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EU Hardwoods: Situation today

softwood hardwood

Main stock

young trees

oak glulam

beech glulam

architects love it…

… engineers need it

… forests provide it

…but today hardwood is

hardly used

for structural applications !

softwood hardwood

Source: German association of saw milling industry
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EU Hardwoods: Partners 

HFA Vienna
(Austria)

FCBA Bordeaux
(France)

Univ. 
Ljubiljana
(Slovenia)
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FVA Freiburg
(Germany)
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HARDWOOD STRUCTURE: Problems

e.g. fiber deviation in oak

GRADING:

BONDING:

MACHINING:

producer of
structural products
based on softwood

producer of
structural products
based on softwood

and hardwood

problems due to porosity (e.g.: beech)

and extractives (e.g. oak)

feed rate [m/s]

p
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[W
]] beech

spruce
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HARDWOOD STRUCTURE: Project idea

New building products:
Pure hardwood and hybrid

Testing and simulation of

mechanical properties

basis
for ETAs

basis
for harmonised

standards

optimized use
of forest resource
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HARDWOOD STRUCTURE: Some fruit already there!

New building products:
Pure hardwood and hybrid

Testing and simulation of

mechanical properties

basis
for ETAs

basis
for harmonised

standards

optimized use
of forest resource
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Glulam made of hardwoods: German Approvals (valid today)

Z -9.1-679

Beech:

- GL28 – GL48

- pure beech

- hybrid (spruce/beech)

- h ≤ 600 / 900

- b ≤ 150

- min. 3 lam.

- lam. thickness: 42 

- adhesives: two

melamine adh.

Z -9.1-704

Oak:

- GL33.5

- pure oak

- composite built-up

- h ≤ 400

- b ≤ 160

- min. 4 lam.

- lam. thickness: 20

- adhesives: one

melamine adh.

Z -9.1-821

- GL 31.5 / GL 59

(with / without finger joints)

- pure oak

- h ≤ 280

- b ≤  70

- min. 4 lam.

- lam. thickness: 23

- adhesives: one

melamine adh.
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Examples: CUAP for glulam made of hardwood
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ETAs (valid today)

to be transfered to EAD

Oak

Chestnut
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Characteristic values of hardwood glulam

Chestnut
Test results Derived 

individual 

strength 

profile

Comparison 

prEN 14080,

GL 30c

Bending strength [N/mm²] fm,g,k 30,41) 30,0 30,0

Tensile strength [N/mm²] ft,0,g,k 20,01) 20,0 20,0

ft,90,g,k 0,73 0,70 0,50

Compression strength [N/mm²] fc,0,g,k 47,1 40,02) 25,0

fc,90,g,k 5,5 5,5 2,5

Shear strength [N/mm²] fv,g,k 5,23) 5,0 3,5

(shear and torsion)

Rolling shear strength [N/mm²] fr,g,k –-4) 1,2 1,2

Modulus of elasticity [N/mm²] E0,g,mean 13000 13000 12500

E90,g,mean 1450 1400 300

Shear modulus [N/mm²]# Gg,mean –-4) 650 650

Rolling shear modulus [N/mm²] Gr,g,mean –-4) 65 65

Density [kg/m³] ρg,k 524 520 390

ρg,mean 547 540 420
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Characteristic values of hardwood glulam

Oak
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Glued structural hardwood products: I-Beams

Birch

Nearly double resistance
(moment and shear capacity)
compared to spruce I-beams
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Are there tested and approved adhesives?

Oak, Beech, Birch, Chestnut
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Are there any problems to solve?

We do not have:

- enough knowledge about availability of hardwoods of certain „quality“

- a direct link between „quality“ and strength classes

- strength models for e.g. glulam (comparable to „Karlsruhe model“)

- enough positively tested adhesive systems
(e.g. no Formaldehyde-free system…)

- clear and transparent criteria for the test of adhesives and
glued products

- clear rules for quality control systems

- Proofs for the lay-out and design for hybrid glulam and cross-lam
structural members
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WP3: Adhesives for structural hardwood bonding

3.1  Principal tests and face gluing

• short term strength properties according to EN 302-1

and adaption of the strength requirements of EN 301;

• testing of separate application of hardener and resin by means of delamination tests according to EN 302-

2;

• working properties, minimum press time acc. to EN 302-6 and EN 15416-5;

• testing of the effects of wood shrinkage on the shear strength similar to EN 302-4 with hybrid hard- and

softwood bonds (necessary to evaluate shrinkage capacity of the bonds in hybrid cross-lam);

• durability tests by means of tension perpendicular to the grain according to EN 14080:2005, Annex C and

by means of shear parallel to the grain according to EN 15416-2;

• derivation of quality procedures adapted to hardwoods.
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lamination tension strength ft,0,k

oak LS13 (EU)

oak LS13 (US)

spruce T14

spruce T24

oak LS13 (EU)

chestnut LS10

chestnut LS13

oak LS10 (EU)
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WP3: Adhesives for structural hardwood bonding

3.2  Bonding of finger joints

• consolidate finger-joint data in solid wood and lamellas form all partner

• investigate influence of size and finger-joint type for the different species with

accomplishing tests if necessary (finger-joint tensile tests according to EN 408 or finger-

joint bending tests according to EN 408)

• bonding of finger joints and finger joint adhesives under consideration of density and

dynamic moduli of elasticity as well as moisture content
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WP5: Hybrid cross-laminated timber

5.1  X-lam loaded out-of-plane (e.g. floors)

enhanced moment capacity enhanced shear capacity

• Finite-Element-analysis and -optimisation of tailor-made hybrid cross-sections for out-of-plane 

loading conditions. Based on the results of visual and mechanical strength grading of beech 

laminations in WP2, the bending and shear strength capacities will be predicted by the 

simulation models.

• Structural cross-lam plates with hybrid cross-sectional build-ups (see e.g. Figure below with 

examples for 5layer plates) will be produced by industrial partners.

• The model will subsequently be validated with bending and shear tests of the produced hybrid 

cross-lam plates in structural dimensions.



18 EU HARDWOODS: Kick-off meeting, 13th March, 2014 

WP5: Hybrid cross-laminated timber

5.2  X-lam loaded in-plane 

(e.g. for walls)

• Finite-Element-analysis and -optimisation of 

tailor-made hybrid elements with and without openings

cross-sections for in-plane loading conditions including point 

load simulation of elements with openings.

• Production of structural elements for empiric validation of

the calculation model. The hybrid build-ups will be chosen

according to the numerical predictions.

• Compression tests with small sections of structural members

comprising a combination of softwoods in the parallel layers and hardwoods in the cross-layers 

will be performed. A significantly more isotropic behaviour and thereby an increased point load 

capacity is anticipated.

• Tests of whole wall elements with and without openings loaded by vertical loads (stability 

behaviour) and horizontal loads (shear wall resistance) will be conducted to verify the model 

predictions. A small series comprising wall elements with opening will also be performed, in order 

to derive some elements of tailored design rules for hybrid wall elements.


