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1. Motivation

2. Some limits of pure softwood (SW) elements/structures

3. Tensile strength and MOE of hardwood (HW) laminations (solid and LVL)

4. SW and HW plywood properties

5. Reinforcement of SW- GLT by LVL laminations (tests, calculation, bonding)

6. CLT with HW (beech) cross-layers (why?, benefits)

7. Itec- formwork beam ïadvantageous combination of birch, poplar and SW 

8. Glued-in rods for moment resisting SW-concrete (bridge) applications
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Why bonding SW to other materials

In order to get benefits which we can not achieve with pure 

softwood materials

To get improvements in

strength

stiffness

costs

To open markets not feasible for pure SW constructions

From a local and global economy and sustainability perspective

it is important to enhance the material use of under-utized

strongly increasing HW stands
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Successful light-weight SW - OSB web I-beams
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Successful light-weight SW - OSB keel-web-beams
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Fully automated production process
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Schematic view of keel-web production process

Finger 

jointed

lumber

Gluing Process 1

Milled recess in web panel for better bonding

plywood = 0.2 mm

OSB/3     = 0.4 mm

Gluing Process 2

Cramping
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Planing of cambered 35 m long keel web element
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Realized constructions with keel-web elements
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Realized constructions with keel-web elements
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PRF-, MUF-, UF- adhesive classes (EN 301:2017) 
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EPI - adhesive classes (EN 16254:2016) 

EPI = Emulsion polymerized isocyanate

adhesive type

designation
application

test 

temperaturea)

glue line thickness 

mm
service 
classes

EN 16254 I 70 0,3
normal use

general purpose 70

test

0,5

use

0,3 1,2

special use

EN 16254 I 90 0,3 general purpose 90 0,5 0,3 1,2

EN 16254 I 90 0,2 small dimension 90 0,3 0,2 1,2

EN 16254 I 90 0,1 finger joint 90 0,3 0,1 1,2

EN 16254 I 70 0,2 small dimension 70 0,3 0,2 1,2

EN 16254 I 70 0,1 finger joint 70 0,3 0,1 1,2

EN 16254 II 50 0,3 general purpose 50 0,5 0,3 1

EN 16254 II 50 0,2 small dimension 50 0,3 0,2 1

EN 16254 I 50 0,1 finger joint 50 0,3 0,1 1

a) Tested acc. to EN 15416-2 and annex A of EN 16254, A6, A7 und A8
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Strength classes for SW from edgewise bending
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Strength classes for HW from edgewise bending

HWs only
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Strength classes for SW from tension tests
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Build-up of homogeneous SW-GLT classes

EN 14080

Strength class of GLT

Lamination

strength class

Required 5%quantile of 

finger joint bending strength
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Build-up of inhomogeneous SW-GLT classes
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Tensile strength of European HW laminations
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LVL properties - SW and HW

LVL
characteristic

tensile strength

parallel to

fiber

mean MOE

parallel to

fiber

characteristic

density

species producer

- - [MPa] [MPa] [kg/m3]

spruce
Metsä

Wood
35 13800 480

pine Steico 37 15600 550

birch MLT 52 17500 600

beech Pollmeier 60 16800 730
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Tensile strength of LVL laminations (unjointed)
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SW-GLT enhanced by (HW-) LVL laminations

SW-lamination limits: T22 to max. T30

LVL-lamination limits: T35 to T60 and more
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Stiffness and strength potential of HW plywood

F20/15
E30/25

F30/20
E50/35

F40/30
E95/70

F55/55
E90/90
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One-sided HW-LVL substitution of SW GL 24

Ratio of beech

LVL lams: 6,7% 13,3% 20,0% 26,7%

H = 600

t=40

t=40
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Bending compression failure at/beyond 13 % HW 

LWL ratio

13%


