
Determination of the Capacities Determination of the Capacities 
of a new Composite Timberof a new Composite Timber--

Steel Connector SystemSteel Connector System

Alexander Schreyer,Alexander Schreyer, DiplDipl..--IngIng. (FH) . (FH) -- U.B.C.U.B.C.
Leander A.Leander A. BathonBathon, Ph.D. , Ph.D. -- FH Wiesbaden, GermanyFH Wiesbaden, Germany

Helmut G.L.Helmut G.L. PrionPrion, Ph.D., P.Eng. , Ph.D., P.Eng. -- U.B.C.U.B.C.



ManufacturingManufacturing

SystemSystem

TestsTests
•• TensionTension
•• CompressionCompression
•• ShearShear
•• Climate CyclesClimate Cycles

OutlineOutline



The  ComponentsThe  Components

•• Connector Connector 
(Sandblasted Surface)(Sandblasted Surface)

•• Mortar:Mortar: UpatUpat UPM66UPM66®®

•• DrillDrill



ManufacturingManufacturing

Drill Ring Hole Drill Ring Hole 
and Countersinkand Countersink

Hardening 10 min. Hardening 10 min. 
Remove Excess MaterialRemove Excess Material

Inject Mortar Inject Mortar 
Insert ConnectorInsert Connector



TestTest ProgramProgram

•• Axial Axial Tensile TestsTensile Tests, Single Connector, Single Connector
((GlulamGlulam and PSL)and PSL)

•• Axial Axial Compression TestsCompression Tests, Single Connector , Single Connector 
((GlulamGlulam))

•• Shear TestsShear Tests, Single and Double Connector Joints, , Single and Double Connector Joints, 
Varying Edge Distances (Varying Edge Distances (GlulamGlulam))

•• Tensile Tests after Cyclic Tensile Tests after Cyclic Climate ChangesClimate Changes
(3 Cycles, 6 Weeks each)(3 Cycles, 6 Weeks each)



TestTest SetupSetup

F
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Tension / Tension / 
Compression Tests:Compression Tests:

•• EN 26 891EN 26 891

•• 1 Load Cycle1 Load Cycle

Shear Tests:Shear Tests:

•• Ramp LoadRamp Load



TensileTensile TestsTests

•• 20 Tests20 Tests

•• 80/80/500 mm,80/80/500 mm, GlulamGlulam

•• 2 Connectors per 2 Connectors per 
Specimen, 1 End ClampedSpecimen, 1 End Clamped



TensileTensile TestsTests
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AverageAverage COVCOV

Failure LoadFailure Load 54.1054.10 kNkN 13.8 %13.8 %

Failure DisplacementFailure Displacement 0.214 mm 0.214 mm 29.6 %29.6 %

Slip ModulusSlip Modulus kkss 336.44336.44 kNkN/mm/mm 10.8 %10.8 %



TensileTensile Tests Tests -- PSLPSL
5 Tests5 Tests

AverageAverage DifferenceDifference COVCOV

Failure LoadFailure Load 59.6959.69 kNkN +10%+10% 11.5 %11.5 %

Failure DisplacementFailure Displacement 0.201 mm 0.201 mm 10.5 %10.5 %

Slip ModulusSlip Modulus kkss 338.27338.27 kNkN/mm/mm 19.1 %19.1 %



Compression TestsCompression Tests

•• 30 Tests30 Tests

•• 80/80/300 mm,80/80/300 mm, GlulamGlulam

•• 1 Connector per Specimen1 Connector per Specimen



Compression TestsCompression Tests

AverageAverage COVCOV

Failure LoadFailure Load 68.8568.85 kNkN 8.5 %8.5 %

Max. LoadMax. Load 106.15106.15 kNkN 5.9 %5.9 %

Failure DisplacementFailure Displacement 0.311 mm 0.311 mm 14.5 %14.5 %

Slip ModulusSlip Modulus 229.22229.22 kNkN/mm/mm 9.6 %9.6 %
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Shear TestsShear Tests
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•• 50 Tests50 Tests

•• Varying Varying 
CrossCross--SectionsSections

•• GlulamGlulam

•• 1 or 2 1 or 2 
ConnectorsConnectors



Shear TestsShear Tests
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•• Failure:Failure: Rotation of Connector andRotation of Connector and
DebondingDebonding !! SplitSplit

•• Double Failure Load for Double Double Failure Load for Double 
Connector Specimens Connector Specimens 



Shear TestsShear Tests

Capacity Capacity -- Edge Distance Relationship:Edge Distance Relationship:

y = 0.2057x + 7.6195
R2 = 0.7358
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Climate CyclesClimate Cycles

•• 10 Specimens (5 Cycled, 5 Reference),10 Specimens (5 Cycled, 5 Reference), GlulamGlulam

•• 3 Cycles3 Cycles (6 Weeks Each), then Tension(6 Weeks Each), then Tension--Test:Test:
•• 1st Cycle: 1st Cycle: 3°C / 90% R.H. (M.C. 3°C / 90% R.H. (M.C. !! 20%) 20%) 

•• 2nd Cycle: 2nd Cycle: 25°C / 28% R.H. (M.C. 25°C / 28% R.H. (M.C. !! 7%) 7%) 

•• Normalization:Normalization: 20°C / 65% R.H.20°C / 65% R.H.

AverageAverage DifferenceDifference COVCOV

Failure Load (Cycled)Failure Load (Cycled) 45.5545.55 kNkN --15%15% 15.81 %15.81 %

Failure Load (Ref.)Failure Load (Ref.) 53.8453.84 kNkN 10.82 %10.82 %

Failure Load (Tension)Failure Load (Tension) 54.1054.10 kNkN 13.8 %13.8 %



ConclusionsConclusions

•• Low Variability of ResultsLow Variability of Results

•• Ductile Failure in CompressionDuctile Failure in Compression

•• Brittle Failure in Tension Brittle Failure in Tension !! Ductile Elements Ductile Elements 
RequiredRequired

•• PSL Yields Higher Failure LevelsPSL Yields Higher Failure Levels

•• Shear Load Shear Load -- Edge Distance Relationship Edge Distance Relationship 
EstablishedEstablished

•• Reduction in Load Observed after Climate CyclesReduction in Load Observed after Climate Cycles



OutlookOutlook

Improvements:Improvements:

•• SurfaceSurface:: Grooved   Grooved   
!! Better AdhesionBetter Adhesion

•• Top PlateTop Plate:: Thickness Thickness 
Reduced to 8 mm                 Reduced to 8 mm                 

!! DuctilityDuctility


