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Application options

The software application is suitable for the verification of timber cross sections in accordance with the design
rules specified in:

= EN 1995

= DIN EN 1995

= ONORM EN 1995
= UNI EN 1995

= NTCEN 1995

= BSEN 1995

= PN EN 1995

The HO11 application performs typical stress-resistance verifications of tension-, compression- or bending-
loaded timber members as well as buckling safety and stability verifications. If shear and torsion effects
apply, shear-stress analyses are performed in addition. The buckling resistance and lateral stability are verified
on an equivalent member system.

For classified timber components in the sense of DIN 4102-4/-22 or EN 1995, 1-2, the fire-resistance period
can be determined by means of a hot design process with consideration of the specified burning rates.

In addition to softwood/hardwood and glued laminated timber (with optional user definition), various wood-
based materials (see illustration) and laminated veneer lumber from KERTO and STEICO can be selected.

In combination with EN 1995:2008, you can optionally specify resulting load cases or independent single
actions with the associated load-action period (LAP) and combine them for the bearing strength verification.

Basis of calculation

For the verifications in accordance with EN 1995, you can optionally determine the internal design forces from
the combinations for the bearing strength verifications as per EN 1990. The verifications are performed for
solid timber. The fire-safety verifications are based on EN 1995-1-2.

The local member and cross section coordinates comply with the specifications of DIN 1080. The x-axis runs
in direction of the positive member axis. The y- and z-axes lie inside the cross section and the positive z-axis
points downwards. The x-y-z system consists of three orthogonal legs.

Internal forces and geometric vectors are positive if they are oriented in the direction of the positive axes. The
moments My and Mt are positive if they describe a right-hand helix around the y- and x-axes. Whereas the
bending moment Mz is positive, according to structural conventions, when it describes a right-hand helix in
direction of the negative z-axis in such a way that tension is produced on the positive cross-section sides
(dashed lines) when a positive moment load applies.
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Data entry

Basic parameters

Select the desired standard for the consequence class.

Material

Here you make the pre-selection of the wood category/timber type:
Timber

Wood-based material (plywood, oriented strandboard/OSB, particleboard,
fiberboard or gypsum board)

Manufacturer-specific laminated veneer lumber of the brands KERTO or
STEICO

and then the standard-dependent wood species:

Softwood, hardwood, glulam or plywood, chipboard or chipboard, fiberboard
or gypsum board.

Subsequently, select the strength class.

The influence of humidity on the timber materials is controlled by assigning
the building/component to a use/service class.

You can enter the density y in addition.

Custom Material:

Properties

’tz System
- Loading
Design
L. Output

Basic parameters
Design code
Consegquence class
Ductility class
Material

Timber Type
Timber

Material code
Strength class

Service class

Charact. bulk density pk

Specific weight

n

Qg

4]

B DN EN 1985:2013 b

2 -

Low 6

)

Timber b
Timber

‘Wood-based panels
KERTO

For solid wood and glued laminated timber, strength and stiffness can be adjusted to your own needs. The
dialog for changing the values can be called up with the F5 key in the input field for the strength class. The

basis for assessment is the material derived from the standard.

350

6.00[]
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System
General
L the member length L, is a default for the effective lengths Properties a
for flexural and lateral buckling. Basic parameters Q)
=) System
sky/skz effective length for flexural buckling in the z- or y- direction
(associated to ly or 1z). Cross section
+)- Loads
sby/sbz effective length for lateral buckling of the compression Design
flange in the y- or z- direction (associated to Myand M,). Output
Note: sby/, are similar to the lengths sky/, in terms of System y)
mechanical effects. Length L |[c 255.0
Leg distance to end-grain face; distance of the design cross Flexural buckling sky [c 255.0
section to the end-grain face, required e.g. for the shear Flexural buckling skz  [c 255.0
force increase. Lateral buckling sby [cm] 255.0
Lateral buckling sbz |[c 255.0
End distance leg [c 0.0

The local coordinate axes (x, y, z) for the member system are defined
in accordance with DIN 1080.

In the two-dimensional member system, y is the bending axis and z the lateral buckling axis. In the three-
dimensional member system, y corresponds to the main axis | and z to the main axis II.

The effective lengths are equivalent lengths that allow the assessment of buckling problems inside the global
structural system. The buckling stability of a system is a function of the geometry, the stiffnesses and the
current loading. Therefore, the effective length can be seen as the distance in length between the deflection
points of an ideal buckling and deformation figure in the examined member section.

The effective length for lateral buckling can be interpreted in a similar manner. It is characterised by flexural
buckling of the compression zone or the compression flange. As supports should be defined as fork supports,
in general both values are of the same order of magnitude. If lateral supports have been defined in the
compression zone, you can use the reduced length. You should note that the effective length sby corresponds
to sk, in terms of the mechanical effect. The same applies to sb, and sky.

The flexural buckling coefficients Lambda and Omega as well as the lateral buckling coefficients LambdaB
and KB are identified by the coordinate indices of their reference lengths sk and sB.
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Cross section

You can define the cross section as a multi-piece rectangular cross section via its dimensions (b/d = by/dz).
You can consider weakening of the cross section for the stress analyses by defining a recess on the individual
cross section. The stiffness values are determined by the software under the condition that the individual
cross sections are arranged symmetrically and connected to each other without shear. In connection with
multi-piece cross sections, the transfer of actions to the individual cross sections must be ensured as with a

member bundle — the loading is distributed proportionally to the individual cross sections.

by cross section width in the y-direction Properties q
dz cross-sectional height in the z-direction Q@
...layer direction KERTO/STEICO: The direction of the lamellas or layers can be
defined as flat or upright.
Loading
Qltop/hot with an angle between the force vector and the cut grainonthe . Design
truss top or bottom chord, additional loading is generated due & Output
to deflection. A stress combination coefficient is calculated it s D i )
from this additional loading that is referenced to the bending VWidth i [Jan) 100
strength in accordance with the standard. Height dz | fem 40
with hole this options displays the parameters to define a With hole
"weakening of the cross section". Multi-part
Multi-part this option shows the parameters for the multi-part cross- Hole A)
sections. CoG Distance ¥S | fom] 20
CoG Distance 25 | [cm] 0o
H 11 i -.""'-. |
Cross-sectional weaknesses / Hole s il S
Height dz | [cm] 40
You can define an individual recess in this section. Multi-part A
The weakening is assumed to act in each partial cross section. Mumber iny 1
Note: The required verifications for openings as per DIN EN 1995-1-1:2010, Distance in y ay  [em] 0.0
NCI NA 6.7, such as the verification of the transverse tension Number in z 1
resistance, are not handled in this software application! Only the typical  Distanceinz az | [cm] 0.0

stress-resistance verifications are performed.

yS distance of the centre of gravity (CoG) of the recess in the y-direction
zS coordinate of the centre of gravity (CoG) of the recess in the z-direction
dy width of the recess in the y-direction

dz height of the recess in the z-direction

The magnitudes of the deductions are calculated:

dA =dby - dbz = area deducted from the full cross-sectional area

dlyy =dby - ddz3/ 12+dA - zs2

dWyy =dlyy / (dz/2) = deducted section modulus

dizz =ddz - dby3/ 12+ dA - zs2 = deducted section modulus

dwzz =dlizz / (by/2)

dAQy = deducted area for the shear stress analysis (not determined by calculation)

dAQz = deducted area for the shear stress analysis (not determined by calculation)

dwT = deducted torsional section modulus (not determined by calculation)
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Where multi-piece cross sections are concerned, the deductions are multiplied with the number of cross
sections and displayed for the composite cross section. Weakening is not considered in the fire safety
verification.

Multipart Cross Sections

Numberiny/z Number of cross sections defined in y or z direction

ay/az Spacing between the cross sections in the y or z direction

The area A, the shear areas AQ, the section moduli Wyy and Wzz as well as the torsional section modulus WT
are added up from the individual cross sections, if a multi-piece cross-section was defined. The composite
action is not considered. The processing of the cross sectional properties is based on the units: cm, cm2, cm3,
cm4.

Stiffness values for symmetrical multi-part cross sections:

htot=dz - kz +az - (kz - 1)(total height in the z-direction)

btot=by - ky +ay - (ky-1) (total width in the y-direction)

A= by-dz-ky-kz

AQy = by-dz-ky-kz/15 (shear area for max_TauY = Q/AQy)
AQz = by-dz-ky-kz/15 (shear area for max_TauZ = Q/AQz)
WT = WT (individual cross section) - ky - kz

(torsional stiffness, interpolation of WT based on the table for rectangular cross sections)

L,y =b, -d,? 112k, -k, (second moment of area)
Iy = by /A (radius of inertia)

W, =1, /(d,/2) (resistance moment for My)
l, =b, b /12K, k, (second moment of area)

i, =+ L, /A (radius of inertia)

W,, =1,/ (b,/2) (section modulus for Mz)
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Loads

Select the load type: Design values, characteristic values or both.

Properties a

Basic parameter Qo

Define the first load case directly in the data-entry mask. Sy

Add additional load cases with the help of the load case toolbar:

S XEHEJ

. Design loads

characteristic loadcases €) 2/2 Characteristic loads

- see Data entry via tables (Basic Operating Instructionsy) i, Output
To add load cases, always set up a new load case first by activating the L 7]
button (a new load case definition mask is displayed each time). Load type both z
User defined actions £
Alternatively, add additional load cases via the load case table, which is Propaton i
accessible on the tab (below the graphic screen). a
o
Group of actions selection of the action group for characteristic
values.
NXx axial force (in the x-direction); compression is negative,
tension is positive Design load
ez eccentric transfer of axial force (positive in the z- Design loads 11 e x @33 &
direction) Asial force Nx | [kN) 0.0
ey eccentric transfer of axial force (positive in the y- Eccentricity ez | [cm] 0.0
direction) Eccentricity ey | [cm] 0.0
My internal moment around the y-axis; positive if the vector Momert My | Bctm] 0.00
orientation is in direction of the positive y-axis Mormert Mz | feNm 000
. . L Shear f Vz | kN] 0.0
Mz internal moment around the z-axis; positive if the vector sartoree sl ik
. . .. . . L. . Shear force Wy | [kN] 0.0
orientation is in direction of the positive z-axis
o . . Tarsion Mt | [chm] 0.00
Vz shear force, positive in the z-direction, generates the Load-durdtion dass long =
moment My Permanent load part GaAot  [%] 50.00
Vy shear force, positive in the y-direction, generates the Design situation temporarysFire stuation
moment Mz Coefficient fire situation  rfire 065
Mt torsion moment, positive around the x-axis

Load duration Decisive class of the load duration — usually this is the shortest load duration of the actions that

G/tot

are involved in this design load case.

Ratio (in %) of the axial force component from the permanent load to the total load.

Design situation With "temporary+fire" the factor for the fire design situation can optionally be specified.

Internal forces and geometric vectors are positive if they are oriented in direction of the positive axes. The
moments My and Mt are positive when they describe a right-hand helix around the y- or x-axis. Whereas the
bending moment Mz is positive, according to structural conventions, when describing a right-hand helix in
direction of the negative z-axis in such a way that tension is produced on the positive cross-section sides
(dashed lines) when a positive moment load applies.

Optionally, you can define design loads, assign the load duration class (LDC) and the design situation to them
and use these loads in the bearing strength verification.
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Because the verifications in the different design situations can be performed on different design levels the

design loads of the permanent and transient design situations can optionally be converted with the help of the

factors nacci, Nfire aNd Mseis-

"] Designloads | | Characteristic loads b4
M &z ey My Mz Vz Wy Mt LDC Gitot Situation nacci | nfire | nseis i’j
kM | [em] | [eml [ [kMm] | [khm]| [kMN] | [kM] | [kNm] [%]

A 100 00 00| 300 OOOD| -10.0 0.0| 0.00) permanert 100.00 | permanent Aemporary - — Lek
TNacci factor to convert design loads of the permanent and transient design situations for the
accidental situation.
Nfire factor to convert design loads of the permanent and transient design situations for the fire
situation.
Tseis factor to convert design loads of the permanent and transient design situations for the
earthquake situation.
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Design
General design options
... sign definition "according to marked sides": Positive internal Properties R
forces always create tension on the tension side. oo
The tension sides lie in the positive quadrant of the
right-handed coordinate system.
"According to positive axes": Positive internal
forces always point with their direction vector in
the positive direction of the coordinate axes of the ~ Global design aptions d
clockwise rotating coordinate system. Inner forces - sign definition ace fo marked sides 5
This corresponds to the definition of the sign in kmod mean {wind)
technical mechanics. Permanent load part Depending on pemanent  ~
kmod mean for wind action, Kmodshort iS used as per EN 1995. Design situations{charact.Lc only)
Some National Annexes allow using the mean With permanert.’ temporary situation
value of the short and very short kmod factors in With accidental situation
the calculation: With accidental snow situation
kmod = kmod (kmod,short + I(mod,very short)/2 With earthquake situation
Tick this option to use the mean value as specified  yih fire protection
in the NA. Fire design )
Method 0 automatically -
Structural fire design e e e s 30 :
Buming on all sides O
Tick the option "With fire protection” to display the data-entry fields L—— i
for the fire design. e kT
Fire exposure left
tF burn-off period [min], 30 for the verification as F30 B Fire exposure on the right
. L. . Buming rates according to the standard N
B burn-off velocity [mm/min] in the cross section
top/bottom/left/right, e.g. 0.8 [mm/min] for softwood Biaring reletop P top b,
. . ) . Buming rate bottom fn bottom 0.80
Method verification method for the fire design: . TR— Bn et 030
when you select the "Both methods" option, the Burring rate fight Bagt 080

software performs the calculation with both methods
depending on the selected standard and puts out the decisive result.
"Simplified method" = "method with reduced cross sections"

"Exact method" = "method with reduced stiffnesses"

For multi-piece cross sections, currently only the burning behaviour of the single member is considered.

Weakening of the cross section is not handled in this fire safety verification. In special cases, you should
define an equivalent cross section that was matched to the weakening state.

You can optionally disable this verification.

See also: Fire protection analysis timber.pdf

For the fire safety verification as per EN 1995-1-2 you can optionally use either the method of reduced cross
sections described in paragraph 4.2.2 or the method of reduced properties described in paragraph 4.2.3. The
shear-force resistance is verified with the help of the approximation formula of DIN 4102, because there is no
other solution approach available. Discontinuous burn-off loss is not treated.
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Stress-resistance verifications in accordance with EN 1995

The software performs the typical stress-resistance verifications for tension, compression or bending load,
the stability verifications, which take flexural buckling or lateral buckling failure of a beam into account with
the characteristic equivalent system lengths ler as well as shear stress analyses for shear force and torsion.
The verifications of the resistance to compressive stress are only performed if a negative axial force applies
and are marked with a negative sign. Stability verifications will only be performed when an area of the cross
section is overcompressed. The verifications are based on the corresponding definitions of EN 1995. Any
limitations for materials subject to approval must be evaluated separately if the software documentation does
not contain any information on that matter.

Stability coefficients for flexural buckling
Effective slendernesses: L, =Sy lijor hy =5, /i,

If the load relation of g/q > 0.70, Eo.05 = Eo.0s/(1 + Keer), if the component is mainly under pressure.

The factor ¢ = 0.2 applies to solid timber; c = 0.1 to laminated timber.

Relative slenderness ratio: Met =M1 /fc ok 'Eoos

Auxiliary value: k=05 (1+y- (per-0.3) + )
Flexural buckling coefficients: k. =1/(k + lkz — 32 )<10

The flexural buckling coefficients are determined for both loading directions y, z and are considered according
to their direction in the stability equations. The consideration of the direction was disregarded in the previous
standard.

Stability coefficients for lateral buckling

Radii of inertia of lateral buckling imy =L, Ly

TW,y or i, =l b /W,
The program calculates always simplified:

b? h?

Iy =Ty O e =

Effective slenderness: hg =l /(n‘im)'m
The program calculates always simplified:
7Lrel,m :Ief /(0’78'im)'\[fm,k /EO,OS
if Areim < 0.75 then Keit = 1,00 ;
if Aretm < 0.75 and Areim < 1.40 then Kerit = 1.56 - 0.75 - A;
if reim = 1.40 then Kerie = 1.00;
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Preliminary values

Increase or reduction of the permissible strength limits because of particularities of the structural system or
the component (e.g. k; =1,10 ) will no longer be considered.

Material safety coefficient:
ym = 1.30 for permanent/transient design situations

ym = 1.00 for accidental design situations

With kreq = 0.7 for rectangular cross sections h/w < 4; VH, BSH, BFSH,;

With kreq = 1.0 for all other cross sections

Cross-sectional properties

AXgross = AX

WyYgross =Wyy
W2zZgr0ss =Wzz

WxXnet = Wxx - dWT
AVYnet = AVy - dAQy
AVZpet =AVz-dAQz
AXnet = Ax - dA
WYYYnet = Wyy - dWyy
W2Zet =Wzz - dWzz

Design moments
My,d =: My,d + Nx,d - ez / 100 [kNm]
Mz d =: My,d + Nx,d - ez / 100 [kNm]

Dimensions/units:

Cross sectional properties: b/d [ecm/cm], A [cm?2], W [cm3], | [cm4], i [cm]
System lengths: Lx=Ls [m], sk [m], sB[m]
Stresses: Sigma [MN/m?2] = [N/mm?Z], Tau [MN/m?Z] = [N/mmZ]

Conversion of the axial force portion: 10 [kN/cm?] = 1.0 [MN/m?]

Conversion of the moment portion: 1,000 [kN - m/cm3] = 1.0 [MN/mZ2]

Stress verifications

The stress-resistance and stability verifications are based on EN 1995-1-1,6.1 — 6.3
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Verifications of edge stresses

f

f
my Kk _ 'mzk _ _
'kmod *fmz,d = 'kmod*fc,o,d = mod *ft,O,d =
M M M M

fC,O,k . k ft,O,k . k

f

my.d — mod*

DINO4 : factor(f, )oress nmswn = 1,50; factor(f, iens nmgshn = 0,75
DINO8,ENS: factor(f, )ress 1 =1,50; factor(f, )oress nmpsn = 2, 0; factor(f, )ens 1y = 0,75

The inclination angles between the force orientation and the grain direction can be specified for the top (z=-
d/2) and bottom (z=+d/2) edges. Compression as longitudinal stress generates transverse compression,
whereas tension generates transverse tension. The shear strength is lower under tension and higher under
compression.

The stress verifications are based on EN 1995-1-1, 6.4.
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Output

The "Document” tab displays the data to be put out.
See also:
Output and printing

As a standard the output scope includes the detailed output of loads with all kinds of intermediate values to
ensure traceability.

Optionally you can disable the detailed output and reduce the scope to the defined parameters and the
essential results.

Results:

The maximum utilization is displayed on bottom right of the graphic window.

Graphics  Document

H3M@Ar ®-0 wx -®
Pages  Bookmarks Yoo
= =1 | |" System ]
EEANT i System drawing

& - Design load case 1

e :
Page 1 2 100

E‘E @ @ Page 1 of3 @ @ ©"-@'.;E

E@IA% Startpage: Page layout |
1 e 2 3o 4 L - T T e - ST T B B R A S S SRR - S

Bases of calculation

Fagc:d 2 Design codes: DIN EN 1995-1-1/NA:2013-08 (acc. EN 1995-1-1/A2:2014)
DIN EN 1990/NA:2010-12
2

Consequence class

Material

Softwood C24, Service class: 1{closed, heated; AH<65%; BMC<15%)
accto EN 338:2016

Edmean Eaas Gymean Gyas G mmean Gens {3 A
- [N/mm?] [N/mm?] [N/mm?] [N/mm?] [N/mm?] [N/mm?] [ke/m"] [kN/m?]
11000.00 7400.00 690.00 460.00 690.00 460.00 350 6.00

= L x ] SEE e ==
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DIN EN 1995-1-1:2010, DIN EN 1995-1-2:2010
DIN EN 1990:2010

Scheer, C., Knauf Th., Meyer-Ottens, C.: Rechnerische Brandschutzbemessung unbekleideter
Holzbauteile. Ernst&Sohn Verlag - Bautechnik 69 (1992) Booklet 4, p. 179 - 189

DIN 4102 Part 4: Brandverhalten von Baustoffen und Bauteilen, 5.1 Grundlagen zur Bemessung von
Holzbauteilen, Anmerkung 8); Beuth-Verlag Berlin March 1994.

Holzbau-Taschenbuch: Bemessungsbeispiele nach Eurocode 5, 11th Edition. Ernst & Sohn, Berlin 2014.

DIN 4102-4/-A1l (Draft of November 2003): Brandschutzbemessung von Bauteilen und Verbindungen
im Holzbau (DIN 1052:1988, DIN 1052-1/A1:1996)

DIN 4102-4/-22 (Draft of November 2003): Brandschutzbemessung von Bauteilen und Verbindungen im
Holzbau (DIN 1052:2004)
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