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1 Structural Description of X-LAM Members

Cross-Laminated Timber(CLT or X-LAM) : A prefabricated engineered
wood product consisting of not less than three layers of solid-sawn lumber or
structural composite lumber where the adjacent layers are cross oriented and
bonded with structural adhesive to form a solid wood element. [I]

= T
e —
EBeBelr———rar
=S s s

(b) X-LAM (left) vs. glulam (right) [I]

b=
e
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Figure 1. Composition of X-LAM members

The steps of production of X-LAM members are the following:

harvesting, lumber selection, logging, grouping, etc.

creating lamellas(planks) by cutting to length

creating single layer elements

creating members(panels or billets) from the single layer elements

quality control, machining, packaging, shipping, etc.
Materials used in X-LAM products:

- The timber used in the manufacturing of X-LAM is generally kiln dried
C24 timber together with a limited amount of C16 timber. With a
moisture content of approximately 12% within 4 3% [] the density of
the timber ranges from 470-590 Kg/m3 (dependant on the material).

- Approximately 0.6% of an X-LAM panel is made from adhesives, there-
fore the glue content is very low in proportion to the product [2]. The
main wood adhesives are melamine-urea-formaldehyde (MUF), one-
component polyurethane (PUR), phenol-resorcinol-formaldehyde (PRF)
and emulsion polymer isocyanate (EPT).

*according to [1], other sources mention £+ 2%
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Depending on the manufacturer, the covering layers may be aligned to
either the longitudinal or the transversal panel direction, with planks being
optionally edge-glued or breathways-glued. The longitudinal planks are
usually finger-jointed (see Fig. [2) and glued.

H
UL
= .5" Ll
i
&

(a) vertical (b) horizontal

(¢) inclined

Figure 2. Orientations of finger-joints [3]



2 Mechanical Description of X-LAM Mem-
bers

2.1 Material Constitutive Equations

In this section we introduce the stress-strain relations which are necessary
for further investigation. For a deeper introduction see [4]. Throughout the
text we will use the Voight index notation, where the expression o;; denotes
a normal strain if 7 = 5 and a shar strain otherwise:

(Jm Oyy Ozz Oys Ogz ny) = (Ux Oy Os Tyr Tuz Txy). (1)
The notation of engineering strains with the same concept:
(511 Eyy €2z Eyz Eaz ary) = (635 €y € Yyz Vaz %y)- (2)

If the stress components are assumed to be linear functions of the strain
components and we assume that the reference configuration is stress free,
then the constitutive equations in contracted notation are:

o = Ce, (3)

where
T
o= <0m Oyy Ozz Oys Ogs axy) (4)

is the vector of stress components,
T
g = (gmz Eyy €2z Eyz Eaz 5173;) (5)

is the vector of engineering strain components, and C is the matrix of elastic
material constants (elasticity matrix):

—Cll CY12 Cl3 C(14 C'15 ClG

C’31 C{32 C133 C134 C’35 036

The relationship of equation is assumed to be invertable, thus
e=So, S=C"! (7)

where S is the compliance matrix.



A reasonable assumption is to model timber as an ortotropic material, and
rewrite Hook’s law in a coordinate system aligned to it’s anatomic structure.
If we formulate the compliance matrix S in an orthogonal coordinate system
{x1, T2, x3} such that x1, x5 and z3 are aligned to the longitudinal, radial and
tangential directions, equations and @ can be written as:

o' =C"¢", (8)
ef = S*O'*, S* — C*_l, (9)
with the vectors of stress and strain in the material coordinate system:
. T
o= (011 022 033 023 013 012) (10)
and
. T
€ = (511 €22 €33 €23 €13 612) . (11)
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(a) Material coordinate system [5]

(b) Layering scheme

Figure 3. Lamination scheme of X-LAM members

The compliance matrix S* is characterized by the following 9 independent
engineering constants:

E\Ey, By, Gas, Gh3, Gia, Va3, 13, V12. (12)

Coordinate Transformation

The equations so far were written with respect to the principal material
coordinate system of the actual lamina (subscript m), which in most of the
situations does not coincide with the problem coordinate system. Furthermore,
a laminate in general case is composed of a set of laminas with different
orientations (6, see Figure of their principal material coordinate systems.
Therefore there is a need to transform the relations among stresses and strains
for each layer into the problem coordinate system.



The stresses transform according to:
o="To", (13)
where
T is the transformation matrix.

Using the engineering strains introduces some awkwardness into the trans-
formation of strain components, some of which can be reduced by using the
so-called Reuter’s matrix R, hence

e =RTR 'e". (14)

Finally, the material coefficients transform according to:

C =TC'R!TTR, (15)
where
C is the elasticity tensor with respect to the problem coordinate
system;
C* is the elasticity tensor with respect to the material coordinate
system.

2.2 Relations Among Material Properties

According to section for the proper definition of the material constitutive
equations we need 9 independent engineering constants. Since the broschures
provided by the X-LAM manufacturers usually publish less than that, we need
other sources of information. We make use of the fact that X-LAM products
are made from softwood, which reportedly share some relations among their
stiffness parameters. These are based on the tabular data containing all of
the 9 material constants of several softwood species native in Europe, North
America and Russia provided by Hearmon [6], Bodig and Goodman [7] and
Askenazi [8], and the related work of other researchers [9] [10].



2.3 Member Constitutive Equations

Current design models for X-LAM mainly emerged from the long tradition of
using only one-dimensional elements in wood constructions, accordingly they
rely on beam theoretical considerations to a great extent. Some of the most
popular ones based on the literature review of Stiirzenbecher et al. [I1]:

e Mechanically jointed beam theory (y-method)

Introduced by Mohler [12], the crossing layers are considered as shear
compliant connections instead of individual layers by introducing a
correction factor to the bending stiffness. An important limitation of
the method is that it only allows for the design of simply supported
beams under sinusoidal loading.

e Shear analogy method

Introduced by Kreuzinger [13], the method is based on the separation
of the two parts of overall bending stiffness of members: the individual
stiffnesses of the lamellae and the stiffness increments by their joint
action. These shares of bending stiffness and the shear stiffness of the
individual layers are assigned to two beams showing coupled displace-
ments. The method overcomes the limitations of the v-mehod and
compliant joints can also be easily considered.

o Timoshenko beam theory

The theoretically most straightforward from the beam approaches is the
Timoshenko beam theory [14], recommended by Schickhofer et al. [15]
for the structural design of X-LAM. It is reported by Bajczerova [16],
that the method produces almost the same stiffness as the y-method.

The so far introduced methods all suffer from the same deficiency as they
account for a beam-like behaviour, and so neglect two-dimensional stress
transfer. Furthermore, since these models do not provide the flexibility of
defining an arbitrary 2-D domain and boundary conditions, they are simply
inapplicable in a commercial finite element software such as AxisVM, and
the application of a 2-D shell model is inevitable.

In the field of mechanics of laminated composites a multiplicity of plate
theories were derived, where Equivalent Single Layer Methods (ESLM) show
the computational convenience that the number of independent variables does
not depend on the number of layers. In these, a laminated plate is considered
as a statically equivalent single layer having complex constitutive behavior.
On the contrary, Layer-Wise Methods (LWM) exhibit the same number of



independent variables for each layer, and thus, show thoroughly increasing
computational costs with increasing number of layers.

The Mindlin plate theory, or as it is often called, the first-order shear
deformation plate theory (FSDT) proposed in 1951 by Raymond Mindlin [17]
is a generalization of the Timoshenko beam theory for 2-D applications, and is
already the main tool for the analysis of thick plates. The suitability of FSDT
amongst other theories to reproduce deformations and stresses of point loaded
CLT plates was examined by Czaderski et al. [18], and except from the 3D FE
calculations and the Mindlin plate theory in case of deformations, considerable
deviations of the computed results from corresponding experimental values
were reported. The suitable stiffness representation of laminated plates by the
Mindlin theory is also reported in [19]. Based on comparisons with the exact
analytical solutions of Pagano [20], it is also concluded by Stiirzenbecher et
al. [19], that although more advanced plate theories are capable of producing
more accurate results even directly, the FSDT delivers an appropriate shear
stress distribution, on the indirect cost that it has to be back-calculated from
in-plane stresses by integration of the infinitesimal equilibrium equations.

Due to it’s reportedly suitable modeling capabilities for the case of lami-
nated plates and keeping in mind it’s great integrability to a commercial code,
the development of an equivalent single layer method is to be introduced in
the next section on the basis of the Mindlin plate theory.

2.3.1 Mindlin Plate Theory for Laminated Composite Shells

Retaining the assumption of linearity of displacements but discarding the
normal hypothesis of the so-called Classical Plate Theory (CPT), commonly
known as Kirchhoff Plate Theory [2I] for homogeneous plates, leads to the
Mindlin plate theory. The resulting strain field reads as:

E =€+ 2K, (16)
where
€0 is the vector of engineering strains measured on the centerplane ﬂ;
z is the shortest distance of the material point from the centerplane;
K is the vector of curvatures.

We note that the actual definition of curvatures depends on the arbitraryﬂ
sign conventions of the kinematic variables.

fthe collection of points that satisfy z = 0
fwith the clause, that the curvatures must be energy consistent with the moments



The lamination scheme illustrated on Figure the internal forces and
moments of a general flat shell are defined as:

N, -

N=[N, | = /U(’)dz = U(’)dz) (17)
Ny =t e
M, . N zi .

M=|M,|= /za(’)dz = (/ za(’)dz) (18)
Ma:y =1 s

Q-(§)-Joue= S w

or in a more compact form

N A B O €o
M|=|B D 0||k]|. (20)
Q 0 0 S|\~

2.3.2 Shear Correction

The displacement formulation of the Mindlin-Reissner theory offers a constant
shear stress distribution through the thickness. Since this is not a realistic
distribution, we apply correction factors k, and &, to have an energy consistent
model.

The caculated shear correction factors for a typical X-LAM member are about
1/4 of that of a homogeneous rectangular cross section, which is 5/6. The
calculation procedure is confirmed in [22].

We only mention that the shear correction factors could be calculated on the
basis of a plate theory, but it leads to a nonlinear problem since the resulting
factors are dependent on the internal force distribution within the domain
[23].
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3 Design of X-LAM Members

3.1 Load duration classes

EC5 requires that actions are assigned to one of the load duration classes of

Table [1l

Order of accumulated
Load-duration class | duration of characteristic

load
Permanent more than 10 years
Long-term 6 months - 10 years
Medium-term 1 week - 6 months
Short-term less than one week

Instantaneous

Table 1. Load-duration classes

3.2 Service classes

Structures shall be assigned to one of the service classes given below:

« Service class 1 (SC1) is characterised by a moisture content in the
materials corresponding to a temperature of 20 °C and the relative
humidity of the surrounding air only exceeding 65 % for a few weeks
per year.

« Service class 2 (SC2) is characterised by a moisture content in the
materials corresponding to a temperature of 20 °C and the relative
humidity of the surrounding air only exceeding 85 % for a few weeks
per year.

3.3 Modification Factors of Strength and Stiffness

Effect of load-duration and moisture content on strength The effect
is taken into account by the modification factor k,,,q. The value of the
parameter is selected on the basis of the relevant service class and load-
duration class according to EC5.

Until there is no standardised agreement over the assignment of k,,.q, the
values proposed in [24] are suggested, according to Table .

11



Service Load duration class
TV Long- | Medium- | Short-
class Permanent Instantaneous
term term term
SC1 0.6 0.7 0.8 0.9 1.10
SC2 0.6 0.7 0.8 0.9 1.10

Table 2. Values of k,,,q for X-LAM

Effect of moisture content on deformation The effect is taken into
account by the modification factor kg s selected for a given service class
according to Table [3] The values are based on the proposed values of [25]
and [24] for service classes 1 and 2, and in the absence of approval, the value
defined for plywood in EC5 for service class 3.

SC1 | SC2 | SC3
0.8 | 1.0 | 2.5

Table 3. Values of kg¢ for X-LAM

Effect of member size on strength For timber products, usually a
modification factor kj, is used to increase the characteristic strength values
based on the cross sectional dimensions of the member and the dimensions of
the reference specimen.

Until there is no standardised agreement over the calculation of this paramater,
a value of k;, = 1.0 is used.

System strength When several equally spaced similar members, compo-
nents or assemblies are laterally connected by a continuous load distribution
system, the member strength properties may be multiplied by a system
strength factor ky,s. The increase in strength only applies with parallel stress-
ing of several boards, like with normal and bending stresses, however, not if
only one board is subject to rolling shear (EN 1995-1-1, Section 6.6).

According to EC5, for glued or prestressed laminated timber decks or
floors the value of ks should be given by:

Koys = min{1.2, 1+ 0.025n} (21)

where

n is the number of loaded laminations.
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The application of the parameter can be explained by the fact, that the
conventional design methodology of EC5 relies on a beam model, which
neglects the Poisson effect.

Effect of cracks According to EC5, for the verification of shear resistance
of members in bending, the influence of cracks should be taken into account
using the crack factor k..

The recomennded values for k., are given as
ke = 0.67 for solid timber;
k.. = 0.67 for glued laminated timber;

k.. = 1.0 for other wood-based products in accordance with EN 13986
and EN 14374.

Furthermore, it is noted in [26] that using the crack factor is not necessary,
since cross-laminated timber is a two-diemnsional element with an interlocked
build-up and possible cracks are assumed to be considered via the product
approvals.

Effect of shape of cross section The effect on strength arising from the
cross-sectional shape of beam members is taken into account by applying a
factor kgpape to the design shear strength. Since the concept of the parameter
assumes the application of a beam model, a value of kgpqpe = 1.0 is used here.

Effect of finger joints According to [26] for universally finger-jointed CLT
elements, the bending strength mus the reduced by 30% . The reduction is
taken into consideration via the factor kf;,. When applied the finger joints
are assumed to only joint longitudinal placks.

Partial factor for material properties The partial safety factor vy, on
the resistance side may be determined nationally and must be observed in
any case.

If not defined nationally, the value of the parameter is taken as vy, = 1.25
according to [24].

13



3.4 Design Value of a Material Property

The calculation of the design value of a material property x according to EC5
is summarized in Table [l

Analysis type SLS ULS
First order, o Xmean - Xmean
linearly elastic A Kaes Xy pokiey
Second order, Xmean Xmean

. . X = X =
linearly elastic Y™ Ym
Vlbratlon X - Xmean X == Xmean

! In the abscence of data from previous calculation
¢o = 1.0 is conservative.

Table 4. Calculation of stiffness paramaters

The Poisson’s ratios should be used with their provided values in chapter [2.2]

3.5 Resistance Properties of Timber

As occurs for other engineered wood products, such as laminated veneer
lumber (LVL) and glued-laminated timber (glulam) beams, the mechanical
properties of CLT are manufacturer dependent. Commonly, mechanical
properties are provided by each manufacturer on a proprietary basis, therefore
consultation with each manufacture is essential during the design process.
Table [5] presents strength values of X-LAM according to EN 338 and other
relevant sources [27] [26]:

14



Bending strength parallel to grain ! fmor | 24
Bending strength perpendicular to grain 2 fmo0k | 0.5
Tension strength parallel to grain frok 14
Tension strength perpendicular to grain froor | 0.5
Compression strength parallel to grain feok 21
Compression strength perpendicular to grain | feoor | 2.5
Shear strength Jok 2.5
Rolling shear strength Jrk 1.0
Torsional shear strength Ik 2.5

! Denoted as f,, x in EC5.
2 Not defined in the current standards.

Table 5. Characteristic resistance values of C24 timber in N/mm?
according to EN 338

Notes:

o For universally finger-jointed CLT elements, the bending strength must
be reduced.

Shape and processing of the board layers decisively influence the rolling
shear strength. Therefore here, in particluar, reference is made to the product
approoval. If the boards are edge-glued of if, with missing edge gluing, a
minimum width to thickness ratio of 4:1 is complied with, then according to
EN 16351:2013.

For universally funger-jointed cross laminated timber elements, the flexural
strength for stress upon use as a panel must be reduced.

3.6 Design Value of a Resistance Property
The design value y4 of a resistance property shall be calculated as:

Xk

Xd = kmodi (22)
M
where
Xk is the characteristic value of the resistance property;
Y is the partial factor for the resistance property;

kmoqa 1s a modification factor taking into account the effect of the duration
of load and moisture content.
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According to the previous sections, the elements of Table 5] are calculated
as:

ft,o,d = ft,O,k * Kmod - /fsys/’YM

Jt90.d = J.90k * Fmod - Ksys/Ym

feod = feok  kmod/Ym

Je90.d = feook - Kmod/Yar

Jod = for- Kmod /Y

fra = fri+ Emod/ M

fm,o,d = fm,O,k *Kmod * ksys ) /ffm/VM

fm,90,d = ft,90,k : kmod : ksys/’}/M

3.7 Design for Ultimate Limit States

In this section we list the limit states to be checked according to EN 1995-1-1
[28], DIN 1052:2004-8 [29] and various research papers [30] [31] [22] [27].

AxisVM performs the following checks only. All the other checks
specified in the design code for supports, joints, etc. has to be
completed by the user.

Combined bending and axial tension parallel to grain direction

0t,0,d |Um0d|
— 4+ —— < 1.0 23
ft,O,d fm,O,d ( )

where
0104 is the design tensile stress along the grain;
ftoa is the design tensile strength along the grain;
om0, 1s the design bending stress along the grain;

fm.0a is the design bending strength along the grain.

16



Combined bending and axial tension perpendicular to grain direc-
tion

0¢,90,d |Um,907d’

_|_

< 1.0 24
Jt.00.d fm00d (24)

where
01904 1s the design tensile stress perpendicular to grain direction;
fr90a 1is the design tensile strength perpendicular to grain direction;
Om.,90,d 1S the design bending stress perpendicular to grain direction;

fm.00.a is the design bending strength perpendicular to grain direction.

Combined bending and axial compression parallel to grain direction

2
0c,0,d ’UmOd‘
et ) 4 EmBA 1.0 (25)
< fc,O,d > fm70,d

where

0c04 s the design compressive stress along the grain;
feoa is the design compressive strength along the grain;
om0, 1s the design bending stress along the grain;

fm,0a 1is the design bending strength along the grain.

Combined bending and axial compression perpendicular to grain
direction

2
0¢,90,d ’Um 90 d’
) ) + ) ) S 1'0 (26)
(kc,QOfc,QO,d> fm790,d

where

0c00.4 1is the design compressive stress perpendicular to grain direction;
feoo.a is the design compressive strength perpendicular to grain direction;

kcoo s a factor taking into account the load configuration, the possibility
of splitting and the degree of compressive deformation;

Om.,90,d is the design bending stress perpendicular to grain direction;

fm.90.4 is the design bending strength perpendicular to grain direction.

In the abscence of a standardised value, applying k9o = 1.0 is on the safe
side.
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Combined shear and torsion

|7'Td| < Td )2 <7rd>2
— 4+ + : <1.0 27
fv,d fv,d fr,d ( )

where
714  is the design torsional stress;
Td is the design shear stress;
Tr.d is the design rolling shear stress;

fva  is the design shear strength.

Combined rolling shear and axial tension perpendicular to grain

direction .
0¢,90,d Tr.d
=ty

ft,QO,d f’r,d

<1.0 (28)
where
01904 1is the design tensile stress perpendicular to grain direction;
fro0a is the design tensile strength perpendicular to grain direction;
Tr.d is the design rolling shear stress;

fra s the design rolling shear strength.

Combined rolling shear and axial compression perpendicular to
grain direction
|oe90dl | |Trdl
_I_

fc,QO,d fr,d

<1.0 (29)
where
0c90,4 1S the design compressive stress perpendicular to grain direction;
feoo.a is the design compressive strength perpendicular to grain direction;
Tr.d is the design rolling shear stress;

fra  is the design rolling shear strength.
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3.8 Implementation in AxisVM
3.8.1 Definition

Upon defining a domain and selecting "XLAM’ from the list of possible domain
types, a dedicated material is attached to the domain automatically with
predefined strength and stiffness parameters introduced in sections [2.2] and
.0l

Mame KLAM| Color -
Type | Timber - Outline color -
Current design code = Eurocode [H] Texture: Birch
National design code | Eurocode -
Timber design parameters
Material code
Type | Soft -

Linear properties

Ep. N/mm?2] =

(EaGlIT Orthotropic .05 [N/ 1= |9180

E, [N/mm?]= ka/m?] = Gmean [N/ 2] = (690
[N/ 1= |11000 plkg/m*]1= |450

G /G = o1
R,mean’ “mean v
N/mm?] = |550 1/°C] = [8E-6
By [N/mm] SR v =125
v= (040
I Nonlinear properties ke [N/mm2] = [24.00
frgr [N/mm2] = [14,00
|P|aztic_- von Mises J fragk [N/mm2] = [0,50
21—
Stress-strain diagram feoi (N/mm=] = 121,00
®
11000 feagr [N/mm2] = (2,50
0 £ [N/mm2] = (2,50
’—;. fre [N/mm2] = [1,00
ke = |0

Figure 4. Material properties in AxisVM

X-LAM poducts can be selected from the XLAM library, where the orientation
of the individual layers are with reference to the top layer grain direction (see
Figure [5)), which is to be set for the domain along with the service class.

When defining a domain, the user can decide on the application of strength
modification factors ks and k¢, described in section by clicking the
corresponding checkboxes (unchecked by default).
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X3 MM 7(200)ss — [} X

Manufacturer MM 7(200)ss I/ L Thickness
Binderholz 3(60)s ~ [0 I ALy
X-Lam Dolomiti 3(80)s 30,0 il
Morica 3(90)s 20,0 L
3(100)s 10,0 Ul
KLH 3(120)s 20,0 L
StoraEnso CLT 5(100)s 30,0 il
5(120)s 30,0 U
5(140)s
5(160)s
5(180)s
5(200)s Add
=
7(220)s Replace
e

Figure 5. Material properties in AxisVM

XLAM [MM 7(200)ss - E

Top layer grain direction y

Service class |Class 2 -
L kys L in

Figure 6. A possible XLAM domain definition in AxisVM

3.8.2 Results

The stresses are available in the usual graphical representation styles (diagram,
Isolines, Isosurfaces 2D, Isosurfaces 3D). As usual in timber design, the
stresses are separated according to the source of membrane or plate effect.
Stress components originated from bending are stored with their maximum
and minimum values along the thickness direction. From the two, the one
corresponding to a point with positive vertical coordinate will be denoted
as ‘top’ (eg. Sxx m T), the other one with negative vertical coordinate as
‘bottom’ (eg. Sxx m B). The stress components caused by normal and shear
forces are represented by the value through the thickness having the largest
value in absolute sense. The representative stresses at a point of an arbitrary
internal force scenario are marked with black dots on Figure [7]

Clicking on a node of a surface element draws the stress distribution along
the thickness. If envelop diagrams are to be plotted, the load cases causing
extreme values in the stress component being active will be highlighted with
red(maximum) and blue(minimum), see Figure [§|
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X5 XUAM stresses (Surface 242) — O X
té %ﬁ ST v . oK
S (NMM?2] S m NMM?2] 5 NMm2]
B 3 0,73 aQ
oem T
Sxz max
01
s SXK M
-u,3;l 07
Sy (NIMMZ] Sy m NIMM2] s, INIMm?]
z & o
Syyn SyymT
0,60 2,65
Syz
05
26!
Syy m B
0,02 ]
Sy (NIMM?] Sy m [NIMM?] Linear - ST1
0,3 Z B A7
SXV n mT xqm] = -0,104
Spen IUMM2] = -0.39
Soom NMM?] - = -0,54
Sy NMM?] = 0,02
Sy NMM2] = 024
S MNmm2] = -0,38
Sypm INIMM?] = -3,10
= 5. [Nmm?2] - = -0,10
i s, [Nimm?] % -0,06
-0,38 -4‘170/' ki

Figure 7. X-LAM stress distribution in AxisVM

The limit states of section [3.7] are grouped into 4 utilization categories as:

- M-N-0 utilization : equations and

M-N-90 utilization : equations and
- V-T utilization : equation

Vr-N utilization : equations and
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X5 XLAM stresses (Node 854) _ o %

@ g © Envelope Min,Max (Loa: = : = OK

S [KNIM2] Soem IKNIM2] Sy [4IM2]

N

TkNim?] s, [kh/m2]

e

7
/

5, 0 [KHUM2] Spym

i

=

KNim?] Sy m [KNIM?] Linear - Envelope Min Max

3220434
Am = -0,029
S M) = 0,1120 0
S [NM2] = 0 6,3488
Syyn [Kmei_] = 3,1140 0
Syym [NM2] = 0 118,5432
S [NIMZ] = 02073 0

| s, 2 1

oy |

= -94,5441
S,z [KN/M?] = 0 22,4590
s, [im?2] = 0 54868

-322.0434

Figure 8. Stress distribution diagrams at a node, with s, ,,, being the active
component.

3.8.3 Tips and Tricks

e The calculation and design of X-LAM members is currently not covered
in the relevant standards. Always look up the broschures and ETA|§|
documents of the manufacturers and check the definition of X-LAM
members.

 The resistance value f; g9 1 for softwood is usually much lower than f; ¢ .
If a point is under a biaxial state of stress, this usually results in high
utilization value for component '"M-N-90". Under these circumstances
cracks may appear along the grains in the tension zone. To circumvent
this failure is up to the designer.

SThe European Technical Assessment (ETA) is an alternative for construction products
not covered by a harmonised standard. It is a document providing information on their
performance assessment.
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3.9 Verification Example 1

Calculate the stresses and utilization of a simple example illustrated on
Figure [0} The calculations are carried out with 4 significant digits and units
understood in [kN] and [em)].

ﬂwu\bj;

/777

777
gt

Figure 9. Setup of example 1.

The parameters are the following:
name of the product : KLH 3(60)s TL
length : [ = 600.0
width : b= 1.0
mean major modulus of elasticity : Ey mean = 1100
mean minor modulus of elasticity : Egomean = 55.00
Top layer grain direction : x
thickesses : (2,2,2)
thickness : ¢t = 6.000
orientations : (||, L, ||)
service class : 1
load duration class : permanent
distributed surface load value : p=1F —4
With hand calculations:
kqer = 0.8000
bending rigidity : EI = 19100.

maximum weighted statical moment : S,,,, = S(0) = 4427
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p-I?

maximum bending moment at midspan : M4, = = 4.500

-1
maximum shear force at the supports : V.. = pT = 0.03000

max t

i ] st D Opmax = B —=0.7774

maximum normal stress : o, 0BT 5 0.777
. . Vmar : Smaz

maximum shear (rolling shear) stress : T4 = 5 - 0.006952
imum deflection : _ 5l sy

maximum deflection : w4 = s Bl o

kmoa = 0.6000

ki = 1.000

design bending strength : fi,.04 = finok * kmod - Ksys - kfin/ym = 1.152
utilization of bending strength : 0.6748

design rolling shear strength : f, 4 = frx - kmoa/vm = 0.048
utilization of shear strength : 0.1448

Results with AxisVM (with v = 0):

Sy m [KNIEM?] 8, [KMN/cm?2]

0?8\\
\\ 0,006953
078

(a) 0y, distribution at midspan (b) 04 distribution at the right support

Figure 10. Stress distributions of Example 1
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Mode 145, 5T1, Swem T:-0,777927 kM/cm=

100cm

#
600 cm

Figure 11. Plot of 'Sxx m T’ of Example 1 in AxisVM

[Node 36, ST1, Siz max: 0,006953 kNicm? |

100 cm

7 500 cm

Figure 12. Plot of 'Sxz max’ of Example 1 in AxisVM

[Node 145, §T1, eZ: -16,037 cm |

100 cm

#
600 cm

Figure 13. Deflection plot of Example 1

Mode 145, ST1, M-N-0 utilization: 0,675

100¢cm

#
600 cm

Figure 14. M-N-0 utilization plot of Example 1

[Node 36, ST1, Vr-N utilization: 0,145 |

100 em

#
500 cm

Figure 15. Vr-N utilization plot of Example 1
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3.10 Verification Example 2

In this example we illustrate the stiffness calculation of an X-LAM shell
illustrated on Figure The calculations are carried out with 4 significant
digits and units understood in [kN] and [cm)].

G00 cm

200 cm

Figure 16. Setup of Example 2

The parameters are the following:
name of the product : Binderholz 7(260) 125
mean major modulus of elasticity : Ej mean = 1100
mean minor modulus of elasticity : Egg mean = 55.00
mean shear modulus: Gean = 69.00
mean rolling shear modulus: G, ;eqn = 6.900
Top layer grain direction : x
thickesses : (6,2,4,2,4,2,6)
orientations : (||, L, ||, L, |, L, )

service class : 1
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load duration class : permanent
distributed load value : p=1EF —4

The introduced calculation is verified with ANSYS, using element type
SHELL281 with multilayer capabilities.

Figure 17. Displacement plot of Example 2 in ANSYS with an element size
of 25 cm

27



0
-0,0321
-0,0964
-0,1285
-0,1607
-0,1928
-0,2249
-0,2571
-0,2892
-0,3213
-0,3535
-0,3856

0,4178
-0,4499

E‘ XI‘IIII

Figure 18. Displacement plot of Example 2 in AxisVM with an element size
of 25 em
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