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Al. Live Load

Table shows how the buildings vary from different live load cases in accordance with NS-

EN1995-1-1, Table 6.2.

Category Load

A — Residence Area 2,0 kN/m?
B — Office Area 3,0 kN/m?
D — Commercial Area 5,0 kN/m?

In addition, live load values are given by Sweco (Appendix D). This load is in compliance
with Eurocode values. First two floors are assumed for commercial use, remaining floors are

for office or residential use.
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A2. Snow Load

Snow load is calculated in NS-EN1991-1-3. Location, height and shape of roof decides the
characteristic value of snow load. Calculation of snow load on roof is given in Equation
(EC1-1-3, 5.1). It is worth to mention that s has been used as sk in this assignment.

S = ﬂiCe Ctsk
where,
Ui is shape factor, equal 0,8 for flat roof (Table 5.2)
C. is the exposure factor, equal 1
Ct is the thermal coefficient, equal 1
Sk is characteristic snow load

In figure below, one can see how shape factor vary with roof angle a. Figure is given in
(EC1-1-1-3, Figure 5.1).

20
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Characteristic snow load in National Annex (NA.4.1, Table NA.4.1(901)) located in Oslo is
varying in different heights above sea level.

Height (meters above sea level, m.s.l) Sko

0—150m.s.1 3,5 kN/m?
151250 m.s.l 4,5 kN /m?
251 —-350m.s.1 5,5 kN/m?
> 350 m.s.l 6,5 kN /m?

Sweco has given value for snow load as characteristic value on 2,8 KN/m? in Appendix D.
This value is the one used for this project.
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A3. Calculation of static wind load

General remarks:

Units used in script:
- Length/height:

- Force:

- Velocity:

- Density:

All equations- and chapter-references are from the

ECI-1-4.

Geometry of the building:

Height:
Width:

Depth:

Basic values:

The fundamental value
of basic wind velocity:
Directional factor:
Season factor:

Probability factor:

h:=66

b:=32

d:=19.2

Vpoi=22 (Table NA.4)

Cgir=1 (Chapter 4.2(2), NOTE2)
Cseason =1 (Chapter 4.2(2), NOTE3)

For characteristic wind combination (EN1990, eq.(6.14), SLS) we set return period,
T=50, which gives cprob=1. (this is an irreversible load combination happening
rarely, every 50 years, therefor damage should be limited when it happens).

cprob =1
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Mean wind:

Height above sea level at construction site:
H:=0

Height above sea level where level correction begins:
(When c_alt = 1)

H,:=900  (Table NA.4 (901.2))

The height above sea level where max. level correction is reached
(When c_alt is at its max.):

H,,,,=1500 (Table NA.4 (901.2))

Threshold value for wind velocity:

V=30 (NA.4.2(2)P (901.1))

Factor for the wind increasing with the height over the sea:

Cari=1 (Table NA.4(901.3))
Basic wind velocity: Vp*= Cyir* Cseason * Cait * Cprob * Vb0 (€0. NA.4.1)
Uy = 22

Referance height:

As a conservative assumption we make the windload uniformly distributed
over the height of the building with the peak value. This means the only
referance height needed is the total height of the building, both for internal
and external pressure.

==h (Figure 7.2)

N
I

e

z;i=h (Figure 7.2)
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Terrain category:

Orography factor:

Roughness length:

Minimum height:

Max. height:

Terrain factor:

TK:=4

zy=1f TK=0 =1
0.003

elseif TK=1
0.01

elseif TK =2
0.05

elseif TK =3

0.3

elseif TK =4

1

Zini=1if TK =0 16
2

elseif TK=1

2

elseif TK =2

4

elseif TK =3

8

elseif TK =4

16

=200

zmax :

k,:=0.24

(Table 4.1)

(Chapter 4.3.1, NOTE 1)

(Chapter 4.3.2)

(Table 4.1)

(Chapter 4.3.2)

(Table NA.4.1)
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Roughness factor: ¢, (2) =1 (22 2000) A2 < Zinaa) (Eq. 4.4)

k,+ln (i)
20

else if (z <z

Cr <Zmin>

Mean wind velocity: v, (2)=coec.(2) vy (Eq. 4.3)

Wind turbulence:

Turbulensfaktor: k=1 (Eq. 4.7)
Standard deviation: o=k, vy ky (Eqg. 4.6)
Turbulence intensity: I(2)=if (222) A (2<Zpnas)  (EQ. 4.7)
UU
v, (2
elseif (z< zmin>
Iv <Zmin>

Peak velocity pressure:

Air density: p:=1.25 (Chapter 4.5)

Peak factor: k,=3.5 (Chapter NA.4.4)
2

Mean velocity pressure: g,,(z):=0.5-p-v,,(2) (Chapter NA. 4.5)

Peak velocity pressure: g, (z):=(1+2+k,-1,(2))+q,(z) (Eq. NA. 4.8)
(4.5, eq. 4.8)

qp (2.) =816.851
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Wind pressure on surfaces:

External pressure coefficients for buildings:

External wall surfaces:
Cpe.10.4:=—1.2
Cpe.10.8:=—0.8
Cpe.10.c=—0.9

Cpe.10.0:=0.8

Cper0.p=—0.7  (varies)
External flat roof:

Cpe.10.7=—1.8

Cpe.10.g=—1.2

Cpe.10.H= -0.7

Cpe.10.1:=0.2

Internal pressure coefficients for buildings is ignored

(Table 7.1)

(Table 7.2)
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Wind pressure when the pressure is at the longest surface:

Longest surfaces:

Sone D: g, p=4, (%) Cpe10.n=653.481  (pressure)
Sone E: g, 5=0,(2) * Cpe1ro.p=—571.796  (suction)

Short surfaces:
Sone A and B:

Qp.a =Gy (2e) * Cpeio.a=—980.221  (suction)

Wind pressure when the pressure is at the shortest side:
Longest sides:
Sone A and B:

Qp.ai=p (Ze) * Cpe.10.4 =—980.221 (suction)

Short sides:

Sone D: g, p=4, (%) * Cpe.10.0=653.481 (pressure)

Sone E: g, p=0,(2) * Cpe.ro.p=—571.796 (suction)

Wind pressure on roof (neglected in this project):

Sone F/G/H/I - Pressure on sone I (Suction on rest)
9p1=4p <Ze> *Cpe.10.1= 163.37



Appendix A

Ad. Load Combinations

All load combinations are determined in accordance with NS-EN-1990. Only a set of most
decisive load combinations are chosen out.

Combination equation as in Eurocode (6.10a and 6.10b)

Permanent Dominant Non-dominant
6.10a YGj,sup * 9kj.sup Yo1 Vo1 Q1 Yo,i Yo, Gx,i
6.10b $Vejsup * Ikjsup Yo1 k1 Yo,i Yo, Gx,i

Firstly, we define our load- cases and factors in project.

Load Cases Symbol
Dead Load g
Snow Load s
Wind Load w
Live Load q
Load Factor Value
'3 0,89
YGj,sup 1 ,3 5
Y1 (unfavourable) 1,5
Y ,i (unfavourable) 15
Yo 1 (snow/live) 0,7
Yo ,; (snow/live) 0,7
1/)0,1 (wind) 0,6
Yo i (wind) 0,6

We present now the combinations used for this project.

Permanent Dominant Non-dominant
Combination I and 2 g w qts
Combination 3 and 4 g q wts
Combination 5 g q s

Wind load is divided into w1l and w2 where

wl is pressure on longitudinal surface
w2 is pressure on transversal surface
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Load combinations will now be portrayed for both, Ultimate Limit State and Serviceability

Limit State with all factors involved (defined in tables above). Combinations are expressed in
tables, where alle are in accordance with Eurocode.

ULS Combinations

Permanent Dominant Non-dominant
Combination la 1,35¢g (1,5-0,6)wl (1,5-0,7)(q +s)
Combination 1b (0,89 -1,35)g 1,5wl (1,5-0,7)(q + s)
Combination 2a 1,35g 1,5-0,6)w2 (1,5-0,7)(q +s)
Combination 2b (0,89 -1,35)g 1,5w2 (1,5-0,7)(q + s)
Combination 3a 1,35g (1,5-0,7)q (1,5-0,6)wl+(1,5-0,7)s
Combination 3b (0,89 - 1,35)g 1,5q (1,5-0,6)wl+ (1,5:0,7)s
Combination 4a 1,35g (1,5-0,6)q (1,5-0,6)w2+(1,5-0,7)s
Combination 4b (0,89 - 1,35)g 1,5q (1,5-0,6)w2 + (1,5-0,7)s
Combination 5a 1,35¢g (1,5-0,7)q (1,5-0,7)s
Combination 5b (0,89 -1,35)g 1,5q (1,5-0,7)s
*0,89 - 1,35 = 1,20
*1,5-0,7 = 1,05
*1,5-0,6 = 0,90
SLS Combinations
Permanent Dominant Non-dominant
Combination 1 g wil 0,7(q +s)
Combination 2 g w2 0,7(q +s)
Combination 3 g q 0,6wl + 0,7s
Combination 4 g q 0,6wl + 0,7s
Combination 5 g q 0,7s
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Procedures in Software
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B1. Procedure of Dynamo Sandbox for
Parametric Study

In this appendix, the Dynamo script is followed step by step. First out is the illustration of

how the footprint base is defined.

x| 1i// Base Points
y

Width and Length

= Point.ByCoordinates(9,0,0);
Point.ByCoordinates(x,9,0);
Point.ByCoordinates(®,y,®);
Point.ByCoordinates(x,y,®);

1
2

X - Length i

5

6:basepts = [pl,p2,p3,p4];

7

8

9

0

1

o
w
LU | I (N |

V| ViV V Vv

Y - Length

) 192 >

// Base Surface

linel = Line.ByStartPointEndPoint(p1,p2);
line2 = Line.ByStartPointEndPoint(p3,p4);
basesrf = Surface.ByLoft([linel,line2]); | > pum

vV Vv

1
1

Figure 1: Base surface

The base surface is defining the footprint area. Width and length can be decided
parametrically as shown. This code boxes are defining and used for our geometrical structure.

Further on, the structure is made with lines and panels shown below.

Output to Robot

Structures
O e Renamed
surface > Point ,_/
u >
nu| 16..1..#nu+l; | > == Y N
Y- Bays @& nv| 26e..1..#nv+1; | > surface > Point .

o 2 > u >
— 00 P Renamed | v )

2000 Points, Corner Co 0 and Bea 3Y) il renaned

IN[O] | + | - | OUT

Floors and Height

o IN[O] + - our
IN[1]
00 Renamed | IN[Z]
@ 19 N IN[3] IronPython2
IronPython2 Z
00 elg Fer 2 ‘ 00 P Renamed |
®) s > s INfO] + |- ouT
rerenes) ronpychon2

) 35 >

Figure 2: Geometry of structure
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The geometry of structure is decided by defining number of floors, number of x- and y-bays
and the height of commercial floors and residential. This is resulting in separate floors
between bays, separate beams between columns and continuously columns. Lines (beams and
columns) and surfaces (floors) are scripted in Python as shown in Figure above. Example of

an output would look like.

Figure 3: Geometrical output

This figure shows how one can change bays, floors and floor height easily in structure. By
defining the geometry of the structure as shown, the next procedure is to connect and transfer
to Robot Structures by using the package Structural Analysis for Dynamo. Diagonals are
manually modelled in Robot Structures. The following next steps are converting the

geometry over to Robot.

In Dynamo with help of the package, we create analytical nodes, bars and panels. Surface can
be done as shown in figure below. It is also possible to assign thickness to the surface by

defining one in Robot, and it will automatically be shown up in Dynamo.
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AnalyticalPanel.BySurface

AnalyticalPanel.SetThicknessByName

surface > AnalyticalPanel
panels > AnalyticalPanel[]

divisions

name

Tre8 vektles v | Thickness

Figure 4. Floors from Dynamo to Robot

Further releases on the surfaces are also manually done in Robot Structures. There is no

attribute in the structural package to linear release slabs, which is needed for floors.

Following the surfaces, beams and columns are done similarly. However, it is possible to
give releases on lines, and this is also done in Dynamo. Base supports are also defined in
Dynamo, as it is possible by help of the package to convert nodes into one of boundary

conditions. This is shown in a figure.

/

orner Columns Inner Columns

AnalyticalBar.ByLine AnalyticalBar.ByLine

line > AnalyticalBar line > AnalyticalBar

AnalyticalBar.SetSectionByName AnalyticalBar.SetSectionByName

AuT0 .

analyticalBars analyticalBars > AnalyticalBarf]

name > name >

Sections

B30x50 v | Section

Sections

AuT0

B30x50 v | Section

Beams and Releases

AnalyticalBar.ByLine
line > AnalyticalBar
Ao

Releases

AnalyticalBar.SetReleaseByName

analyticalBars > AnalyticalBar([]

name > AnalyticalBar.SetSectionByName

] analyticalBars. > AnalyticalBar(]

>

Pinned-pinned v | Release

name

vt

Sections

B30x50 v | Section

Base Support

AnalyticalNode.ByPoint

point > AnalyticalNode

AnalyticalNode.SetSupportByName

auto

nodes > AnalyticalNodef]
>

Ao

Figure 5: Code for transfer beams, columns and nodes from Dynamo to Robot
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As for deciding thickness in Robot for floors, by adding cross section for beams and columns
it will automatically be listed in Dynamo. The same procedure goes for the boundary

conditions. Another important parameter is the rigid link, which is done with help of Python

script for separating master and slave nodes. This is shown here.

AnalyticalNode.ByPoint
>

AnalyticalNode

Rigid Link [Py] 22
Curve.StartPoint

AnalyticalNode.ByPoint
> AnalyticalNode

List.Sort

list > newList

auto

Curve.EndPoint

Figure 6 Rigid links in Dynamo

By doing all this, the structure is quite good modelled and transferred to Robot. Further, the
diagonals are manually modelled in Robot as mentioned. However, it is important to know
that the load cases for dead, snow and live is also done in Dynamo with help of the package,

and the visual programming would look like.

After the structural model is introduced to Robot, the load analysis is given by adding it to
Dynamo. Notation is that wind load and added mass as concrete, slab weight and green roof
is done in Robot manually. The combinations of the loads are also not done in Dynamo. Live

loads, dead loads and snow load is given in Dynamo.

Live Load (Office/Flat)

Dead Load

=3
vvveveyw

3
coordinateSystem

Live Load (Commercial)

UniformSurfaceload

vvvivwvw

Figure 7: Load cases in Dynamo

Ending this Appendix, we clearly see that this is quite helpful for the efficiency for a
parametric study. One can easily do modifications to obtain best optimized structure.
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B2. Seismic design in Robot Structural

The seismic design will be performed in Robot Structural. In this software there are two options as to
how the seismic calculation should be performed:

- Lateral force method of analysis
- Response spectrum method

The response spectrum method is based upon the modal analysis and is more accurate than the Lateral
force method of analysis and is thus chosen for this thesis. In this Appendix the method for how to
perform this type of analysis in Robot Structural will be presented.

For seismic analysis based on the response spectrum method, all data is defined the same way as in
modal analysis. Additionally, parameters required by a specific national code to establish the response
spectrum shape must be specified. Calculations and results are the same as those for spectral analysis.

Step 1: Defining modal analysis.

Analysis Types [ Stiucture Name:

Analysis type

Modal with automatic definition of seismic cases
Seismic ([Equivalent Lateral Force Method)

Seismic NS-EN 1998-1:2004+NA: 2008
Spectral

Harmonic

Time history

Push over

Harmonic in the frequency domain (FRF)
Uperations on selection a

Case list Footfall

[ Set parameters [ Cancel ] [ Help

/| Model generation

The modal analysis is defined as a load case under “Analysis Type”. For the seismic design it is
convenient to define the no. of modes based on the demand that over 90% of mass participation is
accounted for.
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Sturm check

’ Simplified parameters <<

. Modal Analysis Parameters
Case: Modal Analysis mode
Parameters O Modal
Number of modes: 10 @ Seismic Tolerance:
Tolerance: 0,0001 (O seismic (Pseudo mode) 0.01
Number of iterations: |40 Method
Acceleration 9,80665 Block subspace iteration Parameters definition
| Mass matrix Subspace iteration
@ Consistent (@ Block Lanczos algorithm
) _ (O Lanczos algorithm
(O Lumped with rotations A — Base definition
(O Lumped without rotations
Limits
Active mass directions .
O Inactive
Limit definition
X Y Z Period, frequency, pulsation
@ Percent of mass participation l:l (%)
Seismic analysis parameters
[[]pisregard density

[Jinclude damping in calculations (according to PS92)

Damping:

Cancel

Help

‘ Definition of eccentricities

Step 2: Load to mass conversion.

1 Analysis Type - X
Analysis Types Structure Model Load to Mass Conversion Combination Sign Result| ¢ | *
Conversion parameters
Convert cases ] Mass direction X Y z
Conversion direction Z= v| Addmassto 49 : Modal v
Add | Modify
Converted Cas... Conversion Dir... Coefficient Direction Case No.
-1 Z- 0,30000 XYZ 49
2 Z- 0,30000 XYzZ 49
< >
Delete
Model generation | Calculations | Close Help

Defining added masses manually using
masses.

“Load Definition”, or by converting existing load cases to
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Step 3: Defining seismic analysis

Seismic-NS-EN 1998-1:2004/NA:2008

1 Analysis type

2 DL2 © Modal

3 LL1 () Modal with automatic definition of seismic cases
-» 4 Modal

() Seismic (Equivalent Lateral Force Method)

NS-EN 1998-1:2004+NA:2008  ~

() Harmonic

) Time history

() Push over
() Harmonic in the frequency domain (FRF)
) Footfall

. pelr- lons.on sl ection d

Case list

[ Set parameters

[ ok || cancel || Hep |

[V] Model generation

The seismic analysis is defined as a new load case.

L NS-EN 1998-1:2004/NA:2014 Parameters X

Case: | Seismic-NS-EN 1998-1:2004/NA:2014

[JAuxiliary case

ag40Hz (m/s”2)

Ground type

@A O Oc Obp Oe Oenvelope Parameters
Importance class m v

Spectrum
@ Design
(O Elastic

Direction

(@ Horizontal
O vertical " Direction definition ‘

Behavior factor: E ’ Filters ‘

] Residual mode

o ] conce

‘ Eccentricity definition ‘
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Step 4: Set combination signs.

In case of using signed quadratic combinations, it will be necessary to set main modes for each of the
directions. Usually, the main criterion to select such modes is their contribution to participation mass
for given direction. This contribution can be checked in Dynamic Analysis Results with appropriate
columns added. In this thesis we have only looked at the seismic effect in x and y direction and

neglected the z direction.

Analysis Types [ Structure Model | Load to Mass Conversion | Combination Sign | Resul £+ | »

Case: 7

No. Name

Main mode: 3

Seismic-NS-EN 1998-1:2004/NA:2008 Direction_X 18
Seismic-NS-EN 1998-1:2004/NA:2008 Direction_Y 9
-» Seismic-NS-EN 1998-1:2004/NA:2008 Direction_Z 3

<

Default type of seismic combination:

V| Model generation

Step 5: Making seismic code combinations.

Calculations | |

Main Mode

Defining design combinations (manual or automatic ones) considering static load cases and dynamic

combinations.

Combinations LG[oups Relations

Combinations are calculated according to selected standards:

¥ ULs v SLS
v SLS

V] sLs v SLS
v ACC
V] Acc v ACC

v ACC
V] FIRE [ P—

Full

< Back ] [ Note

characteristic (CHR)
frequent (FRE)
quasi-permanent (QPR)
accidental

seismic

seismic

LU

Simplified

Help ]

[ Generate ]
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Step 6: Calculations

Run calculations.

Analpsis Types | Structure Model | Load to Mass Conversion | Combination Sign | Resulf ¢ [ |

No.

Name

bL1
DL2
LL1
Modal

Seismic-NS-EN 1998-1:2004/NA2...
Seismic-NS-EN 1998-1:2004/NA2...
Seismic-NS-EN 1998-1:2004/NA:2...

1.*X 03*Y 03*2
1.*X-03*Y 03*2
1.%% -03*Y -03*2
1.*X 03*Y -03*2

Analysis Type
Static - Linear
Static - Linear
Static - Linear
Modal

Dynamics - Seismic
Dynamics - Seismic
Dynamics - Seismic
Linear Combination
Linear Combination
Linear Combination
Linear Combination

-~

New ]

[ Parameters ] [

Change analysis type | |

Operations on selection of cases
Case list

[

Set parameters

| Change analysis type |

Model generation

Step 7: Analyse the results

Results
O Results Freeze
Properties 4
== Diagrams for Bars...
2= Maps on Bars...

& Maps...

& panel Cuts...
T Reactions

[T Displacements
~xz Deflections
f. Forces

AE Stresses

4 Plate and Shell Results

Design Tools Add-1

tories
Core walls
Diagrams for buildings...

% Detailed Analysis...

i alobol Ami‘ - Bars...

Time History Analysis - Tables
Time History Analysis - Diagrams...

:
e Exploring Results.

Interaction Forces

Reduced Results for Panels Display ol ®

Critical Loads = : . [E] Y [g]

Frequency Response Functions (FRF) - Tables

Frequency Response Functions (FRF) - Diagrams...

Footfall Analysis - Tables
Footfall Analysis - Maps...
Footfall Analysis - Diagrams...

Pushover Analysis - Diagrams...
Capacity Curve...

Diagrams...

% ) (4] (1)

Symbol size: [30

Help

3 el
(oK) [ Concel ][ ooty ]
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Manual Calculations

C1 Preliminary DECK ........cccuvveeuuueeiriinnnuunisissinnssssssssssssssmssssssssssssssssssssssssssssssssssssssssssssssnssses 1
C2 Connection CONfiGQUIALION.........cccueeeeeeeiirieveeniiiiirineennsiisssssssssssssssssssssssssssssssssssssssssssssanes 30
C3 UItimate Limit STALE .......cceeuueeeiiiiieeeeniiirinneessiiissinssnnssisssssssssssssssssssssssssssssssssssssssssssssanes 66
(0 0 0 1T 1= I o 1= T TN 66
C3.2 Design Of COIUMIN ....cccvvvuieiiiiiiiiiiiiiiiiiieniinrrrinsssseestteessssssssssssssneesssssssssssssseesssssssssssssssensnns 78
C3.3 Design of DIAagONal.....cccuuiiiiiiiiiiiimnmiiiiiiiiiiiiimmmiiiieiiiiemmmmeeiiieessmmetiteesssmssssssssessnns 89
C4 SLPUCRUIQI Fir@ ....cueuuueeeienneneeniiiiirinnnesisisssissssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 101
O 3t I = - T o o 101
O 37 2 o111 4T N 112
(O e 3 0 1T ¥ Lo T3 - | N 123
(LY Ytar=2 =] ¢ [ o [« 1 N 134

C5.1 Equivalent Mass & Non-dimensional Coefficient........ccccccveeiiiiiiiiiinnniiiiiniinnnn. 148
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C1. Pre-liminary design of slabs

Formulas for this calculation has been extrated from NS-EN 1995-1-1 (2004).
Material properties for Glulam elements have been extracted from EN 14080 (2013).
Material properties for LVL Kerto Q elements have been extracted from Metsa Wood's
catalogue.

Units used in script:

- Dimensions/lengths: [mm]
- Forces: [N]
- Moments: [ Nmm]
N
- Stresses/strengths: R
2
- Areas: [mm ]
- 2nd moment of inertia: [mm* ]
- Densities: k{y
md
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General data:

Span-length: 1:=8500

Width of 1 slab element: b:=2400

Distance between Glulam members: CC:=565

Service class: Sc:=2

Load-duration: Ld:=“Medium”
Loads:

ULS: Qpavrs=9.9-107.CC =5.594
SLS-characteristic: Qpasrs1=T+107°.CC=3.955

The combinations that have given these design loads are the
ones that can be found in Appendix A4.

ULS COMBS has been used for the ULS load

SLS COMBS5 has been used for the SLS characteristic load

Internal forces:
Formulas corresponding to simply supported floors.

. 1
Bending moments Mg, urs = dpdurs” 1> =5.052-10"

1
MEd,SLSl ::g'qu.Sle 'l2 =3.572. 107

1
Shear fOI‘CGS VEd.ULS:ZE'qu.ULS.l:2'377' 104

1
Veascst ’:5 *qgq.srs1*l=1.681- 10*
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Material properties:

Safety-factor for Glulam and LVL:

NS-EN 1995-1-1, table NA.2.3

Webs: GL30c
Dimensions:
Middle beams:

Edge beams:

Factors:

Modification factor:
NS-EN 1995-1-1, table 3.1

Time-property factor:
NS-EN 1995-1-1, table 3.2

Cracking factor:

Bending strength:

Shear strength:

Axial compr. strength:

’YM:: 1.15

h,, =405 b, =66

h =405 byp.cdge =140

w.edge :

kmod.web :=0.8

kdef.web :=0.8

kCT.’LU = 0'8

fmk.w:: 30

Fmk.
fmd‘w:: e 'kmod.web:20-87
T

ka.w :=3.9
_ ka.w

fvd.w =

° kmod.web =2.435
Ym

fc.().k.w :=24.5

feok.
fc.O.d.w =0 2. kmod.web =17.043

Ym
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Axial tension strength:

Mean young' s modulus:

Mean shear modulus:

Characteristic density:

Mean density:

Top flange: LVL Kerto Q

Height:

Jt0kw=19.5

ft.O.k:.w

ft.O.d.w = ¢ kmod.web =13.565

Ym

=13000

E 0.mean.w*

G =650

web.mean *

Prawi=390

=430

pmean.w :

The width of the flange will be an effective width that is chosen according
to NS-EN 1995-1-1, table 9.1, where shear lag and plate-buckling will be
accounted for. This will be done later in the calculation-process.
Properties for LVL found in EN 13986 (2004).

Factors:

Modification factor:
NS-EN 1995-1-1, table 3.1

Time-property factor:
NS-EN 1995-1-1, table 3.2

Bending strength:

kjmod.t‘f =0.8

Kaef.ip=1

Smk.t.pi=36

fmk.t.f ok

fmd.t.f’— mod.t.f = 25.043

Tm
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Shear strengths:

Axial compr. strength:

Axial tension strength:

Young' s modulus:

Shear modulus:

Mean density:

fv.O.edge.k.tf:: 4.5

mod.t.f = 3.13
Tm

f vd.f.tf =

fv.o.flat.k.tf== 1.3

fv.O.flat.k.tf k

fv.O.flat.d.tf = mod.t.f — 0.904

Tm

fc.O.k:‘tf =26

fc.O.k.tf

fc.O.d.tf:: . kmod.t‘f: 18.087

Y

fror=26
frok

044

froar= *Komod.s. ;= 18.087
EO.me(m.t.f :=10500

Gt.f.mean =600

pmean.t.f =510



Appendix C

Bottom flange: LVL, Kerto Q

Height:
Factors:

Modification factor:
NS-EN 1995-1-1, table 3.1

Time-property factor:
NS-EN 1995-1-1, table 3.2

Bending strength:

Shear strengths:

Axial compr. strength:

Axial tension strength:

Young' s modulus:

Shear modulus:

Densities:

hb'fzz 61

kmod.b.f :=0.8

Kgepppi=1

Jmie.b =36

fmk.b.f

fmd.b.f:: 'kmod.b,f: 25.043

fv.O.edge.k.bf :=4.5

Juv.0.edge.bf
Foo.cdgedip =" Ko p.p=3.13

Ym
fv.O.flat.k.bf :=1.3

fv.O.flat.k.bf k

fv.O.flat.d.bf:: £=0.904

mod.b
v

Jeokppi=26

fc.O.k.bf

fc.().d.bf = . kmod.b.f: 18.087

04

ft.o.k.bf’: 19.5

Jeornf

ft.O.d.bf:: . kmod.b.f: 13.565

v

EO.mean.b.f :=10500

Gb.f.mean =600

pk-b~f::510 pmean.b.f::510
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Effective width of top and bottom flange:
Acc. to NS-EN 1995-1-1, table 9.1

The effective flange widths found in table 9.1 is the maximum allowable
flange widths that we can have so that we avoid shear lag and plate
buckling.

Another thing we should avoid is the overlapping of flange widths. If the
effective width used is larger than the center distance of webs, then they
overlap, which is not allowed. Therefor, we choose flange widths below the
demand in table 9.1, and also below the centre distance.

EC5-1-1, §9.1.2.(5): Unrestrained flange width is smaller than twice the
plate buckling value in Table 9.1 -> no detailed buckling investigation
required.

Tensile flange:
Must account for shear lag

bef.tensile =rn <01 .l ,20. hbf> =850
Compression flange:

both shear lag and plate buckling must be accounted for

b =i 011,201 ) =550

- Max. effective width top flange:

Middle beams: bef1:=bef compr + 0y =916

Edge beams: bef.t.edge =0.5- bef.compr + bw.edge =565
- Max. effective width bottom flange:

Mlddle beamS' bef.b = bef.tensile + bw =916

Edge beams: bef.b.edge =05+ bef.tensile + bw.edge =565
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- Chosen width of bottom flange:
Middle beams: by, p:=565

Edge beams: by, f.edge =282

- Chosen width of top flange:

Middle beams: b, :=565
Edge beams: bt f.edge =282
| b tfedge | b tf
] | 1
|
b bfedge | b bf
|
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- Control of shear lag and plate buckling:

Middle beams:

if (by < e tensite) N (be.p < bef.compr) = “OK”
“OK”

else

“Not OK”

Edge beams:

if <bb.f.edge < bef.tensile) A <bt.f.edge < bef.compr> =“0OK”
H “OK”

else

“Not OK”

The chosen flange-widths will not encounter any shear lag nor plate buckling.
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- Control of overlapping flanges:

Top flange:

Middle beams:

Edge beams:

Bottom flange:

Middle beams:

Edge beams:

if b, ;>CC

“Overlap”

else
“No overlap”

if bt‘f.edge > Q

“Overlap”

else

“No overlap”

if by ;>CC

“Overlap”

else

“No overlap”

if bb.f.edge > %

“Overlap”

else

“No overlap”

=“No overlap”

=“No overlap”

=“No overlap”

=“No overlap”

After finding effective flange width and controlled it for overlapping, the
sections may be interpreted as a thin-flanged beam, and the controls
needed can be done acc. to NS-EN 1995-1-1.

Only the thin-flanged beams for the middle webs will be controlled,
assuming that the edge beams will be ok since they have bigger cross-
sections and less moment acting on them. But, the stiffness of the edge
beams will be extracted for the purpose of finding a more accurate

stiffness of the slab-element.

10
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ULS: Instantaneous

After finding effective flange width and controlled it for overlapping,
we may interpret the section as a thin-flanged beam.

Design checks for flanges according to EC5, 9.1.2(7)
Design checks for web according to EC5, 9.1.2(9)

Calculation of stresses according to Annex B in EC5-1-1

- Cross sectional parameters:

2nd moment of area:

Middle beams:

Edge beams:

Areas:

Middle beams:

Edge beams:

1

I,:=—-:b,s+h, ;" =3.743.10°
1 12 t.flh.f

1

I, ::E-bw-hw?’ =3.654.10°
1

Iyi=——+by o hy, ;* =1.069+10"
12

1
Il.edge = E * bt.f.edge * h’t.f3

1
IQ.edge = E ° bw.edge ° h’w3

1 3
I3.edge = E * bb.f.edge ° h’b.f

Ayi=b, e hy ;=2.43-10"
Ay:=b,+h,=2.673-10"

Agi=by oy, =3.447-10"

Ay cage=b4 fedge* Py p=1.213-10"
AQ.edge = bw.edge y hw =5.67-10"

A3.edge = bb.f.edge ° h’b.f: 1.72. 104

11
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Il
—
I
—
I
—_

Gamma-values: 1t
(Glued interfaces)

Y2 EE

Steiner-distances:
Calculated acc. to Annex B in EC5.

b., 0,58, {1
» {---h-|
' \ 4
|| | A a L Bah
| ¥ : A
! 0.5h. &
| il L J
y - r - SRR TR
3 Fy

| 0.5h, £

ESVIETEE
I h A ) 0.5¢
T

2}

The figure shows the Steiner-distances as
Hlustrated in EC5-1-1, Annex B.

Middle beams:

Y1 EO.mean.t.f'Al ‘ <h‘t.f+ h’w) —7s° EO.mean.b.f Ajz. <hb.f+ h’w)

= 2. <<71 ° EO.me(m.t.f 'A1> + (72 'EO.mean.w 'A2> + <’73 °E0.me(m.b.f 'A3>>

a,=—28.178
h,+h

a;=—2 1 q,=252.178
h,+h

agi=—2 "1 4 q,=204.822

12
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a2.edge =

Edge beams:

Y1 EO.mean.t.f 'Al.edge ° <h‘t.f + hw> —Vs3° EO.mean.b.f 'A3.edge ° <h‘b.f + hw)

2. <<71 ° EO.mean‘t.f ¢ Al.edge) + <’)’2 ¢ EO.mean.w 'A2.edge> + <73 ° EO.mean‘b.f 'A3‘edge>>

@y eqge=—12.98

By, +hy ¢

Q1 edge = wT — Q2 edge = 236.98
h,+hy,

3 cdge = wa g g g = 220.02

Effective bending stiffness:

Equation B.1 in EC5-1-1

Middle beams:
EIef.instl ::EO.mean.t.f' I +v 'EO.mean.t.f'Al ° a’12 =1.626-10"
EIef.instQ ::EO.me(m.w * IQ +7Y2 EO.mean.w * A2 * a’22 =5.026- 1012

EIef‘in8t3 ::EO.mean.b.f'IS +73° EO‘mean.b,f'A?) ° CL32 =1.529.10"

EIef.inst ::EIef.instl +EIef.inst2 +EIef.inst3 =3.658- 1013

Edge beams:

EI ¢ inst1.cdge = Eo.mean.t.f* I1.cdge + Y1 * Eomean.t.f* A1.cdge * a’l.ed962 =7.17-10"
EIf inst2.edge = Eo.meanw * L2.cdge T V2 * Eo.meanaw * A2.edge * a’2.edge2 =1.02-10"
Bt insts.cdge™=Lo.means.f* I3.cdge +V3* Bomeanb f* As.cdge* @3.ca90. =8-8+10"
ET =FI

13
ef.inst.edge ef.instl.edge + EIef.instQ.edge + EIef.inst3.edge =2.617-10

13
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Effective 2nd moment of inertia:
Middle beams:

Lpins= I+ (Ar-0,%)) + (I + (Ay+ a,7)) + (I + (A5 a5” ) ) =3.392- 10°

Edge beams:

I et edge =11 edge + <A1.edge . al.edg62 >
Iy ct.cage=12.cdge + <A2.edge . a’2.edg62 >
I5 e cage=1I3.cdge + <A3.edge . a’3.ed962 >

Ief.inst.edge = Il.ef.edge + I2.ef.edge + I3.ef.edge

Now we have the stiffness of the middle beams and edge beams, and
from here there will only be done checks for the middle beams.

14
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Calculation of stresses: | bef2 = b2 |
Axial stresses: g )
Eq. B.7 in EC5-1-1 Compression .
@
®

The figure shows the position of the points in which the stresses are found.

Point a) Design compression stress

o= <71 ¢ EO.mean.t.f *ay 'MEd.ULS> n <05 'EO.me(m.t.f' ht.f 'MEd.ULS> —3.968
EIef‘inst EIef.inst

Point b) Design tension stress

- <’71 ‘EO.mean.b.f'a3'MEd.ULS> + (0-5 'EO.mean.b.f'hb.f'MEd.ULS> —3.412
EIef.inst EIef.inst

Point c) Design bending + axial stress in the web (same as in point d)

_ <71 *Eo.mean.w* @2* MEd.ULS> n <05 *Eo.mean.w* P * MEd.ULS>

o= =3.129
EI EI

ef.inst ef.inst

Shear stress:
(Eq. B.9 in EC5-1-1)

Distance from center of web to the place of zero normal stress:

h
h::7w+a2

<73 'EO.mean.b.f *A3+a3+0.5Eg neqn.w® bu* h? >
Keraw* by E1

*Vpavrs=1.073

T2.maz =
ef.inst

15
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Design checks:

Normal stresses:

Point a)

Point b)

Point ¢)

Point d)

Shear stress:

if oy <feco.a4 =“OK”
e

else

“Not OK”

if oy <ft.0.d,bf =“OK”
’ “OK”

else

“Not OK”

if 03<fe.dw =“OK”
“OK?”

else
“Not OK”

if 03<fi0.40 =“OK”
’ “OK”

else

“Not OK”

if T2.max <f1;d.w =“OK”

“OK”
else
“Not OK”

16

Utilizations:
01
=0.219
fc.O.d.tf
g
2 —0.252
t.0.d.bf
ag
2 —0.184
c.0.d.w
ag
2 —0.231
t.0.d.w
M =0.441
vd.w
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Glue-line check:

We assume that the glue itself will be ok, but a check of the shear that
arises in the LVL flanges along the grain in the interface will have to be
done. The corresponding shear along the grain in the Glulam bottom
flange can also be assumed to be ok because it will not be as critical as
the shear in the Glulam web, and the strength will be the same for the
two cases, fvk. We will only check the top flange because this is thinner
than the bottom flange and therefor more critical.

"
X
P4
N
X
UVJ\D“V\J B E} i

v

Shear that arises in the flange over the width of the
web. This can be found using equation B.5 in EC5,
which is equivalent as load on a fastener.

- Shear stress (assumed uniform) in the flange-area over the width of the web:
Acc. to eq. B.5 in EC5

_ EO.mean.t.f 'Al *ay

RES % =0.633
.d.inst Ed.ULS
mean.d.ins E Ief_inst . bw

T

- Flatwise shear strength of LVL:

fv.0.fiat.a.ep=0-904

17
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- Check acc. to NS-EN 1995-1-1, §9.1.2(6):

Capadty: fv.Od.check = if bw <8- ht.f =0.904

fv.O.flat.d.tf
else

8+h,
fv.().flat.d.tf' ( b f)

0.8

CheCk: if fv.Od.check > Tmean.d.inst, = “OK”
H “OK”
else
“Not OK”

’7— .
Utilization: mean.d.inst _ ) 7

fv.Od.check

18
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ULS: Final

if Kger 5= Kaef.wen = “Final cond. needed”
“Final cond. not needed”
else

“Final cond. needed”

Since the time-dependent factors kdef is not the same between two
parts of the composite, we must check the final condition. This means
that we must consider the time-dependent effects (such as creep) on
the different parts.

Stiffness in final condition:

NS-EN 1990-1-1,

Table Al1.1: 1hy:=0.3

Flanges: Erean fin1*= Q f;?Z:iﬁ =8.077-10°
E pneanfin3 ™= Q f;?;’;”ff . 8.077+10°
G mean.fin1 = T :Z: ;”;Z’;tﬁ —461.538
Gonean fina™= <1+G1;'2f;";z’;t.f> — 161538

Web: Ercan.fin2= [ j;’:‘:;:weQ =1.048-10"
Grncan. fin2*= (1 fzzzb;:;::tf> =500

19
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Calculation of stresses in final condition:
according to Annex B in EC5-1-1

- Cross sectional parameters:

1
2nd moment of area: I,:= = +bosi+hy ;S =6.069-10°
1 .
I, ::E-bw-hw" =3.654-10°
1
Iyi=—+<bgpy+hy ;> =1.733-107
12
Areas: Aj:i=b,;ohy ;=2.43-10"

Ay:=b,~h,=2.673-10"

Agi=by - hy, ;=3.447-10"

Il
—

Gamma-values: v=1 vyi=1 Y3t
(Glued interfaces)

20
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- Steiner-distances:
Calculated acc. to Annex B in EC5.

The figure that shows the Steiner-distances as illustrated in EC5-1-1,
Annex B can be found in the corresponding instantaneous check.

Y1 Emean.fin.l 'Al * <htf+ h’w> —73° Emean.fin.3 'A3 * <hbf+ h’w)

a,2 =
2. <<71 ¢ Emean.fin.l °A1> + <72 ¢ Emean.fin.? 'A2> + <73 ° Emean.fin.?) 'A3>>
ay,=—27.695
h,+h
a;=—2 Y _4,=251.695
h,+h
ayi=—2"1 4 4,=205.305

Effective bending stiffness:
Acc. to Equation B.1 in EC5-1-1

2
EIef.finl = Emean.fin.l ° Il +71 'Emean.fin.l ‘Al *ay
EIef‘finQ ::Emean.fin.Z ¢ I2 +72 'Emean.fin‘2 'A2 ¢ 0’22

EIef.fin3 ::Emean.fin‘?; ¢ I3 +73° Emean.finB ¢ A3 ¢ a’32

EIef.fin = EIef.finl +EIef.fin2 +EIef.fin3 =2.84-10"

Effective 2nd moment of inertia:

L= (L+(Ar-0,%)) + (I + (4500, ) + (I + (A3 a5°)) =3.401-10°

21



Appendix C

- Calculation of stresses: | b2 ] - Re®2 ]
. @
Axial stresses: S — ©
Tension
@)

®

The figure shows the position of the points in which the stresses are found.

Point a) Design compression stress

o im <71'Emean.fin.1'al'MEd.ULS> n <0'5'Emecm.fin.l'ht.f'MEd.ULS> —3.995
1= -
EIef.fin EIef.fin

Point b) Design tension stress

ouim <’73'Emean.fin.3'a3’MEd.ULs> + <0'5'Emean.fin.3°h’b.f°MEd.ULS> —3.388
31 =3.
EIef.fin EIeffm

Point c) Design bending + axial stress in the web (same as in point d)

- <72 ° Emean.fin.2 Ay 'MEd.ULS> n <05 'Emean.fin.Z *hy, 'MEd.ULS> —3.96
o= =J.
EIef.fin EIef.fin

Shear stress:
(Eq. B.9 in EC5-1-1)

Distance from center of web to the place of zero normal stress:

h,
h::—w+a2
2
-E 30 Agea3+0.5-F . geby e h?
o <73 mean.fin.3 3° Y3 mean.fin.2 * Yw > ‘VEd.ULSZ 1.074

kcr.w ° bw 'EIef.fin

22
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Design checks:

- Normal stresses:

Point a)

Point b)

Point ¢)

Point d)

-Shear stress

if oy <feco.a4 =“OK”
[oK"

else

“Not OK”

if oy <ft.0.d.bf =“0OK”
’ “OK”

else

“Not OK”

if ) <fc.0.d.w =“OK”
“OK?”

else
“Not OK”

if 03<fr040 =“OK”

“OK”
else
“Not OK”

if T2.max <f1;d.w =“OK”
“OK”

else
“Not OK”

23

Utilizations:
01
=0.217
c.0.d.tf
g
2 —0.25
t.0.d.bf
g
2 —0.191
c.0.d.w
ag
2 —0.24
ft.O.d.w
M =0.441
vd.w
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Glue-line check:

We assume that the glue itself will be ok, but a check of the shear that
arises in the LVL flanges along the grain in the interface will have to be
done. The corresponding shear along the grain in the Glulam bottom
flange can also be assumed to be ok because it will not be as critical as
the shear in the Glulam web, and the strength will be the same for the
two cases, fvk.

- Shear stress (assumed uniform) in the flange-area over the width of the web:
Acc. to eq. B.5 in EC5

E n1°Aira
mean.fin.1 1°%1 'VEd.ULS: 0.608
EIef.inst'k b

T

mean.d.fin ‘=

.
cr.w w

- Flatwise shear strength of LVL:

Jo.0.flat.d..f=0-904

- Check acc. to NS-EN 1995-1-1, §9.1.2(6):

Capadty: fv,g()d.check == if bw <8 ht‘f =0.904
fv.O.flat.d.tf
else
b 0.8
8« hy,
fv.O.flat.d.tf ° ( b f)
w
Check: if fv.QOd.check > Tmean.d.fin =“OK?”
H “OK”
else
“Not OK”
- . Tmean.d.fin
Utilization: —=0.672

fv.QOd.check

24
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SLS: Instantaneous deformation

5 . 4dEd.SLS1 -1
384 EI

ef.inst

- Bending deformation: Winst.bending *= =7.349

-Shear deformation acc. to Timoshenko beam theory:
Shear correction factor: k:=0.83

The shear correction factor is for rectangular cross sections, since we assume
only web takes shear.

Shear stiffness:

ST = <Gt.f.mean * bef.t * htf> + <Gweb.mean ¢ bw * hw) + <Gb.f.mean ¢ bef.b * hbf) =7.453- 107

The shear deformation becomes:

1
Winst.shear ‘= 4Ed.SLS1® 3 ¢ < 'ST =0.577
-Total deformation:
Acc. to Timoshenko beam theory
Winst = winst.bending + Winst.shear = 7.926
. l .
- Allowed deformation: Wyeei=——=17  (Most conservative demand)
(Acc. to EC5-1-1, table 7.2) 500
if W <Wpee = “Ok” Utilization:
“Ok” W,
else st —0.466
wmaw
“Not ok”

The instantaneous deformation is ok.

25
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SLS: Final deformation

Since the time-property factors are not the same, we must use the
elasticity-modulus for the final condition and then calculate the
deformation in the same way as for instantaneous.

SLS characteristic load: dgqsLsi=3-955

- Bending deformation: A
5 dgdsrs1*

(formula from handbooks) wy; = . =9.466
fin.bending 384 E Ief,fin

-Shear deformation:
Shear correction factor: k:=0.83

Shear stiffness:

Spi= <Gmean.fin.1 : bef.t * h’t.f) + <Gmean.fin.2 by, hw) + <Gm€a"-ﬁn-3 : bef-b ‘ hb.f> =5.733-10"

, o1
Shear deformation: Wtin shear = ABd.SLS1° —* =0.751
8 K ST
-Total deformation: Wein =W fin, bending + Winshear = 10.216

- Allowed deformation: Wy i =——=17
Acc. to EC5-1-1, table 7.2 500
if Wy, <Wyppg, = “OK” Utilization:
“Ok”
else Wy,
fin
=0.601
“Not ok” w,.

The final deformation is ok.

26
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SLS: Vibration check

(Human induced vibr.)

EN1995-1-1, §7.3.1.(1)P: "It shall be ensured that the actions which can
be reasonably anticipated on a member, component or structure, do not
cause vibrations that can impair the function of the structure or cause
unacceptable discomfort to the users."

Weight of the deck: yi=2 k;]\27 l
m
3 [ N
Dead-load: Qgeaq="+CC+107"=1.13 —]
| mm
Gravitational acceleration: g:=9.81 [%l
S
Mass: = 2ead _ 6 115 [ﬂ
g mm
We calculate the mass based on the dead-load (EC5-1-1, §7.3)
No. of beam elements per meter: nbeams:zw: 1.77
cc
Nmm?®
Equivalent bending stiffness: ~ EI,:=EI;,,,;=3.658-10"
m

T 2 EIL
Fundamental frequency:  f,:= . =12.252 [Hz]
2.1> |\ m-107°

27
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EN1995-1-1, §7.3.3.(1):

it f,,,>8 = “Simplified method allowed”
“Simplified method allowed”
else

“Special investigation needed”

1000-1°

1kN static deflection: - =
48-EI;

0.35

Wgtatic.1kN *=

. . . fn.l
Hu & Chui criterion: ) (18.7

)2 27
if—7 > 1 =«“0K”
Wgtatic. 1kN

’ “OK”
else
“Not OK?”

( f )2.27
n.1l
L: 1.095

Wgtatic. 1kN

By using the quasi-permanent load combination one would obtain more
vibrations.

28
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Effective stiffness to be used for the modelling of the shell elements:
(using the instantaneous values)

Width of deck: b=2.4-10°

Number of glulam elements over the width of the deck:

Middle beams: Nypidi=3

Edge beams: Nedge =2

Total bending stiffness of the deck:

EIef.tot.inst = <EIef.inst * nmid) + <EIef.inst.edge ¢ nedge> =1.621-10"

Total 2nd moment of area of the deck:

Ief.tot.inst = <Ief.inst * nmid> + <Ief.inst.edge ¢ nedge> =1.479-10"

Total elasticity modulus of the deck (grain direction):

_ EIef‘tot‘inst

Epg1:= =1.096.10"

ef.tot.inst

Note: The stiffness values extracted here (both for instantaneous
and final condition) are for the grain direction (direction 1). To get
the values in the direction perpendicular to the grain, we may divide
El by 4.

Total elasticity modulus of the deck (perpendicular to grain direction):

inst.2'=

E.
E —%“:2.74.103

29
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C2. Connection Calculations

Part 1 consists of the data needed for the calculation
Part 2 is the ULS checks.
Part 3 is the calculation of stiffness for the given configuration.

Formulas for structural connection design has been extrated from NS-
EN 1995-1-1.

Units used in script:

- Dimensions/lengths: [mm]

- Forces: [ N]

- Moments: [ Nmm]

N

- Stresses/strengths: mim?

- Areas: [mm? ]

- 2nd moment of inertia: [mm4 ]

- Densities: kg
m3
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Geometry:

PART 1)

The geometry of the connection will now be presented.
The column is assigned the index 1, while the diagonal has the index 2.

Assumed dimensions of column and diagonal:

byyyi= 765

bdiag = 540

Lengths of members:

Angle between diagonal and
column:

Diameter of all the dowels:

Angle between diagonal
force and grain:

Number of dowels:

Number of rows:

h.p:=765
h‘diag :=H8H
L,:=5000
L,:=11650
a:=42 deg

d:=12
aliza
0,:=0

Ngowels.1 = 35

Nowels.2 ™= 66
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Number of steel plates in
column and diagonal: Nplates =4

Thickness of steel plates: Eptate =16

Classification of steel plates according to NS-EN 1995-1-1, §8.2.3(1):

Plate_id:=if t,,,,<0.5-d =“Thick plate”
“Thin plate”

>d

plate =
“Thick plate”
else

“Not clear”

elseif ¢

Note: For multiple internal slotted-in steel plate connections we can
always assume to use thick plates.

Factors:
-Partial factors:
For glulam: Yvcrni=1.15

For connections: Yatcon:=1.3

- Modification factors:

Factor for medium-

duration loading: Epoqgi=1.1 (since wind is included,
(ECS5, Table 3.1) ULS COMB1)
Bearing factor: kgo:=1.35+(0.015-d)=1.53

(ECS5, eq. (8.33))
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Material properties:

-Column and diagonal:

Density:

Area:

Strength:

Youngs modulus:

2nd moment of area:

Pyt =480

Prm.2 =480

2
P = \NPmi1*Pm2= 480

Al = hcol ° bcol

A2 = hdiag ° bdiag

fc.().k: =24.5

Jtok=19.5
fv.k =3.5

EO.mean :=13600

1

I —2-bcol-hwl3 =2.854.10"

col *=

1 3 0
Idiag ::E . bdiag . hdiag =9.009-10

Embedment strength of timber:

(ECS5, eq. 8.32)

(ECS5, eg. 8.31)

frox=0.082+(1-0.01-d)-p,,=34.637

Iy

=27.994
2 2

kgo-(sin(c)) +(cos(a))
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Column:

Diagonal:

Ratio:

-Fasteners (dowels):

Tensile strength:

Yield moment:
(ECS5, eq. 8.30)

- Steel plates:

Elasticity modulus:

Safety factor:

Dimensions:

Th1kcol=Sh.or=27.994

fh.2.k.col ::fh.a.k =27.994

o fh.Z.k.col _
/Bcol = =1
fh.l.k.col

Ihk.diag™=Fn.ox=34.637

Jh.2.k.diag=Tnosr=34.637

fh.2.k.d‘
Bdiag e 1
fh.l.k.diag
fuy=650

M, pi=0.3+ f ;- d*°=1.247.10°

E,:=210000

70::1.15 7M2::1.25

lplate.l :=0.8- hcol bplate.l :=0.8- bdiag

lplate.2 =0.8- h’diag bplate.2 = bplate.l

The dimensions of the steel plates are assumed to be 80% of the
cross-sectional heights/widths as a conservative simplification.
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Yielding strength:  f, :=355
Fracture strength: f,:=510 (Stalprofiler hdndbok)

fupi=0.9+f, =459

Design loads:

- Diagonal: Fiqg+=2385-10°

- Column: F,,;:=4000-10°

C

- Total load in column connection:

FE‘d.col = Fdiag -sin (CY) =1.596- 106

- Total load in diagonal connection:

FEd.diag ::Fdi(lg: 2.385.10°

In the connection it is assumed to be no eccentricities

F1

L I I I

i
|
I
i
I
I
I
[
|
[
|
[
|
[
|
[
|
|
F
|
|
|
|
|
|
|
I
i
I

. ’ :
olumn part of ¢f 2 \
F2

[
I
[
I
[

Concentric connection
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PART 2)
Capacity of Connection

In this part the ULS checks of the connection will be presented.
First the column part of the connection, then the diagonal part.

Column part:

Embedment strength:
Acc. to NS-EN 1995-1-1, §8.2

In connections with multiple shear planes the load-carrying capacity is determined
by assuming that the external members are in single shear and the middle
members in double shear. The total load-carrying capacity is determined by adding
the contributions of compatible failure modes. Some of the failure modes cannot
occur simultaneously due to deformation compatibility, meaning that they occur at
different deformation levels: either small ('brittle') or large (‘ductile").

Number of middle members: Momid "= Mplates— 1 =3

Total nr. of shear planes for

middle members: Nepmid = Mmid* 2 =6

Total nr. of shear planes for

outer members: Np out =2

Thickness of middle members: t, = _153
<nplates + 1>

Thickness of outer members: ¢, := (beot — <nmid°t2>2_ (o tyiate)) 113
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uter members

————— Steel plates

Dowels

Fs

Middle members

[ width of member, b |
Kl 1

Figure: Section showing the outer and middle members of a
connection with multiple slotted-in steel plates and dowels.
Representative for both the column part and the diagonal part of
the connection.

Outer members:

Formulas for single shear failure modes, NS-EN 1995-1-1, §8.2.3.
Only thick plate modes considered.

Fa”ure mOde C) FU.Rk‘c ::fh.l.k.col * tl -d

Failure mode d) Fypia=fnikcor*ti*de

2 4.M
\/2+ y.RE - _1
Thikcortdoty

Failure mode e) F,ppe=2.3- 2\/My,Rk *fhikeod

We note that dowels have no axial capacity. Therefor,
no rope effect is included in the transverse capacity.

Total capacity per fastener per shear plane for outer members:

F'U.Rk.outer = Min <Fv.Rk.c7Fv.Rk.d 7Fv.Rk.e> =1.489-10"
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Middle members:

Formulas for double shear failure modes with external plates, NS-
EN 1995-1-1, §8.2.3. Only thick plate modes considered.

Failure mode f) Fyrip=Fnikecot1+d

4 'My‘Rk

2
Thikecordt

-1

Failure mode g) Fv.Rk:‘g ::fh.l.k.col lye d- [2\/2 +

Failure mode h) F,ppn=2.3- 2\/My.Rk *Sfhikcorsd

Failure mode ) Fypk1:=0.5fhokcorstad

Failure mode m) Fv.Rk.m =23 2\/My.Rk 'fh.Q.k.col -d

We note that dowels have no axial capacity. Therefor, no rope
effect is included in the transverse capacity.

Total capacity per fastener per shear plane for middle members:

Fo, Ri.middie :=1in <Fv.Rk.f ) Fv‘Rk.g Y O SR Fv.Rk.m> =1.489-10"
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Total capacity per fastener per shear plane:

We can only combine compatible failure modes.
For the practical purpose of being able to program the comparison, the
failure modes will be identified as 1, 2, 3 etc. instead of a, b ,c etc.

Failure mode for middle members will hereafter be named "mode_mid".
Failure mode for outer members will hereafter be named "mode_outer".
It must also be noted that "Alis the logical operator "AND", and 1V is the
logical operator "OR", which will both be used in the if-else-statements
below.

Failure mode for
middle members:

mode_mid:=if F, gy, middie =Fo.ri.s =8
6
else if Fy, pi middie = Fv.Ric.g
7
elseif F', pi middie = rk.n
8
else it Fy i middie = Fv.rk.0
12
else if F', pr middie = Fv.rk.m
13
Failure mode for
outer members:
mode_outer:=if F,, gy outer =Fy Ric.c =5
3

else if Fv.Rk.outer =LYy Rkd
4

else if Fv.Rk:‘outer =LY Rk.e
5
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Comaptibility check:
Acc. to EC5, §8.1.3.2

Now we must check if the failure mode for outer members are the
same type as for the middle members. We can do this through an
if-else statement, as shown below.

Failure := if (mode_outer = 3) A ((mode_mid = 6) vV (mode_mid = 12))
“Brittle modes”
else if ((mode_outer = 4) Vv (mode_outer = 5)) A ((mode_mid = 7) \2 (mode_mid = 8) \] (mode_mid = 13))
“Ductile modes”
else

“Incompatible modes”

Failure =“Ductile modes”

As we can see, both the outer failure modes and the inner failure modes
are ductile, which is what we want. In situations where both ductile and
brittle types are possible it is good practice to try to ensure that the design
condition is based on the ductile failure mechanism. Therefor, we will not
proceed until ductile compatibility is achieved in the above code.

Total capacity per fastener for the column part is:

Shear planes for outer members: Ngp out = 2

sp.ou

Shear planes for middle members: Nesp.mid =0

_— _ 5
Fv.Rk.col =Ny out® Fv.Rk:.outer + Nsp.mid * Fv.Rk.middle =1.191-10

Capacity per fastener in ULS:

F
Fv.Rd.col ::M * <kmod> =1.008- 105
YM.con
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Amount of dowels needed in the column part of the connection:

F
Mgy i= | —2L | =15.836
v.Rd.col

Check if the chosen amount of dowels (in the start of the script) is sufficient:

: o« )
if N gowels.1 2, =“OK
‘ “OK?”

else

col

“Must increase nr. of dowels”

Chosen configuration for column part (member 1):

A1 col = 100 Ay col = 141

Q3 t.col *= 1000 a3 c.col*= 1000

Qg t.col’= 1000 Q4.c.col’= 100
Member 1

ooooo

uuuuuuu
aaaaa
aaaaa

ooooo

Figure: Connection Configuration
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The a3 distances (and a4.t) are actually bigger, but there is no
point in measuring them because they will satisfy the distance-
demand, as seen in the figure. Therefor a random number (which
is big enough to make the code run) has been implemented.

Check of minimum distances:

The minimum spacings given in EC5 have been derived to prevent
splitting failure when connection is subjected to lateral load. With
too small spacings we get increasing tension perpendicular to grain.

ECS5, table 8.5:

i @y (3+(2+ o8 (a))) - d = “OK”
‘COK”

if ay 0 >3+d =“OK”
H “OK”

if a3 ., >max(7-d,80) =“OK”
H “OK”

if as . .o>max(sin(a)-d,3-d) =“OK”
H “OK”

if ay.>max((2+2-sin(a))-d,3-d) =“OK”
” “OK”

if Cyecol=3* d =“OK”
H “OQK?”

All the minimum distances are fulfilled!
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Splitting check: (Parallell to grain)

a) The first thing that needs to be sorted is the distances between the
fasteners. This has been verified.

b) The second thing that must be verified is that the effective number of
fasteners in a row has sufficient capacity to carry the load parallell to grain.
This will be controlled in accordance with NS-EN 1995-1-1, §8.1.2(5):

Total amount of fasteners in one row in grain direction:

Ndowels.1 _

7

Nyow.col *=

nrows. 1

The effective number of fasteners in one row in grain direction:

0.9 4 Q1 ¢

13-d

EC5I €q. (834) nef.?“ow.col =nan (nrow.col » Mrow.col ) =5.156

The effective load-carrying capacity of each row then becomes:

Fv.ef.Rk.col::Fv.Rk.col'nef.row.col

For entire connection:

Fv‘ef‘Rk.col‘tot ::Fv.ef.Rk‘col *Mrows.1 = 3.07- 10°

Design capacity in ULS:

F’U.ef.Rk.col.tot ° km

Fv.ef.Rd.col = od =2.598. 106
YM.con
Control of splitting parallell to grain: Utility:
if FEd.colSFv.ef.Rd.col =“OK” FEd.col
“OK? — 2 —0.614
Fv‘ef‘Rd.col
else
“Not OK”
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Splitting check: (Perpendicular to grain)

Since the connection considered has two diagonals hitting the column
it means that there will be one compression force from one of the
diagonals, and a tension force from the other. Looking at the force
resultants on the dowels from the diagonal forces, we see that they
point in the direction parallell to grain. This means that there will not
be any forces perpendicular to grain, and we will not have to check it.

o S
L
S
S
ERRER A
S

Demonstration of resultant force from diagonal forces
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Control of compression of net cross section:

Ndowels.1
Net area: Anet.col ::Al - <nplates ¢ hcol * tplate> - (d . bcol) =4.72:10°

Nrows.1

Steel plates
i T T T =TT
| | I | | I
/- L1 l | I
0] L il il
I | T T 1 T
. ! 1 1 I I 1 1 1 Net area of cross section
i L [ I i
g i1
- i — —
% T B K 1 Dowels
T i Tl 1 I I /
EL oo
5] (T O T
5 2 2 & 8
Th\'cknjijzuates
!’ Width of member, b L
Figure. Net area of cross section.
bg 04 * Frmod
Strength: fepqgi=—""—"""=23.435
TM.GL
. Fcol
Compr. stress: O compr.col i=————=8.4T74
net.col
. g .col
Utility: wi=——P — 0,362
fc.O.d
ifu<l1 =“0OK”
Check: “OK?”
else
“Not OK”
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Block failure:
Acc. to EC5, §8.2.3(5)

For dowel type connections we should verify that block failure
will not arise, by use of Annex A in ECS5.

For the column part of the connection this will not be a problem
since there is no tension force.

Check of steel plates:
Acc. to EC5, 8.2.3(2)

The capacity of the steel plates will be found according to EC3-1-1.

- Cross section classification:
Acc. to EC3-1-1, table 5.2

Factor: €:=0.81
Length: C:=bppe1 =432
Thickness: t:=1,,1. =16
C
Slenderness: A:=——=33.333
t-c
Classification: if A<33 =“Class 2”
“C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>