
NLFEA of concrete 
bridges and viaducts 
with dapped ends 
(tanden en nokken)
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Background of research
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• Vulnerable concrete bridges and viaducts in the Netherlands with "incorrectly" detailed  
main bent-reinforcement in the dapped-end.

• The detail is difficult to inspect, but corrosion is highly probable due to the accumulation of de-icing salts
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• Questions arise over the force-flow along the compressive strut 

• Cracking at the re-entrant corner can lead to a limited height 
of the compressed zone

• Risk of premature shearing of the compression strut along 
the main bent-reinforcement before significant forces 
develop

• To this end, this problem is studied under the Vervangen en 
Renovatie (V&R) research program (TNO & Rijkswaterstaat 
collaboration) .

• Main goal: develop a uniform reassessment method for 
these structures (for now without considering corrosion, 
later with corrosion effects).
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State-of-the-art assessment methods
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• Goal: Develop NLFEM modelling approach for reassessment of concrete structures with dapped-ends.

• Steps:
• Identify representative experimental benchmarks where the “nokken” have incorrect detailing (sparse in literature)

• Kleinman Case (2007) – TU Eindhoven

• Steinle Case (1975) – Otto Graaf Institute, Stuttgart

• Develop NLFEM modelling approach by validation against Kleinman’s case

• Re-validate the modelling strategy derived from Kleinman’s case using Steinle’s case

• Derive conclusions and directions for future work
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Research Methodology

Benchmark experiments

8

7

8



9

Kleinman (2007) – TU Eindhoven










Kleinman, C. S. (2007). Nokken met die tanden!(2): proevenserie
legt fout in voorschriften bloot. Cement, 59(2), 78-80.

10

Steinle (1975) –
Otto-Graaf institute, Stuttgart












Steinle, A., and Rostasy, F.S. (1975). The structural behaviour of party cut-
away ends of beams (In German), Betonwerk + Fertigteil-techniek, 6.
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NLFEA – Modelling aspects
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Initial modelling approach
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Initial modelling approach
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NLFEA – Results
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Kleinman results
•

•

Conclusion: Incorrect failure mechanism
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Bond-slip modelling
•
•
•
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Kleinman results
•

Conclusion: Bond-slip relations are required for a better prediction
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Kleinman results

Conclusion: Local Bond-slip relations similar to global splitting-
type bond-slip variation; but has better physiological motivation !
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Kleinman results
•

Take away: Similar crack patterns but peak force varies slightly.
Good to investigate with RTD 1016’s max. element size and later the sensitivity.
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Kleinman results
•

Take away:– Choice between Truss/beam formulation of bond-slip to be given attention ! Sensitive to normal stiffness 
of the interface – produces locking effect (crossing bars and additional rotational DOF).
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Steinle results
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Steinle - Variations
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Steinle - Variations






Conclusions and Outlook
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Conclusions
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Outlook
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