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Summary 

The paper is focused on the issue of timber ceiling reconstruction in existing buildings. 
The condition of timber beams as a part of the structure is mostly insufficient based just 
on a visual assessment of mechanical properties of the structural members. 

It is necessary to determine the strength and modulus of elasticity of timber as 
accurately as possible in order to preserve this kind of structures. Many non-destructive 
methods are available to use, especially those operating with ultrasound waves and stress 
waves because they are absolutely non-invasive. Velocity of wave propagation depends on 
both quality of timber (its density) and presence of defects (knots, cracks). It is also 
possible to use less invasive methods, e.g. resistance drilling or pushing of a pin into wood. 

In a case that higher resistance and stiffness of the ceiling are needed, it could be 
reinforced by slim concrete desk that is coupled with timber beams by various connectors. 
Also the impact sound insulation and fire resistance is improved by this way of  
reinforcement. The type of composite structure fulfils the goals of sustainable development 
because it uses ecological and recyclable materials and minimizes the waste while 
construction. 
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1 Introduction 

Timber structures have a long history in the Czech Republic. It is natural because timber has 
been available as a construction material very easy in our climatic zone. Its mechanical 
properties are very good as well as durability when it is well maintained. That is the reason 
why there are a lot of historical structures in the region. Building from medieval ages has 
to be protecting as a part of culture heritage and there are many strict rules how they have to 
be reconstructed.  

The paper is focused on the issue of timber ceiling reconstruction in existing building 
by usage of a concrete slab. This kind of reconstruction is associated mostly with adaptation 
of old buildings (i.e. from 19th and 20th century) to new requirements such as higher 
resistance of ceiling, lower deformation and vibration or improvement of sound insulation. 
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There are various possibilities how to strengthen the timber ceiling statically, e.g. 
steel/timber plates are added to reinforce timber beams, damaged/decayed material is 
replaced by new one (filling), damaged part of structural member from old wood is replaced 
by a prosthesis from new wood (by carpentry joints) or reinforcement by a slim concrete 
slab.[1] 

Before reconstruction the quality of timber has to be investigated. The condition is 
often assessed by an experienced specialist visually. He observes apparent presence of 
decays in problematic areas (end of beams lying on the masonry) or occurrence of mold 
and rot. Criteria to visual assessment of mechanical properties are based on number of 
knots, growth ring width or grain deviation. [2] 

Non-destructive testing became popular for primary investigations because the 
results determine the mechanical properties better than visual assessment. It doesn’t leave 
any damages, its outputs bring results with adequate accuracy and devices are easy to 
handle to be use in situ. 

2 Timber quality  

Wood is a natural material. Tree growth is influenced by many constantly changing effects 
(e.g. growing space, sunshine, soil conditions) therefore wood properties vary much more 
than properties of steel for instance. Wood may be considered as an orthotropic material, 
i.e. mechanical properties are independent in three mutually perpendicular axes – 
longitudinal L, radial R and tangential T. Behaviour of wood is linear and may be described 
by nine independent elastic constants; three moduli of elasticity E, three moduli of rigidity 
G and six Poisson’s µ. Linear behaviour means that deformation produced while loading 
(not higher levels when failure occurs) is completely recoverable after load is removed. [3] 

The most important mechanical property, which represents quality of material, is 
modulus of elasticity EL, the elastic modulus along the longitudinal axis. Static modulus of 
elasticity is determined from bending tests and is lower by 10–15 % than dynamic modulus 
of elasticity obtained from non-destructive tests. 

Wood has very good acoustic properties and sonic wave propagates well in the 
material. In fact, sound is mechanical wave that causes oscillation of material particles. 
The deformation is elastic and there are no changes in the material after the wave passes. 
The stress waves are very popular in non-destructive testing because of this fact. 

Sonic stress wave can be imparted into a structural member with a simple mechanical 
impact (e.g. from a hammer) and accelerometers, mounted in the impact device or placed 
on the sample, are used to detect passing wave and record time measurement, generally. 
[4] The principle of measuring the time that sonic wave need to pass through a sample is 
used in many modifications (Fig. 1). 

Ultrasound testing operates with wave frequency higher than 20 kHz and significantly 
lower velocity of wave propagation could detect potential problematic places, such 
as cracks or decayed areas. Moreover, dynamic modulus of elasticity could be calculated 
knowing the bulk density of timber. It is suggested that the wave spreads directly between 
transducers (Fig. 2); the material is modelled as viscoelastic in general. [5] 
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Fig. 1 System Dynamoe uses a simple microphone to detect the sonic wave and a balance 
to weight a sample and determine its bulk density (geometry dimensions are needed also)  

 
Fig. 2 Sylvatest device uses an ultrasonic waves, 

that propagates between transducers; time of 
propagation is measured  

 
Fig. 3 Pilodyn device [6] 

 
 

The strength of timber could be determined by less invasive methods whose point is 
to push an indenter into material and measure its resistance. The damages are negligible, 
don’t affect a static function and are also acceptable by officers from National Heritage 
Institute. Pilodyn device (Fig. 3), pushes a pin into wood by defined energy transmitted 
from a spring with certain stiffness. Strength of material is calculated according to depth 
of indentation. Many experiences showed very good correlation with strength values 
determined by standardized static destructive tests. 

Local quality of a member is often investigated by drilling resistance. Small needle- 
-like drill bit is driven into the material with constant speed and feed rate. There is 
a correlation between resistance and material density and hardness, so the resistance-
position plot is used to make inferences on material (e.g. cavities, decay). 

3 Reinforcement of ceiling 

Composite ceilings use advantages of both materials. Mechanical properties of timber and 
concrete, ceiling geometry and slip modulus of the connectors are important for resistance 
and stiffness of the ceiling. Its geometry, i.e. thickness of concrete slab and cross section 
of timber beams, has to be designed properly so that the effective cross section is balanced. 
Common concrete is appropriate to be used while reinforcing ceiling of existing buildings. 
Slab is reinforced just to prevent cracking due to shrinkage of concrete and slab bending 
across timber beams. The global stiffness depends on bending stiffness of timber beams 
and connection efficiency mainly. Properties of timber beams are the most important 
parameters that affect the behaviour of structure. [7] 
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There are also a few recommendations for implementation. Generally, most of them 
are connected with water because condition and mechanical properties of timber varies 
with moisture content. Wood has to be dry enough and not diseased by insects. Timber 
beams have to be protected against water from concrete while casting.  

4 Conclusions 

Timber-concrete composite structures are coming to be very important in housing sector. 
They have many advantages compared to traditional timber floors and are widely used 
as an effective method for refurbishment of existing timber floors. 

Timber-concrete floors have higher stiffness and load bearing capacity in comparison 
with traditional systems. The performance as regards vibrations, noise transmission is also 
better. Concrete slab is an efficient barrier against fire propagation. It brings the benefit 
of thermal mass, which can be used to help to regulate the internal temperature in the 
building. 
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