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OUTLINE

1. Brittle and flexible adhesives
2. Replacement of steel dowels by flexible adhesives
3. EU project H2020 MEZeroE
4. Tightness in fire
5. Fire tests under tensile and shear loads
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Stress concentrations generated by stiff adhesives

CLT 

with stiff PUR 

and with flexible PU

Stiff PUR adhesive (one-component) Flexible PU adhesive (two-component)

brittle and sudden – stiff adhesives ductile and safe – flexible adhesives
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F&R P polyurethanes using as flexible adhesives of non-linear characteristic 
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Thermal stability of F&R P polyurethanes

DSC results and dilatometric curve
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Thermal elongation



Thickness influence on stiffness
and stress distribution 

in flexible adhesives

Pečnik J.G., et al.: Mechanical performance of timber connections made of 
thick flexible polyurethane adhesives. Engineering Structures 247 (2021) 
113125, pp. 1-12. 
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Almost even stress distribution 
in flexible joint

Shear 
failure mode

Numerical 
model

Nonlinear 
displacement

Shear stress

Normal stress
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Shake table excitation



Replacement of steel dowels by flexible polyurethane adhesives

Flexible joint between wooden 
wall and concrete foundation

Flexible joint between wooden 
wall and wooden ceiling

Flexible joint between wooden 
wall and wooden ceiling

New flexible polyurethane adhesive:
 blocks the transfer of moisture and thermally insulates 

from the ground
 enables quick assembly and disassembly (by a saw) of 

elements made of various materials
 ensures tightness of connections along their entire length
 ensures stability of deformation properties under cyclic loads
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Efficiency of flexible polyurethane adhesives

Steel dowels replaced by flexible joints

100 kN
1 mm

Deformable structural connectors transferring high loads and high deformations simultaneously
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Prefabricated timber houses
with PUFJ (injected and prefabricated)
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https://www.mezeroe.eu/

MEZeroE project - virtual market place for innovative products in nZEB envelopes

Product certification
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TRL 1
• Basic principles observed and reported.

TRL 2
• Technology concept and/or application formulated

TRL 3
• Analytical and experimental critical function and/or 
characteristic proof of concept.

TRL 4
• Component and/or breadboard validation in laboratory 
environment.

TRL 5
• Component and/or breadboard validation in relevant 
environment.

TRL 6
• System/subsystem model or prototype demonstration 
in a relevant environment.

TRL 7
• System prototype demonstration in an operational 
environment.

TRL 8
• Actual system completed and qualified through test 
and demonstration.

TRL 9
• Actual system has proven through successful mission 
operations.

Technology Readiness Level (TRL)
All PM&VLs and Living 
Labs (real buildings)

PM&VL 
(fully 

controlled 
labs)

Fundamental research 
(before PM&VLs)

Market product 
(after LL)

Living lab
(real buildings)

PM&VL 
(semi-controlled 

labs/spaces)

PM&VL 
(concept)
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Procedure steps at the MEZeroE platform



Mass Timber Alternatives in construction with flexible adhesives joints
A. Kwiecień, K. Śliwa-Wieczorek, U. Blumauer, N. Knez

16

http://pensher-skytech.com/opinion-piece-grenfell-tower/

Min-juan H., Hui-fen L.: Comparison of glulam post-to-beam connections reinforced by 
two different dowel-type fasteners. Construction and Building Materials. Volume 99, 30 
November 2015, Pages 99-108

Lack of tightness – problem in fire

Oxygen

Injected Prefabricated
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Timber specimens with polyurethane flexible adhesives tested in fire 
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Fire resistance test

Fire resistance test of mechanically loaded samples was performed on 500 x 500 mm samples including one 
(loaded in tension) and second (loaded in shear) in two thicknesses: 80 and 160 mm. 
Fire resistance test was performed for 43 minutes. 
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Specimen positioning
on the furnace
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The collapses that occurred were due to exceeded shear strength of the timber and not of the flexible joint. 
Most of the flexible joints withstood simultaneous mechanical and fire loading and assured tightness. 

In the fire resistance test it was noticed that timber specimens (with one or two polyurethan joints) in case 
of collapse, collapsed through timber. 

The results are of research interest and show that timber elements of stronger mechanical properties 
should be used to obtain collapse through the flexible joints in case of fire resistance test. 
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Thank you for your attention!


