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Successes:
• Steel fiber reinforced under water concrete (SFRUWC)
• Added ductility
• Appropriate design choices
• Supervision on concrete technology & construction
• Extensive FEA with DIANA
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Main challenges SFRUWC
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• Shrinkage cracking
• Brittle behaviour in spite of steel fibres
• Leakage and possible damage to environment
• Overestimating capacity in case of permanent structural function

• Fatigue
• Mainly in case of application in infrastructural projects
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CROW committee organization
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• SG1 – corrosion and durability
• SG2 – fatigue and scale factor
• SG3 – execution
• SG4 – shrinkage cracking
• SG5 – cases

SG4 activities
- FEA to gain insight
- Validate by theory
- Validate by experiments

SG5 activities
- Develop design rules
- Analyze cases by design rules
- Analyze cases by FEA

SG4 output (guideline)
- Recommendations FEA (advanced)

SG5 output (guideline)
- Design rules (simple / conservative)

SG4 output (background reports)
- Starting points and FEA basic model
- Sensitivity analysis
- Experiments (in-situ and laboratory)
- Validation
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Main challenges FE modelling
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Thermal
• Hydration heat development
• Thermal boundaries and properties

Structural
• (Autogenous) shrinkage
• Strength and stiffness development of YHC
• Degree of restraint
• Development of eigen stresses
• Relaxation particularly at early age
• Development of cracking
• Influence of steel fibres after cracking

Stochastic variation
• Random field



www.abt.eu



www.abt.eu



www.abt.eu



www.abt.eu



www.abt.eu



www.abt.eu



www.abt.eu

Results base model fase A (tension only)
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Random field SFRC stress-strain

Random field Young’s modulus

Temperature distribution at peak

Temperature development in time
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Results base model fase A (tension only)

Lex van der Meer
DOV Technische Lezingenavond
15 september 2022

Stresses @ 1.5 days

Stresses @ 3.0 days

Stresses @ 7.0 days

Cracking @ 1.5 days

Cracking @ 3.0 days

Cracking @ 7.0 days
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Results base model fase A (tension only)

Crack initiation
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Sensitivity analysis phase A
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Sensitivity analysis phase A
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Influence of parallel sheet pile walls

Close to sheet pile wall
- A lot of restraint
- A lot of support (reinforcement)

Far away from sheet pile wall
- Little restraint
- Little support
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Influence of aspect ratio and BCs (2.5D model)
• Building pit 50 x 20 m
• At sheet pile walls: high shear stiffness, low normal stiffness
• 1/3 strength, 2/3 stiffness
• C30/37 with steel fibres (4c) but no eigen stresses ~ unreinforced concrete

Without stochastic variation With stochastic variation
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Influence of aspect ratio and BCs (2.5D model)

Far away from sheet pile wall:
- Little restraint
- Little support
- Low shear stiffness 2D model realistic?

Close to sheet pile wall:
- A lot of restraint
- Also a lot of support (reinforcement)
- High shear stiffness 2D model realistic?
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Influence of steel fibres

Concrete: C30/37
SFRC MC2010: 2a t/m 4e
Result: a single big through-crack (leakage)

Concrete: C30/37
SFRC MC2010: 5a t/m 5e
Result: distributed smaller cracks
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Correlation concrete strength class – SFRC performance

Special attention concrete
mixture i.r.t. type/dosage
steel fibres
+ 0,5 a 1,0 MPa

Result DIANA: several smaller
cracks

Result DIANA: one big crack

Indicative: successful projects
SFRUWC

Source: Bekaert
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Base model: top and bottom 100 W/(m2K)
Maximum temperature 29 °C

Variant: top 100 en bottom 5 W/(m2K)
Maximum temperature 34 °C

Influence of restraint curvature
at early age

Variant: top 100 and bottom 5 W/(m2K)
Maximum temperature 34 °C
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Validation

Goal: gain confidence in numerical model and analyses (DIANA) and validate with
theory / cases from practice / experiments

• DIANA vs theory
• DIANA vs cases from practice (SG5)
• DIANA vs experiments from literature
• DIANA vs lab experiments TUD / in-situ measurements Singelgrachtgarage

Validation is very important because of:
• Large uncertainty in input and assumption for FE model
• Results strongly depend on the assumed input
• Convergence problems in the FEA
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Validation temperature analysis theory



Measurement setup Singelgrachtgarage







Meetopstelling
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Singelgrachtgarage vs FDM (literature)
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TU Delft autogenous shrinkage / temperature / relaxation
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To-do / remaining challenges for CUR-CROW guideline

SG4 validation:
• Understand Singelgracht / TU Delft experiments and compare to FEA
• Wrap-up and report theoretical validation

SG4 FEA:
• Update starting points based on latest findings (may be too conservative now)
• Re-run sensitivity analysis and update conclusions

SG5:
• Further develop design rules and test on cases
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Challenges FEA

• Use 1D coupled analysis as input for 2.5D shell model
• Implement relaxation of YHC
• Implement autogenous shrinkage
• Fix convergence problems

Separate:
• Research project (Master thesis) Dennis Slockers using PROBAB / probabilistic

analysis
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