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« Abaqus Explicit solver (quasi — « Bolted shear connection
static analysis) (embedded nuts)
» To address geometrical and » Increased stiffness

material nonlinearities . .
» Easier mounting
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2. Finite element approach
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* Mesh elements:
» C3D8R, S4R and T3D2
« Boundary Conditions

» Symmetric boundary conditions

» Plane orthogonal to the X-axis 3
Y
» Bottom concrete plane T
h'd
N N D
» All directions %
» CFStop ;,E?,
. p 1 £
» Horizontal directions and <f>‘
rotations <
« Load v
[ L.
» Uniform vertical displacement at 7 Support* reference point
the CFS top SASZEC SR
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* Interaction
o Normal behaviour
» Hard contact
o Tangential behaviour
» Penalty friction (0.1, 0.2, 0.3 and 0.7 frictional coefficient)
o Embedment method
» For reinforcement
o Spot welds
» Bushing type connectors

» Elasticity, Plasticity, Damage and Failure characteristics
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2. Finite element approach

« Sensitivity analysis
» Mass scaling, time increment 0.006 s
» Kinetic energy < 10% of internal energy

» Good correlation between input and reaction forces
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2. Finite element approach
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Validation of numerical models
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o Good agreement between experimental and numerical simulation
o Benchmark model for parametric analyses
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2. Finite element approach
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Validation of failure mechanism between experimental and FE analysis results
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3. Parametric analysis — shear conn.
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Objective: Investigate factors affecting resistance and ductility of bolted
shear connections

Main parameters:

CFS section thickness
Bolt diameter
Concrete strength

Bolt embedment depth

>
>
>
>

Scope: 228 numerical models analysed

t d f.., h,
[mm] [mm] [MPa] [mm]
1,2,25,3,4 8,10,12, 14, 16, 18, 20 28, 33, 38, 48 95
3 12, 14, 16,18 28, 33, 38, 48 75-105

Note: Bold values represent the parameters that are varied throughout the parametric study
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3. Parametric analysis — shear conn.

* CFS thickness:
o 1 thickness — 1 shear capacity, but effect reduces beyond 3 mm

o Thin sections — brittle, bearing failure dominant
o Medium thickness (2 mm) — ductile, good stress redistribution
o Thick sections (= 2.5 mm) — concrete failure dominates, slip decreases
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 Bolt diameter:
o Larger bolts — 1 shear strength, | ductility
« Concrete strength:
o Limited effect on small diameter bolts
o 1 slip capacity for M14 and larger diameter bolts
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3. Parametric analysis — shear conn.

* General trend:
o 1 embedded height — 1 shear resistance — more pronounced for larger bolts

« M12 and M14 bolts:
o Low height (£ 85 mm) — concrete pry-out dominant
o High height (=2 90 mm) — interaction of pry-out and bolt bending
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3. Parametric analysis — shear conn.

« Larger bolts at same height:
o Reduced slip capacity
o Less bolt deformation — lower interaction with concrete
o M18 example: minimal deformation, lowest ductility

 Higher embedded heights: 1 slip capacity due to bolt bending
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4. Conclusion
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The FE analysis has revealed the complex behaviour of the shear
connection, highlighting the interaction of several failure modes that
influence the ultimate resistance of the connection.

Selecting the appropriate section thickness, bolt diameter and concrete
strength is crucial to achieve an optimal balance between shear
resistance and ductility in bolted shear connections.

The influence of embedded bolt height should be included in the
analytical methods to determine the shear resistance and ductility of
bolted connections accurately.
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