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* WHY DID WE CHOOSE BEECH WOOD ?
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Figure 1: Value of sold production of the wood industry, Figure 2: Average amount of forest m3/h [2] Figure 3: Europe’s growing stock by main tree species,
2010-2021 Poland [1] 2020 [2]

[1] GUS, Analizy Pekao
[2] https.//foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf
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* WHY DID WE CHOOSE BEECH WOOD COMPOSITES ?
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* Cracow University of Technology
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Beech wood — based composites with
Figure 2: Average amount of forest m3/h [2] flexible polyurethane adhesive joints.

DIAgnostics and Mechanical tests Of aged adhesive layers
used in joiNts of wooDen structureS

PIAMONDg
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[1] GUS, Analizy Pekao OPUS-22 (LAP)

Figure 4: Hardwood-Based Composites with flexible polyurethane adhesive joints
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THE GOALS OF THE DIAMONDS PROJECT ARE: Wpl]

Management,
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To evaluate properties of beech-adhesive bond prior and 55 | Diceminaton

after accelerated and natural weathering (ANW).

To evaluate quasi-static, fatigue, fracture and dynamic {1_";;‘;‘;‘,:{;"“ ‘g‘ Macromechanical “”Pg’ Vibro-acoustia
. . . . tizationl > Characterization  |"4< 2 §| diagnostics

mechanical properties and behavior of beech-adhesive “— 4

bondline prior and after ANW. /

To develop relationships between material quality and
technological parameters during bonding on complex
mechanical performance of beech-adhesive bondline
using multisensory approach and multivariate techniques

To find out whether vibro-acoustic techniques may be
utilized to diagnose the damage of the adhesive bondline.

To comprehend findings for a development of prediction 4 S .
models of adhesive bond damage and its diagnostics. Ty - 'i Akl Gark RARRE ERAN
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Figure 5: Natural weathering test site — Poland/Cracow
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Figure 6: Main work packages in the Diamonds program
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* WHY DID WE CHOOSE FLEXIBLE ADHESIVE JOINTS ? F

PUFJ — PolyUrethane Flexible Joints
innovative solution for high loads and high deformations

2016 - FlexAndRobust Systems company is a spin — off company set by scientists from Cracow
University of Technology

|:> repairing masonry buildings

:> reinforcement of structural elements

|:> structure security systems
for earthquake areas

Figure 7:Example of PM polyurethane application
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INNOVATIVE FLEXIBLE BONDING SOLUTION PUFJ

New flexible polyurethane adhesive: JOINTS IN STRUCTURAL ELEMENTS o
* blocks the transfer of moisture and thermally insulates MADE OF BRITTLE MATERIALS

from the ground STIFFJONTS.

* enables quick assembly and direct connection of elements

POLYMER FLEXIBLE JOINTS

made of various materials

* ensures tightness of connections along their entire length SEALANTS
* ensures stability of deformation properties under cyclic loads €

PolyUrethane Flexible Joints

transfer high loads 3
PS5, 20.440
and high deformations 7 I
simultaneously € SR v e
Material samples Thermal conductivity s _
coefficient A [W/(mK)] |
Wood 0,1157 e
PM polymer 0,1013 :
author's archive
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PUFJ (POLYURETHANE FLEXIBLE JOINTS)

7 flexible polyurethane adhesives of various

visco-elasto-plastic properties:
* Young modulus 1-700 MPa,

* ultimate elongation 10-600%

* tensile strength 1-25 MPa

Adhesive Young UItima.te Tensile Shore’a A

types modulus | elongation | strength ha rdoness
E.[MPa] | £,.,[%] | Ry[MPa] ]
PT 700 10 25 98
PSTF 20 35 4,3 85
PS 20 30 2,6 80
PST 15 65 3,0 75
PTS 12 120 2,9 70
PM 4 110 1,4 55
PBM 600 0,7 35

Table. Parameters of adhesives.
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Figure. Geometry of the specimens: (a) 3D view; (b) Front view; (c) view of the
three types of bonding surface.
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PUF) (POLYURETHANE FLEXIBLE JOINTS)
APPLICATION METHODS

INJECTION  PREFABRICATION

Thickness from 1 to 30mm
o e ] N “',» :.L ‘v.(. S 15 we s.v‘l."
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Figure 8: View of the test stand - four-point bending
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BENDING TESTS: e

2x 40mm

—> Laminated beams

35 400 480 400 35

| e
i e

B 16h= 1280 mm

The European Standard EN 408

2x 40mm

2x 40mm

Figure 9. View of samples for four-point bending

In this test we have three different test periods:
period ,0” — natural condition

period ,one” - after 6 months of natural aging
period ,two” - after 12 months of natural aging
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2x 40mm

2x 40mm

t=dx PUR PS PST PTS
number of samples (2 battens)
time "0" 9 9 9 9
time "1" 9 9 9 9
time "2" 9 9 9 9
total: 108 samples
t=2mm PUR PS PST PTS
number of samples (2 battens)
time "0" 0 9 9
time "1" 0 9 9 9
time "2" 0 9 9 9
total: 81 samples
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2x 40mm

PUR F&R_PS F&R _PST F&R_PTS

Specimen Finax Orer Fnax 6y Fnax 8¢ Fnax 8¢

(kN) (mm) (kN) ~ (mm) (kN) ~ (mm) (kN)  (mm)

1 26,4 53,26 16,1 75,50 15,8 20,96 16,2 68,15

2 25,6 49,15 13,8 89,27 15,8 19,64 14,7 17,12

3 26,2 50,70 16,4 88,61 16,2 80,02 15,2 73,18

4 25,4 al;77 12,8 58,31 16,6 19,91 14,9 74,36

9 27,2 41,58 14,8 78,40 16,5 84,77 s I v | 18,63

6 26,6 47,15 14,5 68,02 17,4 82,31 172 78,22

i § 25,7 40,58 155 70,02 17,7 19,18 14,7 22,95

8 23,8 44,39 16,0 83,35 16,8 86,72 14,7 81,94

9 22,9 43,33 14,3 19,26 15,4 18,96 15,0 69,70
Average &5 46,9 14,9 70,1 16,5 48,1 15,5 56,0
CoV (%) 5,0 9.8 7,6 29,0 4,3 66,0 6,3 46,6
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PUR F&R _PS F&R PST F&R _PTS
Specirnen k max 6r'el R max 6,-3; R max 6,-91 F max 5,.91
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CoV (%) 5,0 9,3 7,6 29,0 4,3 66,0 6,3 46,6
PST DX PTS_DX
Serie2 Serie3 Seried Serie5 Serie6 Serie2 Serie3 Seried Serieb Serieb
w— Serie7 =Seriel s Sorje) e Serie] m Serie7 *Serigl s Sorjie s Seriel
30000 ; 30000
| coh—evae des(;Luect.loniln - cohesive destruction in
25000 nar¥y ot ~achacivie-lay -
B / parrorihe-adnesivejayer- / part of the adhesive layer
Z, 20000 £, 20000
x ! P ¥
E 15000 - | E 15000 o ‘i
9 3 :
u'c-: 10000 4@ S l ’ ...5_ 10000 o / ........ - %
5000 4 5000 H-4F
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Slip 5 [mm]

Slip 8 [mm]




o

Tadeusz Kosciuszko
Cracow University of Technology

INTERNATIONAL

B\ CONFERENCE ON

F&R PS F&R PST F&R PTS

S - Srer Frnax Srer Fnax Ore
(kN)  (mm) (kN) (mm)  (KN)  (mm)

1 14,8 91,2 191 45,4 16,0 91,2

2 12,5 83,9 18,3 38,9 15,5 83,9

t=2mm 3 14,4 80,5 20,3 46,5 15,2 80,5
4 159 40,4 15,9 44,6 17.5 40,4

sE, 5 15,2 38,6 14,6 38,3 17,5 38,6

: 6 15,2 48,9 16,3 46,2 19,6 48,9
»I&;l’ 7 14,0 78,3 22.5 54,1 13,7 78,3
8 13,4 793 22,0 55,9 13,6 79,3

9 19.1 42,2 21,1 56,1 14,6 42,2

Average 14,9 64,8 18,9 47,3 15,9 64,8

CoV (%) 11,8 31,5 14,2 13,4 11,8 31,5

+10 %
1 42 % 1 25 9% 1 38 %
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BENDING TESTING:FAILURES IN ADHESIVES
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CONCLUSION

* The effect of the glue thickness on the beam load-bearing capacity was
observed only for PST polyurethane (for this size of specimens)

 The recommended thickness of the PST flexible joint should be no less
than 2 mm

* The first decrease in load-bearing capacity occurred due to cohesive
failure in the adhesive layer

* lincreasing the thickness of the adhesive layer changes the type of
destruction
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