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1. Introduction

This report presents the results of a testing program on full scale glued rubber foil adhesive
joints manufactured and tested 2005-2007. Most of the tests relate to the load carrying
capacity at short time ramp loading. A few long duration of constant load tests were also
made. The results are presented in terms of observed failure mechanisms, pictures, failure
load, nominal failure stress and recorded load versus displacement performance.

The configuration of rubber foil adhesive joints is illustrated in the below figure. The
purpose of the rubber foil is to increase the load bearing capacity and enable elastic joint
behavior. Increase in load bearing capacity is because the flexibility of the rubber layer
enables distribution of the load, thus reducing stress concentrations and making the entire
bond area active in carrying the load. Also other advantages with the elastic bond
performance are probable, e.g. very good impact strength, less cracking and moisture
variation induced stresses in the wood and good interaction with nails due to the possibility
to choose bond stiffness.

Wood
Glue
Rubber

Glue
Wood

Steel

Rubber vulcanized on
to the steel part
Glue

Wood

Wood

Glue

Rubber
Steel rod

Build up of rubber foil adhesive joints:
a) Wood-to-wood joint.

b) Steel-to-wood joint.

¢) Glued-in steel rod.






2. Test series overview

Four basic kinds of joints were tested:

Glulam-to-glulam lap joints
LVL-to-glulam lap joints

Steel rods glued into glulam
Steel plate-to-glulam lap joints

2.1 Glulam-to-glulam lap joints

The 6 test series are defined in the below table. The joining was for all test series made by
rubber foil adhesive joining. In each of the 6 series were 3 nominally equal specimens
tested. The glulam-to-glulam tests are presented in Chapter 4.

Series | Type of loading. Lap length | Glulam, mm?®
no
la Flatwise bending 360 mm 2 x (88 x 88 x 1000)
| 8!
o] I
O
1b Bending 360 mm 2 X (88 x 88 x 1000)
=  —)
2 Rolling shear 90 mm 2 X (88 x 223 x 90)
—
-—
3a Bending 300 mm 2x (88x223x1700) +
= , ¢ Jr 1 x (163 x 223 x 1700)
| 7 7
O
3b Bending 600 mm 2 X (88 x223x1700) +
¢ , 4: — -I- 1 x (163 x 223 x 1700)
| =] 7
[¢] [¢]
3c Shear 600 mm 2 X (88 x223 x 780) +
— -«— 1 x (163 x 223 x 780)
—>




2.2 LVL-to-glulam lap joints

The 3 test series are defined below. The joining was for all test series made by rubber foil
adhesive joining and nails. In each of the 3 series were 3 nominally equal specimens tested.
The LVL-to-glulam tests are presented in Chapter 5.

Series 4a
Kerto Q, t=27 mm
prd
- Glulam, 88x223 mm® ioolld —
160|160
T
Series 4b
e Kerto Q, t=27 mm
-
<+—|  Glulam, 88x223 mm’ foie i —
320 320
Series 5 4
00 2
Ul Kerto Q, 27x90 mm
] ]
Glulam, 88x223 mm® | || 169 .
I !




2.3 Steel rods glued into glulam

The pull-out strength of glued-in steel rods were tested in 12 ramp loading test series and
in 9 time-to-failure at constant load test series. The 9 duration of load (DOL) test series
were made at three different load levels. 8 of the series related to steel rods vulcanized with
a rubber coating while the other series served as reference tests series. The glued-in rod

tests are presented in Chapter 6.

Series 6abc-10abc

Glulam: 115x115 mm?

S —
\— Steel rod
Series | N.o.s. | Rod surface Rod diameter L, mm | Loading
6a 4 Smooth 18.3 mm 160 Ramp
6b 4 Vulcanized 18.3 mm 160 Ramp
6c 4 Threaded M20 160 Ramp
7a 4 Smooth 18.3 mm 320 Ramp
7b 4 Vulcanized 18.3 mm 320 Ramp
8a 4 Smooth 18.3 mm 480 Ramp
8b 4 Vulcanized 18.3 mm 480 Ramp
9a 4 Smooth 18.3 mm 640 Ramp
9b 4 Vulcanized 18.3 mm 640 Ramp
10aR 2 Smooth 14.6 mm 160 Ramp
10bR 3 Vulcanized 14.6 mm 160 Ramp
10cR 3 Threaded M16 160 Ramp
10aD1 3 Smooth 14.6 mm 160 DOL-1
10bD1 3 Vulcanized 14.6 mm 160 DOL-1
10cD1 3 Threaded M16 160 DOL-1
10aD2 3 Smooth 14.6 mm 160 DOL-2
10bD2 3 Vulcanized 14.6 mm 160 DOL-2
10cD2 3 Threaded M16 160 DOL-2
10aD3 3 Smooth 14.6 mm 160 DOL-3
10bD3 3 Vulcanized 14.6 mm 160 DOL-3
10cD3 3 Threaded M16 160

DOL-3




2.4 Steel plate-to-glulam lap joints

Steel plate-to-glulam lap joints were tested in 7 test series. All series but one comprised
three nominally equal specimens. The actuator speed was 3 mm/min. The displacement
recorded was the movement of the actuator. The steel plate-to-glulam tests are presented in
Chapter 7.

Series Type of bond Lap length | Glulam, mm®

no

11a Nails 160 mm | 64x79x624 mm®
<« [ [ —>
<

11b Glued rubber foil 160 mm | 64x79x624 mm?®
-« —

ﬁ
'

11c Nails and glued rubber foil 160 mm | 64x79x624 mm?®
<« [ [ —>
<

12 Glued rubber foil 160 mm | 2 x
— — : — 25.5x79x624 mm?®
~————-.,—

13 Glued rubber foil 320 mm | 2 X
<« — : — | 25.5x79x944 mm®
.

1l4a Glued rubber foil 150 mm | 64x315x315 mm®

11111 I ' ]

14b Glued rubber foil 150 mm | 64x315x315 mm®

10



3. Test specimen manufacturing and materials,
and testing locations

3.1 Manufacturing

The steel parts were supplied and prepared by project partner SFS Intec AB. The steel parts
comprised various plates and threaded and smooth turned rods.

The rubber and the rubber foils (cloths/mats) were manufactured by Metso Minerals AB,
Ersmark. Also the vulcanization of the rubber to the steel plates and rods were made by
Metso Minerals.

The wood materials, glulam and LVL, were supplied by project partner Svenskt Limtra AB
through Moelven Toéreboda AB. The wood material and test specimen attachment parts
needed for the the glued-in rods tests were prepared at Téreboda AB.

The procedure for gluing of the specimens is described in detail in a report: "High Capacity
Rubber Type Joints Manufacturing of Full Scale Joints™ (Wikstrom, 2006b), attached as an
appendix in this report. The gluing was made in Toreboda by personnel from project
partner Casco Products AB. The sulphuric acid rinse of the rubber surfaces was made at
Casco Products AB, Stockholm. This company also supplied the glue and made a number
of small scale tests of various rubber-glue combinations before choice of materials to be
used in the present tests. Material property tests are reported in (Wikstrom, 2006a) and in
(Bjornsson and Danielsson, 2006).

3.2 Steel

The steel plates were made of steel quality SS-2132, with a nominal yield stress of 350
MPa. The rods were made of high strength steel with a nominal yield stress, defined as the
""0.2% limit stress™, higher than 800 MPa.

3.3 Wood materials

The glulam with cross section height 225 mm was of quality L40, all other glulam was of
quality LK30. The average density and the moisture content at gluing of specimens and at
testing was 465 kg/m® and about 12%, respectively. The lamellae thickness was 45 mm,
with exception of the 115x155 mm? cross sections, which had lamellae thickness
37.5+40+37.5 mm. The laminated veneer lumber, LVL, was of the make Kerto-Q, 27 mm
thick and with 9 veneer layers out of which 2 are oriented with the grain direction
perpendicular to the length of the specimen. The average moisture content was 11.3% and
the density at this moisture content 470 kg/m?®.

11



3.4 Rubber

The rubber was SBR (styrene-butadien) number 61 60 367. According to standardized
ISO-tests, for this rubber the density is 1120 kg/m?, the hardness is 61° Shore A, the tensile
strength is 21.6 MPa and the elongation at break is 644 %. Hardness 61° Shore
corresponds approximately to shear modulus G=1.2 MPa. The thickness of the foil used
when glueing wood-to-wood was 1.3-1.5 mm. The foil was delivered in reels with 50 cm
width of the foil. The thickness of the rubber layer vulcanized to steel was 1.0-1.2 mm.

3.5 Glue

The two qualities of glue used were both of the type 2-component polyurethane, PUR. The
glues are specified in the below table:

Test series Adherends Glue

1-3 Glulam - glulam SikaForce 7710 + hardener 7020

4-5 LVL - glulam SikaForce 7710 + hardener 7020 (+nails)
6-10 a Smooth steel - glulam SikaForce 7710 + hardener 7020

6-10 b Vulcanized steel - glulam SikaForce 7710 + hardener 7020

6-10 c Threaded steel - glulam Purbond CR 421 (glue+hardener)

1la Smooth steel - glulam No glue. (Teflon+nails)

11b Vulcanized steel - glulam SikaForce 7710 + hardener 7020

11c Vulcanized steel - glulam Purbond CR 421 (glue+hardener) (+nails)
12-14 Vulcanized steel - glulam SikaForce 7710 + hardener 7020

3.6 Nails and Teflon

The nails used are specified in following sections together with the geometry of the various
specimens. The Teflon sheets used in tests 1la were supplied by Analyscentrum,
Stockholm.

3.7 Testing locations

Most of the tests were carried out in the structural engineering and the structural mechanics
laboratories at LTH, Lund University, Lund. Test series 4 and 5 (LVL) and a few of the
glued-in rod tests were carried out at SP, Boras. The long duration of load tests of glued-in
rods were made at a testing site in Asa, Smaland.

12



4. Glulam-to-glulam joints

4.1 Test series 1a, single lap joint in flatwise bending

Series 1a. Glulam 88x88x1000 mm? m

| 360 | 360 |

Lap length 360 mm.

Actuator rate 6 mm/min.

$ Displacement
gauge.

\
i - B

| s

765 765

3 nominally equal specimens were tested. Specimen geometry, lamellae orientation, test
setup and the speed of the loading actuator are indicated in the above figure. Load and
displacement were recorded.

The flatwise bending test is hard, exposing the rubber foil to high tensile normal stress and
cleavage perpendicular to the bond area and not allowing the beneficial shear flexibility of
the rubber layer to be activated.

The test results are presented in the below table, pictures and diagram. The tests results
seem good. Bond area fracture was obtained only at high load. In two of the three tests was
failure initiated by fracture in the wood, not within and neither in the close vicinity, of
bond surface. The bending stress at failure indicated in the table is calculated

ascr = Mf/(bd2/6) , where My is the bending moment at failure and b=d=88 mm. The

value of oy for a solid wood or glulam beam sawn to the same geometry as the tested

beams can by use of equations and material parameter values given in (Gustafsson and
Enquist, 1988) be estimated to be the order of 15-20 MPa.

Test P Of ol Cause of failure
no. kN mm MPa

I 22.7 | 154 | 40.4 | Fracture in the rubber foil surface, at the rubber-glue
interface

II 12.7 | 9.9 22.7 | Perp. to grain tensile fracture in the wood, ~1-2 cm
from the bond surface

III 189 | 12.9 33.6 | Perp. to grain tensile fracture in the wood, ~1-2 cm
from the bond surface

13
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4.2 Test series 1b, single lap joint in egdewise bending

i !
- ’|=.J

| 765 765 |
I |

Seen from above:

;

Series 1b. Glulam 88x88x1000 mm® = %) =7
360 | 360 | Lap length 360 mm
o Actuator rate 6 mm/min
v Displacement
gauge.

The single overlap edgewise bending test could also be named a single bond area torsion
test. Failure developed in all three tests in the wood in the overlap region. These wood
failures seemed to be caused by rolling shear, longitudinal shear and perpendicular to grain
tensile stress in the wood. No fracture was observed in the bond area. Small rolling shear
cracks in the wood close to the corners of the bond area were observed well before
maximum load. The course of failure had a somewhat more ductile character than the
flatwise bending test failures and some crackling could be heard before the final failure. In
the below table is of the magnitude of the bending stress at failure, i.e. Mfailure/(bh2/6),

where M is the cross section bending moment and b=h=88 mm.

Test Ps O¢ Of Cause of failure
no. kN mm MPa

and perp. to grain tension.

I 19.0 | 19.2 33.9 | Fracture in the wood: rolling shear, longitudinal shear

and perp. to grain tension.

II 212 | 19.8 37.8 | Fracture in the wood: rolling shear, longitudinal shear

I 22,6 | 17.8 40.3 | Fracture in the wood: rolling shear.

16
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4.3 Test series 2, single lap joint in rolling shear

Series 2. Glulam 88x88x223

Lap length 90 mm.
Actuator rate 3 mm/min.
Specimen inclination: 12.5°.
Load-to-specimen
inclination, o, 12.5°-25°.

Rolling shear failure was not obtained due to poor loading setup design. Instead failure
developed as a perpendicular to grain tension bending failure. Although the load-to-
specimen angle was increased in tests II and III, the same kind failure occurred in all three
tests. The recorded load indicated in the below table and diagram is the vertical component
of the total load. The numbers indicated in the trcolumn show the bond area mean shear
stress at failure, i.e. the tangential force at failure divided by the bond area. or is the tensile
bending stress at failure as calculated by the conventional Navier's bending stress equation.

Test Py Of o Tr of
no. kN mm MPa MPa

I 12.9 | 091 12.5° >1.6 2.1
II 152 | 1.35 | ~20° >1.8 2.5
III 16.7 | 1.61 ~25° >2.1 2.6

19
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4.4 Test series 3a, 300 mm double lap joint in bending

Series 3a. Glulam 88x223x1700 mm® L 7 m— ﬁ] )

+163x223x1700 mm’
| 525 | 525 | Laplength 300 mm
o Actuator rate 6 mm/min
v Displacement
gauge.
I |
= | oy
: 223
777; ; ) N/ ;
>

! 1357.5 |

Fracture in the wood started well before ultimate load was reached, starting with
development of 45° inclined rolling shear stress cracks in the wood at the corners of the
bond area. The development of these first cracks had no or insignificant influence on the
recorded load versus displacement performance. Significant crackling and development of
a number of fairly small cracks in the wood was observed before final failure. The final
failure seemed to include the development of large longitudinal shear, rolling shear and
perpendicular to grain tensile cracks in the bulk part of the wood members and also rolling
shear cracks in the wood in the vicinity of the bond area. After failure was moreover shear
fracture in the rubber-to-wood interface observed at some locations. In the below table is

or the nominal bending stress in the middle wooden member at failure.

Test Py O¢ of Estimated predominant cause of failure
no. kN mm MPa
I 63.6 | 27.3 19.6 | Combined rolling shear, longitudinal shear
and perp. to grain tension in the wood.
II 68.4 | 26.0 21.1 Combined rolling shear, longitudinal shear
and perp. to grain tension in the wood.
111 709 | 293 21.8 | Combined rolling shear, longitudinal shear
and perp. to grain tension in the wood.

22
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Load, kN
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Series 3a, double lap joint in bending, 300 mm
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4.5 Test series 3b, 600 mm double lap joint in bending

Series 3b. Glulam 88x223x1700 mm’ . | 7
+163x223x1700 mm’
| 525 | 525 | Laplength 600 mm
o Actuator rate 6 mm/min
v Displacement
gauge.
| D |
oy . o)
: 223
1357.5 | 1357.5 |
| I |

The 600 mm double overlap bending specimens showed, - just as the corresponding 300
mm specimens - , development of 45° inclined rolling shear stress cracks in the wood at the
corners of the bond area well before peak load. The development of these first cracks had
no or insignificant influence on the recorded load versus displacement performance. The
course of final failure was more abrupt than for the 300 mm specimens. Also the failure
loads and the beam stiffness were significantly higher. In the below table is o the nominal
bending stress in the middle wooden member at failure.

Test Ps Of Of Estimated predominant cause of failure
no. kN mm MPa

I 139.3 | 40.1 42.8 | Longitudinal shear and rolling shear in wood
II 137.2 | 39.8 42.3 | Bending failure of wood
mr | 127.8 | 37.0 39.3 | Longitudinal shear in wood.

26



Load, kN

Series 4b, double lap joint in bending, 600 mm
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Bending stress, MPa

50

45

40

35

30

25

20

15

10

Series 3a and 3b, double lap joints in bending

Series 3b: a/h=2.67

Series 3a: a’h=1.33

10 20 30 40
Deflection, mm

28

50




29



4.6 Test series 3c, 600 mm double lap joint in shear

Series 3¢. Glulam 88x223x780 mm® +163x223x780 mm’

] ] Lap length 600 mm.
Actuator rate 3 mm/min.
o 960
Gauge Two displacement gauges
(100 mm) at mid height: one
at left front, one at right back.
TITTIT I T T T

339

The shear test specimen joints had the same geometry as the 600 mm double lap bending
test specimens. Development of a small perpendicular to grain tensile crack in the middle
of the lower end of the mid wooden element started at about 50% of the ultimate load. This
happened for all three specimens, but it didn't seem to influence the performance of the
joint. The final failures were sudden and involved a loud bang due to the high loads at
failure. In the below table is t¢ the average bond area shear stress at failure, i.e, 1r=P¢/(2ba),
where b=223 mm and a=600 mm and oy is the compressive parallel to fiber normal stress
at failure, i.e. oy =P¢/(bh), where h=163 mm.

Test P Or T¢ or Cause of failure
no. kKN | mm | MPa MPa

I 1227 | 4.11 4.58 33.8 | Shear failure in the wood along the bond area.
I 1188 | 3.77 4.44 32.7 | Compressive bending failure of the wood.

I 1109 | 2.48 4.14 30.5 | Shear failure in the wood perpendicular to and
along part of the bond area, possibly due to
non-uniform contact between the specimen
and the supporting steel plate.

30
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5. LVL-to-glulam joints

LVL-to-glulam lap joints were tested in the three series. The bonds were nailed rubber foil
adhesive joints. The nails were anchor nails and gave pressure during hardening of the
adhesive. In each series three nominally equal specimens were tested. The LVL was of the
brand, type and thickness "Kerto Q, 27 mm". The speed of loading actuators was set to 3
mm/min.

The tests in series 4a and 4b were made by use of equipment for testing the tensile strength

of boards. In this equipment the load is applied by means of hydraulic grips that squeeze
and pull at the ends of the specimen.

5.1 Test series 4a, 160 mm lap joints in shear by tensile loading

Series 4a pRT— '30 50 ' 50 301
x15 anchor nails !
(] o o 1
4.0x75 mm? ° v 215
© o o 1 6x30
[e] : +
(] o] o 1 215
o D=
o o o ! 225
|
. 8827
Glulam, 88x223 mm 97 Kerto Q, t=27 mm
E Gauge L
S 7 <
« 223 g
|160]160
!
1700 1700
| I

The test results are indicated in the below table, diagram and pictures. The notations used
for type of failure is defined in the below figure. or indicates the mean tensile stress in the
LVL at failure.

-I;]%S_t Iflil n?rfn MTI;a MGFZa Failure, "left" | Failure, "right"
I 2024 | 6.25 | 2.84 |16.7 Shear-KL Shear-KQ
I 212.8 | 6.72 299 | 175 Shear-KL Shear-KL
I | 2039|628 | 286 |16.8 Shear-KL Shear-KL

35



[ : Kerto-Q | 27

4_ / Glulam 88 —}
\@ | Kerto-Q | — L

Shear-KQ

N

Various conceivable failure locations are illustrated in the above figure. "Tension-K" is
tensile rupture of the LVL (the Kerto), "Shear-KQ" is rolling shear fracture in the inner-
most veneer layer with fiber orientation in the cross-direction, "Shear-KL" is shear fracture
in the inner-most veneer layers with fiber orientation along in the direction of the global
load, and "Shear-G" is shear fracture in the glulam. Failure of the rubber layer or the in the
adhesive interfaces was not observed to be dominating for any of the specimens tested in
Series 4a. Adhesive interface fracture was observed locally when "Shear-KQ" or "Shear-
G" was predominant.
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Series 4a, 160 mm lap LVL—joint in tension
400 T T T T T T T

350 y

300 1

250} .

Load, kN
N
o
o

150 y

100 - y

Elongation, mm
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5.2 Test series 4b, 320 mm lap joints in shear by tensile loading

Series 4b —t—t—+—t—t+—t—1
30 50 50 50 50 50 40,
4x27 anchor nails o o o o o o 1 215
4.0X75 mm? S| o ot
o o o o o o 1 6x30
) D3
o o [o] o (o] o I 225
o Lz
o o o o o o 1 215
: |
1
27
Glulam, 88x223 mm? Z%Bﬁ‘zr Kerto O, t=27 mm
P Gauge
VT2
— e e >
320 | 320
1700 ' 1700
|

The test results are indicated in the below table, diagram and pictures. The failure mode
notation given in the below table are defined in section 5.1. of indicates the mean tensile
stress in the LVL at failure.

In addition to the three specimens with a glued rubber foil and nails was one specimen
without the rubber foil manufactured and tested. This additional specimen was nailed and
glued in the same way as the other specimens, but without the rubber foil.

Testno. | Ps S ¢ of Failure, Failure,
kN mm MPa MPa failure area 1 failure area 2
I 372 | 7.719 | 2.61 30.6 Tension-K Shear-KQ
I 320 | 7.05 2.24 26.3 Tension-K Tension-K
i 315 | 717 | 221 25.9 Shear-KQ Shear-KQ
No foil | 268 | 0.77 | 1.88 22.0 Shear-KL Shear-KL
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Load, kN

Load, kN

400

Series 4b, 320 mm lap LVL-joint in tension

350

300

250

200

150

100

50

Nails +
glue,
no rubber

400

Elongation, mm

Series 4a and 4b, LVL lap joints in tension

350

300

250

200

150

100

50

320 mm.
Nails + glued rubber foil.
Tensile and shear KQ failures.

320 mm. -
Nails + glue, no rubber.
Shear KL failure.

160 mm.
Nails + glued rubber fail.
Shear KL failure.

1 2 3 4 5 6 7 8

Elongation, mm
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o 9h

No rubber foil
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5.3 Test series 5, 160 mm lap joint in perpendicular tension

Series 5
Anchor nails 4.0x75 mm? N --
30
Kerto Q, T | ° °
2x27%90x700 mm? % 50
\\ — o) o |160
50
H
o] —+ | oo o
Glulam, -] [[240 |30
88x223x1700 mm® .. jajajaja;
\ e — a=90/4 ——1—11
o ¢ ° =2
- .11 160
G (XX _L
auge % 537
N2
605 90 605 |
| | |

The test results are indicated in the below table, diagram and pictures. The shear stress is
the mean shear stress across the bond areas at failure, i.e. P/(2xLxb), where L=160 mm and

b=90 mm.

During test number 1l it was found that glue was missing in one of the rubber-LVL
interfaces. The results obtained by specimen Il are thus not valid for a symmetric
specimen, having both LVL-parts glued to the rubber.

Testno. | Ps & T Failure, Failure,
kN mm MPa failure area 1 failure area 2
I 62.7 3.6 2.18 Longitudinal shear in No failure.
LVL + I’Olllng Shear |n (Minor perp_ to grain
glulam (+ Perp. to grain | tensile failure at upper
fa”ure In beam) edge of beam_)
()] (47.2) | (15.1) | (1.64) Glue missing. Shear and tension-
bending failure in LVL.
I 71.6 6.2 2.49 Longitudinal shear in Longitudinal shear in
LVL + perp. to grain LVL + perp. to grain
failure in beam. failure in beam.
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Load, kN

Series 5, 160 mm LVL lap joints in perpendicular tension
80 T T T T

0 5 10 15 20
Displacement, mm
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6. Glued-in steel rods

6.1 Shaping of specimens

The geometry of the glued-in steel rod specimens is shown below. The tested rod is the
upper rod. In initial tests it was found that the lower support rod in some cases was poorly
glued. Therefore the support end of the specimens in series denoted a and b were
completed with nailing plates as shown in the right hand side of the figure.

The test series numbers, specimen dimensions and the number of tests are indicated in the
below table. Three types of bonding and rod surfaces were tested:

a) smooth steel rods glued to the wood,

b) rubber vulcanized smooth steel rods glued to the wood, and

c) threaded steel rods glued to the wood.

The rod diameters for b) indicated in the table show that the thickness of the rubber was
about 1.1 mm.

The actuator speeds at ramp loading was such that the time to failure became 4-8 minutes.
The magnitudes of the constant loads applied at the duration of load (DOL) tests are given
in section 6.3.

Series 6abc-10abc, glued-in rods
—_l
B Gauge
Gaugei 120 $
115 O
Lglue -+
L 115 |
7 7
~230
Lsup R
1.2 Lye
ﬁL
Sub- Sub-
series ¢ ‘ series l
aand h
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Series | N.o.s. | Rod surface Diameter of Lotue Loading
steel / rod / hole, mm
mm
_
6a 4 Smooth 18.3/18.3/20 160 Ramp
6b 4 Vulcanized | 18.3/20.5/21 160 Ramp
6¢ 4 Threaded | M20/M20/21 160 Ramp
7a 4 Smooth 18.3/18.3/20 320 Ramp
7b 4 Vulcanized | 18.3/20.5/21 320 Ramp
8a 4 Smooth 18.3/18.3/20 480 Ramp
8b 4 Vulcanized | 18.3/20.5/21 480 Ramp
9a 4 Smooth 18.3/18.3/20 640 Ramp
9b 4 Vulcanized | 18.3/20.5/21 640 Ramp
S
10aR 2 Smooth 14.6/14.6/16 160 Ramp
10bR 3 Vulcanized | 14.6/16.8/18 160 Ramp
10cR 3 Threaded M16/M16/17 160 Ramp
10aD1 3 Smooth 14.6/14.6/16 160 DOL-1
10bD1 3 Vulcanized | 14.6/16.8/18 160 DOL-1
10cD1 3 Threaded | M16/M16/17 160 DOL-1
10aD2 3 Smooth 14.6/14.6/ 16 160 DOL-2
10bD2 3 Vulcanized | 14.6/16.8/18 160 DOL-2
10cD2 3 Threaded | M16/M16/17 160 DOL-2
10aD3 3 Smooth 14.6/14.6/16 160 DOL-3
10bD3 3 Vulcanized | 14.6/16.8/18 160 DOL-3
10cD3 3 Threaded | M16/M16/17 160 DOL-3




6.2 Test series 6a-9b, ramp loading of glued-in rods

The values indicated as "Mean t," in the below table is average failure load divided by an
area calculated as Lgjemd, where d is taken as the steel diameter: i.e. 18.3 mm for series a
and b 6-9 and 20.0 mm for series 6¢ (threaded rod M20).

The scatter in recorded displacement might partly be explained by the fact that the
displacement was recorded only at one side of the rod, see above picture. For series 6¢
(glued threaded rod), it was apparent that many of the specimens were somewhat poorly
glued. Glue had flown out from the hole when specimens were placed on the side before
the glue was hard, leaving a non-glued area of a few cm? in size, see above picture. The
ramp loading test results for series 10 are presented in section 6.3 together with the long
duration of load test results. The rust seen on naked parts of the rods of the b I-IV
specimens, i.e. parts not covered with rubber, may be related to the acid rinsing, see section
3.1.

Fracture surface pictures are shown for specimens 6b I and 6 b II in the below. These
specimens were opened by saw cuts and a by use of a wedge after the testing. The actuator
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displacement during testing was for specimen 6b I further increased by about 10 mm after
peak load.

Ser. No Type Failure loads, kN / failure mode *’ Mean failure
load, Ty,
I 11 1l v N | MPpa
6a I-1Iv Smooth 86.2 76.8 84.5 81.5 82.3 8.94
160 W W+C W W+C

6b I-IV | Vulcanized 424 522 55.5 55.4 51.4 5.59
160 RS RS RS RS

6c | IIV | Threaded | (68.5) 563 670  (52.0) | 61.7 | 6.13
160 S B B S

Ta I-IV Smooth 192.9 126.4 176.6 169.5 | 1664 9.04
320 W+C W W+C W+C

7b I-IV | Vulcanized 92.7 96.9 91.7 90.9 93.1 5.06
320 RS RS RS RS

8a -1V Smooth 162.2 145.5 203.6 139.8 | 162.8 5.90
480 W+C W W+C W

8b I-IV | Vulcanized 140.9 133.2 136.0 131.1 | 1353 4.90
480 RS RS RS RS

9a -1V Smooth 179.8 194.2 161.3 209.9 | 186.3 5.06
640 W+C W+C \W W

9b I-IV | Vulcanized 87.3 138.1 122.3 85.7 108.4 2.95
640 RS RS RS RS

*) W = Wood shear fracture close to the bond surface or in the wood-glue interface,
often with pullout of a wood-plug around the bar, the plug presumably being
at the least some cm in length.

C = Cleavage of the wood. Major, more or less radial cracks from the rod to the
edge of the specimen.

RS = Rubber-to-steel interface shear fracture. During fracture a sound like tearing was
heard. The course of fracture was not visible from the outside of the specimen.
Pull-out of an entire rod showed on part of the area thin remains of fractured
rubber on the rod. The appearance of the rubber-to-steel interface with spots of
some brown/red coloring and remains (see pictures of specimens that were cut
open after testing) suggests some corrosion of the steel surface.

S = Support end failure of the specimen. Failure load not considered in evaluation
of mean failure load.
B = Bond shear fracture. Fracture between the threaded rod and the wood.
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Load, kN

Load, kN

Load, kN

Series 6a, smooth rod, 160 mm

Series 7a, smooth rod, 320 mm

100 T T T 200 . . .
90 1 180
80 1 160
701 1 140
601 1 120
z
X
501 1% 100
o
-
40 1 80
30 1 60
20 1 40
10 1 20
0 L L L 0 L L L
0 2 3 4 5 6 8 0 2 3 4 5 6
Displacement, mm Displacement, mm
Series 6b, vulcanized rod, 160 mm Series 7b, vulcanized rod, 320 mm
100 T T T T T 200 T T T T T
90 4 180
80 1 160
701 R 140
R 120
z
X
12 100
o
)
1 80
R 60
1 40
1 20
L L 0 L L L L L
0 2 3 4 5 6 8 2 3 4 5 6
Displacement, mm Displacement, mm
Series 6c, threaded rod, 160 mm
100 T T T
90+ 1
80 1
70 R
60 R
501 R
40 1
30 R
20 1
10 1
0 L L L
0 2 3 4 5 6 8

Displacement, mm
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Load, kN

Load, kN

Series 8a, smooth rod, 480 mm

Series 9a, smooth rod, 640 mm

300 T T T 400 T T T
350
250 1
300
200 1
250
z
X
150 1% 200
o
)
150
100 1
100
50 1
50
0 L L L O 1 L L L L
0 2 3 4 5 6 8 0 2 3 4 5 6
Displacement, mm Displacement, mm
Series 8b, vulcanized rod, 480 mm Series 9b, vulcanized rod, 640 mm
300 T T T T T 400 T T T T T
350
250 1
300
200 1
250
z
4
17 200
o
-
150
100+
50
0 L L L
0 2 3 4 5 6 8 0 2 3 4 5 6

Displacement, mm

50

Displacement, mm
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6b I after being
cut open

5

| 6b Iright end steel side

A i, N
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6.3 Test series 10aR-10cD3, DOL testing of glued-in rods

Above are photos showing the ramp load reference test before the constant load DOL tests.
The actuator speed was constant during each ramp loading test, but different for the
different tests, giving times to failure about in the order of 5-10 minutes. The following
results were obtained:

Series | Spec. Type of Failure load, kN Mean failure
Specimen time, min / displacement, mm
load, stress Ty,
I 11 I N MPa

10aR I-1I Smooth 67.6 61.9 - 64.8 9.01
6.1/09 7.7/0.7 -/-

10bR [-IT | Vulcanized 32.8 37.0 36.1 353 491
13.2/42 57/42 53/42

10cR I-1IT Threaded 75.2 58.5 (50.4) 66.9 8.31
7.8/1.0 54/0.6 (4.5/0.8)

() flaw ~2x25 mm’ without glue
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Series 10aR, smooth rod, 14.6 mm, 160 mm
80 T T T T

701 b

50 b

401 -

Load, kN

30 b

20 b

) | | | | |
0 1 2 3 4 5 6 7

Displacement, mm

Series 10bR, vulcanized rod, 14.6 mm, 160 mm
80 T T T T

701 b

50 h

Load, kN

Displacement, mm

Series 10cR, threaded rod, M16, 160 mm
80 T T

701 b

60 b

50 b

40t 1

Load, kN

20 b

Displacement, mm
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The duration of load tests were made in an open shelter in southern Sweden during late
spring-summer 2006. The test result, see below, show throughout short times to failure and
in particular very short times to failure for the conventionally glued specimens without any
rubber foil. Any obvious explanation to the apparently poor duration of load performance
recorded in these tests has not been found. Other tests on conventionally glued glued-in
rods tested at the same testing site have indicated a better duration of load performance.

Series Spec. Type of Time to failure, h:m Load,
specimen

I II I Median | kN MPa %

10aD1 I-111 Smooth <0:01 5:35 <0:01 <0:01 | 51.8 7.21 80
10bD1 I-111 Vulcanized | 0:44 1:10 4:12 1:10 282 392 80
10cD1 I-111 Threaded 10:20 <0:01 <0:01 <0:01 | 53.5 6.65 80

10aD2 [-1IT Smooth 0:18 0:16 0:07 0:16 | 454 632 70
10bD2 [-IIT | Vulcanized | 0:03 3:47  33:50 3:47 | 2477 344 70
10cD2 [-1IT Threaded 0:34  0:01 0:01 0:01 | 46.8 582 70

10aD3 I[-11I Smooth 3:14  4:48 2:31 3:14 | 356 495 55
10bD3 [-IIT | Vulcanized | 10:13  98:11 124:14 98:11 | 194 270 55
10cD3 I[-1II Threaded | 441:06 28:58 103:56 103:56 | 36.8 4.58 55
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7. Steel plate-to-glulam lap joints

7.1 Test series 11a, nailed 160 mm outer double lap joint

The shaping of the specimens is given in the below figure. Three nominally equal
specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator.

Series | Bond in the upper
tested end %0
O -
11a | 2x9 anchor nails 90
and I
low friction Teflon foil. 200
ooo| 160
Glulam: 64x79x624 mm® ool 1
Anchor nails: dxL = 4.0x60 mm?
Upper steel plates: t=10 mm,
1 hole $=20 mm and 264
9 holes $=5 mm.
00 O
000
ooo| 200
000
90
O| —+
l 90
64 79

In the below table is & the piston movement at failure, t¢ is the mean shear stress acting
across the bond area and o¢ is the mean normal stress in the wooden member.

Test Ps S Tt ot Cause of failure
0.1 kN | mm | MPa | MPa
I 37.3 | 135 1.48 7.4 Local failure at nails
1 341 | 8.9 1.35 6.7 Local failure at nails
11 25.2 | 11.9 1.00 5.0 Local failure at nails
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Series 11a, steel lap joint with nails

40

35

30

25}

NA

25

0

2

15

10

Elongation, mm

60
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7.2 Test series 11b, glued 160 mm outer double lap joint

The shaping of the specimens is given in the below figure. Only two nominally equal
specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator.

Series | Bond in the upper
90
tested end O| —r
11b | Glued rubber foil. 0
Glulam: 64X79x624 mm° 160
Upper steel plates:  t=10 mm, L
1 hole $=20 mm and
9 holes ¢=5 mm.
264
200
90
O| —+
l 90

ﬂl_ 79

In the below table is & the piston movement at failure, t is the mean shear stress acting
across the bond area and o; is the mean normal stress in the wooden member.

Test Ps & Tt ot Cause of failure
NO. | kN | mm | MPa | MPa

I 73.7 | 95 2.92 14.6 | Shear fracture in wood (~90%) and in rubber
surface at the wood side (~10%).

] 108.6 | 10.0 | 4.30 21.5 | Shear fracture in wood (~80%) and in rubber
surface at the wood side (~20%).

62



Load, kN

120

100

80

60

40

20

Series 11b, steel lap joint with glued rubber foil

Elongation, mm

63
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7.3 Test series 11c, nailed and glued 160 mm outer double lap
joint
The shaping of the specimens is given in the below figure. Three nominally equal

specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator.

Series | Bond in the upper T 90
tested end O| —r
11c 2x9 anchour nails 90
and —r
i 00 O
glued rubber foil. 220 160
Glulam: 64x79x624 mm’ 2%
Anchor nails: OXL = 4.0x60 mm?
Upper steel plates: t=10 mm, 264
1 hole $=20 mm and
9 holes ¢=5 mm.
00 O
000
ooo| 200
000
90
O —
l 90
ey n]

In the below table is & the piston movement at failure, t; is the mean shear stress acting
across the bond area and o+ is the mean normal stress in the wooden member.

Test Ps S Tt ot Cause of failure
nO. | kN | mm | MPa | MPa
| 133.8 | 104 5.29 26.5 Shear fracture in wood.

] 151.0 | 10.7 | 5.97 29.9 | Shear fracture in wood (~70%) and in rubber
surface at wood side (~30%).

i 126.4 | 9.7 5.00 25.0 Shear fracture in wood.

In the below are two diagrams shown, one giving a comparison between the results of
series 11c with the results of 11a.
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Load, kN

160

140

120

100

o]
o

o2}
o

N
o

20

Series 11c, steel lap joints with nails and glued rubber foll

S

6
Elongation, mm

66

10

12
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Load, kN

Series 11a and 11c, steel lap joints with nails and with/without glued rubber foil

160 T T T T

140} Nails + glued 4
/ rubber foil
120+ .
100+ .
80 .
60 .
40 m .
/-
e Nails

20 i y \_\ |

o 1 1 1 1

0 5 10 15 20

Elongation, mm

68

25



7.4 Test series 12, glued 160 mm inner double lap joint

The shaping of the specimens is given in the below figure. Three nominally equal
specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator. The test results are indicated by the below table, diagram
and pictures.

Series | Bond in the upper L, T T i
tested end mm 180
12 Glued rubber foil. 160
L
Glulam:  2x 25.5x79x624 mm®
Steel plate: t=10 mm —
264
L
+
40
l 180
25.5
Py o
No Ps O Tt ot Cause of failure, Cause of failure,
kN mm | MPa | MPa left side right side
I 1109 | 7.7 | 439 | 27.5 | ~40% tensile rupture | ~50% tensile rupture
in wood, in wood,
~60% shear/perp. ~50% shear/perp.
tension fracture in tension fracture in
wood along bond area | wood along bond area
I | 125.3 | 9.0 | 4.96 | 31.1 | 100% tensile rupture 100% shear/perp.
in wood, tension fracture in
wood along bond area
I | 1479 | 10.2 | 5.85 | 36.7 | ~60% tensile rupture | ~20% tensile rupture
in wood, in wood,
~40% shear/perp. ~80% shear/perp.
tension fracture in tension fracture in
rubber-wood rubber-wood
interfacea interfacea
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Load, kN

160

140

120

100

80

60

40

20

Series 12, inner steel plate rubber foil lap joints, 160 mm

2 4 6 8 10
Elongation, mm

70

12
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7.5 Test series 13, glued 320 mm inner double lap joint

The shaping of the specimens is given in the below figure. Three nominally equal
specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator. The test results are indicated by the below table, diagrams

and pictures. One diagram shows a comparison with test series 12.

t

ested end

Series | Bond in the upper

13 Glued rubber foil.

Glulam:

2X 25.5x79x944 mm?®
Steel plate: t=10 mm

. It _
mm 180
320
L
264
L
+
40
l l 180
25.5
T 1Rl

Test Ps & Tt ot Cause of failure, Cause of failure,
no. KN | mm MPa MPa left side right side
| 154.0 | 9.9 3.05 38.2 Tensile rupture. Tensile rupture.
] 1340 | 8.2 2.65 33.3 Shear/perp tension Tensile rupture.
fracture in wood
along bond area.
I | 2254 | 13.2 | 4.46 55.9 Shear/perp.tension Tensile rupture.
fracture in wood
along bond area.
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—_—

Series 13, inner steel plate rubber foil lap joints, 320 mm
250 T T T T T T

200} I

150 .

Load, kN

I
100 .

50 1

O Il Il Il Il Il Il
0 2 4 6 8 10 12 14

Elongation, mm
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Load, kN

Series 12 and 13, inner steel plate rubber foil lap joints

250 T T T T T T
200 .
Tensile rupture
150 in wood. 4
Shear + tensile
100 rupture in .
wood.
320 mm
50 .
160 mm
0 1 1 1 1 1 1
0 2 4 6 8 10 12

Elongation, mm

75

14



7.6 Test series 14a, glued plates loaded parallel with grain

The shaping of the specimens is given in the below figure. Three nominally equal
specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator. The test results are indicated by the below table, diagrams
and pictures. d is the piston movement, t is the mean shear stress acting across the bond
areas and o is the mean normal stress in the wooden member, i.e. the load divided by the
total cross section area 64x315 mmZ.

Series

Bond

Orientation of load

14a

Glued rubber foil

Parallel to grain

150

/ Hole: in steel $=32, in wood ¢$=35 mm.

315

315

Steel plate,
150 « t=12.0 mm

64

Loading setup:

LSS

ST TS TSI S

Test Ps & Tt ot Cause of failure,
NO. | kN | mm | MPa | MPa
I 275.0 | 8.6 6.38 13.6 | ~100% shear fracture in wood
Il | 2801 92 6.50 13.9 | ~ 70% shear fracture in wood
~ 20% fracture in rubber surface at wood side
~ 10% fracture in rubber layer
I | 277.7 | 8.7 6.45 13.8 | ~ 70% shear fracture in wood
~ 30% fracture in rubber surface at wood side
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Load, kN

300

250

200

150

100

50

Series 14a, steel plates on wood, loaded parallel with grain

/MI

4 6 8 10
Piston movement, mm
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7.7 Test series 14b, glued plates loaded perpendicular to grain

The shaping of the specimens is given in the below figure. Three nominally equal
specimens were tested. The actuator speed was 3 mm/min. The displacement recorded was
the movement of the actuator. The test results are indicated by the below table, diagrams
and pictures. d is the piston movement, t is the mean shear stress acting across the bond
areas and o is the mean normal stress in the wooden member, i.e. the load divided by the
total cross section area 64x315 mm? One diagram shows a comparison with test series
14a.

Series Bond Orientation of load

14b Glued rubber foil Perpendicular to grain

I / Hole: in steel $=32, in wood ¢$=35 mm.

| 150
T Steel plate,
150 E « =120 mm

-— /
315 64

315

Loading setup:

IS SIS FIALIT LIS

Test Pt S Tf of Cause of failure,
0. | kN | mm | MPa | MPa

I 934 | 125 | >2.17 4.6 Perp. to grain compressive failure of wood.

] 923 | 20.2 | >2.14 4.6 Perp. to grain compressive failure of wood.

11 975 | 11.7 | >2.26 4.8 Perp. to grain compressive failure of wood.
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Load, kN

100

90

80

70

60

50

40

30

20

10

Series 14b, steel plates on wood, loaded perpendicular to grain

10 15 20 25
Piston movement, mm

80

30
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Normal stress, MPa

14

12

=Y
o

(0]

Series 14a and 14b. Normal compressive stress in wood

1)

—=

Series 14a:
Load along grain.

Shear fracture along bond area.

Series 14b:

Load perpendicular to grain.

Compressive failure perp.to grain.

10

15 20
Piston movement, mm

82

25

30



8. Concluding remarks

8.1 Lap joints

Good results were throughout recorded with respect to the performance of the rubber foil
adhesive bonds during the tests of

e glulam-to-glulam joints,
e LVL-to-glulam joints and
o steel plate-to-glulam joints.

In none of the 15 test series was bond fracture dominating. In those cases where bond
fracture was observed on part of a fracture area, the fracture almost throughout seemed to
develop in the surface of the rubber foil, leaving the major part of the rubber at one side
and only a very thin black coating on the other side.

Instead of bond fracture, various kind of failure in the wooden parts developed at high
load. The wood failure modes observed included tensile fracture parallel with grain, tensile
fracture perpendicular to grain, shear fracture along grain, rolling shear fracture and
compressive failure perpendicular to grain. The possibility to transfer large forces and
bending moments through a joint makes it very important in strength design of glued
rubber foil joints to consider not only the stresses acting at the bond area, but also the
stresses in parts of the wood outside the actual bond area.

Since no well defined bond fracture was observed, it is difficult to estimate strength
parameters valid for bond fracture. The results of testing series 14a suggests that shear
stress giving bond fracture may be about 6.0 MPa or possibly somewhat higher for the
qualities of glue and rubber used in the present tests. In evaluation of test series 14a, note
that some small fraction of the load could have been carried by direct contact bolt-to-wood
in spite of different size of the hole in the wood and in the steel.

8.2 Glued-in steel rods

While the above discussed three testing groups gave good results, some poor results were
recorded in some of the test series relating to glued-in steel rods. In all the tests of rubber
foil glued-in rods, failure apparently developed as shear rupture in the rubber-to-steel
interface. The highest shear strength, 5.6 MPa, was obtained in series 6b and the lowest,
3.0 MPa, in series 9b. This low shear strength recorded for the longest rods suggests that
some kind of mistake might have been made during the manufacture or testing of the
specimens, or else the poor result might be due to the difficulties involved in attaching and
vulcanizing of a thin foil layer of rubber to a steel bar. The alternative of using liquid
rubber and a mould when doing the vulcanization requires the manufacture of a mould, but
makes it probably easier to get a high and uniform strength. The observation of small spots
of a brown/red substance, probably rust, in the rubber-to-steel interface fracture area
suggests that the steel surface during some period had corroded to some extent. It might be
that the substance observed is related to the acid rinsing of the rubber foil rods. The time
from rinsing with acid and water to testing was about 1 year. During this period the
specimens were stored indoors at conditions that normally don't give any rust on a naked
and clean steel surface.

83



Also the long duration of load performance tests of the glued-in rods gave poor results.
Here also the reference tests with conventionally glued rods gave poor results and worse
than the rubber foil specimens. The reason for these results is not known. The results
contradict other tests of the long duration of load strength of conventionally glued glued-in
rods tested at the same testing site at about the same time.

8.3 General

This report has been limited to presentation of an experimental study. Experimental tests
give information that is valuable from several points of view, including information for
calibration or verification of theoretical models. Various theoretical models and methods
are conceivable. For analysis of joint stiffness and joint strength, a 3D lap joint finite
element calculation model is presented in (Gustafsson, 2006). A 2D lap joint model and a
corresponding set of explicit equations for calculation of the stresses in the bond layer as
well as in the wooden parts that are joined are presented in (Gustafsson, 2007). Modeling
of the strength of glued-in rods is dealt with in i.a. (Gustafsson and Serrano, 2001).

The present and the few previous experimental tests of full size rubber foil adhesive joints
are quite positive with the exception for some of the results of the tests of glued-in rods.
Further development and research can therefore be anticipated, including the choice of
rubber for various applications. An advantage of the present choice of rubber (SBR) is low
price. Also natural rubber has a low price and in addition somewhat better mechanical
properties, but is somewhat more sensitive to use in high temperature environments. If
going up somewhat in price, CR rubber (chloroprene) is an alternative to SBR, CR having
better resistance to ozone exposure and a service temperature range from about -45 °C to
about +120°C, while the corresponding range for SBR is about -45 °C to about +95°C
(Edshammar, 2003). In view of observations made in the present study, future
investigations could include measures for better strength and avoidance of fracture in the
rubber-to-steel rod interface.

Depending on the field of application considered, also the following issues can be relevant
to study: a) the long time service reliability, that is the durability and long time loading
strength, b) fire and other high temperature issues, in particular in the case of unprotected
steel adherends, ¢) manufacture and construction process issues, d) strength and stiffness
design calculation methods, €) listing of applications and new design possibilities that the
present new type of joining makes possible, and f) test application in an actual wood
constructions or construction element.
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Abstract

As a part of the project “Innovative design, a new strength paradigm for joints, QA and reliability for long
span constructions” a study has been camed out on adhesive joints of rubber sheets glued between layers
of wood or steel substrates, see figure 1. The substrates were glulam-glulam, glulam-LVL (Kerto-Q),
glulam-steel plates or glulam-steel rods. The adhesives were two-component polyurethanes and the rubber
was a SBR-type (styrene-butadiene-rubber).

WOooD |- & < 4
ADHESIVE

C R
ADHESIVE

WOOD SRR e i e o 4

Figure 1. Structure of the rubber joint.

The layer of rubber makes the joint somewhat flexible and makes the stresses acting across the bond layer
uniform. This means that the entire bond area is made active in carrying the load, which in turn means that
the load carrying capacity of the joint can be made very high. Also in the case of impact loading, the
capacity of a joint can be made very high by means of the thin rubber layer.
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Figure 2. Comparison between a conventional joint (A Ref) and a joint with a rubber foil (A CR 1mm).

! Danielsson H., Bjornsson B., Strength and Creep Analysis of Glued Rubber Foil Timber Joints. Masters Thesis,
Lund University, Division of Structural Mechanics 2005.
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High load capacity in static loading and impact loading can be achieved even if the local shear strength of
the bond layer may be lower than of a conventional bond layer made up of a stiff glue. Figure 2° shows
local shear stress versus shear deformation of a conventional bond layer and of a rubber type glued bond
layer. The area under a curve represents the fracture energy of the bond (energy/area).

The rubber joint can also be used for damping movements in constructions that are allowed to flex and
move at some extent. This can be used as a construction material of houses in areas were earthquakes or
other movements in the ground are common, in flexible furniture, in floors where the boundary line of the
Joint 1s exposed to shear forces or even in drumsticks to lower the sound.

The problem of constructing an element like this is mainly to glue the rubber to the substrate. Many
rubbers have very low surface energy which makes them hard to glue. As long as the adhesive has lower
surface energy than the rubber there is no problem, but in many cases the relationship is the opposite and
poor adhesion, or no adhesion at all, follows. The result is a weak joint with adhesive failure.

To solve this problem you can either modify the surface of the rubber or modify the adhesives and in this
project the rubber surface has been modified. The substrate surfaces were ground with sand paper and
etched with concentrated sulphuric acid.

The manufacturing of the test specimens were carried out at Moelven Toreboda AB located in Téreboda,
Sweden, and at Casco Adhesives located in Stockholm, Sweden, from January to March 2006. For joint
types, see “Sammanstdllning av gummilimfogprovkroppar / Per Johan Gustafsson, 2005-12-07" for a
closer description.

The testing of the specimens is going to be carried out at LTH in Lund, Sweden, and at Statens
Provningsanstalt in Boras, Sweden, in April and may 2006.

? Wikstrém M., Studies of Rubber Based Joints in Laminated Wood. Masters Thesis, KTH Stockholm, Department
of Chemistry 2006.
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Provkroppar

Provkropparnas geometri och numrering anges i den bilagda sammanstallningen ~Sammanstillning av
gummilimfogprovkroppar / Per Johan Gustafsson, 2005-12-07". Provkroppsserierna 6-10, som avser
provkroppar med inlimmade stanger, modifierades vad avser hildiametrar och kompletterades med
provkroppar med inlimmade gangade stanger enligt fabell 2.

Tillverkningen av provkropparna &gde rum mellan januari — mars 2006 p4 Moelven Téreboda AB:s
limtréfabrik 1 Téreboda och pa Casco Adhesives laboratorium i Stockholm.

Material

Lim

Samtliga limsystem 1 projektet var av typen 2-komponents polyuretanlim. De anvanda limmen for
respektive provkroppsserie anges 1 fabell /.

Provkropps- Typ Lim Lim Onwrigt
serie (provad fog) (mothall)
1-3 Limtra-limtra SikaForce 7710 + hardare 7020 - =
4-5 Limtra-Kerto SikaForce 7710 + hérdare 7020 - Spik 4.0 x
75mm
6a,72.82.9a,10a | Inlimmad slit staing | SikaForce 7710 + hardare 7020 | SikaForce 1897 + hardare 1806 -
6b,7b,8b,9b,10b |  Inlimmad vulkad SikaForce 7710 + hardare 7020 | SikaForce 1897 + hirdare 1806 -
stang
6¢,7¢.8¢.9¢,10¢ Inlimmad géngad Purbond CR 421 (lim+hérdare) | SikaForce 1897 + hirdare 1806 -
stang
lla Palimmad dragplatta | SikaForce 7710 + hardarc 7020 | SikaForce 1897 + hérdare 1806 | Teflonfolie och
spik 4.0 x 60mm
11b Palimmad dragplatta | SikaForce 7710 + hardare 7020 | SikaForce 1897 + hiirdare 1806 -
1l Palimmad dragplatta | Purbond CR 421 (lim+hérdare) | SikaForce 1897 + hardare 1806 Spik 4.0 x
60mm
12-13 Inlimmad dragplatta_| SikaForce 7710 + hardare 7020 - -
14 Palimmad SikaForce 7710 + hérdare 7020 - -
forankringsplatta

Tabell 1. Limsystem.

SikaForce 7710 + hardare 7020 (Gick under beteckningen SikaForce 1899 + hardare 1821 vid projektets
start.) anvéindes till alla fogar som skulle utvarderas, dar limning ingick, med undantag for provkroppar av

serie 6-10 typ C.

SikaForce 1897 + hirdare 1806 anvindes till inlimning av géngade stianger dér hélen hade mindre
diameter an sjalva stangerna (Provkroppar av serie 6-10, undre sténger/mothallssidan. ).

Purbond CR 421 anvandes till fogarna med géngade stanger dar halen hade 1 mm storre diameter an sjalva
stangerna (Provkroppar av serie 6-10 modell C, vre sténger.). Limsystemet ar godkant enligt SITAC
Typgodkannandebevis 1396/78 for inlimning av stanger.

Gummi

Gummisorten for samtliga provtyper var styren-butadiengummi (SBR 6160367) av hardheten 60°Shore

och med tjockleken 1,0-1,2 mm for gummi vulkat mot stal och med tjockleken 1,3-1,5 mm for

gummidukarna. Gummit ar framstillt och levererat av Metso Minerals i Ersmark. Fér ytterligare
information se bilaga 1. 25m’ gummiduk bestalldes och lopbredden var ca 50 cm.
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Tra

Till alla typer av provkroppar anvindes limtribalkar som levererades av Moelven Téreboda AB och till
provkroppar av serie 4-5 anvéndes dven fanertraskivor (Kerto-Q) fran Finnforest. For dimensioner, se
"Sammanstdllning av gummilimfogprovkroppar / Per Johan Gustafsson, 2005-12-07".

Inlimmade stalstianger
Stalet var av typen hoghallfasthetsstal med en flytspanning (0.2% gréns) hogre an 800 MPa. Till provsidan
pa provkropparna anvéndes tre olika modeller av stéinger:

e slata

e gingade

e gummibelagda/vulkaniserade slita stinger

De slata stalstangerna och de stanger som skulle vulkaniseras levererades av SFS Intec till Metso
Minerals. Vulkaniseringen av en del av de slita stangerna gjordes av Metso Minerals. De giingade
stangerna fanns pa plats 1 Téreboda.

Till mothallssidan pa provkropparna anvandes géingade stanger av tva olika diametrar, dér stingerna med
diametern 30mm kom frén SFS Intec via Metso Minerals och de med diametern 24mm kom fran
Téreboda.

En sammanstillning av de olika stangernas utforande och diametrar samt de i limtraet borrade hélens
diametrar finns 1 Tabell 2.

Provkropp- | Typ Provad stang: Mothallstang

seric Stal-/total-/haldiameter (mm) Stal-/haldiameter (mm)
6a,7a.8a,9a Inlimmad slat stang 183/183/20 M24/22

6b,7b,8b,90 | Inlimmad vulkad stang 18.3/~205/21 M30/28

6¢.7c.8¢.9¢c | Inlimmad gingad stang M20/M20/21 M30/28

10a Inlimmad slét stang 14.6/146/16 M24 /22

10b Inlimmad vulkad stang 14.6/16.8/18 M30/28

10c Inlimmad géngad stang MI6/M16/17 M30/28

Tabell 2. Inlimmade sténger och haldiameter.

Stalplattor
Stalet 1 plattorna betecknas SS-2132 (flytspanning 350 MPa).

De sléta stélplattorna och de plattor som skulle vulkaniseras levererades av SFS Intec till Metso Minerals.
Vulkaniseringen av en del av plattorna gjordes av Metso Minerals. Teflonduken som anvindes i provserie
11a levererades av Analyscentrum, Stockholm.

Tillvdgagangssitt
Syrabad

For syrabehandlingen av gummiytorna anvéndes koncentrerad svavelsyra (96%, rumstemp, prod.nr.
92992) som levererades fran Casco Adhesives, Kristinehamn, och behéllarna som anviindes var
tillverkade av polypropen eller glas beroende pé erforderlig storlek.
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Vattenbad

For att mojliggora syrabehandling av gummi krivdes att en skéljningsanordning av tillrackligt stora
dimensioner kunde anvandas. Tva stora syrabesténdiga plastbehllare, tillverkade av polypropen,
inforskaffades pa Clas Ohlsson och forseddes med krananordning och slanganslutningar, se figur 3. Till
dessa anslots kommunalt vatten via en vanlig vattenkran som méjliggjorde fortgdende utbyte av vatten i
behéllarna.

Figur 3. Vattenbad (till vénster och i mitten) och syrabad (till hoger).

Preparering av gummidukar och gummibelagda stalstanger i Nacka

1. Gummidukarna, se figur 4, klipptes i
samma dimensioner som de foreslagna
provkropparna plus ett par extra
centimeter for eventuella variationer i
virkesstorlek.

2. Gummuimaterialen borstades under
rinnande vatten for att ta bort en del
restprodukter fran framstillningen.

3. Ruggades med cirkelgéende slipmaskin
utrustad med NAXO 100 sandpapper,

4. Tvittades med etanol.

5. Betades 1 konc. svavelsyra (96%, 22°C)
under 30 sekunder.

6. Skoljdes i vattenbad 15-30 min.

7. Lades pa pappersbidd for att torka.

Figur 4. Gummidukar, obehandlade.
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Férvaring innan limning

Efter prepareringen av gummidukarna lades de ihop till ett paket och slogs om med papper. Till
provkroppsserie 1-4a gjordes dukarna i ordning 1-6 dagar innan limning medan de till serie 4b-5 gjordes i
ordning 2-3 veckor innan.

De gummibelagda stangerna och plattorna forvarades efter preparering oppet 1 ett plastkarl. Prepareringen
utfordes 2-3 veckor innan limning.

Tra, gummy, stélstanger (med och utan gummi), lim och hardare forvarades 1 Torebodas B-hall dér
temperaturen var 20°C och luftfuktigheten 50%.

Limning av provkropparna i Téreboda
Fogar med gummiduk (limtri-limtrd, limtrd-LVL): (Provkroppar serie 1-5)

o Trisubstraten hyvlades, sdgades eller sandpapprades inom
24 timmar fore limning,

¢ De behandlade gummidukarna skéljdes av med etanol for
att fa bort froreningar/damm och hingdes upp pa
torkstallning en kort stund fore limning, alternativt
torkades med tryckluft.

¢ Gummidukarna var sedan tidigare tillskurna sa att det
fanns ca 2 cm extra pa langd resp. bredd vid eventuell
variation pa substratens méatt. Overflodigt gummi skars
bort.

¢ Limméngden vagdes inte upp, utan lades pa tills det var
helt tackande utan att det fanns dverflod pa substraten
(uppskattningsvis 200g/m”) . g

o Limmet applicerades pa trasubstraten och ej pa Figur 5. Presstryck m.h.a. tvingar.
gummidukarna.

 Limmet blandades till precis innan applicering. P4
provserie 1 och 2 limmades 3-4 fogar med samma
limblandning. For provserie 3, 4a och 5 blandades nytt lim
for varje fog. For provserie 4b blandades nytt lim for
varje provkropp.

* Fogarna utsattes for presstryck m.h.a. tvingar eller
limknektar som skruvades/spindes for hand, se figur 5. :
For provserie 1 pressades 3-4 prover samtidigt med g
samma limknektar, medan for provserie 2-5 pressades . ‘.
varje fog individuellt. For provserie 4-5 limmades ‘ : P i h
gog:rn_a :)ch ﬁ?_ergdes m:lad t:/kingar 11r1;:1):am sgikx;ling s(ljcedde. Figur &, Férvaring av férdiga

pikningen uttordes me Sp pistol. Darefter flyttades provkroppar (3c) p4 pallbockar.
tvingarna och resten av spikarna sattes fast.

e Limmet fick harda 6ver natt 1 Térebodas B-hall
(forhallanden — se ovan). Efter hardning slapptes
presstrycket och provkropparna forvarades sedan i samma
hall, se figur 6.
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Inlimmade stinger: (Provkroppar serie 6-10)

Vulkningen av gummit mot stalet utfordes av Metso Minerals,
Skelleftea.

Substraten borrades senast 24 timmar innan limning.
Borrningen utfordes manuellt med vattenpassforsedda
borrmaskiner. Provkropparna var antingen fastspanda
horisontellt pd pallbockar eller fastkilade vertikalt i en
egentillverkad stallning beroende storlek. Triborrarna fanns i
storlekar med jamnt antal mm. Dar haldiametern var av udda antal
mm anvindes forst traborrar och sedan metallborrar. For
dimensioner pa borrhal, se tabell 2.

Borrhélen blastes ur med tryckluft strax innan limning,

De slita och gummibelagda stangerna skoljdes av med etanol for
att fa bort féroreningar/damm och torkades med tryckluft en kort
stund fore limning. De gangade stangerna limmades utan
behandling,

Lim och hardare blandades till precis innan limning, 4-8 fogar
limmades per limblandning.

Ovre hal: Limmangden vigdes inte upp utan applicerades tills det Figur 7. Applicering av
fanns sa mycket lim att 6verflodigt lim trycktes ut ur halet nér lim, inlimmade stanger.
stangerna applicerades. Provkropparna restes lodritt for att
hardning skulle kunna ske utan storre t ndgon sida.
Sténgerna pressades ned med kroppstyngd.

Nedre hal: For att fa in limmet 1 borrhilen anvindes en ca 1m
ldng jarnstang som doppats i lim, se figur 7. Lim applicerades
dven direkt pa stangerna for béttre spridning. De gingade
stangerna applicerades med en maskin som skruvar in
stangerna i provkroppen, se figur 8.

Limmet fick hiarda over natt, sedan lades de vagratt for
forvaring, se figur 9.

- F hsasl e
Figur 8. Applicering av géngade
stanger.

Figur 9. Férvaring av inlimmade st&nger.
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Pa- och inlimmade dragplattor samt palimmade forankringsplattor: (Provkroppar serie 11-14)

o Se tillvagagangssatt for Fogar med gummiduk.
e Vulkningen av gummit mot stilet utfordes av Metso Minerals, Skelleftea.

Tédnkbara felkéllor:

Variationer 1 material.

Sned montering
Stanger inte helt centrerade
Otillracklig limméngd (mager imning) — intraffade for en del av mothallslimfogarna

L]

e Variationer 1 limningarna.

e Gummilagring

e Olika langa tider mellan limapplicering och presstryck
e Presstryck

L]

L]

L ]
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