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To investigate the similarities and differences of mechanical behavior between the bamboo-concrete connections and the wood-concrete connections, thirty-six specimens were tested through push-out tests with the material type (bamboo or wood), concrete strength and dowel diameter as test parameters. In addition to the linear variable displacement transducer the digital image correlation was also used to obtain the slip distribution of the whole field of the specimens, which was conducive to the further detailed analysis of the slip distribution and a comprehensive understanding of the load-slip relationship. The results showed that the failure modes of the bamboo-concrete connections were similar to that of the wood-concrete connections, such as the concrete failure near the joint and the dowels bending in different degrees. The load-slip curves of the two kinds of connections were similar, which could be summarized as the elastic section, strengthening section and descending section. The shear stiffness and capacity of bamboo-concrete connections were higher than that of wood-concrete connections, and the shear capacity increased with the increase of dowel diameter and concrete strength. The slip distribution of the left and right sides of the specimen was basically identical. The load-transfer performance of the dowel was excellent. Finally, the prediction method of shear capacity and load-slip curve model of composite connections were proposed and verified to be effective.
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INTRODUCTION
The bamboo/wood-concrete composite system usually consist of a bamboo/wood part in the tensile zone, a concrete layer in the compressive zone, and a connection between bamboo/wood and concrete. Thus, the mechanical properties of each material are used in efficient ways. Bamboo/wood-concrete composite system are used in bridges and buildings (Dias et al., 2016; Sebastian et al., 2016; Shan et al., 2017). Because of the low density and renewability of bamboo/wood, bamboo/wood-concrete composite system show several advantages over reinforced concrete structures, including better efficiency in terms of strength to self-weight ratio, and better seismic and environmental friendly performance (Shan et al., 2020).
At present, many countries are short of wood resources. The wood supply in many areas is insufficient, so it is necessary to find a renewable material with excellent mechanical properties to replace wood. It is feasible to develop engineered bamboo to realize more effective utilization of bamboo (Li et al., 2019), especially in the countries where bamboo resources are abundant (Tian et al., 2019). Among them, bamboo scrimber is the most widely used engineering bamboo at present. The material performance and preparation technology of bamboo scrimber had been investigated by many researchers. Yu et al. (2017) investigated the manufacturing process and basic properties of bamboo scrimber. Wei et al. (2016, 2018, 2020a, 2020c), Chen et al. (2020c) performed tests on the mechanical properties of bamboo scrimber, including axial tension, axial compression, eccentric compression and bending. Shangguan et al. (2015), Zhong et al. (2017) studied the compressive properties and bending properties of bamboo scrimber. Xu et al. (2017), Cui et al. (2018) tested the tensile properties at elevated temperatures and thermal performance of bamboo scrimber. It could be found from the current research results that the bamboo scrimber could meet the requirements of structural materials.
However, the serviceability limit of flexural members is determined by deformation rather than strength in most cases. The bamboo flexural members have the defects of insufficient bearing capacity, low section stiffness, and insufficient spanning capacity (Chen et al., 2020a; Chen et al., 2020b; Wei et al., 2020b), which is similar to the wood flexural members. To enhance the flexural performance, the wood-concrete composite structure was proposed. For this structure, the performance of shear connections plays an important role in the composite effect of composite structure. Auclair et al. (2016) found the ductility and the performance of the wood-concrete beams could be improved by changing the concrete shell diameter and steel core diameter of connectors. Martins et al. (2016) developed a wood-concrete composite component for the floor. Three connection systems were tested. In the push-out test, the connection with dowel connectors was the best. Sebastian et al. (2016) tested the wood–concrete composite beams with different screw thread connectors. The beams with fully threaded screw connectors presented an excellent ductility, and the beams with partially threaded screw connections exhibited a good bearing capacity. Jiang et al. (2017) studied the early behavior of shear connections with screw. The results showed that the strength and stiffness of screw connections increase rapidly in the first seven days. Khorsandnia et al. (2018) studied the numerical models for the analysis of the wood-concrete composite beams with panelised reinforced concrete slabs.
Based on the reference of wood-concrete composite structure, bamboo-concrete composite (BCC) structure was proposed. Due to the obvious differences between bamboo and wood in fiber structure, manufacturing technology and mechanical properties, etc., it was not appropriate to apply the research results of wood-concrete composite structure indiscriminately to bamboo-concrete composite structure. Wei et al. (2017b, 2017c), Wang et al. (2020) had carried out the four-point bending tests and push-out test on two types of BCC structures with different connections. The results indicated that two connections showed a remarkable bearing capacity and the ductility of the perforated plate shear connections was larger. Shan et al. (2017) conducted the push-out test on six types of connections for glubam-concrete composite beams, and four kinds of connectors suitable for BCC structure are recommended. Shan et al. (2020) carried out short-term bending tests on glued laminated bamboo and concrete composite beams. Four-point bending tests were conducted on nine full-scale BCC beams with four types of connectors. All BCC beams showed excellent behavior and the 200 mm long notch connection exhibited higher bearing capacity. With the development of various engineering materials (Ding et al., 2018; Zhang et al., 2018), fiber reinforced polymer had been widely used in the reinforcement of structural members (Wei et al., 2017a; Ding et al., 2019; Zhang et al., 2020). Wei et al. (2014) presented a new fiber reinforced polymer-bamboo-concrete composite structure. The bearing capacity and section rigidity were significantly improved. The mechanical properties of the novel composite beams were intermediate between the full-composite and non-composite.
However, the similarities and differences of mechanical properties of bamboo-concrete and wood-concrete shear connections are rarely studied. Therefore, a series of bamboo-concrete specimens and wood-concrete specimens were tested under static push-out loading in this paper. Except for the material (bamboo or wood), other parameter the two kinds of specimens were set in the same and symmetric way. The interface slip was measured by the digital image correlation (DIC) and the linear variable displacement transducer (LVDT). The failure modes, load-slip relationship, shear stiffness, shear capacity, and slip distribution were discussed.
MATERIALS AND METHODS
Materials
Bamboo and Wood
Bamboo scrimber used in this test is made up of bamboo fibers that had been dried, impregnated, and pressed under high pressure and high temperature conditions. The key manufacturing process is shown in Figure 1. In this test, the impregnation rate of adhesive is about 5% of the dry weight of bamboo fibers, the average density is 1,100 kg/m3, and the moisture content is between 6.0% and 8.0%. According to ASTM D143-09 (ASTM International, 2009), 10 tensile specimens (25 × 10 × 455 mm, TB-1 to TB-10) and 10 compressive specimens (50 × 50 × 150 mm, CB-1 to CB-10) were tested for the mechanical properties of bamboo scrimber. The test setup, stress-strain curves, and mechanical properties of the bamboo specimens are shown in Figures 2 and 3 and Table 1, respectively.
[image: Figure 1]FIGURE 1 | Production of bamboo scrimber.
[image: Figure 2]FIGURE 2 | Specimens of bamboo scrimber and wood. (A) Tension specimen size (units: mm). (B) Tension specimen of bamboo scrimber. (C) Tensile specimens of wood. (D) Compression specimen of bamboo scrimber. (E) Compression specimens of wood.
[image: Figure 3]FIGURE 3 | Stress-strain curves of specimens. (A) Bamboo scrimber compression specimens. (B) Bamboo scrimber tensile specimens. (C) Wood compression specimens. (D) Wood tensile specimens.
TABLE 1 | Mechanical properties of bamboo and wood.
[image: Table 1]The wood used in this test was made of pinus sylvestris, which is a kind of popular timber. The number, size, and test method of wood tensile specimens (TW-1 to TW-10) and compressive specimens (CW-1 to CW-10) were the same as that of the bamboo scrimber specimens. The test setup, stress-strain relationship, and mechanical properties of the wood specimens are shown in Figures 2 and 3 and Table 1, respectively.
Concrete
Two kinds of concrete with different strength were used in this test. Three cylinders (φ150 × 300 mm) of C30 and C50 were tested. The average compressive strength and modulus of elasticity of C30 were 34.7 MPa and 33.3 GPa, respectively. The average compressive strength and modulus of elasticity of C50 were 58.0 MPa and 37.3 GPa, respectively.
Dowel
The dowels used in this experiment were ribbed steel bars with 8, 12, and 16 mm in diameter. Three bars of each diameter were selected for the tensile test. The average strength of dowel tensile specimens was shown in Table 2.
TABLE 2 | Bearing capacity and strength of dowel tensile specimens.
[image: Table 2]Adhesives
The adhesive used in this test was the epoxy resin adhesive, which was mainly used for the connection between dowel and bamboo (wood) hole. Its main function was to ensure the stress transfer and avoid sliding friction between them. According to the manufacturer’s statement, the average tension strength, modulus of elasticity, and ultimate tensile strain of the epoxy resin adhesives were 67.7 MPa, 2.9 GPa, and 0.029, respectively.
Specimen Preparation
Eighteen bamboo-concrete connections and 18 wood-concrete connections were processed with the material type (bamboo or wood), concrete strength and dowel diameter as test parameters in this experiment. Table 3 listed the details of these specimens. The number of specimen is based on the principle of material + concrete strength + dowel diameter, B represents bamboo, W represents wood, for example, B3008 represents BCC structure, in which the concrete strength grade is C30 and dowel diameter is 8 mm. Additionally, the number “- 1/2/3” referred to the three specimens with the same sizes in each group. As shown in Figure 4, the specimens consists of two concrete blocks (140 × 350 × 70 mm) and one bamboo (wood) block (140 × 350 × 70 mm). The bamboo (wood) block was located in the middle of the specimen, the concrete blocks were arranged on both sides connected. The dowel passed through the reserved hole of the bamboo (wood) block, extending 60 mm into concrete blocks both sides, respectively. The concrete is strengthened by the 8 mm diameter constructional steel bars in the direction of length, width, and height.
TABLE 3 | Specimen parameters.
[image: Table 3][image: Figure 4]FIGURE 4 | Test setup of bamboo/wood-concrete connections.
Push-Out Test
A 3,000 kN hydraulic actuator was used in the push-out tests. After pre-loading (510 kN load) to eliminate the influence of specimen clearance, the test was started with the loading speed of 0.2 mm/min. When the specimen approached failure, the loading speed changed to 0.5 mm/min. The details of test setup were illustrated in Figure 4. The interface slip between the concrete block and the bamboo block was measured by two methods. The first method was the LVDT. Four displacement meters were fixed on the concrete blocks near the interface, and the measuring rods were fixed at the same level on the bamboo block near the interface (Figure 5). The second method was the DIC. After the surface of the specimen was polished and cleaned, uniformly distributed spots are set up for camera recognition. After equipment calibration, two image collectors were used to continuously collect the deformation images of the specimens during the entire test process (Figure 6). In the test, the acquisition frequency of LVDT was the same as that of DIC, and the data was collected once every 3 s. After the pre-loading was completed, LVDT and DIC started to collect at the same time.
[image: Figure 5]FIGURE 5 | Linear variable displacement transducer.
[image: Figure 6]FIGURE 6 | Digital image correlation measurement. (A) Optical imaging system. (B) Calibration before collection of data.
TEST RESULTS AND DISCUSSION
Observations and Failure Modes
Figure 7 shows the failure modes of the wood-concrete composite connections. When the load approached 70–85% ultimate capacity, the diagonal crack occurred in the concrete block near the interface. When load increased up to the ultimate load, there were many cracks and even spalling of the concrete surface. Subsequently, the load dropped continuously and slowly until the end of the test. When the load value dropped to about 35% ultimate capacity, the concrete blocks on both sides were destroyed along the cracks.
[image: Figure 7]FIGURE 7 | Typical failure mode of wood-concrete connection. (A) Cracks on the concrete surface. (B) Concrete failure and dowel bending at joint. (C) Large area failure of concrete. (D) Wood holes deformation. (E) Bending mode.
Figure 8 shows the failure modes of the bamboo-concrete composite connections. The cracks began to appear on concrete block near the joint under 60–80% ultimate load, and the cracks expanded around as the load increases. When load reached up to the ultimate load, the concrete near the dowels were destroyed, which caused the load value to drop rapidly. When the load value dropped to about 30% ultimate load, the concrete blocks on both sides were failed.
[image: Figure 8]FIGURE 8 | Typical failure mode of bamboo-concrete connection. (A) Concrete failure. (B) Dowel bending. (C) Directly interconnected fractures between holes. (D) No bamboo holes deformation. (E) Bending mode.
To sum up, the failure modes of the wood-concrete composite connections and bamboo-concrete composite connections were not significantly different, which could be defined as the moderate failure considering that the specimens had large plastic deformation after the ultimate load. After testing, the concrete slab was carefully removed, the directly interconnected fractures between the dowel holes and the dowels bending to different degrees could be found. The difference was that the wood holes were deformed while the bamboo holes were not, which could intuitively reflect the reason for the different shear stiffness and shear capacity of two kinds of specimens. Compared with wood, the higher strength of bamboo led to the different position of the inflection point of dowels.
Load-Slip Curves
As showed in Figure 9, the load-slip curves of the two kinds of connections were similar, which could be summarized as the elastic section, strengthening section and descending section. The load-slip curves were basically linear at the first elastic section (0–60% ultimate load). The load-slip curves were nonlinear, and the increasing rates of the interface slip were obviously accelerated at the second strengthening section (60–100% ultimate load). At the third descending section, the load dropped and the slip increased continuously until the end of the test.
[image: Figure 9]FIGURE 9 | Comparison of load-slip curves of bamboo-concrete and wood-concrete connections. (A) 3008, (B) 3012, (C) 3016, (D) 5008, (E) 5012, and (F) 5016.
Besides, it could be found that the slip values corresponding to the ultimate load of wood-concrete specimens were larger than those of bamboo-concrete specimens. After passing the ultimate load point, the curves of bamboo-concrete specimens decreased rapidly, while the curves of wood-concrete specimens decreased slowly. The slip corresponding to the ultimate load decreased with the dowel diameter increase.
To verify the reliability of the measurement results based on DIC, B5012 group, and W5012 group were selected for comparison. The load-slip curves are shown in Figure 10. It could be seen that the LVDT results were basically the same as the DIC results.
[image: Figure 10]FIGURE 10 | Load-slip curves measured of connections by LVDT and DIC (A) B5012 and (B) W5012.
Shear Stiffness
According to Eurocode 5 (European Union, 2006), the shear stiffness K (Eq. 1) and the ductility coefficient D (Eq. 2) were calculated, respectively. The Ductility coefficient model is shown in Figure 11.
[image: image]
[image: image]
where p is the load value, kN; Pu is the ultimate load, kN; S is the slip value, mm; Su and Sy are the slip value corresponding the different load as showed in Figure 11, mm.
[image: Figure 11]FIGURE 11 | Ductility coefficient model.
The results of the stiffness and ductility of all specimens are shown in Table 4, and the data are the average values of each group of specimens. The following findings could be obtained from the table. The values of Ks,0.4, Ks,0.6 and Ks,0.8 of all specimens showed a decreasing trend in general. The shear stiffness of bamboo-concrete connections were more than 19% higher than that of wood-concrete connections. According to the second section of this paper, the compressive strength and modulus of elasticity of bamboo are 1.93 and 1.17 times of that of wood. The different mechanical properties of two kinds of materials led to the difference of the stiffness and ductility of composite connections. The ductility of the bamboo-concrete specimens with 12 mm diameter dowels and the wood-concrete specimens with 16 mm diameter dowels was the best among all specimens. The increase of concrete strength could improve the stiffness of all specimens, but the change of concrete strength had little effect on the ductility of all specimens.
TABLE 4 | Test results of bamboo/wood-concrete specimens.
[image: Table 4]Shear Capacity
The average value of ultimate shear capacity of each group of specimens was showed in Figure 12. The ultimate capacity of bamboo-concrete specimens was up to 31% larger than that of wood-concrete specimens at most. The main reason could be considered that the higher strength of bamboo resulted in the higher shear capacity of bamboo-concrete connections. The ultimate shear capacity increased with the increase of dowel diameter and concrete strength.
[image: Figure 12]FIGURE 12 | Comparison of ultimate shear capacity.
Slip Distribution
The distribution of relative slip could not be obtained by LVDT, which could get only a limited number of relative slip values at the designated positions. The relative slip values between bamboo/wood and concrete at all positions of the specimen could be obtained by DIC. Base on DIC, the displacement of the whole field is shown in Figure 13A. Considering that the height of the specimen was 350 mm, as shown in Figure 13B, thirteen points (vertical spacing 25 mm) were selected along the height of the specimen on both sides of the interface. The difference value of displacement between two points in parallel position were calculated to represent the relative slip value.
[image: Figure 13]FIGURE 13 | Test results and post-processing methods based on digital image correlation. (A) The cloud picture of slip. (B) Selection of analysis points near the interface.
The variation of slip along the specimens height on both sides of the interface was analyzed. The slip distributions of bamboo-concrete specimens under the test loads of 40, 60, 80, 100, 120, and 140 kN are shown in Figure 14. The slip distributions of wood-concrete specimens under the test loads of 40, 60, 80, 100, and 120 kN are shown in Figure 15.
[image: Figure 14]FIGURE 14 | The curves of the slip of bamboo-concrete specimens along interface height. (A) B3008-2 left, (B) B3008-2 right, (C) B3012-3 right, (D) B3016-1 right, (E) B5008-1 right, (F) B5012-3 right, (G) B5016-2 right.
[image: Figure 15]FIGURE 15 | The curves of slip of wood-concrete specimens along interface height. (A) W3008-3 left, (B) W3008-3 right, (C) W3012-3 right, (D) W3016-2 right, (E) W5008-3 right, (F) W5012-2 right, (G) W5016-1 right.
Combined with Figures 14 and 15, the summary was as follows. The distribution of the slip of the wood-concrete specimens and the bamboo-concrete specimens was similar. The relative slip values of the left and right sides of the specimen were basically identical, indicating that there was no visible offset load in the testing process. The line connecting 13 points at different heights was basically a straight line, which means that the force transmission was stable without sudden change. At the later stage of the test, there was a higher increase amplitude of the slip with the same load increment, which indicated a decrease in shear stiffness of composite specimens. The slip decreased with the increase of the dowel diameter and the concrete strength grade.
THEORETICAL ANALYSIS
Shear Capacity
In reference to the calculation equation of shear capacity of the steel-concrete composite structure and wood-concrete composite structure, this paper attempted to find a suitable analytical methodologies of shear capacity of the bamboo/wood-concrete composite connections.
Ceccotti Model
Ceccotti (2002) proposed that the shear strength of the wood-concrete system should be analyzed according to three modes: the failure of the timber side (Eq. 3), the failure of the dowel (Eq. 4), and the concrete side (Eq. 5), and the minimum of the three values should be taken as the shear capacity of the connection.
[image: image]
[image: image]
[image: image]
where, Q is the shear capacity of the single dowel, N; As is section area of the dowel, mm2; fu is the ultimate tensile strength of dowel, MPa; γv is the safety factor, generally γv = 1.25; d is the dowel diameter, mm; fh is compression strength of wood parallel to the grain, MPa; fck is the compressive strength of concrete cylinder, MPa; Ec is the elastic modulus of concrete, MPa; My is the moment value corresponding to the formation of plastic hinges of the dowel, It could be calculated according to Eq. 6.
[image: image]
Saulius Model
Saulius et al. (2007) proposed that there were three failure modes of the wood-concrete connection: hingeless yield mode (Eq. 7), single hinge yield mode (Eq. 8), and double hinge yield mode (Eq. 9), as shown in Figure 16.
	Calculation equation of shear capacity of dowel in hingeless yield mode:[image: image]

	Calculation equation of shear capacity of dowel in single hinge yield mode:[image: image]

	Calculation equation of shear capacity of dowel in double hinge yield mode:

[image: image]
where, Q is the shear capacity of the single dowel, N; lE is the length of the dowel into the wood, mm; d is the dowel diameter, mm; fh is compression strength of wood parallel to the grain, MPa; My is the moment value corresponding to the dowel plastic hinge formation.
[image: Figure 16]FIGURE 16 | Stress analysis of three yield modes. (A) Hingless yield mode, (B) single hinge yield mode, and (C) double hinge yield mode.
The bending angle of the dowel was small in this test. So α was larger, which was greater than 80°, sinα was approximately 1. So the shear capacity under the three yield modes could be expressed as Eq. 10.
[image: image]
European Code
According to Eurocode 4 (European Union, 2006), the shear capacity of the steel-concrete composite system was the smaller of the two values calculated by Eqs. 11 and 12.
[image: image]
[image: image]
where, α is the influence coefficient of dowel length, when 3 ≤ h/d ≤ 4, a = 0.2 [(h/d + 1)] ≤ 1.0, when h/d ≥ 4, α = 1; As is section area of the dowel, mm2; fu is the ultimate tensile strength of dowel, MPa; γv is the partial safety factor, generally γv = 1.25; d is the dowel diameter, mm; fck is the standard compressive strength of concrete cylinder, MPa; Ec is the elastic modulus of concrete, MPa.
Chinese Code
The influence of the minimum tensile strength and yield value of the dowel is further considered in the Chinese Code GB50017-2013 (Chinese Committee for Standardization, 2013). The shear capacity could be calculated by Eq. 13.
[image: image]
where, As is section area of the dowel, mm2; fc is the standard compressive strength of concrete cube, MPa; Ec is the elastic modulus of concrete, MPa; γ is the ratio of the minimum tensile strength to the yield strength of the dowel; f is the design value of dowel tensile strength, MPa.
In this test, two dowels passed through the reserved hole of the bamboo/wood block and formed four shear connectors with the concrete blocks. To divide the test load by four to get the shear capacity of a single connector. The actual shear capacity and theoretical shear capacity of all specimens were showed in Table 5.
TABLE 5 | Comparison of shear capacity (units: kN).
[image: Table 5]It could be found from the table that increasing the dowel diameter could improve the shear capacity of the specimens according to the theoretical calculation. In contrast, the shear capacity changed little with the dowel diameter according in the test. Through preliminary analysis, the reasons for the differences could be summarized as follows.
The influence of dowel bending in the wood was considered, but the influence of concrete strength was not considered in the theoretical equation of wood-concrete connection. The influence of concrete strength was considered, but steel strength was not considered in the theoretical equation of the steel-concrete connection. In general, Saulius model was more in line with the actual failure mode of this paper. In this paper, it was suggested that the ratio (fc/fh) of compressive strength of concrete to that of bamboo/wood should be added as a parameter, and it was suggested to add the revised parameters α, β to modify the Saulius model.
[image: image]
My could be calculated according to the Eq. 15.
[image: image]
By using mathematical statistics method to fit the results of each specimen, it could be concluded that α1 = 1.5, β1 = 0.5; α2 = 3, β2 = 0.4. The revised equation was as follows.
[image: image]
where, Q is the shear capacity of the single dowel, N; fu is the ultimate tensile strength of dowel, MPa; d is the dowel diameter, mm; lE is the dowel length into bamboo (wood), mm; fh is the compression strength of bamboo (wood) parallel to the grain, MPa; fc is the standard compressive strength of concrete cube, MPa.
The shear capacity of the specimens was calculated by the above Eq. 16 and compared with the test value. As provided in Table 6, there was a good correlation between the test values and the values calculated by the revised equation. The result also proved the necessity of considering the influence of concrete compressive strength in the calculation of shear capacity.
TABLE 6 | Comparison of test and calculated values of the shear capacity.
[image: Table 6]Load-Slip Curves
Dias (2012) used a three-parameter model to describe the rising segment of the load-slip curves of wood-concrete connections, as shown in Figure 17 and Eq. 17. In this paper, the model was proposed to describe the upward section of the load-slip curve of the bamboo-concrete connections.
[image: image]
where, a, b, c are the parameters, s is the slip, F is the load, Fmax is the ultimate load. The values of a, b, and c of all specimens were fitted by mathematical software. The results were shown in Table 7.
[image: Figure 17]FIGURE 17 | Three-parameter model.
TABLE 7 | Results of specimen parameter.
[image: Table 7]After analyzing the results, it was suggested to take values of a, b, and c according to the following Eqs. 18–20.
[image: image]
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where, Ks,0.4 and Ks,0.6 are the secant slip modulus at the 40% and 60% of the ultimate shear capacity, respectively. sest is the slip value corresponding to the ultimate load.
According to the above Eqs. 18–20 the values of a, b, and c of all specimens were calculated, then the results were brought into Eq. 17 for further calculation. It could be found that the prediction curve was more consistent with the actual test curve. Groups 3,008 and 5,012 were representatives, as shown in Figure 18. The predicted curves were consistent with the test curves. It was verified that this method could better express the load-slip relationship of this test. Therefore, the proposed model (Eq. 17) can better express the load-slip relationship of this type of bamboo/wood-concrete connection.
[image: Figure 18]FIGURE 18 | Predicted curve and test curve. (A) B3008, (B) W3008, (C) B5012, (D) W5012.
CONCLUSIONS
This paper reports an experimental research on the bamboo-concrete connections and the wood-concrete connections to study the similarities and differences of mechanical properties between them. The interface slip of the specimens was measured by the LVDT and the DIC. The failure mode, the load-slip relationship, the shear stiffness, the shear capacity and the slip distribution of the specimens were studied. The following conclusions could be drawn:
	The failure modes of bamboo-concrete connections were similar to that of wood-concrete connections, which could be defined as the moderate failure considering that the specimens had large plastic deformation after the ultimate load. The concrete surface of the specimens was cracked seriously or even peeled off locally. The directly interconnected fractures between the dowel holes and the dowels bending to different degrees could be found. The difference was that the wood holes were deformed, while no bamboo holes deformation.
	The load-slip curves of wood-concrete specimens and bamboo-concrete specimens were similar, which could be summarized as elastic section, strengthening section and descending section. The shear stiffness of bamboo-concrete connections were more than 19% higher than that of wood-concrete connections. With the increase of concrete strength, the shear stiffness of the specimen increased and the deflection of the specimen changed little. The ultimate capacity of bamboo-concrete specimens was up to 31% larger than that of wood-concrete specimens at most. The ultimate shear capacity increased with the increase of dowel diameter and concrete strength. The different strength and modulus of elasticity of two kinds of materials led to the difference of the mechanical properties of composite connections.
	According to the data measured by DIC, it could be found that the slip distribution of the wood-concrete specimens and the bamboo-concrete specimens was similar. The relative slip values of the left and right sides of the specimen were basically identical, indicating that there was no visible offset load in the testing process. The line connecting points at different heights was basically a straight line, which means that the force transmission was stable without sudden change.
	Revised parameters α, β and the ratio (fc/fh) were added to revise the Saulius model to predict the shear capacity for the bamboo (wood)-concrete connections, and the modified model could provide satisfactory calculating results. Based on Dias model, a new model was proposed to describe the rising segment of the load-slip curves of the bamboo (wood)-concrete connection, and the predicted curves were consistent with the test curves.
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Specimen type Specimen group Dowel diameter (mm) Strength Number of specimens
grades of concrete

Connections of bamboo-concrete B3008 8 C30 3
B5008 8 C50 3
B3012 12 C30 3
B5012 12 €50 3
B3016 16 C30 3
B5016 16 C50 3
Connections of wood-concrete 'W3008 8 C30 3
‘W5008 8 C50 3
W3012 12 C30 3
W5012 12 C50 3
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Specimen type Test results Property Average value Standard deviation Coefficient of

variation
Bamboo Tension test resuits Uttimate tensile stress (MPa) 75237 13.006 17.41%
Uttimate tensile strain 00062 00012 19.96%
MOE (GPa) 12.53 207 16.54%
Compression test resuits Uttimate compressive stress (MPa) 54.807 3583 653%
Uttimate compressive strain 0032 0.005 11.56%
MOE (GPa) 9.55 1.42 14.90%
Wood Tension test resuits Uttimate tensile stress (MPa) 102.75 11.44 10.77%
Uttimate tensile strain 0.0083 0.0009 11.45%
MOE (GPa) 12.33 202 16.38%
Compression test results Uttimate compressive stress (MPa) 285 27 9.2%
Ultimate compressive strain 0.0043 0.0007 16.4%
MOE (GPa) 815 097 11.9%

Note: MOE is modulus of elasticity.
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