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Dean Cizmar, Maja Vran¢ic

Analysis of timber-concrete composite girders

Timber-concrete composite girders are often used in the renovation of high-rise
structures, and they can also be used in bridges. These systems are relatively
complex to analyse as two materials presenting different stiffness and rheological
properties participate in ensuring an appropriate bearing capacity. While the analysis
of instantaneous deformations is clearly defined in Eurocode 5, the analysis of long-
term deformations, which are often relevant, is not clearly defined. The objective of
this paper is to present the analysis of a timber-concrete composite girder, taking
into account instantaneous and long-term deformations in a relatively simple way,
suitable for practical engineers.

Kljucne rijeci:

composite action, timber-concrete composite girder, long-term deformations

Strucni rad

Dean Cizmar, Maja Vrancic

Proracun spregnutih nosaca drvo - beton

Spregnuti nosaci drvo-beton cesto se koriste kod rekonstrukcija objekata visokogradnje,
a mogudi su i kod mostova. Proracun takvih sustava je relativno kompleksan jer
u nosivosti sudjeluju dva materijala razli¢ite krutosti i reoloskih svojstava. Dok je
proracun trenutacnih deformacija jasno definiran Eurokodom 5, proracun dugotrajnih
deformacija, koje su ¢esto mjerodavne, nije jasno odreden. U radu je prikazan proracun
spregnutog nosaca drvo-beton uzimajudi u obzir trenutacne i dugotrajne deformacije
narelativno jednostavan iinzenjerima u praksi prikladan nacin. Osim prora¢una prema
granitnim stanjima dan je i proracun nosivosti spojnih sredstava.

Klju€ne rijeci:

sprezanje, spregnuti nosac drvo-beton, dugotrajne deformacije

Fachbericht
Dean Cizmar, Maja Vranéic

Berechnung von Holz-Beton-Verbundtragern

Holz-Beton-Verbundtrager werden oft bei der Erneuerung von Hochbaukonstruktionen
angewandt. Ebenso ist ihre Anwendung bei Brlicken moglich. Die Berechnung solcher
Systeme ist relativ komplex, da zwei Materiale verschiedener Steifigkeiten und rheologischer
Eigenschaften dem Widerstand beitragen. Obwohl Eurocode 5 die Berechnung von
Kurzzeitdeformationen klar definiert, ist die Ermittlung von oftmals maRgebenden
Langzeitdeformationen nicht deutlich dargestellt. Das Ziel dieser Arbeit ist, die Berechnung von
Holz-Beton-Verbundtragern unter Berticksichtigung von Kurz- und Langzeitdeformationen
auf einfache Weise und fir Ingenieure in der Praxis verstandlich darzustellen.

Kljucne rijeci:

Verbund, Holz-Beton-Verbundtrager, Langzeitdeformationen
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1. Introduction

The principle of joining together different materials is based on the
idea that a material that is highly resistant to tensile stress (e.g.
steel, timber, etc.) should be placed in the tensile zone of cross-
section, while a material that is highly resistant to compressive
stress (concrete being the most frequent one) should be placed in
the compressive zone of cross-section. The effective cross-section
has a high load bearing capacity and stiffness, and a joint effect
of two materials connected in this way is greater than the sum of
their individual effects. Lightweight concrete ie. concrete made
with low-weight aggregate (rendered light by addition of expanded
polystyrene granules) can also be used in floor structures in order
to increase thermal and insulating properties of such structures.
Lightweight-aggregate concretes are also considered appropriate
because their elastic modulus is similar to that of timber. When using
lightweight-aggregate concrete, a special attention must be paid to
the selection of connectors (continuous composite actions are more
favourable as in case of discrete action the connector can fail at
the contact between the connector and concrete much before the
relevant edge stress is achieved) [1]. Poorer mechanical properties of
such concretes also play a significant role in this respect [1].

The thickness of slabs used does not usually exceed 8 cm, especially
in case of traditional concrete, so as to avoid significance increase
in self-weight of the structure as a whole. The analysis of timber-
concrete composite girders is defined in Eurocode 5: Design of timber
structures — Part 1-1: General - Common rules and rules for buildings
[2]and in Eurocode 5: Design of timber structures — Part 2: Bridges
— National annex [3]. Here it should clearly be emphasized that the
analysis made in the mentioned standards is actually the analysis
relating only to short-term effects toward the final ultimate state.
The issue of calculating long-term deformation of such composite
girders is considered in paper [4]. The current situation in this area
regarding such influences is presented in this paper through review
of relevant literature. The aim of this paper is to present analysis
of a timber-concrete composite girder taking at that into account
long-term deformations, all this in a relatively simple way that can
be useful to practical engineers. Symbols/designations used in the
paper do not necessarily correspond to those given in Eurocode 5
(e.g. elastic modulus of concrete is designated as E_rather thanas E,
as given in Eurocode 5). The authors consider that the designations
used in the paper are more favourable for clarity reasons. Eurocode 5
provisions are given for a general composite girder and, as a timber-
concrete composite girder is considered in this paper, the mentioned
designations are used.

Figure 1. Schematic presentation of the system

2. Analysis of concrete slab and timber beam
composite structure with flexible connectors

These systems are dimensioned using the y-procedure defined
in Eurocode 5 [2]. Figure 2 shows a concrete slab and timber
beam composite structure with flexible connectors, where s
is the distance between connectors. Figure 3 shows the cross
section and the corresponding composite-girder geometrical
properties that will be explained further on in the paper.
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Figure 2. Concrete slab and timber beam composite structure with
flexible connectors

2.1. Analysis of short term effects

2.1.1. Verifications for ultimate limit state:

Effective bending stiffness of shear-flexible composite beam is
defined as follows:

(EN,; = EJ+El+y EAa+y EAA} (1)
where:

E_ - secant modulus of elasticity for concrete (€, )

E, - modulus of elasticity for timber

| - moment of inertia for concrete part of cross-section

9
I, - moment of inertia for timber part of cross-section

A_ - area of concrete part of cross-section

A, - area of timber part of cross-section

y. - composite action coefficient for concrete

Y, -composite action coefficient for timber

- eccentricity of centre of the concrete part of cross-section

- eccentricity of centre of the timber part of cross-section

Q9

t

Eccentricity of centre of the timber (a) and concrete (a) parts of
cross-section:

a = YeEcA(he + hy) _ YeEcAc(he +hy)

(2)
2 2(v.E A, +EA
ZZ;ZJIE"A" (7cEcAc +EtAr)
h.+h
== (3)
where:
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h_ - height of concrete part of cross section
h, - height of timber part of cross section

The sliding coefficient for shear-flexible composite T-beam with
neutral axis in timber web is determined as follows:

%=1
yo = 1
c 2
1+Z iCLzACS (4)
where:

s -distance between connectors
K - sliding modulus
L -span.

Longitudinal normal stress in centres of individual parts of the
shear-flexible composite T-beam:

o =7 MEia, (5)
i =7i (EDos
. __ME (n
mi = BN 2 8
b(
i .
Ac' Ir." Ec o E— }bic .I z
h‘ 0,5h= €
Vo o, I ._la.l 1
At' It’ Et = -: L osi
b | E
YL B AN .
z e,

m.t t

Figure 3. View of cross-section and longitudinal normal stresses
in centres of individual parts of shear-flexible composite
T-beam, [1]

Moduli of elasticity are:

Ee=E (7)

Et= ED,mean (8)

where:

E_~ - mean modulus of elasticity in bending, for concrete

Eymean - Mean modulus of elasticity for timber in the direction of
fibres

Stresses in the shear-flexible T-section (Figure 4) are due to
joint action of a pair of longitudinal forces in centres of individual
parts of cross-section (resulting from sliding) and bending (M, )

—eif-

t

Omt

Figure 4 Stress in shear-flexible T-section

Expressions for stress are:

MdEcmac

T ©
_ MdEcmac
7T o
M E,
Ot = d=0,mean ﬂ (11)
' (El)eff 2

O, =
me (El)eff 2
where:
c, -stress caused by compressive force in timber part of

cross section

G, - stress caused by compressive force in concrete part of
cross sectio

c.. - bending stressin timber part of cross-section

o -bending stress in concrete part of cross-section

m,c

M, - design bending moment

(E],; - effective bending stiffness.

Assumptions for the analysis:

- connectors are positioned at the design spacing of s, = s
along the length of the element L

- liding modulus, K, (N/mm) is experimentally defined from
shear test diagrams or push-out tests [7], and its values are:

K=K

i ser

for SLS (13)

K=K, =2/3K,, for ULS (14)
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where:
K., - initial (useful) sliding modulus
K, - effective sliding modulus.

If the sliding modulus can not be determined experimentally, as
shown in papers [1, 7], then expressions presented in Eurocode
5[2] can be used, as has been done in Section 3.

In addition, considering the level of shear and vyield of
connectors, tension can occur in the bottom part of concrete
cross-section, i.e. the neutral axis of cross-section can be in
the flange of cross-section. This case is not favourable and
so attempts are made to prevent this situation by providing a
sufficient number of connectors, i.e. to try to reach the situation
in which the concrete cross-section is fully in compression.
This shows that the limit stress in the bottom part of concrete
cross-section must be lower compared to the compressive
strength of concrete (as presented in expressions 15 and 16).
However, if tension occurs, then the stress must be lower than
the tensile strength of concrete f, . Stress values at the top, o,
and bottom edges of concrete slab of shear-flexible composite
T-section, o_, must comply with the following equations:

cscg=csmyt+c7csfcd (15)
0(’d=0m,c—ccsfcd (16)
where:

G, -stress caused by compressive force in concrete part of
cross section

o, - bending stress in concrete part of cross-section

de - design compressive strength of concrete.

Bearing capacity verification for timber beam of shear-flexible
composite cross-section:

td , Omd < (17)
ft,o,d fm,d

where:
o, - designtensile stress

o4 - design bending stress

f.,s - design tensile strength parallel to fibres

f.s - design bending strength.

Verification of shear bearing capacity of the timber part of cross
section — fully assumes maximum transverse force, V/;

T:V—devd
(beff'ht) '

b=k, b=067"b

(18)

where:

V, - design transverse force

b, - design width of timber element

k. - cracking factor for shear resistance
b - width of timber cross-section
Tt - shear stress

f,s - designshear strength.

If necessary, the bearing capacity proof (17) can be written at
the level of forces as follows:
- Design longitudinal force in timber element:

Neye=0, A (19)

- Design resistance to longitudinal force:
Nege = fr,a,d A, (20)

- Design bending moment in timber element:
M=o, W, (21

t t

where W, is the resistance moment for timber cross-section.

- The bearing capacity proof is written as follows:
Meye=Fa W, (22)

t

Proof load as follows:

N M
_Edt , TRt o4 (23)
Nrat  Mrat

2.1.2. Verifications for serviceability limit state:
Verification of momentary deflections

The following K value has been adopted:

K=K

i ser

Sliding coefficient:

S
2

127 E AsS;
KeserL?

ser

Ve = (24)

Eccentricities of centres of the timber and concrete parts of
cross-section:

_ 7cEcAc(hc + ht)
v — (25)
2yEA: +EiA)
h.+h
o=y a (26)

Effective flexural stiffness of shear-flexible composite beam:

(El)eff= EC/C+Et/t+YCEA[ac2+Y EA 02 (27)

4 tTt Tt

Total deflection due to permanent load:

2
M, =95

o =5 (28)

562

GRADEVINAR 68 (2016) 7, 559-570



Analysis of timber-concrete composite girders

2
okj_ 5 Mg-L

u; = 29
"t 48 (Eley 2
Total deflection due to variable load:
2
qL
M, ="1"— 30
9 g ) (30)
Qkyj:i.Mq'L (31)

u:
nst 48 (El)eyr

The following conditions must be met for momentary deflection:

Gkj . L
okj . L
uinstj < % (33)

The following condition must be met for total deflection:

Gkj , Qkj . L
uinstj +uinstj < 200 (34)

2.2, Analysis of long-term effects

According to [4], the analysis of such systems with regard to
long-term load is much more challenging and complex as
mechanical changes in timber, concrete, and steel have to be
taken into account due to changes in moisture, temperature,
and load over time. Therefore, the following is taken into
account during analysis of long-term effects: creep of concrete,
creep of timber element, and connector slip (displacement). The
analysis presented in this paper is based on paper [6].

2.2.1. Verifications for ultimate limit state:

Total deformation ch(tfto) is generally defined as follows:

O¢ (t0)+ AO'C (t,to)
E,

cm,eff

éco (o) =

The effective elastic modulus for the long-term load of concrete
is defined as follows:

E cm

E =——un
cm,eff 1+(/)(t, tO) (35)

where:
o (tt)) - coefficient of creep for concrete.

Final mean value of elastic modulus of concrete in the direction
of fibres

Eg
Eo.mean,fin = #:anf) (36)
de

where:
¥ - factor for combined value

k,,; - deformation factor.

Sliding modulus:
Kser

(1+ v Kger)

Flexural stiffness parameters over the life span of the structure:

(37)

ser fin =

- Sliding coefficient for concrete:
N
7°E A.s
1+ cm,eff’c
Keser inl2

ser fin

Ve = (38)

- Eccentricity of centres of the timber (g) and concrete (a)
parts of cross-section:

E A.h

a = YeEem,eff Ac (39)
7cEcm,eff A+ EO,mean,ﬁn A

a - EO,mean,ﬁnAth (40)

c =
VCEcm,eff Ac + EO,mean,fin A
- Effective flexural stiffness:
(E/) eff = Ecm,e f] c+ Eo,mean,ﬂn/t+YcEfm,ef fac2+ytEa,mean,finAtatz (41 )

- Quasi-constant combination:
Geyr = (v 8+ v,w,9)e=(1,0-g+ 1,003 g - e[kN/m]  (42)

- Design bending moment:

2
9sq,1L
d.Gsgs — 8 (43)
- Design transverse force:
9sdk
d\Gsas T (4ts)

The following conditions must be met for the timber part of

cross-section:

- Longitudinal stress in timber caused by longitudinal force,
due to load combination qg,,

. _ EO,mean,fin ath,quV1
t(dsq1) (Eosr

- Longitudinal stress in timber by bending moment due to load
combination qg,,

(45)

o B l EO,mean,ﬁn htl\/Id,qu‘1
Masar 2 (EDerr

’"4Sd 1
Verification of bearing capacity for timber beam having shear-
flexible composite cross-section:

0. O,
t myt
(CISd,1) " 9sd 1 <1 (47)

ft,o,d fm,d

(46)
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If necessary, proof of bearing capacity (47) can also be written at
the level of forces as shown below:
- Design longitudinal force in timber element:

NEd,t = Olgsa )’ At (48)
- Design resistance to longitudinal force:

Nﬁ’d,t = cod At (Ag)
- Design bending moment in timber element:

MEd,t= O milasa ) W, (50)
- Design resistance to bending moment:

My = fm,d' W, (51)

Proof of bearing capacity is:

Near , Mear (52)

Nrat Mgy

Shear stress in timber caused by load combination q, ,

d(‘?sm) <f,

(qu1) - (b off - ht) v,d (53)

Verification of pressure perpendicular to fibres on the support,
for load combination g,

Vo(gsqs)
4,0.90(qs1) = TZ;“ (54)

The following conditions must be met for the concrete part of
cross-section:
- Longitudinal stress in concrete caused by longitudinal force,
from load combination g, ,
7/0Ecm,effac,\/’d,qu1

Gc(asan) - (ENetr Y (53)

- Longitudinal stress in concrete by bending moment, from
load combination g, ,

1 Ecm,effhcMd,qsm1

O' = — 56
Masa) 2 (EDesr (6]
- Total stress at top edge of concrete:
O™ _GC(ng,’I) ) Gm'c(qu,n <[ (57)
- Total stress at bottom edge of concrete:
c.,=-0.  _+0C <f, (58)

td C(gsd,1) MC(gsd,1)

2.2.2. Verifications for serviceability limit state:

The effective elastic modulus for the long-term load of concrete
is defined as follows:

Ecm

T+ o(t.tg) (59)

cm.eff =

Final mean value of elastic modulus of concrete in the direction
of fibres:

Eg
EO,mean,ﬁn = a -F,r;:a:) (60)
e

Sliding modulus:

Kaorin = e 61
Sliding coefficient:
1
Ve = —1 i ”2Ecm,effAc s (62)
Keer finl

Eccentricity of centres of the timber (a) and concrete (a) parts
of cross-section:

VCEcm,effAc(hc + ht )

at = (63)
2(}’cEcm,effAc +Eq meanfin At
h.+h
c = C2 t —at (64)

Effective flexural stiffness of shear-flexible composite beam:

eff cmeffj omeunfmt c cme[Aa +Yt o,mean,fin tat (65)
Final deflection due to permanent load:
2
_gr
Mg e (66)
2
5 M L
ughl = (67)
48 (EDesr
Final deflection due to variable load:
2
_qL
Mq =8 (68)
2
5 M, L
ij _ q (69)

u
fin (EI )eff

The following conditions must be met for final deflection:

Gk L
in” 300 7o)
L
in” <500 7

The following conditions must be met for final deflection due to
permanent and variable load:

Gk,j . ,Qk, L
ug f+ufm J< = 500 (72)
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3. Example of analysis of composite girders

An example of composite construction involving a traditional
timber floor and a concrete slab is presented in this section.
Generally, there methods are used for the analysis of composite
girders: y method, fixed transverse force method, and
elastoplastic method. The y method is used in this section. In fact,
this method is most often used in the analysis of timber-concrete
composite systems. The method can be applied if the static
system under study is a simply placed beam. In addition, the
following assumptions must be met for the use of the method:
1. Timber element must have a solid cross-section
2. The spacing between connectors can either be constant or
variable, depending on transverse force
3. The beam is made composite by shear-flexible connection
4. Bending moments generated by forces can be described as
sinusoidal or parabolic functions

It should be noted that the results obtained by this method are
satisfactory if both materials are situated in the linear-elastic
area. A general deficiency of this method lies in the fact that
it does not take into account ductility of the connection. Other
than this method, the use can be made of the fixed shear force
method. The method assumes an elastoplastic loading and
load relaxation relationship and thus partly takes into account
ductility of the connection. The assumption that all connecting
devices vyield simultaneously leads to an estimation error,
and so this method can be considered relatively conservative.
The third calculation method, i.e. the elastoplastic method, is
considered to be suitable for the ultimate limit state analysis.

The method assumes a perfectly stiff connection, i.e. a perfectly
plastic strain to yield relationship. As most connecting devices
do not provide a perfectly stiff connection, we obtain a bearing
capacity that exceeds a realistic one when calculating structural
behaviour under service-life load. The elastoplastic method is
favourable for obtaining the final effective stiffness and the
bearing capacity of the structure itself, but it overestimates
the initial effective stiffness in the elastic area. Based on the
above considerations, and as this method has been defined in
Eurocode 5, the example will be presented using the y method.
Usual beam dimensions and floor and soffit layers are given in
the example (Figure 5). The condition after renovation (Figure
6) implies removal of wood debris and formwork with lime
plaster so as to achieve properties compliant with present-day
requirements. Dimension of elements in figures below have been
taken from paper [5]. Both permanent and service loads are taken
into account. It is assumed that the class of use (moisture) will
be 1 and so the factor of change and factor of deformation were
assumedtobek  =0.9andK, = 0.6, respectively. The factor for
quasi-permanent variable action was defined in accordance with
category A: houses, residential buildings.
- class of concrete strength: C25/30 — £_= 30500 N/mm?
(E, =E)
- solid wood: class C24 —, E, - =
(Eypmean = E) P, = 420 kg/m?
- g(permanent load) = 3,05 kN/m?
- q(service load) = 2,0 kN/m?
- L(span)=
- e (distance between beams) =0,9 m
- s (distance between connections) = 120 mm

11000 N/mm?

mummmwwuhwmudhl It

P
‘_4:

FLOOR (parquet 2,4 cm) 0,024-6=015 kN/m?
BOARD FORMWORK 0024-6=015 kN/m?
DEBRIS WEIGHT 010-14=14 kN/m?
BOARD FORMWORK 0024:5=012 kN/m?
TIMBER GIRDERS =024 kN/m?
SOFFIT - BOARD FORMWORK
WITH LIME PLASTER =040 kN/m?

g =246 kN/m?

|
Ll L L L D G L T L G e L L L L T TR T L L L L
]

FLOOR (parquet 2 cm) 002:6 =012kN/m?
| L MORTAR SCREED (4 cm) 0046 =096 kN/m?

7

110 I IO O I I A T I O R

L

L EXPANDED POLYSTYRENE WEIGHT =0,02 kN/m?

L COMPRESSION SLAB 006-25=15 kN/m?
L BOARD FORMWORK 0,024:5=0,12kN/m?
i TIMBER GIRDERS =0,24 kN/m?
{_ SOFFIT - KNAUF INSULATION =015 kN/m?

90

+ +

Slika 6. Load of composite floor with layers [5]

|
| g=311kN/m?
|
]
|
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- d(bolt diameter) = 20 mm

= Ve (partial safety factor for concrete) = 1,5
© Y (partial safety factor for timber) = 1,3.
3.1. Analysis of short-term effects

3.1.1. Verification for ultimate limit state

This evaluation was carried out as follows:

bh®  90.-6°

lp=—r= =1620 cm* =16.200.000 mm*
12 12
3 3
I = % = 18124 =20.736 cm* = 207.360.000 mm*

A =b-h=6-90 =540 cm® = 54000 mn?

A=b-h=18-24 =432 cm® = 43200 mn?

d 20 N
Ko, =2 p2 — =2.420" .22 =14969,5 — (GSU
ser Pm 23 23 mm ( )
2 2 N
Ky =5 Ksor =5114969,5=9979,7 — (GSN)
Sliding coefficients:
Y =1
.- 1 - 1
¢ 1. 7’EAss ,, m°-30500-54000-120 ’
KL? 9979,7 -60002

Eccentricity of centre of the timber (a) and concrete (a) arts of
cross-section:

}/cEcAc (hc + ht) _
2(7cEcA; + EAy)

0,16-30500-54000-(60 + 240)
2(0,16~30500-54000 +11000-43200)

a; = =53,51 mm =5,351cm

h, +hy
=—Xt—+t-a
c 2 t

_80 +224° ~53,51=96,49mm = 9,649cm

Effective flexural stiffness of the shear-flexible composite beam:
(ED,, = EJ+EJ+ EAa+EAR?
=30500-16200000+11000-207360000+0, 16-30500-
54000:96,492+1:11000-43200:53,512
=6,5-10"> Nmm?
=6,5-10" Ncm?.

Design load:

; =rg+749) e=(1,35-311+15-2,0)-09 =648 kN/m'

2 a2
My =%=m=29,16kNm=29,16~106 Nmm

Longitudinal normal stress in centres of individual parts of a

MyE ,a
0o =7 d cmZe _ g,

(ENesr

.29,16~106~30500-96,49

5 107 =211 N/ mm?

MdEO,mean (ij _

6
& . 29,16-10 ~11000.(240j 5,92 N/ mm?
eff

O' =
mt 6,5-10'2
_ MdEcm [h_c] _

29,16-10°-30500 (60
Ome = _—
(El)eff 2

ht j 4,10 N/ mm?
6,5-10 2

The stress of the top, 5 and bottom, &_, edges of the concrete
slab having a shear-flexible composite T section must comply
with the following equations:
f,,= 25 N/mm?

f, 25

fog=—0 =22 _16,67 N/mm?
¢ 15
IM.c g
Gc,g = Gm,c +O—c = cd Gc,d = Gm,c - Gc = fcd

.= 410+2,11 = 6,21 N/mm’ = 16,67 N/ mm?
G_,=4,10-2,11 = 1,99 N/mn? < 16,67 N/mm’

Verification of bearing capacity for the timber beam having a
shear-flexible composite section:

fmk =14 N/mm?

[ = 28 N/ mny

o 14
fiog =K 09—:969N/mm
" 7’M,t 1
Im 24
fnd =Kmod - ——09 —=16,62 N / mm?
' Mt 13
Otd +Um,t,d <1
ft,o,d fm,d
264 5,92 <1
969 16,62
063=<1

Verification of shear resistance of timber part of cross-section —
fully assumes maximum transverse force, I/;

Jsq-L 6,486
2

V, =
d=" )

=19,44 kKN =19440 N

f,.= 2,5 N/mm?

f, 2,5

shear-flexible composite T beam: fyd =Kmod * vk _0,9. 13 =173 N/ mm?
Mt
MyEomeand ., 29,16-10%.11000-53,51 5 '
o1 =7, : =1 =2,64 N/mm —k h= . —
t t (El)eff 6,5'1012 beff kcr b 0,67 180 20 6
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Tzv—dsfvd
(beff'ht) '

19440
T=F = v,d
(120,6-240) ~ “*

t=0,67 N/mm? =< 1,73 N/mm?

3.1.2. Verifications for serviceability limit state —
xerification of momentary deflections

The following value is adopted for the sliding modulus K;
K=K, =14969,5 N/mm

ser

Sliding coefficients:

Y =1
Yo = 21 = 5 ! =0,22
1, T EAs 4, 7 -30500-54000-120
KL? 14969,5-60002

Eccentricity of centres of the timber (a) and concrete (a) parts
of cross-section:

_ _7eEA(h+hy) _ 0,22:30500-54000-(60 +240)

=64,89 mm =6,489 cm
2(y.EcA; +EA;)  2(0,22:30500-54000 +11000-43200)

a _he+h

. ,=804240 64 898511 mm=8,511 cm
2 2

Effective flexural stiffness of shear-flexible composite beam:

(El)eff = El+El+y EAa’+y EAG?
= 30500-16200000+11000:207360000+0,22-30500:
54000-85,11%+1:11000:43200-64,892
=7,4-10"2 Nmm?

=7,4-10" Ncm?
Total deflection due to permanent load:

g=3,11kN/m?0,9 m = 2,80 kN/m'

L2 2,80-6°
M, :%z—zm,e kNm =12,6-108 Nmm
T ™ T
R |
e | [ || K\
c | NN \._______-—-_____"‘—“—-———-_‘ c20/25
% 1 €25/30
10 | \\ N s i
N Eee——— S
20 —T
ol 1 1 N _—
50 - —
100
70 60 50 40 30 20 10 0O 100 300 500 700 S00 1100 1300 1500
ole, 1) h,[mm]

C50/60
2% e
L B

, M, -1? .10%.60002
Gk _5 MyZ 5 126-10°60002 .0
48 (Eley 48  7,4.10'2

Total deflection due to variable load:

g=2,0kN/m?0,9m=1,8 kN/m'

2 2
m, =9 186
8 8
Loki 5 Mg-l? 5 81:10°60007
inst " 48 (El)ey 48  7,4.10'2
The following conditions must be met for momentary deflection:

= 8,1kNm = 8,1-10% Nmm

=4,10mm

Gk,j
uinst < 300

6,39 mm < 20mm

yQki <L

inst — 300
4,70 mm = 20mm.
The following condition must be met for total deflection:

Gk, j Qk,j
uinst +uinst < 200

6,39 +4,10=<30

10,49 mm < 30mm

3.2. Analysis of long-term effects
3.2.1. Verification for ultimate limit state

Effective elastic modulus of concrete for long-term load:

Esn 30500

E = = =6777,78 N/ mm?
omet = qs p(t,ty)  1+3,5

The following parameters were used in Figure 7 for calculation
of creep coefficient: concrete class C25/30, N curve in diagram
(for N class of cement), and start of system load after 10 days
(t,= 10 days).

oltt)=35

a) internal conditions - RH=50%

— Note:
@ ® - the intersection between the lines 4 and 5

S can be also be above the 1
- fort, > 100 it is sufficient to accurately assume
5 t, =100 (and use tangent lines)
2

Figure 7. Determination of creep coefficient ¢(»,t ) for concrete under normal ambient conditions
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Final mean elastic modulus for timber:

E,
Eo,mean, fin = Omean _ _ 11000 =9322,03 N/ mm?
’ ’ (1+yw kger) (1+0,3~0,6)
Sliding modulus:
Kser fin = Ky = 9979.7 =8457 N/ mm
M Ay kger)  (1+0,3:0,6)

Flexural stiffness parameters over service life of structure (KGS):
Sliding coefficient for concrete:
- Sliding coefficients for concrete

1 1
Yo =— = =0,41
72E oy ot AcS 7% -6777,78-54000-120
14— 1+ 5
Kser finL 84576000
- Eccentricity of centres of the timber (a) and concrete (a)
parts of cross-section:
4, = EomeanmAh _ 9322,03-43200-174 126,76 mm
YeEomeit Ao + EomeansinA  0,41-6777,78-54000 +9322,03 - 43200
E, Ash . . .
a - VeEcm.efrAc _ 0,41-6777,78-54000-174 ~47,24 .mm
VeEometr Ac + EomeannAy  0,41-6777,7854000 +9322,03-43200
24
h :TO+%+24 =174 mm

- Effective flexural stiffness:

(EN of ~ E(m,e f] fa Eo,mean,ﬁnl [+Y(E(m,ef (ac2+ytEo,mean,/‘inAtat2
=6777,78:16200000+9322,03:207360000+0,41-
6777,78:54000:85,112+126,76:9322,03-43200-47,242
=5,35:10"> Nmm?

=5,35:10"° Ncm?
- Quasi-permanent combination:

Gsgr = r,8+v,w,9)e=(10-2+10:03¢q) e
=(1-3,11+1,0:0,3:0,2):0,9 = 3,34 [kN/m']

- Design bending moment:

=15,03kNm =15,03-108 Nmm

v, _Gsail® 33467
d.9sq4 8 - 8

- Design transverse force:

_ Gsqil ~3,34-6
)

4,05y = =10,02 kN =10020 N
1HSd,1 2

The following requirements must be med for the timber part of

cross-section:

- Longitudinal stress in timber caused by longitudinal force,
from load combination g ,

. . . 6
_9822,03:47,2415,03-10° _, 5y /) 2

5,35.10"2

- _ EO,mean,fin ath,qsw
t(ds4.1) (EDefr

- Longitudinal stress in timber due to bending moment, from
load combination g, ,

_ 1 EomeanfinftMaq,, 1 9322,03-240-15,03-10°

wsa1 2 (EDorr T2 5,35.10'2

=314 N/ mm?

Omit

- Bearing capacity verification for timber beam of shear-
flexible composite cross-section:

o leJ
t(quﬂ) m’thd,1 <1
ft,o,d fm,d

124 314
Lo 1263
9,69 16,62

0,32=1

Shear stress in timber caused by load combination g,

Vd:‘?sm

TmaX(CIsdn) = (beff 'ht) < fV,d

10020

Tmax(qsqs) = (120,6-240) <fa

Traxiasey = 0035 N/mm? < 1,73 N/mm?
max(qSd,1)
f
fo =25 NImm? =1,y = Kpog -—% :0,9~%:1,73 N/ mm?
M.t d

Verification of pressure perpendicular to fibres on the support,
for load combination q ,
10020

v,
o90(ge, ) = — o1 — 0,28 N/mm?
80sa1) ="} b, 200.180

The following conditions must be met for the concrete part of

cross-section:

- Longitudinal stress in concrete caused by longitudinal force,
from load combination g ,

0,41-6777,78-126,76-15,03-10°

= 535107 =0,99 N/ mm?

- B VCEcm,effach,qu“
%lasa,) (EDefr

- Longitudinal stress in concrete by bending moment, from
load combination g, ,

Ecm,effthd,qsm _

1 6777,78-60-15,03-10°
(ENefr 2

c35.107 =0,57 N/ mm?

1
O-m'c(asun) 2

- Total stress at top edge of concrete:

Ocg ™ Ocgsa) ~ Crmctasa,1) < fua

[¢

6., =-099-057=-156 M/mm? < 16,67 N/mm?

- Total stress at bottom edge of concrete:

Gt,d = _Gc(qu,ﬂ + Gm,c(qu,ﬂ < cd

Cyy= -0,99+0,57 = -0,42 M/mm? < 1,2 N/mm?

0,4=-0,99+0,57 = -0,42 M/mm? < 2,2 N/mm?

”
fo005 = L8N/ mm? > f iy _Jotco0s _18 _ 45 N/ mm?

M 15
2 fotk095 _ 3,3 2
fctk;0,95 = 3,3N/mm —> fctd :T :E = 2,2 N/mm
.C d
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3.2.2. Verification for serviceability limit state:

The effective elastic modulus for the long-term load of concrete
is defined as follows:

E;n 30500
1+o(tty) 1+3,5

Final mean elastic modulus of timber:

=6777,78 N/ mm?

Ecm,eff =

E
omean _ 11000 _ pozen / mm?

E -
0meantin = (11 Kyer)  (1+0,6)

Sliding modulus:

K 149695 iioounin

ser fin ( +kdef) (1 N 0,6)
Sliding coefficients:
V=1
Vo= 3 1 =— ! =0,44
7 Ecm et AcS 7°-6777,78-54000-120
1+ — + 5
Kser finL 9355,94-6000

Eccentricity of centres of the timber (a) and concrete (a) parts
of cross-section:

7eEcmetrAc(hc + ) 0,44-6777,78-54000- (60 + 240)

= =52,74 mm
2(7cEcmetrAc + EomeanfinA)  2+(0,44-6777,78-54000 + 6875 -43200)

ay =

a :hc+h, _a

. , = 804240 54 31_ 98,69mm
2 2

Effective flexural stiffness of shear-flexible composite beam::

(El)eff = Erm,e flc+E0,mean,fm/t+y(Ecm,ef (a(2+ytEameanﬂnAtatz
=6777,78:16200000+6875:207360000+0,44:6777,78
-54000-98,692+1:7333,33:43200:52,742
=3,99:10"2 Nmm?

=3,99:10" Ncm?
Final deflection due to permanent load:

g = 3,11 kN/m?-0,9 m = 2,80 kN/m’

2 2
M =£=w=1z,6mm=12,6-106 Nmm
g 8 82
. M, L .108.60002
u,?n"'/:i~ g’ _ 5 12610 6?200 =11,84 mm
48 (El)ey 48  3,99.10
Final deflection due to variable load:
g =2,0kN/m?.0,9 m = 1,8 kN/m'
2 2
M, -9 186 =8,1kNm = 8,1-10° Nmm
98 8 )
, M, L 105 2
Qi _ 5 Mg 5 81.10°-6000 _7.61 mm

fin " 48 (El)ey 48  3,99.10'2

The following conditions must be met for final deflection:

Gk, j
Ugin”! =500

11,84 mm < 30 mm

Gkj _ L
Ug <—
fin = 200

7,617 mm <30 mm

The following conditions must be met for final deflection due to
permanent and variable load:

Gk,j . ,Qkj_ L
ug ! +ug 3—200

11,84 + 7,61 mm < 30 mm
19,45 mm = 30 mm
3.3. Analysis of required reinforcement

The concrete slab must be strengthened with minimum
reinforcement so as to ensure proper ductility of cross-section,
as well as a lower influence of creep and shrinkage of concrete.
This analysis is clearly defined in Eurocode 2 [S].

3.4. Analysis of connectors

The analysis of bearing capacity of composite beam connectors

is not defined in Eurocode 5. In this paper, the analysis will be

made according to [7, 8].

Parameters for connectors:

- Compressive strength of timber along periphery of hole for
load in the direction of fibres:

Thok =0,082‘(1—0,01~d)‘pk =0,082‘(1—0,01~20)'420 =27,552 N/ mm?
fh,o,k

27,552
fhod =kKmog -—5-=0.9-—=
- Typical tensile strength of steel for the construction of

connectors S 275:

=19,07 N/ mm?

f,.= 430 N/mm?

f
£y =k 430 3909 N/ mm?
4T T

- Liquid moment for connector:

M, =

fu_.1g0.q26 23999 4g0.9026 2830511436 Nmm
600 600

- Thickness of intermediate layer (board formwork):

t=2,4cm=24mm

B= fe :i:lfﬂ
froq 19,07
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- Resistance for model representing elastic ideally plastic
behaviour of concrete:

2M 2
Foc =fhog d- Zi Y +L.L,L.t
' e 148 \fhogd 1+8 2 1+
. . 2
_19,07.20. [243T. [2.2830511436 1,31 24> 131
V14131 | 1907.20  1+131 2 14131

<24 =16473,75N

- Resistance for model representing linear elastic behaviour of
concrete

Foo =\[4-My -fy0q-d =/4-283051,1436-19,07 -20 = 20780,35 N

- Resistance for model representing linear elastic behaviour
with concrete crushing

am ;
Foo=d-froq-| e+ |62 +——|=20.19,07-| -5+ 52, 42830501436 | _ 10960 67 v
i © d-frod 20-19,07

- Referenceresistance: £, = 16473,75 N

Load imposed on connectors - for cross-section with maximum
transverse force:

— for SHORT-TERM DEFORMATIONS

Fag =7, E A4S min v, =1 11000‘43200.1522,54.120 19440 — 8960,47 N
' (ENesr 6,5-10
Ft7,ds ch

8960,47 N < 16473,75 N
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