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The webinar outlook:
- Refresher: Performance of CLT connections ui&daticloading
- Performance of CLT connections un@stclidoading

- Summary of proposed design procedures and design values



A Test Campaign #{Static Loading

- Panelto Panel Connections
- Surface Bline, Half Lapped & Butt Joint Connections

A Test Campaig#2 ¢ Cyclic Loading
- Panel toPanel Connections
- Surface Spline, Half Lapped & Butt Joint Connections

A Test Data and Results

- Statistics
- Failure Modes
- Proposed Design Methods/Values
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Disclaimer

Material presented are for informational purpose only
but

Verify existing or future code provisions for CLT connecti
through this small sample test series



Panel to Panel Connections

Test Campalig#l
Static Loading
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Test Campaign #1 : Static Loadino

Specimen List:

SIS Length
[mm]

Replicates

# SIS per :
Shear:Plane Stsaclalsll

Notes
SS=Surfac8pline, LJ=Lap Joint, BJ=Botnt

WSSwW
SWSWS

Screvarrangement within rowsWithdr. + Shear + Shear + Withdr.
Screvarrangement within rows. Sheaithdr. + Shear Withdr. + Shear

CrossLa® CLT Panels
V2M1 Grade



A Testsetup as per DIN 26891

Test Campaign #1 : Static Loadino

¢ Actuator loading from top
¢ Loadcontrol
¢ Load rate: 20kN/min
¢ Brandner et al. (2013)
1. Loading up to 40% (approx.) of estimated maxim
120 , 2. Holding for 30 seconds
3. Unloading tol0% (approx.) of estimated maximum ﬂ
100 | 4. Holding for 30 seconds v
5. Loading to failure where failure is assumed to occ
20 when load drops to 80% of recorded maximum
z
=
= 60
c
3
40
20

0 10 20 30 40 50 60

Displacement (mm)



Test Campaign #1 : Static Loading
A Most commonly observed failure modes

- Surface Spline Joints
Headpull-in of screws leads to owdf-plane rotation of specimens




Test Campaign #1 : Static Loading
A Most commonly observed failure modes

- Half Lapped Joints with STS in Shear and Withdrawal
Headpull-in of screws + out of plane rotation

NoO
Friction




Test Campaign #1 : Static Loading
A Most commonly observed failure modes

- Half Lapped and Butt Joints with STS in Withdrawal

-Half Lapped Joints: - Butt Joints:
withdrawal (headoushout and pulin) Out of plane rotation




Test Campaign #1Static Test Results

Results foB-ply Soecimens

Ductility

Total K. Vvalue is per shear plane ; All other values are per screw

Average measurements out of 6 specimens and 3 specimens for NF series

Fna— Max. Force ; ¥ Yield Force jyya= Max Displ. jy =Displ.at Yield ;>= Ductility ; K,= stiffness calculated at 1090% off,,,

Ductility = (Displ. @,F,) / (Displ. @
Yield Force and ductility were calculated following Equivalent Energy Eéessiic
(EEEP) Curves as per ASTM 2196



Test Campaign #1Static Test Results

Impact of Friction on 3ply Specimens:

Ductility

Total . value is per shear plane ; All other values are per screw
Average measurements out of 6 specimens and 3 specimens for NF series

Fra= Max. Force ; ¥ Yield Force jyya= Max Displ. jy =Displ.at Yield ;>= Ductility ; K,= stiffness calculated at 10940% off,,,,
Ductility = (Displ. @,F,) / (Displ. @
Yield Force and ductility were calculated following Equivalent Energy Eestiic

(EEEP) Curves as per ASTM 2126

Impact of friction seems to be low!



Load per pair of STS (kN)

Test Campaign #1Static Test Results

A LoadDisplacement Curves

20

15

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

3

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

50




Load per pair of STS (kN)

Test Campaign #1Static Test Results

A LoadDisplacement Curves

_NF

R 45 NF

20 ——SS 2p 3ply 1R 90
— =SS 2p 3ply IR 90 NF
------ LI 2p 3ply 1R 90
— L7 2p 3ply IR 90

15 ——1T 2p 3ply IR 45
= =1J 2p 3ply 1

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

50




Load per pair of STS (kN)

Test Campaign #1Static Test Results

A LoadDisplacement Curves

20 -

Combination of shear and tension screws
higher initial stiffness with ductility

——SS 2p 3ply IR 90
— =SS 2p 3ply IR 90 NF
------ LI 2p 3ply 1R 90
— LI 2p 3ply IR 90 NF
LI 2p 3ply IR 45

— —1J 2p 3ply IR 45 NF
———17J 2p 3ply 1R 45-90
—— LI 2p 3ply IR 45-90 NF
------ BJ 2p 3ply IR 33/45

0 5 0 15 20 25 30 35 40 45 &0

Relative displacement (mm)




Test Campaign #1Static Test Results

Results foB-ply Soecimens

Total max | Fuax H Nvax . o

Total K. value is per shear plane ; All other values are per screw
Average measurements out of 6 specimens and 3 specimens for NF series
Fna= Max. Force ; ¥ Yield Force yya= Max Displ. j =Displ.at Yield ;>= Ductility ; K= stiffness calculated at 109%40% ofF,,,
Ductility = (Displ. @,F,) / (Displ. @ §
Yield Force and ductility were calculated following Equivalent Energy Eéessiic
(EEEP) Curves as per ASTM 126

WHICH STIFFNESS VALUE SHOULD BE USED F@R DESIGN



Test Campaign #1Static Test Results

Results foB-ply Soecimens

Total fy Fv Y n n Ko.4 .

Total K. value is per shear plane ; All other values are per screw
Average measurements out of 6 specimens and 3 specimens for NF series
Fna= Max. Force ; ¥ Yield Force yya= Max Displ. j =Displ.at Yield ;>= Ductility ; K= stiffness calculated at 109%40% ofF,,,
Ductility = (Displ. @,F,) / (Displ. @ §
Yield Force and ductility were calculated following Equivalent Energy Eéessiic
(EEEP) Curves as per ASTM 126

COMBINATION OF STS IN SHEAR AND WITHDRAWAL, BEST OF BOTH WOR



Test Campaign #1Static Test Results

Results fob-ply Soecimens

Total max | Fuax H ivax

- Total K. value is per shear plane ; All other values are per screw

- Average measurements out of 6 specimens and 3 specimens for NF series

- Fna Max. Force ; ¥ Yield Force yya= Max Displ. j =Displ.at Yield ;>= Ductility ; K= stiffness calculated at 10940% ofF,,,
- Ductility = (Displ. @,k / (Displ. @

- Yield Force and ductility were calculated following Equivalent Energy Eéessiic

(EEEP) Curves as per ASTM 2126
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Z 25 — LI 2p 5ply 1R 90 Z o5 —LJ 2p S5ply IR 45 Z 25 ——LIJ 2p Sply 1R 45-90
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Relative displacement (mm) Relative displacement (mm) Relative displacement (mm)



Load per pair of STS (kN)

Test Campaign #1Static Test Results
LoadDisplacement Curves:

STS in Tension

30 ——SS 2p Sply IR 90
— 1LJ 2p Sply IR 90

LI 2p Sply IR 45

]
J \ ———LJ 2p 5ply IR 45-90
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Relative displacement (mm)

STS Combined Shear and Tension




Test Campaign #1Static Test Results
LoadDisplacement Curves:

Load per pair of STS (kN)
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Test Campaign #1Static Test Results
Comparison Betweenly & 5ply:

Variationfrom 3-ply

Going to 5ply = increase in connection capacity



Test Campaign #1Static Test Results

Comparison Betweenly & 5ply:

" Variationfrom 3-ply
Fviax max 4 to 5-pl
Label Type (kN (mm] kmm] o ply

HFviax .

Going to 5ply = increase in connection stiffness not for all series



Test Camp

aign #1Static Test Results

ComparisorBetweenDesign & Test Data:

Ry Predicted* n Ko
AX MAX -
Label fype (kN] 'H?G]X mm] | [KN/mm]

Avg. Max Force per Screw, [KN]

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

1

©Ver
Strength
Ratio

Connection Static Ovestrength Factors estimate

2

A
A
A A
3 5 6

Series #

B Static Design Predictions = Static Test Results




Panel to Panel Connections

Test Campalg#2
Cyclic Loading
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CUREE Loading Protocol (ASTM 2196

D N NN

Displacment(% of Max)

05 0 10 20 30 40 0 A 100

-1.5

25
2
1.5
. Ml
05 . -
0

-1 MWl

-2

Cycle No.

Displacement Controlled

DisplacemenRate: 2.5mm/sec

Ductility Calculations: EEERSTM 21269
Stiffness Calculations: as perZ3891 (1640%)



Test Campaign #2Test Series

STS Length
[mm]

Angle
[x 6

Series from Static Testing Chosen for Cyclic Testing

# STS per STS action

ol Shear Plane

Notes
SS=Surfac8pline, LJ=Lap Joint, BJ=Boint
WSSW Screvarrangement within rowsWithdr. + Shear + Shear + Withdr.

SWSWS Screvarrangement within rows. Sheaithdr. + Shear WVithdr. + Shear

SurfaceSpline Half Lapped
Joints Joints

o . CrossLa® CLT Panels
Butt Joints V2M1 Grade



Test Series #1 Confiquration

Surface Spline Joint with STS In Shear

ASSY 30 ECOFAST E
Serew 16-80/50 &

2mm

1 200mm

160mm Spline 8

Courtesy of:  Afrin Hoss&@n



Force per screw [KN]

-60

Test Series #1 L oadDisplacement Curve

Static v Dynamidesting
Series #1 = Surface Spline Joints with STS in Shear Aet@dr) (

=
o
]

RN Wb OO N 0 ©
T R TR TR R TR T T |

-10 -
Displacement [mm]

60

——— Cyclic Test Results
SS @ 90°

—— Static Test Results
SS @ 90°



Force per screwk|N|

Test Series #1 Backbone Curve

Static v Dynamidesting
Series #1 = Surface Spline Joints with STS in Shear Act@gr) (

[ =Y
o

ﬁ\\cbl—\l\)wbmm\looco
]

Displacement [mm]

1200rm

Static Test Results
SS @ 90°

- = = Backbone Curve



Test Series #1 Connection Performance

Overall Connection Behaviour at Failure

“

Separatiorof members in ultimate state In and outof-plane rotation



Test Series #1 Connection Performance

STS Behaviour at Failure




Test Series #2 Confiquration

Half Lapped Joint with STS in Shear

—
=
3

1200mm

E @8- a———&-ls;—&——u——a——& -9

Courtesy of:  Afrin Hoss&@n



Force per screw [KN]

Test Series #2 L. oadDisplacement Curve

Static v Dynamic Testing
Series#2 = Half Lap Joint with STS in Shear Actisf()

1700mm

-60

10
9
8
7
6
5 ———Cyclic Test Result:
4 LJ @ 90°
3
2
1
60
4 —— Static Test Resullts
5 LI @ 90°
-6
7
-8
-9
-10

Displacement [mm]



Force per screw [KN]

Test Series #2 Backbone Curve

Static v Dynamidesting
Series #2 = Half Lap Joint with STS in Shear Att66°)

10

-60

-40

-20

T\xn':on—\mw.bmm\looco

[ R T T T |
© 00 N O O b~

-10

Displacement [mm]

20

40

60

1700mm

Static Test Results
LJ @ 90°

- = = Backbone Curve



Test Series #2 ConnectionPerformance
Overall Connection Behaviour at Fallure

- ™

S 3 T, X



Test Series #2 ConnectionPerformance

STS Behaviour at Failure




Test Series #3 Configuration

Half Lapped Joint with STS in Tension

1700mm

e
R

i

Courtesy of:  Afrin Hoss&@n



Force per screw [KN]

Test Series #3 t.oadDisplacement Curve

Static v Dynamidesting

Series #3 = Half Lap Joint with STS in Withdrawal A&t

10

P N WS 01O N 0O

-60

1200mm

———Cyclic Test Results
L) @ 45°

-40

Displacement [mm]

40

60

—— Static Test Results
LJ @ 45°



Force per screw [KN]

Test Series #3 Backbone Curve

Static v Dynamidesting
Series #3 = Half Lap Joint with STS in Withdrawal A&t

10

-60

-40 -20

b 20 40 60

4
S OTEAE O N PR ORNWMAMOOOON O O©
)

Displacement [mm]

1200mm

Static Test Results
LJ @ 45°

- = = Backbone Curve



Test Series #3 ConnectionPerformance

Overall Connection Behaviour at Failure




Test Series #3 ConnectionPerformance

STS Behaviour at Failure
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Test Series #4 Confiquration

Half Lapped Joint with STS in Shear and Tension

ASSY Plus VG Scrg 4=140 ASSY 30 ECORAST Screw 4-90/50

|

3.0 ECOFAST Screw 4-90,/50
Plus VG Screw 4-140

1 200mm

Courtesy of:  Afrin Hoss&@n



Test Series #4 Testing Video

Half Lapped Joint with STS in Shear and Tension



Force per screw [KN]

Test Series #4 L oadDisplacement Curve

Series #4 = Half Lap Joint with STWithdrawal and Shear Action ()=45" & 90°)

-60

-40

Static v Dynamidesting
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-10

Displacement [mm]

60

———Cyclic Test Results
LJ @ 45°&90°

—— Static Test Results
LJ @ 45°&90°



Force per screw [KN]

Test Series #4 Backbone Curve

Static v Dynamidesting
Series #4 = Half Lap Joint with STWithdrawal and Shear Action (()=45 & 90°)
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-40 -20
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Displacement [mm]

60

1200mm

Static Test Results
LJ @ 45°&90°

- = = Backbone Curve



Test Series #4 Connection Performance

Overall Connection Behaviour at Failure




Test Series #4 Connection Performance

STS Behaviour at Failure




Test Series #5 : Configuration

Half Lapped Joint with STS in Shear and Tension

1 200mm

Courtesy of:  Afrin Hoss&@n



Force per screw [KN]

Test Series #5 toadDisplacement Curve

Static v Dynamidesting
Series #5 = Half Lap Joint with STWithdrawal and Shear Action (£)=45" & 90°)
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Displacement [mm]

60

1200mm

———Cyclic Test Resulf
- LJ @ 45°&90°

—— Static Test Result
- LJ @ 45°&90°



Force per screw [KN]

Test Series #5 Backbone Curve

Static v Dynamidesting
Series #5 = Half Lap Joint with STS in Withdrawal and Shear Actiord@):(90°)

1200mm

10
9
8
7
6
5 Static Test Results
4 LJ @ 45°&90°
3
2
1
0

60

10
9
8
7
6
5
4 - Baekbone Curve
5 ;
-6 1
0
-7 -60 -40 20 3P 20 40 60
-8 3
-9 Z
-10

Displacement [mm]




Test Series #5 Connection Performance
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Test Series #6 Configuration

Butt Joint with STS In Shear and Tension

 ASSY, Plus VG Screw 8-18Q CYL Head

1200mm

Courtesy of:  Afrin Hoss&@n



Force per screw [KN]

Test Series #6 t.oadDisplacement Curve

Static v Dynamidesting
Series #6 Butt Joint with STS iwithdrawal Action { =45 & 33°)

[ =Y
o

N Wb OO N 0O

-60

-40 -20

40

Displacement [mm]

60

——— Cyclic Test Results
BJ @ 33°&45°

—— Static Test Results
BJ @ 33°&45°



Force per screw [KN]

Test Series #6 Backbone Curve

Series #6 = Half Lap Joint with STWithdrawal Action { =45 & 33°)

Static v Dynamidesting

[EEN
o

-40

N RO R NWAMOU O~ © ©

Displacement [mm]

60

Static Test Results
BJ @ 33°&45°

- = = Backbone Curve



Test Series #6 Connection Performance

ure
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Test Series #6 Connection Performance

IR
el e S
~ Overall good ductility is observed

*”‘,_ | for tension screw connection

Withdrawal failure and yielding



Test Series #7 Confiquration

Butt Joint with STS In Shear

1200mm

Plus VG Serew 8-140
A=A -H—A- == F=-F

SIDE VIEW
ASSY Ph:g,'h‘G Scmtﬂ—m’l

-

0P WEW
Courtesy of:  Afrin Hoss&@n



Force per screw [kN]

Test Series #7 t.oadDisplacement Curve

Static v Dynamidesting
Series #7 Butt Joint with STS in Shear Actior45°)
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Displacement [mm]

40

60

1200mm

——— Cyclic Test Results
BJ @ 45°

—— Static Test Results -
BJ @ 45°



Force per screw [KN]

Test Series #7 Backbone Curve

Static v Dynamidesting
Series #7 = Half Lap Joint with STS in Shear Attidb°)

10

1200mm

Static Test Results
BJ @ 45°

-60

-40

Displacement [mm]

60

- = = Backbone Curve



Test Series #7 ConnectionPerformance

Overall Connection Behaviour at Failure

v?%: ) 1




Test Series #7 ConnectionPerformance

S

I’ BJ_zp__BPW—ZR"SS‘ASj
g ':::;ﬁ.-d

Large displacement



Test Series #7 ConnectionPerformance

STS Behaviour at Failure



