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Abstract 

An integrated research project on timber-concrete composite (TCC) floors in Australasia comprises of four primary 
objectives involving the University of Technology, Sydney; the University of Canterbury, Christchurch; and the 
University of Sassari, Italy together with several industry partners. New applications of timber in multi-storey buildings 
are being sought by the timber industry in both Australia and New Zealand. Current development and testing of medium 
to long span flooring systems are highlighted. A semi-prefabricated TCC floor system that is economical, practical and 
easy to construct is proposed. Four major phases of extensive investigations for short- and long-term, involving full 
scale T-strip floor beams are described. The experimental results of phase one, short-term monitoring of beams are 
reported and compared with a uniaxial finite element model which was specially developed for long-term and collapse 
analysis of TCC beams. Overall, the validations were found to have good accuracy except for some cases with 
acceptable experimental deviations. Other parameters observed were different construction variables and types of 
concrete.  
 
 

1. Introduction 

The timber-concrete composite (TCC) floor is a construction technique which has become quite common in many 
countries. A concrete slab mechanically connected to its supporting timber joists using either notches cut from the 
timber or suitable mechanical fasteners enables a number of advantages: (1) retaining the original timber structures and 
simultaneously increasing its stiffness and strength, (2) developing a rigid floor diaphragm, and (3) enhancing the 
acoustic separation, thermal mass, and fire resistance of the floor. The materials in TCC are effectively utilised in terms 
of strength performance where the timber web is mainly subjected to tension and bending, the concrete flange is mainly 
subjected to compression, and the connection system subjected to shear. A stiff and strong connection system is crucial 
in order to achieve a suitable bending strength and stiffness of the TCC. Hence, a minimum relative slip between the 
bottom fibre of the concrete slab and the top fibre of the timber beam, and a high composite efficiency are necessary.  
 
The timber industry in both New Zealand and Australia is currently looking for new applications of timber in multi-
storey buildings. The effort is to venture into the possibility of producing medium to long-span TCC floors of 8 to 10 m 
using laminated veneer lumber (LVL). There is currently an extensive research programme aimed to develop such a 
system in progress at the University of Canterbury in collaboration with the University of Technology, Sydney and 
University of Sassari, Italy. The research involves tests to failure and long-term tests of full scale concrete-LVL 
composite beams and different connection details, dynamic vibration tests of composite beams, and tests under repeated 
loads of composite beams and different connection details. This paper reports the first outcomes of the short-term 
experimental tests performed on the TCC floor strips which is a continuing phase after some extensive push-out 
connection investigations. The mid-span deflection of the TCC floor strips for propped and unpropped construction 
methods over one month are compared to a finite element model. An overview of the collaborative works at the 
University of Technology, Sydney is also reported together with the proposed semi-prefabricated composite system. 
 
 

2. Project Brief on Innovative Engineered Timber Building Systems for Non- Residential Applications 

A number of recent studies undertaken in Australia and New Zealand have highlighted the lack of timber usage in the 
non-residential building sector, whilst at the same time identifying that there are significant opportunities with the 
potential to improve market share for the timber industry in medium rise commercial and multi-residential buildings up 
to 8 stories in height.  
 
However, a number of specific obstacles need to be addressed in order to realise this potential – a major one being the 
need to develop structural systems that can take advantage of prefabrication manufacture, embody Environmentally 
Sustainable Design (ESD) principles, are commercially competitive to construct and meet the relevant performance 
criteria (e.g. structural, occupational safety and comfort, fire and durability) for non residential buildings.  
 

                                                 
** Presented at World Conference on Timber Engineering (WCTE) 2008, Japan. 
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In 2007, the Forest and Wood Products Association of Australia funded a research and development project (2 years - 
totalling $630k AUD) that represents a first step in developing efficient and innovative structural systems to utilise 
timber and provide a competitive alternative to steel and concrete products, which currently dominate building solutions 
in the Australian and New Zealand non residential market sector.  
 
The research team is a partnership of key staff from the University of Technology, Sydney; the University of 
Canterbury, Christchurch; the University of Sassari, Italy; Timberbuilt P/L and Carter Holt Harvey (FutureBuild). It is 
anticipated that other industry partners will join the research team at some future time. In developing the scope for the 
project, several primary objectives have been defined: 
1) Identification and development of at least 3 flooring concepts suitable for use in a multi-storey commercial 

building, which meet the project objectives.  
2) Testing of prototype details to validate theoretical models used to simulate the performance of the structural 

concepts from (1) focusing on timber-concrete composite flooring systems spanning up to 10 m. This paper 
describes the current development and testing of these flooring systems. 

3) Development of the structural concepts into specific “solutions” to ensure that the systems have superior 
environmental performance (process and embodied energy / CO2 emissions) and ESD "value" compared to steel 
and reinforced concrete alternatives, whilst meeting both occupational (vibration, acoustic and thermal) and safety 
(loading and fire) requirements.  

4) Production of a “virtual” prototype building based on building structural solutions and relevant documentation to 
demonstrate proof of concept and support proposals for future stages of testing and development.  

 
It is hoped that this project will form an integral part of a much larger project dealing with all aspects of multi-storey 
timber commercial buildings. 
 
 

3. Semi-Prefabricated TCC Floor System 

The key component of a multi-storey timber building is the floor system. Pertinent performance requirements include: 
(1) resistance to gravity load (strength limit state for out-of-plane loading), (2) control of vibration and deflection due to 
gravity load (serviceability limit state), (3) resistance to lateral load (strength limit state for in-plane loading), (4) 
control of deflection due to lateral load on the diaphragm (strength and serviceability limit state), (5) fire resistance, (6) 
acoustic separation, and (7) thermal insulation.  
 
Traditional joist floors are extensively used for single- or 
two-storey houses [1]. Such flooring is constructed from 
particleboard or plywood nailed on timber joists and 
blocking. The system is light, easy to construct and 
inexpensive, however it does not fulfil all of the 
aforementioned performance requirements especially in 
terms of deflection and vibration for medium to long 
spans (5 to 10 m), and acoustic separation. Such 
disadvantages have over the years resulted in the 
investigation and introduction of different innovative 
systems in several parts of the world, such as the stressed 
skin panels in Australia [2] and Europe [3], cross-
laminated timber in Europe [4], and timber-concrete 
composite (TCC) floors in Europe [5] and Australasia [6].  
 

Several important advantages of TCC systems can be highlighted: (1) reduced self 
weight compared to pre-cast concrete floors, (2) better acoustic performance 
compared to timber-only floors, and (3) the ability to span 6 to 10 m with minimum 
deflection as a result of high stiffness contributed by the concrete topping. A semi-
prefabricated floor system is currently under investigation at the University of 
Canterbury (Figure 1). The feature of this solution for multi-storey timber building 
is the prefabrication, ease of transport and erection due to the low self-weight. The 
crucial component is the connection system, which must be strong, stiff and 
economical. Based on a pilot study [6,7], the notched detail was selected as the 
strongest and stiffest type of connection for TCC floors (Figure 2). In this type of 
connection, the shear forces are transferred from concrete to LVL through bearing 
at the interface between the two materials in the notch. The use of a coach screw in 
the notch has the additional benefit of improving the post-peak behaviour [7]. 

Cast in-situ concrete
65 mm thick
with reinforcement 
D10-200 c/c both ways

Double LVL 400x63

Plywood interlayer
17 mm thick

Notched coach screw connection
Ø16 mm diameter

 
 

Figure 1.  Proposed semi-prefabricated TCC floor system 

 
 

Figure 2.  Notched coach screw 
connection detail 
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The 2400 mm wide “M” section 
panel is built with a single  
400 × 63 mm LVL joist on each 
outer edge and a double LVL joist in 
the centre (Figure 3). A plywood 
interlayer is nailed on the top of the 
LVL joists to provide a permanent 
formwork for the concrete. Steel 
mesh is laid above the panels to 
provide shrinkage control for a  
65 mm thick cast in-situ concrete 
slab. The panels can be propped 
while the concrete cures. The 
notches are cut from the LVL joists 
before the plywood interlayer is 
nailed on. 

 
The span of between 8 and 10 m requires 6 to 8 connectors along the length of each joist to provide adequate composite 
action. Each panel weighs approximately 8 kN, resulting in a lightweight component that is easy to transport and crane. 
Each panel is either placed directly onto the beams of the gravity resisting frame or hung from them using proprietary 
steel hangers. The prefabricated panels are placed side by side and connected using either screws or nails (Figure 3), 
with the concrete slab poured afterwards. The design is based on the effective bending stiffness method (the so-called 

“γ-method”) as recommended by Ceccotti [5] in accordance with the Eurocode 5 [8]. A detailed worked example can be 
found in the New Zealand Timber Design Guide [9].  

 

 

4. TCC Experimental Programme  

An extensive experimental programme on a full-scale T-strip of TCC floor spanning 8 and 10 m is currently in progress 
at the University of Canterbury which involves 4 phases: (1) short-term monitoring of beams outdoor and indoor, in an 
unconditioned environment, where the deflections and strains of 9 beams are monitored for a period of 1 month after 
the concrete placement to investigate the effects of the construction process and the environmental changes; (2) short-
term monitoring of beams indoor in an unconditioned environment, where 4 beams are being monitored for a period of 
3 months with the service load applied after 28 days from the concrete placement in order to investigate the time-
dependent behaviour during construction and the first months of life of the structure; (3) repeated loading of selected 
beams and test to failure of all the beams in (1) and (2) under four-point bending static load; and (4) long-term 
monitoring of 3 beams under service load for a period of 1 year and then unloaded for 3 months to assess the creep 
coefficient during loading and unloading periods.  
 
The four most promising types of connectors for the beam specimens were identified using the push-out tests [6,7]. 
Different numbers of connectors corresponding to two scenarios, well-designed and under-designed according to the 

Eurocode 5 [8] provisions, have been considered for each type of connection. The gamma (γ) method was adopted for 
the design of the beams at ultimate limit state and serviceability limit state, with the slip moduli and strength values 
obtained from push-out tests. 
 
All the beams have been designed and constructed by varying a number of parameters: (1) the type of connection, (2) 
the number of connectors, (3) the span length, (4) the type of construction, and (5) the type of concrete. Two span 
lengths were tested: 8 m and 10 m. Construction variables include the number of days of mid-span propping (0, 7 and 
14) and curing (1 and 5), and whether the notches are cast at the time of the concrete placement or grouted 7 days later. 
The grouted notches required a void or pocket at the time of concrete placement that will be filled later with high 
strength grout with shrinkage compensation. The type of concrete was carefully selected as shrinkage is expected to 
induce significant deflection on the TCC beam due to the high stiffness of the connection. The concrete selected is a 
commercially available low shrinkage concrete (CLSC) of 35 MPa, 650 microstrain with special admixture (Eclipse), 
13 mm size aggregate and 120 mm slump. 
 
 

5. First Month Monitoring of Beams  

This section reports the first phase of the aforementioned extensive research programme. 5 beams were constructed 
outdoor while another 4 beams were constructed indoor. The deflections and strains at mid-span were monitored for all 
the beams during the first month after the concrete placement (Table 1). Each beam varies in terms of connection type, 
number of connections along span, use of propping at mid-span, concrete type and level of design. Figure 4 displays a 
typical 8 m TCC T-strip beam with a 300 mm length rectangular notched connection. The aims of this short-term test 

 
 

Figure 3.  Semi-prefabricated “M” section panel (dimensions in mm) 
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are to investigate the effects of environmental changes and type of construction, and compared the experimental results 
with a purposely developed uniaxial finite element model.  
 

Table 1.  Schedule of Phase 1: short-term 1 month monitoring beams schedule 

Beam Notation and 

(Location) 

Connection and (Number of 

connectors) in mm 

Span and (Width) in 

metre 

Propped (Days) or 

Unpropped  

Design level and 

(Concrete Type) 

A1 (Indoor) 25dx150l NCSφ16  
(6 numbers) 

8 (0.60) Propped (14) Under-designed (CLSC) 

C1 (Outdoor) 30º_60º TriNCSφ16  
(10 numbers) 

8 (0.60) Propped (7) Well-designed (CLSC) 

D1 (Outdoor) 50dx300l NCSφ16  
(6 numbers) 

8 (0.60) Propped (7) Well-designed (CLSC) 

D2 (Outdoor) 50dx300l NCSφ16  
(6 numbers) 

8 (0.60) Unpropped Well-designed (CLSC) 

E1 (Indoor) 50dx300l NCSφ16  
(6 numbers) 

10 (0.60) Propped (7) Under-designed (CLSC) 

E2 (Indoor) 50dx300l NCSφ16  
(6 numbers) 

10 (0.60) Propped (7) Under-designed (NC) 

F1 (Outdoor) double 
LVL 

Plate_2x333l Staggered  
(8 numbers) 

8 (1.20) Propped (7) Well-designed (CLSC) 

F2 (Outdoor) double 
LVL 

Plate_2x333l Staggered  
(8 numbers) 

8 (1.20) Unpropped Well-designed (CLSC) 

G1 (Indoor) double 
LVL 

2x25dx150l NCSφ16  
(6 numbers) 

8 (1.20) Propped (7) Well-designed (CLSC) 

Note: NCS - Notched Coach Screw, CLSC - Commercial Low Shrinkage Concrete, NC - Normal Concrete 

 
Deflection and strains of LVL at mid-span were recorded using potentiometer 
and strain gauges respectively, every five minutes during concrete casting and 
then every hour after the concrete was set. The strains on the LVL joist were 
measured at 3 locations along mid-span: at both side faces and lower fibre of 
LVL (Figure 5). Relative humidity and temperature were automatically 
recorded with 4 key events noted overtime: (1) concrete placement, (2) 
concrete set, assumed as 6 hours after casting, (3) prop removal, and (4) 28th day. 

 

5.1  Finite Element Modelling 

A Finite Element (FE) program purposely developed for long-term and collapse analysis of timber-concrete composite 
beams has been used to model the first part of the long-term tests. The purpose of the numerical modelling was to 
calibrate the program with the experimental tests, which were performed over a limited period of 28 days, so as to 
extend the results to the end of the service life (50 years) and to composite beams with different mechanical and 
geometrical properties. 
 

The uniaxial FE model is made from two parallel beams, 
the concrete slab and the timber beam, connected at their 
interface with a continuous spring system which models 
the connection system and accounts for its flexibility 
(Figure 6). Kinematic hypotheses are: (1) vertical shear 
of both parallel beams is negligible; (2) no vertical 
separation (uplift) between the beams; and (3) same 
rotation of both beams. A non-linear mechanical model 
which considers concrete cracking, tension stiffening and 
non-linear behaviour in compression, with an elastic-
brittle behaviour of timber in tension and a non-linear 
shear force-relative slip relationship for the connection 
can be implemented for the analyses to collapse. The 
materials can also be considered with their time-
dependent behaviour for long-term analyses under 
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Figure 4.  A typical 8 m TCC T-strip beam with a 300 mm length rectangular notched 

connection 

 

Figure 5.  Strain gauges at mid-span 

(dimensions in mm) 
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Figure 6.  Cross-section (left) and elevation (right) of the uniaxial FE 

model used in the numerical analyses 
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constant sustained load. More in detail, concrete can be considered as a viscoelastic material in compression and in 
tension before cracking, where allowance for creep and drying shrinkage in accordance with the CEB-FIP Model Code 
90 [10] and thermal strains can be made. Timber can be modelled as a hydro-viscoelastic material, where creep, 
mechano-sorption, shrinkage/swelling due to temperature and relative humidity variation of the environment, and 
dependency of the Young’s modulus on moisture content can be taken into account using the Toratti’s rheological 
model [11]. Creep and mechano-sorption can also be accounted for in the connection system. The history of moisture 
content over the timber cross-section affects the timber properties (Young’s modulus, mechano-sorption and  
shrinkage/ swelling) and is calculated by solving the diffusion of moisture content over the timber cross-section in 
dependence of the history of environmental relative humidity and temperature. More details on the model can be found 
in literature [12]. 
 
The shear force-relative slip relationship obtained from push-out tests and fitted with a power-type function was 
inputted at the connection locations in the FE model. The concrete cross-section was divided into 20 layers, while the 
timber cross-section was divided into 80 horizontal layers and 20 vertical columns. The mechanical properties of timber 
(E= 10.7 GPa) and concrete (E= 33 GPa, fcm= 46 MPa, fctm= 3.4MPa) as measured from experimental tests or provided 
by the manufacturer were used. The actual relative humidity and temperature histories monitored during the tests were 
inputted to represent the environmental conditions.  
 

5.2 Results and Discussions 

Figure 7 reports the experimental-numerical comparisons in terms of mid-span deflection for selected outdoor TCC 
beams (C1, D1 and D2) under an unconditioned environment. Overall, the deflection plot in all the beams throughout 
the whole monitoring period followed a wave pattern with daily period according to the environmental fluctuations. The 
peaks of relative humidity (RH) occurred at the times of the minimum daily temperatures. The fluctuation of deflection 
was found in all plots to be consistent with the peaks of relative humidity and minimum values of temperature. The 
deflection fluctuation was within the range of 4 to 6 mm, and took place between day and night. 
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Figure 7.  Experimental-numerical mid-span deflection comparison for outdoor beams (right) 

with corresponding relative humidity and temperature histories 
 
Deflection of unpropped beam (D2) increased 11 mm at time of casting. Uneven and soft outdoor grounds have caused 
invalid deflection in propped beams (C1, D1) which had to be corrected. Props were removed after 7 days for propped 
beams. An instantaneous 6 to 10 mm deflection increment was recorded when the prop was removed although the final 
deflection at day 28 was in the range of 5 mm less than the unpropped beams. On the whole, propping of beams at mid-
span was important to minimise permanent deflection and 
enable initial composite action to be developed before 
sustaining the full self-weight of the concrete slab. 
Nevertheless, after the removal of props, deflection 
fluctuations in all beams follow a similar trend due to RH 
and temperature changes which were also observed in 
unpropped beams. 
 
Figure 8 displays the indoor experimental-numerical 
comparisons in terms of mid-span deflection for selected 
TCC beams (E1, E2). The environmental fluctuations 
were not as prominent as in outdoor conditions and, 
therefore, the day-to-night deflection variations were 
insignificant. Low shrinkage concrete (in E1) was 
effective in reducing the total deflection by 5 mm at day 
28 when compared to normal weight concrete (in E2). 
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Figure 8.  Experimental-numerical mid-span deflection comparison 

for indoor beams 
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The concrete shrinkage, in fact, increases the overall deflection of composite beams, especially when the connection is 
very stiff like in the case under study.  
 
The experimental-numerical comparisons show that the software can capture the experimental results with good overall 
accuracy. In general, the deflection differences were less than 10 % for almost all specimens monitored over time. 
Based on these experimental validations, the software can be used to extend the experimental results to the end of the 
service life (50 years) so as to control the deflection in the long-term, which could be critical for the design of long-span 
TCC beams. 
 

 

6. Conclusion 

In this paper, preliminary results of an extensive experimental programme aimed to develop a TCC floor system for 
multi-storey building applications were presented. The mid-span deflection of selected TCC beams exposed to indoor 
and outdoor, unconditioned environment were monitored for a period of 28 days and then compared with a purposely 
developed numerical model. The primary observations are: (1) Propping of beams at mid-span is crucial to minimise 
permanent deflection and enable the development of initial sufficient composite stiffness to sustain the full self-weight 
of the concrete slab; (2) Excessive shrinkage of concrete causes extra deflection, hence low shrinkage concrete is 
desirable in TCC to minimise any permanent deflection; (3) Extreme environmental fluctuations exert larger deflection 
variations in composite beams due to the different thermal expansion coefficients of timber and concrete; and (4) The 
peaks of deflection were consistent with the peaks of environmental relative humidity RH and with the minima of the 
environmental temperature. `  
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