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MCT

MyTiCon Timber Connectars

Structural Screw Technology in Tall Wood Buildings

The webinar outlook
- Lookout on typical Cross Laminated Timber (CLT) connections
- Summary of recent North American test data

- Summary of proposed design procedures and design values
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MyTiCon Timber Co

* Group #1 Panel to beam connection in Tall Wood
-Panel to beam connection with CLT
-Panel to beam connection with glulam

* Group #2 Panel to panel connection in Tall Wood
- Surface spline connections
- Half lap connections — 2 types
- Butt connections
* We present test data and results
- Statistics
- Failure modes
- Proposed design methods/values
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Panel to Beam Connections

MyTiCon Timber Connectors -

* Panel to beam connection i.e. diaphragm to post - beam structure




Panel to Beam Connections

MyTiCon Timber Connectors -

* Connector Layout #1

Screw perpendicular to
panel plane in shear action



Panel to Beam Connections

MyTiCon Timber Connectors -

* Connector Layout #2

Screw at an angle to
panel plane in tension



Panel to Beam Connections

Force application

e Setup for testing Glulam




MyTiCon Timber Connectors

Panel to Beam Connections

Force application

* Setup for testing

Fastener in tension




MyTiCon Timber Connectors

Panel to Beam Connections

Force application

* Setup for testing

Fastener in compression




MyTiCon Timber Connectors

Panel to Beam Connections

Force application

e Setup for testing Glulam

Glulam

Side plate can be Nail-Lam-Timber (NLT)
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Panel to Beam Connections

* Setup for testing

Reaction Frame Actuator

Load application assembly

Reaction Frame




Panel to Beam Connections MyTicon T

* Loading procedure — displacement controlled CUREE

Primary cycle

Trailing cycle /
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Panel to Beam Connections

MyTiCon Timber Connectors

* Loading procedure — displacement controlled CUREE

Trailing cycle — displacement applied at
fraction of previous primary cycle
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Panel to Beam Connections MyTicon T

* Loading procedure — displacement controlled CUREE

Primary cycle — displacement applied increased
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MyTiCon Timber Connectors -

Panel to Beam Connections

e Typical load displacement curve

Typical load cycles 150

Load in [kN]

8 - 8x300 screws in connection

. -200 -
Displacement in [mm]
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MyTiCon Timber Connectors

Panel to Beam Connections

e Typical load displacement curve

Load in [kN]

-150 4

Cross beam deflection

-200 -
Displacement in [mm]



MyTiCon Timber Connectors -

Typical backbone curve

Panel to Beam Connections

e Typical load displacement curve

Typical load cycles

Load in [kN]

8 - 8x300 screws in connection

. -200 -
Displacement in [mm]
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw




M T

Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this t2kle arc average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections

CLT to GL
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FT@45°
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Note: Results listed in this t2kle arc average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections
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FT@45°
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this t2kle arc average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw
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Panel to Beam Connections
* Typical failure mode — screw breakage
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Panel to Beam Connections

* Typical failure mode — screw breakage : t
No visible damage 5 !
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Panel to Beam Connections
* Typical failure mode — screw breakage

70
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Tension failure
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250
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Panel to Beam Connections

* Typical failure mode — screw breakage

Specimen

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Fmax test
[kN]

Tension failure

G L L e L U L U

Axial load per
screw in test

140

160

550

250

A A AR R SR T R R R

Factored tensile
withdrawal resistance as per
resistance CCMC 13677-R

[kN]
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* Typical failure mode — screw breakage
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Panel to Beam Connections

* Typical failure mode — screw breakage
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Panel to Beam Connections

* Typical failure mode — screw breakage
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Panel to Beam Connections

* Typical failure mode — screw breakage
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Panel to Beam Connections

* Typical failure mode — screw breakage

Specimen

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°

Fmax test
[kN]

Tension failure

G L L e L U L U

Axial load per
screw in test

140

160

550

250

A A AR R SR T R R R

Factored tensile
withdrawal resistance as per
resistance CCMC 13677-R
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Panel to Beam Connections
* Typical failure mode — screw breakage

140

160

Tension failure

550

250

L LI L L L U A A AR R SR T R R R
A 0 L 8 !

Specimen Fmax test Axial load per Factored tensile
[kN] screw in test withdrawal resistance as per
[kN] resistance CCMC 13677-R
[kN] [kN]

CLT to GL
8 - 8x300
FT@45°

CLT to GL
16 - 8x300
FT@45°




Panel to Beam Connections

* Typical failure mode — screw breakage : t
Tension and 5 '
bending failure §
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Panel to Beam Connections

* Typical failure mode — screw breakage

Tension and
bending failure
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with screw breakage

Typical load drop @ screw breakage

200 -

Load in [kN]

8 - 8x300 screws in connection
CLT side member

-200 -
Displacementin [mm)]
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with screw breakage

Small load drop — single screw breaks

200 -

Load in [kN]

8 - 8x300 screws in connection
CLT side member

-200 -
Displacementin [mm)]
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with screw breakage

Big load drop — more screws break with
some screws remaining intact

200 -

Load in [kN]

8 - 8x300 screws in connection
CLT side member

-200 -
Displacementin [mm)]
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with screw breakage

Majority of screws fail at one side of
specimen

160 -

7.00

Load in [kN]

i;\i

8 - 8x300 screws in connection
CLT side member

-100 -

_-120 4
Displacement in [mm]
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with screw breakage

— Steep load drop

_Load in kN

-10.0 -8.0 20 4.0 6.0 8.0 10.0

-

16- 8x300 screws in connection
CLT side member

-200 -
Displacement in mm
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with screw breakage

300

Residual load after
SRR Tt e failure = 130kN

_Load in kN

-10.0 -8.0 20 4.0 6.0 8.0 10.0

-

16- 8x300 screws in connection
CLT side member

-200 -
Displacement in mm



Panel to Beam Connections

MyTiCon Timber Connectors

e Typical failure mode — withdrawal -

Withdrawal resistance failure

550
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Panel to Beam Connections

e Typical failure mode — withdrawal

Withdrawal resistance failure




Panel to Beam Connections

MyTiCon Timber Connectors

70

 Typical failure mode — withdrawal/push-out

Withdrawal resistance failure

550




Panel to Beam Connections

MyTiCon Timber Connectors -

 Typical failure mode — withdrawal/push-out

Wood sheared off — screw is pushed out
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Panel to Beam Connections

 Typical failure mode — withdrawal/push-out

Wood not damaged — high local density at knot
Screw did not push-out
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Panel to Beam Connections

* Typical failure mode — yielding
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Panel to Beam Connections

CLT to GL
8 - 8x330 172.6 3.01 69.04 1.22 . 57.34 56.59 64.60

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cycle. FT= Full Thread screw

MyTiCon Timber Connectors
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Panel to Beam Connections

CLT to GL
8 - 8x330

N
140

160

550

250




Panel to Beam Connections

N
140

160

550

250




Panel to Beam Connections

CLT to GL
8 - 8x330

70

L

140

160

550

250




MyTiCon Timber Connectors

Panel to Beam Connections

CLT to GL
8 - 8x330 172.6 3.01 69.04 1.22 . 57.34 56.59 64.60

Note: Results listed in this table are average measurements out of 5 test obtained from the positive load cy:le. FT= Full Thread screw

40.68kN/mm @45° screw test = +50%

70

L

140

160

550

250
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Panel to Beam Connections

CLT to GL
8 - 8x300 FT@45°

CLT to GL
16 - 8x300 FT@45°

CLT to GL
8 -8x330 FT@30°

Note: Test results listed in this table are average measurements out of 5 test obtained from the positive load cycle.
FT= Full Thread screw. Reduction factors for dynamic loading were not considered
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Panel to Beam Connections

CLT to GL
8 - 8x300 FT@45°

CLT to GL
16 - 8x300 FT@45°

CLT to GL
8 -8x330 FT@30°

Note: Test results listed in this table are average measurements out of 5 test obtained from the positive load cycle.
FT= Full Thread screw. Reduction factors for dynamic loading were not considered
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Panel to Beam Connections

More reasonable to
CLT to GL . consider the load range
8 - 8x300 FT@45° between 40% and 70%

CLT to GL of recorded load?
16 - 8x300 FT@45°

CLT to GL
8 -8x330 FT@30°

Note: Test results listed in this table are average measurements out of 5 test obtained from the positive load cycle.
FT= Full Thread screw. Reduction factors for dynamic loading were not considered
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Panel to Beam Connections

CLT to GL
8 - 8x300 FT@45°

CLT to GL
16 - 8x300 FT@45°

CLT to GL
8 -8x330 FT@30°

Note: Test results listed in this table are average measurements out of 5 test obtained from the positive load cycle.
FT= Full Thread screw. Reduction factors for dynamic loading were not considered
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Panel to Beam Connections

CLT to GL
8 - 8x300 FT@45°

CLT to GL
16 - 8x300 FT@45°

CLT to GL
8 -8x330 FT@30°

Note: Test results listed in this table are average measurements out of 5 test obtained from the positive load cycle.
FT= Full Thread screw.

Dynamic load reduction factors were
not applied to design resistance




Panel to Beam Connections

e Typical failure mode — shear failure in wood

MyTiCon Timber Connectors

70

550

140

160

250

102

250

102

454




Panel to Beam Connections

e Typical failure mode — shear failure in wood

MyTiCon Timber Connectors

70

140

160

550

250

{

102

250

102

454

Shear crack developed

parallel to grain




MyTiCon Timber Connectors

Panel to Beam Connections
e Typical failure mode — shear failure in wood d

140

160

550

250

102 250 102
454

Specimen after testing




Panel to Beam Connections
e Typical failure mode — shear failure in wood

M T

MyTiCon Timber Connectors

f=
~)

140

160

550

250

102 250 102
454

Shear failure near screw tip.
Stresses are released into the wood.
Complete separation of wood.
Longitudinal to grain shear failure
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MyTiCon Timber Connectors

Panel to Beam Connections

e Typical load displacement curve with screw breakage

2

180 -
160 -
140 -
120 -
100 -

140

160

550

250

102 250
454

30° screws

di L_oad in [kN]

3.00 5.00 7.00

8- 8x300 screws in connection
CLT side member

-100 -

-120 -
Displacement in [mm]
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MyTiCon Timber Connectors

Panel to Beam Connections

* Typical load displacement curve with wood failure

220 -
180 7 =
b
140 -
Z 100 -
=,
c 60 1 /. A il
™ 57 300 57
® {\\ 20
S ' ‘ 30° screws
-
-10.00 -8.00 -6.00 -¥. 00”70 BO/ZVOG 400 6.00 8.00 10.00
P & 8- 8x300 screws in connection
-100 - Glulam side member

_-140 &
Displacement in [mm]



Panel to Beam Connections

* Typical load displacement curve with wood failure

f=
=

Steep load drop

140

160

550

< 1 &
.E 7 300 5—7
u 414

m 3

S V> \ 30° screws
-10.00 -8.00 -6.00 -. .007"°0.00 2.00 4.00 6.00 8.00 10.00

8- 8x300 screws in connection
-100 - Glulam side member

_-140 &
Displacementin [mm]




Panel to Beam Connections

70

Ideally screws intersect at shear plane

140

160

250
~

250

4Load in [kN]

o
o
.\‘
ol
o
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-100 -
-120 454

Displacement in [mm]




Panel to Panel Connections c

Test series #1




Panel to Panel Connections

MyTiCon Timber Connectors -

Test series #2

|

Connecting floor panel to floor panel or wall panel to wall panel



Panel to Panel Connections (3 Panels

NS

Joint type

CLT
layers

Plywood
thickness

STS
Iength

STS
S

STS
per row

STS
spacing

STS action




Panel to Panel Connections (3 Panels

NEIES

Joint type

CLT
layers

Plywood
thickness

STS
Iength

STS
rows

STS
per row

STS
spacing

STS action
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Panel to Panel Connections (3 Panels

CLT Plywood STS STS STS STS

: : : : STS action
Series Joint type EVES thickness length rows per row spacing

SS=Surface Spline, LJ=Lap Joint, BJ=Butt Joint

3p=3 pieces or panels

nR=n row of screws per each side of shear planes (n=1 and 2)
8S=Spacing of the screws is 8 times the diameter of the screw

45=Angle between the screw axis and the CLT plane




Panel to Panel Connections (3 Panels I X I :

MyTiCon Timber Co

e Spacing, end, and edge distances (mm)

5d = 40 6d = 48 6d = 48 2.5d = 20 2.5d = 20 2.5d =20



Panel to Panel Connections (3 Panels I X I :

MyTiCon Timber Co

e Spacing, end, and edge distances (mm)

5d = 40 6d = 48 6d = 48 2.5d = 20 2.5d = 20 2.5d =20

Fasteners in CLT with small spacing



Panel to Panel Connections (3 Panels I X I :

MyTiCon Timber Co

e Spacing, end, and edge distances (mm)

5d = 40 6d = 48 6d = 48 2.5d = 20 2.5d = 20 2.5d =20

IPay attention when connecting panel to beam!
Spacing requirements differ in timber and GL and typically govern
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MyTiCon Timber Connectors
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MyTiCon Timber Connectors
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Half Lap Joints with one row of STS

S NI | T g

| 12m @ 0.4m I
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Half-lap Joints with STS in withdrawal —one row each direction

7 EL NS s LTUA ST
. i s i /<
aC| ;'
&t e e
“' ’al [ ] —-tae A @
R | —— . .
a; . \
o |
0.4 A ! 4 [}
Am
T- e a, [ ]
a {4 '
i [ ®
| i oy o |
‘ ! a,_ )
J ‘ I
‘ o= Ui H ®
| ! a,T i
a
a,C %a,C

| 0.9m @ 0.3m |




MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

Butt Joints

LT 0T L L A
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09m @ 0.3m




Test set up in CEME

Actuator loading from top

Displacement control

Failure is assumed when the actuator load
falls below 80% of recorded peak load

Data taken: Actuator load and displacement

Reaction
Bearing Plate

a,T a, a,a,T Plywood Rollers
a,C a,C Machine Basew__

12m@04m



Test set up in CEME

Actuator loading from top

Displacement control

Failure is assumed when the actuator load
falls below 80% of recorded peak load

Data taken: Actuator load and displacement

Reaction
Bearing Plate

a,T a, a,a,T Plywood Rollers
a,C a,C Machine Basew__

12m@04m



Test set up in CEME

Actuator loading from top

Displacement control

Failure is assumed when the actuator load
falls below 80% of recorded peak load

Data taken: Actuator load and displacement

Reaction
Bearing Plate

a,T a, a,a,T Plywood Rollers
a,C a,C Machine Basew__

12m@04m
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Panel to Panel Connections (3 Panels

A .
Test set up in CEME e st
Actuator loading from top
Displacement control
Failure is assumed when the actuator load
falls below 80% of recorded peak load —_—
Data taken: Actuator load and displacement

Load Bearing Block

IENNA

Reaction a,T a, a,a,T Plywood Rollers

Bearing Plate a,C a,C Machine Basew__

} 12m@04m =




* Results for 3-ply

F* at 5mm disp. | Yield load Fy" | Displ. at Fmax | Displ. at yield Ductility pt
[kN] [kN] (kN) Bax ) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws

Plywood

a,T 3, 3, a7

|7 1.2m @ 0.4m —|



* Results for 3-ply

F* at 5mm disp. Yield load F,” Displ. at Fmax Displ. at yield Ductility p
Series

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws

a,Ca,C

2! £
'7 12m @ 0.4m —|



Panel to Panel Connections (3 Panels

Fmax®

NEIES [kN]

F* at 5mm disp.
[kN]

Yield load F,”
(kN)

Displ. at Fmax
A (mm)

Displ. at yield

A, (mm)

Ductility p
(-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws




Panel to Panel Connections (3 Panels

NS

Fmax™

[kN]

F* at 5mm disp.

[kN]

Yield load F,”

(kN)

DispI at Fmax
(mm)

max

Displ. at yield
A, (mm)

Ductility p
(-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws




* Results for 3-ply

F* at 5mm disp. Yield load F,” Displ. at Fmax Displ. at yield Ductility p
Series

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws

TH0 (0 L T T N

) T

L]

a,c a,C

———— me@iunm ———m




* Results for 3-ply

F* at 5mm disp. Yield load F,” Displ. at Fmax Displ. at yield Ductility p
Series

Note: Results listed in this table are average measurements out of 6 tests.

* values are per pair of screws

———— me@iunm ———m

|7 12m @ 0.4m —|



* Results for 3-ply

F* at 5mm disp. Yield load F,” Displ. at Fmax Displ. at yield Ductility p
Series

Note: Results listed in this table are average measurements out of 6 tests.

* values are per pair of screws

———— me@iunm ———m

|7 12m @ 0.4m —|



Panel to Panel Connections (3 Panels

NEIES

Fmax”
[kN]

F* at 5mm disp.
[kN]

Yield load F,”
(kN)

Displ. at Fmax
A (mm)

Displ. at yield

A, (mm)

Ductility p
(-)

Note: Results listed in this tabie are average measurenienis vut ui 6

" values are per pair of screws

tesLo.




* Results for 3-ply

F* at 5mm disp. | Yield load Fy" | Displ. at Fmax | Displ. at yield Ductility p
[kN] [kN] (kN) A ey (MM) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws

Ductility evaluation of
Idealized Bilinear Envelope tension screw connections

"\ Actual Capacity Envelope with FEMA 356 may not be
Enax e =mm 3 suitable?

60 "

1

~ i
Z 40

< Pi, -—— :

E _ Amax/ :

S 20 bt &, 1

1 1

1 1

0 ¥ +

0o b8y 5 10 15 Bmax20 25 30

Displacement (mm)

FEMA 356 (2000
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Panel to Panel Connections (3 Panels

* Results for 5-ply

Fmax® | F*at 5mm disp. | Yield load Fy” Displ. at Fmax | Displ. @ yield Ductility p
Series
[kN] [kN] (kN) (mm) A (mm) &)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws



Panel to Panel Connections (3 Panels

19 M .
_ Fmax® | F* at 5mm disp. | Yield load F, " Displ. at Fmax | Displ. @ yield Ductility p
Series
[kN] [kN] (kN) A ey (Mm) A, (mm) (-)
Note: Results listed in this table are average measurements out of 6 tests.
" values are per pair of screws
5 " 0% difference
: Fmax® | F*at Smm disp. | Yield load Fy™ | Displ. at Fmax | Displ. at yield Ductility p
NEEES
[kN] [kN] () A (Mm) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

* values are per pair of screws




Panel to Panel Connections (3 Panels

19 M .
_ Fmax® | F* at 5mm disp. | Yield load F, " Displ. at Fmax | Displ. @ yield Ductility p
Series
[kN] [kN] (kN) A ey (Mm) A, (mm) (-)
Note: Results listed in this table are average measurements out of 6 tests.
" values are per pair of screws
5 " 0% difference
: Fmax® | F*at 5mm disp. | Yield load Fy™ | Displ. at Fmax | Displ. at yield Ductility p
NEEES
[kN] [kN] () A (Mm) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

* values are per pair of screws




Panel to Panel Connections (3 Panels

19 M .
_ Fmax® | F* at 5mm disp. | Yield load F, " Displ. at Fmax | Displ. @ yield Ductility p
Series
[kN] [kN] (kN) A ey (Mm) A, (mm) (-)
Note: Results listed in this table are average measurements out of 6 tests.
" values are per pair of screws
PR " apa double
: Fmax® | F*at 5mm disp. | Yield load Fy™ | Displ. at Fmax | Displ. at yield Ductility p
NEEES
[kN] [kN] () A (Mm) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

* values are per pair of screws




Panel to Panel Connections (3 Panels

D 000
19 M .
S Fmax® | F*at 5mm disp. | Yield load F, " Displ. at Fmax | Displ. @ yield Ductility p
[kN] [kN] (kN) A oy (MM) A, (mm) (-)
Note: Results listed in this table are average measurements out of 6 tests.
" values are per pair of screws
astene elding ana o Of p 000 apa
D A o
. Fmax® | F* at 5mri disp. | Yield load Fy" | Displ. at Fmax Displ. at yield Ductility p
) [kN] (kN) Aoy (MM) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws




Panel to Panel Connections (3 Panels

D A o
S Fmax® | F* at 5mm disp. | Yield load F, " Displ. at Fmax | Displ. @ yield Ductility p
[kN] [kN] (kN) A ey (Mm) A, (mm) (-)
Note: Results listed in this tak!s aire average measurements out of 6 tests.
" values are per pair of screws
P 0 s ance ap3
1 M .
— Fmax® | F* at 5ram disp. | Yield load Fy" | Displ. at Fmax Displ. at yield Ductility p
[kN] [kN] (kN) Ao (MmM) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws




Panel to Panel Connections (3 Panels

U (J
S Fmax® | F* at 5mm disp. | Yield load F, " Displ. at Fmax | Displ. @ yield Ductility p
[kN] [kN] (kN) A ey (Mm) A, (mm) (-)
Note: Results listed in this table are average measurements out of 6 tests.
" values are per pair of screws
. - U U . U e e
RE 0 0
. Fmax® | F* at 5mm disp. | Yield load Fy" | Displ. at Fmax Displ. at yield Ductility p
[kN] [kN] (kN) Ao (MmM) A, (mm) (-)

Note: Results listed in this table are average measurements out of 6 tests.

" values are per pair of screws
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

* Load-Displacement Curves

20
—SS_3p R_8S

-
&)

—_
o

Load per pair of STS (kKN)

[&)]

0 5 10 15
Relative displacement (mm)

= 1.2m @ 0.4m I
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Panel to Panel Connections (3 Panels

* Load-Displacement Curves

“ ———88_3p_3ply_1R_8S
----- 88_3p R_8S
< 15
)
—
0
IS
=10
jo8
o)
jo8
?
9 5
e ““v = }.-,7'""'
0 = e
0 5 10 15 20 g\ AL
Relative displacement (mm) §7il\,;,"‘ el
201 | SRR
o4m (IS
'} |
19,9 .8

a,T a, a, a,T

a,Ca,C
I 1.2m @ 0.4m |




Load per pair of STS (kKN)

Panel to Panel Connections (3 Panels

* Load-Displacement Curves

20

-
&)

—_
o

— —— ]
— —

— e — —

-
—
)

10 1
Relative displacement (mm)

- 8S_3p_3ply_1R_8S

----- SS_3p_3ply 2R _8S
—_— 33_31 R_8S

M

MyTiCon Timber Connectors

1.2m @ 0.4m
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Panel to Panel Connections (3 Panels

* Load-Displacement Curves

20 - 8S_3p_3ply 1R 8S
----- SS_3p_3ply_2R_8S
— —8S_3p_5nly_1R_8S
— _ ss_szR_ss
g 15
E -Small differences
5 . -Plywood thickness controls
g
g
o
§ ° /—7 “““““““
, ~ RE T

Relative displacement (mm)

azT az az azT

a,Ca,C
} 1.2m @ 0.4m '




* Load-Displacement Curves

20

-
&)

—_
o

Load per pair of STS (kKN)

[&)]

Panel to Panel Connections (3 Panels

Relative displacement (mm)

M C

- 8S_3p_3ply_1R_8S
----- SS_3p_3ply 2R _8S
— —8S 3p 5ply_1R_8S

— .. 8S_3p 5nly 2R 8S
—LJ_31R_88

-Deeper embedment
-Fastener can reach yield strength

| 1.2m @ 0.4m



Panel to Panel Connections (3 Panels

MyTiCon Timber Connectors

* Load-Displacement Curves

20 ———SS_3p_3ply_1R_8S
----- SS_3p_3ply 2R _8S
.1~ —sS3p_Bply 1R 8S
~ e - 88 3p_Bply_2R_8S
L T e LJ 3p_3nly 1R 8S
a e e LJ_31R_88
o | T ‘[ Parallel to grain loading in
£ 10 shear plane for 5-Ply half
g_ l” / . .
o) /l/' lap joint
jo8 J /
o J
R —

Relative displacement (mm)

| 12m @ 0.4m I
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Panel to Panel Connections (3 Panels

* Load-Displacement Curves

20 85 3p_3ply_1R_8S
----- SS3p_3ply 2R_8S
| — —sST3p Bply_1R8S
_ e SST3p_Bply 2R78S
Z 15 = —LJ_3p_3ply_1R_8S
N e Ly 3p_Bph 1R_8S
o | — —Li3p @' R_45
720 R B
“6 """
= 10 - —]
o
o)
o
®
T i 5 A ———
0

Relative displacement (mm)

| 0.9m @ 0.3m }



MyTiCon Timber Connectors

Displacement Curves

8S

R_8S
R 45
R_45

1R_8S

2R _8S

p_5ply_1R
SS_3p_bply_2R_8S
1R_8S

—LJ_3

p_3ply_
p_3ply

p_5ply_1
292

p_3ply_
%
P

~----8873
— 8873
—eee-LJ73
— —LJ3

LJ73

—88_3

et
¥ ﬁhlwﬂw.‘m ——

0.9m @ 0.3m

a,C 3, a,C

Panel to Panel Connections (3 Panels

Load

A

Relative displacement (mm)

[
20

Te]
—

T N

(NX) SLS Jo Jred Jad peo



kN)
o

Load per pair of STS (

20

———8S8_3p_3ply_1R_8S
----- SS_3p_3ply_2R_8S
A — —88_3p_5ply_1R_8S

— - 8S_3p_bply_2R_8S

LJ 3p_3ply 1R 8S
----- LJ_3p_5ply_1R_8S
— —LJ 3p_3ply 2R 45

—_
o

— - LU 3p_Bpiy-2R 45
——BJ_3p R_SS

Relative displacement (mm)

Intermediate performance
compared to lap joint but
less machining required

20

09m @ 0.3m




MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Test statistics

erS::ear Fmax 0.4 Fmax Stiffness Stiffness Stiffness
Series P lane [kN] : [KN] ultimate 0.4 Fmax | 0.7 F max
p[#] [kN/mm] [kKN/mm] | [kN/mm]

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Test statistics

Design Design
Design Displ. Estim:;gted Test
Resistance (based on design : Stiffness Overstrength

: stiffness
[kN] resistance) (KN/mm] [kN/mm]

STS
per shear

NEES
plane

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Test statistics

Design Design
Design Displ. Estim:;gted Test
Resistance (based on design : Stiffness Overstrength

: stiffness
resistance) (KN/mm] [kN/mm]
[mm]

STS
per shear

NEES
plane

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Test statistics

Design Design
Design Displ. Estim:;gted Test
Resistance (based on design X : Stiffness Overstrength

: stiffness
[kN] resistance) (KN/mm] [kN/mm]

STS
per shear
plane

[#]

Series

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Test statistics

Design Design
Design Displ. Estim:;gted Test
Resistance (based on design : Stiffness Overstrength

: stiffness
[kN] resistance) (KN/mm] [kN/mm]

STS
per shear
plane

[#]

Series

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners
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MyTiCon Timber Connectors

Panel to Panel Connections (3 Panels

e Test statistics

Design Design
Design Displ. Estim:;gted Test
Resistance (based on design Stiffness Overstrength

[kN] res[i;':?]ce) [slicll\f;:qe;:] [kN/mm]

STS
per shear
plane

[#]

Series

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners

Rotation of specimen may impact displacement



Panel to Panel Connections (3 Panels

60.00

50.00

40.00

30.00

20.00

Load/shear plane (kN)

10.00

o Test
per shear .
lane Resistance Fmax Overstrength
- [kN]
2035

Note: Results listed in this table are average measurements out of 6 tests.
All the values are per shear plane utilising the indicated number of fasteners

MyTiCon Timber Connectors

MW Design

MW Experiment



MyTiCon Timber Connectors

M
Panel to Panel Connections (3 Panels hAb—

* Pure shear (Lap-joint)

T |
N )
4 e




MyTiCon Timber Connectors . 4N

MyTiCon Timber Connectors

* Bending (Surface Spline)

@ Plywood
splitting”

,,,,,



MyTiCon Timber Connectors . 4N

Panel to Panel Connections (3 Panels

e Screw Yielding (Surface Spline )
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Panel to Panel Connections (3 Panels

e Screw Yielding and Breakage (Lap-Joint)

DNV A A




MyTiCon Timber Connectors S

(-

Panel to Panel Connections (2 Panels

e 2 Panels

Brandner et al. 2013



Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




Panel to Panel Connections (2 Panels

Label Type Screw [mm] Angle [°] | Replicates STS rows STS action

g N




Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




Panel to Panel Connections (2 Panels

Label

Type

Screw [mm]

Angle [°]

Replicates

STS rows

STS action




M C
Panel to Panel Connections (2 Panels
e Surface Spline Joints with one row of STS each member




. 4N
Panel to Panel Connections (2 Panels
e Half-lap Joints with STS in shear

~ el




MyTiCon Timber Connectors S -

Panel to Panel Connections (2 Panels MyTiCon Tmsar Gon _

e Half-lap Jomts Wlth STSin W|thdrawal

Friction



MyTiCon Timber Connectors

Panel to Panel Connections (2 Panels Timber Co _

* Half-lap Joints with STS in shear and withdrawal

Friction




Panel to Panel Connections (2 Panels _

ButtJomts

RN ———

MyTiCon Timber Connectors




Panel to Panel Connections (2 Panels
Test set DIN 26891

Actuator loading from top
Load control
Load rate: 20kN/min

120

100

Loading up to 40% (approx.) of estimated maximum
Holding for 30 seconds

Unloading to 10% (approx.) of estimated maximum
Holding for 30 seconds

Loading to failure where failure is assumed to occur
when load drops to 80% of recorded maximum

e wWwN e

0 10 20 30 40 50 60

Displacement (mm)

MyTiCon Timber Connectors




Panel to Panel Connections (2 Panels
Test set DIN 26891

Actuator loading from top
Load control
Load rate: 20kN/min

120

100

Load (kN)
(=)
=

1. Loading up to 40% (approx.) of estimated maximum
2. Holding for 30 seconds
3. Unloading to 10% (approx.) of estimated maximum
4. Holding for 30 seconds
5. Loading to failure where failure is assumed to occur
when load drops to 80% of recorded maximum
0 10 20 30 40 50 60

Displacement (mm)

MyTiCon Timber Connectors




Panel to Panel Connections (2 Panels
Test set DIN 26891

Actuator loading from top
Load control
Load rate: 20kN/min

120

100

Load (kN)
(=)
=

1. Loading up to 40% (approx.) of estimated maximum
2. Holding for 30 seconds
3. Unloading to 10% (approx.) of estimated maximum
4. Holding for 30 seconds
5. Loading to failure where failure is assumed to occur
when load drops to 80% of recorded maximum
0 10 20 30 40 50 60

Displacement (mm)

MyTiCon Timber Connectors




Panel to Panel Connections (2 Panels
Test set DIN 26891

Actuator loading from top
Load control
Load rate: 20kN/min

120

100

Load (kN)
(=)
=

1. Loading up to 40% (approx.) of estimated maximum
2. Holding for 30 seconds
3. Unloading to 10% (approx.) of estimated maximum
4. Holding for 30 seconds
5. Loading to failure where failure is assumed to occur
when load drops to 80% of recorded maximum
0 10 20 30 40 50 60

Displacement (mm)

MyTiCon Timber Connectors




Panel to Panel Connections (2 Panels
Test set DIN 26891

Actuator loading from top
Load control
Load rate: 20kN/min

120

100

Load (kN)
(=)
=

1. Loading up to 40% (approx.) of estimated maximum
2. Holding for 30 seconds
3. Unloading to 10% (approx.) of estimated maximum
4. Holding for 30 seconds
5. Loading to failure where failure is assumed to occur
when load drops to 80% of recorded maximum
1
0 10 20 30 40 50 60

Displacement (mm)

MyTiCon Timber Connectors




MyTiCon Timber Connectors S

(-

Panel to Panel Connections (2 Panels

* Transducer locations
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Panel to Panel Connections (2 Panels

e Surface Spline Joints with one row of STS




M T

Panel to Panel Connections (2 Panels

e Surface Spline Joints with one row of STS




MyTiCon Timber Connectors . 4N

Panel to Panel Connections (2 Panels
e Half-lap Joints with STS in shear

3

A

| g
ol

¢ -'_!‘.g:\:




MyTiCon Timber Connectors . 4N

Panel to Panel Connections (2 Panels
e Half-lap Joints with STS in withdrawal




MyTiCon Timber Connectors . 4N

Panel to Panel Connections (2 Panels
* ButtlJoints




Panel to Panel Connections (2 Panels

U (J
_ Fmax* 2 Cl AL Yield load F, Bk gl Displ. @ yield Ductility p
Series disp. Fmax A,

Note: Results listed in this table are average measurements out of 6 specimen (labeled NF) and 3 (for any other specimen).
“All values per pair of screws

NF= specimen with anti friction membrane in shear plane




Panel to Panel Connections (2 Panels

U (J
_ Fmax* 2 Cl AL Yield load F, Bk gl Displ. @ yield Ductility p
Series disp. Fmax A,

Note: Results listed in this table are average measurements out of 6 specimen (labeled NF) and 3 (for any other specimen).
“All values per pair of screws

NF= specimen with anti friction membrane in shear plane




Panel to Panel Connections (2 Panels

RE 0 0
_ Fmax* 2 Cl AL Yield load F, Bk gl Displ. @ yield Ductility p
Series disp. Fmax A,

Note: Results listed in this table are average measurements out of 6 specimen (labeled NF) and 3 (for any other specimen).

“All values per pair of screws
NF= specimen with anti friction membrane in shear plane




Panel to Panel Connections (2 Panels

U (J
_ Fmax* 2 Cl AL Yield load F, Bk gl Displ. @ yield Ductility p
Series disp. Fmax A,

Note: Results listed in this table are average measurements out of 6 specimen (labeled NF) and 3 (for any other specimen).
“All values per pair of screws

NF= specimen with anti friction membrane in shear plane
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MyTiCon Timber Connectors

Panel to Panel Connections (2 Panels

e Results for 5-ply
Series LS . ?jtissmm Yield load Fy" | Displ. at Fmax A, | Displ. at yield DUCt'"tV
[kN] P (kN) (mm) A, (mm)

Note: Results listed in this table are average measurements out of 6 tests.

“All values per pair of screws

e Results for 3-ply

: Frax” zt Smm Yield load F,*
eries IS
[kN] 5 kN)




Load per pair of STS (kN)

Panel to Panel Connections (2 Panels

MyTiCon Timber Connectors

* Load-Displacement Curves

20

—SS 2p 3ply IR 90

15

10

0 5 10 15 20 25 30 35 40 45 50
Relative displacement (mm)
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MyTiCon Timber Connectors

Panel to Panel Connections (2 Panels

* Load-Displacement Curves

20 ——SS 2p 3ply 1R 90
— =SS 2p 3ply IR 90 NF
15
Z
2
[0}
=
7.8}
ey
@ 10
3
o
)
o
3 I—
S e Y-
3 5
0

0 5 10 15 20 25 30 35 40 45 50
Relative displacement (mm)




Load per pair of STS (kN)

Panel to Panel Connections (2 Panels

* Load-Displacement Curves

20

MyTiCon Timber Connectors

15

——SS 2p 3ply 1R 90
— =SS 2p 3ply IR 90 NF
------ LI 2p 3ply 1R 90

0 5 10 15 20 25 30 35 40
Relative displacement (mm)

45

50




Load per pair of STS (kN)

Panel to Panel Connections (2 Panels

* Load-Displacement Curves

M

——SS 2p 3ply 1R 90
— =SS 2p 3ply IR 90 NF
------ LI 2p 3ply 1R 90
— LI 2p 3ply IR 90 NF

20
Impact of friction seems|/low
15 =~ S
~ TN
v L N
_ \ \
® N o
3 )
0 N

0 5 10W0 45

Relative displacement (mm)

50

C_

MyTiCon Timber Connectors




Load per pair of STS (kN)

Panel to Panel Connections (2 Panels

* Load-Displacement Curves

MyTiCon Timber Connectors

20

15

Initial stiffness increase for half lap joints

——SS 2p 3ply 1R 90
— =SS 2p 3ply IR 90 NF
------ LI 2p 3ply 1R 90
— LI 2p 3ply IR 90 NF

10

0 5 10 15 20 25 30 35 40
Relative displacement (mm)

45

50




Load per pair of STS (kN)

Panel to Panel Connections (2 Panels

* Load-Displacement Curves

20

—SS 2p 3ply IR 90 i
= =SS 2p 3ply IR 90 NF
------ LJ 2p 3ply 1R 90

= LJ 2p 3ply 1R 90 NF
——1LJ 2p 3ply 1R 45

15

0 5 10 15 20 25 30 35 40 45
Relative displacement (mm)

50




Load per pair of STS (kN)

M T

Panel to Panel Connections (2 Panels

* Load-Displacement Curves

20
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Small impact on stiffness
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* Load-Displacement Curves
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* Load-Displacement Curves
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* Load-Displacement Curves

Double inclined screw
connection with good stiffness
and small deformations

MyTiCon Timber Connectors
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Machine time reduced with butt joint
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Panel to Panel Connections (2 Panels

* Load-Displacement Curves
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Load per pair of STS (kN)

Panel to Panel Connections (2 Panels

* Load-Displacement Curves
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MyTiCon Timber Connectors

Panel to Panel Connections (2 Panels

* Load-Displacement Curves
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* Load-Displacement Curves
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Panel to Panel Connections (2 Panels

Series

STS per
shear
plane
[mm]

Fmax
[kN]

Displ.
F max
[mm]

0.4
F max
[kN]

Displ.
0.4F
maXx
[mm]

0.7
F max
[kN]

Displ.
0.7F
max
[mm]

Stiffness
ultimate
[kN/mm]

Stiffness
0.4 F max
[kN/mm]

Stiffness
0.7 F max
[kN/mm]

Note: Results listed in this table are average measurements out of 6 tests.

All values per shear plane




Panel to Panel Connections (2 Panels

STS per Displ. 0.4 Displ. 0.7 Displ. Stirtness Stiffness Stiffness
: shear Fmax 04F 0.7F :
Series Serne [KN] F max F max o F max o ultimate 0.4 F max 0.7 F max
RV o
[mm] [mm] [kN] (mm] [kN] (mm] [kin/mm] [kN/mm] [kN/rmra]
Note: Results listed in this table are average measurements out of 6 tests.
All values per shear plane
asonable Tor gdesig
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Panel to Panel Connections (2 Panels

Design Design Design Test
: s - Displ. (based on Estimated Stiffness
SEES Resistance : : : : Overstrength
[KN] design resistance) stiffness ultimate
[mm] [kN/mm)] [kN/mm)]

Note: Results listed in this table are average measurements out of 6 tests. All values are per shear plane
For designing the lap joints with screws in tension and shear, only tension screws were considered for design
* Load duration factor for short term loading was applied (Kb=1.15)




M T

Panel to Panel Connections (2 Panels

Design Design Design Test
: s - Displ. (based on Estimated Stiffness
SEES Resistance : : : : Overstrength
[KN] design resistance) stiffness ultimate
[mm] [kN/mm)] [kN/mm)]

Note: Results listed in this table are average measurements out of 6 tests. All values are per shear plane
For designing the lap joints with screws in tension and shear, only tension screws were considered for design
* Load duration factor for short term loading was applied (Kb=1.15)
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Panel to Panel Connections (2 Panels

Design Design Test
Displ. (based on Estimated ispl. Stiffness
design resistance) stiffness ultimate

Design
Resistance*

Note: Results listed in this table are average measurements out of 6 tests. All values are per shear plane
For designing the lap joints with screws in tension and shear, only tension screws were considered for design
* Load duration factor for short term loading was applied (Kb=1.15)

Small design resistance value obtained from design
method yields small displacements and seemingly
high stiffness estimate

Overstrength




Panel to Panel Connections (2 Panels

STS per : Design Design Test Test
Design : : Test : :
: shear : - Displ. (based on Estimated Displ. Stiffness
SEES Resistance : : : Fmax : Overstrength
plane [KN] design resistance) stiffness [kN] F max ultimate
[mm] [mm] [kN/mm)] [mm] [kN/mm)]

* Load duration factor for short term loading was applied (Kb=1.15)

Note: Results listed in this table are average measurements out of 6 tests. All values are per shear plane
For designing the lap joints with screws in tension and shear, only tension screws were considered for design




Panel to Panel Connections (2 Panels

Design Design Design
: s - Displ. (based on Estimated
Series Resistance : : :
[KN] design resistance) stiffness
[mm] [kN/mm)]

Note: Results listed in this table are average measurements out of 6 tests. All values are per shear plane
For designing the lap joints with screws in tension and shear, only tension screws were considered for design
* Load duration factor for short term loading was applied (Kb=1.15)

M T

Connectors

Test
Stiffness
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[kN/mm)]

Overstrength
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Panel to Panel Connections (2 Panels

Series

STS per
shear
plane
[mm]

Design

Resistance*

[kN]

Design
Displ. (based on
design resistance)
[mm]

Design
Estimated
stiffness
[kN/mm)]

Test
Fmax
[kN]

Test
Displ.
F max
[mm]

Test
Stiffness
ultimate
[kN/mm)]

Overstrength

Note: Results listed in this table are average measurements out of 6 tests. All values are per shear plane

For designing the lap joints with screws in tension and shear, only tension screws were considered for design
* Load duration factor for short term loading was applied (Kb=1.15)




Panel to Panel Connections

-Results of testing in
series #2 are not
equivalent to the results
of series #1

-Rotation of specimen
and resulting friction
and wood splitting may
impact results

Series #1

MyTiCon Timber Connectors
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Panel to Panel Connections

Series #2

-Results from series #2
yield better estimate for
design approach and
the actual performance
of the fastener
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MyTiCon Timber Connectors -

* Prof. Dr. Thomas Tannert, UBC
* Afrin Hossain, PhD. student UBC
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