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ABSTRACT

This work illlustrates the procedure for the capacity design of a CLT building. It also presents a practical
application to a case study: a two-storey structure is designed using the software TimberTech Buildings, of
which the calculation report is totally reproduced.

Dissipative structural behaviour
Earthquake-resistant timber buildings should be designed considering either:

o dissipative structural behaviour;
¢ |low-dissipative structural behaviour.

In the first concept the capability of parts of the structure (dissipative zones) to resist earthquake actions
out of their elastic range is taken into account. Dissipative zones shall be located in joints and connections,
whereas the timber members themselves shall be regarded as behaving elastically.

In the second concept the action effects are calculated on the basis of an elastic global analysis without
taking into account non-linear material behaviour.

Ductility classes and overstrength factor

Depending on their ductile behaviour and energy dissipation capacity under seismic actions, buildings shall
be assigned to one of the three following ductility classes:

e DCH, high capacity to dissipate energy;
o DCM, medium capacity to dissipate energy;
e DCL, low capacity to dissipate energy.

In DCH and DCM the European standard (UNI EN 1998-1 §8.1.3) requires the use of the capacity design
procedure. The capacity design has the purpose of ensuring a ductile behaviour to the dissipative structure
and operates as follows:

o distinguishes elements and mechanisms, both local and global, into ductile and fragile;

e aims to avoid local brittle ruptures and the activation of global brittle or unstable mechanisms;

e aims at locating the energy dissipations by hysteresis in areas of the ductile elements
identified and designed for this purpose.

To ensure the correct behaviour of the structure, the seismic resistance of the local/global brittle
elements/mechanisms must be designed to be grater than that of the ductile elements/mechanisms. To
ensure compliance with this inequality, both locally and globally, the strength of the ductile
elements/mechanisms is increased by means of a suitable coefficient yrs known as the “overstrength
factor”; starting from this increased capacity, the capacity of the brittle elements/mechanisms is sized. This
coefficient is defined as equal to 1.3 for the ductility class DCM and 1.6 for the ductility class DCH.
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The resistance demand evaluated with the capacity design criteria can be assumed not to exceed the
strength demand evaluated for the non-dissipative structural behaviour.

Dissipative zones and non-dissipative zones

For CLT walls, the dissipative zones consist of:
¢ mechanical connections between walls;
e ductile elements of the traction connection (for example the nailing);
e ductile elements of the shear connection (for example the nailing).
The non-dissipative zones are instead represented by:
e Dbrittle elements of the traction connection (for example the concrete anchors);
o brittle elements of the shear connection (for example the concrete anchors);

e timber elements.

Figure 1 - CLT building in ductility class DCM: dissipative zones
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Calculation procedure

Applying capacity design locally and globally

Planning according to capacity design procedures is therefore divided into two application "levels":

¢ local level, related to the connection of the structure;
o global level, related to the walls and the building.

The first has the purpose of avoiding the prevalence of brittle failure modes in dissipative connections. The
second instead provides for the application of a series of rules aimed at avoiding non-dissipative collapse
mechanisms and fragile breakages of the elements that make up the structure.

Calculation of design resistances

The design strength of the dissipative zones is defined by the following formula:

Fra,quctite = kR,deg “Kmoa - M
Ym

where:
Fra quctite is the design value of the strength of the dissipative zones;
kg deg is the strength reduction factor due to cyclic degradation;
Kmod is the modification factor for duration of load and moisture content;
Fri ductite is the characteristic value of the strength of the dissipative zones;
Ym is the material partial factor.

The design resistance of the non-dissipative zones is defined by the following formula:

F K Fri prittie
Rd,brittle — "mod *

Ym
where:
Fra prittie is the design value of the strength of the non-dissipative zones;
Kmod is the modification factor for duration of load and moisture content;
Fri prittie is the characteristic value of the strength of the non-dissipative zones;
Ym is the material partial factor.

Evaluation of the degradation of strength due to seismic actions

First of all, the strength of materials can be reduced to take into account the degradation due to cyclic
deformations.

The designer can therefor proceed by following two paths:

o if precise information is not available regarding the possible degradation of the strength of
the materials due to cyclic deformations, it can apply the values of the partial safety
coefficients on the materials adopted for the fundamental design situations;
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o if, on the other hand, the degradation of strength is appropriately taken into account in the
evaluation of the mechanical properties of materials, then it is possible to use the safety
coefficients corresponding to accidental load combinations.

So the question is, what is the value of the strength degradation factor due to the effect of cyclic actions,
indicated above with kg 4.4?

With reference to the specific case of timber structures, for ultimate limit state verifications of structures
designed in accordance with the concept of dissipative behaviour, it is possible to assume the partial safety
factors for the accidental load combinations taking into account the cycle degradation through a maximum
20% reduction of the resistance, which means that the coefficient kg 4.4 is equal to 0,8.

Checks

Check dissipative zones

The dissipative zones against the seismic actions calculated with the dissipative behavior factor need to be
verified according to the following expression:

FEd,ductile < FRd,ductile = kR,deg ' kmod 'M
Ym

where:
Fea quctite is the design value of the effect of actions of the dissipative zones;
Fra quctite is the design value of the strength of the dissipative zones;
Fri ductite is the characteristic value of the strength of the dissipative zones;
kg aeg is the strength reduction factor due to cyclic degradation;
Kmod is the modification factor for duration of load and moisture content;
Yy is the material partial factor.

Check non-dissipative zones — Local level

In order to ensure compliance with the rules of capacity design at the local level (connection), it must be
verified that the resistances associated with the brittle failure modes are over-resistant compared to the
resistance associated with the ductile failure mode:

Fra prittie 2 tra_, Fra,quctite
R, deg
where:
Yrd is the overstrength factor;
kg aeg is the resistance degradation coefficient due to cyclic actions;
Fra quctite is the design value of the strength of the dissipative zones;

Fra prittie is the design value of the strength of the non-dissipative zones.
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Check non-dissipative zones — Global level

The non-dissipative zones need to be checked towards the actions deriving from the application of the
capacity design rules. The design effect of the actions is obtained through the following relationship:

Fraprittie = Q* Fgaprictie s T Fraprittie,c

where:

Fea prittie is the design action effect in the non-dissipative connection or member;

Q is the structure overstrength ratio (in both x and y directions);

Fga prittie is the action effect in the non-dissipative connection or member of the design seismic
action;

Fea prittiec is the action effect in the non-dissipative connection or member of the non-seismic actions

in the design seismic situation.

The overstrength ratio for each floor of the building and for each direction is determined by the following
expression:

ZNU VCLTCD ZNU pang. ,CD N” MthD

. Rd,i,jk Rd,i,jk Rd,i,jk
; j = min N ck N Sk k
! l] ij
|VEdl,] k| 2 |VEdl,] k| Z |MEdl]k|
where:
Nu CLT,CD . . . . . .
Z VRdl] p is the sum of the design resistances related to the vertical mechanical connection

between CLT walls of the j-th shear wall at the i-th storey, taking into account the
overstrength factor through the ratio ygq/kg geg;

N; . . .
DI V;;f’f,? is the sum of the design lateral strength related to shear connections of the

j-th shear wall at the i-th storey, taking into account the overstrength factor
through the ratio yrq/kg deg;

N;
Zk” Mgg lC]Dk is the sum of the design rocking strength of the j-th shear wall at the i-th storey,
taking into account the overstrength factor through the ratio ygq/kg geg;
N . . .
” |VEd” k| is the sum of the absolute values of the design global shear of the j-th shear wall at
the i-th storey due to the seismic action;
N. .
Zk;’1|MEd’i,j_k| is the sum of the absolute values of the design rocking moment of the jth shear wall
at the i-th storey due to the seismic action;
N; j is the number of shear-walls parallel to the seismic action at the i-th storey.
Case study

The analyzed building, used for residential purpose, has two floors above ground with a maximum height at
the ridge of 7.45 m and a rectangular plan measuring 10 x 11 m. It is a structure that has an almost
symmetrical distribution of the walls in plan and it is regular both in plan and in height.
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Figure 2 — TimberTech Buildings model for the case study

Attached is the complete calculation report generated using the TimberTech Buildings software, where all
the verifications of the structure are present, including the application of capacity design.
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TECHNICAL DESIGN CALCULATION REPORT

Design of Timber Structures

Project: Capacity design (ductility class DCM) of a CLT building

Structural designer:

Ing. Mauro Andreolli

Date: Friday, April 7, 2023
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Design codes and standards

The analysis are done according to: Eurocodes.

1.

10.

EN 1990 — Eurocode 0

Basis of structural design

EN 1993-1-1 — Eurocode 3

Design of steel structures - Part 1-1: General rules and rules for buildings
EN 1993-1-5 — Eurocode 3

Design of steel structures - Part 1-5: Plated structural elements

EN 1993-1-8 — Eurocode 3

Design of steel structures - Part 1-8: Design of joints

EN 1995-1-1 — Eurocode 5

Design of timber structures - Part 1-1: General - Common rules and rules for buildings
EN 1995-1-2 — Eurocode 5

Design of timber structures - Part 1-2: General — Structural fire design
EN 1998-1-1 — Eurocode 8

Design of structures for earthquake resistance - Part 1: General rules, seismic actions and rules
for buildings

EN 338

Structural timber - Strength classes

EN 14080

Timber structures - Glued laminated timber and glued solid timber - Requirements
EN 10025

Hot rolled products of structural steels

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 9
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General description of the building

Description

Building length: 12m
Building width: 10.96 m
Building height: 7.45m

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 11
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Three-dimensional view Southeast

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 12
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Three-dimensional view Northwest
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Three-dimensional view Southwest
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Three-dimensional view Northeast

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 15
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Calculation software used

Calculation software features

The software used is Timber Tech Buildings, developed by Timber Tech srl, start up of the University
of Trento (ltaly).

Technical specifications

Name: Timber Tech Buildings
Version: 97
Software Producer: Timber Tech srl

Via della Villa, 22/A
[-38123 — Villazzano — Trento (TN) — Italy

www.timbertech.it

License registered to Mauro Andreolli

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 17
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Materials

Wooden materials

The materials used in the project are listed in the following tables.

Descr. Description

fmok Characteristic bending strength

fok Characteristic tensile strength along the grain

ftook Characteristic tensile strength perpendicular to the grain

feok Characteristic compressive strength along the grain

feook Characteristic compressive strength perpendicular to the grain
fok Characteristic shear strength

Eomean Mean value of modulus of elasticity along the grain

Eo o5 Fifth percentile value of modulus of elasticity along the grain
Esomean  Mean value of modulus of elasticity perpendicular to the grain
Gmean Mean value of shear modulus

Pk Characteristic density

fukinpiane Characteristic in-plane shear strength of CLT panel

frk Characteristic rolling shear strength

fri Torsional resistance of crossing surfaces

GRmean Mean value of rolling shear modulus

Homogeneous glued-laminated timber

Technical Design Calculation Report

Descr fm,k ft,o,k ft,‘)o,’l fl.‘,o,’l fc,‘?o,k ka Eo,mtlln E0,05 E‘)o,meun Gmeun pk
: [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [kg/m?]

AR 24 19.2 05 24 25 35 11500 9600 300 650 385

Descr fm k ft,o,k ft,90,k fc,o,k f::,‘m,k fV,’l,Fiut fﬁ k fv,k,lustr ka Eo,mtlln E0,05 E?l‘l,metm Gmeun GR,mean pk
[MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [kg/m?]
C24 24 145 0.4 21 25 4 0.8 4 25 11000 | 7400 370 690 50 350
XLAM : : : : :
Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 19
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Anker nails

ds

Rotho Blaas PF601460

Anker nail - LBA 4,0
X 60

60 50 4 8

Concrete anchors

Rotho Blaas INA5816195 Threaded rod INA - 5.8 - M16 x 195 HYB420 Hybrid C“Ggg)‘ffz'ggmm ETA-
Rotho Blaas FE210115 Threaded rod INA - 5.8 - M12 x 130 FE400055 Vinylester d:)eg’}gg‘;'sa”“'h°r ETA-

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 20
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Calculation method and numerical model

Model Description

Hypothesis adopted for the elements

The timber walls are constrained at the base by means of connection systems capable of transmitting
both in-plane and out-of-plane actions action on the wall.

In the analysis, in presence of horizontal loads, some elements may be defined as “secondary”: this
mean that their strength and stiffness are neglected in the calculation of the response of the building.
In the model these elements are represented in terms of mass and they are designed only for vertical
loads.

Rigid body rocking — Forces on hold-down / tie-down

The hold-down or tie-down systems are used to prevent the rotation of the wall caused by the
overturning moment of the horizontal force. The hold-down, placed on the in-tension edge of the
wall, is loaded by a force equal to

M;_5; N 1 )
- ( — —> for active hold — down

b 2] Ngne
0 for inactive hold — down
where:
b is the lever arm for the internal couple;
N is the axial vertical load acting on the wall;

M;_5 is the moment acting in the plane of the wall;

nane 1S the number of connections present at each end of the wall.

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 21
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Figure: Calculation model of tensile force acting on the hold-down
Structural elements

The following table shows the positions of the individual walls. The last four columns show the
coordinates of the ends of each wall.

X1 and Y1 indicate the coordinates of the starting point of the wall

X2 and Y2 indicate the coordinates of the end point of the wall

Element
resistant to Height Length Altitude X1 Y1 X2 Y2
Wall name Type of wall P ["?] [mg] [m] [m] [m] [m] il
loads
Parete 109 CLT No 1.0 1 0 0 3 0 4
Parete 110 CLT No 1.0 1 0 0 1 0 2
Parete 29 CLT No 1.0 1 3.2 0 1 0 2
Parete 30 CLT No 1.0 1 3.2 0 3 0 4
Parete 34 CLT No 1.0 1 3.2 10 3 10 4
Parete 35 CLT No 1.0 1 3.2 10 6 10 7
Parete 72 CLT No 1.0 1 3.2 2 0 3 0
Parete 78 CLT No 1.0 1 0 2 0 3 0
Parete 81 CLT No 1.0 1 3.2 7 0 8 0
Parete 88 CLT No 1.0 1 0 10 3 10 4
Parete 89 CLT No 1.0 1 0 10 6 10 7
Parete 95 CLT No 1.0 1 3.2 8 11 7 11
Parete 96 CLT No 1.0 1 3.2 3 11 2 11
PX0-1 CLT Yes 3.2 2 0 0 0 2 0
PX0-2 CLT Yes 3.2 4 0 3 0 7 0
PX0-3 CLT Yes 3.2 2 0 8 0 10 0
PX0-4 CLT Yes 3.2 2 0 0 5 2 5
PX0-5 CLT Yes 3.2 4 0 7 5 3 5
PX0-6 CLT Yes 3.2 2 0 10 5 8 5
PX0-7 CLT Yes 3.2 2 0 2 11 0 11
PX0-8 CLT Yes 3.2 4 0 7 11 3 11
PX0-9 CLT Yes 3.2 2 0 10 11 8 11
PX1-1 CLT Yes 3.05 2 3.2 0 0 2 0
PX1-2 CLT Yes 3.95 4 3.2 3 0 7 0
PX1-3 CLT Yes 3.05 2 3.2 8 0 10 0
PX1-4 CLT Yes 3.05 2 3.2 0 5 2 5
PX1-5 CLT Yes 3.95 4 3.2 7 5 3 5
PX1-6 CLT Yes 3.05 2 3.2 10 5 8 5
PX1-7 CLT Yes 3.05 2 3.2 2 11 0 11
PX1-8 CLT Yes 3.95 4 3.2 3 11 7 11
PX1-9 CLT Yes 3.05 2 3.2 10 11 8 11
PY0-1 CLT Yes 3.2 1 0 0 1 0 0
PY0-2 CLT Yes 3.2 1 0 0 3 0 2
PY0-3 CLT Yes 3.2 7 0 0 11 0 4
PY0-4 CLT Yes 3.2 2 0 5 7 5 5
PYO0-5 CLT Yes 3.2 3 0 5 11 5 8
PY0-6 CLT Yes 3.2 3 0 10 0 10 3
PY0-7 CLT Yes 3.2 2 0 10 4 10 6
PY0-8 CLT Yes 3.2 4 0 10 7 10 11
PY1-1 CLT Yes 2.75 1 3.2 0 0 0 1
PY1-2 CLT Yes 2.75 1 3.2 0 2 0 3
PY1-3 CLT Yes 2.75 7 3.2 0 4 0 11
PY1-4 CLT Yes 4.25 2 3.2 5 7 5 5
PY1-5 CLT Yes 4.25 3 3.2 5 11 5 8
PY1-6 CLT Yes 2.75 3 3.2 10 0 10 3
PY1-7 CLT Yes 2.75 2 3.2 10 6 10 4
PY1-8 CLT Yes 2.75 4 3.2 10 7 10 11

The following table shows the positions of the individual columns.

X and Y are the coordinates of the point where the column is located.

Column Height Altitude X
name [m] [m] [m] [m]
Pilastro 12 3.2 0 5 2.5
Pilastro 5 4.25 3.2 5 25

Wall horizontal stiffness

The wall stiffness can be estimated considering the contributions of all the components, as shown
below.

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 22
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CLT walls

The overall stiffness of CLT walls is calculated taking into account the contribution of the following
components:

o CLT panel (kx|_A|v|)
e shear connections — angle brackets (k,)

e hold-down or tie-down (k)

Figure: Mechanical model for CLT walls overall stiffness

The following table indicates the positions of the walls and their equivalent shear stiffness.

Element Equivalent
resistant to Heigth Length shear
lalinams [iyBslciall horizontal [rr?] [mg] stiffness
loads [kN/m]
Parete 109 CLT No 1.0 1 0
Parete 110 CLT No 1.0 1 0
Parete 29 CLT No 1.0 1 0
Parete 30 CLT No 1.0 1 0
Parete 34 CLT No 1.0 1 0
Parete 35 CLT No 1.0 1 0
Parete 72 CLT No 1.0 1 0
Parete 78 CLT No 1.0 1 0
Parete 81 CLT No 1.0 1 0
Parete 88 CLT No 1.0 1 0
Parete 89 CLT No 1.0 1 0
Parete 95 CLT No 1.0 1 0
Parete 96 CLT No 1.0 1 0
PX0-1 CLT Yes 3.2 2 7148
PX0-2 CLT Yes 3.2 4 22673
PX0-3 CLT Yes 3.2 2 7148
PX0-4 CLT Yes 3.2 2 7148
PX0-5 CLT Yes 3.2 4 22673
PX0-6 CLT Yes 3.2 2 7148
PX0-7 CLT Yes 3.2 2 7148
PX0-8 CLT Yes 3.2 4 22673
PX0-9 CLT Yes 3.2 2 7148
PX1-1 CLT Yes 3.05 2 3566
PX1-2 CLT Yes 3.95 4 7935
PX1-3 CLT Yes 3.05 2 3566
PX1-4 CLT Yes 3.05 2 3566
PX1-5 CLT Yes 3.95 4 7935

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 23
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PX1-6 CLT Yes 3.05 2 3566
PX1-7 CLT Yes 3.05 2 3566
PX1-8 CLT Yes 3.95 4 7935
PX1-9 CLT Yes 3.05 2 3566
PY0-1 CLT Yes 3.2 1 2055
PY0-2 CLT Yes 3.2 1 2055
PY0-3 CLT Yes 3.2 7 52986
PY0-4 CLT Yes 3.2 2 7148
PY0-5 CLT Yes 3.2 3 14226
PY0-6 CLT Yes 3.2 3 14226
PY0-7 CLT Yes 3.2 2 7148
PY0-8 CLT Yes 3.2 4 22673
PY1-1 CLT Yes 2.75 1 1246
PY1-2 CLT Yes 2.75 1 1246
PY1-3 CLT Yes 2.75 7 31204
PY1-4 CLT Yes 4.25 2 1999
PY1-5 CLT Yes 4.25 3 4031
PY1-6 CLT Yes 2.75 3 7820
PY1-7 CLT Yes 2.75 2 4233
PY1-8 CLT Yes 2.75 4 13731

Types of structural elements and sign conventions

Linear elements

The linear elements are used to model beams and columns. They have a local reference system
with respect to which stress/force components are shown. The sign convention adopted is shown in
the figure below.

Force Description Unit of
N Axial force kN
Ms.3 Bending moment about local axis 3 kN m
V2 Shear along local axis 2 kN
M., Bending moment about local axis 2 kN m
V3 Shear along local axis 3 kN

Figure: sign conventions for beams

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 24
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Figure: sign conventions for columns
Wall elements

The walls, regardless of type, have the following sign conventions.

Acti per unit length Description Unit of e
n Axial stress (per unit length) kN/m
In-plane actions ms.3 Bending moment about local axis 3 (per unit length) kNm/m
V2 Shear along local axis 2 (per unit length) kN/m
Out-of-plane actions ma-2 Bending moment about local axis 2 (per unit length) kNm/m
(plate) V3 Shear along local axis 3 (per unit length) kN/m
Actions Description Unit of e
N Total axial force kN
In-plane actions Ms.3 Bending moment about local axis 3 kNm
V2 Shear along local axis 2 kN
Out-of-plane actions Mz., Bending moment about local axis 3 kNm
(plate) V3 Shear along local axis 2 kN

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli
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Figure: sign conventions for walls

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli
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Actions and design loads

Self-weight of structural materials

The weights of the structural materials are shown in the table below in kN/m3

Description Specific weight y [kN/m?]
GL 24h - EN 14080 5
C 24 XLAM 5

Wind action

The wind action is evaluated in accordance with the European standard EN 1-1-4. The wind action
is represented by a simplified set of forces whose effects is equivalent to the extreme effects of the
turbulent wind.

Project data

Terrain category: Terrain category 0
Basic wind velocity: 27 m/s

Mean wind

The mean wind velocity v,,(z) at a height z above the terrain depends on the terrain roughness and
orography and on the basic wind velocity according to the following expression:

Um(2) = ¢:(2) " ¢o(2) " vy

where:

¢ (2) is the roughness factor that depends on the terrain category and on the height z above
the terrain of the relevant point;

c,(2) is the orography factor taken as 1;

vy is the basic wind velocity.

According to section 4.3.2 of EN 1991-1-4, the roughness factor can be determined as follows:

Z
¢r(z) = ky-In (_) for zZmn <z < Zpayx
Zo
cr(z2) = ¢r(Zmin)  for Z = Zmin
where:

zy and z,,;,  are defined according to the terrain category:

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 27
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Terrain category Zg Zmin
0 Sea or coastal area exposed to the open sea 0,003 1
I Lakes or flat and horizontal area with negligible vegetation and without 0.01 1
obstacles ’
I Area with low vegetation such as grass and isolated obstacles (irees, 0,05 2

buildings) with separations of at least 20 obstacle heights

Area with regular cover of vegetation or buildings or with isolated obstacles
Il with separations of maximum 20 obstacle heights (such as villages, suburban | 0,3 5
terrain, permanent forest)

Area in which at least 15% of the surface is covered with buildings and their

v average height exceeds 15 m 1.0 10
k, is the terrain factor calculated using:
0,07
Zg
k,=0,19- <—>
Zo,11
W|th ZO,II = 0,05 m

Wind turbulence

The turbulence intensity I,,(z) at a height z is defined as the standard deviation of the turbulence
divided by the mean wind velocity and it can be determined as:

1
L(z) = % = 7 for  zZyin £z < Zmay
vm(2)  ¢,(2)-In (—)
Zo
L,(2) = I, (Zmin) for Z = Zmin

Peak velocity pressure

The peak velocity pressure q,(z) at a height z can be determined as:

1
qp(Z) =[1+7- IU(Z)] ' E P UT%‘L(Z) = Ce(z) *qp

where:

L,(2) is the turbulence intensity;

p is the air density taken as 1.25 kg/m?;

v (2) is the mean wind velocity;

Ce(2) is the exposure factor defined as c,(z) = qz_iz);

a» is the basic wind pressure defined as q,, = %.p V2.
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Figure 4.2 — lllustrations of the exposure factor c.(z) for co=1,0, k=1,0

The basic wind pressure results to be equal to:
qp 455.63 N/m?

Wind pressure on surfaces

The wind pressure acting on the external surfaces can be determined according to:
We(Ze) = qp(2e) - Cpe

The wind pressure acting on the internal surfaces can be determined according to:
w;i(z) = qp(z;) - cpi

where:

cpe is the pressure coefficient for the external pressure that can be calculated according to section
7.2 of EN 1991-1-4 or according to data supported by appropriate documentation or by
experimental campaigns in wind tunnel,

cpi is the pressure coefficient for the internal pressure.

The reference heights ze to be considered in the calculation of the peak reference wind pressure are
defined as follows:

- Windward surfaces of walls: the reference height changes along the structure height in
accordance with point 7.2.2 on EN 1991-1-4;

- Leeward surfaces of walls: the reference height is equal to the maximum height of the
building;

- Internal pressures: the reference height is equal to the maximum height of the building.

Wind forces
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The wind forces for the whole structure or a structural component can be determined by calculating
forces from surface pressures according to the following equations.

External forces:

Fye=Cs Cq- z we(2,) 'Aref

surfaces

Internal forces:

Fyi= Z w;i(z;) " Ares

surfaces
where:

¢; Is the size factor that takes into account the effect on wind actions from the non-simultaneous
occurrence of peak wind pressures on the surfaces. It is taken equal to 1;

cq Iis the dynamic factor that takes into the effect of the vibrations of the structure due to
turbulence. It is taken equal to 1.
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Loads acting on the walls

The following table shows the loads acting on the walls.

Load name: Load ID

Position: Position of the wall: internal or external
g1k Permanent action: self weight
g2k Permanent action
q.wind.k: Variable actions: wind load on windward, leeward and lateral surfaces
,wind,k ,wind,k Q,wind,k
Wall name Position Load name [kﬂ;'r"“ B [kﬁz:\ o) downwind windward lateral
[kN/m?] [kN/m?] [kN/m?]
PX1-1 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PY1-1 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PY1-2 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PX1-4 Internal Carico pareti interne 0.5 0.6 0 0 0
PX1-3 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PY1-6 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PX1-6 Internal Carico pareti interne 0.5 0.6 0 0 0
PY1-8 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PX1-9 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PY1-5 Internal Carico pareti interne 0.5 0.6 0 0 0
PY1-4 Internal Carico pareti interne 0.5 0.6 0 0 0
PX1-7 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
Parete 29 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 30 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 34 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 35 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PX1-8 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PY1-3 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PY1-7 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 72 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PX1-2 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PX0-1 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
Parete 78 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PX0-2 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PX0-3 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
Parete 81 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PYO0-6 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PYO0-7 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PY0-8 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 88 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 89 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PX1-5 Internal Carico pareti interne 0.5 0.6 0 0 0
PX0-9 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PX0-8 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PX0-7 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
Parete 95 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
Parete 96 External Carico pareti esterne 0.5 0.6 -0.77 1.35 -1.8
PY0-5 Internal Carico pareti interne 0.5 0.6 0 0 0
PY0-4 Internal Carico pareti interne 0.5 0.6 0 0 0
PX0-6 Internal Carico pareti interne 0.5 0.6 0 0 0
PX0-5 Internal Carico pareti interne 0.5 0.6 0 0 0
PX0-4 Internal Carico pareti interne 0.5 0.6 0 0 0
PY0-3 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PYO0-2 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
PYO0-1 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 109 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8
Parete 110 External Carico pareti esterne 0.5 0.6 -0.79 1.36 -1.8

Loads acting on the floors

The following table shows the characteristic values of the loads acting on the decks.
Load name: Load ID

Position: Position of the floor: internal or external
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Environment: Load category

a: Roof pitch angle

g1k Permanent action: self weight
92 Permanent action

qk: Variable actions

,snow.k Variable actions: snow load
Q,wind k! Variable actions: wind load

Solaio 12 Internal floor 0 Carico solaio residenziale Imposed loads category A: floors 2 0

Solaio 13 Internal floor 0 Carico solaio residenziale Imposed loads category A: floors 1 1.35 2 0 0 0
Solaio 20 Roof 17 Carico solaio copertura Imposed loads category H 0.8 0.9 0.5 0 -1.8 0.64
Solaio 21 Roof 17 Carico solaio copertura Imposed loads category H 0.8 0.9 0.5 0 -1 0.64
Solaio 22 Internal floor 0 Carico solaio residenziale Imposed loads category A: floors 1 1.35 2 0 0 0
Solaio 23 Internal floor 0 Carico solaio residenziale Imposed loads category A: floors 1 1.35 2 0 0 0

Line loads

The following table shows the characteristic values of the line loads acting on the beams and the
decks.

Load name: Load ID
Position: Position of the element: internal or external

Environment: Load category

Gix: Permanent action: self weight

Gaox: Permanent action

Qx: Variable actions

Q snow k: Variable actions: snow load

Q windk: Variable actions: wind load

Trave 35 Internal load Carico solo permanente - 0.28 0 - 0 0 0
Trave 36 Internal load Carico solo permanente - 0.2 0 - 0 0 0
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Trave 37 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 39 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 40 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 42 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 43 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 46 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 47 Internal load Carico solo permanente - 0.2 0 - 0 0 0
Trave 48 Internal load Carico solo permanente - 0.32 0 - 0 0 0
Trave 49 Internal load Carico solo permanente - 0.32 0 - 0 0 0
Trave 50 Internal load Carico solo permanente - 0.28 0 - 0 0 0
Trave 51 Internal load Carico solo permanente - 0.28 0 - 0 0 0
Trave 52 Internal load Carico solo permanente - 0.28 0 - 0 0 0
Trave 53 Internal load Carico solo permanente - 0.28 0 - 0 0 0
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Seismic actions

The seismic actions are evaluated according to the Eurocode 8 and the National annex. The
earthquake motion at a given point on the surface is represented by an elastic ground acceleration
response spectrum.

The response spectra are calculated using the design ground acceleration a4 on type A ground: the
acceleration is equal to ayg, the value of the reference peak ground acceleration on type A ground,
times the importance factor y;.

The response spectrum for the damage limit requirement is obtained multiplying the reduction of the
design ground acceleration a, by the reduction factor v.

The parameters defining the design ground acceleration a4 on type A ground and the acceleration
values for the ULS and DLS are reported below:

The reduction factor of the Damage limitation Limit State spectrum: 0.5
Importance factor: 1
Limit States aylg]
ULS - Ultimate Limit State 0.261
DLS — Damage Limitation limit State 0.131

The value of the periods Ty, T¢, Tp and of the soil factor S defining the shape of the elastic response
spectrum depend on the ground type and on the spectrum type. The parameters used are reported
below:

Spectrum type: Type 1

Ground type: A

S soil factor: 1

Tg lower limit of the period of the constant spectral acceleration branch: 0.15 s
Tc upper limit of the period of the constant spectral acceleration branch: 0.4 s

Tp value defining the beginning of the constant displacement response range of

the spectrum: 2 s
Horizontal elastic response spectrum

For the horizontal components of the seismic action, the elastic response spectrum S.(T) is
defined by the following expressions:

0<T<T, se(T)=agxsx[1+T1x(nx2,5—1)]
B

T <T<T, Se(T) =ay X § X1 %25
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T, <T<T, Se(T) =g x § x nx25[%
T<T, So(T) =ag X SX nx2,5 [T;ZD]

Horizontal elastic response spectra are reported below; they are calculated using the following
values of the parameters n and ¢

n 1
4 5%

n is the damping correction factor with a reference value of n = 1 for 5% viscous damping.

Elastic spectrum

Sefg]

LR R e B ] L L L L ) L Ll L ] ] L ) e ] L Ly L A L Rl LA LA ekl ta) AR i b
) 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38

Tls]

Design spectrum for elastic analysis (NO-COLLAPSE)

To avoid explicit inelastic structural analysis in design, the capacity of the structure to dissipate
energy, through mainly ductile behavior of its elements and/or other mechanisms, is taken into
account by performing an elastic analysis based on a response spectrum reduced with respect to
the elastic one, henceforth called a "design spectrum”. This reduction is accomplished by introducing
the behavior factor q. The design spectrum is defined by the following expressions:

_ 2 T 25 2
0<T<Ty Sd(T)—angx[§+gx(7—§)]
TBSTSTC Sd(T)=agX5X2q;5

2,5 _ [Tc

X § X =X|=
T.<T<T, S, (T) =1% q 7
=p xay

25 [TcTp

TSTD Sd(T)Zagxsqu[Tz]
=p xag

where
B is the lower bound factor for the horizontal design spectrum equal to 0.2;
q is the behaviour factor: 3.
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The horizontal elastic response spectra and the horizontal design spectrum (Ultimate Limit State)
are shown below:

Design spectrum - SLV

E — ULS elastic
0.6 =~ ULS design

Sefg]

LR R e B ] L ) L L L ) L LRl L ] ] L ) e A L L) L LA LR Rl LA LA Lkt ta) LA i bl
)02 04 06 08 1 1214 16 18 2 22 24 26 28 3 32 34 36 38 ¢
T[s]
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Sections of the structural elements

CLT walls

The following table shows the CLT walls characteristics.

CLT wall User defined 1005s T C 24 XLAM 5 100 20 ég(_) égo : Vertical

CLT floors

Floor geometric characteristic

ho: CLT panel thickness

SINEN
SINES
SINES
SINES

;

Figure: CLT floor geometric characteristics

The following table sets out the details concerning the CLT floors.

40-40-40- Parallel to the calculation
CLT floor User defined 200 5s L C 24 XLAM 5 200 40 - 40 direction
CLT roof User defined 160 55 L C 24 XLAM 5 160 40-20-40- | Parallel fo the calculation
20-40 direction
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Cross section of timber linear elements

The following table sets out the details concerning the cross section of every linear element.

Section name Material Width b [mm] Height h [mm] Area A [mm7] Jyy [mm¥] Jzz [mm?]

Column GL 24h - EN 14080 200 200 40000 1.33E8 1.33E8
Ridge beam GL 24h - EN 14080 200 280 56000 3.66E8 1.87E8
Architrave GL 24h - EN 14080 200 200 40000 1.33E8 1.33E8
Internal beam GL 24h - EN 14080 200 320 64000 5.46E8 2.13E8

zl

T _

I

I

I

1

1

I

I

I

I

I

oo e Y h

Figure: Geometric size of every timber cross section

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 38



TI M B E RTE C H Technical Design Calculation Report

SOLUTIONS FOR TIMBER EMGINEERIMG

Connections
Hold down

Figure: graphical representation of a hold down in a base connection (timber wall — foundation
connection)

Ground traction Hybrid chemical
connection - 051:10:;5) n Rotho Blaas WHT 440 20 x Anker nail - LBA 4,0 x 60 L )f yg?a’j?g ;o;ﬂglEI)\IA anchor ETA- 1
hold down i 20/1285

Timber to concrete angle bracket

Figure: graphical representation of the shear connection with angle brackets

Vinylester

Ground shear

" Ground Titan N - TCN . 2 x Threaded rod INA chemical
connection - connection Rotho Blaas 200 30 x Anker nail - LBA 4,0 X 60 _5.8-M12 x 130 anchor ETA- 1 1000
bracket 09/0078
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Timber to timber tensile plate

e e e e e

/

/

=

Figure: graphical representation of a punched strap

Upt;::;tlizels Perforated strap
connection - Upper level Rotho Blaas 80 mm;p. 1,5 80 25000 1.5 S350 12 x Anker nail - LBA 4,0 X 60 1
tensile plate

Timber to timber angle bracket

Figure: graphical representations of the timber to timber shear connection with angle brackets

Upper levels
shear
connection -
bracket

Upper level Rotho Blaas Titan TTN 240 36 x Anker nail - LBA 4,0 X 60 36 x Anker nail - LBA 4,0 X 60 1 2000
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Combinations of actions

For each critical load case, the design values of the effects of actions shall be determined by
combining the values of actions that are considered to occur simultaneously.

Z Y6,jGrj T v010Qk1 + Z Y0,i%0,iC0k,i =

j=1 i=1

=VYe1 G1+Ve2 G2 +VYo Qk1+ Vo2 Yoz Qkzt+Vos Yoz Qs+

Combinations of actions for seismic design situations:

z Gyj + Agg + Z Y2iQki =

j=1 i>1

=Gy + Gy + Apg P21 Qpr + P22 Qg2 +
being:
G1  permanent actions: self weight;
G2 permanent actions;
Q1 characteristic value of the main variable action;
Qki characteristic value of the i-th variable action;
ve1 IS the partial factor for the self-weight action;
Ye2 IS the partial factor for the permanent actions action.

When permanent actions, as well as a portion of those, are fully defined in design process, it is
possible to adopt the same partial factor employed for self-weight actions.

The following are the values of the combination coefficients used.

Action name Description Duration Yo Y1 Y2
Q catA Category A: domestic, residential areas Medium-term 0.7 0.5 0.3
Qcat.B Category B: office areas Medium-term 0.7 0.5 0.3
Qcat.C Category C: congregation areas Medium-term 0.7 0.7 0.6
Qcat.D Category D: shopping areas Medium-term 0.7 0.7 0.6
QcatE Category E: storage areas Long-term 1 0.9 0.8
Qcat.F Category F: traffic area, vehicle weight < 30 kN Long-term 0.7 0.7 0.6
Qcat.G Category G: traffic area, vehicle weight < 160 kN Long-term 0.7 0.5 0.3
Q cat.H Category H: roofs Medium-term 0 0 0
Q cat.I-A Category I|-A: practicable roofs of category A Medium-term 0.7 0.5 0.3
Q cat.I-B Category |-B: practicable roofs of category B Medium-term 0.7 0.5 0.3

Qcat.l-C Category |-C: practicable roofs of category C Medium-term 0.7 0.7 0.6
Q cat.I-D Category |-D: practicable roofs of category D Medium-term 0.7 0.7 0.6
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Qcat.I-E Category I-E: practicable roofs of category E Long-term 1 0.9 0.8
Ortho wind Wind load Instantaneous 0.6 0.2 0
Snow Snow load (altitude <= 1000 mamsl) Short-term 0.5 0.2 0
Snow Snow load (altitude > 1000 mamsl) Medium-term 0.7 0.5 0.2
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Combinations of actions used

Vertical ULS loads combinations

The following table shows the ULS load combinations relevant for verifications in conditions of
vertical load. The coefficient values listed correspond to the product of the partial safety factor y; and

the combination factors ;.

The action of the wind is schematized with a uniform load orthogonal to each external wall.

. Q Q Ortho Wind Wind Dynamic Dynamic Dynamic Dynamic
s DI & e catA | catH | SmoV wind X Y SV vy X oY
ULS 1 Permanent 1 1 0 0 0 0 0 0 0 0 0 0
ULS 2 Medium-term 1 1 1.5 0 0 0 0 0 0 0 0 0
ULS 3 Short-term 1 1 1.5 0 0.75 0 0 0 0 0 0 0
ULS 4 Instantaneous 1 1 1.5 0 0 0.9 0 0 0 0 0 0
ULS 5 Instantaneous 1 1 1.5 0 0.75 0.9 0 0 0 0 0 0
ULS 6 Medium-term 1 1 0 1.5 0 0 0 0 0 0 0 0
ULS 7 Medium-term 1 1 1.05 1.5 0 0 0 0 0 0 0 0
ULS 8 Short-term 1 1 0 1.5 0.75 0 0 0 0 0 0 0
ULS 9 Short-term 1 1 1.05 1.5 0.75 0 0 0 0 0 0 0
ULS 10 Instantaneous 1 1 0 1.5 0 0.9 0 0 0 0 0 0
ULS 11 Instantaneous 1 1 1.05 1.5 0 0.9 0 0 0 0 0 0
ULS 12 Instantaneous 1 1 0 1.5 0.75 0.9 0 0 0 0 0 0
ULS 13 Instantaneous 1 1 1.05 1.5 0.75 0.9 0 0 0 0 0 0
ULS 14 Short-term 1 1 0 0 1.5 0 0 0 0 0 0 0
ULS 15 Short-term 1 1 1.05 0 1.5 0 0 0 0 0 0 0
ULS 16 Instantaneous 1 1 0 0 1.5 0.9 0 0 0 0 0 0
ULS 17 Instantaneous 1 1 1.05 0 1.5 0.9 0 0 0 0 0 0
ULS 18 Instantaneous 1 1 0 0 0 1.5 0 0 0 0 0 0
ULS 19 Instantaneous 1 1 1.05 0 0 1.5 0 0 0 0 0 0
ULS 20 Instantaneous 1 1 0 0 0.75 1.5 0 0 0 0 0 0
ULS 21 Instantaneous 1 1 1.05 0 0.75 1.5 0 0 0 0 0 0
ULS 22 Permanent 1 1.35 0 0 0 0 0 0 0 0 0 0
ULS 23 Medium-term 1 1.35 1.5 0 0 0 0 0 0 0 0 0
ULS 24 Short-term 1 1.35 1.5 0 0.75 0 0 0 0 0 0 0
ULS 25 Instantaneous 1 1.35 1.5 0 0 0.9 0 0 0 0 0 0
ULS 26 Instantaneous 1 1.35 1.5 0 0.75 0.9 0 0 0 0 0 0
ULS 27 Medium-term 1 1.35 0 1.5 0 0 0 0 0 0 0 0
ULS 28 Medium-term 1 1.35 1.05 1.5 0 0 0 0 0 0 0 0
ULS 29 Short-term 1 1.35 0 1.5 0.75 0 0 0 0 0 0 0
ULS 30 Short-term 1 1.35 1.05 1.5 0.75 0 0 0 0 0 0 0
ULS 31 Instantaneous 1 1.35 0 1.5 0 0.9 0 0 0 0 0 0
ULS 32 Instantaneous 1 1.35 1.05 1.5 0 0.9 0 0 0 0 0 0
ULS 33 Instantaneous 1 1.35 0 1.5 0.75 0.9 0 0 0 0 0 0
ULS 34 Instantaneous 1 1.35 1.05 1.5 0.75 0.9 0 0 0 0 0 0
ULS 35 Short-term 1 1.35 0 0 15 0 0 0 0 0 0 0
ULS 36 Short-term 1 1.35 1.05 0 15 0 0 0 0 0 0 0
ULS 37 Instantaneous 1 1.35 0 0 1.5 0.9 0 0 0 0 0 0
ULS 38 Instantaneous 1 1.35 1.05 0 1.5 0.9 0 0 0 0 0 0
ULS 39 Instantaneous 1 1.35 0 0 0 1.5 0 0 0 0 0 0
ULS 40 Instantaneous 1 1.35 1.05 0 0 1.5 0 0 0 0 0 0
ULS 41 Instantaneous 1 1.35 0 0 0.75 1.5 0 0 0 0 0 0
ULS 42 Instantaneous 1 1.35 1.05 0 0.75 1.5 0 0 0 0 0 0
ULS 43 Permanent 1.35 1 0 0 0 0 0 0 0 0 0 0
ULS 44 Medium-term 1.35 1 1.5 0 0 0 0 0 0 0 0 0
ULS 45 Short-term 1.35 1 1.5 0 0.75 0 0 0 0 0 0 0
ULS 46 Instantaneous 1.35 1 1.5 0 0 0.9 0 0 0 0 0 0
ULS 47 Instantaneous 1.35 1 1.5 0 0.75 0.9 0 0 0 0 0 0
ULS 48 Medium-term 1.35 1 0 1.5 0 0 0 0 0 0 0 0
ULS 49 Medium-term 1.35 1 1.05 1.5 0 0 0 0 0 0 0 0
ULS 50 Short-term 1.35 1 0 1.5 0.75 0 0 0 0 0 0 0
ULS 51 Short-term 1.35 1 1.05 1.5 0.75 0 0 0 0 0 0 0
ULS 52 Instantaneous 1.35 1 0 1.5 0 0.9 0 0 0 0 0 0
ULS 53 Instantaneous 1.35 1 1.05 1.5 0 0.9 0 0 0 0 0 0
ULS 54 Instantaneous 1.35 1 0 1.5 0.75 0.9 0 0 0 0 0 0
ULS 55 Instantaneous 1.35 1 1.05 1.5 0.75 0.9 0 0 0 0 0 0
ULS 56 Short-term 1.35 1 0 0 1.5 0 0 0 0 0 0 0
ULS 57 Short-term 1.35 1 1.05 0 1.5 0 0 0 0 0 0 0
ULS 58 Instantaneous 1.35 1 0 0 1.5 0.9 0 0 0 0 0 0
ULS 59 Instantaneous 1.35 1 1.05 0 1.5 0.9 0 0 0 0 0 0
ULS 60 Instantaneous 1.35 1 0 0 0 1.5 0 0 0 0 0 0
ULS 61 Instantaneous 1.35 1 1.05 0 0 1.5 0 0 0 0 0 0
ULS 62 Instantaneous 1.35 1 0 0 0.75 1.5 0 0 0 0 0 0
ULS 63 Instantaneous 1.35 1 1.05 0 0.75 1.5 0 0 0 0 0 0
ULS 64 Permanent 1.35 1.35 0 0 0 0 0 0 0 0 0 0
ULS 65 Medium-term 1.35 1.35 1.5 0 0 0 0 0 0 0 0 0
ULS 66 Short-term 1.35 1.35 15 0 0.75 0 0 0 0 0 0 0
ULS 67 Instantaneous 1.35 1.35 1.5 0 0 0.9 0 0 0 0 0 0
ULS 68 Instantaneous 1.35 1.35 1.5 0 0.75 0.9 0 0 0 0 0 0
ULS 69 Medium-term 1.35 1.35 0 1.5 0 0 0 0 0 0 0 0
ULS 70 Medium-term 1.35 1.35 1.05 1.5 0 0 0 0 0 0 0 0
ULS 71 Short-term 1.35 1.35 0 1.5 0.75 0 0 0 0 0 0 0
ULS 72 Short-term 1.35 1.35 1.05 1.5 0.75 0 0 0 0 0 0 0
ULS 73 Instantaneous 1.35 1.35 0 1.5 0 0.9 0 0 0 0 0 0
ULS 74 Instantaneous 1.35 1.35 1.05 1.5 0 0.9 0 0 0 0 0 0
ULS 75 Instantaneous 1.35 1.35 0 1.5 0.75 0.9 0 0 0 0 0 0
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ULS 76 Instantaneous 1.35 1.35 1.05 1.5 0.75 0.9 0 0 0 0 0 0
ULs 77 Short-term 1.35 1.35 0 0 1.5 0 0 0 0 0 0 0
ULS 78 Short-term 1.35 1.35 1.05 0 1.5 0 0 0 0 0 0 0
ULS 79 Instantaneous 1.35 1.35 0 0 1.5 0.9 0 0 0 0 0 0
ULS 80 Instantaneous 1.35 1.35 1.05 0 1.5 0.9 0 0 0 0 0 0
ULS 81 Instantaneous 1.35 1.35 0 0 0 1.5 0 0 0 0 0 0
ULS 82 Instantaneous 1.35 1.35 1.05 0 0 1.5 0 0 0 0 0 0
ULS 83 Instantaneous 1.35 1.35 0 0 0.75 1.5 0 0 0 0 0 0
ULS 84 Instantaneous 1.35 1.35 1.05 0 0.75 1.5 0 0 0 0 0 0

Horizontal ULS loads combinations

The following table shows the ULS load combinations relevant for verifications in conditions of
vertical load. The coefficient values listed correspond to the product of the partial safety factor y; and

the combination factors ;.

The action of the wind is schematized with a uniform load orthogonal to each external wall and it
acts separately in the directions x, -X, vy, -y.

. Q Q Ortho Wind Wind Dynamic Dynamic Dynamic Dynamic

NI IDEIE G G2 | catA | catH | S™% | ind X Y SLV X SLVY SLD X SLD Y

Horizontal Instantaneous 1 1 0 0 0 0 1.5 0 0 0 0 0
ULS 1

Horizontal Instantaneous 1 1 0 0 0 0 0 1.5 0 0 0 0
ULS 2

Horizontal Instantaneous 1 1 0 0 0 0 -1.5 0 0 0 0 0
ULS 3

Horizontal Instantaneous 1 1 0 0 0 0 0 -1.5 0 0 0 0
ULS 4

Horizontal Instantaneous 1.35 1.35 1.05 0 0.75 0 15 0 0 0 0 0
ULS 5

Horizontal Instantaneous 1.35 1.35 1.05 0 0.75 0 0 1.5 0 0 0 0
ULS 6

Horizontal Instantaneous 1.35 1.35 1.05 0 0.75 0 -1.5 0 0 0 0 0
ULS 7

Horizontal Instantaneous 1.35 1.35 1.05 0 0.75 0 0 -1.5 0 0 0 0
ULS 8

Combination of actions for rare SLS

. Q Q Ortho Wind Wind Dynamic Dynamic Dynamic Dynamic
e BRI G | 2 | catA | catH | S" | ind X Y SLV X SLV Y SLD X SLDY
SLS Permanent 1 1 0 0 0 0 0 0 0 0 0 0
characteristic
1
SLS Medium-term 1 1 1 0 0 0 0 0 0 0 0 0
characteristic
2
SLS Short-term 1 1 1 0 0.5 0 0 0 0 0 0 0
characteristic
SLS Instantaneous 1 1 1 0 0 0.6 0 0 0 0 0 0
characteristic
4
SLS Instantaneous 1 1 1 0 0.5 0.6 0 0 0 0 0 0
characteristic
5
SLS Medium-term 1 1 0 1 0 0 0 0 0 0 0 0
characteristic
6
SLS Medium-term 1 1 0.7 1 0 0 0 0 0 0 0 0
characteristic
SLS Short-term 1 1 0 1 0.5 0 0 0 0 0 0 0
characteristic
8
SLS Short-term 1 1 0.7 1 0.5 0 0 0 0 0 0 0
characteristic
SLS Instantaneous 1 1 0 1 0 0.6 0 0 0 0 0 0
characteristic
10
SLS Instantaneous 1 1 0.7 1 0 0.6 0 0 0 0 0 0
characteristic
SLS Instantaneous 1 1 0 1 0.5 0.6 0 0 0 0 0 0
characteristic
SLS Instantaneous 1 1 0.7 1 0.5 0.6 0 0 0 0 0 0
characteristic
13
SLS Short-term 1 1 0 0 1 0 0 0 0 0 0 0
characteristic
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SLS
characteristic
15

Short-term

SLS
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Instantaneous

0.6

SLS
characteristic
17

Instantaneous

0.6

SLS
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18

Instantaneous

SLS
characteristic

Instantaneous

SLS
characteristic
20

Instantaneous

0.5
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characteristic

Instantaneous
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Seismic load combinations

The action effects due to the combination of the horizontal components of the seismic action are
computed using the following combinations:

Ede + 0;3 ' EEdy
0,3 Egax + EEdy

Combinations of actions for Damage Limit State (SLD)

. Q Q Ortho Wind Wind Dynamic Dynamic Dynamic Dynamic
DS DUETe C1 | © | catA | catH wind X Y SLV X SLVY SLD X SLD Y
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 0.3
SLD 1 ex+
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 0.3
SLD 1 ex+
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 0.3
SLD 1 ex-
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 0.3
SLD 1 ex-
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 -0.3
SLD 2 ex+
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 -0.3
SLD 2 ex+
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 -0.3
SLD 2 ex-
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 1 -0.3
SLD 2 ex-
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 0.3
SLD 3 ex+
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 0.3
SLD 3 ex+
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 0.3
SLD 3 ex-
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 0.3
SLD 3 ex-
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 -0.3
SLD 4 ex+
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 -0.3
SLD 4 ex+
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 -0.3
SLD 4 ex-
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -1 -0.3
SLD 4 ex-
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 1
SLD 5 ex+
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 1
SLD 5 ex+
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 1
SLD 5 ex-
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 1
SLD 5 ex-
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 -1
SLD 6 ex+
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 -1
SLD 6 ex+
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 -1
SLD 6 ex-
ey+
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 0.3 -1
SLD 6 ex-
ey-
Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 1
SLD 7 ex+
ey+

Snow
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Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 1
SLD 7 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 1
SLD 7 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 1
SLD 7 ex-

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 -1
SLD 8 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 -1
SLD 8 ex+
ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 -1
SLD 8 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0 0 -0.3 -1
SLD 8 ex-

ey-

Combinations of actions for Life Safety Limit State (SLV)

. Q Q Ortho Wind Wind Dynamic Dynamic Dynamic Dynamic
N DUEER i G2 | catA | catH | SV wind X Y SLV X SLVY SLD X SLD Y

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 0.3 0 0
SLV 1 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 0.3 0 0
SLV 1 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 0.3 0 0
SLV 1 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 0.3 0 0
SLV 1 ex-
ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 -0.3 0 0
SLV 2 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 -0.3 0 0
SLV 2 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 -0.3 0 0
SLV 2 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 1 -0.3 0 0
SLV 2 ex-

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 0.3 0 0
SLV 3 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 0.3 0 0
SLV 3 ex+
ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 0.3 0 0
SLV 3 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 0.3 0 0
SLV 3 ex-

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 -0.3 0 0
SLV 4 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 -0.3 0 0
SLV 4 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 -0.3 0 0
SLV 4 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -1 -0.3 0 0
SLV 4 ex-
ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 1 0 0
SLV 5 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 1 0 0
SLV 5 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 1 0 0
SLV 5 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 1 0 0
SLV 5 ex-

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 -1 0 0
SLV 6 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 -1 0 0
SLV 6 ex+
ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 -1 0 0
SLV 6 ex-
ey+
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Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 0.3 -1 0 0
SLV 6 ex-

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 1 0 0
SLV 7 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 1 0 0
SLV 7 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 1 0 0
SLV 7 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 1 0 0
SLV 7 ex-
ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 -1 0 0
SLV 8 ex+
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 -1 0 0
SLV 8 ex+

ey-

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 -1 0 0
SLV 8 ex-
ey+

Dynamic Instantaneous 1 1 0.3 0 0 0 0 0 -0.3 -1 0 0
SLV 8 ex-

ey-
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Horizontal actions

Modal analysis

The modal analysis is used to determine the vibration modes of the structure, useful to understand
the seismic behaviour of the building and to proceed with the linear dynamic analysis.

The modal analysis involves the solution of the generalized eigenvalue problem:
[K—0°M]® =0

where K is the stiffness matrix, M the mass matrix, 22 is the diagonal matrix of the eigenvalues and
@ is the corresponding matrix of eigenvectors or modal shapes (normalized with respect to the mass
matrix); the seismic masses of the diaphragms are calculated with the following combination of
vertical loads:

ZGk,j"‘Zl/)Ei'Qki =G + G, +Z¢E1'Qki

where Yg; is the combination coefficient for variable action i. The combination coefficients shall be
computed from the following expression:

Yei =@ Py
Type of variable action Storey @
) . Roof 1
?;;?;)_r;e;s A-C (as defined in EN Storeys with correlated occupancies 0.8
Independently occupied storeys 0.5
Categories D-F (as defined in EN 1
1991-1-1)

The base shear forces for DLS and ULS and the respective acceleration values are given below.

The eigenvalue, obtained by the solution of the generalized eigenvalue problem, is the square of the
circular frequency w related to the period, T, and to the frequency, f, by the following equations:
1 w
T = F and f = .
The participating mass ratio for the mode i-th, corresponding to an acceleration in the global axis X
and Y and to a rotational acceleration around the vertical axis Z, is given by:

ML = %
X Z xj [ ]
M= oy
y_Zmyj ’
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i

Mi = =2 [

z = le,j [ 0]
i ([q)i]TM R")Z
T oM @
i ([cbi]TMR )2
i ([q)i]TM RZ)Z
T o TM @l

Technical Design Calculation Report

and where ¥ m, ;, ¥ m, ; and 1, ; are the total masses acting in the axis X, Y and the total rotational

inertia about the axis Z of the unrestrained j-th degrees of freedom.

Mode 1 0.22 4.61 81.51 81.51 0.09 0.09 0.28 0.28
Mode 2 0.20 5.11 0.14 81.65 84.77 84.87 247 275
Mode 3 0.15 6.67 0.18 81.83 2.70 87.57 83.35 86.10
Mode 4 0.10 9.88 18.11 99.93 0.01 87.58 0.02 86.12
Mode 5 0.09 11.09 0.03 99.96 12.07 99.65 0.52 86.64
Mode 6 0.07 14.58 0.04 100.00 0.35 100.00 13.36 100.00

The table shows, limited to the first six modes of vibration, the corresponding period and the modal
deformed shape.

Mode 1

(W
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Mode 2 0.20

Mode 3 0.15
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Mode 4 0.10

Mode 5 0.09
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Mode 6 0.07
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Dynamic linear analysis

The dynamic linear analysis consists of:

o the calculation of the seismic effects (the seismic action is represented by the design
response spectrum), of each of the vibration modes calculated in the modal analysis;

e combination of these effects.

The seismic effects of the structural model are obtained by the application of the following external
loads:

F} = [iSy(T)M®'
and

Fi =T}Sq(T)MP*
where:
F. and F§ are the external loads of the j-th vibration mode due to seismic action along X and Y;
S4(T) is the spectrum value corresponding to the i-th period;
P! is the i-th modal shape;
Il and F;; are the participating modal factor of the i-th mode given by:

1T
[*] MR,
[q)i]TM Pl

. [@] MR,

I = formm ot 41 =

The effects for a given direction of acceleration (along X or Y) and for each of the vibration modes
are combined with the Complete Quadratic Combination technique defined as:

1/2
E= (Z.Z.PU'EL' ‘Ej>
j i

where:
Ej is the effect of the j-th vibration mode;
Pij is the correlation coefficient of the i-th mode and the j-th mode, given by:
825,/
0T AT (= By)]
& is the damping ratio in the i-th and j-th modes;
Bij = T;/Ty).

The following table provides the diaphragms properties.
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1 3.20 5.00 5.61 0.50 0.55 46813
6.63 | 5.00 | 5.60 | 0.55 | 0.60 | 32901 |

N

The following table provides, for each of the vibration mode, the corresponding period and value of
the response spectrum, both SLV value and the SLD value.

Mode 1 0.22 0.22 0.33
Mode 2 0.20 0.22 0.33
Mode 3 0.14 0.22 0.32
Mode 4 0.10 0.20 0.26
Mode 5 0.09 0.20 0.25
Mode 6 0.07 0.19 0.22

Wind

The table below illustrates the horizontal forces acting on the storeys due to the wind action and the
coordinates of their respective application points.

1 3.20 5.00 5.50 47.42 42.24

2 6.63 5.00 5.50 29.31 26.23
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The action effects

In this chapter are reported the internal stresses present in the structural elements and their
connections caused by the different loads.

Walls

Wall name: Wall ID

N: Total axial force

V2: Shear force (in-plane)

V3: Shear force (out-of-plane)

M2-2: Bending moment (out-of-plane)

M3-3: Bending moment (in-plane)

dr: Interstory drift

N V2 V3 M2-2 M3-3 dr
poad WWalllpame [kN] [kN] [kN] [kNm] [kNm] [mm]

G1 PX1-1 3.75 0.00 0.00 0.00 0.00 0.00
G1 PY1-1 6.26 0.00 0.00 0.00 0.00 0.00
G1 PY1-2 6.96 0.00 0.00 0.00 0.00 0.00
G1 PX1-4 3.05 0.00 0.00 0.00 0.00 0.00
G1 PX1-3 3.75 0.00 0.00 0.00 0.00 0.00
G1 PY1-6 14.59 0.00 0.00 0.00 0.00 0.00
G1 PX1-6 3.05 0.00 0.00 0.00 0.00 0.00
G1 PY1-8 18.75 0.00 0.00 0.00 0.00 0.00
G1 PX1-9 3.75 0.00 0.00 0.00 0.00 0.00
G1 PY1-5 22.96 0.00 0.00 0.00 0.00 0.00
G1 PY1-4 17.88 0.00 0.00 0.00 0.00 0.00
G1 PX1-7 3.75 0.00 0.00 0.00 0.00 0.00
G1 Parete 29 0.50 0.00 0.00 0.00 0.00 N/D
G1 Parete 30 0.50 0.00 0.00 0.00 0.00 N/D
G1 Parete 34 0.50 0.00 0.00 0.00 0.00 N/D
G1 Parete 35 0.50 0.00 0.00 0.00 0.00 N/D
G1 PX1-8 9.01 0.00 0.00 0.00 0.00 0.00
G1 PY1-3 31.25 0.00 0.00 0.00 0.00 0.00
G1 PY1-7 11.12 0.00 0.00 0.00 0.00 0.00
G1 Parete 72 0.50 0.00 0.00 0.00 0.00 N/D
G1 PX1-2 14.68 0.00 0.00 0.00 0.00 0.00
G1 PX0-1 7.30 0.00 0.00 0.00 0.00 0.00
G1 Parete 78 0.50 0.00 0.00 0.00 0.00 N/D
G1 PX0-2 26.78 0.00 0.00 0.00 0.00 0.00
G1 PX0-3 7.30 0.00 0.00 0.00 0.00 0.00
G1 Parete 81 0.50 0.00 0.00 0.00 0.00 N/D
G1 PY0-6 28.52 0.00 0.00 0.00 0.00 0.00
G1 PY0-7 18.78 0.00 0.00 0.00 0.00 0.00
G1 PY0-8 25.50 0.00 0.00 0.00 0.00 0.00
G1 Parete 88 0.50 0.00 0.00 0.00 0.00 N/D
G1 Parete 89 0.50 0.00 0.00 0.00 0.00 N/D
G1 PX1-5 10.47 0.00 0.00 0.00 0.00 0.00
G1 PX0-9 14.82 0.00 0.00 0.00 0.00 0.00
G1 PX0-8 31.15 0.00 0.00 0.00 0.00 0.00
G1 PX0-7 14.82 0.00 0.00 0.00 0.00 0.00
G1 Parete 95 0.50 0.00 0.00 0.00 0.00 N/D
G1 Parete 96 0.50 0.00 0.00 0.00 0.00 N/D
G1 PY0-5 27.92 0.00 0.00 0.00 0.00 0.00
G1 PY0-4 23.73 0.00 0.00 0.00 0.00 0.00
G1 PX0-6 13.89 0.00 0.00 0.00 0.00 0.00
G1 PX0-5 34.65 0.00 0.00 0.00 0.00 0.00
G1 PX0-4 13.89 0.00 0.00 0.00 0.00 0.00
G1 PY0-3 46.55 0.00 0.00 0.00 0.00 0.00
G1 PY0-2 14.26 0.00 0.00 0.00 0.00 0.00
G1 PY0-1 11.96 0.00 0.00 0.00 0.00 0.00
G1 Parete 109 0.50 0.00 0.00 0.00 0.00 N/D
G1 Parete 110 0.50 0.00 0.00 0.00 0.00 N/D
G2 PX1-1 4.36 0.00 0.00 0.00 0.00 0.00
G2 PY1-1 6.59 0.00 0.00 0.00 0.00 0.00
G2 PY1-2 7.30 0.00 0.00 0.00 0.00 0.00
G2 PX1-4 3.66 0.00 0.00 0.00 0.00 0.00
G2 PX1-3 4.37 0.00 0.00 0.00 0.00 0.00
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G2 PY1-6 15.54 0.00 0.00 0.00 0.00 0.00
G2 PX1-6 3.66 0.00 0.00 0.00 0.00 0.00
G2 PY1-8 20.01 0.00 0.00 0.00 0.00 0.00
G2 PX1-9 4.36 0.00 0.00 0.00 0.00 0.00
G2 PY1-5 25.13 0.00 0.00 0.00 0.00 0.00
G2 PY1-4 19.46 0.00 0.00 0.00 0.00 0.00
G2 PX1-7 4.37 0.00 0.00 0.00 0.00 0.00
G2 Parete 29 0.60 0.00 0.00 0.00 0.00 N/D
G2 Parete 30 0.60 0.00 0.00 0.00 0.00 N/D
G2 Parete 34 0.60 0.00 0.00 0.00 0.00 N/D
G2 Parete 35 0.60 0.00 0.00 0.00 0.00 N/D
G2 PX1-8 10.65 0.00 0.00 0.00 0.00 0.00
G2 PY1-3 33.43 0.00 0.00 0.00 0.00 0.00
G2 PY1-7 11.77 0.00 0.00 0.00 0.00 0.00
G2 Parete 72 0.60 0.00 0.00 0.00 0.00 N/D
G2 PX1-2 16.62 0.00 0.00 0.00 0.00 0.00
G2 PX0-1 8.50 0.00 0.00 0.00 0.00 0.00
G2 Parete 78 0.60 0.00 0.00 0.00 0.00 N/D
G2 PX0-2 31.25 0.00 0.00 0.00 0.00 0.00
G2 PX0-3 8.51 0.00 0.00 0.00 0.00 0.00
G2 Parete 81 0.60 0.00 0.00 0.00 0.00 N/D
G2 PY0-6 33.45 0.00 0.00 0.00 0.00 0.00
G2 PYO0-7 21.29 0.00 0.00 0.00 0.00 0.00
G2 PY0-8 27.99 0.00 0.00 0.00 0.00 0.00
G2 Parete 88 0.60 0.00 0.00 0.00 0.00 N/D
G2 Parete 89 0.60 0.00 0.00 0.00 0.00 N/D
G2 PX1-5 12.19 0.00 0.00 0.00 0.00 0.00
G2 PX0-9 18.66 0.00 0.00 0.00 0.00 0.00
G2 PX0-8 39.23 0.00 0.00 0.00 0.00 0.00
G2 PX0-7 18.66 0.00 0.00 0.00 0.00 0.00
G2 Parete 95 0.60 0.00 0.00 0.00 0.00 N/D
G2 Parete 96 0.60 0.00 0.00 0.00 0.00 N/D
G2 PYO0-5 30.89 0.00 0.00 0.00 0.00 0.00
G2 PY0-4 26.47 0.00 0.00 0.00 0.00 0.00
G2 PX0-6 17.63 0.00 0.00 0.00 0.00 0.00
G2 PX0-5 43.29 0.00 0.00 0.00 0.00 0.00
G2 PX0-4 17.63 0.00 0.00 0.00 0.00 0.00
G2 PY0-3 52.24 0.00 0.00 0.00 0.00 0.00
G2 PY0-2 16.57 0.00 0.00 0.00 0.00 0.00
G2 PY0-1 13.88 0.00 0.00 0.00 0.00 0.00
G2 Parete 109 0.60 0.00 0.00 0.00 0.00 N/D
G2 Parete 110 0.60 0.00 0.00 0.00 0.00 N/D
QcatA PX1-1 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PY1-1 0.00 0.00 0.00 0.00 0.00 0.00
Qcat.A PY1-2 0.00 0.00 0.00 0.00 0.00 0.00
Qcat.A PX1-4 0.00 0.00 0.00 0.00 0.00 0.00
Qcat.A PX1-3 0.00 0.00 0.00 0.00 0.00 0.00
Q catA PY1-6 0.00 0.00 0.00 0.00 0.00 0.00
Q catA PX1-6 0.00 0.00 0.00 0.00 0.00 0.00
QecatA PY1-8 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PX1-9 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PY1-5 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PY1-4 0.00 0.00 0.00 0.00 0.00 0.00
QecatA PX1-7 0.00 0.00 0.00 0.00 0.00 0.00
QecatA Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
QecatA Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
QcatA Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
QcatA Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
QcatA PX1-8 0.00 0.00 0.00 0.00 0.00 0.00
QecatA PY1-3 0.00 0.00 0.00 0.00 0.00 0.00
QecatA PY1-7 0.00 0.00 0.00 0.00 0.00 0.00
QecatA Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
QcatA PX1-2 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PX0-1 0.00 0.00 0.00 0.00 0.00 0.00
QcatA Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
QecatA PX0-2 9.39 0.00 0.00 0.00 0.00 0.00
QecatA PX0-3 0.00 0.00 0.00 0.00 0.00 0.00
QecatA Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
QcatA PY0-6 17.56 0.00 0.00 0.00 0.00 0.00
QcatA PY0-7 7.53 0.00 0.00 0.00 0.00 0.00
QcatA PY0-8 0.00 0.00 0.00 0.00 0.00 0.00
QecatA Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
QecatA Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
QecatA PX1-5 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PX0-9 15.04 0.00 0.00 0.00 0.00 0.00
Q catA PX0-8 30.09 0.00 0.00 0.00 0.00 0.00
Q catA PX0-7 15.04 0.00 0.00 0.00 0.00 0.00
QecatA Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
QecatA Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
QecatA PYO0-5 0.00 0.00 0.00 0.00 0.00 0.00
QcatA PY0-4 4.70 0.00 0.00 0.00 0.00 0.00
Q catA PX0-6 15.01 0.00 0.00 0.00 0.00 0.00
Q catA PX0-5 34.71 0.00 0.00 0.00 0.00 0.00
QecatA PX0-4 15.01 0.00 0.00 0.00 0.00 0.00
QecatA PY0-3 7.50 0.00 0.00 0.00 0.00 0.00
QcatA PY0-2 10.01 0.00 0.00 0.00 0.00 0.00
QcatA PY0-1 7.50 0.00 0.00 0.00 0.00 0.00
Q catA Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
QecatA Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H PX1-1 0.39 0.00 0.00 0.00 0.00 0.00
Q catH PY1-1 275 0.00 0.00 0.00 0.00 0.00
Q catH PY1-2 3.14 0.00 0.00 0.00 0.00 0.00
Q catH PX1-4 0.00 0.00 0.00 0.00 0.00 0.00
Q cat.H PX1-3 0.39 0.00 0.00 0.00 0.00 0.00
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Q catH PY1-6 5.88 0.00 0.00 0.00 0.00 0.00
QcatH PX1-6 0.00 0.00 0.00 0.00 0.00 0.00
Q catH PY1-8 7.45 0.00 0.00 0.00 0.00 0.00
Q cat.H PX1-9 0.39 0.00 0.00 0.00 0.00 0.00
QcatH PY1-5 9.71 0.00 0.00 0.00 0.00 0.00
Q cat.H PY1-4 7.98 0.00 0.00 0.00 0.00 0.00
Q cat.H PX1-7 0.39 0.00 0.00 0.00 0.00 0.00
QcatH Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
QcatH Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H PX1-8 0.65 0.00 0.00 0.00 0.00 0.00
Q cat.H PY1-3 12.16 0.00 0.00 0.00 0.00 0.00
QcatH PY1-7 4.71 0.00 0.00 0.00 0.00 0.00
Q cat.H Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H PX1-2 3.97 0.00 0.00 0.00 0.00 0.00
QcatH PX0-1 0.39 0.00 0.00 0.00 0.00 0.00
Q catH Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
QcatH PX0-2 3.97 0.00 0.00 0.00 0.00 0.00
QcatH PX0-3 0.39 0.00 0.00 0.00 0.00 0.00
Q cat.H Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
QcatH PY0-6 5.88 0.00 0.00 0.00 0.00 0.00
QcatH PYO0-7 4.71 0.00 0.00 0.00 0.00 0.00
Q cat.H PY0-8 7.45 0.00 0.00 0.00 0.00 0.00
QcatH Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Q catH Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Qcat.H PX1-5 1.50 0.00 0.00 0.00 0.00 0.00
QcatH PX0-9 0.39 0.00 0.00 0.00 0.00 0.00
QcatH PX0-8 0.65 0.00 0.00 0.00 0.00 0.00
QcatH PX0-7 0.39 0.00 0.00 0.00 0.00 0.00
Q cat.H Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Q cat.H PYO0-5 9.71 0.00 0.00 0.00 0.00 0.00
QcatH PY0-4 7.98 0.00 0.00 0.00 0.00 0.00
QcatH PX0-6 0.00 0.00 0.00 0.00 0.00 0.00
QcatH PX0-5 1.50 0.00 0.00 0.00 0.00 0.00
Q catH PX0-4 0.00 0.00 0.00 0.00 0.00 0.00
Q catH PY0-3 12.16 0.00 0.00 0.00 0.00 0.00
Qcat.H PY0-2 3.14 0.00 0.00 0.00 0.00 0.00
QcatH PY0-1 2.75 0.00 0.00 0.00 0.00 0.00
QcatH Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
QcatH Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Snow PX1-1 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-1 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-2 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX1-4 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX1-3 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-6 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX1-6 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-8 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX1-9 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-5 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-4 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX1-7 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Snow Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Snow Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Snow Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Snow PX1-8 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-3 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY1-7 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Snow PX1-2 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-1 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Snow PX0-2 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-3 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Snow PY0-6 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY0-7 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY0-8 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Snow Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Snow PX1-5 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-9 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-8 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-7 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Snow Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Snow PYO0-5 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY0-4 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-6 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-5 0.00 0.00 0.00 0.00 0.00 0.00
Snow PX0-4 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY0-3 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY0-2 0.00 0.00 0.00 0.00 0.00 0.00
Snow PY0-1 0.00 0.00 0.00 0.00 0.00 0.00
Snow Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Snow Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Ortho wind PX1-1 -1.47 0.00 5.49 4.18 0.00 0.00
Ortho wind PY1-1 -10.31 0.00 247 1.70 0.00 0.00
Ortho wind PY1-2 -11.79 0.00 247 1.70 0.00 0.00
Ortho wind PX1-4 0.00 0.00 0.00 0.00 0.00 0.00
Ortho wind PX1-3 -1.47 0.00 5.49 4.18 0.00 0.00
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Ortho wind PY1-6 -22.09 0.00 7.42 5.10 0.00 0.00
Ortho wind PX1-6 0.00 0.00 0.00 0.00 0.00 0.00
Ortho wind PY1-8 -27.98 0.00 9.89 6.80 0.00 0.00
Ortho wind PX1-9 -1.47 0.00 5.49 4.18 0.00 0.00
Ortho wind PY1-5 -36.48 0.00 0.00 0.00 0.00 0.00
Ortho wind PY1-4 -29.97 0.00 0.00 0.00 0.00 0.00
Ortho wind PX1-7 -1.47 0.00 5.49 4.18 0.00 0.00
Ortho wind Parete 29 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind Parete 30 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind Parete 34 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind Parete 35 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind PX1-8 -2.43 0.00 14.21 14.03 0.00 0.00
Ortho wind PY1-3 -45.67 0.00 17.31 11.90 0.00 0.00
Ortho wind PY1-7 -17.68 0.00 4.95 3.40 0.00 0.00
Ortho wind Parete 72 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind PX1-2 -14.91 0.00 14.21 14.03 0.00 0.00
Ortho wind PX0-1 -1.47 0.00 5.76 4.61 0.00 0.00
Ortho wind Parete 78 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind PX0-2 -14.92 0.00 11.51 9.21 0.00 0.00
Ortho wind PX0-3 -1.47 0.00 5.76 4.61 0.00 0.00
Ortho wind Parete 81 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind PY0-6 -22.09 0.00 8.63 6.91 0.00 0.00
Ortho wind PYO0-7 -17.68 0.00 5.76 4.61 0.00 0.00
Ortho wind PY0-8 -27.98 0.00 11.51 9.21 0.00 0.00
Ortho wind Parete 88 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind Parete 89 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind PX1-5 -5.65 0.00 0.00 0.00 0.00 0.00
Ortho wind PX0-9 -1.47 0.00 5.76 4.61 0.00 0.00
Ortho wind PX0-8 -2.43 0.00 11.51 9.21 0.00 0.00
Ortho wind PX0-7 -1.47 0.00 5.76 4.61 0.00 0.00
Ortho wind Parete 95 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind Parete 96 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind PYO0-5 -36.48 0.00 0.00 0.00 0.00 0.00
Ortho wind PY0-4 -29.96 0.00 0.00 0.00 0.00 0.00
Ortho wind PX0-6 0.00 0.00 0.00 0.00 0.00 0.00
Ortho wind PX0-5 -5.64 0.00 0.00 0.00 0.00 0.00
Ortho wind PX0-4 0.00 0.00 0.00 0.00 0.00 0.00
Ortho wind PY0-3 -45.67 0.00 20.15 16.12 0.00 0.00
Ortho wind PY0-2 -11.79 0.00 2.88 2.30 0.00 0.00
Ortho wind PY0-1 -10.31 0.00 2.88 2.30 0.00 0.00
Ortho wind Parete 109 0.00 0.00 0.90 0.22 0.00 N/D
Ortho wind Parete 110 0.00 0.00 0.90 0.22 0.00 N/D
Wind X PX1-1 0.00 2.27 0.00 0.00 6.93 0.64
Wind X PY1-1 0.00 0.01 0.00 0.00 0.03 0.01
Wind X PY1-2 0.00 0.01 0.00 0.00 0.03 0.01
Wind X PX1-4 0.00 2.31 0.00 0.00 7.05 0.65
Wind X PX1-3 0.00 2.27 0.00 0.00 6.93 0.64
Wind X PY1-6 0.00 0.09 0.00 0.00 0.25 0.01
Wind X PX1-6 0.00 2.31 0.00 0.00 7.05 0.65
Wind X PY1-8 0.00 0.16 0.00 0.00 0.43 0.01
Wind X PX1-9 0.00 2.35 0.00 0.00 7.18 0.66
Wind X PY1-5 0.00 0.01 0.00 0.00 0.02 0.00
Wind X PY1-4 0.00 0.00 0.00 0.00 0.01 0.00
Wind X PX1-7 0.00 2.35 0.00 0.00 7.18 0.66
Wind X Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Wind X Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Wind X Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Wind X Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Wind X PX1-8 0.00 5.24 0.00 0.00 20.69 0.66
Wind X PY1-3 0.00 0.28 0.00 0.00 0.78 0.01
Wind X PY1-7 0.00 0.05 0.00 0.00 0.13 0.01
Wind X Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Wind X PX1-2 0.00 5.06 0.00 0.00 19.98 0.64
Wind X PX0-1 0.00 4.84 0.00 0.00 2243 0.68
Wind X Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Wind X PX0-2 0.00 15.36 0.00 0.00 69.14 0.68
Wind X PX0-3 0.00 4.84 0.00 0.00 2243 0.68
Wind X Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Wind X PY0-6 0.00 0.21 0.00 0.00 0.93 0.01
Wind X PY0-7 0.00 0.11 0.00 0.00 0.48 0.01
Wind X PY0-8 0.00 0.34 0.00 0.00 1.52 0.01
Wind X Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Wind X Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Wind X PX1-5 0.00 5.14 0.00 0.00 20.30 0.65
Wind X PX0-9 0.00 5.05 0.00 0.00 23.36 0.71
Wind X PX0-8 0.00 16.03 0.00 0.00 72.00 0.71
Wind X PX0-7 0.00 5.05 0.00 0.00 23.36 0.71
Wind X Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Wind X Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Wind X PYO0-5 0.00 0.02 0.00 0.00 0.09 0.00
Wind X PY0-4 0.00 0.01 0.00 0.00 0.04 0.00
Wind X PX0-6 0.00 4.94 0.00 0.00 22.85 0.69
Wind X PX0-5 0.00 15.67 0.00 0.00 70.44 0.69
Wind X PX0-4 0.00 4.94 0.00 0.00 22.85 0.69
Wind X PY0-3 0.00 0.64 0.00 0.00 2.82 0.01
Wind X PY0-2 0.00 0.02 0.00 0.00 0.11 0.01
Wind X PY0-1 0.00 0.02 0.00 0.00 0.11 0.01
Wind X Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Wind X Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PX1-1 0.00 0.13 0.00 0.00 0.39 0.04
Wind Y PY1-1 0.00 0.46 0.00 0.00 1.27 0.37
Wind Y PY1-2 0.00 0.46 0.00 0.00 1.27 0.37
Wind Y PX1-4 0.00 0.01 0.00 0.00 0.02 0.00
Wind Y PX1-3 0.00 0.13 0.00 0.00 0.39 0.04
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Wind Y PY1-6 0.00 3.42 0.00 0.00 9.41 0.44
Wind Y PX1-6 0.00 0.01 0.00 0.00 0.02 0.00
Wind Y PY1-8 0.00 6.01 0.00 0.00 16.53 0.44
Wind Y PX1-9 0.00 0.13 0.00 0.00 0.41 0.04
Wind Y PY1-5 0.00 1.63 0.00 0.00 6.93 0.40
Wind Y PY1-4 0.00 0.81 0.00 0.00 3.43 0.40
Wind Y PX1-7 0.00 0.13 0.00 0.00 0.41 0.04
Wind Y Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PX1-8 0.00 0.30 0.00 0.00 1.18 0.04
Wind Y PY1-3 0.00 11.58 0.00 0.00 31.84 0.37
Wind Y PY1-7 0.00 1.85 0.00 0.00 5.10 0.44
Wind Y Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PX1-2 0.00 0.28 0.00 0.00 1.1 0.04
Wind Y PX0-1 0.00 0.29 0.00 0.00 1.33 0.04
Wind Y Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PX0-2 0.00 0.93 0.00 0.00 4.09 0.04
Wind Y PX0-3 0.00 0.29 0.00 0.00 1.33 0.04
Wind Y Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PY0-6 0.00 8.56 0.00 0.00 36.79 0.60
Wind Y PYO0-7 0.00 4.30 0.00 0.00 18.85 0.60
Wind Y PY0-8 0.00 13.64 0.00 0.00 60.17 0.60
Wind Y Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PX1-5 0.00 0.02 0.00 0.00 0.07 0.00
Wind Y PX0-9 0.00 0.31 0.00 0.00 1.41 0.04
Wind Y PX0-8 0.00 0.99 0.00 0.00 4.35 0.04
Wind Y PX0-7 0.00 0.31 0.00 0.00 1.41 0.04
Wind Y Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y PYO0-5 0.00 8.01 0.00 0.00 32.56 0.56
Wind Y PY0-4 0.00 4.02 0.00 0.00 16.31 0.56
Wind Y PX0-6 0.00 0.02 0.00 0.00 0.08 0.00
Wind Y PX0-5 0.00 0.06 0.00 0.00 0.26 0.00
Wind Y PX0-4 0.00 0.02 0.00 0.00 0.08 0.00
Wind Y PY0-3 0.00 27.79 0.00 0.00 120.77 0.52
Wind Y PY0-2 0.00 1.08 0.00 0.00 4.72 0.52
Wind Y PY0-1 0.00 1.08 0.00 0.00 4.72 0.52
Wind Y Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Wind Y Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PX1-1 0.00 5.73 0.00 0.00 17.48 1.61
Dynamic SLV X PY1-1 0.00 0.36 0.00 0.00 0.98 0.29
Dynamic SLV X PY1-2 0.00 0.36 0.00 0.00 0.98 0.29
Dynamic SLV X PX1-4 0.00 6.81 0.00 0.00 20.76 1.91
Dynamic SLV X PX1-3 0.00 5.73 0.00 0.00 17.48 1.61
Dynamic SLV X PY1-6 0.00 4.57 0.00 0.00 12.56 0.58
Dynamic SLV X PX1-6 0.00 6.81 0.00 0.00 20.76 1.91
Dynamic SLV X PY1-8 0.00 8.02 0.00 0.00 22.05 0.58
Dynamic SLV X PX1-9 0.00 8.15 0.00 0.00 24.87 2.29
Dynamic SLV X PY1-5 0.00 1.23 0.00 0.00 5.25 0.31
Dynamic SLV X PY1-4 0.00 0.61 0.00 0.00 2.60 0.31
Dynamic SLV X PX1-7 0.00 8.15 0.00 0.00 24.87 2.29
Dynamic SLV X Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PX1-8 0.00 18.14 0.00 0.00 71.67 2.29
Dynamic SLV X PY1-3 0.00 8.92 0.00 0.00 24.53 0.29
Dynamic SLV X PY1-7 0.00 247 0.00 0.00 6.80 0.58
Dynamic SLV X Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PX1-2 0.00 12.75 0.00 0.00 50.37 1.61
Dynamic SLV X PX0-1 0.00 7.04 0.00 0.00 39.16 0.99
Dynamic SLV X Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PX0-2 0.00 22.34 0.00 0.00 119.30 0.99
Dynamic SLV X PX0-3 0.00 7.04 0.00 0.00 39.16 0.99
Dynamic SLV X Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PY0-6 0.00 6.70 0.00 0.00 33.43 0.47
Dynamic SLV X PY0-7 0.00 3.37 0.00 0.00 17.27 0.47
Dynamic SLV X PY0-8 0.00 10.68 0.00 0.00 55.27 0.47
Dynamic SLV X Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PX1-5 0.00 15.15 0.00 0.00 59.83 1.91
Dynamic SLV X PX0-9 0.00 10.76 0.00 0.00 58.13 1.51
Dynamic SLV X PX0-8 0.00 34.14 0.00 0.00 177.38 1.51
Dynamic SLV X PX0-7 0.00 10.76 0.00 0.00 58.13 1.51
Dynamic SLV X Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X PYO0-5 0.00 3.75 0.00 0.00 16.99 0.26
Dynamic SLV X PY0-4 0.00 1.88 0.00 0.00 8.50 0.26
Dynamic SLV X PX0-6 0.00 8.68 0.00 0.00 47.56 1.21
Dynamic SLV X PX0-5 0.00 27.54 0.00 0.00 144.99 1.21
Dynamic SLV X PX0-4 0.00 8.68 0.00 0.00 47.56 1.21
Dynamic SLV X PY0-3 0.00 12.68 0.00 0.00 64.03 0.24
Dynamic SLV X PY0-2 0.00 0.49 0.00 0.00 2.51 0.24
Dynamic SLV X PY0-1 0.00 0.49 0.00 0.00 2.51 0.24
Dynamic SLV X Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV X Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y PX1-1 0.00 2.83 0.00 0.00 8.64 0.79
Dynamic SLV Y PY1-1 0.00 1.21 0.00 0.00 3.32 0.97
Dynamic SLV Y PY1-2 0.00 1.21 0.00 0.00 3.32 0.97
Dynamic SLV Y PX1-4 0.00 1.61 0.00 0.00 4.91 0.45
Dynamic SLV Y PX1-3 0.00 2.83 0.00 0.00 8.64 0.79
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Dynamic SLV'Y PY1-6 0.00 13.31 0.00 0.00 36.61 1.70
Dynamic SLV Y PX1-6 0.00 1.61 0.00 0.00 4.91 0.45
Dynamic SLV Y PY1-8 0.00 23.37 0.00 0.00 64.28 1.70
Dynamic SLV Y PX1-9 0.00 1.69 0.00 0.00 5.14 0.47
Dynamic SLV Y PY1-5 0.00 5.28 0.00 0.00 22.45 1.31
Dynamic SLV'Y PY1-4 0.00 2.62 0.00 0.00 11.13 1.31
Dynamic SLV'Y PX1-7 0.00 1.69 0.00 0.00 5.14 0.47
Dynamic SLV Y Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV'Y PX1-8 0.00 3.75 0.00 0.00 14.82 0.47
Dynamic SLV'Y PY1-3 0.00 30.28 0.00 0.00 83.28 0.97
Dynamic SLV Y PY1-7 0.00 7.21 0.00 0.00 19.82 1.70
Dynamic SLV Y Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y PX1-2 0.00 6.31 0.00 0.00 24.91 0.79
Dynamic SLV Y PX0-1 0.00 4.05 0.00 0.00 21.36 0.57
Dynamic SLV'Y Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y PX0-2 0.00 12.85 0.00 0.00 65.28 0.57
Dynamic SLV Y PX0-3 0.00 4.05 0.00 0.00 21.36 0.57
Dynamic SLV Y Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y PY0-6 0.00 20.73 0.00 0.00 101.70 1.46
Dynamic SLV Y PYO0-7 0.00 10.42 0.00 0.00 52.49 1.46
Dynamic SLV'Y PY0-8 0.00 33.04 0.00 0.00 167.89 1.46
Dynamic SLV Y Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y PX1-5 0.00 3.58 0.00 0.00 14.15 0.45
Dynamic SLV'Y PX0-9 0.00 2.54 0.00 0.00 13.06 0.35
Dynamic SLV'Y PX0-8 0.00 8.04 0.00 0.00 39.96 0.35
Dynamic SLV'Y PX0-7 0.00 2.54 0.00 0.00 13.06 0.35
Dynamic SLV Y Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV Y PYO0-5 0.00 16.41 0.00 0.00 74.13 1.15
Dynamic SLV Y PY0-4 0.00 8.24 0.00 0.00 37.10 1.15
Dynamic SLV Y PX0-6 0.00 2.05 0.00 0.00 11.34 0.29
Dynamic SLV'Y PX0-5 0.00 6.49 0.00 0.00 34.56 0.29
Dynamic SLV Y PX0-4 0.00 2.05 0.00 0.00 11.34 0.29
Dynamic SLV Y PY0-3 0.00 47.03 0.00 0.00 230.96 0.89
Dynamic SLV Y PY0-2 0.00 1.82 0.00 0.00 9.05 0.89
Dynamic SLV Y PY0-1 0.00 1.82 0.00 0.00 9.05 0.89
Dynamic SLV Y Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLV'Y Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PX1-1 0.00 8.56 0.00 0.00 26.10 240
Dynamic SLD X PY1-1 0.00 0.53 0.00 0.00 1.45 0.42
Dynamic SLD X PY1-2 0.00 0.53 0.00 0.00 1.45 0.42
Dynamic SLD X PX1-4 0.00 10.16 0.00 0.00 31.00 2.85
Dynamic SLD X PX1-3 0.00 8.56 0.00 0.00 26.10 240
Dynamic SLD X PY1-6 0.00 6.81 0.00 0.00 18.72 0.87
Dynamic SLD X PX1-6 0.00 10.16 0.00 0.00 31.00 2.85
Dynamic SLD X PY1-8 0.00 11.95 0.00 0.00 32.86 0.87
Dynamic SLD X PX1-9 0.00 12.17 0.00 0.00 37.12 3.41
Dynamic SLD X PY1-5 0.00 1.84 0.00 0.00 7.82 0.46
Dynamic SLD X PY1-4 0.00 0.91 0.00 0.00 3.88 0.46
Dynamic SLD X PX1-7 0.00 12.17 0.00 0.00 37.12 3.41
Dynamic SLD X Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PX1-8 0.00 27.08 0.00 0.00 106.97 3.41
Dynamic SLD X PY1-3 0.00 13.24 0.00 0.00 36.41 0.42
Dynamic SLD X PY1-7 0.00 3.68 0.00 0.00 10.13 0.87
Dynamic SLD X Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PX1-2 0.00 19.04 0.00 0.00 75.22 240
Dynamic SLD X PX0-1 0.00 10.49 0.00 0.00 58.72 1.47
Dynamic SLD X Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PX0-2 0.00 33.28 0.00 0.00 178.84 1.47
Dynamic SLD X PX0-3 0.00 10.49 0.00 0.00 58.72 1.47
Dynamic SLD X Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PY0-6 0.00 10.02 0.00 0.00 50.14 0.70
Dynamic SLD X PY0-7 0.00 5.03 0.00 0.00 25.91 0.70
Dynamic SLD X PY0-8 0.00 15.97 0.00 0.00 82.88 0.70
Dynamic SLD X Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PX1-5 0.00 22.62 0.00 0.00 89.33 2.85
Dynamic SLD X PX0-9 0.00 16.06 0.00 0.00 87.19 2.25
Dynamic SLD X PX0-8 0.00 50.94 0.00 0.00 266.01 2.25
Dynamic SLD X PX0-7 0.00 16.06 0.00 0.00 87.19 2.25
Dynamic SLD X Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X PYO0-5 0.00 5.60 0.00 0.00 25.48 0.39
Dynamic SLD X PY0-4 0.00 2.82 0.00 0.00 12.75 0.39
Dynamic SLD X PX0-6 0.00 12.95 0.00 0.00 71.32 1.81
Dynamic SLD X PX0-5 0.00 41.07 0.00 0.00 217.42 1.81
Dynamic SLD X PX0-4 0.00 12.95 0.00 0.00 71.32 1.81
Dynamic SLD X PY0-3 0.00 18.91 0.00 0.00 95.77 0.36
Dynamic SLD X PY0-2 0.00 0.73 0.00 0.00 3.76 0.36
Dynamic SLD X PY0-1 0.00 0.73 0.00 0.00 3.76 0.36
Dynamic SLD X Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD X Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PX1-1 0.00 4.23 0.00 0.00 12.89 1.18
Dynamic SLD Y PY1-1 0.00 1.80 0.00 0.00 4.95 1.45
Dynamic SLD Y PY1-2 0.00 1.80 0.00 0.00 4.95 1.45
Dynamic SLD Y PX1-4 0.00 241 0.00 0.00 7.34 0.67
Dynamic SLD Y PX1-3 0.00 4.23 0.00 0.00 12.89 1.18
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Dynamic SLD Y PY1-6 0.00 19.87 0.00 0.00 54.63 2.54
Dynamic SLD Y PX1-6 0.00 2.41 0.00 0.00 7.34 0.67
Dynamic SLD Y PY1-8 0.00 34.88 0.00 0.00 95.93 2.54
Dynamic SLD Y PX1-9 0.00 2.51 0.00 0.00 7.67 0.71
Dynamic SLD Y PY1-5 0.00 7.88 0.00 0.00 33.50 1.96
Dynamic SLD Y PY1-4 0.00 3.91 0.00 0.00 16.61 1.96
Dynamic SLD Y PX1-7 0.00 2.51 0.00 0.00 7.67 0.71
Dynamic SLD Y Parete 29 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y Parete 30 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y Parete 34 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y Parete 35 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PX1-8 0.00 5.60 0.00 0.00 22.10 0.71
Dynamic SLD Y PY1-3 0.00 45.10 0.00 0.00 124.04 1.45
Dynamic SLD Y PY1-7 0.00 10.75 0.00 0.00 29.57 2.54
Dynamic SLD Y Parete 72 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PX1-2 0.00 9.40 0.00 0.00 37.14 1.18
Dynamic SLD Y PX0-1 0.00 6.04 0.00 0.00 31.97 0.85
Dynamic SLD Y Parete 78 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PX0-2 0.00 19.17 0.00 0.00 97.70 0.85
Dynamic SLD Y PX0-3 0.00 6.04 0.00 0.00 31.97 0.85
Dynamic SLD Y Parete 81 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PY0-6 0.00 31.00 0.00 0.00 152.53 2.18
Dynamic SLD Y PYO0-7 0.00 15.58 0.00 0.00 78.73 2.18
Dynamic SLD Y PY0-8 0.00 49.41 0.00 0.00 251.83 2.18
Dynamic SLD Y Parete 88 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y Parete 89 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PX1-5 0.00 5.35 0.00 0.00 21.14 0.67
Dynamic SLD Y PX0-9 0.00 3.78 0.00 0.00 19.54 0.53
Dynamic SLD Y PX0-8 0.00 12.01 0.00 0.00 59.80 0.53
Dynamic SLD Y PX0-7 0.00 3.78 0.00 0.00 19.54 0.53
Dynamic SLD Y Parete 95 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y Parete 96 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y PY0-5 0.00 24.53 0.00 0.00 111.14 1.72
Dynamic SLD Y PY0-4 0.00 12.33 0.00 0.00 55.63 1.72
Dynamic SLD Y PX0-6 0.00 3.06 0.00 0.00 17.00 0.43
Dynamic SLD Y PX0-5 0.00 9.70 0.00 0.00 51.81 0.43
Dynamic SLD Y PX0-4 0.00 3.06 0.00 0.00 17.00 0.43
Dynamic SLD Y PY0-3 0.00 70.22 0.00 0.00 345.86 1.33
Dynamic SLD Y PY0-2 0.00 2.72 0.00 0.00 13.55 1.33
Dynamic SLD Y PYO0-1 0.00 2.72 0.00 0.00 13.55 1.33
Dynamic SLD Y Parete 109 0.00 0.00 0.00 0.00 0.00 N/D
Dynamic SLD Y Parete 110 0.00 0.00 0.00 0.00 0.00 N/D
Columns

Column name: Column ID

N: Total axial force

Load Column name Wy
[kN]
G1 Pilastro 5 13.27
G1 Pilastro 12 30.57
G2 Pilastro 5 13.09
G2 Pilastro 12 34.22
Q catA Pilastro 5 0.00
QcatA Pilastro 12 31.31
Qcat.H Pilastro 5 7.27
Q cat.H Pilastro 12 7.27
Snow Pilastro 5 0.00
Snow Pilastro 12 0.00
Ortho wind Pilastro 5 -27.31
Ortho wind Pilastro 12 -27.31
Wind X Pilastro 5 0.00
Wind X Pilastro 12 0.00
Wind Y Pilastro 5 0.00
Wind Y Pilastro 12 0.00
Dynamic SLV X Pilastro 5 0.00
Dynamic SLV X Pilastro 12 0.00
Dynamic SLV Y Pilastro 5 0.00
Dynamic SLV Y Pilastro 12 0.00
Dynamic SLD X Pilastro 5 0.00
Dynamic SLD X Pilastro 12 0.00
Dynamic SLD Y Pilastro 5 0.00
Dynamic SLD Y Pilastro 12 0.00
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Floors

Floor name: Floor ID

V2: Maximum shear stress along the local axis 2 for the most stressed element of the
floor
M3-3: Maximum bending moment around local axis 3 for the most stressed element of the
floor
Wist: Maximum deformation for the most stressed element of the floor
- Wist
Load Floor name [x:] [:\:ﬁ:‘] [mm]
G1 Solaio 12 2.49 3.13 1.59
G1 Solaio 13 2.49 3.13 1.59
G1 Solaio 20 2.01 2.56 0.00
G1 Solaio 21 2.01 2.57 0.00
G1 Solaio 22 2.99 4.50 3.18
G1 Solaio 23 2.99 4.50 3.18
G2 Solaio 12 3.36 4.22 2.15
G2 Solaio 13 3.36 4.22 2.15
G2 Solaio 20 2.26 2.88 0.00
G2 Solaio 21 2.26 2.89 0.00
G2 Solaio 22 4.04 6.08 4.29
G2 Solaio 23 4.04 6.08 4.29
Q cat.A Solaio 12 4.98 6.26 3.18
Q cat.A Solaio 13 4.98 6.26 3.18
Q cat.A Solaio 20 0.00 0.00 0.00
Q cat.A Solaio 21 0.00 0.00 0.00
Q cat.A Solaio 22 5.98 9.01 6.36
Q cat.A Solaio 23 5.98 9.01 6.36
Q cat.H Solaio 12 0.00 0.00 0.00
Q cat.H Solaio 13 0.00 0.00 0.00
Q cat.H Solaio 20 1.26 1.60 0.00
Q cat.H Solaio 21 1.26 1.60 0.00
Q cat.H Solaio 22 0.00 0.00 0.00
Q cat.H Solaio 23 0.00 0.00 0.00
Snow Solaio 12 0.00 0.00 0.00
Snow Solaio 13 0.00 0.00 0.00
Snow Solaio 20 0.00 0.00 0.00
Snow Solaio 21 0.00 0.00 0.00
Snow Solaio 22 0.00 0.00 0.00
Snow Solaio 23 0.00 0.00 0.00
Ortho wind Solaio 12 0.00 0.00 0.00
Ortho wind Solaio 13 0.00 0.00 0.00
Ortho wind Solaio 20 4.72 6.02 1.67
Ortho wind Solaio 21 4.73 6.03 1.67
Ortho wind Solaio 22 0.00 0.00 0.00
Ortho wind Solaio 23 0.00 0.00 0.00
Wind X Solaio 12 0.00 0.00 0.00
Wind X Solaio 13 0.00 0.00 0.00
Wind X Solaio 20 0.00 0.00 0.00
Wind X Solaio 21 0.00 0.00 0.00
Wind X Solaio 22 0.00 0.00 0.00
Wind X Solaio 23 0.00 0.00 0.00
Wind Y Solaio 12 0.00 0.00 0.00
Wind Y Solaio 13 0.00 0.00 0.00
Wind Y Solaio 20 0.00 0.00 0.00
Wind Y Solaio 21 0.00 0.00 0.00
Wind Y Solaio 22 0.00 0.00 0.00
Wind Y Solaio 23 0.00 0.00 0.00
Dynamic SLV X Solaio 12 0.00 0.00 0.00
Dynamic SLV X Solaio 13 0.00 0.00 0.00
Dynamic SLV X Solaio 20 0.00 0.00 0.00
Dynamic SLV X Solaio 21 0.00 0.00 0.00
Dynamic SLV X Solaio 22 0.00 0.00 0.00
Dynamic SLV X Solaio 23 0.00 0.00 0.00
Dynamic SLV Y Solaio 12 0.00 0.00 0.00
Dynamic SLV Y Solaio 13 0.00 0.00 0.00
Dynamic SLV Y Solaio 20 0.00 0.00 0.00
Dynamic SLV Y Solaio 21 0.00 0.00 0.00
Dynamic SLV Y Solaio 22 0.00 0.00 0.00
Dynamic SLV Y Solaio 23 0.00 0.00 0.00
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Dynamic SLD X Solaio 12 0.00 0.00 0.00
Dynamic SLD X Solaio 13 0.00 0.00 0.00
Dynamic SLD X Solaio 20 0.00 0.00 0.00
Dynamic SLD X Solaio 21 0.00 0.00 0.00
Dynamic SLD X Solaio 22 0.00 0.00 0.00
Dynamic SLD X Solaio 23 0.00 0.00 0.00
Dynamic SLD Y Solaio 12 0.00 0.00 0.00
Dynamic SLD Y Solaio 13 0.00 0.00 0.00
Dynamic SLD Y Solaio 20 0.00 0.00 0.00
Dynamic SLD Y Solaio 21 0.00 0.00 0.00
Dynamic SLD Y Solaio 22 0.00 0.00 0.00
Dynamic SLD Y Solaio 23 0.00 0.00 0.00

Beams

Beam name: Beam ID

V2: Maximum shear stress along the local axis 2
M3-3: Maximum bending moment around local axis 3
Wist! Maximum deformation for the most stressed element of the floor
- Wist
Load Beam name [:ﬁ] [:ﬁr:] [mm]
G1 Trave 35 6.45 2.96 -0.13
G1 Trave 36 0.34 0.09 0.01
G1 Trave 37 0.34 0.09 0.01
G1 Trave 39 1.57 0.40 0.03
G1 Trave 40 0.34 0.09 0.01
G1 Trave 42 1.82 0.46 0.03
G1 Trave 43 1.82 0.46 0.03
G1 Trave 46 1.57 0.40 0.03
G1 Trave 47 1.57 0.40 0.03
G1 Trave 48 8.27 4.16 0.18
G1 Trave 49 0.16 0.04 0.00
G1 Trave 50 1.40 0.35 0.01
G1 Trave 51 1.39 0.35 0.01
G1 Trave 52 1.61 0.41 0.01
G1 Trave 53 1.61 0.41 0.01
G2 Trave 35 6.80 3.12 -0.14
G2 Trave 36 0.29 0.07 0.01
G2 Trave 37 0.29 0.07 0.01
G2 Trave 39 1.95 0.50 0.03
G2 Trave 40 0.29 0.07 0.01
G2 Trave 42 2.28 0.58 0.04
G2 Trave 43 2.28 0.58 0.04
G2 Trave 46 1.95 0.50 0.03
G2 Trave 47 1.95 0.50 0.03
G2 Trave 48 10.50 5.28 0.23
G2 Trave 49 0.00 0.00 0.00
G2 Trave 50 1.41 0.35 0.01
G2 Trave 51 1.41 0.35 0.01
G2 Trave 52 1.99 0.51 0.01
G2 Trave 53 1.99 0.51 0.01
Q catA Trave 35 0.00 0.00 0.00
Qcat.A Trave 36 0.00 0.00 0.00
Qcat.A Trave 37 0.00 0.00 0.00
Qcat.A Trave 39 2.46 0.63 0.04
Q cat.A Trave 40 0.00 0.00 0.00
Q cat.A Trave 42 2.95 0.75 0.05
QcatA Trave 43 2.95 0.75 0.05
QcatA Trave 46 2.45 0.63 0.04
QcatA Trave 47 2.45 0.63 0.04
Q cat.A Trave 48 15.56 7.83 0.34
Q cat.A Trave 49 0.00 0.00 0.00
Q cat.A Trave 50 0.00 0.00 0.00
Qcat.A Trave 51 0.00 0.00 0.00
QcatA Trave 52 2.94 0.75 0.02
QcatA Trave 53 2.94 0.75 0.02
Q cat.H Trave 35 3.78 1.73 -0.08
Q cat.H Trave 36 0.00 0.00 0.00
Q cat.H Trave 37 0.00 0.00 0.00
Q cat.H Trave 39 0.00 0.00 0.00
Q cat.H Trave 40 0.00 0.00 0.00
Q cat.H Trave 42 0.00 0.00 0.00
Q cat.H Trave 43 0.00 0.00 0.00
Q cat.H Trave 46 0.00 0.00 0.00
Q cat.H Trave 47 0.00 0.00 0.00
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Q cat.H Trave 48 0.00 0.00 0.00

Q cat.H Trave 49 0.00 0.00 0.00

Q cat.H Trave 50 0.78 0.20 0.00

Q cat.H Trave 51 0.78 0.20 0.00

Q cat.H Trave 52 0.00 0.00 0.00

Q cat.H Trave 53 0.00 0.00 0.00
Snow Trave 35 0.00 0.00 0.00
Snow Trave 36 0.00 0.00 0.00
Snow Trave 37 0.00 0.00 0.00
Snow Trave 39 0.00 0.00 0.00
Snow Trave 40 0.00 0.00 0.00
Snow Trave 42 0.00 0.00 0.00
Snow Trave 43 0.00 0.00 0.00
Snow Trave 46 0.00 0.00 0.00
Snow Trave 47 0.00 0.00 0.00
Snow Trave 48 0.00 0.00 0.00
Snow Trave 49 0.00 0.00 0.00
Snow Trave 50 0.00 0.00 0.00
Snow Trave 51 0.00 0.00 0.00
Snow Trave 52 0.00 0.00 0.00
Snow Trave 53 0.00 0.00 0.00
Ortho wind Trave 35 14.18 6.52 0.29
Ortho wind Trave 36 0.00 0.00 0.00
Ortho wind Trave 37 0.00 0.00 0.00
Ortho wind Trave 39 0.00 0.00 0.00
Ortho wind Trave 40 0.00 0.00 0.00
Ortho wind Trave 42 0.00 0.00 0.00
Ortho wind Trave 43 0.00 0.00 0.00
Ortho wind Trave 46 0.00 0.00 0.00
Ortho wind Trave 47 0.00 0.00 0.00
Ortho wind Trave 48 0.00 0.00 0.00
Ortho wind Trave 49 0.00 0.00 0.00
Ortho wind Trave 50 2.95 0.74 -0.01
Ortho wind Trave 51 2.95 0.74 -0.01
Ortho wind Trave 52 0.00 0.00 0.00
Ortho wind Trave 53 0.00 0.00 0.00
Wind X Trave 35 0.00 0.00 0.00
Wind X Trave 36 0.00 0.00 0.00
Wind X Trave 37 0.00 0.00 0.00
Wind X Trave 39 0.00 0.00 0.00
Wind X Trave 40 0.00 0.00 0.00
Wind X Trave 42 0.00 0.00 0.00
Wind X Trave 43 0.00 0.00 0.00
Wind X Trave 46 0.00 0.00 0.00
Wind X Trave 47 0.00 0.00 0.00
Wind X Trave 48 0.00 0.00 0.00
Wind X Trave 49 0.00 0.00 0.00
Wind X Trave 50 0.00 0.00 0.00
Wind X Trave 51 0.00 0.00 0.00
Wind X Trave 52 0.00 0.00 0.00
Wind X Trave 53 0.00 0.00 0.00
Wind Y Trave 35 0.00 0.00 0.00
Wind Y Trave 36 0.00 0.00 0.00
Wind Y Trave 37 0.00 0.00 0.00
Wind Y Trave 39 0.00 0.00 0.00
Wind Y Trave 40 0.00 0.00 0.00
Wind Y Trave 42 0.00 0.00 0.00
Wind Y Trave 43 0.00 0.00 0.00
Wind Y Trave 46 0.00 0.00 0.00
Wind Y Trave 47 0.00 0.00 0.00
Wind Y Trave 48 0.00 0.00 0.00
Wind Y Trave 49 0.00 0.00 0.00
Wind Y Trave 50 0.00 0.00 0.00
Wind Y Trave 51 0.00 0.00 0.00
Wind Y Trave 52 0.00 0.00 0.00
Wind Y Trave 53 0.00 0.00 0.00
Dynamic SLV X Trave 35 0.00 0.00 0.00
Dynamic SLV X Trave 36 0.00 0.00 0.00
Dynamic SLV X Trave 37 0.00 0.00 0.00
Dynamic SLV X Trave 39 0.00 0.00 0.00
Dynamic SLV X Trave 40 0.00 0.00 0.00
Dynamic SLV X Trave 42 0.00 0.00 0.00
Dynamic SLV X Trave 43 0.00 0.00 0.00
Dynamic SLV X Trave 46 0.00 0.00 0.00
Dynamic SLV X Trave 47 0.00 0.00 0.00
Dynamic SLV X Trave 48 0.00 0.00 0.00
Dynamic SLV X Trave 49 0.00 0.00 0.00
Dynamic SLV X Trave 50 0.00 0.00 0.00
Dynamic SLV X Trave 51 0.00 0.00 0.00
Dynamic SLV X Trave 52 0.00 0.00 0.00
Dynamic SLV X Trave 53 0.00 0.00 0.00
Dynamic SLV Y Trave 35 0.00 0.00 0.00
Dynamic SLV Y Trave 36 0.00 0.00 0.00
Dynamic SLV Y Trave 37 0.00 0.00 0.00
Dynamic SLV Y Trave 39 0.00 0.00 0.00
Dynamic SLV Y Trave 40 0.00 0.00 0.00
Dynamic SLV Y Trave 42 0.00 0.00 0.00
Dynamic SLV Y Trave 43 0.00 0.00 0.00
Dynamic SLV Y Trave 46 0.00 0.00 0.00
Dynamic SLV Y Trave 47 0.00 0.00 0.00
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Dynamic SLV Y Trave 48 0.00 0.00 0.00
Dynamic SLV Y Trave 49 0.00 0.00 0.00
Dynamic SLV Y Trave 50 0.00 0.00 0.00
Dynamic SLV Y Trave 51 0.00 0.00 0.00
Dynamic SLV Y Trave 52 0.00 0.00 0.00
Dynamic SLV'Y Trave 53 0.00 0.00 0.00
Dynamic SLD X Trave 35 0.00 0.00 0.00
Dynamic SLD X Trave 36 0.00 0.00 0.00
Dynamic SLD X Trave 37 0.00 0.00 0.00
Dynamic SLD X Trave 39 0.00 0.00 0.00
Dynamic SLD X Trave 40 0.00 0.00 0.00
Dynamic SLD X Trave 42 0.00 0.00 0.00
Dynamic SLD X Trave 43 0.00 0.00 0.00
Dynamic SLD X Trave 46 0.00 0.00 0.00
Dynamic SLD X Trave 47 0.00 0.00 0.00
Dynamic SLD X Trave 48 0.00 0.00 0.00
Dynamic SLD X Trave 49 0.00 0.00 0.00
Dynamic SLD X Trave 50 0.00 0.00 0.00
Dynamic SLD X Trave 51 0.00 0.00 0.00
Dynamic SLD X Trave 52 0.00 0.00 0.00
Dynamic SLD X Trave 53 0.00 0.00 0.00
Dynamic SLD Y Trave 35 0.00 0.00 0.00
Dynamic SLD Y Trave 36 0.00 0.00 0.00
Dynamic SLD Y Trave 37 0.00 0.00 0.00
Dynamic SLD Y Trave 39 0.00 0.00 0.00
Dynamic SLD Y Trave 40 0.00 0.00 0.00
Dynamic SLD Y Trave 42 0.00 0.00 0.00
Dynamic SLD Y Trave 43 0.00 0.00 0.00
Dynamic SLD Y Trave 46 0.00 0.00 0.00
Dynamic SLD Y Trave 47 0.00 0.00 0.00
Dynamic SLD Y Trave 48 0.00 0.00 0.00
Dynamic SLD Y Trave 49 0.00 0.00 0.00
Dynamic SLD Y Trave 50 0.00 0.00 0.00
Dynamic SLD Y Trave 51 0.00 0.00 0.00
Dynamic SLD Y Trave 52 0.00 0.00 0.00
Dynamic SLD Y Trave 53 0.00 0.00 0.00
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Forces and moments acting at the base of the
structure

In this chapter are reported the values of actions acting at the base of the walls and columns of the
ground floor. With regard to the walls the first row of the table shows the values of the actions related
to the ULS combination that maximizes the axial force, the second row shows the values of the
actions related to the seismic or horizontal ULS combination that that maximizes the moment acting
in the plane of the wall M3-3 and the shear force V2 (also acting in the plane of the wall) and that, at
the same time, minimizes the axial force N. Following is instead reported the actions at the foot of
the walls associated with the different loads considered individually.

Walls

Wall name: Wall ID

N: Total axial force
V2: Shear force (in-plane)
V3: Shear force (out-of-plane)
M2-2: Bending moment (out-of-plane)
M3-3: Bending moment (in-plane)
Length N V2 V3 M2-2 M3-3
Wall name [mg] Load / Comb. [kN] [kN] [kN] [kNm] [kNm]
PX0-1 2.00 ULS 71 21.92 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey- 15.80 10.62 0.00 0.00 57.60
G1 7.30 0.00 0.00 0.00 0.00
G2 8.50 0.00 0.00 0.00 0.00
Q cat.A 0.00 0.00 0.00 0.00 0.00
Q cat.H 0.39 0.00 0.00 0.00 0.00
Snow 0.00 0.00 0.00 0.00 0.00
Ortho wind -1.47 0.00 5.76 0.00 0.00
Wind X 0.00 4.84 0.00 0.00 22.43
Wind Y 0.00 0.29 0.00 0.00 1.33
Dynamic SLV X 0.00 7.04 0.00 0.00 39.16
Dynamic SLV Y 0.00 4.05 0.00 0.00 21.36
Dynamic SLD X 0.00 10.49 0.00 0.00 58.72
Dynamic SLD Y 0.00 6.04 0.00 0.00 31.97
Parete 78 1.00 ULS 71 1.49 0.00 0.00 0.00 0.00
Horizontal ULS 1 1.10 0.00 0.00 0.00 0.00
G1 0.50 0.00 0.00 0.00 0.00
G2 0.60 0.00 0.00 0.00 0.00
Q cat.A 0.00 0.00 0.00 0.00 0.00
Q cat.H 0.00 0.00 0.00 0.00 0.00
Snow 0.00 0.00 0.00 0.00 0.00
Ortho wind 0.00 0.00 0.90 0.00 0.00
Wind X 0.00 0.00 0.00 0.00 0.00
Wind Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLV X 0.00 0.00 0.00 0.00 0.00
Dynamic SLV Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLD X 0.00 0.00 0.00 0.00 0.00
Dynamic SLD Y 0.00 0.00 0.00 0.00 0.00
PX0-2 4.00 ULS 70 94.17 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey- 60.85 33.69 0.00 0.00 175.72
G1 26.78 0.00 0.00 0.00 0.00
G2 31.25 0.00 0.00 0.00 0.00
QcatA 9.39 0.00 0.00 0.00 0.00
Q cat.H 3.97 0.00 0.00 0.00 0.00
Snow 0.00 0.00 0.00 0.00 0.00
Ortho wind -14.92 0.00 11.51 0.00 0.00
Wind X 0.00 15.36 0.00 0.00 69.14
Wind Y 0.00 0.93 0.00 0.00 4.09
Dynamic SLV X 0.00 22.34 0.00 0.00 119.30
Dynamic SLV'Y 0.00 12.85 0.00 0.00 65.28
Dynamic SLD X 0.00 33.28 0.00 0.00 178.84
Dynamic SLD Y 0.00 19.17 0.00 0.00 97.70

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 69




TI M B E RTECH Technical Design Calculation Report

SOLUTIONS FOR TIMEBER EMGIMEERIMG

PX0-3 2.00 ULS 71 21.93 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey- 15.81 10.62 0.00 0.00 57.60
G1 7.30 0.00 0.00 0.00 0.00

G2 8.51 0.00 0.00 0.00 0.00

Q catA 0.00 0.00 0.00 0.00 0.00

Q cat.H 0.39 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -1.47 0.00 5.76 0.00 0.00

Wind X 0.00 4.84 0.00 0.00 22.43

Wind Y 0.00 0.29 0.00 0.00 1.33
Dynamic SLV X 0.00 7.04 0.00 0.00 39.16
Dynamic SLV Y 0.00 4.05 0.00 0.00 21.36
Dynamic SLD X 0.00 10.49 0.00 0.00 58.72
Dynamic SLD Y 0.00 6.04 0.00 0.00 31.97
PY0-6 3.00 ULS 70 110.91 0.00 0.00 0.00 0.00
Dynamic SLV 5 ex+ ey+ 67.23 22.74 0.00 0.00 111.73
G1 28.52 0.00 0.00 0.00 0.00

G2 33.45 0.00 0.00 0.00 0.00

Q catA 17.56 0.00 0.00 0.00 0.00

Q cat.H 5.88 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -22.09 0.00 8.63 0.00 0.00

Wind X 0.00 0.21 0.00 0.00 0.93

Wind Y 0.00 8.56 0.00 0.00 36.79
Dynamic SLV X 0.00 6.70 0.00 0.00 33.43
Dynamic SLV Y 0.00 20.73 0.00 0.00 101.70
Dynamic SLD X 0.00 10.02 0.00 0.00 50.14
Dynamic SLD Y 0.00 31.00 0.00 0.00 152.53
PY0-7 2.00 ULS 70 69.06 0.00 0.00 0.00 0.00
Dynamic SLV 5 ex+ ey+ 42.33 1143 0.00 0.00 57.67
G1 18.78 0.00 0.00 0.00 0.00

G2 21.29 0.00 0.00 0.00 0.00

Qcat.A 7.53 0.00 0.00 0.00 0.00

Q cat.H 4.71 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -17.68 0.00 5.76 0.00 0.00

Wind X 0.00 0.11 0.00 0.00 0.48

Wind Y 0.00 4.30 0.00 0.00 18.85
Dynamic SLV X 0.00 3.37 0.00 0.00 17.27
Dynamic SLV Y 0.00 10.42 0.00 0.00 52.49
Dynamic SLD X 0.00 5.03 0.00 0.00 25.91
Dynamic SLD Y 0.00 15.58 0.00 0.00 78.73
PY0-8 4.00 ULS 71 83.39 0.00 0.00 0.00 0.00
Dynamic SLV 5 ex+ ey+ 53.49 36.24 0.00 0.00 184.47
G1 25.50 0.00 0.00 0.00 0.00

G2 27.99 0.00 0.00 0.00 0.00

Qcat.A 0.00 0.00 0.00 0.00 0.00

Q catH 7.45 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -27.98 0.00 11.51 0.00 0.00

Wind X 0.00 0.34 0.00 0.00 1.52

Wind Y 0.00 13.64 0.00 0.00 60.17
Dynamic SLV X 0.00 10.68 0.00 0.00 55.27
Dynamic SLV Y 0.00 33.04 0.00 0.00 167.89
Dynamic SLD X 0.00 15.97 0.00 0.00 82.88
Dynamic SLD Y 0.00 49.41 0.00 0.00 251.83
Parete 88 1.00 ULS 71 1.49 0.00 0.00 0.00 0.00
Horizontal ULS 1 1.10 0.00 0.00 0.00 0.00
G1 0.50 0.00 0.00 0.00 0.00

G2 0.60 0.00 0.00 0.00 0.00

Q catA 0.00 0.00 0.00 0.00 0.00

Q cat.H 0.00 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind 0.00 0.00 0.90 0.00 0.00

Wind X 0.00 0.00 0.00 0.00 0.00

Wind Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLV X 0.00 0.00 0.00 0.00 0.00
Dynamic SLV Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLD X 0.00 0.00 0.00 0.00 0.00
Dynamic SLD Y 0.00 0.00 0.00 0.00 0.00
Parete 89 1.00 ULS 71 1.49 0.00 0.00 0.00 0.00
Horizontal ULS 1 1.10 0.00 0.00 0.00 0.00
G1 0.50 0.00 0.00 0.00 0.00

G2 0.60 0.00 0.00 0.00 0.00

Q catA 0.00 0.00 0.00 0.00 0.00

Q cat.H 0.00 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind 0.00 0.00 0.90 0.00 0.00

Wind X 0.00 0.00 0.00 0.00 0.00

Wind Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLV X 0.00 0.00 0.00 0.00 0.00
Dynamic SLV Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLD X 0.00 0.00 0.00 0.00 0.00
Dynamic SLD Y 0.00 0.00 0.00 0.00 0.00
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PX0-9 2.00 ULS 66 67.75 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey+ 37.99 11.52 0.00 0.00 62.05
G1 14.82 0.00 0.00 0.00 0.00

G2 18.66 0.00 0.00 0.00 0.00

Qcat.A 15.04 0.00 0.00 0.00 0.00
QcatH 0.39 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -1.47 0.00 5.76 0.00 0.00

Wind X 0.00 5.05 0.00 0.00 23.36

Wind Y 0.00 0.31 0.00 0.00 1.41
Dynamic SLV X 0.00 10.76 0.00 0.00 58.13
Dynamic SLV Y 0.00 2.54 0.00 0.00 13.06
Dynamic SLD X 0.00 16.06 0.00 0.00 87.19
Dynamic SLD Y 0.00 3.78 0.00 0.00 19.54
PX0-8 4.00 ULS 66 140.15 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey+ 79.41 36.55 0.00 0.00 189.37
G1 31.15 0.00 0.00 0.00 0.00

G2 39.23 0.00 0.00 0.00 0.00

Qcat.A 30.09 0.00 0.00 0.00 0.00
QcatH 0.65 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -2.43 0.00 11.51 0.00 0.00

Wind X 0.00 16.03 0.00 0.00 72.00

Wind Y 0.00 0.99 0.00 0.00 4.35
Dynamic SLV X 0.00 34.14 0.00 0.00 177.38
Dynamic SLV Y 0.00 8.04 0.00 0.00 39.96
Dynamic SLD X 0.00 50.94 0.00 0.00 266.01
Dynamic SLD Y 0.00 12.01 0.00 0.00 59.80
PX0-7 2.00 ULS 66 67.77 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey+ 38.00 11.52 0.00 0.00 62.05
G1 14.82 0.00 0.00 0.00 0.00

G2 18.66 0.00 0.00 0.00 0.00

QcatA 15.04 0.00 0.00 0.00 0.00
QcatH 0.39 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -1.47 0.00 5.76 0.00 0.00

Wind X 0.00 5.05 0.00 0.00 23.36

Wind Y 0.00 0.31 0.00 0.00 1.41
Dynamic SLV X 0.00 10.76 0.00 0.00 58.13
Dynamic SLV Y 0.00 2.54 0.00 0.00 13.06
Dynamic SLD X 0.00 16.06 0.00 0.00 87.19
Dynamic SLD Y 0.00 3.78 0.00 0.00 19.54

PY0-5 3.00 ULs 71 93.97 0.00 0.00 0.00 0.00
Dynamic SLV 8 ex- ey+ 58.82 17.61 0.00 0.00 79.39

G1 27.92 0.00 0.00 0.00 0.00

G2 30.89 0.00 0.00 0.00 0.00

QcatA 0.00 0.00 0.00 0.00 0.00

Qcat.H 9.71 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -36.48 0.00 0.00 0.00 0.00

Wind X 0.00 0.02 0.00 0.00 0.09

Wind Y 0.00 8.01 0.00 0.00 32.56
Dynamic SLV X 0.00 3.75 0.00 0.00 16.99
Dynamic SLV Y 0.00 16.41 0.00 0.00 7413
Dynamic SLD X 0.00 5.60 0.00 0.00 25.48
Dynamic SLD Y 0.00 24.53 0.00 0.00 111.14

PY0-4 2.00 ULS 70 84.67 0.00 0.00 0.00 0.00
Dynamic SLV 8 ex- ey+ 51.61 8.85 0.00 0.00 39.73

G1 23.73 0.00 0.00 0.00 0.00

G2 26.47 0.00 0.00 0.00 0.00

Qecat.A 4.70 0.00 0.00 0.00 0.00

QcatH 7.98 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -29.96 0.00 0.00 0.00 0.00

Wind X 0.00 0.01 0.00 0.00 0.04

Wind Y 0.00 4.02 0.00 0.00 16.31

Dynamic SLV X 0.00 1.88 0.00 0.00 8.50
Dynamic SLV Y 0.00 8.24 0.00 0.00 37.10
Dynamic SLD X 0.00 2.82 0.00 0.00 12.75
Dynamic SLD Y 0.00 12.33 0.00 0.00 55.63

PX0-6 2.00 ULS 67 65.06 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey- 36.02 9.39 0.00 0.00 51.46

G1 13.89 0.00 0.00 0.00 0.00

G2 17.63 0.00 0.00 0.00 0.00

Qcat.A 15.01 0.00 0.00 0.00 0.00

QcatH 0.00 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind 0.00 0.00 0.00 0.00 0.00

Wind X 0.00 4.94 0.00 0.00 22.85

Wind Y 0.00 0.02 0.00 0.00 0.08
Dynamic SLV X 0.00 8.68 0.00 0.00 47.56
Dynamic SLV Y 0.00 2.05 0.00 0.00 11.34
Dynamic SLD X 0.00 12.95 0.00 0.00 71.32
Dynamic SLD Y 0.00 3.06 0.00 0.00 17.00
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PX0-5 4.00 ULS 66 157.29 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey- 88.35 29.79 0.00 0.00 156.91
G1 34.65 0.00 0.00 0.00 0.00

G2 43.29 0.00 0.00 0.00 0.00

Qcat.A 34.71 0.00 0.00 0.00 0.00
QcatH 1.50 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -5.64 0.00 0.00 0.00 0.00

Wind X 0.00 15.67 0.00 0.00 70.44

Wind Y 0.00 0.06 0.00 0.00 0.26
Dynamic SLV X 0.00 27.54 0.00 0.00 144.99
Dynamic SLV Y 0.00 6.49 0.00 0.00 34.56
Dynamic SLD X 0.00 41.07 0.00 0.00 217.42
Dynamic SLD Y 0.00 9.70 0.00 0.00 51.81
PX0-4 2.00 ULS 67 65.06 0.00 0.00 0.00 0.00
Dynamic SLV 1 ex+ ey- 36.02 9.39 0.00 0.00 51.46
G1 13.89 0.00 0.00 0.00 0.00

G2 17.63 0.00 0.00 0.00 0.00

Qcat.A 15.01 0.00 0.00 0.00 0.00
QcatH 0.00 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind 0.00 0.00 0.00 0.00 0.00

Wind X 0.00 4.94 0.00 0.00 22.85

Wind Y 0.00 0.02 0.00 0.00 0.08
Dynamic SLV X 0.00 8.68 0.00 0.00 47.56
Dynamic SLV Y 0.00 2.05 0.00 0.00 11.34
Dynamic SLD X 0.00 12.95 0.00 0.00 71.32
Dynamic SLD Y 0.00 3.06 0.00 0.00 17.00
PY0-3 7.00 ULS 70 159.48 0.00 0.00 0.00 0.00
Dynamic SLV 8 ex- ey+ 101.04 68.44 0.00 0.00 339.53
G1 46.55 0.00 0.00 0.00 0.00

G2 52.24 0.00 0.00 0.00 0.00

QcatA 7.50 0.00 0.00 0.00 0.00
QcatH 12.16 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -45.67 0.00 20.15 0.00 0.00

Wind X 0.00 0.64 0.00 0.00 2.82
Wind Y 0.00 27.79 0.00 0.00 120.77
Dynamic SLV X 0.00 12.68 0.00 0.00 64.03
Dynamic SLV Y 0.00 47.03 0.00 0.00 230.96
Dynamic SLD X 0.00 18.91 0.00 0.00 95.77
Dynamic SLD Y 0.00 70.22 0.00 0.00 345.86
PY0-2 1.00 ULS 70 56.83 0.00 0.00 0.00 0.00
Dynamic SLV 8 ex- ey+ 33.83 2.65 0.00 0.00 13.31
G1 14.26 0.00 0.00 0.00 0.00

G2 16.57 0.00 0.00 0.00 0.00

QcatA 10.01 0.00 0.00 0.00 0.00
Qcat.H 3.14 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -11.79 0.00 2.88 0.00 0.00

Wind X 0.00 0.02 0.00 0.00 0.1

Wind Y 0.00 1.08 0.00 0.00 4.72

Dynamic SLV X 0.00 0.49 0.00 0.00 2.51
Dynamic SLV Y 0.00 1.82 0.00 0.00 9.05
Dynamic SLD X 0.00 0.73 0.00 0.00 3.76
Dynamic SLD Y 0.00 2.72 0.00 0.00 13.55
PY0-1 1.00 ULS 70 46.88 0.00 0.00 0.00 0.00
Dynamic SLV 8 ex- ey+ 28.09 2.65 0.00 0.00 13.31
G1 11.96 0.00 0.00 0.00 0.00

G2 13.88 0.00 0.00 0.00 0.00

Qecat.A 7.50 0.00 0.00 0.00 0.00
QcatH 2.75 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind -10.31 0.00 2.88 0.00 0.00

Wind X 0.00 0.02 0.00 0.00 0.11

Wind Y 0.00 1.08 0.00 0.00 4.72

Dynamic SLV X 0.00 0.49 0.00 0.00 2.51
Dynamic SLV Y 0.00 1.82 0.00 0.00 9.05
Dynamic SLD X 0.00 0.73 0.00 0.00 3.76
Dynamic SLD Y 0.00 272 0.00 0.00 13.55
Parete 109 1.00 ULS 71 1.49 0.00 0.00 0.00 0.00
Horizontal ULS 1 1.10 0.00 0.00 0.00 0.00
G1 0.50 0.00 0.00 0.00 0.00

G2 0.60 0.00 0.00 0.00 0.00

Qcat.A 0.00 0.00 0.00 0.00 0.00
QcatH 0.00 0.00 0.00 0.00 0.00

Snow 0.00 0.00 0.00 0.00 0.00

Ortho wind 0.00 0.00 0.90 0.00 0.00

Wind X 0.00 0.00 0.00 0.00 0.00

Wind Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLV X 0.00 0.00 0.00 0.00 0.00
Dynamic SLV Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLD X 0.00 0.00 0.00 0.00 0.00
Dynamic SLD Y 0.00 0.00 0.00 0.00 0.00
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Parete 110 1.00 ULS 71 1.49 0.00 0.00 0.00 0.00
Horizontal ULS 1 1.10 0.00 0.00 0.00 0.00
G1 0.50 0.00 0.00 0.00 0.00
G2 0.60 0.00 0.00 0.00 0.00
Q cat.A 0.00 0.00 0.00 0.00 0.00
Q cat.H 0.00 0.00 0.00 0.00 0.00
Snow 0.00 0.00 0.00 0.00 0.00
Ortho wind 0.00 0.00 0.90 0.00 0.00
Wind X 0.00 0.00 0.00 0.00 0.00
Wind Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLV X 0.00 0.00 0.00 0.00 0.00
Dynamic SLV Y 0.00 0.00 0.00 0.00 0.00
Dynamic SLD X 0.00 0.00 0.00 0.00 0.00
Dynamic SLD Y 0.00 0.00 0.00 0.00 0.00
Columns

Column name: Column ID

N: Total axial force

Column name Load / Comb. N [kN]
Pilastro 12 ULS 66 134.44
G1 30.57

G2 34.22

Q catA 31.31

Q cat.H 7.27

Snow 0.00

Ortho wind -27.31

Wind X 0.00

Wind Y 0.00

Dynamic SLV X 0.00

Dynamic SLV Y 0.00

Dynamic SLD X 0.00

Dynamic SLD Y 0.00
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Capacity design

Dissipative structural behavior

Earthquake-resistant timber buildings should be designed considering either:
o dissipative structural behaviour;
o |ow-dissipative structural behaviour.

In the first concept the capability of parts of the structure (dissipative zones) to resist earthquake
actions out of their elastic range is taken into account. Dissipative zones shall be located in joints
and connections, whereas the timber members themselves shall be regarded as behaving
elastically.

In the second concept the action effects are calculated on the basis of an elastic global analysis
without taking into account non-linear material behaviour.

Ductility classes

Depending on their ductile behaviour and energy dissipation capacity under seismic actions,
buildings shall be assigned to one of the three following ductility classes:

¢ DCH, high capacity to dissipate energy;
o DCM, medium capacity to dissipate energy;
e DCL, low capacity to dissipate energy.

In DCH and DCM the European standard (UNI EN 1998-1 §8.1.3) requires the use of the capacity
design procedure.

The capacity design has the purpose of ensuring a ductile behaviour to the dissipative structure and
operates as follows:

o distinguishes elements and mechanisms, both local and global, into ductile and fragile;
e aims to avoid local brittle ruptures and the activation of global brittle or unstable mechanisms;

e aims at locating the energy dissipations by hysteresis in areas of the ductile elements
identified and designed for this purpose.

Overstrength factor

To ensure the correct behaviour of the structure, the seismic resistance of the local/global brittle
elements/mechanisms must be designed to be grater than that of the ductile elements/mechanisms.
To ensure compliance with this inequality, both locally and globally, the strength of the ductile
elements/mechanisms is increased by means of a suitable coefficient yrqs known as the “overstrength
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factor”. Starting from this increased capacity, the capacity of the brittle elements/mechanisms is
sized.

Limitation of the stresses to the values determined in the non-dissipative case

The resistance demand evaluated with the capacity design criteria can be assumed not to exceed
the strength demand evaluated for the non-dissipative structural behaviour.

Calculation procedure
Applying capacity design locally and globally

The capacity design imposes, as a preliminary step, the definition of which are the dissipative zones
and which are the non-dissipative zones. These zones depend on the ductility class adopted and on
the structural typology

Planning according to capacity design procedures is therefore divided into two application "levels":
¢ local level, related to the connection of the structure;
o global level, related to the walls and the building.

The first has the purpose of avoiding the prevalence of brittle failure modes in dissipative
connections. The second instead provides for the application of a series of rules aimed at avoiding
non-dissipative collapse mechanisms and fragile breakages of the elements that make up the
structure.

Calculation of design resistances
The design strength of the dissipative zones is defined by the following formula:

F Rk,ductile

FRd,ductile = kR,deg “Kmoa
Ym

where:
Fraauctiie 18 the design value of the strength of the dissipative zones;
kg aeg is the strength reduction factor due to cyclic degradation;

Kmod is the modification factor for duration of load and moisture content;
Friauctiie 18 the characteristic value of the strength of the dissipative zones;

Ym is the material partial factor.

The design strength of the non-dissipative zones is defined by the following formula:
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F Rk, brittle

FRd,brittle = kmod :
Ym

where:

Fra prittie is the design value of the strength of the non-dissipative zones;

Kmod is the modification factor for duration of load and moisture content;
Fri prittie is the characteristic value of the strength of the non-dissipative zones;

Ym is the material partial factor.

Check dissipative zones

The dissipative zones against the seismic actions calculated with the dissipative behavior factor
need to be verified according to the following expression:

Fric auctite

FEd,ductile < FRd,ductile = kR,deg : kmod : ¥
M

where:
Fraauctiie 18 the design value of the effect of actions of the dissipative zones;
Fraauctiie 18 the design value of the strength of the dissipative zones;

Friauctite 18 the characteristic value of the strength of the dissipative zones;

kr.deg is the strength reduction factor due to cyclic degradation;
Kmod is the modification factor for duration of load and moisture content;
Ym is the material partial factor.

Check non-dissipative zones — Local level

In order to ensure compliance with the rules of capacity design at the local level (connection), it must
be verified that the resistances associated with the brittle failure modes are over-resistant compared
to the resistance associated with the ductile failure mode:

Fra prittie = kyLd * Fra ductite
R, deg
where:
YRd is the overstrength factor;
kg aeg is the resistance degradation coefficient due to cyclic actions;

Fraauctite 18 the design value of the strength of the dissipative zones;

Fraprictie 18 the design value of the strength of the non-dissipative zones.
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In other words, the fragile elements of the dissipative connections must be verified for a stress equal
to:

Feaprittie = Yrd_, Fra,auctite
R,deg
where:
YRd is the overstrength factor;
kg.deg is the resistance degradation coefficient due to cyclic actions;

Frapriceie 18 the design value of the effect of actions of the non-dissipative zones;

Fraauctiie 18 the design value of the strength of the dissipative zones;

Check non-dissipative zones — Global level

The non-dissipative zones need to be checked towards the actions deriving from the application of
the capacity design rules. The design effect of the actions is obtained through the following
relationship:

Fraprittie = Q * Fgaprictie. s + Fraprittie,c

where:
Fga prittie is the design action effect in the non-dissipative connection or member;
Q is the structure overstrength ratio (in both x and y directions);

Fga prittie,r is the action effect in the non-dissipative connection or member of the design seismic
action;

Fga prittie,c is the action effect in the non-dissipative connection or member of the non-seismic
actions in the design seismic situation.

Dissipative zones and non-dissipative zones
For CLT walls, the dissipative zones consist of:
e mechanical connections between walls;
e ductile elements of the traction connection (for example the nailing);
e ductile elements of the shear connection (for example the nailing).
The non-dissipative zones are instead represented by:
o brittle elements of the traction connection (for example the concrete anchors);

o brittle elements of the shear connection (for example the concrete anchors);
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Determination of the overstrength ratio

The overstrength ratio for each floor of the building and for each direction is determined by the
following expression:

Nij «,CLT,CD NU ang,CD Nij » hd,CD
Z VRdl]k Z VRdljk_ klMRdijk

N” |VEdij| Z |VEdij| Z |MEdl]k|

where:

Sl VT is the sum of the design resistances related to the vertical mechanical

connection between CLT walls of the j-th shear wall at the i-th storey, taking
into account the overstrength factor through the ratio yrq/kg geg:

ZN” VR“;;"JC,? is the sum of the design lateral strength related to shear connections of the

j-th shear wall at the i-th storey, taking into account the overstrength factor
through the ratio ygq/kg deg:

N” MI’;Z f]Dk is the sum of the design rocking strength of the j-th shear wall at the i-th storey,
taking into account the overstrength factor through the ratio yzq/kg deg:
ZI:ZJVEd,i,j,kl is the sum of the absolute values of the design global shear of the j-th shear
wall at the i-th storey due to the seismic action;
N” |MEdU k| is the sum of the absolute values of the design rocking moment of the jth shear
wall at the i-th storey due to the seismic action;
N;j is the number of shear-walls parallel to the seismic action at the i-th storey.

Overstrength ratios (dynamic analysis)

The following table shows the various contributions that contribute to the determination of the
overstrength ratio for the x direction for the various levels of the building.

ax ax Qx Qx
Diaphragms rglated to thg related to th_e shear shr:::l?: gu:);::zls rje;iart:: dtglt_l.}e Qx minimum
connection: cC ti
1 2.04 3.01 - - 2.04
2 2.07 5.18 - - 2.07
Overstrength ratio for the x direction: 2.04

Similarly, the following table shows the various contributions that contribute to the determination of
the overstrength ratio for the y direction for the various levels of the building.

Qy Qy e i
0 related to the related to the e
Diaphragms rc_ellatre.d to tl'f rela.t:ed to the shear sheathing panels jointed CLT Qy minimum
connections connections
1 2.26 2.78 - - 2.26
2 3.55 4.76 - - 3.55
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Overstrength ratio for the y direction: 2.26
Limitation of actions to the values determined in the non-dissipative case: Yes
DCL behavior factor qocL 1.50
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Design of the structural elements

CLT floors

Calculation model

The calculation model adopted for the design of CLT in bending out-of-plane is that of mechanically
jointed beams with deformable connection in accordance with Appendix B of EN 1995-1-1. The shear
flexibility of the transverse layers is considered using the y-method (gamma): namely with Mohler
theory for CLT panel having up to 3 layers oriented in the direction of calculation and with Shelling
theory for CLT panel having more than 3 layers oriented in the direction of calculation.

The effective bending stiffness is taken as:

n

Elesr = Z(Ei]i +y,EA;af)

i=1
-1
T[ZEl'Ai
vi=|(1+ b5 .
G - d’ l?ef
where:
Ji is the moment of inertia of layer i in reference to its neutral axis;
A; is the cross-sectional area of layer i;
a; is the distance between the centre of gravity of layer i and centre of gravity of the CLT
element;
lres is the reference length of the span;
Gr is the rolling shear modulus (mean value).

The reference length of the spans (lrr) is taken, depending on the static scheme, as reported in the
following table.

Structural scheme Reference length of the span
Simply supported beam lres = |
Span of a continuous beam les=0.8 |
Internal support of a continuous beam lrer = 0.8 Imin
Cantilever let=2 1

The following table shows, for each floor and relatively to the different spans, the values of the
reference lengths of the spans, the effective moment of inertia of the cross-sections of the CLT floor
and the structural scheme adopted.
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Solaio 12 ! 5.00 4.656E8 A A
0.00 5.00
I 1 1 I I 1 I I 1 I I 1 1 I I 1 1
-14 -09 -05 0 04 09 13 18 22 27 32 36 41 45 5 54 59 63
Solaio 13 1 5.00 4.656E8 A A
0.00 5.00
| | | I I 1 1 | 1 I | I 1 I | I 1 1
-14 -09 -05 O 04 09 13 18 22 27 32 36 41 45 5 54 59 63
Solaio 20 1 4.18 2.779E8 040
1.00 1.215E8
5.22
T T T T [ T [ T [ T T T T T
-1 0 1 2 3 4 5 6 7
Solaio 21 1 1.00 1.218E8 372
4.18 2.779E8
0.50
T T T T [ T [ T [ T T T T T
-1 0 1 2 3 4 5 6 7
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Solaio 22 ! 6.00 4.83E8 A A
0.00 6.00

T T T T T T | T T T T [

3 -1 05 0 0.5 1 1.5 2 2.3 3 3.5 4 4.5 5 5.3 [ 6.5
Solaio 23 1 6.00 4.83E8 A A
0.00 6.00

Bending strength

The checks are conducted according to § 6.1.6 of EN 1995-1-1. The following expression shall be
satisfied:

Om,d
Fna =
where:
Om.d is the design bending stress;
fm.a isthe design bending strength.

The following table illustrates the structural schemes and the envelopes of the diagram of the
bending moment for the part of each floor with the most sever checks.
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. Loads [kN/m] 7 210 Bending stress
180 :
A 2 150
000 500 1300
Solaio 12 ULS 65 Medium-term 00— :
Moment [kNm] L
50
o 30 ‘“_\
U K
kil
T I‘I‘IlE'\'I‘I'\ Ll L L R L R B |
1 0 1 2 3 4 5 [ -4 3 H 1 0 1 2 3 4
. Loads [kN/m] . 10 Bending stress
180 :
. 2 150
0.00 500 120
Solaio 13 ULS 65 Medium-term 00
Moment [kNm] A
50—
o 30 i
U .
kil
T e BSAtaaes e ey e e e T T T T T T T T T T T T T T T
-1 0 1 2 3 4 5 [ -4 3 -2 -1 0 1 2 3 4
2. Loads [kN/m] 1807 Bending stress
o 160
140
P i 20
522 100~ ?
. a0
Solaio 20 ULS 64 Permanent Moment [kNm]
50—
a0
; 0-;

L N R A ML A RN A AAA A RAAMLARAS] EAMLA] | ] A i M W
-1 0 1 2 3 4 5 [ 7 4 -2 16 12 08 D4 0 04 08 12 16 2 2
Loads [kN/m] 0 180 Bending stress

3 160
140
_r_/”’;‘%z 126 :
050
100 -\—\
Solaio 21 ULS 64 Permanent Moment [kNm] 80~
50—
- 9 40
20-
0
[T T T | SRR AR AR | L ] A Ll I AL LA I W
-1 0 1 2 3 4 5 3 7 4 -2 -6 -12 08 D4 0 04 08 12 16 2 2
ks Loads [kN/m] L 10 Bending stress
180 :
£ 2 150
0.00 600 1200
Solaio 22 ULS 65 Medium-term 00
Moment [kNm] >
50
" 30 z
/ R
ITE
I [T I R T I T T T T T T T ] I T I I T
1o 1 3 4 5 § 7 6 5 4 3 2 1 0 1 2 4 5 &
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o
ok Loads [kN/m] 7 2102 Bending stress
1803
& A 150
000 600
120
Solaio 23 ULS 65 Medium-term 90:
Moment [kNm] E
60—
T24 307
0=
70
LA AR LM KSR T T L [ T
0 1 2 3 4 5 6 -6 4 3 10 1 3 4

The checks are summarized below. The values resulting from the calculations, relating to each

verification, are reported in the form of a percentage.

Floor name Section [m;;] ["‘::"1’4] Comb. S:Iravsus:e Kmod ™ [l:l?’da] [;'E,‘;] Check
Solaio 12 CLT floor 19.31 465593315 ULS 65 1 0.8 1.25 15.36 3.74 24%
Solaio 13 CLT floor 19.31 465593315 ULS 65 1 0.8 1.25 15.36 3.74 24%
Solaio 20 CLT roof 7.39 277929841 ULS 64 1 0.6 1.25 11.52 1.98 17%
Solaio 21 CLT roof 7.40 277922204 ULS 64 1 0.6 1.25 11.52 1.99 17%
Solaio 22 CLT floor 27.80 482977788 ULS 65 1 0.8 1.25 15.36 5.35 35%
Solaio 23 CLT floor 27.80 482977788 ULS 65 1 0.8 1.25 15.36 5.35 35%

Shear strength

Shear strength of the layers parallel to the calculation direction

The checks are conducted according to § 6.1.7 of EN 1995-1-1. The following expression shall be
satisfied:

where:

Tv,d

fv,d

is the design shear stress;

is the design shear strength for the actual condition.

Tv,d

fv,d

<1

The maximum design shear stress in the longitudinal layers can be evaluated using the following
expression:

where:

V; is the total shear force at the location in question;

Smax 1S the statical moment of area;

_ Va - Smax

L ——
P Jeps b

Jess is the effective moment of inertia of the CLT element cross section;

b is the width of the CLT element cross section (k. = 1).

Rolling shear strength of the transversal layers
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The checks are conducted according to § 6.1.7 of EN 1995-1-1. The following expression shall be

satisfied:
TRd
— <1
fv,R,d
where:
TRa the design rolling shear stress;

fora  the design shear strength.

The maximum design shear stress in the transversal layers can be evaluated using the following

expression:

__ Va * Spmax

" Jerb

where:
V4 is the total shear force at the location in question;
Srmax is the statical moment of area;
Jefr is the effective moment of inertia of the CLT element cross section;
b is the width of the CLT element cross section (k. = 1).

The following table illustrates the structural schemes and the envelopes of the diagram of the shear
force for the part of each floor with the most sever checks.

Floor name Combination Duration Diagram V2 Shear stresses
. Loads [kN/m] 7 o] Shear stress
1805
150
a [ E
000 500 1202
Solaio 12 ULS 65 Medium-term E
Shear force [kN] 90
-1536 6073
30—
1538 0=
T T T T T T T T T T T T T T T T T
-1 0 1 2 3 4 5 6 0 0.02 0.04 006 008
. Loads [kN/m] 7 2102 Shear stress
180
150
& )
0.00 500 120
Solaio 13 ULS 65 Medium-term
Shear force [kN] 90
-15.36 603
30~
1538 I
T T T T T T T T T T T T T T T T
-1 0 1 2 3 4 5 6 0 0.02 004 006 0.08
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23— L ?“ads [kN/m] 180 Shear stress
T T 0 160 ——
140 —
-‘——_‘——_“‘-ﬂ
120- T
100- ~
Solaio 20 ULS 64 Permanent 80 J
60 /r'
40-
—
20~ R e
—
o —
T T SRR SRR AL AN RSN RAARARASY
- 7 0 0.1 002 0.03 004 005
180 Shear stress
160 —
140- T
T
120- T
100- ~
Solaio 21 ULS 64 Permanent Shear force [kN] 80~ )
-5.67 60- -
o I
—
20 —
P——
o —
[T T T T T T T T [T T T T T
-1 0 1 2 3 4 5 5 7 0 0.01 0.02 0.03 0.04 005
ks Loads [kN/m] I 10 Shear stress
1603 __—ﬁ_‘—jm_““—‘-—“-l
150
[ 2 3
000 600 1203
Solaio 22 ULS 65 Medium-t E D)
olalo ledium-term Shear force [kN] 90 .
-1845 603 j
— 30 e
..... — e —
1846 0= _
T [T T T T T T T T T T T \
-1 0 1 2 3 4 5 6 7 0 0.02 0.04 0.06 0.08 0.1 012
7
ks Loads [kN/m] . 102 Shear stress
E [
1803 —
1503
[ 3 E
000 600
120-2
Solaio 23 ULS 65 Medium-t E D)
olalo edium-term Shear force [kN] 90 A
-1845 6073 j
— 30— ——— e B
R | —
T T T T [ T e T e e [ e e T IASALARAAY MMM AL AASRERAAY WML \
-1 0 1 2 3 4 5 6 7 0 002 004 006 008 01 012
The checks are summarized below. The values resulting from the calculations, relating to each
verification, are reported in the form of a percentage.
Floor . V2 Jetf Service fua Tvd fra TRd
e Cross section [kN] [mm¢] Comb. s Kmod ™ [MPa] [MPa] Check [MPa] [MPa] Check
Solaio 12 CLT floor 15.38 465593315 ULS 65 1 0.8 1.25 2.56 0.10 4% 0.51 0.09 18%
Solaio 13 CLT floor 15.38 465593315 ULS 65 1 0.8 1.25 2.56 0.10 4% 0.51 0.09 18%
Solaio 20 CLT roof -5.77 277929841 ULS 64 1 0.6 1.25 1.92 0.05 3% 0.38 0.05 12%
Solaio 21 CLT roof 5.77 277922204 ULS 64 1 0.6 1.25 1.92 0.05 3% 0.38 0.05 12%
Solaio 22 CLT floor 18.46 482977788 ULS 65 1 0.8 1.25 2.56 0.12 5% 0.51 0.11 22%
Solaio 23 CLT floor 18.46 482977788 ULS 65 1 0.8 1.25 2.56 0.12 5% 0.51 0.11 22%
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Floors deflections (SLS)

The deflection checks are carried out according to § 2.2.3 of EN 1995-1-1.

The net deflection below a straight line between the supports, Wretin, is taken as:
Whet,fin = Winst T Wereep — We = Wrin — W

where:

Whet fin is the net final deflection;

Winst is the instantaneous deflection;
Wereep is the creep deflection;
W, is the precamber (if applied);
Wrin is the final deflection.
»_‘
SASS FANNEL
| _ 3| =

-—

Wereep

The limiting values for deflections of floors are assumed as shown in the following table.

Deformation limits o o o o Neglect overhang check
name inst, span net, fin, span inst, overhang net, fin, overhang for deformation < 0
Solaio in legno 11300 11250 11150 11125 No

Instantaneous deflection
The instantaneous deflection winst is calculated for the characteristic (rare) combination of actions.

The following table shows the deformation of each floor (relative to the element in which the
deformation checks are the most severe).

Floor Deformation

name S Gewe Combination Instantaneous deflection
Loads [kN/m
435 [kN/m] 435
a Py
0.00 5.00
f . SLS
Sc;l;uo Sﬂgl:om characteristic
3 Instantaneous deflection [mm]

692
L L L Ll L L S S S L S
-14 09 -05 0 04 08 13 18 22 27 32 36 41 45 5 54 58 63
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Loads [kN/m
ks [kN/m] -
A A
0.00 5.00
Solaio Solaio in SLS. .
13 legno characteristic !
3 Instantaneous deflection [mm)]
692
L L ] Sl
14 09 05 0 04 09 13 18 22 27 32 36 41 45 5 54 59 63
2 Loads [kN/m]
________ 2
0‘3\_
522
. L SLS
Solaio Solaio in -
characteristic .
20 legno 8 Instantaneous deflection [mm]
T T T
-1 7
. L SLS
Solaio Solaio in characteristic
21 legno
I T I T T T I I T I T ] T T I
-1 0 1 2 3 4 5 6 7
Loads [kN/m]
435 435
A A
0.00 6.00
Solaio Solaio in SLS. }
29 legno characteristic )
3 Instantaneous deflection [mm)]
0.07
13.83
L L ) i Ll Al A il
5 -1 05 0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 7
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Loads [kN/m
435 [icN/m] 435
A A
0.00 6.00

Solaio Solaio in h SLS. .
23 legno characteristic )
3 Instantaneous deflection [mm]

007

The table below shows the instantaneous deflection checks of the floor elements.

A N Most restrictive Winst Winst limit : P
Floor name Section Combination check [mm] [mm] Deflection limit Check
Solaio 12 CLT floor SLS characteristic 3 Internal span 6.92 16.68 1/300 42%
Solaio 13 CLT floor SLS characteristic 3 Internal span 6.92 16.68 1/300 42%
Solaio 20 CLT roof SLS characteristic 8 ng‘a":q‘fr -1.98 3.34 11150 59%
Solaio 21 CLT roof SLS characteristic 8 Cantlever -1.98 3.35 11150 59%
Solaio 22 CLT floor SLS characteristic 3 Internal span 13.83 20.01 1/300 69%
Solaio 23 CLT floor SLS characteristic 3 Internal span 13.83 20.01 1/300 69%

Final deflection

For structures consisting of members, components and connections with the same creep behaviour
and under the assumption of a linear relationship between the actions and the corresponding
deformations the final deformation, win, may be taken as:

Wrin = Wring + Wring1 + Z Wrin Qi

where:

WeinG = Winst.c * (1 + Kaer) for a permanent action, G

Wino1 = Winst.1 - (1 + Wa1 - Kaer) for the leading variable action, Q1

Wrin,0,i = Winst,,i ° (LPOJ- +W, - kdef) for accompanying variable actions, Qi (i>1)

The following table shows the deformation of each floor (relative to the element in which the
deformation checks are the most severe).
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07
1068
Solaio 12 Solaio in legno SLS characteristic 3
0.00 5.00
I I 1 I | 1 I I L 1 I | 1 I I I L 1
14 089 -05 0 04 09 13 18 22 27 32 36 41 45 S5 54 50 63
.07
1068
Solaio 13 Solaio in legno SLS characteristic 3
0.00 5.00
I Ll 1 I | 1 I L 1 | 1 I I I L)
14 -09 05 0 04 09 13 18 22 27 32 36 41 45 5 54 58 63
Solaio 20 Solaio in legno SLS characteristic 8
T T T T
-1 7
Solaio 21 Solaio in legno SLS characteristic 8
’r_//ﬁz
0.50

I T I T T T I T I T I T T T T T I
1 0 1 2 3 4 5 6 7
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0.1
2134
Solaio 22 Solaio in legno SLS characteristic 3
0.00 6.00
L I 0l L) i Sl AL AL I
-1 05 0 05 1 15 2 25 3 35 4 45 5 55 6 65 T 7
on
2134
Solaio 23 Solaio in legno SLS characteristic 3
0.00 6.00

The table below shows the final deflection checks of the floor elements.

Floor q - Service Most restrictive Wiin Wrin limit Deflection

— Section Combination i Kaef check [mm] [mm] limit Check
Solaio 12 CLT floor SLS characteristic 3 1 0.8 Internal span 10.68 20.01 1/250 53%
Solaio 13 CLT floor SLS characteristic 3 1 0.8 Internal span 10.68 20.01 1/250 53%
Solaio 20 CLT roof SLS characteristic 8 1 08 Cf)gg'{f]‘fr -3.19 4.01 11125 79%
Solaio 21 CLT roof SLS characteristic 8 1 0.8 Contilever -3.19 4.02 1125 79%
Solaio 22 CLT floor SLS characteristic 3 1 0.8 Internal span 21.34 24.01 1/250 89%
Solaio 23 CLT floor SLS characteristic 3 1 0.8 Internal span 21.34 24.01 1/250 89%
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Timber beams

Bending strength

The checks are conducted according to § 6.3.2 of EN 1995-1-1. The following expression shall be
satisfied:

0.
T foa =
where:
Om.d is the design bending stress;
fm.a is the design bending strength;
Kerit is a factor which takes into account the reduced bending strength due to lateral buckling.

The factor ket is assumed equal to 1.0 for beams in which the lateral displacement of the compressed
edge is prevented over the entire length and the torsional rotation is prevented at the supports.
Otherwise, the factor is determined from the following expression:

( 1

ko = 4 1,56 — 0,75A1em
|

for dreim < 0,75

1 for 0,75 < Apeym < 1,4

2
Arel,m

for L4 < Arerm

in which the relative slenderness for bending is taken as:

fm,k

Um,crit

Arel,m -

and o, .ri¢, the critical bending stress calculated according to the classical theory of stability is
taken as:

My,crit _ 7T\/EO,OS Iz GO,OS Itor

Omcrit = W, Loy W,
where:
Ey05 is the fifth percentile value of modulus of elasticity parallel to grain;
Go,o05 is the fifth percentile value of shear modulus parallel to grain;
I, is the second moment of area about the weak axis z;
Lior is the torsional moment of inertia;
lef is the effective length of the beam, depending on the support conditions and the load

configuration;
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w, is the section modulus about the strong axis y.

The following table shows, for each beam, the bending moment relating to the worst Ultimate Limit

State combination.

Beam Combination Duration Diagram Ms_;

Loads [kN/m] .

£l |3 £l
0.50 350 450 6.50 9.00 11.50

Trave 35 ULS 64 Permanent
Moment [kNm]

619 421

-153 102 -1.02
051 S N

T T
9 10 11 13

| L L b WL LU Ll WL W [
-1 0 1 2 3 4 5 6 8

Loads [kN/m] .

T
7

0.00 1.00

Trave 36 ULS 64 Permanent
Moment [kNm]

0.00 1.00

Trave 37 ULS 64 Permanent
Moment [kNm]
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Loads [kN/m] s

Trave 39 ULS 65 Medium-term

Moment [kNm]

0.00 1.00

Trave 40 ULS 64 Permanent

Moment [kNm]

0.00 1.00

Trave 42 ULS 65 Medium-term
Moment [kNm]

0.00 1.00

Trave 43 ULS 65 Medium-term
Moment [kNm]
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Loads [kN/m]
.19
AN AN
0.00 1.00
Trave 46 ULS 65 Medium-term
Moment [kNm]
LA | T T [ASRALARAR SARR LR
-12 -08 -04 16 2 24
VAN AN
0.00 1.00
Trave 47 ULS 65 Medium-term
Moment [kNm]
LA | T T [ASRALARAR SARR LR
-12 -08 -04 16 2 24
31 t
a A fAY
0.00 250 500
Trave 48 ULS 65 Medium-term
Moment [kNm]
2449
\"-h,- . —— ] \‘*‘L-.. _./"‘f'gz
T67a 1674
I I T [ T I T I T I T [ T [
-1 0 1 2 3 4 5 [
Loads [kN/m]
A AN
0.00 1.00
Trave 49 ULS 64 Permanent
Moment [kNm]
T T T T T T I I T I T I
-12 -08 -04 1.2 16 2 24
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-.-)P : :':.-.'
. Loads [kN/m]
e 4
F El ¥ 7 ¥ 7
0.50 7.50 850 950 1050 1150
Trave 50 ULS 64 Permanent
Moment [kNm]
095 -095
063 063 063 063
032 032
L o ) 0 LY WA LSRN L L |
1 0 1 2 3 4 5 [ 7 8 9 0 1 12 13
. Loads [kN/m]
e =l
¥ El ¥ El E #
0.50 450 550 7.50 850 1150
Trave 51 ULS 64 Permanent
Moment [kNm]
095 095
063 063 063 063
032 032
T T T T T T T T | A | LR I T
1 0 1 2 3 4 5 6 7 8 9 0 1 12 13
Loads [kN/m]
""""" .90
VA AN
0.00 1.00
Trave 52 ULS 65 Medium-term
Moment [kNm]
F o0
N /
236
T T T T T T T T T T T I T I T I T I
1.2 08 04 0 04 08 1.2 16 2 24
Loads [kN/m]
A AN
0.00 1.00
Trave 53 ULS 65 Medium-term
Moment [kNm]
= 09
\ /
7
236
T T T T T T T T T I T I T I T
1.2 08 04 0 04 08 1.2 16 2 24

The checks are summarized below. The values resulting from the calculations, relating to each

verification, are reported in the form of a percentage.
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g:;‘::: Section h['::ﬁr“":]" [mvrvn’] Lateral restraints ‘[,I\'II“F';Z Kerit Comb. Kn Kmod ™ [';"Bda] [;';';] Check
Trave 35 Ridge beam 8.21 2613333 No torsional buckling - 1.00 ULS 64 1.00 0.6 1.25 11.52 3.14 27%
Trave 36 Architrave 0.22 1333333 No torsional buckling 1.00 ULS 64 1.00 0.6 1.25 11.52 0.16 1%
Trave 37 Architrave 0.22 1333333 No torsional buckling 1.00 ULS 64 1.00 0.6 1.25 11.52 0.16 1%
Trave 39 Architrave 2.15 1333333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 1.62 11%
Trave 40 Architrave 0.22 1333333 No torsional buckling 1.00 ULS 64 1.00 0.6 1.25 11.52 0.16 1%
Trave 42 Architrave 2.54 1333333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 1.90 12%
Trave 43 Architrave 2.54 1333333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 1.90 12%
Trave 46 Architrave 2.15 1333333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 1.61 10%
Trave 47 Architrave 2.15 1333333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 1.61 10%
Trave 48 Internal beam 24.49 3413333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 7.18 47%
Trave 49 Internal beam 0.05 3413333 No torsional buckling 1.00 ULS 64 1.00 0.6 1.25 11.52 0.02 0%
Trave 50 Ridge beam 0.95 2613333 No torsional buckling 1.00 ULS 64 1.00 0.6 1.25 11.52 0.36 3%
Trave 51 Ridge beam 0.95 2613333 No torsional buckling 1.00 ULS 64 1.00 0.6 1.25 11.52 0.36 3%
Trave 52 Ridge beam 2.36 2613333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 0.90 6%
Trave 53 Ridge beam 2.36 2613333 No torsional buckling 1.00 ULS 65 1.00 0.8 1.25 15.36 0.90 6%

Shear strength

The checks are conducted according to § 6.1.7 of EN 1995-1-1. The following expression shall be
satisfied:

where:

Td

fv,d

is the design shear stress;

Ta

fvd

<1

is the design shear strength for the actual condition.

For the verification of shear resistance of members in bending, the influence of cracks should
betaken into account using an effective width of the member given as:

bes

zkcr'b

where b is the width of the relevant section of the member.

The following value of k¢ are used

Ker

Ker

= 0.67 (<£1) for solid timber

= 0.67 (1) for glued laminated timber

The maximum design shear stress in a rectangular cross section can be evaluated using the
following expression:

Tqg =

where A is the area of a joist cross section.

N| W

Vq
ker

-A

The following table illustrates the structural schemes and the envelopes of the shear force diagram
for each beam.
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Loads [kN/m]

4

|3 Ed ¥
0.50 350 450 68.50 9.00 1150

Trave 35 ULS 64 Permanent
Shear force [kN]

-16.31 REY:)

-6.13 -6.13

= =
601 |/ | 601
1497 !

0.00 1.00

Trave 36 ULS 64 Permanent
Shear force [kN]

-0.86

T
-1.2 -0.8 -04 0 0.4 0.8 12 16 2 24

0.00 1.00

Trave 37 ULS 64 Permanent
Shear force [kN]

-0.86

T
-1.2 -0.8 -04 0 0.4 0.8 1.2 16 2 24

0.00 1.00

Trave 39 ULS 65 Medium-term
Shear force [kN]
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, Loads [kN/m]

K76

ANV AN

0.00 1.00

Trave 40 ULS 64 Permanent
Shear force [kN]

-0.86

o Loads [kN/m] -

ANV AN

0.00 1.00

Trave 42 ULS 65 Medium-term
Shear force [kN]

-9.96

o Loads [kN/m]

2633

AN AN

0.00 1.00

Trave 43 ULS 65 Medium-term
Shear force [kN]

-9.96

Loads [kN/m] _ o

AN AN

0.00 1.00

Trave 46 ULS 65 Medium-term
Shear force [kN]

-843
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Trave 47

ULS 65

Medium-term

Loads [kN/m] _ 1o

ANV AN

0.00 1.00

Shear force [kN]

-843

Trave 48

ULS 65

Medium-term

el

250 500
Shear force [kN]

-32.09

Trave 49

ULS 64

Permanent

Loads [kN/m]

0.00 1.00

Shear force [kN]

-0.21

Trave 50

ULS 64

Permanent

Loads [kN/m]

4 4

050

-3.79

4
£l ¥ El E 7
750  &50 950 1050 1130

Shear force [kN]
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Trave 51 ULS 64

Permanent

Loads [kN/m]

-3.79

.50 850

Shear force [kN]

-3.79 -379

11.50

% V

mn 37

Trave 52 ULS 65

Medium-term

18001 18.90

ANV AN

0.00 1.00

Shear force [kN]

-9.26

926

-1.2

T
-0.8

T T
04

Trave 53 ULS 65

Medium-term

18.90

0.00 1.00

Shear force [kN]

-9.26

-1.2

T
-08

T T
04

The checks are summarized below. The values resulting from the calculations, relating to each
verification, are reported in the form of a percentage.

Beam name Section ‘ﬁ'ﬁ’]" [:\n':;] Ker Comb. s:gsl:e Kimod ™ [I\:‘;’;a] [I:Il‘Plda] Check
Trave 35 Ridge beam 18.04 56000 0.67 ULS 64 1 0.6 1.25 1.68 0.72 43%
Trave 36 Architrave 0.86 40000 0.67 ULS 64 1 0.6 1.25 1.68 0.05 3%
Trave 37 Architrave 0.86 40000 0.67 ULS 64 1 0.6 1.25 1.68 0.05 3%
Trave 39 Architrave 8.45 40000 0.67 ULS 65 1 0.8 1.25 2.24 0.47 21%
Trave 40 Architrave 0.86 40000 0.67 ULS 64 1 0.6 1.25 1.68 0.05 3%
Trave 42 Architrave 9.96 40000 0.67 ULS 65 1 0.8 1.25 2.24 0.56 25%
Trave 43 Architrave 9.96 40000 0.67 ULS 65 1 0.8 1.25 2.24 0.56 25%
Trave 46 Architrave 8.43 40000 0.67 ULS 65 1 0.8 1.25 2.24 0.47 21%
Trave 47 Architrave 8.43 40000 0.67 ULS 65 1 0.8 1.25 2.24 0.47 21%
Trave 48 Internal beam 48.68 64000 0.67 ULS 65 1 0.8 1.25 2.24 1.70 76%
Trave 49 Internal beam 0.21 64000 0.67 ULS 64 1 0.6 1.25 1.68 0.01 0%
Trave 50 Ridge beam 3.79 56000 0.67 ULS 64 1 0.6 1.25 1.68 0.15 9%
Trave 51 Ridge beam 3.79 56000 0.67 ULS 64 1 0.6 1.25 1.68 0.15 9%
Trave 52 Ridge beam 9.26 56000 0.67 ULS 65 1 0.8 1.25 2.24 0.37 17%
Trave 53 Ridge beam 9.26 56000 0.67 ULS 65 1 0.8 1.25 2.24 0.37 17%
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Beams deflections (SLS)
The deflection checks are carried out according to § 2.2.3 of EN 1995-1-1.
The net deflection below a straight line between the supports, Wnetsin, is taken as:

Whet,fin = Winst T Wereep — We = Wrin — W

where:

Whet fin is the net final deflection;

Winst is the instantaneous deflection;
Wereep is the creep deflection;

W, is the precamber (if applied);
Wrin is the final deflection.

-

Wein

Wingt

-
|
Whet, fin

-—

Wereep

The limiting values for deflections of beams are assumed as shown in the following table.

Deformation limits o o o o Neglect overhang check
name linst, span net, fin, span inst, overhang net, fin, overhang for deformation < 0
Trave in legno 1/300 1/250 1/150 11125 No

Instantaneous deflection

The instantaneous deflection winst is calculated for the characteristic (rare) combination of actions.

The following table shows the deformation of each beam.

Beam name | Deformation limits name Combination Instantaneous deflection
Loads [kN/m]
064 054
ad 4
13 Ed 13 Ed 1.} 1.}
050 350 450 6.50 aho 1150
Trave 35 Trave in legno SLS characteristic 20

Instantaneous deflection [mm]

-0.52
_0.25 -0.35

037 027
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ke Loads [kN/m]

H30

AN AN

0.00 1.00

Trave 36 Trave in legno SLS characteristic 3
Instantaneous deflection [mm)]

T
-1.2 -0.8 -04 0 04 0.8 1.2 16 2 24

ke Loads [kN/m]

30

AN AN

0.00 1.00

Trave 37 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

T
-1.2 -0.8 -04 0 04 0.8 12 16 2 24

. Loads [kN/m]

12.21

AN AN

0.00 1.00

Trave 39 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

T
-1.2 -0.8 -04 0 04 0.8 1.2 16 2 24

e Loads [kN/m]

0.00 1.00

Trave 40 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

T
-1.2 -0.8 -04 0 04 0.8 1.2 16 2 24
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Loads [kN/m]

1439

AN AN

0.00 1.00

Trave 42 Trave in legno SLS characteristic 3
Instantaneous deflection [mm)]

T
-1.2 -0.8 -04 0 04 0.8 1.2 16 2 24

Loads [kN/m]

14.20

AN AN

0.00 1.00

Trave 43 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

T
-1.2 -0.8 -04 0 04 0.8 12 16 2 24

ok Loads [kN/m]

12.18

AN AN

0.00 1.00

Trave 46 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

T
-1.2 -0.8 -04 0 04 0.8 1.2 16 2 24

0.00 1.00

Trave 47 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

T
-1.2 -0.8 -04 0 04 0.8 1.2 16 2 24
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Loads [kN/m]
A A A
0.00 250 5.00
Trave 48 Trave in legno SLS characteristic 3
Instantaneous deflection [mm)]
007007
S e ——
IET] // 019
N .'
— ~
097 097
T T T T T T T T T T T T T T
-1 0 1 2 3 4 5 6
Loads [kN/m] ”2
VAN AN
0.00 1.00
Trave 49 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]
T T T e T T T e T
-12 -08 -04 0 04 08 1.2 16 2 24
g Loads [kN/m] b
4 4
13 EJ F 7 7
050 750 850 950 1050 1150
Trave 50 Trave in legno SLS characteristic 8
Instantaneous deflection [mm]
T T T T T T LT ) L L L) ML L |
-1 0 1 3 4 5 [ 7 8 g 10112 13
g Loads [kN/m] L
4 4
13 EJ 13 7 13 E
050 450 550 750 850 11.50
Trave 51 Trave in legno SLS characteristic 8
Instantaneous deflection [mm]
T T T T T T [ ML B LA LY ML L |
-1 0 1 3 4 5 [ 7 8 8 10 1 12 13
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134 L0ads [kN/m]

1334

AN AN

0.00 1.00

Trave 52 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

304 -02dS [kN/m]

1324

AN AN

0.00 1.00

Trave 53 Trave in legno SLS characteristic 3
Instantaneous deflection [mm]

The table below shows the instantaneous deflection checks of the beams.

. L Most restrictive Winst Winst limit T [Try"

Beam name Section Combination o [mm] [mm] Deflection limit Check
Trave 35 Ridge beam SLS characteristic 20 Cantlever -0.52 333 11150 16%
Trave 36 Architrave SLS characteristic 3 Internal span 0.01 3.33 1/300 0%
Trave 37 Architrave SLS characteristic 3 Internal span 0.01 3.33 1/300 0%
Trave 39 Architrave SLS characteristic 3 Internal span 0.10 3.33 1/300 3%
Trave 40 Architrave SLS characteristic 3 Internal span 0.01 3.33 1/300 0%
Trave 42 Architrave SLS characteristic 3 Internal span 0.12 3.33 1/300 4%
Trave 43 Architrave SLS characteristic 3 Internal span 0.12 3.33 1/300 4%
Trave 46 Architrave SLS characteristic 3 Internal span 0.10 3.33 1/300 3%
Trave 47 Architrave SLS characteristic 3 Internal span 0.10 3.33 1/300 3%
Trave 48 Internal beam SLS characteristic 3 Internal span 0.97 8.33 1/300 12%
Trave 49 Internal beam SLS characteristic 3 Internal span 0.00 3.33 1/300 0%
Trave 50 Ridge beam SLS characteristic 8 ngg'ri‘f' 0.01 3.33 11150 0%
Trave 51 Ridge beam SLS characteristic 8 Cantilever 0.01 3.33 1150 0%
Trave 52 Ridge beam SLS characteristic 3 Internal span 0.04 3.33 1/300 1%
Trave 53 Ridge beam SLS characteristic 3 Internal span 0.04 3.33 1/300 1%

Final deflection

For structures consisting of members, components and connections with the same creep behaviour
and under the assumption of a linear relationship between the actions and the corresponding
deformations the final deformation, wsn, may be taken as:

Wrin = Wring + Wring1 + Z Wrin Qi
where:

Wring = Winse.c - (1 + kaer) for a permanent action, G
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Wrino1 = Winst.o1 - (1 + War - Kaer) for the leading variable action, Q1

Wrinoi = Winst.o.i © (Poi + Po1 - Kaer) for accompanying variable actions, Q; (i>1)

The following table shows the deformation of each floor (relative to the element in which the
deformation checks are the most severe).

Beam name Deformation limits name Combination Final deflection
-0.68
-0.20 -013
0.10
046
10
Trave 35 Trave in legno SLS characteristic 20
4 4
2 1 7 ) )
0.50 350 450 6.50
9.00 11.50

| S L] Wi ML | L L LY ISELANREY LARLAE] SR L

0 1 2 3 4 6 8 9 10
Trave 36 Trave in legno SLS characteristic 3

0.00 1.00

T T | LA | T T T I T I T I T I I

12 0.8 04 0 04 0.8 1.2 1.6 2 24
Trave 37 Trave in legno SLS characteristic 3

0.00 1.00
T T | LA | T T T I T I T I T I I
12 0.8 04 0 04 0.8 1.2 16 2 24
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015
Trave 39 Trave in legno SLS characteristic 3
000 1.00
T T T T T T T LA R T T T T I T T T
12 0.8 04 0 04 0.8 1.2 1.6 2 24
Trave 40 Trave in legno SLS characteristic 3
000 1.00
T T T T T T T LA R T T T T I T T T
12 0.8 04 0 04 0.8 1.2 1.6 2 24
017
Trave 42 Trave in legno SLS characteristic 3
0.00 1.00
T T T T T T T T I T I T I T I I
12 0.8 04 0 04 0.8 1.2 1.6 2 24
017
Trave 43 Trave in legno SLS characteristic 3
0.00 1.00
T T T T T T T T I T I T I T I I
12 0.8 04 0 04 0.8 1.2 16 2 24

Timber Tech Buildings ver. 97 — License registered to Mauro Andreolli 109




Technical Design Calculation Report

TIMBERTECH

=0LU

OME FORTIMBER EMGIMN

MG

015
Trave 46 Trave in legno SLS characteristic 3
0.00 100
T T T T [ [ T e e T
-12 08 04 0 04 0.8 1.2 1.6 24
015
Trave 47 Trave in legno SLS characteristic 3
0.00 100
T T T T [ [ T e e T
-12 0.8 04 0 04 0.8 1.2 1.6 24
007 -0.07
N //- _______ ———
N 040 i 040
\.\ P
RE 132
Trave 48 Trave in legno SLS characteristic 3
A A A
0.00 250 5.00
T I T I T I T T I T I
-1 0 1 2 3 4 5
Trave 49 Trave in legno SLS characteristic 3
0.00 100
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4 4 4

7 F 7 F 7

750 850 950 1050 11.50

4
|2 7 |3 7
5.50 750 850 1150

0.06

Trave 50 Trave in legno SLS characteristic 8
Trave 51 Trave in legno SLS characteristic 8
Trave 52 Trave in legno SLS characteristic 3
Trave 53 Trave in legno SLS characteristic 3

0.06

The table below shows the final deflection checks for every beam.
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?:::: Section Combination Service class | Kuaer Most restrictive check [m"“‘] “[,:':f:\';“ Deflli:ittlon Check
Trave 35 Ridge beam SLS characteristic 20 1 0.6 Cantilever beams -0.68 4.00 1/125 17%
Trave 36 Architrave SLS characteristic 3 1 0.6 Internal span 0.02 4.00 1/250 0%
Trave 37 Architrave SLS characteristic 3 1 0.6 Internal span 0.02 4.00 1/250 0%
Trave 39 Architrave SLS characteristic 3 1 0.6 Internal span 0.15 4.00 1/250 4%
Trave 40 Architrave SLS characteristic 3 1 0.6 Internal span 0.02 4.00 1/250 0%
Trave 42 Architrave SLS characteristic 3 1 0.6 Internal span 0.17 4.00 1/250 4%
Trave 43 Architrave SLS characteristic 3 1 0.6 Internal span 0.17 4.00 1/250 4%
Trave 46 Architrave SLS characteristic 3 1 0.6 Internal span 0.15 4.00 1/250 4%
Trave 47 Architrave SLS characteristic 3 1 0.6 Internal span 0.15 4.00 1/250 4%
Trave 48 Internal beam SLS characteristic 3 1 0.6 Internal span 1.32 10.00 1/250 13%
Trave 49 Internal beam SLS characteristic 3 1 0.6 Internal span 0.00 4.00 1/250 0%
Trave 50 Ridge beam SLS characteristic 8 1 0.6 Cantilever beams 0.02 4.00 1/125 0%
Trave 51 Ridge beam SLS characteristic 8 1 0.6 Cantilever beams 0.02 4.00 1/125 0%
Trave 52 Ridge beam SLS characteristic 3 1 0.6 Internal span 0.06 4.00 1/250 1%
Trave 53 Ridge beam SLS characteristic 3 1 0.6 Internal span 0.06 4.00 1/250 1%
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Timber columns

Stability of columns

The stability of columns subjected to compression is verified in accordance with § 6.3.2 of EN 1995-
1-1.

The relative slenderness ratios should be taken as:

1 . A_y fc,O,k
rel,y
7T Eo,05
and
1 /1,2 fC,O k
rel,z —_
T |Eoos
where:

Ay and A,,, are slenderness ratios corresponding to bending about the y-axis (deflection in the z-
direction);

A, and 4,,,, are slenderness ratios corresponding to bending about the z-axis (deflection in the y-
direction).

Where both Areiz 0,3 and Ay <0,3, the stresses should satisfy the expressions (6.19) and (6.20) in
6.2.4 of EN 1995-1-1.

In all other cases the stresses, which will be increased due to deflection, should satisfy the following
expressions:

Gc,O,d am,y,d Jm,z,d

<1

+ Ky -

kc,y ' fc,O,d fm,y,d fm,z,d

O0c0,d Tk Om,y,d N Om,z,d

__&hd A <1
kc,z ' fc,O,d m fm,y,d fm,z,d

where the symbols are defined as follows:

1
kc,y =
ky + /kf,—ﬂ,z,el'y
1
kc,z =

k, + /kzz —Aﬁel,z

ky = 0,5 . (1 + ﬁc : (/‘Lrel,y - 0:3) + A?‘el,y)
kZ = 0,5 . (1 + ,Bc : (Arel,z - 0'3) + A?‘el,z)

where:
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B. is a factor for members within the straightness limits defined in Section 10 of EN 1995-1-1 and
assumes the following values

0,2 for solid timber

Be = {0,1 for glued laminated timber and LVL

The values of the actions in the tables below are related, for each pillar, to the most severe

combination of load for the Ultimate Limit State of instability.

Comb.:
Dur.:
N:

Vo

Va:
M2.2:

M3.3Z

The most severe combination of load
Load duration

Axial force

Shear force along the local axis 2
Shear force along the local axis 3
Bending moment about local axis 2

Bending moment about local axis 3

N V2 V3 M2-2 M3-3

Column name Comb. Dur. [kN] [kN] [kN] [kNm] [kNm]
Pilastro 5 ULS 64 Permanent 35.58 0.00 0.00 0.00 0.00
Pilastro 12 ULS 65 Medium-term 134.44 0.00 0.00 0.00 0.00

The following table summarizes the stability checks for the columns.

Sect.: Column cross section

h: Column height

Area: Cross sectional area of the column

Jy: Area moment of inertia with respect to the y axis

Jz Area moment of inertia with respect to the z axis

Comb.: The most severe load combination

Kmod: Modification factor taking into account the effect of the duration of load and moisture

content

™ Partial factor for a material property

feod: Design compressive strength along the grain

Ocod: Design compressive stress along the grain
Column Sect. h [m] [‘:":‘2] [rr;jr‘l,'l‘] [er:n‘] key | kez | Comb | SEMVice |y |y, foos | sy | Check
Pilastro 5 Column 4.25 40000 1.33E8 1.33E8 0.62 0.62 ULS 64 1 0.6 1.25 11.52 0.89 12%
Pilastro 12 Column 3.2 40000 1.33E8 1.33E8 0.85 0.85 ULS 65 1 0.8 1.25 15.36 3.36 26%
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CLT walls

Buckling of CLT walls

The stability checks of CLT walls are conducted with reference to what reported in 6.3.2 of EN 1995-
1-1.

The values of the actions in the table below are related, for each wall, to the most severe combination
of load for the Ultimate Limit State of stability.

Wall name Le[nmg]th Comb. Dur. [k':l] [ll\:ﬁ:]
PX1-1 2.00 ULS 81 Instantaneous 8.74 6.27
PY1-1 1.00 ULS 81 Instantaneous 1.88 2.55
PY1-2 1.00 ULS 81 Instantaneous 1.56 2.55
PX1-4 2.00 ULS 64 Permanent 9.05 0.00
PX1-3 2.00 ULS 81 Instantaneous 8.75 6.27
PY1-6 3.00 ULS 81 Instantaneous 7.53 7.65
PX1-6 2.00 ULS 64 Permanent 9.05 0.00
PY1-8 4.00 ULS 81 Instantaneous 10.35 10.20
PX1-9 2.00 ULS 81 Instantaneous 8.74 6.27
PY1-5 3.00 ULS 64 Permanent 64.93 0.00
PY1-4 2.00 ULS 64 Permanent 50.41 0.00
PX1-7 2.00 ULS 81 Instantaneous 8.75 6.27

Parete 29 1.00 ULS 81 Instantaneous 1.49 0.34
Parete 30 1.00 ULS 81 Instantaneous 1.49 0.34
Parete 34 1.00 ULS 81 Instantaneous 1.49 0.34
Parete 35 1.00 ULS 81 Instantaneous 1.49 0.34
PX1-8 4.00 ULS 81 Instantaneous 22.88 21.05
PY1-3 7.00 ULS 81 Instantaneous 18.82 17.86
PY1-7 2.00 ULS 81 Instantaneous 4.39 5.10
Parete 72 1.00 ULS 81 Instantaneous 1.49 0.34
PX1-2 4.00 ULS 81 Instantaneous 19.90 21.05
PX0-1 2.00 ULS 81 Instantaneous 19.12 6.91
Parete 78 1.00 ULS 81 Instantaneous 1.49 0.34
PX0-2 4.00 ULS 84 Instantaneous 65.83 13.82
PX0-3 2.00 ULS 81 Instantaneous 19.13 6.91
Parete 81 1.00 ULS 81 Instantaneous 1.49 0.34
PY0-6 3.00 ULS 84 Instantaneous 68.95 10.36
PY0-7 2.00 ULS 84 Instantaneous 35.49 6.91
PY0-8 4.00 ULS 81 Instantaneous 30.23 13.82
Parete 88 1.00 ULS 81 Instantaneous 1.49 0.34
Parete 89 1.00 ULS 81 Instantaneous 1.49 0.34
PX1-5 4.00 ULS 64 Permanent 30.58 0.00
PX0-9 2.00 ULS 84 Instantaneous 58.78 6.91
PX0-8 4.00 ULS 84 Instantaneous 122.96 13.82
PX0-7 2.00 ULS 84 Instantaneous 58.79 6.91
Parete 95 1.00 ULS 81 Instantaneous 1.49 0.34
Parete 96 1.00 ULS 81 Instantaneous 1.49 0.34
PY0-5 3.00 ULS 64 Permanent 79.40 0.00
PY0-4 2.00 ULS 64 Permanent 67.77 0.00
PX0-6 2.00 ULS 65 Medium-term 65.06 0.00
PX0-5 4.00 ULS 65 Medium-term 157.29 0.00
PX0-4 2.00 ULS 65 Medium-term 65.06 0.00
PY0-3 7.00 ULS 84 Instantaneous 72.74 24.18
PY0-2 1.00 ULS 84 Instantaneous 34.45 3.45
PY0-1 1.00 ULS 84 Instantaneous 27.29 3.45
Parete 109 1.00 ULS 81 Instantaneous 1.49 0.34
Parete 110 1.00 ULS 81 Instantaneous 1.49 0.34

The stability checks of the CLT panels are performed considering a wall portion of unitary length.

Where both Al 0,3 and Ay 0,3, the stresses should satisfy the expressions (6.19) and (6.20) in
6.2.4 of EN 1995-1-1.

In all other cases the stresses, which will be increased due to deflection, should satisfy the following
expressions:

0c0,d Om,y,d

kc ' fc,O,d fm,y,d -

Mechanical model for the internal stress pattern in CLT elements
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The calculation model adopted for the design of CLT in bending out-of-plane is that of mechanically
jointed beams with deformable connection. The calculation of CLT elements is calculated as a
mechanically jointed structure in accordance with Appendix B of EN 1995-1-1. The shear flexibility
of the transverse layers is considered using the y-method (gamma): namely with Moéhler theory for
CLT panel having up to 3 layers oriented in the direction of calculation and with Shelling theory for
CLT panel having more than 3 layers oriented in the direction of calculation.

The effective bending stiffness is taken as:

n
EJesr = Z(Ei]i +viE;Aaf)
i=1

-1

T[ZEl'Ai
yi=|1+ 5 -
Gr-g- h2
where:
Ji is the moment of inertia of layer i in reference to its neutral axis;
A; is the cross-sectional area of layer |;
a; is the distance between the centre of gravity of layer i and centre of gravity of the CLT
element;

h It is the height of the wall;
Gr is the rolling shear modulus (mean value).

The results of the stability checks are reported below expressed as percentages.

Anet: Cross sectional area of the wall portion considered in the verification (linear meter)

Jef: Cross sectional effective moment of inertia of the wall portion

Comb.: The most severe combination of load

Kmod: Modification factor taking into account the effect of the duration of load and moisture
content

™ Partial factor for a material property

feox: Design compressive strength along the grain

fk: Design bending strength

Ocod: Design compressive stress along the grain
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Wall q Anet Jett Service feok fmk Ocod Omd
name SEELE Ml | m?im) [mm®m] ke Comb. | “fjass kmod ™ | [MPa] | [MPa] | [MPa] | [mPa] | Check
PX1-1 CLT wall 3.2 60000 60534188 032 | ULs81 1 1.1 1.25 21 24 008 | 241 13%
PY11 CLT wall 2.75 60000 59407016 042 | ULs81 1 1.1 1.25 21 24 0.03 1.97 10%
PY12 CLT wall 2.75 60000 59407016 042 | ULS81 1 1.1 1.25 21 24 0.03 1.97 10%
PX1-4 CLT wall 3.2 60000 60534188 032 | ULS64 1 06 1.25 21 24 0.08 | 0.00 2%
PX1-3 CLT wall 3.2 60000 60534188 032 | ULS81 1 1.1 1.25 21 24 008 | 241 13%
PY16 CLT wall 2.75 60000 59407016 042 | ULs81 1 1.1 1.25 21 24 0.05 1.97 10%
PX1-6 CLT wall 3.2 60000 60534188 032 | ULS64 1 06 1.25 21 24 0.08 | 0.00 2%
PY18 CLT wall 2.75 60000 59407016 042 | ULs81 1 1.1 1.25 21 24 0.05 1.97 10%
PX1-9 CLT wall 3.2 60000 60534188 032 | ULS81 1 1.1 1.25 21 24 008 | 241 13%
PY15 CLT wall 4.25 60000 63063782 019 | ULS64 1 06 1.25 21 24 0.41 0.00 21%
PY14 CLT wall 4.25 60000 63063782 019 | ULS64 1 06 1.25 21 24 042 | 0.00 22%
PX1-7 CLT wall 3.2 60000 60534188 032 | ULs81 1 1.1 1.25 21 24 0.08 | 241 13%
Parete 29 CLT wall 1.0 60000 36251612 093 | ULs81 1 11 1.25 21 24 002 | 029 2%
Parete 30 CLT wall 1.0 60000 36251612 093 | ULS81 1 1.1 1.25 21 24 002 | 0.29 2%
Parete 34 CLT wall 1.0 60000 36251612 093 | ULS81 1 1.1 1.25 21 24 002 | 029 2%
Parete 35 CLT wall 1.0 60000 36251612 093 | ULS81 1 1.1 1.25 21 24 002 | 029 2%
PX1-8 CLT wall 4.25 60000 62625160 019 | ULS81 1 1.1 1.25 21 24 010 | 4.02 22%
PY13 CLT wall 2.75 60000 59407016 042 | ULs81 1 1.1 1.25 21 24 0.05 1.97 10%
PY17 CLT wall 2.75 60000 59407016 042 | ULs81 1 11 1.25 21 24 0.04 1.97 10%
Parete 72 CLT wall 1.0 60000 36251612 093 | ULs81 1 1.1 1.25 21 24 002 | 029 2%
PX1-2 CLT wall 38 60000 62625160 024 | ULS81 1 1.1 1.25 21 24 009 | 402 21%
PX0-1 CLT wall 3.2 60000 60996130 032 | ULS81 1 1.1 1.25 21 24 017 | 2.65 15%
Parete 78 CLT wall 1.0 60000 36251612 093 | ULS81 1 1.1 1.25 21 24 002 | 029 2%
PX0-2 CLT wall 3.2 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 046 | 265 20%
PX0-3 CLT wall 32 60000 60996130 032 | ULS81 1 11 1.25 21 24 017 | 265 15%
Parete 81 CLT wall 1.0 60000 36251612 0.93 | ULSS81 1 11 1.25 21 24 0.02 | 0.29 2%
PY0-6 CLT wall 3.2 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 046 | 265 20%
PYO-7 CLT wall 3.2 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 046 | 2.65 20%
PY08 CLT wall 3.2 60000 60996130 032 | ULs8t 1 1.1 1.25 21 24 013 | 2.65 15%
Parete 88 CLT wall 1.0 60000 36251612 0.93 | ULS 81 1 11 1.25 21 24 0.02 | 0.29 2%
Parete 89 CLT wall 1.0 60000 36251612 0.93 | ULS 81 1 11 1.25 21 24 0.02 | 0.29 2%
PX1-5 CLT wall 4.25 60000 62625160 019 | ULS64 1 06 1.25 21 24 017 | _0.00 %
PX0-9 CLT wall 3.2 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 056 | 2.65 22%
PX0-8 CLT wall 3.2 60000 60996130 032 | ULs84 1 1.1 1.25 21 24 058 | 2.65 22%
PX0-7 CLT wall 3.2 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 057 | 265 22%
Parete 95 CLT wall 1.0 60000 36251612 0.93 | ULS 81 1 11 1.25 21 24 0.02 | 0.29 2%
Parete 96 CLT wall 1.0 60000 36251612 0.93 | ULS 81 1 11 1.25 21 24 0.02 | 0.29 2%
PY05 CLT wall 32 60000 60996130 032 | ULS64 1 06 1.25 21 24 049 | 0.00 15%
PYO4 CLT wall 3.2 60000 60996130 032 | ULS64 1 0. 1.25 21 24 063 | 0.00 19%
PX0-6 CLT wall 3.2 60000 60996130 032 | ULS65 1 08 1.25 21 24 062 | 0.00 14%
PX0-5 CLT wall 3.2 60000 60996130 032 | ULS65 1 08 1.25 21 24 0.74 | 0.00 7%
PX0-4 CLT wall 32 60000 60996130 032 | ULS65 1 08 1.25 21 24 062 | 0.00 14%
PY03 CLT wall 32 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 045 | 265 20%
PY0-2 CLT wall 3.2 60000 60996130 032 | ULS84 1 11 1.25 21 24 057 | 265 22%
PYO-1 CLT wall 3.2 60000 60996130 032 | ULS84 1 1.1 1.25 21 24 045 | 265 20%
P?B‘Z‘e CLT wall 1.0 60000 36251612 093 | uLS81 1 1.1 1.25 21 24 0.02 0.29 2%
P?;eote CLT wall 1.0 60000 36251612 093 | uLs81 1 1.1 1.25 21 24 002 | 029 2%
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Compression perpendicular to the grain

In the area of wall support there are high local stresses perpendicular to the grain. The following
expression shall be satisfied:

with

where:

0¢,90,d
Fc,90,d
Arun

fc,90,d

kc,90,d

0c90d < kco00,a * fe90,d

o _ Fc,90,d
c,90,d —
Afull

is the design compressive stress in the contact area perpendicular to the grain;

is the design load of compression perpendicular to the grain;

is the contact area on which the compression load (perpendicular to the grain) acts;
is the design compressive strength perpendicular to the grain;

is a factor taking into account the load configuration, possibility of splitting and degree of
compressive deformation.

The values of the actions in the table below are related, for each wall, to the most severe combination
of load for the Ultimate Limit State.

Length N
Wall name [m Comb. Dur. [kN]
PX1-1 2.00 ULS 64 Permanent 10.95
PY1-1 1.00 ULS 64 Permanent 17.35
PY1-2 1.00 ULS 64 Permanent 19.24
PX1-4 2.00 ULS 64 Permanent 9.05
PX1-3 2.00 ULS 64 Permanent 10.96
PY1-6 3.00 ULS 64 Permanent 40.67
PX1-6 2.00 ULS 64 Permanent 9.05
PY1-8 4.00 ULS 64 Permanent 52.33
PX1-9 2.00 ULS 64 Permanent 10.95
PY1-5 3.00 ULS 64 Permanent 64.93
PY1-4 2.00 ULS 64 Permanent 50.41
PX1-7 2.00 ULS 64 Permanent 10.96
Parete 29 1.00 ULS 64 Permanent 1.49
Parete 30 1.00 ULS 64 Permanent 1.49
Parete 34 1.00 ULS 64 Permanent 1.49
Parete 35 1.00 ULS 64 Permanent 1.49
PX1-8 4.00 ULS 64 Permanent 26.53
PY1-3 7.00 ULS 64 Permanent 87.32
PY1-7 2.00 ULS 64 Permanent 30.90
Parete 72 1.00 ULS 64 Permanent 1.49
PX1-2 4.00 ULS 64 Permanent 42.26
PX0-1 2.00 ULS 64 Permanent 21.33
Parete 78 1.00 ULS 64 Permanent 1.49
PX0-2 4.00 ULS 64 Permanent 78.34
PX0-3 2.00 ULS 64 Permanent 21.34
Parete 81 1.00 ULS 64 Permanent 1.49
PY0-6 3.00 ULS 70 Medium-term 110.91
PY0-7 2.00 ULS 70 Medium-term 69.06
PY0-8 4.00 ULS 64 Permanent 72.21
Parete 88 1.00 ULS 64 Permanent 1.49
Parete 89 1.00 ULS 64 Permanent 1.49
PX1-5 4.00 ULS 64 Permanent 30.58
PX0-9 2.00 ULS 65 Medium-term 67.75
PX0-8 4.00 ULS 65 Medium-term 140.15
PX0-7 2.00 ULS 65 Medium-term 67.77
Parete 95 1.00 ULS 64 Permanent 1.49
Parete 96 1.00 ULS 64 Permanent 1.49
PY0-5 3.00 ULS 64 Permanent 79.40
PY0-4 2.00 ULS 64 Permanent 67.77
PX0-6 2.00 ULS 65 Medium-term 65.06
PX0-5 4.00 ULS 65 Medium-term 157.29
PX0-4 2.00 ULS 65 Medium-term 65.06
PY0-3 7.00 ULS 70 Medium-term 159.48
PY0-2 1.00 ULS 70 Medium-term 56.83
PY0-1 1.00 ULS 70 Medium-term 46.88
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[ Parete 109 [ 1.00 [ ULS 64 [ Permanent [ 1.49 |
[ Parete 110 [ 1.00 [ ULS 64 [ Permanent [ 1.49 |

The compression checks of the CLT panels are performed considering a wall portion of unitary
length.

Section: CLT element section

Asui: Contact area on which the compression load (perpendicular to the grain) acts
Comb.: The most severe combination of load
Kmod: Modification factor taking into account the effect of the duration of load and moisture
content
™: Partial factor for a material property
feo0k: Design compressive strength perpendicular to the grain
Oc,90,d: Design compressive stress in the contact area perpendicular to the grain
Wall name Section [mﬁ:','m] ke,90 Comb. szlr:s':e Kmod ™ [:;ig:] m':a":’l Check
PX1-1 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.06 3%
PY1-1 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.17 10%
PY1-2 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.19 11%
PX1-4 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.05 3%
PX1-3 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 25 0.06 3%
PY1-6 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.15 8%
PX1-6 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.05 3%
PY1-8 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.15 9%
PX1-9 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.06 3%
PY1-5 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.24 14%
PY1-4 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.25 14%
PX1-7 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.06 3%
Parete 29 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
Parete 30 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
Parete 34 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
Parete 35 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
PX1-8 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.08 4%
PY1-3 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.15 9%
PY1-7 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.15 9%
Parete 72 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
PX1-2 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.18 10%
PX0-1 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.11 6%
Parete 78 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
PX0-2 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.34 19%
PX0-3 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.11 6%
Parete 81 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
PY0-6 CLT wall 100000 1.5 ULS 70 1 0.8 1.25 2.5 0.44 18%
PY0-7 CLT wall 100000 1.5 ULS 70 1 0.8 1.25 2.5 0.44 18%
PY0-8 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.21 12%
Parete 88 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
Parete 89 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
PX1-5 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.10 6%
PX0-9 CLT wall 100000 1.5 ULS 65 1 0.8 1.25 2.5 0.38 16%
PX0-8 CLT wall 100000 1.5 ULS 65 1 0.8 1.25 2.5 0.39 16%
PX0-7 CLT wall 100000 1.5 ULS 65 1 0.8 1.25 2.5 0.38 16%
Parete 95 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
Parete 96 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
PY0-5 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.29 16%
PY0-4 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.38 21%
PX0-6 CLT wall 100000 1.5 ULS 65 1 0.8 1.25 2.5 0.37 15%
PX0-5 CLT wall 100000 1.5 ULS 65 1 0.8 1.25 2.5 0.44 19%
PX0-4 CLT wall 100000 1.5 ULS 65 1 0.8 1.25 2.5 0.37 15%
PY0-3 CLT wall 100000 1.5 ULS 70 1 0.8 1.25 2.5 0.44 18%
PY0-2 CLT wall 100000 1.5 ULS 70 1 0.8 1.25 2.5 0.56 23%
PY0-1 CLT wall 100000 1.5 ULS 70 1 0.8 1.25 2.5 0.47 19%
Parete 109 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
Parete 110 CLT wall 100000 1.5 ULS 64 1 0.6 1.25 2.5 0.01 1%
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Shear (load in-plane)

The internal stress pattern in a CLT element subjected to shear forces can lead to failure of the
material in two different mechanisms: shear bearing (mechanism [) in the boards and torsion-like
(mechanism Il) in the gluing interfaces.

The values of the actions in the table below are related, for each wall, to the most severe combination
of load for the shear Ultimate Limit State.

In the case of seismic combinations, the overstrength ratio Q, the shear forces V2P evaluated in
accordance with the rules of capacity design and the shear forces V2\P determined in the case of
non-dissipative structural behavior are also reported.

Length V2 Vv2°tP leltatlon to the non- V2P
Wall name ["% Comb. Dur. [kN] Q [kN] ipative value [kN]
PX1-1 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 8.11 2.04 16.54 Yes 16.23
PY1-1 1.00 Dynamic SLV 8 ex- ey+ Instantaneous 1.81 2.26 4.09 Yes 3.62
PY1-2 1.00 Dynamic SLV 8 ex- ey+ Instantaneous 1.81 2.26 4.09 Yes 3.62
PX1-4 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 7.36 2.04 15.01 Yes 14.72
PX1-3 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 8.11 2.04 16.54 Yes 16.23
PY1-6 3.00 Dynamic SLV 5 ex+ ey+ Instantaneous 14.68 2.26 33.19 Yes 29.36
PX1-6 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 7.36 2.04 15.01 Yes 14.72
PY1-8 4.00 Dynamic SLV 5 ex+ ey+ Instantaneous 25.78 2.26 58.27 Yes 51.56
PX1-9 2.00 Dynamic SLV 1 ex+ ey+ Instantaneous 8.66 2.04 17.66 Yes 17.32
PY1-5 3.00 Dynamic SLV 5 ex+ ey+ Instantaneous 5.65 2.26 12.78 Yes 11.31
PY1-4 2.00 Dynamic SLV 5 ex+ ey+ Instantaneous 2.80 2.26 6.34 Yes 5.61
PX1-7 2.00 Dynamic SLV 1 ex+ ey+ Instantaneous 8.66 2.04 17.66 Yes 17.32
PX1-8 4.00 Dynamic SLV 1 ex+ ey+ Instantaneous 19.27 2.04 39.29 Yes 38.54
PY1-3 7.00 Dynamic SLV 8 ex- ey+ Instantaneous 45.34 2.26 102.48 Yes 90.67
PY1-7 2.00 Dynamic SLV 5 ex+ ey+ Instantaneous 7.95 2.26 17.97 Yes 15.90
PX1-2 4.00 Dynamic SLV 1 ex+ ey- Instantaneous 18.05 2.04 36.80 Yes 36.10
PX0-1 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 10.62 2.04 21.65 Yes 21.24
PX0-2 4.00 Dynamic SLV 1 ex+ ey- Instantaneous 33.69 2.04 68.68 Yes 67.37
PX0-3 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 10.62 2.04 21.65 Yes 21.24
PY0-6 3.00 Dynamic SLV 5 ex+ ey+ Instantaneous 22.74 2.26 51.40 Yes 45.48
PY0-7 2.00 Dynamic SLV 5 ex+ ey+ Instantaneous 11.43 2.26 25.83 Yes 22.85
PY0-8 4.00 Dynamic SLV 5 ex+ ey+ Instantaneous 36.24 2.26 81.93 Yes 72.49
PX1-5 4.00 Dynamic SLV 1 ex+ ey- Instantaneous 16.38 2.04 33.39 Yes 32.76
PX0-9 2.00 Dynamic SLV 1 ex+ ey+ Instantaneous 11.52 2.04 23.49 Yes 23.05
PX0-8 4.00 Dynamic SLV 1 ex+ ey+ Instantaneous 36.55 2.04 74.52 Yes 73.10
PX0-7 2.00 Dynamic SLV 1 ex+ ey+ Instantaneous 11.52 2.04 23.49 Yes 23.05
PY0-5 3.00 Dynamic SLV 8 ex- ey+ Instantaneous 17.61 2.26 39.80 Yes 35.21
PY0-4 2.00 Dynamic SLV 8 ex- ey+ Instantaneous 8.85 2.26 20.00 Yes 17.69
PX0-6 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 9.39 2.04 19.15 Yes 18.78
PX0-5 4.00 Dynamic SLV 1 ex+ ey- Instantaneous 29.79 2.04 60.74 Yes 59.58
PX0-4 2.00 Dynamic SLV 1 ex+ ey- Instantaneous 9.39 2.04 19.15 Yes 18.78
PY0-3 7.00 Dynamic SLV 8 ex- ey+ Instantaneous 68.44 2.26 154.71 Yes 136.88
PY0-2 1.00 Dynamic SLV 8 ex- ey+ Instantaneous 2.65 2.26 6.00 Yes 5.31
PY0-1 1.00 Dynamic SLV 8 ex- ey+ Instantaneous 2.65 2.26 6.00 Yes 5.31

The verifications are carried out against the shear forces V2. If the most severe load combination is
of the seismic type, the checks are carried out against the V2P shear forces, possibly limited to VV2N°
values.

Mechanism | - shear

The internal shear stress can be evaluated as

U2
T, = —
Z ti,ext
U2
Ty = ——
Y Ttiine
where:
vy is the shear per linear metre acting on the CLT element;
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tiext is the thickness of the i-th layer having orientation parallel to the external layers;
tiint is the thickness of the i-th layer having orientation parallel to the internal layers;
7, is the shear stress acting on the layers having orientation parallel to the external layers;

Ty is the shear stress acting on the layers having orientation parallel to the internal layers.
The stress to be used in the checks is the maximum between the two:

Tq = max (T, Ty)

The following expression shall be satisfied

Tq < foa
where:
fva the shear strength calculated as
a for
foua = %

Mechanism Il — torsion

The internal torsional stress can be expressed as

— My
Tra = W
where:
My the internal torsional moment;
w the polar moment of resistance.

The polar moment of resistance is defined by the following expression

3
Qref

W =
3

where arr is the average width of the boards assumed equal to 150 mm.

The internal torsional moment M, can be evaluated according to the model proposed in different
European Technical Assessments (ETA) where the following expression is used

2
_ Uy« Qref
r=—
Nstrati-1

The following expression shall be satisfied

Tra < fra
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where:
fra the design value of the torsional strength of glued interfaces.
Kmoa * frk
fra= —mod JTk
Ym

Below is the table with the shear checks for each CLT wall. The two different mechanisms (shear
and torsion) are verified.

Comb.: The most severe combination of load
Kmod: Modification factor taking into account the effect of the duration of load and moisture
content

™: Partial factor for a material property

fuk: CLT characteristic shear strength (Mechanism 1)

Td: Design shear stress in the layers

Mr: Torsional moment on every glued interfaces

W: Polar moment of resistance

fri: Characteristic value of the torsional shear strength of the glued interfaces

TTd: Design shear stress (due to torsion) in the external layers

. Service fuk Ta Check - Mr w fri Tr,d Check
name St Crmats, class kmoa i [MPa] [MPa] shear [Nmm] [mm?] [MPa] | [MPa] | torsion
PX1-1 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.2 6% 45637 1125000 2.5 0.04 2%
PY1-1 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.09 3% 20359 1125000 2.5 0.02 1%
PY1-2 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.09 3% 20359 1125000 2.5 0.02 1%
PX1-4 CLT wall Dynamic SLV 1 ex+ ey- 1 11 1.25 4 0.18 5% 41406 1125000 25 0.04 2%
PX1-3 CLT wall Dynamic SLV 1 ex+ ey- 1 11 1.25 4 0.2 6% 45637 1125000 25 0.04 2%
PY1-6 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.24 7% 55056 1125000 25 0.05 2%
PX1-6 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.18 5% 41406 1125000 2.5 0.04 2%
PY1-8 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.32 9% 72503 1125000 2.5 0.06 3%
PX1-9 CLT wall Dynamic SLV 1 ex+ ey+ 1 1.1 1.25 4 0.22 6% 48716 1125000 2.5 0.04 2%
PY1-5 CLT wall Dynamic SLV 5 ex+ ey+ 1 11 1.25 4 0.09 3% 21200 1125000 25 0.02 1%
PY1-4 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.07 2% 15766 1125000 25 0.01 1%
PX1-7 CLT wall Dynamic SLV 1 ex+ ey+ 1 1.1 1.25 4 0.22 6% 48716 1125000 2.5 0.04 2%
PX1-8 CLT wall Dynamic SLV 1 ex+ ey+ 1 1.1 1.25 4 0.24 7% 54197 1125000 2.5 0.05 2%
PY1-3 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.32 9% 72860 1125000 2.5 0.06 3%
PY1-7 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.2 6% 44705 1125000 2.5 0.04 2%
PX1-2 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.23 6% 50771 1125000 2.5 0.05 2%
PX0-1 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.27 8% 59736 1125000 25 0.05 2%
PX0-2 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.42 12% 94743 1125000 2.5 0.08 4%
PX0-3 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.27 8% 59736 1125000 2.5 0.05 2%
PY0-6 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.38 11% 85276 1125000 2.5 0.08 3%
PY0-7 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.29 8% 64270 1125000 2.5 0.06 3%
PY0-8 CLT wall Dynamic SLV 5 ex+ ey+ 1 1.1 1.25 4 0.45 13% 101933 1125000 25 0.09 4%
PX1-5 CLT wall Dynamic SLV 1 ex+ ey- 1 11 1.25 4 0.2 6% 46064 1125000 25 0.04 2%
PX0-9 CLT wall Dynamic SLV 1 ex+ ey+ 1 1.1 1.25 4 0.29 8% 64817 1125000 25 0.06 3%
PX0-8 CLT wall Dynamic SLV 1 ex+ ey+ 1 1.1 1.25 4 0.46 13% 102800 1125000 2.5 0.09 4%
PX0-7 CLT wall Dynamic SLV 1 ex+ ey+ 1 1.1 1.25 4 0.29 8% 64817 1125000 2.5 0.06 3%
PY0-5 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.29 8% 66020 1125000 2.5 0.06 3%
PY0-4 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.22 6% 49757 1125000 2.5 0.04 2%
PX0-6 CLT wall Dynamic SLV 1 ex+ ey- 1 11 1.25 4 0.23 7% 52829 1125000 25 0.05 2%
PX0-5 CLT wall Dynamic SLV 1 ex+ ey- 1 11 1.25 4 0.37 11% 83788 1125000 25 0.07 3%
PX0-4 CLT wall Dynamic SLV 1 ex+ ey- 1 1.1 1.25 4 0.23 7% 52829 1125000 2.5 0.05 2%
PY0-3 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.49 14% 109990 1125000 2.5 0.1 4%
PY0-2 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.13 4% 29864 1125000 2.5 0.03 1%
PY0-1 CLT wall Dynamic SLV 8 ex- ey+ 1 1.1 1.25 4 0.13 4% 29864 1125000 2.5 0.03 1%
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Connections

Hold down — Connection at the base of the structure

The design resistance Ry of the hold-downs is determined as the minimum value among the
resistances relating to the following failure modes:

¢ nailing failure;
¢ hold-downs steel failure;

e failure of the concrete anchors.

Tensile force

The tensile force acting on the hold down (T.) is evaluated as described in paragraph TTS
“Model Description”.

The tensile force acting on the concrete anchors is calculated taking into account the
additional moment due to the non-alignment between the external force acting on the
vertical flange of the hold down and the anchors themselves using a coefficient,
indicated as k.

Tp:Ta'kt

Length Connection N° of anchors at N M3 Ta Tp
l=lipane [m] name each wall end Eomts 2U [kN] [kNm] [kN] kL [kN]
Ground traction )
PXO-1 2.00 connection - hold 1 Dynamie SLVTex* | instantaneous | 1580 | 5760 | 2090 1 20.90
down Y
Ground traction )
PX0-2 4.00 connection - hold 1 Dynamie SLVTeX* | instantaneous | 6085 | 17572 | 1351 1 1351
down Y
Ground traction .
PX0-3 2.00 connection - hold 1 Dy”am'cesf‘v Text | |nstantaneous 15.81 57.60 20.90 1 20.90
down Y
Ground traction )
PY0-6 3.00 connection - hold 1 Dy”am'CeSfV Sext | nstantaneous | 6723 | 11173 363 1 363
down Y
Ground traction .
PY0-7 2.00 connection - hold 1 Dynamic SLVS & | instantaneous | 4233 57.67 7.67 1 7.67
down Y
Ground traction X
PY0-8 4.00 connection - hold 1 Dy”am'cesl‘v Sext | |nstantaneous 53.49 184.47 19.37 1 19.37
down Y
Ground traction Dynamic SLV 1 ex+
PX0-9 2.00 connection - hold 1 V! ev+ Instantaneous 37.99 62.05 12.03 1 12.03
down Y
Ground traction .
PX0-8 4.00 connection - hold 1 Dynamic SLVTeX* | instantaneous |  79.41 189.37 7.64 1 7.64
down Y
Ground traction X
PX0-7 2.00 connection - hold 1 Dy”am'cesl‘v Text | |nstantaneous 38.00 62.05 12.03 1 12.03
down Y
Ground traction
PY0-5 3.00 connection - hold 1 Horizontal ULS 1 Instantaneous 58.82 0.13 0.00 1 0.00
down
Ground traction
PY0-4 2.00 connection - hold 1 Horizontal ULS 1 Instantaneous 50.20 0.07 0.00 1 0.00
down
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Ground traction
PX0-6 2.00 connection - hold 1
down

Dynamic SLV 1 ex+
ey-

Ground traction

Instantaneous 36.02 51.46 7.72 1 7.72

PX0-5 4.00 connection - hold 1 Horizontal ULS 1 Instantaneous 77.94 105.66 0.00 1 0.00

down

Ground traction
PX0-4 2.00 connection - hold 1
down

Dynamic SLV 1 ex+
ey-

Ground traction

Instantaneous 36.02 51.46 7.72 1 7.72

PY0-3 7.00 connection - hold 1 Horizontal ULS 1 Instantaneous 98.79 4.23 0.00 1 0.00

down

Ground traction

PY0-2 1.00 connection - hold 1 Horizontal ULS 1 Instantaneous 30.83 0.17 0.00 1 0.00

down

Ground traction

PY0-1 1.00 connection - hold 1 Horizontal ULS 1 Instantaneous 25.84 0.17 0.00 1 0.00

down

Nailing resistance
The design value of the load-bearing capacity of the nailing is given by the following expression

kmod ' Rc,k,dens

R., =
od 1471

where:

R aens 1S the characteristic value of the nailing resistance. This value is reduced by the Kqens factor
when the density of the material used is less than 350 kg/m?. Kqens Can be evaluated using

2
the formula Rk gens = Rek - (i) :

350
Kimod is the modification factor taking into account the effect of the duration of load and moisture
content;
Ym is the is the partial factor for the connections.

Steel resistance

The tensile design strength of the hold-down can be evaluated according to the formula

Rsa = %
where:
Rk is the characteristic value of the resistance of the hold-down;
Ym2 is the partial factor for resistance of cross-sections in tension to fracture.

Concrete anchors resistance
The tension resistance of the concrete anchors can be evaluated according to the formula

Rpx

Rp,d = y

where:
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Ry k is the characteristic value of the resistance of the concrete anchors;
y is the safety factor.

The checks are summarized in the following table which shows the characteristic values of the
resistances associated with collapse of the various components.

Name: Name of the connection in which the hold-down is used

Comb.: The most severe combination of load

Tad: Design value of the tensile force acting on the hold down

Tpd: Design value of the tensile force acting on the concrete anchors

Kmod: Modification factor taking into account the effect of the duration of load and moisture
content

KR,deg: Resistance degradation coefficient due to cyclic actions

™: Partial safety factor

Ra.q: Design value of the hold down resistance, assumed to be the lower of the values of the

design resistance of all the failure mechanisms associated with it
Rp.d: Design value of the concrete anchors resistance

Taa < Rgq = min(R.q;Rsq)

<
Tp,d = Rp,d
Connection Service Taa Rek,dens Rsk Rag Tod Rpx Rp.d Failure
Wall name — Comb. pr ey [kN] [kN] [kN] Kmod | KRdeg ™ Ym2 [kN] [kN] [kN] v [kN] e Check
Groqnd Dynamic o
traction Tensile:
PX0-1 connection - SLV 1 ex+ 1 20.90 38.60 63.4 1.1 1 1.3 1.25 32.66 20.90 72.45 15 48.30 nailin 64%
hold down ey $
tGrar(():Egg Dynamic Tensile:
PX0-2 connection - SLV 1 ex+ 1 13.51 38.60 63.4 1.1 1 1.3 1.25 32.66 13.51 72.45 15 48.30 nailin . 41%
hold down ey o
tGrar(():Egg Dynamic Tensile:
PX0-3 connection - SLV 1 ex+ 1 20.90 38.60 63.4 1.1 1 1.3 1.25 32.66 20.90 72.45 15 48.30 nailin . 64%
hold down ey o
Ground .
traction Dynamic Tensile:
PY0-6 fi SLV 5 ex+ 1 3.63 38.60 63.4 1.1 1 1.3 1.25 32.66 3.63 72.45 15 48.30 ii . 1%
“hold down_ e e
Ground .
traction Dynamic Tensile:
PY0-7 fi SLV 5 ex+ 1 7.67 38.60 63.4 1.1 1 1.3 1.25 32.66 7.67 72.45 15 48.30 i . 23%
Ground .
traction Dynamic Tensile:
PY0-8 fi SLV 5 ex+ 1 19.37 38.60 63.4 1.1 1 1.3 1.25 32.66 19.37 72.45 15 48.30 i . 59%
Ground .
traction Dynamic Tensile:
- - 0y
PX0-9 nglr:’egg::]_ SL\/e)‘/I+ex+ 1 12.03 38.60 63.4 1.1 1 1.3 1.25 32.66 12.03 72.45 1.5 48.30 nailing 37%
Ground .
traction Dynamic Tensile:
- - 0y
PX0-8 nglr:’eggax]_ SL\/e;+ex+ 1 7.64 38.60 63.4 1.1 1 1.3 1.25 32.66 7.64 72.45 1.5 48.30 nailing 23%
Dynamic i
PX0-7 Ground SLV 1 ex+ 1 12.03 | 38.60 63.4 1.1 1 13 | 125 | 3266 1203 | 7245 | 15 | 4830 Tensile: 37%
traction ey+ nailing
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connection -
hold down

Ground
traction
connection -
hold down

PY0-5

Horizontal
uLs 1

0.00

38.60

63.4

1.3

1.256 - 0.00

72.45 1.5

0%

Ground
traction
connection -
hold down

PY0-4

Horizontal
uLs 1

0.00

38.60

63.4

1.3

1.256 - 0.00

72.45 1.5

0%

Ground
traction
connection -
hold down

PX0-6

Dynamic
SLV 1 ex+
ey-

7.72

38.60

63.4

1.3

1.256 32.66 7.72

72.45 1.5

Tensile:

48.30 I
nailing

24%

Ground
traction
connection -
hold down

PX0-5

Horizontal
ULS 1

0.00

38.60

63.4

1.3

0.00

72.45 1.5

0%

Ground
traction
connection -
hold down

PX0-4

Dynamic
SLV 1 ex+
ey-

7.72

38.60

63.4

1.3

1.25 32.66 7.72

72.45 1.5

Tensile:

48.30 nailing

24%

Ground
traction
connection -
hold down

PY0-3

Horizontal
ULS 1

0.00

38.60

63.4

1.3

1.25 - 0.00

72.45 1.5

0%

Ground
traction
connection -
hold down

PY0-2

Horizontal
ULS 1

0.00

38.60

63.4

1.3

1.25 - 0.00

72.45 1.5

0%

Ground
traction
connection -
hold down

PY0-1

Horizontal
ULS 1

0.00

38.60

63.4

1.3

1.25 - 0.00

72.45 1.5

0%

Capacity design: local level

In order to ensure compliance with the rules of capacity design at the local level (connection), it must
be verified that the resistances associated with the brittle failure modes are over-resistant compared
to the resistance associated with the ductile failure mode.

YRa
Rprittie,a = P
R, deg

Rductile,d

The checks on the over-resistance of the brittle failure modes are summarized in percentage form
in the following table.

Wall name

Connection
name

Reca
[kN]

Rsd
[kN]

Rp.d
[kN]

Ductile failure

KR deg

TRd

Local capacity design
verification: nailing

Local

verification: steel
connection el

Local ity

verification: anchors

PX0-1

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-2

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-3

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-6

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-7

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-8

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-9

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-8

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-7

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-5

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-4

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-6

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%
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PX0-5

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PX0-4

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-3

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-2

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%

PY0-1

Ground traction
connection - hold
down

32.66

50.72

48.30

Nailing

1.3

84%

88%
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Timber to timber tensile plate — Upper levels connection

The design resistance Ry of a punched strap is determined as the minimum value among the

resistances relating to the following failure modes:

e nailing failure;

e punched strap steel failure.

Tensile force

The tensile force acting on the punched metal plate (T.) is evaluated as described in paragraph

“Model Description”.

N° of

Wall name genath Connection name connections at Comb. Dur. Y Ms.s 1B
[m] [kN] [kNm] [kN]
each wall end
PX1-1 2.00 Upper levels traction 1 Dynamic SLV 1 ex+ ey- Instantaneous 8.11 24.74 8.32
connection - tensile plate
Upper levels traction .
PY1-1 1.00 connection - tensile plate 1 Horizontal ULS 1 Instantaneous 12.85 0.05 0.00
Upper levels traction 5
PY1-2 1.00 connection - tensile plate 1 Horizontal ULS 1 Instantaneous 14.25 0.05 0.00
Upper levels traction .
PX1-4 2.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey- Instantaneous 6.71 22.45 7.87
Upper levels traction .
PX1-3 2.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey- Instantaneous 8.12 24.74 8.31
PY1-6 3.00 Upper levels traction 1 Horizontal ULS 1 Instantaneous 30.12 0.37 0.00
connection - tensile plate
Upper levels traction .
PX1-6 2.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey- Instantaneous 6.71 22.45 7.87
PY1-8 4.00 Upper levels traction 1 Horizontal ULS 1 Instantaneous 3876 | 0.5 0.00
connection - tensile plate
Upper levels traction .
PX1-9 2.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey+ Instantaneous 8.11 26.41 9.15
Upper levels traction 5
PY1-5 3.00 connection - tensile plate 1 Horizontal ULS 1 Instantaneous 48.10 0.03 0.00
PY1-4 2.00 Upper levels traction 1 Horizontal ULS 1 Instantaneous 37.34 0.02 0.00
connection - tensile plate
Upper levels traction .
PX1-7 2.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey+ Instantaneous 8.12 26.41 9.15
PX1-8 4.00 Upper levels traction 1 Dynamic SLV 1 ex+ ey+ Instantaneous 19.65 76.12 9.20
connection - tensile plate
Upper levels traction .
PY1-3 7.00 connecion - tensile plate 1 Horizontal ULS 1 Instantaneous 64.68 1.16 0.00
PY1-7 2.00 Upper levels traction 1 Horizontal ULS 1 Instantaneous 2289 | 020 0.00
connection - tensile plate
Upper levels traction .
PX1-2 4.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey- Instantaneous 31.30 71.30 218
Upper levels traction .
PX1-5 4.00 connection - tensile plate 1 Dynamic SLV 1 ex+ ey- Instantaneous 22.65 64.69 4.85

Steel resistance

The tensile resistance of the punched element is evaluated on the basis of the indications of 6.2.3
EN 1993-1-1. For sections with holes the design tension resistance N, p; should be taken as the
smaller of the design plastic resistance of the gross cross-section and the design ultimate resistance
of the net cross-section at holes for fasteners.

The design plastic resistance of the gross cross-section is calculated as

where:

A-fy

Rpira = —

A is the area of the gross cross-section;

Ymo
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fy s the nominal values of the yield strength of steel;

Ymo IS the partial factor for resistance of cross-sections.

The net cross section resistance can be evaluated using the following expression:

_ 0.9 - Apet 'fu
Rypa =———
Ym2
where:
A,.: is the cross sectional net area;
fu is the ultimate strength of the yield strength of steel;

Ym2 I8 the partial factor for resistance of cross-sections in tension to fracture.

Nailing resistance

The characteristic resistance of the connection was calculated as the product between the effective
number of fasteners inserted and bearing capacity of the single fastener

R = Ner * Riconn

where the bearing capacity of the single fastener R, x is evaluated using Johansen theory and the

effective number of fasteners is evaluated in accordance with 8.3.1.1 (8) and 8.5.1.1 (4) — EN 1995-
1-1.

Number of Fasteners
Connection N spacing in one Effective number Reconn,k Rek
Wall name e Number of rows fasteners in a o P IKN] [KN]

row [mm]

Upper levels
traction
connection -
tensile plate
Upper levels
traction
connection -
tensile plate
Upper levels
traction
connection -
tensile plate
Upper levels
traction
connection -
tensile plate
Upper levels

PX1-3 traction 3 4 40 9.75 1.99 19.38
connection -

PX1-1 3 4 40 9.75 1.99 19.38

PY1-1 3 4 40 9.75 1.99 19.38

PY1-2 3 4 40 9.75 1.99 19.38

PX1-4 3 4 40 9.75 1.99 19.38

tensile plate
Upper levels
PY1-6 traction 3 4 40 9.75 1.99 19.38

connection -
tensile plate
Upper levels
PX1-6 traction 3 4 40 9.75 1.99 19.38

connection -
tensile plate
Upper levels

traction

PY1-8 - 3 4 40 9.75 1.99 19.38
connection -

tensile plate

Upper levels

PX1-9 traction 3 4 40 9.75 1.99 19.38

connection -

tensile plate
Upper levels

traction 3 4

PY1-5 40 9.75 1.99 19.38
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connection -
tensile plate
Upper levels
PY1-4 traction 3 4 40 9.75 1.99 19.38
connection -
tensile plate
Upper levels
PX1-7 traction 3 4 40 9.75 1.99 19.38
connection -
tensile plate
Upper levels
PX1-8 traction 3 4 40 9.75 1.99 19.38
connection -
tensile plate
Upper levels
PY1-3 traction 3 4 40 9.75 1.99 19.38
connection -
tensile plate
Upper levels
traction
PY1-7 connection - 3 4 40 9.75 1.99 19.38
tensile plate
Upper levels
traction
PX1-2 connection - 3 4 40 9.75 1.99 19.38
tensile plate
Upper levels
PX1-5 traction 3 4 40 9.75 1.99 19.38
connection -
tensile plate

The design value of the load-bearing capacity is given by

kmod ' Rc,k

R =
cd YMm
where:

R.. is the characteristic resistance of the fastener;

y

kmoa is the modification factor taking into account the effect of the duration of load and moisture
content;

Ym is the partial factor for connections.

The checks are summarized in the following table which shows the characteristic values of
resistance associated with the different failure modes of the components.

Name: Name of the connection in which the punched strap is used

Comb.: The most severe combination of load

Tayq: Design force acting on the connection

Kmod: Modification factor taking into account the effect of the duration of load and moisture
content

KR deg: Resistance degradation coefficient due to cyclic actions

™ Partial safety factor

Ra: Design value of the resistance, assumed to be the lower of the values of the design

resistance of all the failure mechanisms considered

Toq < min(Rpra; Ruas Rea)
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. Service Tad Reck Rplk Ruk Rq Failure
Wall name Connection name Comb. Class [N] [kN] [N] [kN] Kmod KR deg ™ YMo M2 [kN] R Check
Upper levels traction . L
PX1-1 connection - tensile | DYnamic SLV1 ext 1 832 | 1938 | 42 | 3402 | 11 1 13 | 1 |125 | 1640 Tenste: 51%
plate Y 9
Upper levels traction
PY1-1 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction
PY1-2 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction . Lo
PX1-4 connection - tensile | DYnamic SLV1 ext 1 787 | 1938 | 42 | 3402 | 11 1 13 | 1 |125 | 1640 Tenste: 48%
plate Y 9
Upper levels traction . -
PX1-3 connection - tensile Dy”am":ei’l‘v Text 1 831 | 1938 | 42 34.02 | 1.1 1 13 | 1 | 125 | 1640 Tﬂj‘ﬁ:g 51%
plate
Upper levels traction
PY1-6 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction . -
PX1-6 connection - tensile | DYnamic SLV1 ext 1 787 | 1938 | 42 | 3402 | 11 1 13 | 1 |125 | 1640 Tenste: 48%
plate Y 9
Upper levels traction
PY1-8 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction . L
PX1-9 connection - tensile Dy”am'Cef;LV Texr 1 915 | 1938 | 42 | 3402 | 1.1 1 13 | 1 | 125 | 1640 Tn‘::ﬁ:: 56%
plate
Upper levels traction
PY1-5 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction
PY1-4 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction . L
PX1-7 connection - tensile Dy”am'Cef;LV Texr 1 915 | 1938 | 42 | 3402 | 1.4 1 13 | 1 | 125 | 1640 Tn‘::ﬁ:: 56%
plate
Upper levels traction . -
PX1-8 connection - tensile Dy”am'Ce;LV Text 1 920 | 1938 | 42 | 3402 | 11 1 13 | 1 | 125 | 1640 Tﬂ?ﬁ:g 56%
plate
Upper levels traction
PY1-3 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction
PY1-7 connection - tensile Horizontal ULS 1 1 0.00 19.38 42 34.02 1.1 1 1.3 1 1.25 - - 0%
plate
Upper levels traction . Lo
PX1-2 connection - tensile Dy”am'Cei‘_LV Text 1 218 | 1938 | 42 | 3402 | 1.4 1 13 | 1 | 125 | 1640 Tﬂ?ﬁ:}'g 13%
plate
Upper levels traction . .
PX1-5 connection - tensile Dy”am'Cea‘V Text 1 485 | 19.38 42 34.02 | 1.1 1 1.3 1 | 125 | 1640 ng:ﬁ:g 30%
plate

Capacity design: local level

In order to ensure compliance with the rules of capacity design at the local level (connection), it must
be verified that the resistances associated with the brittle failure modes are over-resistant compared
to the resistance associated with the ductile failure mode.

The checks on the over-resistance of the brittle failure modes are summarized in percentage form

in the following table.

Rprittiea = 77—

YRrd

kR,deg

Rayctitea

Wall name

Connection
name

Recd
[kN]

Ropid
[kN]

Rud
[kN]

Ductile failure

kR.deg

Local capacity design
verification: steel
gross section

Local capacity design
verification: steel net
section

PX1-1

Upper levels
traction
connection -
tensile plate

16.40

42.00

27.22

Nailing

51%

78%

PY1-1

Upper levels
traction
connection -
tensile plate

16.40

42.00

27.22

Nailing

51%

78%

PY1-2

Upper levels
traction
connection -
tensile plate

16.40

42.00

27.22

Nailing

51%

78%
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Upper levels
PX1-4 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate

Upper levels
PX1-3 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate

Upper levels
traction - o o,
PY1-6 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
PX1-6 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate

Upper levels
PY1-8 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate

Upper levels
PX1-9 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate

Upper levels
traction o o o,
PY1-5 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
traction -
PY1-4 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
traction -
PX1-7 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
PX1-8 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate

Upper levels
traction o o o,
PY1-3 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
traction -
PY1-7 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
traction -
PX1-2 connection - 16.40 42.00 27.22 Nailing 1 1.3 51% 78%

tensile plate

Upper levels
PX1-5 traction 16.40 42.00 27.22 Nailing 1 13 51% 78%
connection -

tensile plate
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Timber to concrete angle bracket — Connection at the base
of the structure

The design resistance Rq of an angle bracket is determined as the minimum value among the
resistances relating to the following failure modes:

e shear failure of the angle and/or of the group of fasteners of the connection;

e shear failure of the anchors connecting the concrete.

Shear force

The shear force acting on the single angle bracket is calculated by dividing the total shear force V2
by the number of angle brackets present in the wall (taking into account the possible presence of
angle brackets on both sides of the structural element).

V2
Va N Nane
where:
v, is the design shear force on the considered wall;
Ngne is the number of shear connections present in the wall.

The shear force acting on the concrete anchors of each angle bracket is equal to V,

Length . N of V2 Va
Wall name [mi Connection name RS Comb. Dur. [kN] [kN]
Ground shear connection - ] Instantaneo
PX0-1 2.00 bracket 2 Dynamic SLV 1 ex+ ey- us 10.62 5.31
PX0-2 4.00 Ground shear connection - 4 Dynamic SLV 1 ex+ ey- Instantaneo 33.69 8.42
bracket us
Ground shear connection - . Instantaneo
PX0-3 2.00 bracket 2 Dynamic SLV 1 ex+ ey- us 10.62 5.31
PY0-6 3.00 Ground shear connection - 3 Dynamic SLV 5 ex+ ey+ Instantaneo 2274 758
bracket us
Ground shear connection - ! Instantaneo
PY0-7 2.00 bracket 2 Dynamic SLV 5 ex+ ey+ us 11.43 5.71
Ground shear connection - ] Instantaneo
PY0-8 4.00 bracket 4 Dynamic SLV 5 ex+ ey+ us 36.24 9.06
PX0-9 2.00 Ground shear connection - 2 Dynamic SLV 1 ex+ ey+ Instantaneo 1152 5.76
bracket us
Ground shear connection - ] Instantaneo
PX0-8 4.00 bracket 4 Dynamic SLV 1 ex+ ey+ us 36.55 9.14
PX0-7 2.00 Ground shear connection - 2 Dynamic SLV 1 ex+ ey+ Instantaneo 1152 5.76
bracket us
Ground shear connection - . Instantaneo
PY0-5 3.00 bracket 3 Dynamic SLV 8 ex- ey+ us 17.61 5.87
Ground shear connection - ] Instantaneo
PY0-4 2.00 bracket 2 Dynamic SLV 8 ex- ey+ us 8.85 4.42
PX0-6 2.00 Ground sr;ear connection - 2 Dynamic SLV 1 ex+ ey- Instantaneo 9.39 470
racket us
PX0-5 4.00 Ground shear connection - 4 Dynamic SLV 1 ex+ ey- Instantaneo 29.79 7.45
bracket us
PX0-4 2.00 Ground shear connection - 2 Dynamic SLV 1 ex+ ey- Instantaneo 9.39 470
bracket us
PY0-3 7.00 Ground sf';ear connection - 7 Dynamic SLV 8 ex- ey+ Instantaneo 68.44 9.78
racket us
PY0-2 1.00 Ground shear connection - 1 Dynamic SLV 8 ex- ey+ Instantaneo 265 265
bracket us
PY0-1 1.00 Ground shear connection - 1 Dynamic SLV 8 ex- ey+ Instantaneo 265 2.65
bracket us
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Angle bracket resistance

The design value of the shear bearing capacity of the angle bracket can be estimated from the
characteristic value by means of the following expression

kmod ' Ra,k,dens

R , =
@d Ym

where:

Rakaens 1S the characteristic value of the nailing resistance. This value is reduced by the Kgens
factor when the density of the material used is less than 350 kg/m?. kqens can be evaluated

2
using the formula R, x gens = Rak - (:Tko) .

Concrete anchors resistance

The shear resistance of the concrete anchors is evaluated by the following formula

where:
Ry k is the characteristic value of the shear resistance of the concrete anchors;
Y is the safety factor.

The checks are summarized in the following table which illustrates the characteristic values of the
resistances associated to the different components and their design values.

Name: Name of the connection in which the angle bracket is used
Comb.: The most severe combination of load
Vagd: Shear force acting on the angle bracket and on the concrete anchors
Kmod: Modification factor taking into account the effect of the duration of load and moisture
content
KR deg: Resistance degradation coefficient due to cyclic actions
™: Partial safety factor
Rad: Design value of the angle bracket resistance
Rp.a: Design value of the concrete anchors resistance
Vaa < Raa
Vaa < Rpa
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Connection Service Vaa Ra k,dens Raga Rpx Rpd Failure
Wall name — Comb. o [N] [kN] Kmod KR deg ™ [kN] [kN] v [N] e Check
Ground shear Shear:
PX0-1 connection - Dynamic SLV 1 ex+ ey- 1 5.31 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 36%
bracket element
Ground shear Shear:
PX0-2 connection - Dynamic SLV 1 ex+ ey- 1 8.42 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 57%
bracket element
Ground shear Shear:
PX0-3 connection - Dynamic SLV 1 ex+ ey- 1 5.31 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 36%
bracket element
Ground shear Shear:
PY0-6 connection - Dynamic SLV 5 ex+ ey+ 1 7.58 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 51%
bracket element
Ground shear Shear:
PYO0-7 connection - Dynamic SLV 5 ex+ ey+ 1 5.71 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 39%
bracket element
Ground shear Shear:
PY0-8 connection - Dynamic SLV 5 ex+ ey+ 1 9.06 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 62%
bracket element
Ground shear Shear:
PX0-9 connection - Dynamic SLV 1 ex+ ey+ 1 5.76 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 39%
bracket element
Ground shear Shear:
PX0-8 connection - Dynamic SLV 1 ex+ ey+ 1 9.14 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 62%
bracket element
Ground shear Shear:
PX0-7 connection - Dynamic SLV 1 ex+ ey+ 1 5.76 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 39%
bracket element
Ground shear Shear:
PY0-5 connection - Dynamic SLV 8 ex- ey+ 1 5.87 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 40%
bracket element
Ground shear Shear:
PY0-4 connection - Dynamic SLV 8 ex- ey+ 1 4.42 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 30%
bracket element
Ground shear Shear:
PX0-6 connection - Dynamic SLV 1 ex+ ey- 1 4.70 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 32%
bracket element
Ground shear Shear:
PX0-5 connection - Dynamic SLV 1 ex+ ey- 1 7.45 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 51%
bracket element
Ground shear Shear:
PX0-4 connection - Dynamic SLV 1 ex+ ey- 1 4.70 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 32%
bracket element
Ground shear Shear:
PY0-3 connection - Dynamic SLV 8 ex- ey+ 1 9.78 17.40 11 1 1.3 14.72 44 1.25 35.2 connection 66%
bracket element
Ground shear Shear:
PY0-2 connection - Dynamic SLV 8 ex- ey+ 1 2.65 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 18%
bracket element
Ground shear Shear:
PYO0-1 connection - Dynamic SLV 8 ex- ey+ 1 2.65 17.40 1.1 1 1.3 14.72 44 1.25 35.2 connection 18%
bracket element

Capacity design: local level

In order to ensure compliance with the rules of capacity design at the local level (connection), it must
be verified that the resistances associated with the brittle failure modes are over-resistant compared
to the resistance associated with the ductile failure mode.

YRrd

Rprittiea = 77—

kR,deg

Rductile,

d

The checks on the over-resistance of the brittle failure modes are summarized in percentage form
in the following table.

R. R Local capacity
Wall name Connection name i pd Ductile failure KR deg TRa design verification:
[kN] [kN]
anchors
Ground shear - o
PX0-1 connection - bracket 14.72 35.2 Nailing 1 1.3 54%
PX0-2 Ground shear 1472 | 352 Nailing 1 13 54%
connection - bracket
Ground shear - o
PX0-3 connection - bracket 14.72 35.2 Nailing 1 1.3 54%
PY0-6 Ground shear 1472 | 352 Nailing 1 13 54%
connection - bracket
Ground shear o o,
PY0-7 connection - bracket 14.72 35.2 Nailing 1 1.3 54%
Ground shear -
PY0-8 connection - bracket 14.72 35.2 Nailing 1 1.3 54%
PX0-9 Ground shear 1472 | 352 Nailing 1 13 54%
connection - bracket
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Ground shear
connection - bracket

Ground shear . o
PX0-7 connection - bracket 14.72 35.2 Nailing 1 1.3 54%

Ground shear "
PY0-5 connection - bracket 14.72 35.2 Nailing 1 1.3 54%

PY0-4 Ground shear 14.72 35.2 Nailing 1 13 54%
connection - bracket

PX0-8 14.72 35.2 Nailing 1 1.3 54%

Ground shear " o
PX0-6 connection - bracket 14.72 35.2 Nailing 1 1.3 54%

PX0-5 Ground shear 14.72 35.2 Nailing 1 13 54%
connection - bracket

Ground shear P o
PX0-4 connection - bracket 14.72 35.2 Nailing 1 1.3 54%

PY0-3 Ground shear 14.72 35.2 Nailing 1 13 54%
connection - bracket

Ground shear - o
PY0-2 connection - bracket 14.72 35.2 Nailing 1 13 54%

Ground shear "
PY0-1 connection - bracket 14.72 35.2 Nailing 1 1.3 54%

Timber to timber angle bracket

The design resistance Ry of an angle bracket is determined as the resistance of the following failure
mode:

e shear failure of the angle and/or of the group of fasteners of the connection.

Shear force

The shear force acting on the single angle bracket is calculated by dividing the total shear force V2
by the number of angle brackets present in the wall (taking into account the possible presence of
angle brackets on both sides of the structural element).

v, =2
=
Nane
where:
v, is the design shear force on the considered wall;
Nane is the number of shear connections present in the wall.
Length o A V2 Va
Wall name Connection name N of connections Comb. Dur.
[m] [kN] [kN]
PX1-1 2.00 Upper levels shear 1 Dynamic SLV 1 ex+ ey- Instantaneous 8.11 8.11
connection - bracket
Upper levels shear .
PY1-1 1.00 connection - bracket 1 Dynamic SLV 8 ex- ey+ Instantaneous 1.81 1.81
PY1-2 1.00 Upper levels shear 1 Dynamic SLV 8 ex- ey+ Instantaneous 1.81 1.81
connection - bracket
PX1-4 2.00 Upper levels shear 1 Dynamic SLV 1 ex+ ey- Instantaneous 7.36 7.36
connection - bracket
PX1-3 2.00 Upper levels shear 1 Dynamic SLV 1 ex+ ey- Instantaneous 8.11 8.11
connection - bracket
PY1-6 3.00 Uper levels shear 1 Dynamic SLV 5 ex+ ey+ Instantaneous 14.68 14.68
connection - bracket
PX1-6 2.00 Upper levels shear 1 Dynamic SLV 1 ex+ ey- Instantaneous 7.36 7.36
connection - bracket
PY1-8 4.00 Upper levels shear 2 Dynamic SLV 5 ex+ ey+ Instantaneous 25.78 12.89
connection - bracket
PX1-9 2.00 Upper Igvels shear 1 Dynamic SLV 1 ex+ ey+ Instantaneous 8.66 8.66
connection - bracket
PY1-5 3.00 Upper levels shear 1 Dynamic SLV 5 ex+ ey+ Instantaneous 5.65 5.65
connection - bracket
PY1-4 2.00 Uper levels shear 1 Dynamic SLV 5 ex+ ey+ Instantaneous 2.80 2.80
connection - bracket
Upper levels shear .
PX1-7 2.00 connection - bracket 1 Dynamic SLV 1 ex+ ey+ Instantaneous 8.66 8.66
PX1-8 4.00 Upper levels shear 2 Dynamic SLV 1 ex+ ey+ Instantaneous 19.27 9.63
connection - bracket
PY1-3 7.00 Upper levels shear 3 Dynamic SLV 8 ex- ey+ Instantaneous 45.34 15.11
connection - bracket
PY1-7 2.00 Upper levels shear 1 Dynamic SLV 5 ex+ ey+ Instantaneous 7.95 7.95
connection - bracket
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PX1-2 4.00 Upper levels shear 2 Dynamic SLV 1 ex+ ey- Instantaneous 18.05 9.03
connection - bracket

PX1-5 4.00 Upper levels shear 2 Dynamic SLV 1 ex+ ey- Instantaneous 16.38 8.19
connection - bracket

Angle bracket resistance
The design value of the shear strength of the anchor is evaluated as

kmod ' Ra,k,dens

R ., =
@d Ym

where:

R kaens is the characteristic value of the nailing resistance. This value is reduced by the kdens factor
when the density of the material used is less than 350 kg/m>. Kqens Can be evaluated using

2
the formula Ry x gens = Rax - (ﬂ) ;

350
Kimod is the modification factor taking into account the effect of the duration of load and moisture
content;
Ym is the partial factor for connections.

The checks are summarized in the following table which illustrates the characteristic values of the
resistance associated to the angle brackets and their design values. The following expression shall
be satisfied:

Va,d < Ra,d

Name: Name of the connection in which the angle bracket is used

Comb.: The most severe combination of load

Vagd: Design value of the force acting on the single angular

Kmod: Modification factor taking into account the effect of the duration of load and moisture

content
KR, deg: Resistance degradation coefficient due to cyclic actions
™: Partial safety factor
Wall name Connection name Comb. Sg;‘:;c;e [Y(’N"] ﬁ;’h"i' Kmod KR deg ™ ﬁ(‘,ﬁ Check

PX1-1 Cgﬁﬁ:rct';‘ﬁsbfgggt Dynamic SLV 1 ex+ ey- 1 8.11 37.90 1.1 1 13 32.07 25%
PY1-1 pper levels shear Dynamic SLV 8 ex- ey+ 1 1.81 37.90 14 1 13 32,07 6%
PY1-2 Cg‘;ﬁ:rct';‘ﬁsbfgisét Dynamic SLV 8 ex- ey+ 1 1.81 37.90 1.1 1 13 32,07 6%
PX1-4 Cgf]’ﬁzrct'g‘ﬁsbsrggfét Dynamic SLV 1 ex+ ey- 1 7.36 37.90 1.1 1 13 32.07 23%
PX1-3 pper levels shear Dynamic SLV 1 ex+ ey- 1 8.11 37.90 14 1 13 32,07 25%
PY1-6 Cgﬁﬁzrct';‘f[sbsrgggt Dynamic SLV 5 ex+ ey+ 1 14.68 37.90 1.1 1 13 32.07 46%
PX1-6 pper levels shear Dynamic SLV 1 ex+ ey- 1 7.36 37.90 14 1 13 32,07 23%
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PY1-8 Upper levels shear Dynamic SLV 5 ex+ ey+ 12.89 37.90 1 1 13 32.07 40%
connection - bracket

PX1-9 Upper levels shear Dynamic SLV 1 ex+ ey+ 8.66 37.90 1 1 13 32,07 27%
connection - bracket

PY1-5 Upper levels shear Dynamic SLV 5 ex+ ey+ 565 37.90 1 1 13 32,07 18%
connection - bracket

PY1-4 Upper levels shear Dynamic SLV 5 ex+ ey+ 2.80 37.90 1 1 13 32.07 9%
connection - bracket

PX1-7 Upper levels shear Dynamic SLV 1 ex+ ey+ 8.66 37.90 1 1 13 32,07 27%
connection - bracket

PX1-8 Upper levels shear Dynamic SLV 1 ex+ ey+ 9.63 37.90 1 1 13 32.07 30%
connection - bracket

PY1-3 Upper levels shear Dynamic SLV 8 ex- ey+ 15.11 37.90 1 1 13 32,07 47%
connection - bracket

PY1-7 Upper levels shear Dynamic SLV 5 ex+ ey+ 7.95 37.90 1 1 13 32.07 25%
connection - bracket
Upper levels shear . o,

PX1-2 o et Dynamic SLV 1 ex+ ey- 9.03 37.90 1 1 1.3 32.07 28%

PX1-5 Upper levels shear Dynamic SLV 1 ex+ ey- 8.19 37.90 1 1 13 32,07 26%
connection - bracket
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Damage Limitation - DLS

The “damage limitation requirement” is considered to have been satisfied, if, under a seismic action
having a larger probability of occurrence than the design seismic action corresponding to the “no-
collapse requirement” the interstorey drifts are limited in accordance with the following equation:

dT < dr,lim = 0005 h

where:

d, is the interstorey drift obtained applying the reduction factor v = 0.5 to the design ground
acceleration a4 on type A ground;

h is the storey height.

The table below shows the seismic checks for the Damage Limit State.

Wall name: Wall ID

h: Storey height

Comb.: The most severe combination of load
dr: Evaluated interstorey drift

drjim: Interstorey drift limit

The table provides the Damage Limit State checks in the case of Dynamic Linear Analysis.

h dr diim ;
Wall [m] Comb. [mm] [mm] Verifica
PX1-1 3.05 Dynamic SLD 4 ex+ ey- 3.40 15.25 22%
PY1-1 2.75 Dynamic SLD 8 ex- ey+ 217 13.75 16%
PY1-2 2.75 Dynamic SLD 8 ex- ey+ 217 13.75 16%
PX1-4 3.05 Dynamic SLD 4 ex+ ey- 3.08 15.25 20%
PX1-3 3.05 Dynamic SLD 4 ex+ ey- 3.40 15.25 22%
PY1-6 2.75 Dynamic SLD 5 ex+ ey+ 2.80 13.75 20%
PX1-6 3.05 Dynamic SLD 4 ex+ ey- 3.08 15.25 20%
PY1-8 2.75 Dynamic SLD 5 ex+ ey+ 2.80 13.75 20%
PX1-9 3.05 Dynamic SLD 4 ex+ ey+ 3.62 15.25 24%
PY1-5 4.25 Dynamic SLD 5 ex+ ey+ 2.09 21.25 10%
PY1-4 4.25 Dynamic SLD 5 ex+ ey+ 2.09 21.25 10%
PX1-7 3.05 Dynamic SLD 4 ex+ ey+ 3.62 15.25 24%
PX1-8 3.95 Dynamic SLD 4 ex+ ey+ 3.62 19.75 18%
PY1-3 2.75 Dynamic SLD 8 ex- ey+ 217 13.75 16%
PY1-7 2.75 Dynamic SLD 5 ex+ ey+ 2.80 13.75 20%
PX1-2 3.95 Dynamic SLD 4 ex+ ey- 3.40 19.75 17%
PX0-1 3.20 Dynamic SLD 4 ex+ ey- 222 16.00 14%
PX0-2 3.20 Dynamic SLD 4 ex+ ey- 222 16.00 14%
PX0-3 3.20 Dynamic SLD 4 ex+ ey- 222 16.00 14%
PY0-6 3.20 Dynamic SLD 5 ex+ ey+ 2.39 16.00 15%
PY0-7 3.20 Dynamic SLD 5 ex+ ey+ 2.39 16.00 15%
PY0-8 3.20 Dynamic SLD 5 ex+ ey+ 2.39 16.00 15%
PX1-5 3.95 Dynamic SLD 4 ex+ ey- 3.08 19.75 16%
PX0-9 3.20 Dynamic SLD 4 ex+ ey+ 2.41 16.00 15%
PX0-8 3.20 Dynamic SLD 4 ex+ ey+ 2.41 16.00 15%
PX0-7 3.20 Dynamic SLD 4 ex+ ey+ 241 16.00 15%
PY0-5 3.20 Dynamic SLD 8 ex- ey+ 1.85 16.00 12%
PY0-4 3.20 Dynamic SLD 8 ex- ey+ 1.85 16.00 12%
PX0-6 3.20 Dynamic SLD 4 ex+ ey- 1.96 16.00 12%
PX0-5 3.20 Dynamic SLD 4 ex+ ey- 1.96 16.00 12%
PX0-4 3.20 Dynamic SLD 4 ex+ ey- 1.96 16.00 12%
PY0-3 3.20 Dynamic SLD 8 ex- ey+ 1.93 16.00 12%
PY0-2 3.20 Dynamic SLD 8 ex- ey+ 1.93 16.00 12%
PY0-1 3.20 Dynamic SLD 8 ex- ey+ 1.93 16.00 12%
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