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1 Introduction

Timber concrete composite (TCC) floor systems are relatively new to Australia and New
Zealand and satisfactory performance requires a rigorous design procedure addressing both
ultimate and serviceability limit states. TCC structures have a degree of complexity since they
combine two materials that have very different mechanical properties and respond in different
ways to their environment. Furthermore, most TCC structures exhibit partial (not full)
composite action and this adds to the complexity of the system.

Several design procedures are discussed in the literature. Amongst these, the Eurocode 5
(EC5) procedure is relatively straightforward and has been successfully implemented in
Europe. It utilises a simplification for modelling the complex timber - concrete interaction
known as the “Gamma coefficients” method, which manipulates properties of the concrete
member in order to predict the cross-section characteristics of the structure.

The details of this research are presented in two papers. Part 1 deals with design procedures,
whilst Part 2 discusses and extensive R&D program of connection testing and the derivation
of characteristic properties.

2 Scope

The EC5 approach has been adopted as the underlying basis for the design procedures
presented in this document; modified to comply with current design codes and practices in
Australia', Tt comprises normative parameters for the strength and safety (ultimate limit state)
and informative guidelines for appearance, deflection limits and comfort of users
(serviceability limit states). Whilst the latter must be defined by designers to meet the specific
functional requirements of the floor under consideration, it is recommended that the
Guidelines in this document should be adopted as a minimum standard for TCC floors.

At the time of publication, there is still considerable uncertainty about some aspects of long
term deflection of TCC floors and as such the design procedures contained in this document
are limited to floors not exceeding 8m in span and utilising the notched connections
prescribed in Table 1.

3  Design requirements

Load type and intensity, load combinations and modification factors for both the ultimate and
the serviceability limit states have been defined in accordance with the AS/NZS 1170 series
(AS/NZS 2002a; 2002b).

! With minor modifications the same approach is relevant for New Zealand.
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The limit states that require checking can be summarised as follows: _

1. the short-term ultimate limit state; where the structure response to the maximum
load is analysed. It generally corresponds to short-term exertion of the structure.

2. the long-term ultimate limit state. This analysis focuses on the structure response to
a quasi permanent loading and aims at avoiding failure due to creep of the timber
member in particular*.

3 the short-term serviceability limit state. This corresponds to the instantaneous
response of the structure to an imposed load. o

4, the long-term serviceability limit state. This analysis aims to identify the service life
behaviour of structure considering the time-dependent variations of the material
properties; in particular creep.

5 the 1.0-kN serviceability limit state. This corresponds to the instantaneous response
of the structure to an imposed point load of 1.0 kN at mid-span.

*Checking the end-of-life ultimate limit states corresponds to an attempt to analyse and assess the durability and
reliability of the siructure.

3.1 Connection behaviour

The structural behaviour of the connection is a significant parameter in the design of a TCC
floor. The elastic properties of the connection are used for both limit states and accounted for
in the identification of the Gamma coefficients in the design procedure. g

4  Design procedure
The design procedure has three fundamental stages:

1. The initial stage of the design procedure focuses on identifying of the characteristics

- of the TCC cross-section. .
5 Assessment of the strength capacity of the structure is completed in the second stage

of the procedure; whilst o
3. The final stage deals with the serviceability limit state.

4.1 Cross-section characteristics
The effective (apparent) stiffness of the composite cross-section 1s:

(EI)Q)" = EC'IC + EIIt + chcAcag +]/£Er14(af (13)

Note: The subscripts ¢ and ¢ re}"er to concrete and timber respectively, unless otherwise specified. The
contribution of the formwork (if present) is neglected in the design.

where the section properties in (1a) are given by:
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The height factor “H” is defined by:
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. where:

*  the tributary width of the concrete member is assessed with (AS 2001, p. 93):
b,=b+02a; b =b+0.1a (72); (7b)

» the effective spacing (refer to Figure 1) of the connections is given by:
8,0 =0.758,;, + 0255, (8)

- where all connectors are evenly spaced within the end quarter spans

Figure 1: Connection-related distances.

= and the stiffness of the connection corresponds to (refer to TABLE 1):
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Note: Whilst it is understood that the creep behaviour of TCC floors is quite complex, the
“creep component” for long term defections is modelled using the j; factor. This is consistent
with AS 1720.1 (2010), which uses a simplified multiplier to the initial short term deflection.
A value of j2 jong between 3.0 and 4.0 is currently recommended for indoor applications.

42  Strength of the composite cross-section — concrete & timber members

The load combinations and factors for the ultimate limit state (ULS) must comply with the

relevant provisions of AS / NZS1170 series (AS/NZS 2002a; 2002b). The checks imposed on

a structure under flexural action or flexural and axial actions are described in Sections 3.2 and

3.6 of AS 1720.1 (AS 1997) respectively. These requirements apply to TCC floor structures

as follows: '

s bending strength — the concrete and timber members resist a combination of bending
moment and/or axial force.

o flexural shear strength — the timber member resists the flexural shear force.

s bearing strength — the timber member resists the support action/reactions.
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42.1 Strength requirements for Bending strength

At the extreme fibres — upper and lower — the concrete and timber members experience
compression and tension stresses which result in combined bending and axial stresses as
defined in Equation (10). The check is completed for the upper and lower fibres of the
concrete member and for the lower fibre of the timber member”,

N M
(

¢N) (9M)

<1.0 (expressed as stress ratios) (10)

The general expression for bending stress is defined in Equation (11):

Oy = LERM 11
T (ED, (1

Specifically, the stresses in the concrete and timber member respectively are:

1EhM 1 EnM
Gy =L ; o, =t
2 (EI),, 42 (ED,

(11a); (11b)

Equations (11a) and (11b) respectively identify the bending monfént capacity:

2
(EDy (9M ) = phfe,fegkok, ks f, 2Dy (12a); (12b)

pM, =4/, ,
chchc j/tEthr

These capacities must be greater than the design moment M", which is derived from loading
requirements and boundary conditions of the TCC structure. The axial (in-plane) stress is

predicted using Equation (13):

EaM’
Y Lo e (13)

cft,i - = (EI)ef

Specifically, the stresses in the concrete and timber member respectively are:

EaM EaM
__ﬁyc c ¢ . zyl rat (133), (13b)

Jc c » Gf !
’ (ED), T (BDy,
Assessment of the axial stress is derived from the flexural action. However, (13a) and (13b)
can be manipulated to identify the (corresponding) design axial force:

N =0, 4,; N, =04, (14a); (14b)

[ c,cie?

where the allowable axial forces are defined as: -

ON, =014 (pN) = plk ek, 1, 4, (15a); (15b)

2 Aqn efficient design of a TCC cross-section occurs when the concrete metnber is fully under compressive stress
and the timber member is mainly subjected to tensile stress. It is possible for the timber beam to experience
compression, but this is not critical because the timber material exhibits adequate compression capacity.
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42.2 Strength requirements for Flexural shear strength

In the absence of structural reinforcement in the concrete member, the flexural shear strength
is provided by the timber member, therefore,

(7)1 | (16)

Where for rectangular sections:

(V) = gk Jech, S, E;iif— (17)

Note: Some conditions, (for example use of a deep notch), may require reducing the shear plane area by using
the net area of the (beam) cross-section.

423 Strength requirements for Bearing strength
The bearing strength is provided by the timber member, therefore,

(¢Np) =N, ‘ (18)
in which:
(4N, )= ik, £, 4, (19}

4.3  Strength of the composite eross-section — connection capacity

The connection {or notch) transfers the shear force occurring between the members under
flexure. The actual mechanics of this force transfer are. relatively complex. However a
prescriptive approach that defines connection capacities (based on empirical test data - refer
TABLE 1) that ensures the design procedure remains user-friendly, has been adopted for this
document,

TABLE 1: CHARACTERISTIC PROPERTIES OF THE CONNECTION

Connection type Beam width” | Strength  SLS stiffness  ULS stiffness
bt Qk I{ser Ku
mm kN kN/mm kN/mm
e PO 48 46 81 58
5 1
50 50 '
150 63 78 105 76
‘!“'ﬂ’f‘w = %-m.mz W 48 55 35 34
50 50
139 63 66 96 ' 69
*connection properties for beams 48 mm < b, < 63 mm, are derived by linear interpolation.
1.42 0.42
“for beam, b, > 63 mm, a reduction coefficient is applied: k, .., =(g’§] & ko = (%] .
!for other connection types, empirical values must be established.
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43.1 Shear strength of the connection

A global assessment of the connection strength is performed. It includes the assessment of the
strength of the first connection, 7' and the connection located at the quarter-span area,

max ?

VLM '
(oN,) 20 (20)
NOTE: Refer to TABLE 1, for empirical strengths of the specified connections.
where: _
(¢N,) = blakk O @1)

and the effective shear force in the connection located near the support equals:

*

Vmax) - ( EI)ef max
(where x = 0 — refer to Fehler! Verweisquelle konnte nicht gefunden werden., in Appendix Section Fehler!
Verweisquelle konnte nicht gefunden werden. )

. v EAaS . e .
0, =L, (22)

and the effective shear force in the connection located at the ‘quarter’ span:

* = chcAcacSmax V:M (23)
(i) (ED),,

(where x = L/4 - refer to Fehler! Verweisquelle konnte nicht gefunden werden., in Appendix Section Fehler!
Verweisquelle konnte nicht gefunden werden.):

432 Shear strength of the timber

The shear strength of the timber — tangential shear action in the area located between the
support and the first connection is assessed and checked as follows:

(#3,)=V" @

where:

(@{’Nv) = ¢klk4k6f,: (bfls) | (25)

4.4 Serviceability verification / assessment of the composite cross-section

The load combinations and factors for the serviceability limit states (SLS) are defined in thp
AS/NZS 1170 series (AS/NZS 2002a; 2002b). Serviceability of the TCC structur_e is
undertaken by checking the deflections against the limits defined to suit jche f!mf:’uonal
requirements of the building being designed. In the absence of any specific limits the
following are recommended:

o Short term Live load only, limited to span /300

e Short term Point load deflection, limited to 2.0mm

The mid-span deflection under uniformly distributed load is assessed as follows:

A= S(G* FPW inmp )E4
- 384(xn),

(26)

For which the value of ¢ and (EI),, are defined to suit the loading condition and duration.

4.4.1 TInstantaneous short-term deflection:

The shrinkage and creep effect of the concrete member and the creep of the timber is
neglected. Thus, ¢=1.0 and (EI),; is approximated as defined in Equations (1a) to (9).

a)  imposed load deflection check under uniformly distributed load, from Eqn (26),

b)  deflection under 1.0 kN (vibration check):
P
48(ET),,

(27)

Where P = 1.0 kN (point load applied at mid-span).

4.4.2 Long-term end-of-life deflection

The shrinkage and creep of the concrete member and the creep of the timber are accounted
for.

Thus, ¢ =4.0 and (EI),, is approximated as per Equations below.

a)  permanent and imposed load (deflection check under uniformly distributed load),

b)  permanent load only (deflection check under uniformly distributed load) 4,
is calculated using Equation: (26) :

Where, the effective (apparent) stiffness of the composite cross-section is given by (1b) :

2 2
(EI)ef = Ec,lts’[c + JEt,[rslr.f + }/c,{!sEc,ltsAcac + yI,ILsE'i,!lsfiraf

I, and I, refer to Equations 2a and 2b and the gamma functions are given by Equations 3¢
and 3d

1
EzEc,lrs‘AcSef ’
2
KL
A, and 4, are obtained from Equations (4a) and (4b) and the “distance” factors are given by
Equations 5¢ and 5d.

?/ ety = ?/ tlts :1

yt,lrsEt,lfsArH _ ?/c,lst AH

c,lts* e

(4

= 5 aI =
yc,!rsEc,IzsAc + ytglfsEt,ltsAl yc,l!sEc,[tsAc + y!,x'fSE!,fISA!




Where:

E
- c E =t (28a); (28b)
Ec,lrs (1 +£,, ) (1 + ¢cc) L,lts JA

Note: The recommended creep coefficient for TCC, j2 = 3.0 to 4.0.

And:
gcs = klgcs.b (29)

¢cc = k2k3¢cc.b (30)
for H refer to Equation (6)

for b, refer to Equations (7a); (7).

5  Concluding Comments

The design procedure presented in this paper is adapted from the design proceduregof ECS
and modified to suit local practices and reflect research and development recently, undertaken

in Australia and New Zealand.

The design methodology adequately addresses the complexity of TCC structures, _includi}lg
the partial composite action provided by the connection and imposes a comprehensive series
of strength checks on the cross-section components and serviceability checks with
consideration to the long term performance of the structure.

Adapting the design procedure to suit Australian practices has been a challenging exerqise
and where assumptions have had to be made due to uncertainties, these have erred on being
conservative. These assumptions are also areas for further research in order to address the

uncertainties associated with them.

Tt is anticipated that further research will include: .
= shear strength of the connection — size effect on the connection strength and stiffness,
»  shear strength of the concrete notch — effect of the coach screw,

= shear strength wood portions between the notches,

= {lexural shear strength of the beam — effect of deep notch and use of the net area of the
shear plane,

= short-term serviceability — initial deflection and effect of concrete curing,
»  Jong-term deflection

= influence of wood portions between the notches

Further work will also focus on making the design procedure more user-friendly wherever
possible whilst preserving the safety and functionality of the design.
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APPENDIX
Notation

The symbols and letters used in the design procedure are listed below:

o

characteristic strength in bearing perpendicular to the grain

A, cross-sectional area of the concrete member
A cross-sectional area of the timber member
Aj bearing area for loading parallel to the grain (timber)
Ay bearing area for Joading perpendicular to the grain (timber)
Ayt shear planc area for shear action parallel to the grain (timber)
Ay cross-sectional area of the coach screw (TCC only)
a distance between points of zero bending moment .
. distance for the concrete member g ¥
ar thickness of the formwork
a distance for the timber member
b, tributary width of the concrete member
b, width (thickness) of the timber member
b, width of the notch (concrete)
d, length of the notch (concrete)
E. value of the modulus of elasticity of the concrete member N
E s value of the modulus of elasticity of the concrete member for long-
term serviceability
E, value of the modulus of elasticity of the timber member
Eyis value of the modulus of elasticity of the timber member for long-term
serviceability
(ED),, effective (apparent) stiffness of the TCC cross-section
5 | characteristic strength in bending
/. characteristic strength in compression
ﬂ characteristic strength in bearing parallel to the grain

£, characteristic strength in shear

A charac.teristic strength in tension

G design. self-weight

H factor for the height of the TCC cross-section

A thickness of the concrete member

hy depth (height) of the timber member

1. second moment of area (moment of inertia) of the concrete member

I second moment of area (moment of inertia) of the timber member

J2 stiffness modification factor — load duration

Koy connection (shear kej/) stiffness for design of the Service Limit State —
‘ long-term deflection

K; connection (shear key) stiffness

Kier connection (shear key) stiffness for designlof the Service Limit State —

short-term deflection

K, connection (shear key) stiffness for design of the Ultimate Limit State

ki shrinkage strain coefficient (concrete)

k; duration of load (timber)

ks creep factor coefficient (concrete)

k3 maturity coefficient (concrete)

ks moisture condition (timber)

ks temperature (timber)

k7 length and position of bearing (timber)

ko strength sharing between parallel members (timber)

ki size factor (timber)

kiz stability factor (timber)

L span of the structure
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I fength of the horizontal shear plane (timber) oV, design capacity in shear (concrete)
-
M design action effect in bending | Winp imposed design load(s)
oM, design capacity in bending (concrete)
(M) design capacity in bending (timber) | Bias coefficients (concrete)
N design action effect produced by axial force _ A deflection at mid-span
N; design action effect in bearing produced by reaction at a support . Ve partial factor for material properties of the concrete member
N, design capacity in axial stress (concrefc) Yeuis partial factor for material properties of the concrete member — long-
(N ) design capacity in axia) stress (timber) term serviceability
({zﬁN J.) - design capacity of the connection in shear Y partial factor for material properties of the timber member
(N, ) design capacity in bearing parallel to the grain (timber) Vo its partial factor for material properties of the timber member — long-term
(¢N p) design capacity in bearing perpendicular to the grain (timber) : serviceability
(¢N ) design capacity in shear parallel to the grain (t;mber) : Ees design shrinkage strain (concrete)
(#N5) design capacity in bearing at an angle to the grain (timber) Ees basic shrinkage strain (concrete})
P design action for point load action (Service Limit State) Vo4 mean slip of the connection measured at 0.4 Ry, (test data)
o design action effect in shear in the connection Vos mean slip of the connection measured at 0.6 R,, (test data)
Q;;M design action effect in shear in the connection (at L / 4) ¢ capacity factor
Q;,;M design action effect in shear in the connection (at a support) b design creep factor (concrete)
el design action for shear in the connection G basic creep factor (concrete)
Q, characteristic strength of the connection in shear P creep coeflicient (timber) }
R, mean characteristic strength of the connection in shear (test data) 0 angle of the notch facet under compression, ‘
Sef factor for the connection spacing ) effective bending stress
Swax distance of the first connector from mid-span O effective compression stress
Smin distance between the connectors (inside the external quarter-spans) Ot effective tension stress
v design action effect in flexural shear (also tangential shear)
V; 14 design action effect in flexural shear (also tangential shear) at L / 4
- design action effect in flexural shear (also tangential shear) at a support
(#7) design capacity in flexural shear (timber)
12 13
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