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The webinar outlook:
- Refresher: Performance of CLT connections under Static loading
- Performance of CLT connections under Cyclic loading

- Summary of proposed design procedures and design values



e Test Campaign #1 — Static Loading

- Panel to Panel Connections
- Surface Spline, Half Lapped & Butt Joint Connections

* Test Campaign #2 — Cyclic Loading
- Panel to Panel Connections
- Surface Spline, Half Lapped & Butt Joint Connections

e Test Data and Results

- Statistics
- Failure Modes
- Proposed Design Methods/Values
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e Test Campaign #1 — Static Loading

- Panel to Panel Connections
- Surface Spline, Half Lapped & Butt Joint Connections

* Test Campaign #2 — Cyclic Loading
- Panel to Panel Connections
- Surface Spline, Half Lapped & Butt Joint Connections

e Test Data and Results

- Statistics
- Failure Modes
- Proposed Design Methods/Values



Materials presented are for informational purpose only
but

Verification of existing or future code provisions for CLT
connections through this small sample test series



Panel to Panel Connections

Test Campaign #1
Static Loading

Surface Spline Joints Half Lapped Joints Butt Joints



Test Cam
Specimen List:

STS Llength # STS per

Repli STIS action
[in] pllleaies Shear Plane

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

®
WSSW Screw arrangement within rows. Withdr. + Shear + Shear + Withdr. Crosstam gLTdPaneIs
SWSWS Screw arrangement within rows. Shear + Withdr. + Shear + Withdr. + Shear V2M1 Grade



Test Campaign #1 : Static Loadin
* Test setup as per DIN 26891

— Actuator loading from top
— Load control

— Load rate: 5,000 Ibf/min
— Brandner etal. (2013)

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

Displacement




Test Campaign #1 : Static Loading

 Most commonly observed failure modes

- Surface Spline Joints:
Head pull-in of screws leads to out-of-plane rotation of specimens




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

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

No
Friction




Test Campaign #1 : Static Loading

 Most commonly observed failure modes

- Half Lapped and Butt Joints with STS in Withdrawal:

-Half Lapped Joints: - Butt Joints:
withdrawal (head push-out and pull-in) Out of plane rotation




Test Cam

Results for 3-ply Specimens:

Koz

(Ibsin] Ductility

Total Fy,,x value is per shear plane ; All other values are per screw
Average measurements out of 6 specimens and 3 specimens for NF series
Frmax= Max. Force ; F = Yield Force ; A= Max Displ. ;

;A =Displ. atYield ; p=Ductility ; K, ,= stiffness calculated at 10% - 40% of F |
Ductility = (Displ. @ ) / (Displ. @ F,)

Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic
(EEEP) Curves as per ASTM 2126-09



Koz

(Ibsin] Ductility

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

Fmax= Max. Force ; F = Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,= stiffness calculated at 10% - 40% of F
Ductility = (Displ. @ ) / (Displ. @ F,)

Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic

(EE2)Curves 35 per ASTM 2026.09 Impact of friction seems to be low!




Test Campaign #1 : Static Test Results

* Load-Displacement Curves

6000
=SS 2p_3ply_1R_90
5000 = =SS _2p 3ply_1R_90NF
g
= -==L1J 2p 3ply_1R 90
@ 4000 PP
wn
"§ —LJ 2p_3ply 1R 90 NF
8 3000
a8
Bl ™
- 2000 "‘-,‘
O\
=
10
0.5 1.0 1.5 2.0

Relative displacement (inch)




Test Campaign #1 : Static Test Results

* Load-Displacement Curves

6000 ——SS 2p_3ply 1R 90
— —SS_2p_3ply 1R _90NF
5000
— — LJ 2p 3ply 1R 45
-==LJ_2p_3ply_1R 90
4000 —PSPYAR

——LJ 2p_3ply_1R 90 NF

3000

Load per pair of STS (Ibs)

2000

1000

0.0 0.5 1.0 15 2.0

Relative displacement (inch)




Load per pair of STS (lbs)

Test Campaig

* Load-Displacement Curves

6000

5000

4000

3000

2000

1000

n #1 : Static Test Results

——SS_2p_3ply_1R_90

LJ_2p_3ply_1R_45-90

——LJ_2p_3ply_1R_45

—LJ 2p_3ply_1R_90

STS Combined Shear and Tension
STS in Tension /
\> /
~ _—STS in Shear
/
I ‘\ ‘Z
0.0 0.5 1.0 1.5 2.0

Relative displacement (inch)




Test Campaign #1 : Static Test Results
Load-Displacement Curves:

6000

5000 {J‘

'

4000 e ad

3000

Load per pair of STS (lbs)

2000

1000

1.0 15

Relative displacement (inch)

2.0

——LJ_2p_5ply_1R_90
——LJ_2p_5ply 1R 45
—SS_2p_3ply_1R_90
——LJ_2p_3ply_1R_45-90
——LJ_2p_3ply_1R_45

—LJ 2p _3ply_1R_90



Koz

[Ibf/in]

Ductility

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

Fmax= Max. Force ; F =Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,= stiffness calculated at 10% - 40% of F
Ductility = (Displ. @ F,,,,) / (Displ. @ F,)

Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic
(EEEP) Curves as per ASTM 2126-09

WHICH STIFFNESS VALUE SHOULD BE USED FOR DESIGN?



Test Campaign #1 : Static Test Results

Results for 3-ply Specimens:

Fvax Ey Ayiax Ay Koz L

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

Fmax= Max. Force ; F =Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,= stiffness calculated at 10% - 40% of F
Ductility = (Displ. @ F,,,,) / (Displ. @ F,)

Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic
(EEEP) Curves as per ASTM 2126-09

COMBINATION OF STS IN SHEAR AND WITHDRAWAL, BEST OF BOTH WORLDS?



on #1 : Static Test Results

Results for 5-ply Specimens:

(EEEP

Koz

(Ibsin] Ductility

Total Fy,,x value is per shear plane ; All other values are per screw

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

Fmax= Max. Force ; F = Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,= stiffness calculated at 10% - 40% of F
Ductility = (Displ. @ F,,,,) / (Displ. @ F,)

Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic
) Curves as per ASTM 2126-09

5000 5000 5000
g 4000 —LJ 2p Sply 1R 90 g 4000 ——L71 2p Sply IR 45 g spp | —LI-2p_Sply_IR_45-90
z"a 3000 & 2000 b 3000
R - | .al
; 2000 § 2000 E 2000
g 1000 E 1000 & 1000
— — —
0 0 0
0.0 05 10 15 20 0.0 05 1.0 15 20 0.0 05 10 15 20
Relative displacement (inch) Relative displacement (inch)

Relative displacement (inch)



Test Campaign #1 : Static Test Results

Comparison Between 3-ply & 5-ply:

Increase;from 3=ply.
FI\/IAX Al\/lAX . to S-ply
Type [Ibf] [in]

Going to 5-ply = increase in connection capacity



Test Campaign #1 : Static Test Results

Comparison Between 3-ply & 5-ply:

% Increase;from 3=ply.
FMAX AMAX 0.4 to S_ply
Label Type [Ibf] [in] [Ib/in]

l:MAX K0.4

Going to 5-ply = not all tests show stiffness increase for 5-Ply



Test Campaign #1 : Static Test Results

Comparison Between Design & Test Data:

F Predicted™ A K Over-

MAX MAX 0.4

Label Type [Ibf] Fmax (in] (Ib/in] Stren.gth
[1bf] Ratio

2,000 _A—
.
P A p— A
' 1,500
o)
= A
z 1,000
o
(S}
(O]
3 - ™ -
o 0
K 1 2 3 4 5 6 7
x
© Series #
=
Qb
>
<

B Static Reference Design Values m Static Test Results



Panel to Panel Connections

Test Campaign #2
Cyclic Loading

Surface Spline Joints Half Lapped Joints Butt Joints



Displacment(% of Max)

25
2
1.5
1
0.5
0

-0.5

-1

-1.5

-2

CUREE Loading Protocol (ASTM 2126-09)

Al

10

20

30

40 0

1(

)0

Cycle No.

Displacement Controlled

Displacement Rate:
Ductility calculations:
Stiffness calculations:

0.1”/sec
EEEP — ASTM 2126-09
as per EN-26891 (10-40%)



Test Campaign #2 : Test Series

STS Length Angle # STS per :
STS act
Label Type STS @ [in] [in] Replicates chear Plane action

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

WSSW =
SWSWS =

Screw arrangement within rows. Withdr. + Shear + Shear + Withdr.
Screw arrangement within rows. Shear + Withdr. + Shear + Withdr. + Shear

Surface Spline
Joints

Half Lapped
Joints

R —

Butt Joints

=—
o

CrossLam® CLT Panels
V2M1 Grade




Test Series #1 : Configuration

Surface Spline Joint with STS in Shear

(47-1/4”)

1” =25.4 mm

ASSY 3.0 ECOFAST

E
Serew 16-80/50 &

6-1/4” spline

- (11-7/8”)

£
L iy
R S =
fv
ﬂ £
.]-'l

Courtesy of: Afrin Hossain©



Force per screw [lbf]

Test Series #1 : Load-Displacement Curve

Static v Dynamic Testing
Series #1 = Surface Spline Joints with STS in Shear Action (a=90°)

2500 -

2000

1500

1000

-1500

-2000

-2500 -

Displacement [in]

1200rm

—— Cyclic Test Results -
SS @ 90°

——— Static Test Results -
SS @ 90°



Force per screw [lbf]

Test Series #1 : Backbone Curve

Series #1 = Surface Spline Joints with STS in Shear Action (a=90°)

Static v Dynamic Testing

2500

2000

1500

1000

-2.5

-1.5

-1500

-2000

-2500

Displacement [in]

0.5

1.5

2.5

1200rm

Static Test Results -
SS @ 90°

— = =Backbone Curve



Test Series #1 : Connection Performance

Overall Connection Behaviour at Failure

Separation of members in ultimate state In and out-of-plane rotation



Test Series #1 : Connection Performance

STS Behaviour at Failure




Test Series #2 : Configuration

1” =25.4 mm

E wy
a g
glﬁ | | | ﬁ]
< 5l !
(11-7/8") — [ [

3-1/8” lap 'F\ ELEVATION WVIEW

Half Lapped Joint with STS in Shear

=
3

(47-1/4”)

E @8- a———&-ls;—&——u——a——& -9

Courtesy of: Afrin Hossain©



Force per screw [lbf]

Test Series #2 : Load-Disp

Static v Dynamic Testing
Series #2 = Half Lap Joint with STS in Shear Action (a=90°)

2500

2000

1500

1000

-1000

-1500

-2000

-2500

Displacement [in]

lacement Curve

1700mm

——— Cyclic Test Results -
U@ 90°

2.5

——— Static Test Results -
U @ 90°



Force per screw [lbf]

Test Series #2 : Backbone Curve

Static v Dynamic Testing

Series #2 = Half Lap Joint with STS in Shear Action (a=90°)

2500

2000

1500

1000

500/,

-1.5

-1000

-1500

-2000

-2500

Displacement [in]

0.5

1.5

25

1700mm

Static Test Results -
L @ 90°

— = = Backbone Curve



Test Series #2 : Connection Performance

Overall Connection Behaviour at Failure

2

W MWIWAS I 5§

= Nir e

Large displacement and separation of members and specimen rotation



Test Series #2 : Connection Performance

STS Behaviour at Failure




(11-7/8”)

3-1/8” lap

(47-1/4”)

1” =25.4 mm

Pl

—

Courtesy of: Afrin Hossain©



Force per screw [lbf]

Test Series #3 : Load-Displacement Curve

Static v Dynamic Testing

Series #3 = Half Lap Joint with STS in Withdrawal Action (a=45°)

2500

2000

1500

1000

1200mm

——— Cyclic Test Results -
U @ 45°

-2000

-2500

Displacement [in]

1.5 2 2.5

——— Static Test Results -
U @ 45°



Test Series #3 : Backbone Curve

Static v Dynamic Testing
Series #3 = Half Lap Joint with STS in Withdrawal Action (a=45°)

1200mm

2500

2000

1500

Static Test Results -

1000 L @ 45°

500

Force per screw [lbf]

— = = Backbone Curve

-2000

-2500

Displacement [in]



Test Series #3 : Connection Performance

Overall Connection Behaviour at Failure

Small displacement and specimen Minimal in plane and out-of-plane
separation rotation



Test Series #3 : Connection Performance

STS Behaviour at Failure

k]
\/\'V
ii J’
I y
‘l ‘ ‘ 3
|

o naD i s s =T G
S AT

Head push-out and head pull-in

]




(47-1/4”)

1” =25.4 mm

o

(11-7/8”)

ASSY 3.0 ECOFAST Screw 4-90/50
an Plus WG Screw 4-140

d
]| 4]

|
§+
=

190mm

120mm 120rmm
@ &

120mm
T3

250mm

Courtesy of: Afrin Hossain©



Test Series #4 : Testing Video

Half Lapped Joint with STS in Shear and Tension



Test Series #4 : Load-Disp

Force per screw [lbf]

Static v Dynamic Testing

lacement Curve

Series #4 = Half Lap Joint with STS in Shear and Withdrawal Action (a=45°&90°)

2500

2000

1500

-1.5

-1500

-2000

-2500

Displacement [in]

2.5

1200mm

——— Cyclic Test Results -
L @ 45°&90°

——— Static Test Results -
L @ 45°&90°



Force per screw [lbf]

Test Series #4 : Backbone Curve

Static v Dynamic Testing
Series #4 = Half Lap Joint with STS in Shear and Withdrawal Action (a=45°&90°)

2500
2000
1500

1000

-1500

-2000

-2500

Displacement [in]

2.5

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




uration

(47-1/4”)

(11-7/8”)

3-1/8” lap

Half Lapped Joint with STS in Shear and Tension

|

1” =25.4 mm

ASSY Plus VG Screw 4-140  ASSY 1.0 ECOFAST Screw 6-90//50

Courtesy of: Afrin Hossain©



Force per screw [lbf]

Test Series #5 : Load-Displacement Curve

Static v Dynamic Testing
Series #5 = Half Lap Joint with STS in Shear and Withdrawal Action (a=45°&90°)

2500
2000
1500

1000

-2.5

-2500

Displacement [in]

2.5

1200mm

—— Cyclic Test Results -
U @ 45°&90°

——— Static Test Results -
L @ 45°&90°



Force per screw [lbf]

Test Series #5 : Backbone Curve

Static v Dynamic Testing
Series #5 = Half Lap Joint with STS in Shear and Withdrawal Action (a=45°&90°)

2500

2000

1500

1000

500

-1500

1200mm

Static Test Results -
L @ 45°&90°

= = = = = = = Backbone Curve

2. -2

-2000

-2500

Displacement [in]




Test Series #5 : Connection Performance

Overall Connection Behaviour at Failure
8 @ \ .z,é s.




(47-1/4”)

- (11-7/8”)

E _
NN A

1” =25.4 mm

S2mm

3

JmmB3m|
<
0/'
\Q
&
\Q
ToP VIEW

Courtesy of: Afrin Hossain©



Force per screw [lbf]

Test Series #6 : Load-Displacement Curve

Static v Dynamic Testing

Series #6 = Butt with STS in Withdrawal Action (a=45°&33°)

2500

2000

1500

1000

-1.5

1.5

-2000

-2500

Displacement [in]

2.5

1200mm

—— Cyclic Test Results -
BJ @ 33°&45°

——— Static Test Results -
BJ @ 33°&45°



Test Series #6 : Backbone Curve

Static v Dynamic Testing
Series #6 = Butt Joint with STS in Withdrawal Action (a=45°&33°)

1200mm

2500
2000
,.

1500
= S .
= N Static Test Results -
2 1000 RN BJ @ 33°845°
[} N
b N
(%]
g 500 |
S
S
L

-2.5 -2 -1.5 -1 0.5 1 1.5 2 2.5

— = = Backbone Curve

-2000

-2500

Displacement [in]



Test Series #6 : Connection Performance




Test Series #6 : Connection Performance

g ﬁ T Connection exhibits large degree of ductility
e ARG D S A

| i
_‘

STS failed in withdrawal first, subsequent yielding towards ultimate state



(47-1/4”)

(11-7/8”)

(15-3/4”) —

1” =25.4 mm

Plus VG ‘SC'_M 8-140

A= -4-1—=F--F

SIDE VIEW
ASSY Ph:g,'h‘G Scmtﬂ—m’l

-

0 VIEw

Courtesy of: Afrin Hossain©



Force per screw [lbf]

Test Series #7 : Load-Displacement Curve

Static v Dynamic Testing
Series #7 = Half Lap Joint with STS in Shear Action (a=45°)

2500

2000

1500

1000

-2.5

-2000

-2500

Displacement [in]

2.5

1200mm

——— Cyclic Test Results -
BJ @ 45°

Static Test Results -
BJ @ 45°



Force per screw [lbf]

Test Series #7 : Backbone Curve

Static v Dynamic Testing
Series #7 = Half Lap Joint with STS in Shear Action (a=45°)

2500
2000

1500 s

1000 /

-2.5

0
/ 0.5 1 1.5 2
|

-2000

-2500

Displacement [in]

2.5

1200mm

Static Test Results -
BJ @ 45°

= = = Backbone Curve



Test Series #7 : Connection Performance

Overall Connection Behaviour at Failure

*' | Ta




Test Series #7 : Connection Performance

lure
i

S

Large displacement visible
In-plane and out-of-plane rotation in ultimate state



Test Series #7 : Connection Performance

STS Behaviour at Failure

Head push-out and head pull-in failures
Screw breakage at ultimate level



Force per screw [lbf]

Cyclic Backbone Curve Comparison

Static v Dynamic Testing
Comparison ov Backbone Curves for Connections

2500
2000
1500
1000

500

o

00

-1000

-1500

-2000

-2500

Displacement [in]

2.5

Series 1 - Surface Spline
with STS in Shear

1200mm




Force per screw [lbf]

Cyclic Backbone Curve Comparison

Static v Dynamic Testing

Comparison ov Backbone Curves for Connections

2500

2000

1500

1000

500

-1.5

o

-1000

-1500

-2000

-2500

Displacement [in]

2.5

1200mm

Series 1 - Surface Spline
with STS in Shear

Series 2 - Half Lapped
with STS in Shear



Cyclic Backbone Curve Comparison

1200mm.

Static v Dynamic Testing
Comparison ov Backbone Curves for Connections

2500
2000 Series 1 - Surface
Spline with STS in
Shear
1500
fromd -
S -
2 1000
[O] ’
g 500 [/
§ ————— Series 2 - Half Lapped
N " with STS in Shear
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
00
)
-1500 Series 3 - Half Lapped
with STS in Withdr.
-2000
-2500

Displacement [in]



Cyclic Backbone Curve Comparison

Static v Dynamic Testing
Comparison ov Backbone Curves for Connections

1200mm

2500
Series 1 - Surface
2000 Spline with STS in
Shear
1500 .
C "‘
2
1000 <
; /O L Ot Series 2 - Half Lapped
a 0 with STS in Shear
— II
g 500 K
)
bt
£
0

-1.5 -1

=

0.5

1.5

2.5

--------- Series 3 - Half Lapped
with STS in Withdr.

-~ -1000
-1500
Series 4 - Half Lapped
with STS in Shear and
-2000 Withdr.
-2500

Displacement [in]



Cyclic Backbone Curve Comparison

Static v Dynamic Testing
Comparison ov Backbone Curves for Connections

1200mm

2500
Series 1 - Surface
Spline with STS in
2000 Shear
1500 .
= / T e Series 2 - Half Lapped
= I /__,_— with STS in Shear
= 1000 P
2 f I/I
g 500 K
Qj i/
= 2 ——— Series 3 - Half Lapped
Q . with STS in Withdr.
\v)

Series 4 - Half Lapped

z

g -1000 with STS in Shear and
BQ’D Withdr.
-1500
Series 5 - Half Lapped
-2000 with STS in Shear and
Withdr.
-2500

Displacement [in]



Force per screw [lbf]

Cyclic Backbone Curve Comparison

2500

2000

1500

1000

500

Static v Dynamic Testing
Comparison ov Backbone Curves for Connections

-1500

-2000

-2500

Displacement [in]

0.5

1.5

2.5

Series 1 - Surface
Spline with STS in
Shear

————— Series 2 - Half Lapped
with STS in Shear

--------- Series 3 - Half Lapped
with STS in Withdr.

Series 4 - Half Lapped
with STS in Shear and
Withdr.

Series 5 - Half Lapped
with STS in Shear and
Withdr.

Series 6 - Butt Joint
with STS in Shear and
Withdr.

1200mm




Force per screw [lbf]

Cyclic Backbone Curve Comparison

Static v Dynamic Testing
Comparison ov Backbone Curves for Connections

2500

2000

1500

1000

1.5

-2500

Displacement [in]

2.5

Series 1 - Surface
Spline with STS in
Shear

————— Series 2 - Half Lapped
with STS in Shear

--------- Series 3 - Half Lapped
with STS in Withdr.

Series 4 - Half Lapped
with STS in Shear and
Withdr.

Series 5 - Half Lapped
with STS in Shear and
Withdr.

Series 6 - Butt Joint
with STS in Shear and
Withdr.

Series 7 - Butt Joint
with STS in Shear

1200mm




Test Campaign #2 : Cyclic Test Results

Average Test Results for POSITIVE envelope

Tetal Viax i IViax. isp. Stiffness Stiffness
Force Displacement i Ko

Ductilit
| i (10%-90%) Fy, | (10%-40%) Fyjax

[Ibf] [in] [in] [Ibf/in] [Ibf/in]

FMAX AMAX

Total Fy,,, value is per shear plane ; All other values are per screw
- Average measurements out of 3 specimens

- Fmax= Max. Force ; F = Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,=stiffness calculated at 10% - 40% of F,,,
- Ductility = (Displ. @ F,,,,) / (Displ. @ F,)

- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic

(EEEP) Curves as per ASTM 2126-09



Test Campaign #2 : Cyclic Test Results

Average Test Results for NEGATIVE envelope

Tetal Viax i IViax. isp. Stiffness Stiffness
Force Displacement i Ko

Ductilit
| i (10%-90%) Fy, | (10%-40%) Fyjax

[Ibf] [in] [in] [Ibf/in] [Ibf/in]

FMAX AMAX

Total Fy,,, value is per shear plane ; All other values are per screw
- Average measurements out of 3 specimens

- Fmax= Max. Force ; F = Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,=stiffness calculated at 10% - 40% of F,,,
- Ductility = (Displ. @ F,,,,) / (Displ. @ F,)

- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic

(EEEP) Curves as per ASTM 2126-09



Test Campaig clic Test Results

AVERAGE Test Results

Tetal Viax i IViax. isp. Stiffness Stiffness
Force Displacement i Ko

Ductilit
| i (10%-90%) Fy, | (10%-40%) Fyjax

[Ibf] [in] [in] [Ibf/in] [Ibf/in]

Total Fy,,x value is per shear plane ; All other values are per screw
- Average measurements out of 6 specimens
- Fmax= Max. Force ; F = Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,=stiffness calculated at 10% - 40% of F,,,
- Ductility = (Displ. @ F,,,,) / (Displ. @ F,)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic
(EEEP) Curves as per ASTM 2126-09

FMAX AMAX




Avg. Max Force per Screw, [lbf]

n #2 : Cyclic Test Results

Test Campaig

1,800

1,600

1,400

1,200

1,000

800

600

400

200

Max Force per Screw: Positive Envelope vs. Negative Envelope

m Negative Envelope

m Positive Envelope



Test Campaig

usD $

$6.00
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n #2 : Static vs Cyclic

Comparison of Connection Capacity

STATIC LOADRING
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CYCLIC LOADING
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Eorce
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FY

Reduction ofi Capacity,

due to Cyclic Loading

Total Fy,,, value is per shear plane ; All other values are per screw
Average measurements out of 6 specimens and 3 specimens for cyclic

F

max

Ductility = (Displ. @ F,,,,) / (Displ. @ F,)
Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic

(EEEP) Curves as per ASTM 2126-09

This webinar and materials presented are for intended for informational purposes only.

= Max. Force ; F = Yield Force ; Aya= Max Displ. ; A = Displ. at Yield ; p=Ductility ; K, ,= stiffness calculated at 10% - 40% of F,,
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Test Campaign #2 : Static vs Cyclic

Comparison between Design & Cyclic Test Data:
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Conclusions

1. Tests indicate ductile performance with STS in shear action

2. Tests indicate brittle performance with STS in withdrawal, higher initial
stiffness and ultimate capacity
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Conclusions

3. Tests indicate moderate performance with STS in combined action

4. Tests indicate reduction in capacity and stiffness in cyclic tests

5. Tests indicate Butt Joints exhibit good performance under cyclic loading
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6. In addition, Butt Joints exhibited minimal reduction of capacity and

Conclusions

stiffness from static results in linear elastic range

7. Testing indicates the conservative nature of over-strength factors even

between static design approach and cyclic results

Static v Dynamic Testing
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2500

2000

-2.5

-1.5

Displacement [in]

2.5

Avg. Max Force per Screw, [lbs]

1,600
1,400
1,200
1,000
80
60
40
20

o O O O O

Connection Over-strength Factors Estimate

A— ——
1 2 3 4 5 6 7

Series #

M Static Reference Design Values

m Cyclic Test Results



Group action factors need more testing - no conclusive results

Dynamic confirmation testing needs to address the created
perpendicular force component and its impact

Impact of difference in fasteners to butt joint performance, partially
threaded or fully threaded, to be investigated

Medium scale testing with 4’x8’ CLT panels i.e. shear wall

Investigating fastener diameter influence
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