength 59 MPa. Super plasticizers had been added to the concrete mixture to guarantee a perfect filling of the tubes. Helmi added an expansive agent to the concrete mixture to compensate the shrinkage of concrete after hardening and prevent separation of the CC from the tubes. Helmi concluded that the bond strength between filament-wound GFRP tube and its CC equals 0.63 MPa. Lai [START_REF] Lai | Moment connections of concrete-filled fibre reinforced polymer tubes to reinforced concrete footings[END_REF] tested six push-through CFFT specimens embedded into reinforced concrete (RC) footings under axial compression load. The aim of Lai's study was to determine the interfacial shear strength (bond) between the filament-wound GFRP tube external surface and the footing concrete. Due to the filamentwound fabrication process of the GFRP tubes, the external tube surfaces had an undulating structure in the longitudinal direction. The distance between the ripples was about 25 to 30 mm. The thickness of the ripples was about 0.1 to 0.2 mm. The concrete of the RC footings had a compressive strength of 41 MPa. Based on Lai's experimental results for this GFRP tubes, the ultimate bond strength between the exterior surface of the GFRP tube and the concrete mean value is evaluated equal to 0.75 MPa, while this value can be affected by several parameters such as the surface texture, FRP-T fabrication process , concrete failure modulus, and confining steel reinforcement in the footing. The bond-slip stress of the tested specimens has been divided at least by 2 when the bond reached the ultimate strength. In Lai's study the RC footing was the surrounding material and the tube had been pushed through the RC footing. Consequently, the interfacial bond strength in the case of the FRP-T surrounding its CC might be different than Lai's tests. Obviously, the interfacial bond between the FRP-T and its CC is the key parameter, to evaluate the full composite action in CFFT members especially those subjected to bending loads [START_REF] Ali | Experimental investigation of bond and tube thickness effect on the flexural behavior of concrete-filled fpr tube under lateral cyclic loading[END_REF]. Excessive slip occurs at the interface between the concrete and the FRP-T, due to the lack of the interfacial bond strength. This slip may adversely affect the composite action of the CFFT member. This paper presents experimental results of push-out tests conducted on circular CFFT specimens. The interfacial bond strength between the circular pultruded FRP-T and its concrete core is investigated for two different tube diameters (305 mm and 406 mm). For half of the specimens (6 specimens), the inner surface of the pultruded FRP-Ts has been roughened by sand-coating to increase the interfacial bond between the tube and its CC, while the other half has been left unhandled. Up-to-date, there are no standards or guidelines that have been issued to test or evaluate the interfacial bond strength between the FRP-T and its CC. In previous studies on CFFTs, no numerical or analytical bond-slip models have been presented. Therefore, this paper evaluates the interfacial bond-slip relationship and investigates the contribution of using sand-coating as a bond enhancer to improve the interfacial bond strength in CFFT members. This study is important to fully understand and measure the mechanical behavior of the bond interface between concrete and the FRP Tube. The results will be used to optimize the design of CFFT's structures under flexural or combined flexural/axial loads

EXPERIMENTAL SETUP AND PROGRAM

The experimental program is composed of twelve CFFT push-out specimens submitted to push-out test.

The push-out test is to apply a vertical load on the top and center of the CC only. The FRP-T is supported vertically on the bottom end. The load is transferred from the CC to the FRP-T by the interfacial bond.

The interfacial bond stress can be evaluated as the load divided by the contact surface between the FRP-T and concrete. This section describes the specimen's constituent materials, the specimen's configurations, the experimental test setup, and instrumentations.

Structural Components Properties

Two components have been used in this experimental program: The first material is the FRP-T while the second one is and the CC. The following points provide the characterization of the reported materials in this research.

FRP Tube

The Tubes used for experimental test are circular pultruded FRP-Ts. The tube manufacturing processes are detailed in [ [START_REF] Inc | Creative pultrusions inc: Product brochure superpiletm fiberglass reinforced polymer (frp) pipe piles[END_REF] and [START_REF] Ali | Composite action assessment of concrete-filled frp tubes subjected to flexural cyclic load[END_REF]]. Two different tube sections have been used; 305 mm and 406 mm (S-305 refers to tubes with 305 mm of diameter while S-406 indicates tube with 406 mm of diameter). The thickness of Tubes the tube is considered as constant for all specimens and is equal to 12.7 mm. A total of 12 specimens ( 6for each category of tubes), were tested under uniaxial tension and compression in order to determine the axial mechanical properties of each type FRP-T following the ASTM D3039/D3039M [START_REF] Astm D | standard test method for tensile properties of polymer matrix composite materials[END_REF] and ASTM D695 [START_REF]ASTM D695 standard test method for compressive properties of rigid plastics[END_REF], respectively. The geometrical and mechanical characteristics of both tubes are shown in Table 1. D o , t f , h, are respectively the tube outer diameter, the tube thickness, the tube height, and f cl , f tl and E l are respectively the average compressive strength, the average tensile strength, and the elasticity modulus.

D 0 t f h f cl f tl E l ID (mm) (mm) (mm) (M P a) (M P a) (GP a) S-

Concrete

The filling material for the tubes is prepared from ready-mixed concrete with a theoretical characteristic resistance of 35 MPa (C35/45). The size of the aggregate is between 5-20 mm. Nine cylinders and 6 prisms were prepared on the same day of the test to be used for the characterization of the concrete material. The results obtained after characterization tests on the cylindrical specimens gave a compressive stress at break of 35 MPa ± 2 MPa and the modulus of rupture of prisms was 4.0 MPa ± 0.3 MPa.

Test Specimens

A total of twelve push-out specimens of two different diameters are tested. These twelve specimens are divided into four groups (S-305, S-305-S, S-406, S-406-S). Each group has three identical specimens. Groups S-305 and S-406 have no sand-coating on their interior surface and have been fabricated from the tubes with outer diameter of 305 mm and 406 mm, respectively. While, groups S-305-S and S-406-S have sand-coating on their interior surface and have been also fabricated with the same tube diameter as groups S-305 and S-406.

The fabrication of the specimens starts by cutting the FRP circular tubes to the required length (200 mm).

The interior tube surface of two groups was coated with Vinyl ester resin then covered with large-size silica sand particles to provide a rough texture to enhance the interfacial bond. Figure 1 shows a typical schematic for the specimen's details. The bottom end of the tubes has been closed by plastic sheets to avoid the leakage of the concrete water; as shown in figure 2. Afterwards, the FRP-Ts have been filled with concrete.

Experimental Setup and Instrumentations

Concrete-Filled-FRP tubes are tested in a 60,000-pound Baldwin-Lima-Hamilton Test Machine. Tubes S-305 and S-406 were supported at the bottom on steel tubes with 305 mm and 406 mm external diameter, respectively. The steel tube is supported by three steel stiffeners; as shown in figure 3. The height of the stiffeners is higher than the steel tube by 25 mm to ensure that the FRP-T rested on the steel tube and its exterior surface is aligned with the steel tube exterior surface. The steel tubes have 6 mm wall thickness which is less than the FRP-Ts wall thickness by 6.7 mm. Therefore, the CC can be driven downward without any obstacles. Vertical axial load (P) was applied by the machine head to the CC This load is resisted by the interfacial bond between the CC and the FRP-T. Two linearly variable displacement transducers (LVDTs)

were used to measure the relative slip between the CC and the FRP-T; as shown in figure 3. The load and the LVDTs measurements have been recorded using a data acquisition system with a sampling frequency of 10 Hz.

Experimental Results

The experimentally recorded load-slip responses for the tests are shown in figure 4. The captured slip value of the right-LVDT was approximately identical with the value of the left-LVDT. Consequently, the average slip value is used to plot all responses in this paper. Generally, all specimens demonstrated the same behavior until the ultimate load was reached. After That, the load dropped to a level of about 35% to 45% of the ultimate load for the specimens without sand-coating. While the recorded load for the specimens with sand-coating decreased gradually with increasing the relative-slip value due to the high friction/adhesion between the sand-coated tube and the CC after the debonding occurred. The ultimate load of the specimens without sand-coating has been captured at a relative-slip value located between 0.3 mm and 1 mm; as shown in figure 4(a) and 4(b). While the ultimate recorded load of the specimens with sand-coating has been observed at a relative-slip value located between 0.28 mm and 1.64 mm; as shown in figure 4(c) and 4(d).

Table 2 presents a summary of the experimental results of the tested specimens. Specimen S-406-1 shows an ultimate load two-times higher than the other specimens in the same size. However, its slip value at the ultimate load is approximately in the same range as the other specimens. Therefore, this specimen has been excluded from the analysis.

The interfacial bond stress (τ ) is calculated by dividing the vertical load (P ) by the contact area (A C ) between the FRP-T and its CC. The contact area is the internal surface area of the FRP-T minus the slipped surface area out the FRP-T; as shown in figure 5; where (δ) is the average relative-slip value corresponding to the vertical load (P). Consequently, the interfacial bond stress at any point during the test equals the vertical load divided by the contact area, as shown in Eq.1. The interfacial bond-slip relationships of the tested specimens are shown in figure 6.

τ = P A c = P πD i (h -δ) (1) 
All specimens experience an initial linear curve until the ultimate interfacial bond strength is reached. Gradual drop has been noticed after the bond stress reached the ultimate bond strength. With the excessive slip, the bond stress seems to be constant and equal to respectively 35% to 45% and 40% to 75% on the ultimate bond strength for the specimens without and with sand-coating; respectively. After neglecting the specimen S-406-1, the average interfacial bond strengths for specimens S-305 and S-406 are 30 KPa and 22.5 KPa; Where (P max (N ) is the ultimate load, (δ ul (mm)) is the average slip value corresponding to the ultimate load, and (τ max (KP a)) is the interfacial bond strength between the pultruded FRP tube and its concrete core. respectively. While, the average interfacial bond strengths for specimens S-305-S and S-406-S are 906 KPa and 441 KPa; respectively.

After the failure of the specimen without sand coating, the CC surface was smooth and no concrete parts stuck to the FRP-T as shown in figure 7(a) and 7(b). For the specimens S-305-S, as shown in figure 8(a) and 8(b), with sand-coating, some parts of the sand-coating layer remained attached to the FRP-T and some parts stuck in the CC. For the specimens S-406-S, the sand coating layer has completely stuck in the CC; as shown in figure 9(a) and 9(b).

DISCUSSION

Contribution of Using Sand-Coating as a Bond Enhancer

Sand-coating increases the interfacial bond strength between the pultruded FRP-T and its CC. Based on the experimental results, sand coating increased considerably the interfacial bond strength by 30 times (from 0.03 to 0.9 MPa) and 20 times (from 0.02 to 0.45 MPa) for the specimens with the outer diameters of 305 mm and 406 mm; respectively. Using sand-coating for the pultruded FRP-Ts achieved interfacial bond strength (0.9 MPa) slightly higher than the strength reported by Helmi [START_REF] Helmi | The effects of driving forces and reversed bending fatigue of concrete-filled frp circular tubes for piles and other applications[END_REF] (0.63 MPa) for the filamentwound FRP-T with small circumferential ridges of about 0.3 mm projection and spaced at about 9 mm in the longitudinal direction. However, the comparison with Helmi's tubes is not totally correct because there is variation in the concrete properties (the used concrete compressive strength in this paper 35 MPa while Helmi had 59 MPa) and the tube inner diameter (the tube inner diameter in this paper 292.3 mm while Helmi had 355.6 mm). In addition, Helmi used an expansive agent added to the concrete mixture to compensate the shrinkage of concrete after hardening. This comparison might provide a trending about the contribution of using sand-coating and its efficiency. The interfacial bond strength between the pultruded FRP-T and its CC is very small and can be neglected due to the very smooth texture of the internal surface of such FRP-T.

The pultruded FRP-T should not be used in bending application without using any bond-enhancer between the FRP-T and its CC. The shear connectors between the pultruded FRP-T and its CC like resin-ribs could be a method to improve the interfacial bond between the FRP-T and its CC. Using sand coating on the interior surface of the FRP-T could also enhance the interfacial bond between the pultruded FRP-T and its CC.

Effect of Concrete Core Diameter on the Interfacial Bond Strength

The load force use to push the concrete out of the FRP-T seems to be almost constant for each diameter, then the average bond strength of the tube with a small diameter (S-305 and S-305-S) is higher than the bond strength of the tube with the higher diameter (S-406 and S-406-S). Increasing the interior diameter (then contact surface) of the FRP-T without sand-coating by 36% from 279.6 mm to 380.6 mm decreased the interfacial bond strength by 33% from 0.03 MPa to 0.0225 MPa. While increasing the interior diameter of the FRP-T without sand-coating by 36% from 279.6 mm to 380.6 mm decreased the interfacial bond strength by 51% from 0.9 MPa to 0.44 MPa.

ANALYTICAL AND FINITE ELEMENT MODELLING

Analytical model

Several analytical stress-strain model models for CFFT column was proposed [START_REF] Ho | A path dependent constitutive model for cfft column[END_REF]. Some of them has described the bond-slip model between concrete and FRP rebars for internally fiber reinforced concrete members. While up to date, no research has been conducted to present a complete bond-slip model which combining analytical and finite element model for CFFT members. The proposed analytical model consists of evaluating the interface bond-slip behaviour between the FRP-T and its concrete which will be use in the finite element model as the evolution of friction coefficient. It consists of two branches; the ascending branch and the softening branch, as shown in figure 10. The ascending branch of this bond-slip (S ≤ Smax) relationship is proposed in Eq.2. Where α, β, and γ are empirical parameters which were determined by fitting the analytical relationship with the experimental curve. S is the relative slip between the FRP-T and the CC corresponding to the bond stress. S max is the slip value at the maximum bond stress τ m ax.

τ τ max = α S S max 3 + β S S max 2 + γ S S max (2) 
The softening branch of the bond-slip model is governed by Eq.3. where this behavior was mentioned for the first time by Malvar [START_REF] Malvar | Bond stress-slip characteristics of frp rebars[END_REF] for the bond stress-slip model of FRP rebars. Where a and b are empirical parameters which were determined by fitting of the analytical relationship with the experimental curve. The empirical parameters were determined for each type of specimens in the current study. Table 3 shows the values of these parameters. The analytical results are compared to the experimental results for all specimens, as shown in figure 11 for the ascending branch and figure 12 for the softening branch. It is clear from the figures 11 and 12 that the analytical model and the experimental results are very closed. The proposed analytical model is describing well the interfacial bond-slip relationship for CFFT members.

τ τ max = a S Smax + (b -1) S Smax 2 1 + (a -2) S Smax + b S Smax 2 (3) 

Finite Element Model

Using the analytical modelling, a finite element model representing the interfacial bond-slip relationship for CFFT members is proposed in this section. This model is fitted with the experimental results. The aim of this finite element modelling is to evaluate if a classic friction model is able to fit with the experimental results.

For this study a Full 3-D model was initially proposed (Fig. 14-a) and then replace by a 3D-axisymmetric model shown in figure 14-b) to reduce the calculation time. The full-scale experimental investigation is modeled using Marc/Mentat finite element tools. This FEM code is distributed by MSC Software [START_REF] Ho | A path dependent constitutive model for cfft column[END_REF]. As shown in Fig. 14-b, the axisymmetric model is composed by two contact bodies: FRP body and Concrete body. The two contact bodies are meshed separately with the same elements size. The steel tube which is used to maintain the bottom FRP-T is not represented in this model. It is represented by additional boundary condition. Element type 10 as referenced by the MSC Software library [START_REF] Software | 1 Volume A : Theory and User Information[END_REF] is used for both bodies.

The element type 10 is detailed in [START_REF] Dieng | Use of uhpfrc overlay to reduce stresses in orthotropic steel decks[END_REF].

The boundary conditions of the model are detailed in Fig. 14-b. A displacement up to 20 mm is applied in one external node which is tied to several nodes of the concrete body. The reaction force appearing at this node corresponds to the application load named P in the analytical model. For the purpose of numerical calculation, displacement along y-axis of the four bottom nodes of the FRP is not allowed. The constitutive behavior of the concrete and the FRP are given in section 2.1.

Four models were analysed, corresponding to two tube diameters (D1 = 305 and D2 = 406) and two surface states (sanded or not-sanded). Model M305 and Model M406 are not sanded in the interface between FRF and concrete; Models M305-S and M406-S are sanded.

The behaviour at the interface between the FRP and the concrete is assumed to be governed by the stick-slip Coulomb's friction law. The friction law is given by σ t < µ.σ n or f t < µ.f n for perfect adhesive connection, and

σ t = -µ.σ n vr vr or f t = µ.f n ∆ut ∆ut
for gross slip regime.

Where σ n the normal stress or f n the normal force is linked to the friction stress σ t or force f t by a step function behavior based upon the value of the relative sliding velocity vr or the tangential relative incremental displacement ∆ut. In this paper two different surfaces need to be characterised. The friction coefficient µ, the normal/adhesion force (f n ) and its evolution need to be identified from the experimental result for each specimen. A simple model is then derived from Coulomb's law to describe phenomena of slip and adhesion.

We assume that the friction coefficient could be written for each model by:

µ = α mi .µ * (4) 
and f ni which characterised the adhesion/normal force between the FRP and the concrete depends on the state of the interface and are responsible for the change of the reaction force and the to stress bond interface.

From the analytical results which fit with the experimental mean value of the stress bond interface, one can identify the evolution of µ * (normalised friction coefficient) for the four cases (see fig. 15). The assumption made here is that the evolution of the bond stress in the interfacial zone is governed by the change of friction coefficient. Then the evolution of µ * is identified from the analytical equation [ [START_REF] Ali | Experimental investigation of bond and tube thickness effect on the flexural behavior of concrete-filled fpr tube under lateral cyclic loading[END_REF] & [START_REF] Mohamed | Flexural strength and behavior of steel and frp-reinforced concrete-filled frp tube beams[END_REF]].

Two parameters α mi and f ni need to be identified for each model. They depend on the size of the interface surface (to the diameters) and its state (sanded or not). For the two first models (M305 and M305-S) one fixes first arbitrary α mi as a constant value and then identifies the best value of f ni which is linked to surface state. The rougher the surface is, the more important the adhesion force is. One noticed that the ratio of the two adhesion forces is very close to the ratio of the pick-amplitude ration of the interface mean stress value.

As mentioned in the previous section, sand coating increased the interfacial bond strength by 3000 %. The same method is also applied the M406 and M406-S. However, in order to get the size of the contact surface, the parameter α is reduced proportionally to the increase of the surface by:

α D2 = α D1 (1 -η) (5) 
with

η = 2 ∆D| D 1 + D 2 (6) 
With D 1 and D 2 respectively the diameter of the S305 and S406, η is about 28.5. The identified parameters are given in table 4. Figures 16 and17 show the comparison between the finite element model results and the experimental results in terms of loads and interfacial bond stresses. The proposed FE model seems to be well presenting the interfacial bond-slip relationship for CFFT members.

CONCLUSIONS

This paper has experimentally investigated the interfacial bond between the pultruded FRP-T and its the effect of the interfacial bond between the pultruded circular FRP-T and its CC on the behavior of the CFFT member and how to improve the composite action between the tube and its CC. This paper has also investigated the contribution of using sand-coating on the interior surface of the FRP-T to enhance the interfacial bond of the CFFT members. Twelve push-out specimens have been tested with two different tube-diameters. The main conclusions of this study are the following:

1. The interfacial bond strength between the studied pultruded FRP-T and its CC are very low (0.022 MPa to 0.03 MPa) and can be neglected due to the smooth texture of the interior surface of the FRP-T.

2. Using sand-coating as a bond enhancer improved the interfacial bond of the CFFT member by 2000% to 3000% in comparison to the specimens without sand-coating.

3. Increasing the FRP-T diameter reduces the interfacial bond between the FRP-T and the CC.

4. Using concrete-filled pultruded FRP-T in structural application subjected to flexural loads should include adequate method to improve the interfacial bond strength as using shear connectors or using sand coating on the interior surface of the FRP-T.

5. An analytical bond-slip model for CFFT member is proposed based on the experimental results.

6. The proposed FEM gives results fitting with the experimental thanks to Coulomb friction model 7. Model parameters identification is derived from the analytical model and parameters depend on to size of the tube. 
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 7 Figure 7: Specimens S-305 and S-406 after failure: (a) The smooth interior surface of the FRP tube, (b) The smooth surface of the concrete core.
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 8 Figure 8: Specimens S-305-S after failure: (a) Some parts of the sand-coating layer attached the FRP tube, (b) The remaining parts of the sand-coating layer have stuck in the concrete core.
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 9 Figure 9: Specimens S-304-S after failure: (a) The interior surface FRP-T approximately smooth, (b) The sand-coating layer has completely stuck in the CC.
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 10 Figure 10: The proposed analytical bond-slip model for CFFT members.
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 11 Figure 11: Comparison between the ascending branch of the analytical and experimental bond-slip model for CFFT members.
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 12 Figure 12: Comparison between the softening branch of the analytical and experimental bond-slip model for CFFT members.
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 17 Figure 17: Comparison between the Finite element Model and experimental interface stresses for CFFT members

  

  

Table 1 :

 1 FRP Tube Properties

	305	305	12.7	200	555	665	36.5
	S-406	406	12.7	200	572	711	38
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 2 Summary of Results
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 4 Parameters identification of friction law f tmi ≤ α mi µ
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