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Summary: Composite timber-concrete beams are innovative structural elements that are
the subject of research in recent decades due to their attractive mechanical properties
and possible solutions of various problems in rehabilitation and reconstruction of timber
buildings. They can be met in the new constructions of commercial and residential
buildings, but increasingly, in the construction of timber bridges of longer spans. The
behaviour of composite timber-concrete beam under static, short-term or long-term
loading is subjected to ongoing research in order to confirm, extend or improve the
existing knowledge and numerical models. When it comes to dynamic load, it can be said
that these efforts are small, especially when it comes to high-cycle load, so
characteristic for bridges. This paper provides information on the parameters that
define high-cycle fatigue loading, the parameters that describe the possible behaviour of
composite timber-concrete under high-cycle fatigue loads. Certain numerical and
analytical models of steel, concrete and fasteners, separately exposed to high-cycle
fatigue load, will be presented in this paper, too.
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1. INTRODUCTION

Timber-concrete composite structure is known as a structure where two different
sections (made of timber and concrete) are connected to a composite cross-section with
special connection systems. Connecting systems accept shear forces of interface and
provide simultaneous acting of different materials in composite system, under loading.
As connecting systems may be used:

e screws, bolts, nail plates or glued threaded rods,

e special components made of steel such as s steel lattice glued to timber, and steel

plate glued to timber,
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e a shear key-anchor detail, notched shear key with a steel dowel tension anchor.

From a structural point of view, the compound of two partial cross sections of timber and
concrete causes different stress state along both cross-sections. Beams, as timber-
concrete composite structures, combine in their sections timber in the tension zone and
concrete in the compression zone. Between the partial cross sections the connecting
system is arranged to provide a compound of the partial cross sections and to transfer the
shear forces occurring between timber and concrete. Figure 1 illustrates the composite
simple beam behaviour under bending loading in dependence on the degree of composite
action.

Timber beam only

Timber concrete composite
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special shear connectors prevent displacement
between concrete slab and timber beam

Figure 1. Behaviour of composite timber-concrete beam

Timber-concrete composite structure has important structural applications, including the
refurbishment of existing timber floors, the introduction of new floor types, and as a
deck system for timber bridges. Timber-concrete composite systems have a positive
influence on sound insulation and on fire safety. When used for a bridge deck, the
method protects the timber from direct sun and rain thanks to the concrete slab. By using
of composite timber-concrete systems we can build our structure faster, with less
concrete formwork and less stabilization elements, and we have reduced foundations
because of less structural weight, better behaviour under an earthquake loading.

2. BASICS OF HIGH CYCLE FATIGUE LOADING, THE S-N CURVE,
MATERIAL MODELS

According to ASTM International ( American Society for Testing and Materials), fatigue
is "the process of progressive localized permanent structural change occurring in a
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material subjected to conditions which produce fluctuating stresses and strains at some
point or points and which may culminate in cracks or complete fracture after a sufficient
number of fluctuations.*

General categories and approaching methods include:

High-cycle fatigue, associated with low loads and long life (>10° cycles), is generally
analyzed with a "stress-life" method (the S-N curve), which predicts the number of
cycles sustained before failure, or with a "total-life" method (endurance limit), which
puts a cap stress that allows the material to have infinite life (>10° cycles).

Low-cycle fatigue, associated with higher loads (plastic deformation occurs) and shorter
life (<10° cycles), is commonly used methods called "strain-life" to analyze or predict
the fatigue life.

The S-N curve, (Stress Life Method) is the basic method presenting fatigue failure in
high cycles (N > 10°) which implies the stress level is relatively low and the deformation
is in elastic range.

The S-N curve for a specific material is the curve of nominal stress S (v axis) against the
number of cycles to failure NV (x axis). A log scale is almost always used for N. The stress
is usually nominal stress and is no adjustment for stress concentration. The curve is
usually obtained one by reversed bending experiments with zero mean stress.

The S-N curve of 1045 steel and 2014-T6 aluminium alloy is shown on the Figure 2 to
represent two typical S-N curves of metal materials. On the Figure 3 is shown S-N curve
for a timber. The S-N curve is used to predict the number of cycles sustained under
certain stress before failure. The curve gives to designers a quick reference of the
allowable stress level for an intended service life.
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Figure 2. The S-N curve of 1045 steel and 2014-T6 aluminium
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Figure 3. The S-N curve for a timber

3. FATIGUE MODEL FOR CONCRETE

Classical observations on fatigue of concrete focus on the determination of a relationship
beetwen the applied stress level and the fatigue life time, resulting in the well known S-
N curves. In experimental investigations, Holmen (1979) observed S-shaped evolution
curves of the maximum and minimum fatigue strains. Accordingly, the entire fatigue life
can be subdivided into three periods with different deformation mechanisms: initiation
of micro cracks, their stable growth and finally localisation to a macro crack.

For concrete in the compression region a yield/damage criterion of Drucker-Prager type
is applied:

1
¢(O’,C¥): 1 |:/UII+ J2i|_ac (qc) (1)
N
The final constitutive relation results in:
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4. FATIGUE MODEL FOR A REINFORCING STEEL

The basic concept for the fatigue damage modelling of reinforcing steel is adopted from
Petryna (2002) and Pfanner (2003). The basic variable to determine fatigue damage is the
related number of load cycles n, in analogy to the procedure for concrete. For the evolution of
fatigue damage, an exponential law, according to Peerlings (1999), is applied:
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The stress is connected to the damage variable dg with the constitutive law
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Figure 4. Fatigue model of reinforcing steel

5. FATIGUE MODEL FOR A TIMBER

The following timber failure models in literature are presented:
e damage accumulation laws,

polymer debonding,

energy based models ,

damaged viscoelastic material model,

number of cycles criterion.

In the number of cycles criterion, W"ohler curves, or S-N diagrams, describe fatigue
resistance by a critical number of load cycles, V, leading to failure at a given stress level,
(SL). It can be described by a relation:

log(N) = A + B - log(SL), ®)

A and B the coefficients depend on the factor R, R =6,,i/6a, Where 6, and 6,,,, are
the min and max stress level in a cycle. Steady state crack growth due to stress variations can
be given according to linear elastic fracture mechanics. Relation between crack growth rate
and the stress intensity factor in the following form (Paris law) is given:

da/dn= C (4K)", (6)
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where a is crack length, n is number of cycles, 4K is the variation of the stress intensity
factor, C, m constants. If AK is given as function of stress variation and number of
cycles as a continuous variable, an integration of (6) will give the number of cycles
corresponding to final crack length.

N=C’ (da)". (7)

6. FATIGUE DESIGN CODE RULES

In the bridge part of the Eurocode, (EC5-2 1997), an informative annex gives guidelines
for a simplified fatigue verification method. The method considers only number of
cycles. According to the method it should be verified that:

Ac Sﬁat,d, (8)

where the stress range of the fatigue loading is determined as A6 = 6,4 - Cpin-
The fatigue strength f,,4 is determined in dependency of the number of load cycles
according to:

ﬁht,d zkfatﬁc/ Y M fat )

In DIN 1074:2006, Section C, simplified proof is based on a high cycle fatigue loading
with constant amplitude A fatigue analysis is always required when the ratio is greater
than in DIN 1074:2006, Table C.1 specified.

Formula Symbol | definition

Od max ma.ximum. stress level in the cycle due to
fatigue action

T4 min minimum stress level in the cycle due to

_ fatigue action
_ ‘O-d,max O-d,min‘ £

k

characteristic strength

7. Sr

p VM. fat partial safety factor for materials for the
M. fat " fatigue analysis M, fat = 1.0

Table 1. Calculation of the ratio

7. CONCLUSION

This short paper presents the basic parts of a very complex mechanical behavior of
timber-concrete composites under high cycle fatique load. Appropriate analysis, analy-
tical and numerical models, material laws will be presented in other works.
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CHPETHYTE KOHCTPYKIUJE THUIIA APBO-BETOH
N3JI0KEHE BUCOKOLUUK/IMYHOM 3AMOPHOM
OIITEPEREY

Pezume: [pede Oobujene cnpeszarbem Opsema u OemoHa NpeOCMAaswbAjy UHOBAMUBHE
KOHCMPYKYUjCKe eleMenme Koju cy nocaeorux oeyenuja npeomem ucmpaxcusara 3002
FOUXOBUX AMPAKMUBHUX MEXAHUYKUX CB0jcmasa u Mo2yAHOCIU peulerbd pPasiuyumux
npobiema npuUIUKOM canayuja u pekoncmpykyuja objexama epahenux y opsemy. Cpehy
ce y HOBUM KOHCMPYKYUjaMA NOCNOBHUX U cmAMbeHux objekama, anu cée guuie u y
KOHCMpYKyujama opeenux mocmosa eehux pacnoua. Ilonawarse cnpeenymux zpeoa
muna 0peo-6emon noo CMamu4Kum, KpAmKOmpajHum uy oy2ompajuum onmepeherbem,
npeomem je CImaiHoe UCmpanicugarsd, y yusmy nomephusarsda, npouiupersa, nodomsuiard
nocmojehux caznarba u pauynckux mooenda. Kaoa je y numarsy ounamuuxo onmepelierse,
Mmooice ce peliu O0a cy ma Hacmojarba CKPOMHA, NOCEOHO KaAda je y Numarpy
BUCOKOYUKTUYHO 3AMOPHO onmepelierse, mako KapakmepucmuuHo sa mocmose. Osaj
pao daje ungopmayuje o napamempuma Koju OepUHUWY BUCOKOYUKIUUHO 3AMOPHO
onmepeherve, y onumem CMUCIY U O napamempuma Koju onucyjy mozyha nonawarsa
CHpecHYMUX KOHCMPYKYUja muna Opeo-0emon U3N0ACEHUX 8UCOKOYUKIUYHOM 3AMOPHOM
onmepehery. OopeheHu HyMepUUKU U AHATUMUYKY MOOETU YeIUKd, OemoHa U CHOJHUX
cpeocmasa, Cenapamuo U3NONCEHUX BUCOKOYUKIUYHOM 3amMopHom onmepehervy oOuhe
npedcmas/beru y 060M paody, maxohe.

Kuwyune peuu: Cnpeenyme xoncmpyKkyuje muna 0p8o-6emon, 6UCOKOYUKIULHO 3AMOPHO
onmepehere.
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