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Abstract. Glubam-concrete composite (BCC) structure is a construction technique where 

glue-laminated bamboo beam is connected to an upper concrete slab using different types of 

connectors. The long-term behavior and creep mechanism of BCC system are very complex due 

to different time-dependent behavior of three components. This paper performed a series 

long-term push-out tests on four types of connections under static load. The tests lasted for a 

period of seven months in uncontrolled sheltered indoor condition. Important results such as the 

relative slip-time curves are presented in order to characterize time-dependent behavior of 

connectors. Furthermore creep coefficient constitutive models are provided for predicting the 

long-term behavior of connections.  

1 Introduction 

Glubam, a new type of glue-laminated bamboo, was 

developed by Xiao et al. [1]. Through designing with 

special laminate structure of bamboo fibers, glubam 

exhibits relatively higher mechanical properties 

compared with typical engineered lumber product, 

glulam (Fig.1) [2, 3]. However, for glubam-only flexural 

members, the main drawback of mechanical properties is 

of relatively low stiffness which may lead to increased 

deflection compared with reinforced concrete structure 

or steel structure. Improving the bending performance of 

glubam flexural members is a key issue for the modern 

bamboo structures. The glubam-concrete composite 

(BCC) structure is a construction technique where an 

upper concrete slab is connected to a lower glubam beam 

by shear connectors (Fig.2), allowing the best properties 

of both materials to be exploited, combining the high 

compression resistance of concrete with the greater 

capacity of glubam to withstand bending and tension. 

The mechanical performance of two materials can be 

utilized. Several experiments on BCC connections and 

beams have been performed to date [1-7]. However, the 

existing studies on the BCC system were focused on the 

short time performance. According to Code for Design of 

Timber Structures (GB 50005-2015) , flexural members 
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Table 1 Basic material properties of glubam sheet 

Density (kg/m3) Elastic modulus (MPa) 
In-plane longitudinal 

tensile strength (MPa)  

Bending strength 

(MPa) 

In-plane longitudinal 

compressive strength 

(MPa) 

880 9407 82 99 51 

must be checked for ultimate (ULS) and serviceability 

limit states (SLS) at the same time. The former requires 

all components to meet the requirements of strength and 

stiffness, while the latter is mainly controlled by the 

maximum deflection of the structure. Some long-term 

studies already confirmed that the long-term deflection 

of timber-concrete composite (TCC) beams is significant 

and difficult to accurate prediction, because different 

time-dependent behavior of the three components such as 

creep of timber, shrinkage of concrete, and relatively slip 

of connection under long-term load [8-11]. 

 
Fig. 1. Glubam sheet 

Considering the differences between glubam and 

timber, it is necessary to investigate the long-term 

behavior of BCC system. Based on the short-term 

push-out test results of BCC system [4] , authors selected 

4 types of connectors with better composite action: a 

continuous steel mesh connector (SM) , screw connector

（SC）, notched connector（NC）, pre-tightening notched 

connector（PNC）. This paper reports the results of an 

experimental program on testing these four types of 

connection systems.  

The long-term tests lasted from the March 2017 till 

September 2017 in uncontrolled sheltered indoor 

condition. The most crucial quantities were recorded, 

including relative slips of connector, relative humidity 

and temperature of environment. Important results are 

presented herein, including connection creep coefficient 

and creep coefficient constitutive model. The paper 

provided basic data for evaluating and predicting the 

long-term performance of BCC connections.  

2 Experimental program 

2.1 Materials and test specimens 

Glubam beam was made of four-layer glubam sheets 

with 28mm thick. The main mechanical properties of 

glubam shown in Table 1 [4,7]. All connectors were 

glued in glubam beams by a two-component epoxy 

adhesive. Ordinary concrete was used, and the average 

cubic compressive strength was 35.0 MPa during the 

testing period. Constructional reinforcement was placed 

in concrete slab, as HRB335Φ6@90mm×90mm. 

Based on the short-term performance study on 

connectors [4], the following four connectors were 

selected for long-term push-out test, as follows: 

(1) A continuous steel mesh shear connector (SM) 

with 2mm thick ×400 mm length, was made with Q235 

steel plate and was actually cut from a punching-hole 

mesh. The steel mesh was 100 mm wide of which one 

half is glued into a slot in glubam while the other half is 

embedded into concrete, as shown in Fig. 2a .  

(2) The notched connector (NC) with 100 mm length 

and 50 mm depth , was used by combining with a screw 

in the glubam beam. The screw is same as SC connector 

that was glued in glubam beam but reached 50 mm into 

concrete, as shown in Fig. 2b .  

(3) The screw connector (SC) utilized screws with 18 

mm diameter. The screw was 180mm length and inserted 

100mm deep into glubam and 80mm deep into the 

concrete. And a nut was welded to the top to increase 

anchorage capacity , as shown in Fig. 2c.  

(4) The pre-tightening notched connector (PNC), was 

consist of a notch and a dowel that dimension and 

specification were same as NC. It is the only prestressed 

connection system, in which the concrete slab is 

connected to glubam section by tightening the connector 

nut while other connection systems belong to glued 
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connection types. The nut was tightened by a torque 

wrench 28 days after curing concrete , as shown in Fig. 

2d.  

  All push-out specimens were composed of two 100 

mm×400 mm×400 mm concrete slab and a 112 mm×140 

mm×400 mm glubam beam, as shown in Fig.2. The 

mechanical properties of the above four shear connectors 

were obtained by short-term push-out test, as shown in 

Table 2. 

Table 2  Mechanical properties of one-side shear connectors 

Specimens 
Slip modulus (KN/mm) Shear strength 

K0.4  K0.6  K0.8  Fu (KN) 

SM 81.4 73.2 64.7 107.2 

BN 53.8 35.3 6.6 64.5 

NC 119.1 110 106.2 172.4 

PNC 75.3 70.3 67.8 66.2 

Concrete slab
100×400×400

Glubam beam
112×300×400

Steel mesh
2×100×400

 

M18×180
Screw

Gluabm beam
112×140×400

Concrete slab
100×400×400

 
(a)                                          (b) 

M18×180
Screw

Glubam beam
112×300×400

Concrete slab
100×400×400

 

Protective plastic pipe

Steel washer

Gluabm beam
112×140×400

Concrete slab
100×400×400

M18×200
Screw

 
(c)                                          (d) 

Fig. 2. Details of composite connections (unit: mm): (a) SM type; (b)NC type; (c) SC type; (d) PNC type 
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Fig. 3. The schematic illustration of long-term push-out test setup 
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2.2 Test setup 

According to some long-term push-out tests on TCC 

system, every shear specimens was subjected to a 

sustained load of approximately 0.3Fu, which represents 

the quasi-permanent part of the serviceability design load 

[11], where Fu is the average ultimate load determined 

with the short-term shear tests on symmetrical specimen. 

It should be noted that the total load applied on the 

specimens is equal to 0.6Fu considering two connectors 

in each specimen.  

In order to conduct the long-term test in limited room, 

authors has developed a new long-term test setup, as 

shown in Fig. 3. and Fig. 4. The experimental device 

utilizes leverage principle (Fig.5): F1×L1=F2×L2, 

L1=0.31m, L2=1m, F2=0.31F1. The load F2 obtains by 

compressing the spring with a jack. After that, the fixing 

nut is tightened to keep the load constant. The details of 

long-term sustained load are shown in Table 3. 

Table 3. The details of long-term sustained load (KN) 

Specimen Fu F1(0.6 Fu) F2 

SM 107.2 64.32 20 

SC 64.5 38.7 12 

NC 172.4 103.44 32 

PNC 66.2 39.72 12.5 

 

Fig. 4. Set-up of specimen in lever frame 

 

 

Fig. 5. leverage principle used to provide the sustained load 

In the interface between glubam beam and concrete 

slab, 4 mechanical displacement gauges were installed to 

measure the relative slip. At almost same time every day, 

the relatively slip, as well as temperature and relative 

humidity of room, were record.  

3 Experimental results  

Through the analysis of experiment data for 210 days, 

the average relative slip-time curves of the four 

connectors shown in Fig.6 were obtained. It can be seen 

from the relative slip-time curve: 

(1) All specimens exhibit initial slip el at the 

moment of loading, and the quantity of slip is relate to 

the slip stiffness.  

(2) The relative slip increases rapidly in the 

beginning of 100 days, and then its increment decreases 

gradually and tended to be stable. 

(3) All curves are not smooth caused by varying 

temperature and relative humidity. Generally, this 

fluctuation is larger in the earlier than in the later period.  

The creep coefficient is used to describe the 

time-dependent behavior of shear connectors in BCC 

system, and it is defined as following, 

 

               

( )-
( )= el

el

Δ t Δ
Φ t

Δ    

                    (1) 

where, (t) denotes the relative slip of the connection 

at time t , el denotes the initial relative slip at beginning 

of load application.   

Considering the actual situation, most of the 

long-term tests will not last for service life (50 years). 

Therefore, some relatively accurate long term 

mechanical models or creep constitutive models need be 

established for predicting the relatively slip over a long 

period on account of stable experimental data [10-12]. 

For SC, NC and PNC connectors, Kelvin rheological 

model are selected to analyze the long-term slip, and it is 

expressed as following, 

              
i

i0i0 /τttexp1J,ttΦ                    (2)   

where, t0 and t, signify the loading time and the final 

time, respectively. The Ji and τi is a constant coefficient 

related to material properties.  

On the other hand, the slip curve of SM specimen is 

different from other connectors that relatively slip 
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(a) SM                                                                  (b) SC 
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                                                  (c) NC                                                                    (d) PNC   

Fig. 6 Trend in time of the experimental and analytical relative slip during the creep test

Table 4. Four types of creep coefficient constitutive models 

Connection Creep coefficient constitutive model  

SC          /3.24325ttexp10.50022/145.53732ttexp12.97462,ttΦ 000   

SM   0.21036
0 1.592t,ttΦ   

PNC          0470611610704975179953220 ./ttexp1../ttexp1.,ttΦ 000   

NC          6840156828210865512236670 ./ttexp1../ttexp1.,ttΦ 000   

Table 5. Average slips, creep coefficients and slip moduli 

Conn. 

 type 
K0.6 el  

Φtest,end test, end 
Diff% 50 years u 

Exp Anal Exp Anal 

SC 35.3 0.3824 2.9423 3.0095 1.5076 1.5333 -2.28 1.7113 14.6650 

SM 73.2 0.1972 4.7146 4.8217 1.1272 1.1483 -2.27 2.6703 5.3031 

PNC 75.3 0.2054 1.0278 1.0224 0.4165 0.4154 0.52 0.4343 5.9136 

NC 119.1 0.2629 1.0574 1.0441 0.5409 0.5374 1.25 0.5429 8.0788 

Note: test, end is average slip after 7 months; u is ultimate slip obtained from the push-out test; 50 years is the predicting slip.  
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that relatively slip increases abruptly from about 50th day 

to 100th day. So a power function model is used, as 

following,      

                                  m
0 At,ttΦ                              (3) 

where, A and m, are regression parameters 

coefficients.  

The fitting formulas and calculating curves are shown 

in Table 4 and Fig. 6. Table 5 summarizes the slip 

modulus, initial elastic slip, the average slip, and fitting 

error for the tested connections. There are the large 

difference between the analytical fitted curve and 

experimental curve of specimen SM before 100 days, 

after that a good correspondence can be discovered. 

Since creep constitutive models are used to predict the 

long-term slip of connectors at end of service life (50 

years), all tested results show that the fitting errors after 

100 days is less than 3%, indicating that these creep 

models can be used to evaluate the long-term 

performance of connectors. Therefore, the final slip of 

each connector is predicted at end of service life (50 

years) and the results are also presented in Table 5. It can 

be observed that the predicting value under the long-term 

load of 0.3Fmax is significantly lower than its ultimate 

slip obtained from the short-term push-out test. 

4 Conclusions                                                               

This paper investigated the long-term slip on four types 

of connectors for glubam-concrete composite beam. 

Based on the results, the following conclusions were 

drawn: 

(1) The relatively slip of the four types of connector 

increases rapidly in early stage are large, and then the 

increment decreases gradually and becomes stable at end 

of test. 

(2) Kelvin rheological model and power function 

model are used to analyze the long-term slip of these 

four connectors. Compared with the test data, the 

proposed models are found to accurately predict the slip 

development within the test period. 

(3) The predicting values at end of service life are 

significantly lower than the corresponding ultimate slips 

obtained from the push-out test under the long-term load 

of 0.3Fmax. 
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