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Performance of CLT Connections under DynamicLoading



The webinar outlook:

- Refresher: Performance of CLT connections under Staticloading

- Performance of CLT connections under Cyclicloading

- Summary of proposed design procedures and design values

Performance of CLT Connections under DynamicLoading



Outline

ÅTest Campaign #1 ςStatic Loading
- Panel to Panel Connections

- Surface Spline, Half Lapped & Butt Joint Connections

ÅTest Campaign #2 ςCyclic Loading
- Panel to Panel Connections
- Surface Spline, Half Lapped & Butt Joint Connections

ÅTest 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 connections 
through this small sample test series



Panel to Panel Connections 

Test Campaign #1 
Static Loading

Surface Spline Joints Butt JointsHalf Lapped Joints



Label Type
STS Ø
[mm]

STS Length 
[mm]

Angle 
[хϐ

Replicates
# STS per

Shear Plane
STS action    

Series 1 ςSS_90_3ply
Surface Spline 

Joint
8

80
90

6

16 Shear  Series 1 ςSS_90_3ply_NF 3

Series 2 ςSS_90_5ply 100 6

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

8

90
90

6

8 ShearSeries 3 ςLJ_90_3ply_NF 3

Series 4 ςLJ_90_5ply 160 6

Series 5 ςLJ_45_3ply
140

45

6
12

WithdrawalSeries 5 ςLJ_45_3ply_NF 3

Series 6 ςLJ_45_5ply 220 6 10

Series 7 ςLJ_45/90_3ply_WSSW
90 + 140

45 + 90

6

8

Shear + Withdrawal

Series 7 ςLJ_45/90_3ply_WSSW_NF 3

Series 8 ςLJ_45/90_5ply_WSSW 160 + 220

6Series 9 ςLJ_45/90_3ply_SWSWS 90 + 140
10

Series 10 ςLJ_45/90_5ply_SWSWS 160 + 220

Series 11 ςBJ_33/45_3ply

Butt Joint 8
180 33+ 45

6

8
Shear + Withdrawal

Series 11 ςBJ_33/45_3ply_NF 3

Series 12 ςBJ_45_3ply 140 45 6 Shear

Specimen List:

Notes:
SS=Surface Spline, LJ=Lap Joint, BJ=Butt Joint
WSSW =   Screw arrangement within rows.  Withdr. + Shear + Shear + Withdr.
SWSWS =   Screw arrangement within rows.  Shear + Withdr. + Shear + Withdr. + Shear

Test Campaign #1 : Static Loading

CrossLam® CLT Panels
V2M1 Grade



ÅTest setup as per DIN 26891
ς Actuator loading from top
ς Load control 
ς Load rate: 20kN/min
ς Brandner et al. (2013)

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

2

3

4

5

Test Campaign #1 : Static Loading
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ÅMost 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



shear

withdrawal

withdrawal

Friction
No 

Friction

Test Campaign #1 : Static Loading

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

ÅMost commonly observed failure modes



Test Campaign #1 : Static Loading

-Half Lapped Joints:
withdrawal (head push-out and pull-in)

- Butt Joints:
Out of plane rotation

ÅMost commonly observed failure modes

- Half Lapped and Butt Joints with STS in Withdrawal:



Label Type
Total FMAX  

[kN]
FMAX  

[kN]
FY 

[kN]
ɲMAX 

[mm]
ɲY 

[mm]

K0.4 

[kN/mm]
Ductility

Series 1 ςSS_90_3ply Surface Spline 
Joint

52.0 6.9 5.9 52.8 9.1 1.3 5.9

Series 1 ςSS_90_3ply_NF 51.2 6.4 5.1 52.0 6.2 1.3 8.5

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

53.6 6.7 5.1 25.7 3.6 2.2 9.3

Series 3 ςLJ_90_3ply_NF 54.4 7.6 5.6 30.0 4.2 2.6 7.6

Series 5 ςLJ_45_3ply 86.4 7.2 6.4 4.1 1.2 14.4 3.6

Series 5 ςLJ_45_3ply_NF 83.7 6.6 5.9 5.8 1.5 10.9 3.8

Series 7 ςLJ_45/90_3ply_WSSW 53.6 6.7 5.9 19.5 1.0 11.4 21.1

Series 7 ςLJ_45/90_3ply_WSSW_NF 53.6 6.7 5.4 17.0 1.0 22.4 17.8

Series 9 ςLJ_45/90_3ply_SWSWS 47.2 4.9 4.2 24.7 1.4 8.3 17.6

Series 11 ςBJ_33/45_3ply

Butt Joint

62.4 7.8 6.8 6.5 1.0 10.4 6.5

Series 11 ςBJ_33/45_3ply_NF 58.4 7.3 6.3 7.5 1.0 9.1 7.5

Series 12 ςBJ_45_3ply 54.4 6.8 6.2 39.2 10.2 1 3.8

Test Campaign #1 : Static Test Results

Results for 3-ply Specimens:

- Total FMAX 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  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 10% - 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic 
(EEEP) Curves as per ASTM 2126-09



Impact of Friction on 3ply Specimens:

Impact of friction seems to be low!

Label Type
Total FMAX  

[kN]
FMAX  

[kN]
FY 

[kN]
ɲMAX 

[mm]
ɲY 

[mm]

K0.4 

[kN/mm]
Ductility

Series 1 ςSS_90_3ply Surface Spline 
Joint

52.0 6.9 5.9 52.8 9.1 1.3 5.9

Series 1 ςSS_90_3ply_NF 51.2 6.4 5.1 52.0 6.2 1.3 8.5

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

53.6 6.7 5.1 25.7 3.6 2.2 9.3

Series 3 ςLJ_90_3ply_NF 54.4 7.6 5.6 30.0 4.2 2.6 7.6

Series 5 ςLJ_45_3ply 86.4 7.2 6.4 4.1 1.2 14.4 3.6

Series 5 ςLJ_45_3ply_NF 83.7 6.6 5.9 5.8 1.5 10.9 3.8

Series 7 ςLJ_45/90_3ply_WSSW 53.6 6.7 5.9 19.5 1.0 11.4 21.1

Series 7 ςLJ_45/90_3ply_WSSW_NF 53.6 6.7 5.4 17.0 1.0 22.4 17.8

Series 9 ςLJ_45/90_3ply_SWSWS 47.2 4.9 4.2 24.7 1.4 8.3 17.6

Series 11 ςBJ_33/45_3ply

Butt Joint

62.4 7.8 6.8 6.5 1.0 10.4 6.5

Series 11 ςBJ_33/45_3ply_NF 58.4 7.3 6.3 7.5 1.0 9.1 7.5

Series 12 ςBJ_45_3ply 54.4 6.8 6.2 39.2 10.2 1 3.8

- Total FMAX 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  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 10% - 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic 
(EEEP) Curves as per ASTM 2126-09

Test Campaign #1 : Static Test Results



ÅLoad-Displacement Curves

Test Campaign #1 : Static Test Results



ÅLoad-Displacement Curves

Test Campaign #1 : Static Test Results



ÅLoad-Displacement Curves

Test Campaign #1 : Static Test Results

Combination of shear and tension screws 
higher initial stiffness with ductility



Label Type
Total FMAX  

[kN]
FMAX  

[kN]
FY 

[kN]
ɲMAX 

[mm]
ɲY 

[mm]

K0.4 

[kN/mm]
Ductility

Series 1 ςSS_90_3ply
Surface Spline 

Joint
52.0 6.9 5.5 46.8 9.1 1.3 5.9

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

53.6 6.7 5.1 25.7 3.6 2.2 9.3

Series 5 ςLJ_45_3ply 86.4 7.2 6.4 4.1 1.2 14.4 3.6

Series 7 ςLJ_45/90_3ply_WSSW 52.0 6.5 5.9 19.5 1.0 11.4 21.1

Series 9 ςLJ_45/90_3ply_SWSWS 47.2 4.7 4.2 24.7 1.4 8.3 17.6

Series 11 ςBJ_33/45_3ply
Butt Joint

62.4 7.8 6.8 6.5 1.0 10.4 6.5

Series 12 ςBJ_45_3ply 54.4 6.8 6.2 39.2 10.2 1.0 3.8

- Total FMAX 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  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 10% - 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- 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?

Results for 3-ply Specimens:

Test Campaign #1 : Static Test Results



Label Type
Total FMAX  

[kN]
FMAX  

[kN]
FY 

[kN]
ɲMAX 

[mm]
ɲY 

[mm]

K0.4 

[kN/mm]
Ductility

Series 1 ςSS_90_3ply
Surface Spline 

Joint
52.0 6.5 5.5 46.8 8.6 1.3 5.9

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

53.6 6.7 5.1 25.7 3.6 2.2 9.3

Series 5 ςLJ_45_3ply 86.4 7.2 6.4 4.1 1.2 14.4 3.6

Series 7 ςLJ_45/90_3ply_WSSW 52.0 6.5 5.9 19.5 1.0 11.4 21.1

Series 9 ςLJ_45/90_3ply_SWSWS 47.2 4.7 4.2 24.7 1.4 8.3 17.6

Series 11 ςBJ_33/45_3ply
Butt Joint

62.4 7.8 6.8 6.5 1.00 10.4 6.5

Series 12 ςBJ_45_3ply 54.4 6.8 6.2 39.2 10.2 1.0 3.8

- Total FMAX 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  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 10% - 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- 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?

Results for 3-ply Specimens:

Test Campaign #1 : Static Test Results



Results for 5-ply Specimens:

Label Type
Total FMAX  

[kN]
FMAX  

[kN]
FY 

[kN]
ɲMAX 

[mm]
ɲY 

[mm]

K0.4 

[kN/mm]
Ductility

Series 2 ςSS_90_5ply
Surface Spline 

Joint
56.8 7.1 5.6 45.8 7.3 1.5 7.7

Series 4 ςLJ_90_5ply

Half Lapped   
Joint

95.2 11.9 9.5 64.3 9.0 1.5 7.4

Series 6 ςLJ_45_5ply 130 13 11.5 4.7 1.8 10.6 2.7

Series 8 ςLJ_45/90_5ply_WSSW 78.4 9.8 8.1 3.4 0.3 10.2 11.7

Series 10 ςLJ_45/90_5ply_SWSWS 61.6 7.7 6.6 4.3 0.3 9.7 14.3

- Total FMAX 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  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 10% - 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic 
(EEEP) Curves as per ASTM 2126-09

Test Campaign #1 : Static Test Results



STS Combined Shear and Tension

STS in Shear

STS in Tension

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



Load-Displacement Curves:
Test Campaign #1 : Static Test Results
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Label Type
FMAX  

[kN]
ɲMAX 

[mm]

K0.4 

[kN/mm]

Variation from 3-ply 
to 5-ply

FMAX K0.4

Series 1 ςSS_90_3ply Surface Spline 
Joint

6.9 46.8 1.3
52% 15%

Series 2 ςSS_90_5ply 10.5 57.5 1.5

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

6.7 25.7 2.2
78% -32%

Series 4 ςLJ_90_5ply 11.9 64.3 1.5

Series 5 ςLJ_45_3ply 7.2 4.1 14.4
75% -26%

Series 6 ςLJ_45_5ply 12.6 4.7 10.6

Series 7 ςLJ_45/90_3ply_WSSW 6.5 19.5 11.4
20% -11%

Series 8 ςLJ_45/90_5ply_WSSW 7.8 3.5 10.2

Series 9 ςLJ_45/90_3ply_SWSWS 4.7 24.7 8.3
32% 17%

Series 10 ςLJ_45/90_5ply_SWSWS 6.2 4.3 9.7

Comparison Between 3-ply & 5-ply:

Test Campaign #1 : Static Test Results

- All values are per screw
- Average measurements out of 6 specimens and 3 specimens for NF series
- Fmax= Max. Force  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic 
(EEEP) Curves as per ASTM 2126-09

Going to 5-ply = increase in connection capacity



Label Type
FMAX  

[kN]
ɲMAX 

[mm]

K0.4 

[kN/mm]

Variation from 3-ply 
to 5-ply

FMAX K0.4

Series 1 ςSS_90_3ply Surface Spline 
Joint

6.9 46.8 1.3
52% 15%

Series 2 ςSS_90_5ply 10.5 57.5 1.5

Series 3 ςLJ_90_3ply

Half Lapped   
Joint

6.7 25.7 2.2
78% -32%

Series 4 ςLJ_90_5ply 11.9 64.3 1.5

Series 5 ςLJ_45_3ply 7.2 4.1 14.4
75% -26%

Series 6 ςLJ_45_5ply 12.6 4.7 10.6

Series 7 ςLJ_45/90_3ply_WSSW 6.5 19.5 11.4
20% -11%

Series 8 ςLJ_45/90_5ply_WSSW 7.8 3.5 10.2

Series 9 ςLJ_45/90_3ply_SWSWS 4.7 24.7 8.3
32% 17%

Series 10 ςLJ_45/90_5ply_SWSWS 6.2 4.3 9.7

Comparison Between 3-ply & 5-ply:

Test Campaign #1 : Static Test Results

- All values are per screw
- Average measurements out of 6 specimens and 3 specimens for NF series
- Fmax= Max. Force  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic 
(EEEP) Curves as per ASTM 2126-09

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



Comparison Between Design & Test Data:

Test Campaign #1 : Static Test Results

- All values are per screw
- Average measurements out of 6 specimens and 3 specimens for NF series
- Fmax= Max. Force  ;  Fy= Yield Force  ; ɲMAX= Max Displ.  ; ɲ y= Displ. at Yield  ;  ˃= Ductility  ;  K0.4= stiffness calculated at 40% of Fmax

- Ductility = (Displ. @ Fmax) / (Displ. @ Fy)
- Yield Force and ductility were calculated following Equivalent Energy Elastic-Plastic 
(EEEP) Curves as per ASTM 2126-09
*          For designing the lap joints with screws in tension and shear, only tension screws were considered for design 
Å Load duration factor for short term loading was applied (KD= 1.15)
Å Predicted values for FmaxŦƻƭƭƻǿ {ǘŀǘƛŎ 5ŜǎƛƎƴ tǊƻŎŜŘǳǊŜǎ ŀǎ ǇŜǊ aȅ¢ƛ/ƻƴΩǎ /ŀƴŀŘŀ /[¢ 5ŜǎƛƎƴ Guide

Label Type
FMAX  

[kN]

Predicted*
FMAX  

[kN]

ɲMAX 

[mm]

K0.4 

[kN/mm]

Over-
Strength 

Ratio

Series 1 ςSS_90_3ply
Surface Spline 

Joint
6.9 1.12 46.8 1.3 5.8

Series 2 ςLJ_90_3ply

Half Lapped   
Joint

6.7 1.15 25.7 2.2 5.8

Series 3 ςLJ_45_3ply 7.2

2.64

4.1 14.4 2.7

Series 4 ςLJ_45/90_3ply_WSSW 6.5 19.5 11.4 2.5

Series 5 ςLJ_45/90_3ply_SWSWS 4.7 24.7 8.3 1.8

Series 6 ςBJ_33/45_3ply
Butt Joint

7.8 3.49 6.5 10.4 2.2

Series 7 ςBJ_45_3ply 6.8 0.75 39.2 1.0 9.1
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Panel to Panel Connections 

Test Campaign #2 
Cyclic Loading

Surface Spline Joints Butt JointsHalf Lapped Joints



Test Campaign #2 : Cyclic Loading

ς Displacement Controlled
ς Displacement Rate:        2.5mm/sec
ς Ductility Calculations:     EEEP ςASTM 2126-09
ς Stiffness Calculations:     as per EN-26891 (10-40%)

CUREE Loading Protocol (ASTM 2126-09)

General Test Setup



Label Type
STS Ø
[mm]

STS Length 
[mm]

Angle 
[хϐ

Replicates
# STS per

Shear Plane
STS action    

Series 1 ςSS@ 90- 3ply
Surface Spline 

Joint
8 80 90 6 8 Shear  

Series 2 ςLJ@ 90 - 3ply

Half Lapped  
Joint

8 90 90 6 8 Shear

Series 3 ςLJ@ 45 - 3ply 8 140 45 6 12 Withdrawal

Series 4 ςLJ@ 45&90 (1)- 3ply WSSW 8 90 + 140
45 + 90

6 8
Shear + Withdrawal

Series 5 ςLJ@ 45&90 (2) - 3ply SWSWS 8 90 + 140 6 10

Series 6 ςBJ@ 33&45 - 3ply
Butt Joint 8 180

33+ 45 6
8

Withdrawal

Series 7 ςBJ@ 45- 3ply 45 6 Shear

Notes:
SS=Surface Spline, LJ=Lap Joint, BJ=Butt Joint
WSSW =   Screw arrangement within rows.  Withdr. + Shear + Shear + Withdr.
SWSWS =   Screw arrangement within rows.  Shear + Withdr. + Shear + Withdr. + Shear

Test Campaign #2 : Test Series

CrossLam® CLT Panels
V2M1 Grade

Surface Spline 

Joints
Butt JointsHalf Lapped 

Joints

Series from Static Testing Chosen for Cyclic Testing 



Test Series #1 :  Configuration

Surface Spline Joint with STS in Shear

Courtesy of:   Afrin Hossain©
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Static v Dynamic Testing 
Series #1 = Surface Spline Joints with STS in Shear Action (=h90°)

Cyclic Test Results -
SS @ 90°

Static Test Results -
SS @ 90°

Test Series #1 :  Load-Displacement Curve
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Static v Dynamic Testing  
Series #1 = Surface Spline Joints with STS in Shear Action (=h90°)

Static Test Results -
SS @ 90°

Backbone Curve

Test Series #1 :  Backbone Curve



In and out-of-plane rotation

Test Series #1 :  Connection Performance

Overall Connection Behaviour at Failure

Separation of members in ultimate state



Test Series #1 :  Connection Performance

STS Behaviour at Failure



Half Lapped Joint with STS in Shear

Test Series #2 :  Configuration

Courtesy of:   Afrin Hossain©
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Static v Dynamic Testing  
Series #2 = Half Lap Joint with STS in Shear Action (=h90°)

Cyclic Test Results -
LJ @ 90°

Static Test Results -
LJ @ 90°

Test Series #2 :  Load-Displacement Curve
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Static v Dynamic Testing  
Series #2 = Half Lap Joint with STS in Shear Action (=h90°)

Static Test Results -
LJ @ 90°

 Backbone Curve

Test Series #2 :  Backbone Curve



Test Series #2 :  ConnectionPerformance

Overall Connection Behaviour at Failure



Test Series #2 :  ConnectionPerformance

STS Behaviour at Failure

Ғ45°



Test Series #3 :  Configuration

Half Lapped Joint with STS in Tension

Courtesy of:   Afrin Hossain©
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Static v Dynamic Testing  
Series #3 = Half Lap Joint with STS in Withdrawal Action (=h45°)

Cyclic Test Results -
LJ @ 45°

Static Test Results -
LJ @ 45°

Test Series #3 :  Load-Displacement Curve
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Static v Dynamic Testing  
Series #3 = Half Lap Joint with STS in Withdrawal Action (=h45°)

Static Test Results -
LJ @ 45°

 Backbone Curve

Test Series #3 :  Backbone Curve



Test Series #3 :  ConnectionPerformance

Overall Connection Behaviour at Failure



Test Series #3 :  ConnectionPerformance

STS Behaviour at Failure



Test Series #4 :  Configuration

Half Lapped Joint with STS in Shear and Tension

Courtesy of:   Afrin Hossain©



Test Series #4 :  Testing Video

Half Lapped Joint with STS in Shear and Tension
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Static v Dynamic Testing  
Series #4 = Half Lap Joint with STS in Withdrawal and Shear Action (1) ( =h45° & 90°)

Cyclic Test Results -
LJ @ 45°&90°

Static Test Results -
LJ @ 45°&90°

Test Series #4 :  Load-Displacement Curve
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Static v Dynamic Testing  
Series #4 = Half Lap Joint with STS in Withdrawal and Shear Action (1) ( =h45° & 90°)

Static Test Results -
LJ @ 45°&90°

 Backbone Curve

Test Series #4 :  Backbone Curve



Test Series #4 :  Connection Performance

Overall Connection Behaviour at Failure



Test Series #4 :  Connection Performance

STS Behaviour at Failure



Half Lapped Joint with STS in Shear and Tension

Test Series #5 :  Configuration

Courtesy of:   Afrin Hossain©
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Static v Dynamic Testing  
Series #5 = Half Lap Joint with STS in Withdrawal and Shear Action (2) ( =h45° & 90°)

Cyclic Test Results
- LJ @ 45°&90°

Static Test Results
- LJ @ 45°&90°

Test Series #5 :  Load-Displacement Curve
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Static v Dynamic Testing  
Series #5 = Half Lap Joint with STS in Withdrawal and Shear Action (2) (=h45° & 90°)

Static Test Results -
LJ @ 45°&90°

 Backbone Curve

Test Series #5 :  Backbone Curve
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Test Series #5 :  Connection Performance

Overall Connection Behaviour at Failure



Butt Joint with STS in Shear and Tension

Test Series #6 :  Configuration

Courtesy of:   Afrin Hossain©
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Static v Dynamic Testing  
Series #6 = Butt Joint with STS in Withdrawal Action (h =45° & 33°)

Cyclic Test Results -
BJ @ 33°&45°

Static Test Results -
BJ @ 33°&45°

Test Series #6 :  Load-Displacement Curve
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Static v Dynamic Testing 
Series #6 = Half Lap Joint with STS in Withdrawal Action (h =45° & 33°)

Static Test Results -
BJ @ 33°&45°

 Backbone Curve

Test Series #6 :  Backbone Curve



Test Series #6 :  Connection Performance

Overall Connection Behaviour at Failure



Overall good ductility is observed 
for tension screw connection

Test Series #6 :  Connection Performance

STS Behaviour at Failure

Withdrawal failure and yielding



Butt Joint with STS in Shear

Test Series #7 :  Configuration

Courtesy of:   Afrin Hossain©
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Static v Dynamic Testing  
Series #7 = Butt Joint with STS in Shear Action (=h45°)

Cyclic Test Results -
BJ @ 45°

Static Test Results -
BJ @ 45°

Test Series #7 :  Load-Displacement Curve



-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

-60 -40 -20 0 20 40 60

F
o
rc

e
 p

e
r 

sc
re

w
  
[k

N
]

Displacement [mm]

Static v Dynamic Testing  
Series #7 = Half Lap Joint with STS in Shear Action (=h45°)

Static Test Results -
BJ @ 45°

 Backbone Curve

Test Series #7 :  Backbone Curve



Test Series #7 :  ConnectionPerformance

Overall Connection Behaviour at Failure



Test Series #7 :  ConnectionPerformance

Overall Connection Behaviour at Failure

Large displacement

45°



Test Series #7 :  ConnectionPerformance

STS Behaviour at Failure


