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Chapter 1: EN 1995 Code check, 1D element

1.1 Basics of design

Within article 2.2.2 the possible procedures for carrying out the analysis of a Timber structure are specified.
The following procedures are supported:

1. First order linear elastic analysis using mean values Emean and Gmean for the stiffness properties.
2. Second order linear elastic analysis, using values Eq and Gq for the stiffness properties.

The design values are determined as given in article 2.4.1(2).

E G
Ed — Zmean goq Gd — Umean
Ym Ym

For the partial safety factor ym specified in article 2.4 reference is made to the Theorical Background for the
National Annex to EN 1995

Table 2.3 — Recommended partial factors y, for material properties and resistances

Fundamental combinations:
Salid timber 1.3
Glued laminated timber 1,25
LVL, plywood, OSB, 1,2
Parlicleboards 13
Fibreboards, hard 1.3
Fibreboards, medium 1.3
Fibreboards, MDF 1.3
Fibreboards, soft 1,3
Connections 13
Punched metal plate fasteners 1,25

Accidental combinations 1.0

N
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1.2 Material Properties

The characteristic values of the material properties which are provided by default have been taken from the
following references:

¢ Solid Timber: EN 338 Ref.[4]

e Glued Laminated Timber: EN 1194 : Ref.[5] and Ref.[7]

1.2.1 Strength modification factor kK mod
The values of the modification factor kmod are taken by default from Table 3.1.

Table 3.1 — Values of kg

Material Standard Service Load-duration class
class Permanent | Long | Medium | Short | Instanta-
action term term term neous
action | action | action | action
Solid timber | EN 140811 1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,80 1,10
3 0,50 0,65 0,65 0,70 0,90
Glued EN 14080 1 0,60 0,70 0,80 0,90 1,10
Igmlnaled 2 0,60 0,70 0,80 0,90 1,10
timber 3 0,50 055 |085 0,70 |0,90
LVL EN 14374, EN 14279 |1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,85 0,70 0,80
Plywood | EN 636
Part 1, Part 2, Part 3| 1 0,60 0,70 0,80 0,90 1,10
Part 2, Part 3 2 0,60 0,70 0,80 0,80 1,10
Part 3 3 0,50 0,55 0,65 0,70 0,20
0SB EN 300
QSB/2 1 0,30 0,45 0,85 0,85 1,10
QOS5B/3, OSB/4 1 0,40 0,50 0,70 0,90 1,10
0O5B/3, OSB/4 2 0,30 0,40 0,55 0.70 0,90
Particle- EN 312
board Part 4, Part 5 1 0,30 0,45 0,85 0,85 1,10
Part 5 2 0,20 0,30 0,45 0,60 0,80
Part 6, Part 7 1 0,40 0,50 0,70 0,90 1,10
Part 7 2 0,30 0,40 0,55 0,70 0,80
Fibreboard, |EN 622-2
hard HB LA, HB.HLA 1 or |1 0,30 0,45 0,65 0,85 1,10
2
HB HLA1or 2 2 0,20 0,30 045 0,60 0,80
Fibreboard, |EN 622-3
medium MBH.LA1 or2 1 0,20 0,40 0,60 0,80 1,10
MBH.HL31 or 2 1 0,20 0,40 0,60 0,80 1,10
MBH.HLS1 or 2 2 - — - 0,45 0.80
Fibreboard, | EN 622-5
MDF MDF.LA, MDF.HLS |1 0,20 040 |060 0,80 |1,10
MDF_HLS 2 - - - 0,45 0,80

As specified in article 3.1.3(2) , if a load combination consists of actions belonging to different load-duration
classes a value of k,,,4 is used which corresponds to the action with the shortest duration.
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1.2.2 Deformation modification factor k  def

The values of the deformation factor kqer are taken by default from Table 3.2.

Table 3.2 — Values of k. for timber and wood-based materials

Material Standard Service class
1 2 3

Solid timber EN 14081-1 060 | 0,80 | 2,00
Glued Laminated EN 14080 0,60 | 0,80 | 2,00
fimber
LVL EN 14374, EN 14279 060 | 0,80 [ 2,00
Plywood EN 636

Part 1 0,80 - -

Part 2 0,80 | 1,00 -

Part 3 0,80 | 1,00 { 2,50
0SB EN 300

0sBi2 2,25 - -

0OSB/3, 0SB/4 1,50 2.25 -
Particieboard EN 312

Part 4 2,25 - -

Part 5 2,25 | 3,00 -

Part 6 1,50 - -

Part 7 1560 | 2.25 -
Fibreboard, hard EN 622-2

HB.LA 2,25 - -

HB.HLA1, HE.HLAZ 2,25 | 3,00 -
Fibreboard, medium EN 622-3

MBH.LA1, MBH.LAZ 3,00 - -

MBH.HLS1, MBH HLS2 | 3,00 | 4,00 -
Fibreboard, MDF EN 622-5

MOF LA 2,25 - -

MDF HLS 225 | 3,00 -

In addition, as specified in article 3.2(4) the values given in Table 3.2. can be increased by 1.00 for timber
which is installed at or near its fibre saturation point. This can be set in the Timber settings.

1.2.3 Depth factor k n

In case the proper setting is activated in the Timber Setup the depth factor kj, is taken into account for both
Solid Timber and Glued Laminated Timber.

According to articles 3.2(3) and 3.3(3) the effect of the member size may only be accounted for in case a
rectangular section is used. A rectangular section is defined as one of the following:

e RECT (Timber)

* Rectangle (Geometric shapes)

* Full rectangular (Form code 7)

In the following tables b is taken as the smallest dimension of the rectangle and h as the biggest dimension
of the rectangle.

M,

Veotnb—Aoob v h
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The factor kn is calculated based on the type of timber:

Solid timber

Action Conditions Kn

150

_ Material density is < 700 kg/m3 ((22yo2
Tension Ngq ky =min{* h

Dimension h < 150 mm

Material density is < 700 kg/m 3 (EYo2
h

Bending My g4 k;, = min

—~ | —~ | ——

Dimension h < 150 mm 1,3
) Material density is < 700 kg/m 2 . (ﬂ)o,z
Bending M, g4 ) ) Kk, = min{* b
Dimension b < 150 mm 1,3

In all other cases ki remains 1,00

Glued Laminated timber

Action Conditions Kn

60040,1

&)
(@

Bending Mygq | Dimension h < 600 mm ky, = min{ h

)

Tension Ngq Dimension h < 600 mm ky = min{

)0,1

Bending M, gq - k,=1

In all other cases ki remains 1,00

1.3 Basis of Structural Analysis

For plane frames, the following imperfections can be defined according to article 5.4.4(2):
¢ Global Imperfections @ using formula (5.1)
The value of @ in radians should as a minimum be taken as:
®=0,006forh<5m
® =0,005V5Ih forh>5m
Where h is the height of the structure or the length of the member, in m.

« Bow imperfections e using formula (5.2)
The value of e should as a minimum be taken as:
e=0,0025 |

In addition, the shape of the elastic critical buckling mode can be used as unique global and local
imperfection.
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1.4 Ultimate Limit State

The Ultimate Limit State verifications are executed according to Section 6.

1.4.1 Tension parallel to the grain

The tension parallel to the grain check is executed according to article 6.1.2.

This check is executed only in case a tensile normal force Ngq is present.

1.4.2 Compression parallel to the grain

The compression parallel to the grain check is executed according to article 6.1.4.

This check is executed only in case a compressive normal force Ngq is present.

1.4.3 Compression perpendicular to the grain
The compression perpendicular to the grain check is executed according to article 6.1.4.

This check is executed only in case a shear force V;q is present. The check is executed on positions where
there is a jump in the V;gq diagram.

A A
1 2 3
Iﬂl”/-‘]r
ir-_." A
» ¥

When evaluating the jumps in the shear force diagram of a given member, also the shear diagrams of the
adjacent members are accounted for. Adjacent members are defined as neighboring within the same buckling
system.
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Effective contact area

The effective contact area Aer is determines as follows: Agr =16 * b

The width b concerns the contact width of the cross-section and is determined by default as follows:

Cross-section Contact Width b Cross-section Contact Width b

RECT CIRC
|:| B O 10 mm
2 Rect 3 Rect
] 2 tha 000 3ha

T profile I nan-symm

l | tha I Min (Bb;Bc)

| symm 2 Rect
L
tha+ 2*Bb 2*B
o
3 Rect Cross
S [ﬂ] tha
2+1 ELfill 2+3 ELAill

2* Bb

] 2 8b

i
3+2 ELill Box
(] 3*Ba [ | Ba

Box 1 Box 2

Bb + 2* Ba 2*Bb + 3* Ba

—
—

Any other section 10 mm
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The length les concerns the effective contact length and is calculated from the contact length L as specified in
article 6.1.5(1).

Note: Both the contact width and the contact length can be overruled at any position for any
cross-section using ‘Compression perpendicular to t he grain’ additional data.

Factor K .90

The factor k¢ g0 is by default determined for a member on ‘discrete supports’ as follows:
* Incasel;22*h AND Solid timber with name starting with “C” (= Softwood) => k¢ 90 = 1,50
 Incaseli22*h AND Glulam timber with | £400 mm =>Kkcg = 1,75
* Inall other cases kc,90 = 1,00.

For a member on 'continuous supports', the factor k¢ g is determined as follows:
* Incasel;22*hAND Solid timber with hame starting with “C” (= Softwood) => k¢ g0 = 1,25
* Incaseli22*h AND Glulam timber =>kc,90 = 1,50
¢ Inall other cases k¢90 = 1,00

Note: By default the support condition is taken as ‘discrete’. Using ‘Compression perpendicular to
the grain’ additional data the support co  ndition can be set to ‘continuous’.

In the above, in case there are neighbouring jumps to the left and right of the considered position, the length
l1, between the contact lengths of two jumps, is taken as the minimal value of the length to the left and the
length to the right.
The distance a is measured to the end of the buckling system, not the end of the actual member.
The depth h of a member is determined as h = (y_max —y_min)
With:

ey _max = maximal vertical fiber coord.

e y_min = minimal vertical fiber coord.

1.4.4 Bending

The Bending check is executed according to article 6.1.6
This check is executed only in case a bending moment M, ¢, and/or M, g, is/are present.

For the determination of the stress redistribution factor km, a rectangular section is defined as one of the
following:

e RECT (Timber)

* Rectangle (Geometric shapes)

*  Full rectangular (Form code 7)

1.4.5 Shear

The Shear check was executed only in case a shear force V,, g4 and/or V, g, is/are present.
The design shear stress 1, is calculated as follows:

_ Vy,Ed * (Ty,unit)
Ty,d = —k
cr

_ VZ,Ed * (Tz,unit)
TZ,d - k
cr

With t,, ,nic@and T, the maximal unit shear stresses per fibre as taken from the cross-section.

The shear modification factor k., is determined depending on the National Annex.
Reference is made to the Theorical Background for the National Annex to EN 1995.
By default this factor is taken as 0,67 for both Solid and Glued Laminated Timber.
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Interaction of combined shear
EN 1995-1-1 does not give an interaction equation in case of combined shear.
The following interaction check is executed as NCCI:

T 2 T 2
y.d z,d
+ <1
(f v,d ) (f v,d )

The interaction equation is taken from the German National Annex Ref .[8].

1.4.6 Torsion

The Torsion is executed according to article 6.1.8
This check is executed only in case a torsional moment Tgq is present.

The design shear stress 1,,, 4 iS calculated as follows:

Ttor,d = Tgq * (Ttor,unit)

With T, unie the maximal unit torsion stresses per fibre as taken from the cross-section.

Note: In case the unit torsion stress is not calcul ated in the cross-section and a torsional moment
is present, the torsion check cannot be executed. |  n this case the proper analysis should be set in
the cross-section.(For example activating the 2D FE M analysis)

For the determination of the shape factor kshape, @ distinction is made between rectangular and circular cross
sections.
A rectangular section is defined as one of the following:

* RECT (Timber)

* Rectangle (Geometric shapes)

e Full rectangular (Form code 7))

With b taken as the smallest dimension of the rectangle and h as the biggest dimension of the rectangle.
A circular section is defined as one of the following:

e CIRC (Timber)

e Circle (Geometric shape)

e Full circle (Form code 11)

For any sections which are nor rectangular nor circular Ksnape is taken as 1,00.

Interaction of combined shear and torsion
EN 1995-1-1 does not give an interaction equation for combined shear and torsion.
The following interaction check is executed as NCCI:

2 2
T T T
( tor,d >+< y,d> +< z,d> <1
kshape * fv,d fv,d fv,d

This interaction equation is taken from the German National Annex Ref .[8].as well as Ref .[7].pp 125.

1.4.7 Combined Bending and Axial Tension

The Combined Bending and Axial Tension check is executed according to article 6.2.3 .

This check is executed only in case the following conditions are met:
« Atensile normal force Neq is present
* A bending moment My gq and/or M;eq iS/are present

1.4.8 Combined Bending and Axial Compression

The Combined Bending and Axial Tension check is executed according to article 6.2.4 .

This check is executed only in case the following conditions are met:
» A compressive normal force Ngq is present
* A bending moment My gq and/or Mzeq iS/are present

MED - 2023/10/03 11



Advanced training — Timber

1.4.9 Columns subjected to compression or combined compression and bending

The stability check for members subjected to compression or combined compression and bending is
executed according to article 6.3.2 .

This check is executed only in case a compressive normal force Ngq is present.

For the calculation of the buckling ratio several methods are available:
» General formula (standard method)
* From Stability Analysis
e Manual input

Calculation of Buckling ratio — General Formula

For the calculation of the buckling ratios, some approximate formulas are used. These formulas are treated
in reference [9], [10] and [11].

The following formulas are used for the buckling ratios (Ref.[9],pp.21):
For a non-sway structure:

(PP T5p;T5p, T24)(p Py T4, T4p,T12)2
(2pp, Tllp+5p, +24) 2 pp,+5p, +11p, +24)

VL=

For a sway structure:

[
I'L=x |I

2
T

+4
| PiX
With:
e L System length
- E Modulus of Young (mean)
e | Moment of inertia
e GCi Stiffness in node i
e M Moment in node i
e O rotation in node i
Fi 4pipr TR
(P Py) T8y
i P
S —
EI
Mi
i :

t,’)i

The values for Mi and @i are approximately determined by the internal forces and the deformations,
calculates by load cases which generate deformation forms, having an affinity with the buckling shape.

The following load cases are considered:
» load case 1: on the beams, the local distributed loads gy=1 N/m and gqz=-100 N/m are used, on the
columns the global distributed loads Qx = 10000 N/m and Qy =10000 N/m are used.
« load case 2: on the beams, the local distributed loads qy=-1 N/m and qz=-100 N/m are used, on the
columns the global distributed loads Qx = -10000 N/m and Qy= -10000 N/m are used.

In addition, the following limitations apply (Ref[9],pp.21):
* The values of pi are limited to a minimum of 0.0001
» The values of pi are limited to a maximum of 1000
* The indices are determined such that p1 = p2
» Specifically for the non-sway case, if p1 = 1000 and p2 < 0,34 the ratio I/L is set to 0,7
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The used approach gives good results for frame structures with perpendicular rigid or semi-rigid beam
connections. For other cases, you have to evaluate the presented bucking ratios. In such cases a more
refined approach (from stability analysis) can be applied.

Calculation of Buckling ratio — From Stability Anal ySis

When member buckling data from stability are defined, the critical buckling load Ncr for a prismatic member
is calculated as follows:
Necr = A * NEd
Using Euler’s formula, the buckling ratio k can then be determined:
7.E.l 1

Ner = (k.s)? = s

With:
e A Critical load factor for the selected stability combination
e Nesa Design loading in the member
« E Modulus of Young (mean)
| Moment of inertia
e s Member length

1.4.10 Beams subjected to bending or combined bendi  ng and compression

The stability check for members subjected to bending or combined bending and compression check is
executed according to article 6.3.3.

This check is executed only in case a bending moment My eq is present.

The critical moment My it is determined using the general formula (6.31).

Effective length L ¢

The effective length for Lateral Torsional Buckling is modified depending on the loading type and load
position.

Loading Type
The ratio between the effective length Les and the span length is determined according to Table 6.1.
The current moment distribution is compared with several standard moment distributions.

These standard moment distributions are:
* Moment line generated by a distributed q load
* Moment line generated by a concentrated F load
«  Moment line which has a maximum at the start or at the end of the beam

The standard moment distribution which is closest to the current moment distribution determines the loading
type.

MED - 2023/10/03 13
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Table 6.1 distinguishes between simply supported and cantilever beams. A cantilever is defined as a
member at the end of a buckling system which has free ends for both buckling about the y-y and z-z axis. In
addition, the LTB length should correspond to the full system length of the buckling system.

Table 6.1 - Effective length as a ratio of the span

Beam type Loading type e

Simply supported | Constant moment 1.0
Uniformly distributed load 0.8
Concentrated force at the middle of the 0.8
span

Cantilever Uniformly distributed load 0,5
Concentrated force at the free end 0.8

* The ratio between the effective length < and the span ¢ is valid for a
beam with torsionally restrained supports and loaded at the centre of
gravity. If the load is applied at the compression edge of the beam, 7

should be increased by 2h and may be decreased by 0,5k for a load at
the tension edge of the beam.

Loading position
As specified in Table 6.1 the effective length Ler is modified depending on the load position.

In case Influence of load position in the buckling data is set to ‘Destabilizing’:
Le=Ler+2h

In case Influence of load position  in the buckling data is set to ‘Stabilizing’:
Lef = Lef - 0,5 h

With h taken as the maximal vertical dimension of the cross-section:
¢« h= (Zmax - Zmin)
¢ Zmax = maximal vertical fibre coordinate
¢ Zmin = minimal vertical fibre coordinate

Interaction

In case, beside a bending moment My eq, also a compressive normal force Ngq is present the following
additional check according to formula (6.35) is executed:

2
g, a,
( m,d J + c,0,d < 1

Keritfm.a kezfc04
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1.4.11 Members with varying cross-section or curved shape

Specific checks for members with varying cross-sections or curved shapes are executed according to article
6.4.

In general, any non-uniform member is checked in each section using the actual cross-section properties at
that section.

In addition, specific rules are applied for members which are detected as tapered or curved:
* Rules for single tapered beams are given in article 6.4.2
* Rules for double tapered beams are given in article 6.4.3
* Rules for curved beams are given in article 6.4.3

Note: Pitches camb ered members are not supported

All additional checks for tapered and curved members are only executed in case a bending moment My gq is
present.

Single tapered beams

The specifics for single tapered beams are given in article 6.4.2

Definition

A single tapered member is defined as a member with the following characteristics:
e Arectangular cross-section
o RECT (Timber)
0 Rectangle (Geometric shapes)
o Full rectangular (Form code 7)
* Material type Glued, laminated
e Only the height varies linearly over the total member length
» The height at the biggest end has to be larger than the width of the cross-section
*  The haunch/arbitrary alignment is one of the following:
o Top surface
Top left
Top right
Bottom surface
Bottom left
Bottom right

O oO0Oo0ooo

Note: EN 1995-1-1 only gives rules in case of membe rs with a single tapered edge thus a default
alignment (both faces tapered) is not supported

Only tapered members which have a geometry which complies with the above definition are seen as actual
tapered beams for which the additional rules of EN 1995-1-1 apply.

Stresses at the tapered edge

Depending on the sign of the moment, the tapered edge is either in compression or in tension.
Alignment top & M yeq > 0 > Tapered edge in tension

Alignment top & M yeq < 0 - Tapered edge in compression

Alignment bottom & M yeq > 0 - Tapered edge in compression

Alignment bottom & M yeq < 0 = Tapered edge in Tension

Note: The stresses at the tapered edge are based so lely on My,Ed, not on the combination of N gq,
My.ed . Mz ed Since their interaction is taken into account in th e interaction formulae.

MED - 2023/10/03 15
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Strength Reduction factor

Depending on the stresses at the tapered face, the strength reduction factor k,, , is determined.

Tapered face in tension:

1
kma= , 2 [ ¢ .2
1+| —'/ myd tan | t / myd tan? «
(0,751 4 ) (S04
Tapered face in compression:
1
kma= (7 Y \2
1+| — mf'\'d tan a ‘ + '/_m"\'d tan’ a '
{15/ 4 .90,

The slope angle of the tapered edge is calculated as follows:
tan(a)= B —Hs
L
With:
« H Height at the largest end
* Hg Height at the smallest end
e L Member length

Note: Both reduction factors are limited to a maxim um of 1,00

Influence on the Section checks

For the bending check as well as the combined bending and axial tension/compression checks the following
modifications are made:
* The strong axis bending resistance fmy,q is multiplied by Km,a.
For example:

Gm.y.d om._)'.d

o

fm.y.d km.a ¥ fm._\'.d

e The depth factor kny is calculated using the cross-section properties at the LARGEST end of the
beam (HL).

Influence on the Section checks for buckling

For the buckling check (Columns subjected to compression or combined compression and bending), the EN
1995-1-1 code does not give any specific rules. This implies the following:

* The strong axis bending resistance fmy,d is multiplied by km,a.

e The slenderness in each section is calculated using the actual area and inertia at that given section.

Influence on the Stability check for LTB

For the LTB check (Beams subjected to bending or combined bending and compression) the following
modifications are made based on the stresses at the tapered edge:

Tapered edge in tension

In case the tapered edge is in tension it means LTB does not occur at that side. In that case the critical
moment My it and the critical bending stress om it are calculated using the cross-section properties at the
LARGEST end of the beam (HL). This implies that I;, I, and Wy as well as h used in L are all taken from the
largest cross-section of the tapered member as opposed to the actual section.
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Tapered edge in compression

In case the tapered edge is in compression it means LTB occurs at that side. In that case the following
modifications are made:
e The strong axis bending resistance fm,y,d is multiplied by km,a.
am,:,.d < kcm A/;n,y_d ﬁ (Tm‘ ,v‘-d < kcm kn\.u /l.nAy.d
» The relative slenderness is calculated including kma.
k

f;"_k m,a .fnLk

Arelm = —> Arelm =
(e

m,crit

m,crit

e The critical moment My.cit and the critical bending stress om,crit are calculated using the cross-
section properties at the LARGEST end of the beam (HL). This implies that I, I and Wy as well as h
used in Ler are all taken from the largest cross-section of the tapered member as opposed to the
actual section.

For background information to the above modifications reference is made to Ref.[7].

Double tapered beams

The specifics for double tapered beams are given in article 6.4.3

Definition

A double tapered member is defined as a member with the following characteristics:
» Arectangular cross-section
o0 RECT (Timber)
0 Rectangle (Geometric shapes)
o Full rectangular (Form code 7)
* Material type Glued, laminated
» One member with an arbitrary definition of two spans:
o Each span length is half of the member length
o Only the height varies linearly over the span length
o0 On the first span the height varies from small to large, on the second span from large to
small.
o0 The height at the beginning of the first span and the end of the second span is equal.
o The height at the end of the first span and the beginning of the second span is equal.
» The height at the end of the first span has to be larger than the width of the cross-section
» The arbitrary alignment of both spans is the same and is one of the following:
o Top surface

o Top left

o Top right

0 Bottom surface
0 Bottom left

o Bottom right

Only tapered members which have a geometry which complies with the above definition are seen as actual
double tapered beams for which the additional rules of EN 1995-1-1 apply.

In each section of the double tapered beam also the modifications as listed in the paragraph for single
tapered beams apply.

The member length L used for the determination of the slope angle is in this case taken as the span length.
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Apex zone

The ‘Apex Zone’ for a double Tapered member is defined on the following picture:

(1)

A
<+~—\4
/

05h,,  05h,

For the sections located at the Apex (all sections in the hatched zone) additional checks are executed:
¢ Bending stress in the Apex zone
¢ Tension perpendicular to the grain in the Apex zone
« Combined tension perpendicular to the grain and shear in the Apex zone

Bending stress in the Apex zone

For a double tapered beam, the bending stress at the Apex is checked according to article 6.4.3(3). As
indicated in Ref.[7] this formula is enhanced to include also the reduction factor for LTB:
Om,d < kcrit ) l(r ) fm,d

Tension perpendicular to the grain in the Apex zone

For a Double Tapered member, the tension perpendicular to the grain at the Apex is checked according to
article 6.4.3(6).

The total volume of the beam V, is calculated as follows for a double tapered beam:
b-L-[hap — 0,25 L tan(oyp)]

The stressed volume V of the Apex zone is calculated as follows for a double tapered beam, see Ref.[7]:
b-hZ,-[1- 0,25 tan(a,,)] and limited to (2/3)Vs

With:
e Db Width of the beam
e hap Height at the Apex zone
e Qap Slope angle of the tapered beam
e L Member length

Combined Tension perpendicular to the grain and she ar in the Apex zone

For a double tapered beam, the combined shear and tension perpendicular to the grain at the Apex is
checked according to article 6.4.3(7).

This check is executed only in case a shear force V;gq is present.
This shear force is taken for the actual section in which the check is executed.
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Curved beams

The specifics for curved members are given in article 6.4.3.

Definition

A curved beam is defined as a member with the following characteristics:

» Arectangular cross-section
o0 RECT (Timber)
0 Rectangle (Geometric shapes)
o Full rectangular (Form code 7)

» The height has to be large than the width of the cross-section

* Material type Glued, laminated

e The member is uniform i.e. no haunch or arbitrary data

« The member has shape type Polyline with following characteristics:
o All nodes are in one plane
o0 The polyline has a sequence of type ‘Line’ , ‘Circle arc’, ‘Line’
0 The polyline is ‘symmetrical’

Apex zone
The 'Apex zone' for a curved beam is defined on the following picture:
(1) _ 0 h= hap
Aoy =

For the sections located at the Apex (all sections in the hatched zone) additional checks are executed:
» Bending stress in the Apex zone
e Tension perpendicular to the grain in the Apex zone
» Combined tension perpendicular to the grain and shear in the Apex zone

Bending stress in the Apex zone

For a curved beam, the bending stress at the Apex is checked according to article 6.4.3(3). As indicated in
Ref.[7] this formula is enhanced to include also the reduction factor for LTB:

Om.d = Kerie - kr - Jm.d

Note: As indicated in Ref.[13] pp.B8/8 the EN 1995- 1-1 rules assume a constant moment acts over
the Apex zone. Therefore M 4,4 IS taken as the maximal moment from all sectionsi  n the Apex zone.
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Tension perpendicular to the grain in the Apex zone

For a curved beam, the tension perpendicular to the grain at the Apex is checked acc. to article 6.4.3(6):

O-l.‘)O.d S kdis kvol .fl.‘)O.d
The stressed volume V of the Apex zone is calculated as follows for a curved beam, see Ref.[7]:

pr . >
@b(hup + 2hup"‘i")

This is limited to (2/3)Vy

The total volume of the beam V, is calculated as follows for a curved beam:
V+2:b-hy,- L

With:

b width of the beam
*  hap heigth of the beam
e B slope angle of the straight parts

Straizght -ﬁ:',Hi_}}_[_:__..---"-".l'-l

= e \

- T - I i 'I'.‘ ._;\'-:_\‘_-H:\-"h.‘_‘_
E_-" = ;Ir-, ;:H::::‘“‘-}-:_Q
t
e Ls length of one straight part
Ls
Y = _-JI{ ¥

* T inner radius of the curved beam

Combined tension perpendicular to the grain and she ar in the Apex zone

For a Curved beam, the combined shear and tension perpendicular to the grain at the Apex is checked
according to article 6.4.3(7).

This check is executed only in case a shear force V;gq is present.
This shear force is taken for the actual section in which the check is executed.

System Strength

As specified in article 6.6, when several equally spaced similar members, components or assemblies are
laterally connected by a continuous load distribution system, the member strength properties may be
multiplied by a system strength factor Ksys.

By default, the factor ksys is taken as 1,00 so no system strength is used. However, through the use of
Timber member data, the system strength factor ksys can be defined for a given member.

In this case the design strengths for this member are increased by the inputted factor.
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Chapter 1: EN 1995 Code check , 1D element

1.5 Serviceability Limit State

The Serviceability Limit State verifications are executed according to article 2.2.3 .
Both the instant and the final relative deflections (including creep) are checked.
The final deformation is calculated according to formula (2.2) .

Ufin = Ufing T UfinQ1 + z Ufin Qi

For each load case, the final deformation with creep is calculated based on the type of action, as given in
formulas (2.3), (2.4), (2.5) :

¢ Permanent action (G)
Ufin,g = uinst,G(1 + Kger)

¢ Leading Variable action (Q1)
Ufin,Q,1 = Uinst,Q,1(1 + l|12,1kdef)

* Accompanying Variable action (Qi)
Ufin,Q,i = uinst,Q,i(lPo,i + L|12,ikdef)

The above is determined automatically in case Serviceability combinations according to the code are used:
¢ EN-SLS Characteristic
e EN-SLS Frequent
¢ EN-SLS Quasi-Permanent
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1.5.1 Timber 1D SLS Design in SCIA Engineer
Camber definition

The camber can be defined on two places within SCIA Engineer:

e Material setup:

The camber definition defined in the material setup are applied on the members of that given
material that are using the default buckling groups or are using a buckling group in which the

setting "Camber definition" = From setup.

Limiting value for net final deflections | MetFinallimit, 350000 72, Table..| EN 1995-1-1| 1D

Limiting value for final deflections [FinalLimit, 73, Table..| EN 150511 1)
4 Out of plane deflection (def y)

Limiting value for instant deflections

300,000

InstantLimit,

0 72, Table.| EN 1995-1-1 1D

Limiting value for net final deflections | NetFinalLimit, 72, Table. | EN 1995-1-1 1)
Limiting value for final deflections Finallimit, 200000 7.2, Table..|EN 1905- 11 10
4 Camber
b Camber definition No camber A No camb gl Independe... 10
& Buckling defaults No camber |

Design camber
input camber (relative)

|input camber (absolute)

Timber setup o X
national annzx: [JHE Find View | | Standard Default
Description Symbol Value Default U.. Chapter Code Struct... CheekT... Remark
<all> P <ale Pl <aix Pl P <al> Pl<al- O <alz O <at O . )
o Camber in case both ends are fixed:
4 Timber
b Environmental influences - Parabolic camber shape:
8 h 2
3 U,:mm s(:engls ractor e
> Itimate Limit State
4 Serviceability Limit State AN z A
b Material properties - Bilinear camber shape:
4 1D member
« Defectioncheck — lomr—
4 Deflection limits A\ /\
4 Inplane deflection (def z) = o o
Limiting valuefor instant deflections | InstantCimit, | 500,000 72, Table. | EN 1995-11 | 1D (Be.. | Timber Camber in case one end is fixed:

Description: The camber definition defines if camber
should be taken into account and how it shauld be taken
into account. There are four seitings: Mo camber = Ho
camber applied, Design camber =camber is designed to
counteract the maximum deflections, Input camber
(absolute) = camber isinputted as an absalutevalue, Input
camber (relative) = camber is inputted as a relativevalue
Application: The camber value is used in the SLS-check.
Setting is coloured in pur ple indicating that it can be
overruled via system lengths and buckling settings.

0K Cancel

» Buckling groups (via system lengths and buckling settings):
The camber definition can also be defined within a buckling group for deflection z only.

B System lengths and buckling sttings
FifF LBVIFS &

Settings Results

Defiection span

%
1= 1

¥z 17 %

UB= 2

b Aetive buckling constraints

4 Spansettings

Defiection limits (EC-EN 2993 Steel Chock

Camber definition

Soan seftines for aet 2

Inputcamber fabsolute

b Advanced settings

22

o x ‘

Save Cancet
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Camber curves

Within SCIA Engineer three possible camber shapes are supported depending on the type of span:

Deflection z span with one end fixed (=cantilever span):
Linear camber shape

In case the deflection z span only has one fixed end, a linear camber shape is used in which the
camber value at the fixed end is Omm and the camber value at the free end has the maximum

value.

% EC-EM 1993 Steel Chedk SLS
Values: Camber dx uz
Linear calculation
Load case: LCI
Coordinate system: Principal
Extreme 1D: Global
Selection: All

| 500 mm

Properties v 3%
EC-EN 199 Steel Check S (1) [0 W1 7
<
Name. EC-EN 1993 Steel Chec..
Selection
Type of selection Al
Filter No

Resultsin sections All

Load cases
L1

Giobal
Deformation u 2

Coordinate system Principal
Deawing Setup 1D

Errors, warnings a...

Deflection z span with both ends fixed (=simply supported span):
a) Parabolic camber shape

In case the deflection z span has two fixed ends and the camber shape is set to "parabolic”,
a parabolic camber shape is used in which the camber value at the fixed ends are Omm and

the camber value in the middle of the span has the maximum value.

i - 8 %
“ EC-EN 1993 Steel Check SIS
values: Camber dx uz cel Chieck SLS { - R
Unear caleulstion 6’
Load case: LC1
Coordinate system: Prinopal e ECEN 1293 Steel Chec
Extreme 10: Global etan
Selaction: All
Type of selection Al
Fittes. No
Results in sechions Al
Result case
Type of load Load cases
£ Load case L
£ Extreme 1D
= Extreme 1D Gichal
g Type of values Deformation u
[ S Coordinate system Principal
e e Drawing Setup 1D
oz g Errors, wamings a...
o B
1
= l 5l e j
[ ————— B el H

b) Bilinear camber shape (since SCIA Engineer version 19.1)

In case the deflection z span has two fixed ends and the camber shape is set to "bilinear", a
bilinear camber shape is used in which the camber value at the fixed ends are Omm and the

camber value in the middle of the span has the maximum value.

EC-EN 1993 Steel Check SLS
values: Camber dx us

Linear calculation

Load case: LC1

Coordinate system: Prinapal
Extrema 10: Giobal

Selection: Al

o

[Hame EC-EN 1892 Stes Check 515

Selection

Type of selection A

Filter Ho

Reaults in sectio an

Result

Type of e

Exreme 1D
Extreme 1D

Type of values
Values

Con stem
Drawing Setup 10
Ervors, wamings and notes setti...
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Camber design

Camber design parameters

Before the camber design can be executed the user needs to define some settings in the steel settingsp or in
the buckling group depending where the camber definition is set to "Design camber".

FfABVrs @

Settings Results

Name ~BGT

Bucklingspan Deflection span
vy * Deflectionz= 2 v
z2= 22 v Deflectiony = vy
yi= 2z v

uB= zz

b Activebuckling constraints
4 Span settings

2 Deflectionlimits Fromsetup
8 7 6. Camber definition
Camber shane (two'supports) Parabolic

Limits per span for defz

nstantUimit | Lo xx= (] let final limit| Lpog xx=[- FinalUmit| Lo xx=[-]

500.000 350,000 300,000
o

Camber design parameters
Minimunm camber 1000 mm

Camber limit Absolute v

Maximum camber- 100000 yam

Round camber to 0100 mm

b Advanced settings

save Cancel

Minimum camber _: you can input a minimum (absolute) camber value. If the camber design value is lower
than this minimum value, the minimum camber is used.

Camber limit & Maximum camber_: contains two ways for defining the maximum camber value. If the
camber design value is higher than the camber limit value, the camber limit value is used instead.

Camber limit = Percentage of final deflections  : the maximum camber value is defined by means of a
percentage of the final deflections.

Camber limit = Absolute : the maximum camber value is defined by means of an absolute value.

Round camber to : the obtained camber design value is rounded to the defined increments.

More information about camber design algorithm could be found in the link below:

https://help.scia.net/webhelplatest/en/#timber/setup_check_member_data/tb_timbercodecheck/en/timber_sls
_check_camber_design.htm
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Chapter 2: prEN 1995 Code Check, Cross Laminated Ti mber 2D

2.1 Basics of design

Within article 4.4 the possible procedures for carrying out the analysis of a Timber structure are specified. The
following procedures are supported:

e First order linear elastic analysis using mean values Emean and Gmean for the stiffness properties.

The design values are determined as given in article 4.5.1(1) .

2.1.1 Partial safety factor

Partial safety factors yM used in the CLT-check are to be defined in the EN 1995-1-1 NA setup.

R Managerfor National annexes > | B1 Setup manager X

i N All ¥ = Standard EN Name Standarc EN
Standard EN - Timber P Forbor
Austrian ONORM-EN NA » B
Belgian NEN-EN NA
British BS-EN NA 4 Partial Safety Factors EN 1995-1-1: 2.4.1{1)
Cypriot CYS-EN NA 4 7 - Solid timber
Fomrh COMLEN N Value[] 1.30

EN 1992-2 (Concrete bridges - Designand d e

|4 1 — Cross-laminated timber
EN 1168 (Precast concrete products - Hollo

4 EN 1993: Design of steel structures
EN 1993-1-1 (General rules and rules for bu

Value[] 1:25

Value[] 1.25
EN 1993-1-2 (General rules - Structural fire 4 1y - Accidental combinations
EN 1993-1-3 (General rules - Supplementar) Value [] 1.00
EN 1993-1-5 (Plated structural elements) 4 Shear EN 1995-1-1: 6.1.7(2)

EM 1993-1-8 (Design of joints)
+ EN 1994: Design of composite stee...
EN 1994-1-1 (General rules and rules for bu
EN 1994-1-2 [General rules - Structural fire
+ EN 1995: Design of timber structu... dn’
EN 1995-1-1 (General - Common rules and Q |
4 EN 1997: Geotechnical design
EN 1997-1 (General rules)
4 EN 1999 Design of aluminium str...

4 Modification factor k
Formula Default EN Method
4 Double tapered or Curved beams EN 1995-1-1:6.4.3(3)
4 Tensile stress alternative

Values Eq.(6.54) ¥

EN 1999-1-1 (General structural rules)

| New | insert | Edit | Delete | | ok |

Lood defautt Na porameters | [0k || cancel |

2.1.2 CLT orthotropy extension

In the new version there is possibility to choose between manual input and according to Onorm for the
different coefficient
Name OT1 ~
Type of orthotropy Cress-laminated timber v
Material CL24 (Table N.1 prEN 1995-1-1) v ...
Total number of layers 5 o
4 Torsion reduction coefficient
Method acc. to ONORM B 1995-1-1 (NA.K.2) v
Torsion reduction coefficientk_tors [-] 0,588
4 Shear stiffness (in-plane) coeffic...
Method acc. to SNORM B 1995-1-1 (NA.K.1) AN

Shear stiffness coefficient k_shear [-][Manual input
4 Direction 0° (x-direction) u:c. to ONORM B 1995-1-1 (NA.K.1)

Lamella width a_x [mm] 80

System coefficient k_sys, x[-] 1,200
Shear correction coefficient method Calculate v
Shear correction coefficient k_0,z[-] 5,157
Transverse expansion coefficientv_x,y [ 0,000
4 Thickness of layers
Layer 1 [mm] 20
Layer 2 [mm] 20
Layer 3 [mm] 20

4 MI_o_ _xf__ e do. aT__ _axT_ %
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Calculation of k tors and K shear

According to Onorm B 1995-1-1 (NA.K.1)
1

1+6xpg x (222 )i

a

kshear —

With:

_ Gatay
T 2 with a, and ay the individual lamination widths for the given direction.

dmayx: Thickness of the thickest individual layer.

3 layers 5, T+ layers
‘Ds | 0.53 0.43
las I 1.21
kt — L
7 Aexpy x (e yw
With
gy a0
a= — 5 z

dmayx: Thickness of the thickest individual layer.

| 3 layers || 5 layers || 7+ layers
lPo I 0.89 [ 0.67 [ 0.55
lao I 1.33 [ 1.26 [ 1.23

More information about the orthotropy in the link below:
https://help.scia.net/webhelplatest/en/#modelling/orthotropy/library_of orthotropy/3_type_ cross_laminated_ti
mber.htm

2.1.3 System strength Ksys

The system strength ksys is calculated in the orthotropy dialog according to art.8.4 (4) of prEN 1995-1-
1. Different individual laminations widths (ax and ay) can be defined per direction as a consequence ksys can
be different per direction (Ksysx and Ksys,y).

The number of loaded laminations in order to determine Ksys is calculated as the ratio of:

1000 mm
individual laminations width (ax or ay)

The system strength ksys is always calculated in the orthotropy dialog but is only applied when the setting
"Apply system strength factor" is activated in the timber setup or in timber 2D member data. Once activated it
is applied in the calculation of the design strengths for the following checks:

» Tension parallel to the grain check

e Bending check

2.2 Material properties

2.1.1 Strength modification factor kmod

The values of the modification factor kmod are taken by default from Table 5.1.

As specified in article 5.1.3(2), if a load combination consists of actions belonging to different load-duration
classes a value of kmod is used which corresponds to the action with the shortest duration.
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2.3 CLT ULS design

2.2.1 Section check

Tension parallel to the grain

The Tension parallel to the grain check is executed according to article 8.1.2 .
This check is executed only in case a tensile normal force ny or ny is present.

Compression parallel to the grain

The Compression parallel to the grain check is executed according to article 8.1.5 .
This check is executed only in case a compressive normal force ny or ny is present.

Bending
The Bending check is executed according to article 8.1.8 .

This check is executed only in case a bending moment my or my is present. The bending stresses for the given
direction are calculated on each side per layer (top- and bottom side), the maximum acting bending stress is
then used in the bending check verification.

Axial tension and bending

The Axial Tension and Bending check is executed according to article 8.1.9 .

This check is executed only in case both a tension force nyor ny and a bending moment my or my are present
for the same direction.

Axial compression and bending

The Axial Compression and Bending check is executed according to article 8.1.10 .

This check is executed only in case both a tension force nyor ny and a bending moment my or my are present
for the same direction.

Transverse shear

The Transverse shear check due to out of plane loading is executed according to article 8.1.11.1(1) .

This check is executed only in case a shear force vy or vy is present. The shear stresses for the given direction
are calculated on each side per layer (top- and bottom side) and also on the CLT-panel's centroid position, the
maximum acting shear stress in the layers oriented in the given direction as well as in the perpendicular
direction are then used in the transverse shear force check verification.

In -plane shear
The In-plane shear check is executed according to article 8.1.11.2(2) .
This check is executed only in case a shear force nyy is present.

Design in-plane shear stress for the given direction is calculated according to prEN 1995-1-1: 8.36 given by
CEN/TC 250/SC 5 N 1489:
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- L T S |
v,zy,d @y Mpond Ty 1 ? Tig S

Tvyz,d — i'ﬂ'my ) ( . A : 3 )
fy" Tbond Ty, Ty
with:
Myy: longitudinal shear force on mesh element
ay. width of 1 lamella in the x-direction
ay: width of 1 lamella in the y-direction
Npond: Number of interface layers (number of CLT layers-1)
Ny ;- number of laminations across all layers in the x-direction within 1 meter width (1000mm/ay)

Ny- number of laminations across all layers in the y-direction within 1 meter width {1000mm.-‘ay}

The shear stresses for i-direction in the bond-lines between laminations of adjacent orthogonal layers is
verified according to prEN 1995-1-1: 8.31:

3 i
Ttormodeyid — 5 " Tudd (a) < ftm,node‘d

with:

t): the maximum lamination thickness (the thickness of the outer layers is reduced by 20% according to article 8.1.11.2 (2a))

fior node,a- 1S the design torsional shear strength of the glued area of crosswise bonded laminations

Torsion and combined shear and torsion

The Torsion and combined Shear and Torsion check is executed according to article 8.1.12 .

This check will be executed only in case a torsional moment myy is present or in case a shear force nyy is
present together with transverse shear force vy or vy.

Maximum shear stress due to torsional moment is calculated as:

My -torT
'rtm*,d — T

with:
Myy- torsional moment on mesh element
te T total thickness of the CLT-plate

ly:torsional moment of inertia calculated according to prEN 1995-1-1: D. 11

3 hoor

I, = torr® horr (1 —0.63- 301.1")

he: width of equivalent cross-section (=1000mm)

In case no in-plane shear force n,y is present, formula 8.12 of art. 8.1.12.1 is used for calculation of unity
check.
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However article 8.1.11.2(3) of prEN 1995-1-1specifies, that linear interaction of shear stresses is required in
case of presence of in-plane and perpendicular to plane loading. Therefore if an in-plane shear stress is
present on a mesh element (ny,#0), formula 8.12 of art. 8.1.12.1 is extended to:

2
UGV,$Z+M,xy — | Ttor,d| 4 ( |‘Tu‘a=z‘d|) + MAX ( |Ttw,mde.m.:£| ; |T*ﬂ",md¢.y,d| )

kshnpe '.fu‘d ks '.fu,d ffor,ﬂudfe,d ftor,rwderd
and
e [ Tiordl n (m,wm)? L MA X(|rm‘m,,,,d|_ |rm,m,y,d|)
Viyz+Mzy Kshape foa ko fod Frormoded © Jiormoded

2.3.2 Stability check

Flexural buckling

The Flexural buckling check is executed according to article 8.2.2.2 .

This check is executed only in case a compressive force ny and/or ny is present.

Coefficient of imperfection 8. used in equation 8.42 is set to value 0.1, as given by publication "Cross-
Laminated Timber - Structural Design, Wallner-Novak M., 2014 (article 5.10).

When the check-box "Flexural buckling accounted for by 2nd order calculation" is activated in timber setup,
the "Geometrical nonlinearity" is activated and the check is executed for a nonlinear combination, the flexural
buckling is skipped and a note is printed.

Errors and warnings regarding CLT in the link below

https://help.scia.net/webhelplatest/en/#timber/setup_check_member_data/tb_timbercodecheck_clt/en/clt_ew
n.htm

Prerequisites in SCIA Engineer

You should define:
¢« A CLT material should be defined in the project
e ATimber 2D element with CLT orthotropy assigned

How the CLT ULS design works in SCIA?

¢ Orthotropy defines a ‘mean stiffness’ used in the calculation

e Stiffness is used for calculation internal forces

e Stress distribution is recalculated based on internal forces and CLT section properties
e Stresses are checked according to the code

MED - 2023/10/03 29



Advanced training — Timber

Note: The buckling length should be inputted manually in the Timber configuration

Configuration bois 0 X b
Annexe Naﬁanale:l . |Chercher‘ | Vue ‘ !Standard‘ | Défaut ‘ Ar
Description Symbole  Valeur Défaut Unité Chapitre  Norme Struct... Typed..
<tous= ,0 <toLs= ,O <tous> ,O <tou... ,O <tous= ,0 <toLis= ,.O <t0.. p <to... ,0 R_U
4 Coefficients de flambementky, kz
Coeff, k max k 10,00 10,60 - EN 1995-1-1 | 1D (Pou..|Paramét... iti
Elancementmax A 200 200 E EN 1995-1-1 | 1D (Pou...|Paramer... aul
Coeff. flambem. 2nd ordre Selon saisie | Selop sal. EN 1995-1-1 | 1D (Pou...|Paramet...
4 Relation pourles systémes de flambement
iz b 71 Indépendant 10 (Pou... Paramét.. E
¥z Z4Z FF Indépendant 10 (Pou...|Faramet... - B
LTB -7 77 Indépendant 1D (Pou...|Paramet...
4 Relation des systémes de fleches ==1FD
Fleche dans le plan defz Iz Yy Indépendant 10 (Pou... Paramét.. -
Fléche hors plan defy vy -z Indépendant 10 (Pou...|Paramet... =
4 Déversement
Pointd'application delacharge Aucenfred Al cent Indépendant |0 (EBay  Paramer
Macro 2D
4 Longueurs de flambement efficaces
4 directionx
I Longueur effective Ly o 4000,0 4000,0 mm  |8.2.2 prEN 1995-...12D (Pla... |Paramet... 5
4 directiony
Longueur effective by 4000,0 4000,0 mimn | 8.2.2 prEN1995-...| 2D (Pla... |Paramet...
| ok || Annuler

30 MED - 2023/10/03



References

[1] Eurocode 5
Design of timber structures
Part 1-1 : General — Common rules and rules for buildings
EN 1995-1-1:2004

[2] Eurocode 5
Design of timber structures
Part 1-1 : General — Common rules and rules for buildings
EN 1995-1-1:2004/AC:2006 Corrigendum

[3] Eurocode 5
Design of timber structures
Part 1-1 : General — Common rules and rules for buildings
EN 1995-1-1:2004/A1:2008 Addendum

[4] EN 338:2009
Structural timber - Strength classes

[5] EN 1194:1999
Timber structures
Glued laminated timber
Strength classes and determination of characteristic values

[6] Handbook on structural timber design to Eurocode 5 (IS EN 1995-1-1) rules
including strength capacity tables for structural elements
J. Harrington , M. Jacob and C. Short
COFORD, 2006

[7] STRUCTURAL TIMBER DESIGN to Eurocode 5
J. Porteous, A. Kermani
Blackwell Publishing Ltd, 2007

[8] Eurocode 5
Design of timber structures
Part 1-1 : General — Common rules and rules for buildings
German National Annex — Nationally determined parameters
DIN EN 1995-1-1/NA:2010-12

[9] Handleiding moduul STACO VGI
Staalbouwkundig Genootschap
Staalcentrum Nederland
5684/82

[10] Newmark N.M. A simple approximate formula for effective end-fixity of columns
J.Aero.Sc. Vol.16 Febh.1949 pp.116

[11] Stabiliteit voor de staalconstructeur
uitgave Staalbouwkundig Genootschap 32

[12] Design and perpendicular to grain tensile stress in double-tapered glulam beams,
Henrik Danielsson
Wallin & Dalholm Digital AB, Lund, Sweden, May, 2010

[13] Timber Engineering

Structural Timber Education Programme STEP 1
Centrum Hout, 1995

MED - 2023/10/03 31



