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Progettazione

BIM D
Sicurezza : Produzione
\ oo ) . to / Montagei
Affidabilita s rasporto /-viontagglo
_ ] Sito di costruzione
w Resistenza ' B -
X TP e
alal \
) . }_’, Riciclo / Circolarita
BN Assistenza tecnica gy -
Sumitomo forestry, Tokyo, 350 m = = Estetica
'..i
70 Floors, Est. 185.000 m3 of CLT — » Prestazione Hotel Jakarta, Amsterdam, 32 m

Completion in 2041 Prezzi / Costi 2+8 Floors, CLT — 3D modules

Preferenze sociale / C leted in 2018
ompleted in

B = Sostenibilita personale

'?U Delft
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La filiera... :
(almeno una piccola parte...)E

Scopo:
automatizzazione completamente del
intera filiera del legno, per produrre Lol )
prodotti per I'ingegneria strutturale Nt}
con il massimo valore aggiunto s
Y = =
-

LT =2 TUDelft
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Tour .

Aerial surveillance

Ground surveillance
Terrestrial laser scanner (TLS) =
Stereophotography

Tree shapes (Diameter, Branch angles)
Stem quality: shape / taper
curvature, length, roundness

TUTI - FuDelft

_f\ pE—— e o e B A
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Forestscanming = Scansione faser

To U R (Google trees)

3D-Scanning nelle foreste

e Analisi forestale (quantita / qualita)
e Qualita dei tronchi

e Qualitainterna (?)

Come?

e LIDAR (Light + Radar)

e Terrestrial laserscanning
e Stereofotografia

* Mercato del legname

e Clienti nella filiera del legno Douglasia in Bavaria, 360° scan
e Studi ambientali, biodiversita,

sequestro del carbonio

.3
'I'I_I'I'I TUDelft

nlegno FRIULSIDER H é| Q MARLEGNO ruthnbiaas RUBNER ) /iyEem SOLTECH IIIF

HAUS

Leta )
Risultato: Immagini forestali di alta B |
. . i
risoluzione 1N g
* Processi decisionali T
SR
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Io U ‘ 58581 12 . : , , | Scansione laser,

direttamenta dalla

58501 b strada forestale.

58581

- .

2.004

5.856

Northing [m]

5858 |

5858
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i 1 ] 1 1
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Forest scanning ror wood quality

Tour

Ogni albero €
registrato

OE

A

5mm — 2500 m
Riegl - scanner

Tronchi, Lunghezza,
Spessore.

Previsione della
nodosita e qualita del
legno sulla base dei
rami (diametro,
angolo).

%
TUT] TUDelft

ontegno rrsiven [l /1y 4 vancono ifhoblaas RUBNER § /58 GOLTECH giol)
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Analisi delle foreste e |la loro crescita

La relazione tra foreste e la qualita del legno

Capire la forma e la qualita dei tronchi

Capire come crescono gli alberi (di faggio) in foreste

miste

Selezionare alberi per la filiera del legno

Faggio in vari tipi di

foreste:
B 'Querce
B Abete
B Faggio
B Douglasia
B pini
Lunghezza e :[-
Dimensioni multo pit variabili Sl ’d.

Spigolo, Qualita della superficie, ~ & =
Dimensione, Tipo della sega, 'l:j“:'_'-'*
ecc.

'?U Delft

= - . —_—
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3D-Scansione Laser

Classificazione automatica dei tronchi

™ Delft

riegno rmwisoes Il /1y #F vamcovo Sihoniess RUBNER & vEem GOLTECH gigl)
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Intensita: la qualita del legno: volume/ha — qualita/ha o
Forestale: pagato a m3 (Volume), Misurazione del Modulo di Elasticita die tronchi.

Segheria: pagato a m3(Qualita del legno — Classe di resistenza)

TLT] FuDelft

" i e %Y
conlegno FR{ULS.DER H é ! Q * MARLEGNC rothoblaas RUBNER % ArEem SQLTECH ‘/.‘l: l'

Salutipns fod Budding Technology Lo casa italiana in legno HALUS



Tour

A Vertical coordinate A Vertical coordinate

;
o .
Sgh 3
Crown ot Branch
height (ch) & Branch . (axis)
Tree '.
height
(th) Branch

slope
____________ Proiezione e previsione della
Vertical branch qualita del legno (nodosita)
coordinate .

interna

Crown diameter (cd)

Diameter at
breast height (dbh)
>

>
Horizontal coordinate Horizontal coordinate
TLT fuDelft

(a)

conlegno FRIULSIDER H é ! Q * MARLEGNGC rothoblaas RUBNER % ireem SOL‘I'ECH 6:“
storoenso La casa italiana ia legno HAUS
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Modelled MOEgyy,., in N mm™ Yield in %
20000 )
100 - ® > 14000 N mm™
—2
a8 > 15000 N mm
18000
- 80 -
16000 { —— | |
I T 60
S
14000 + - - 4 - - - === == i il e ---
i i | 407
12000 A 5 .
10000 0. 0

F.sylvatica P.menziesii P.abies Q. petrasea P. 55""’?5‘“‘5 F. sylvatica P.menziesii P.abies Q.petraea P. sylvestris
(a) pecies mixture  (h) Species mixture

m Variazione della MoE a base del tipo forestale 'i:;u Delft
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(b)
. . 2
Indicating bending strength N mm Indicating bending strength in N mm™
60
Log type 60
butt
50 - " second ] *
- = third %0 IR
. 1 : * fourth
40 - g .. BB = fifth I
f ﬂ' . H* = sixth 40 !

T A sI 0

r 1 sl LB ks :

B g | |' S
20 - 3 LML .

E LI H ' b 1—' 20

i | Jhal
10 - . CEEERRERE
0 : 0 =8 . T T T T
20-29 30-39 4049 50-58 60-69 TO 0 5 10 15 20 25 30 35 40
Time of logging in years Radial distance from pith in cm

TLT] FuDelft

g Tectimaiogy La casa italiana in legno H A US
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Trasformazione dei tronchi in tavole
Misurazione delle caratteristiche
g Classificazione delle tavole
g Classe di resistenza seconda le
! Norme Europee

2000/ha

1000/ha
Densita: alberi/ha
e B i Tecnologie per la classificazione delle
tavole per scopo ‘strutturale’
haamayood . . .
mature wood - classificazione a vista
- classificazione a macchina

classificazione ‘virtuale’

sapwood/uvanie wood

m T

" i e %Y
conlegno FR{ULS.DER H é ! Q * MARLEGNC rothoblaas RUBNER % ArEem SQLTECH ‘/.‘l: l'
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Tour

Study at hand
[50]
[48]
[49]
[48]
[47]
[32]
[46]

(a)

T

Germany 12900(15%)

Germany 13900 (9%)

Italy 13900 (15%)

Germany 14400 (12%)

Germany 14500 (12%)

Germany 14600 (13%)

Germany = 14800 (14%)

France 14800 (16%)
Germany 15400 (12%)
Germany 16600 (8%)

Germany 16000 (10%)
Switzerland 16200 (12%)
Switzerland 16300 (12%)
Slovenia 16700 (15%)

12000 15000 18000

MOEd}rnrgrading |r| N rTIIT'I_

Faggio: variazione die ‘qualita’: MoE e Densita

739(5%) N=214

660(4%) N =141

71 l’:'h|'r 6%}' N = 465

653{5%} N =187

B676(5%) N = 1888

705(6%) N =444

—_—— 507 (5%) N =407

711(5%) N=1319

71 ?1"7 '36} N =84

71 3(5 %J' M =809

703(6%) N =154

714(6%) N = 1490

699(6%) N =5764

723(5%) N = 457

600 700 800

2 (b) Pgrading in kg m™°

'FU Delft
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Tour

Legno strutturale: EN 14081
Legno lamellare: EN 14080

T

Classi di resistenza: EN 338:

C€

43

AnyCo Lid
BMCPR2013-0T14

M/ DG

c

» Coniferi: C-Classes, T-Classes

Latifoglie: D-Classes, DT-classes (Proposta)

CE-Kannreichnung. besfehend aus dem (CE™-Symbol

Kannaummer der

Terth yasede fur die werk
Produkiionzkpninolle

Narme oder Kennieichen des Hevstelers

Rafaranzaummer dar Laistungserkiirung

Fammeter zur Beschvsdbung dez Bauholnes Air tragende
Twacke

‘Tensile classes’ per legno lamellare

Stufe oder Kiasse der erkiirman Lesiung

(conifere)
Property ~ T11  Ti4 T18 121 T24 728 T30
Strength properties 110 140 180 21.0 24.0 28.0 30.0
[N/mm?] frok
Stiffness properties
/] E: omean 90 110 120 13.0 13.5 15.0 15.5
Density [kg/m?] D, 320 350 380 390 400 420 430

[
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Lo scopo della classificazione del legno strutturale

R*=0.31 R2=0.54|

100— 100+
®

MOR [MPa]
MOR [MPa]

1 1 1 1
,' . 5000 10000 15000 20000
dynamic MOE [MPa]

e
M TUDelft

I@qno FRIULS:DER H §|@ MARLEGNGC ruthubiaas RUBNER )Q-;.'-;.ﬁ':“ SOLTECH - III.F
i storaenso o 14 000 alions i fagen HAUS

O

P
=
[s)]

antarmn serv lepan sephora YOUR FIXING FACTORY
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Classificazione a vista a base dei nodi (p.e. DIN 4074 / UNI 11035) R2=0.31
100- |

MOR [MPa]

0 I | | I
0 2 4 6
tKAR [-]

TUDelft
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Tour

Table 1 — Strength classes for softwood based on edgewise bending tests = strength, stif ness and density values

Clazs I Cl4 ] Cl6 | €18 ] C20 I C22 I C24 ] C27 I c3on | C35 I C40 I C45 I 50

Strength properties in N/mm?

Bending Sk 14 16 18 Z0 2 24 7 30 35 40 45 a0
Tension parallel frow 72 | 85 10 | 115 | 13T TIES | 165 19 225 26 30 | 335
Tension perpendicular Sevai 0.4 0.4 0.4 04 0,4 0.4 0,4 0.4 0.4 0,4 0,4 0.4
|Cnmpr¢ssioupamllvl fean | 1& | 17 | 8 | 19 | 20 | 21 | 22 | 24 I 25 | 27 | 29 | 30
| Compression perpendicular fevak | 2.0 | 2,2 | 2,2 | 23 | 24 | 2,5 | 25 | 2,7 I 2,7 | 28 | 29 | 3.0 |
| Shear | Fes | 30 | 32 | 34 | 36 | 38| 40 | 40 | 40 | 40| 40 | 40 | 40
Stiffness properties in KN/mim? e

Mean modulus of elasticity parallel bending Emtimean 70 | 80 | 920 | 95 ll:ll.‘l_ 11,0 JI.E 12,0 130 | 140 | 150 | 160
5 percentile modulus of elasticity parallel bending Emak 4,7 54 | 60 | 64 Ty s 2 8,0 8.7 9.4 10,1 | 10,7
Mean modulus of elasticity perpendicular Ema0mean 023 | 027 | 0,30 [ 032 | 033 | 037 [ 038 | 040 0,43 0,47 | 050 | 053
Mean shear modulus [ — 044 | 0,50 | 0,56 | 0,59 | 063 | 069 | 072 | 075 081 088 | 0,94 | 1,00
Density in kg/m? ——

5 percentile density -5 290 | 310 | 320 | 330 3t- 350 iﬂ 380 390 ( 400 | 410 | 430
Mean density Pmicss 350 | 370 | 380 | 400 | 4107 X20 0 460 470 | 480 | 490 | 520

i

NOTE 1 Values given above for tension strength, compression strength, shear strength, char. modulus of elasticity in bending, mean mod ulus of elasticity perpendicular 1o grain and mean shear
madulug have been calculated using the squations ghiven in EN 384.

NOTE 2 The tenslon strength values are conservatively estimated since grading is done for bending strength.
NOTE 3 The tabulated properties are compatible with timber at melsture content congistent with a temperature of 20 *C and a relatve humidity of 65 %, which correspends to a molsture content of

12 % for most species.
MOTE 4 Characteristic values for shear strength are given for timber without fissures, according to EN 408, U De I ft

HOTES These classes may also be used for hardwoods with similar strength and density profiles such as e.g. poplar or chestnut.

NOTE & The sdgewise bending strength may alsa be used in the case of flarwiss banding.

CorMEQno EEmEN m {1 I MaRLEGNO rothoblaas QUBNER ‘p 1551} GOLTECH ol
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Tour

Multi-objective optimization: yield / strength
Computerized visual grading

e Combination of boundaries for the e Both objectives are expressed as a function of the
grading criteria that maximizes the grading parameters:
objectives:
e Maximum vyield to the visual grades
Y . £ _fS13 ys10
* Desired characteristic properties for yie|d_ up,m’“up, m
the visual grade ’ ’
f —f( s13 ’XSIO )
strength up,m’ up,m

e Grading to S13 and S10

%
TUT] TUDelft

—_— e et |
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TOnNOrTin

I@qno

#gTE seghero

Bi-dimensional optimization:

e Optimization of yield and

characteristic strength of a single

class (S13, S10+)

1 W T T T T T T T
K all values
09 * ¥ genetic algorithm | |
Y. ¥
0.8 RS
0.7 Tk
— 0.6 RN ** Pareto-optimal solutions
=, LR
= 0.5 - _‘|; vl g
.g s 8
04 F - ..:,.' . .:%. * ¥
LA .t ....'. % .* --ﬁ
03 F Semea., AR Ry
"4 ~ ' - **
02 F .' " - % . * e - .**
® °'“. —'.".-' ** : t
01 . L e ol ok
0 1 1 1 1 1 1 1 - 1
12 14 16 18 20 22 24 26 28

2
ft " [N/mm~]

Q MIQ SEOraLnss

FRiULS/DER

YOUR FIXING FACTORY

MARLEGNC ruthubiaas RUBNER ) '

Optimization of yield and strength

class assignment of a single class (S13,

S10+)
1 * * T T T T
. ¥ all values
09T . % genetic algorithm | |
0.8 I ¥
P N
[ . .
0.7 ! 1 Pareto-optimal solutions
0.6 vy
0.5 . | l !
0.4 . E | i
0.3 . l I *
. | H
0.2 . ' l f
0.1 ' H
0 1 1 1 1
12 14 16 18 20 22

# Bludgling Tehs

Tensile strength class [-]

em

CD'IF!'UI'-G

La caza italiana in Iugﬂn
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Tour
Multidimensional optimization

Assignment to the strength classes (513 to Total yield to S13 and S10 remains constant.
T18, S10 to T15) remains constant, Yield varies Assignment to the strength classes varies

1 0,
Yield S$10 [%] —DIN Yield S10 [%] —DIN
65.21 A —_—A
B B
—c —C
— D D
—E
T24t0 T18
18 24
T class for $13 [] 29\;ield S13[%] T class for S13 [] Yield S13 [%]

Y Ti6toT14
T class for S10 []

T class for S10 [-]

.3
'I'I_I'I'I TUDelft
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Optimizing the visual boundaries of Norway spruce

Boundary values of the grading criteria for Norway spruce
graded with selected boundary combinations

Grade Solution SK KC E Pith

DIN 0.2 0.333 0.333 0
A 0.2 0.4 0.2 1 .

513 B 0.4 0.4 0.2 1 SK = Single knot
C 0.2 0.3 0.6 1 KC = Knot cluster
DIN 0.333 0.5 0.666 1
A 1 0.5 1 1

S10 B 1 0.5 1 1
C 0.3 0.4 1 1
D 1 0.4 1 1 5

TUTI TUDelft

am aterial can b@ﬁraded but usin S— P
~onleQno FRIULSIDER MARLEGNC rotRoblaas Em G Alreem OLTECH
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Optimizing the visual boundaries of Norway spruce

Characteristic properties and strength classes

. Pk EO,mean ft,k
Grade Solution N kg/m]  [Nmm?]  [N/mm?] T class
DIN 330 380 13750 23.4 TI8
A 295 380 13600 21.7 T18
S13 B 378 380 13200 18.5 T18
C 450 380 13400 20.6 T18
D 324 390 13900 23.6 T22
DIN 646 370 11500 15.4 T15
A 941 370 11500 15.2 T15
S10 B 858 360 11500 15.3 T15
C 470 370 11600 15.0 T15
D 621 360 11700 15.5 T15

1111

Yield to the visual grades S13 and S10

I | > 6%

I P1.8%

09.7%

I 1 *

I > % |
" I ; -

X
0

19.5%

T
1813
I S10

1%

DIN

A C

Visual boundary combination

P1.4%
U E

]
TUDelft
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Classificazione a
macchina:
Tecnologie per
quantificare

e Nodi

e Fibratura

e Midollo

—_ * Fissure

e Ultrasuono

e Vibrazioni

* Laserscanning
e ‘virtual’ grading

11111 Abete fuDelt

ol
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- i Ultrasuono
step-motors— - perpendicolare alla
| ,MoVINg unit fibratura
I
52'5 L . 1 o 1 ' 1 L 1 J 1 ' 1 L
linear guides 1" . ® measurement
7 50.0 i theory
pneumatic 8 4754
cylinders ™ j‘
_':-_'.Btrapezuidal E" 45.0 4
ultrasonic F SCrews ‘é
t d
ransducers S 4254
=
40.0 4
“basement tz Y 375 |

60 -50 -40 -30 20 -10 O 10 20 30 40

(a) Distance v, mm
1 TU Delft
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Frassino

Ultrasuono

(a) ToF image

™y T =T —1
i

tﬁ - — z
_ g L pre—— —

(b) Amplitude image

(c) Reference image

Immagine ‘rinforzato’

TLT fuDelft

TONIOITI0 Ve H A u S

_f\ pE—— e o e B A
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Ultrasuono

0.2

KAR -]
o
T

T

1] 4] L1 00 A ) ) [
Position of moviag window [ | Smen) [mam)]

(c) Segmented objects

(a) ToF image in ToF image

(b) ToF image with

filtered RT-Profile  (d) Knottiness profile

Tavola di frassino con rottura

'ifU Delft

COnsoreig servia legne seghero
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| | | ____Ultrasuono |
(a) | (b) :
100 + O maple . 100 + Q) map]e
! ash g™ ~ ash
fit ash + maple: fit ash + maple:
| —— y=:97.2 -197x;| ] 801, ——— y=75.7 -145x; |
QS R*=0.611 & O *=0.544
A, a¥ |
= 60 S 60t
— O _ O
= =
40 40
20t 20
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
KAR,, [ tKAR [-] ,
m Nodosita a base di ultrasuono (sinistra) e la classificazione a vista (destra) -(r,U Delft
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Original image Ultrasuono Profilo dei nodi
M e Immagine ultrasuono vs. 2D immagine di nodosita
Prove distruttive (Tensione, Flessione)
Processed image ' . . . . ; ; ' . .
] . i
Segmented image Sample 4003

MY o MR B

Segmented image — class 2 . | . |
Sample 4050

T T T T L LI T T

— e S —— e Relazione tra nodosita e resistenza: CLASSIFICAZIONE

3
TUDelft
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Vibrazioni

25

ash:y =:-0.487 + 0.992x; R*=0.749
beech: y=:-3.16 + 1.15x; R*=0.847
maple: y = : -0.885 + 1.01x; R* = 0.598

T

ch_!;n Jreg,12 [G Pﬂ.l

Q ash

% beech
g maple
5 10 15 20

25

o

251

20}

Eom12 [GPa)

ash:y=:043 + 0877, R*=0.778
beech: y = : -0.879 + 1.08x; R* = 0.699
maple: y = -0.225 + 0.951x; R* = 0.792
pak: y = : -0.562 + 1.04x; R*= 0.591

: 10 5
Ed.r;u,_fri-’q. 12 [G Pa’]

20

25

b)r (MiCROTEC)

Vibration method: a) in laboratory
using a accelerometer

b) contact-free in-line using a laser
interferometer (MiCRQTEC)

UDelft
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Vibrazioni
a | b
150 | ash:y=:-63.2 + 8.31x; R = 0.296 T 150 | @sh:y=:-12+59 R*=0.269
beech: y = :-84.6 + 8.89x; R*= 0.471 P beech: y = : -49 + 8.1x; R* = 0.393
maple: y = : -70.2 + 8.76x; R? = 0.263 JD O 7 maple: y =: -22.1 + 6x; R* = 0.285
T - oak: y =: 0.708 + 5.09x; R? = 0.345
— 100} - ; 1 F 100
~ o
= o =
- e
= | R
50 ¢t 1 50
O  ash
d = beech
; : +  maple |~
0 ——L - | 0t -
5 10 15 20 25 5 10 15 20 25

GPH’] dyn. freq.dens, 12 [GP&]

Edﬂn freq.dens.12 [ L . Adens. 1
TUT] . _Delft

= = . — .l 1Y,
contegno ruisoen [l /1 warcovo isfhoblaas RUBNER § 7560 GOLTECH gigly

Salutipns fod Budding Technology Lo casa italiana in legno H- AU S




Scansione laser

Analisi del ‘point cloud’ —

Automatic and detection.

TLT] FuDelft

Busliing Techrelogy Lo casa italiana in legno HALUS
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Baam face

o =
et
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Scansione laser per analizzare
e ‘classificare’:

- alberi

- strutture

- tavole:

a,b,c: algoritmo -

Profondita > threshold: fessure

conlegno FRIULSIDER H §|@ MARLEGNC ruthnhlaas RUBNER
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Scansione laser delle superficie del legno

t Longitudinal 2D Y 3D

Horizontal angles

on wide face /

=1 Vertical angles
=53] & on small face

.........

Laser dot Board

L

Transverse X
(a) (b)

I'angolo del laser dot (ellissoidale) <> fibratura

]
TUDelft

L, YOUR FIXING FACTORY [l &, ! ] } =00 corvooonn conniwme 00 BT il ShmER 2 corrswrnran
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Scansione laser delle superficie del legno "
10
5
0
TLT]

conlegno FRIULSIDER

YOUR FIXING FACTORY

COnsoreig servia legne seghero

W L e
storocnso

SOGgp, 150 In *
L]
L[]
S0G;p 150, max = 13.5°
;
L]
:
: 1221 mm
0 500 1000 1500 2000
(b) Search window,sy in mm
Frequency
Soarch window 1221 mm (1146-1295 mm)
Map points = 10822
40001 Mean of S0G,, = 13.5°
3000 _|
2000
1000 4 ]

0% mehahdnﬁnﬁb?’ns'ndngi

(€) S0G;qiIn°

2500

150

100 1

50 1

150

100 1

50

Strengthyengie in N mm=

e rP=0.722
j [0.694, 0.751]
0 50 100 150
(c) IPeyp in N mm~
Strengthignsiie in N mm~2
"-: Ry
_ i '” Lo
s A e
P
Ry P =0.710
ot [0.684, 0.740]
0 50 100 150
(e) IPpower in N mm™
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Scansione delle superficie del legno:

Il futuro della classificazione: ‘virtual’ grading

- camera —
- laser e [ Board, containing knots ] r Getting knot Surﬁ,’ces]
- infrarosso [ Extracting total knots per board ] nalyzing for knot wa
- ultrasuono onfigurations X135
[ Extracting the x-coordinate ]
[Extra:ting the v and z-mordinates] [ Extracting the diametemJ'
[ Getting the knot numbers ] Creating axis of rotation e
3 i for each knot
TcR . . )
T={l<x<4l<y<Lji<z<N} | ’ " .—ﬁ
3 . : 59 different geometrical
.”.[r f(x,y, Z)dXdde : - z ! configurations
i q} il ;’J ] 1 @ ! F

TLT] | FuDelft
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Image

Raggi - X
Ultrasuono
FUDelft
. . T ﬁﬁ
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Image

| : ,ﬂ ‘ 8 Generazione dei nodi
e > 45 : @ in 3D

| 3

. ﬁ

Generazione della
fibratura (CFD)

Generazione della
fibratura max. (SOG)

2 Generazione FEM 3D

TLT FUDelft
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Calcoli FEM:

- generazione nuovi
parametri

- Stress
Concentration
Factors (SCFs)

- Rottura

- Modulo Elastico
Dinamico

(Avg: FE%)
ODB: Solid.odb  Abaqus/Standard 3DEXPERIENCE R2018x +4.423e+01
+4.037e+01
Step: loading +3.652e+01
X Increment 11: Step Time = 1.000 +3.266e+01
+2.880e+01
Primary War: 5, 511 BT
Deformed War: U Deformation Scale Factor: +1.000e+01 +5 1096401
‘ +1.723e+01
+1.338e+01
+9.521e+00
+5.664e+00

+1.808e+00
-2.048e+00

“onlegno FRIULSIDER H § | @ MARLEGNC ruthuhlaas RUBNER % reem SOLTECH h
aaddi i SIOrQC s uLo

e o Bisicting Techmgiogy La casa italiana in legno H A U S




ODB: Solid.odb  Abaqus/Standard 3DEXPERIENCE R2018x%
Step: loading

X Increment  11: Step Time = 1.000
Primary Yar: §, 511

Deforrmed Yar: U Deformation Scale Factor: +1.000e+01

[N

(Aug: 75%)
+4.423e+01
+4.037e+01
+3.652e+01
+3.266e+01
+2.880e+01
+2.495e+01
+2.109e+01
+1.723e+01
+1.338e+01
+9.521=+00
+5.664=+00
+1.808=+00
-2.048e+00

’TT # II\ .ffh _/_'_f" RV ¥ A A i 4
Stress Concentration Factors
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Tour

Calcoli FEM:

- generazione
nuovi parametri

- Stress
Concentration
Factors (SCFs)

- Rottura

- Modulo Elastico
Dinamico

m Visual grading / Machine grading / Virtual grading U Delft
. . —_ e /‘\*
conlegno FRIULSIDER MARLEGNC rothoblaas QUBNER % Y GOLTECH inolk

il e
Salutipns fod Budding Technology Lo casa italiana in legno HALUS




“Virtual grading’

TOUR Mirtual gradmg

100
90

+ Simulation SCFy, SCF5, MOE s qugsim RZ= 0.58

T 80 © Test MOEgyn test. p,DEB,D!EB RZ = 048 <
E =
£
=
g
2
£
= Lsts )
70 4 - 2 . B
Predicted strength (MPa) ﬂﬂﬁ i
a o "_‘H.E-" %+
. ' ! -
; = ==
ER = Wi
%.\:I 1“: Y
f Skl e O
* Image based ‘knot’ identification &
* Fibre deviation modelling = Strength == * Spruce +
* 3D Stress model 0 o | 4be -
; prediction S Douglas fir
* Stress wave analysis

3 o 1] i) ] 40

Dimidcd gl |
m @ Alltested parameters{MOE_dyn, TKAR, DEB, DAB, density) forspruce  R*=0.6036

» Alltested parameters (MOE dyn, TKAR, DEB, DAB, density) for douglasfir R*=0.6445

L] (=]
il abieniglh {MIPa)

Parl and Par3 for spruce R*=0.7432
wParl, Par2 and Par3 for douglasfir R*=0.6611

'ifU Delft
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0ODB: Solid.odb  Abaqus/Standard 3DEXPERIENCE R2018x

Step: loading

Increment 11: Step Time = 1.000

Primary Var: S, S11

Deformed War: U Deformation Scale Factor: +1.000e+01

(Avg: 75%)
+4.423e+01
+4.037e+01
+3.652e+01
+3.266e+01
+2.880e+01
+2.495e+01
+2.109e+01
+1.723e+01
+1.338e+01
+9.521e+00
+5.664e4+00
+1.808e+00
-2.048e+00

.. i
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La caza italiana in legno



TLT] FuDelft

conlegno FRIULS:DER H é! Q * MARLEGNC rothoblaas RUBNER % Ircem SOLTECH l{;l'
cansorrin servin begne seghero , o e i i 1L 1L 1}

isicting Tectingiogy Lo casa italiana in legno HALUS



Tour

“Virtual grading” Visual grading

L]
T " ® R?=0.30 R?=0.31
& i e
4 00 1
= s » ) %o ° o
¥ = 2 . : . .
3 R2=0.7 - 0.75 . [ p
40 B 4
AT | RO
é: | = "’... T -{‘_E .- _‘r‘ i ﬁ
;-: a® J_ I\':f__:'-'- .
: o GdeBNRIN TP
f ol -;-.-ﬁ ) ""tf i [ ] @
8 #l‘t'ﬁ 2 #n? LTI
ab o 8 SRPREG, ¢
. 1" .
. 0 3
0 10 20 50 60
Predicted strength (MPa) 0 | | | | I I | I
o Alltested parameters (MOE_dyn, TEAR, DEB, DAB, density) forspruce  R*=0.6036 Parl and Par3 for spruce R*=0.7482 300 400 500 600 0 2 3 °

]r tested parameters (MOE dyn, TKAR, DEB, DAB, density) for douglasfr R*=0.6445 Parl, Parl and Par3 for douglasfir R*= 0.6611 density [kg/m3] tKAR[-]

1 UDelTt
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Property T11 T14 T18 T21 T24 T28 T30
Strength properties 110 140 180 210 240 28.0 30.0
(N/mm?] fo
Stiffness properties £ 9.0 11.0 12.0 13.0 13.5 15.0 15.5
[kN/mmz] t,o,me(]n . . . . . . .
Density [keg/m?] o 320 350 380 390 400 420 430

Table 4. Proposed tensile strength classes for medium-dense European hardwoods (DT-Classes).

Property DT22 DT24 DT28 DT30 DT34 DT38 DT42 DT46 DT50
Strength properties [N/mm?] fonk” 37 40 46 49 55 61 67 73 79
fw,k 22 24 28 30 34 38 42 46 50
fro0k” 34 3.4 3.4 34 3.4 34 3.4 34 3.4
fqolkc 32 33 35 36 37 39 41 42 43
f. oox 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
f,,rke 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Stiffness properties [N/mm?’] Et.0mean 13000 13500 14000 14500 15000 15500 16000 16500 17000
Eoomean’ 810 830 880 930 1000 1030 1070 1100 1130
Density [kg/m3] Pk 550 550 550 550 610 610 620 630 640
Prmean’ 660 660 660 660 730 730 740 750 760

TUT] TU Delft

COnSOrTin servid begne seghero
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Tour .

304

Faggio con bassa
resistenza—> ideale per
legno lamellare

Haufigkeit
9

Clienti che pagano!

(DIN 4074-5 braucht 1077 (l|.\10rma|.ment.e non e
Uberarbeitung) Iindustria edile... ©)
erarbeitung

TLT] I fuDelft

Festigkeit [N/mm?]
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ﬂurm:nm

Cumulative frequency [%]

Glulam config.

-

combined

homogeneous :
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Automatizzazione della produzione di legno

lamellare
c) : .
= - immagini delle tavole
. - parametri dalle tavole (Qualita, Modulo di
) Elasticita

- generazione di una trave di legno lamellare
possibile ottimizzazione (Resistenza / Rigidezza,
Trazione, Flessione, Taglio,.... )

3, 511
(Avg: 75%)

+2.766e+01
+2.328e+01
+1,889e+01
+1.451e+01
+1.012e+01
+5.737e+00
+1.353e+00
-3.032e+00
-7 4172400
-1,180e+401
-1619e+401
-2.057e+01
-2.496e+01

'ifU Delft
““\ﬁ’
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* Glulam of low grade beech

e Optimized cross sections with
mixture of low and high grade
lamellas

Digital copy of
glulam’

Virtual wood + glulam model’:
- Knots

- Fibre flow / deviations

- Adhesive performance

Production of beams and
- Automated lay-up (resource connections

efficiency)
- Optimized for stiffness or strength

M

Fully automated and
connected to the design .?
software (1M / revit / eevy ¥ U Delft

M ™ME - —
-0nlegno FRIULSIDER H §|@ § N - g GNC rﬁnhlaas RUBNER (? seem GOLTECH 3, h
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Glulam — lamella strength classes

e Glued Laminated Timber - EN 14080:2013
e T-Classes for lamellas introduced

e Standards for grading of medium dense hardwoods
need to be improved

e Standards for visual grading of tropical hardwoods :
can be used Beech Spruce

e As we have the data of the boards, we also have
data of the glulam

TUT] FuDelft

— e
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Glued Laminated Timber - EN

ToUR - zeu

e T-Classes for lamellas introduced

* Standards for grading of medium dense
hardwoods need to be improved

* Standards for visual grading of tropical
hardwoods can be used

¢ As we have the data of the boards, we
also have data of the glulam

Tension classes Beech Spruce

Table 4. Proposed tensile strength classes for medium-dense European hardwoods (DT-Classes).
Property DT22 DT24 DT28 DT30 DT34 DT38 DT42 DT46 DT50

Strength properties [N/mm?] fnk” 37 40 46 49 55 61 67 73 79
fook 22 24 28 30 34 38 42 46 50
f 004" 34 3.4 3.4 34 3.4 34 3.4 34 34
feox” 32 33 35 36 37 39 41 42 43
f. o0i” 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
fot 75 7.5 7.5 7.5 7.5 75 7.5 7.5 7.5

Stiffness properties [N/mm?] Et0mean 13000 13500 14000 14500 15000 15500 16000 16500 17000
Eoomean’ 810 830 880 930 1000 1030 1070 1100 1 1 30

Density [kg/m’] Px 550 550 550 550 610 610 620 630 )elft

- Pmean’ 660 660 660 660 730 730 740 750 760

conlegno FRIULSIDER H é!@ MARLEGNG fothoblaas RUBNER § /&6 GOLTECH nll

consormin wernmn begnae seghero
Salutipns fod Budding Technology Lo casa italiana in legno H AU S



Lamellare di Faggio

'?U Delft
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TO UR (Resistenza:

- Glulam: 24 — 48 MPa (60 MPa?)
- Microlamellare: 40 — 70 MPa
- Crosslam: 24 MPa

Abete / Pino / Larice

Faggio / Frassino / Acero / Rovere

UDelft
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=

wm  TOUR FIXING FACTORY
Salutipns fod Budding Technology Lo casa italiana in legno HALUS



Tour

Thanks to my colleagues:
Andreas Rais - TUM
Ani Khaloian - TUM

Andriy Kovryga - TUM
and
M. Bacher - Microtec
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