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Marcel Vullings

Structural design

Structural engineer, precast concrete structures (25 years) 
(design, engineering, production and construction)

Teaching
Committee EC2 
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The design process
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Hourglass Rotterdam

Architect: Dam & Partners

Engineering: Byldis

Precast Concrete: Byldis
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Structural integrity

Reliability

Robustness

Collapse resistance

Structural capacity

Durability
Serviceability
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Bouwbesluit 2012 – new structures

§ 2.1.1. article 2.1:  “A structure to be built is sufficiently resistant to the forces acting on it.”

§ 2.1.1. article 2.2:  “A building structure does not fail during the design lifetime referred to in 

NEN-EN 1990 at the fundamental load combinations referred to in NEN-EN 1990”

§ 2.1.1. article 2.4:  “Not failing, as in article 2.2 can be determined accordingly:”

b:  “NEN-EN 1992, for structures made of stone like materials” 
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Bouwbesluit 2012 – existing structures

§ 2.1.2. article 2.6:  “An existing structure is sufficiently resistant to the forces acting on it during its 

remaining life.”

§ 2.1.2. article 2.7:  “A building structure does not fail during the residual lifetime referred to in 

NEN 8700 at the fundamental load combinations referred to in NEN 8700.”
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new structures existing structures

NEN 8700: Assessment of existing structures in case of

reconstruction and disapproval – basic rules

NEN 8701: Assessment of existing structures in case of

reconstruction and disapproval – actions

NEN 8702: Assessment of existing structures in case of

reconstruction and disapproval –

concrete structures
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Structural reliability



STRUCTURAL SAFETY

1717

NEN-EN 1990:  Basis of structural design

CC1

low

CC2

medium

CC3

high
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NEN-EN 1990:  Basis of structural design

CC1

low

CC2

medium

CC3

high
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Our environment



Our environment

STRUCTURAL SAFETY

2020

Reductions in emissions > 80% 

(i.e. target for 2oC global warming prevention) can be achieved by combining various scenarios
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Project: Office building Prinsenhof

Location: Arnhem

Built: 1987

EU funded research project

www.recreate-project.eu
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New design: Kenniscentrum

Owner: Lagemaat

Engineer: IMd Rotterdam

Location: Heerde

Start construction: 2024
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New design: Kenniscentrum

Owner: Lagemaat

Engineer: IMd Rotterdam

Location: Heerde

Start construction: 2024
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new structures

From Arnhem to Heerde → new structure
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the donor building

• Testing

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

 Certainty on the accuracy of documents
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

 Certainty on the accuracy of documents

 Testing for the purpose of verification

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- what needs to be tested?

- how many tests are necessary?

- how to combine information?

NEN-EN 1990 annex D
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

 Certainty on the accuracy of documents

 Testing for the purpose of verification

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- what needs to be tested?

- how many tests are necessary?

- how to combine information?

NEN-EN 1990 article D.7.2
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

 Certainty on the accuracy of documents

 Testing for the purpose of verification

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- what needs to be tested?

- how many tests are necessary?

- how to combine information?

Proof

• Use all the information

• Use reverse engineering

to determine the design 

value of the capacity

• Find a balance
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the building

• Testing - extensive

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity

 Certainty on the accuracy of documents

 Determine the overall state of the structure

 Determine possible changes made

 First assessment of the structural elements

for possible re-use
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the building

• Testing - extensive

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity

 Certainty on the accuracy of documents

 Determine the state of the structure

 Determine structural capacity
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the building

• Testing - extensive

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity

NEN-EN 1990 annex D (standardised test)
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the building

• Testing - extensive

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity

bottom element

top element

Equal structural setup

equal consequents class (1,2 or 3), loads (dead & live load),

exposure class, etc.
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the building

• Testing - extensive

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity

On site testing
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Determine the structural capacity of the precast concrete elements.

What do you need?

• Old design / production drawings

• Old design calculations

• Inspection of the building

• Testing - extensive

non-destructive and destructive

- material properties (concrete and steel)

- geometry of the reinforcement

- capacity

• Proven capacity

effort result



CODES AND CONCRETE WITH ALTERNATIVE BINDERS

40



CODES AND CONCRETE WITH ALTERNATIVE BINDERS

4141

sand and gravel 
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sand and gravel 

NEN-EN 1992-1-1: “EC2 Design of concrete structures – part 1-1: General rules and rules for buildings”

NEN-EN 206-1: “Concrete – part 1: Specification, performance, production and conformity”

NEN 8005: “Dutch application of NEN-EN 206: Concrete - Specification, performance, production and conformity”
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NEN-EN 1992-1-1 Eurocode 2.
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compression

bending

splittingbuckling
beam – column connection

fire
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compression

bending

buckling

fire
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Is the concrete with the alternative binder the same as normal concrete?

1. YES then NEN-EN 1992-1-1 – Eurocode 2 – design of concrete structures can be used

2. PARTIALLY then only specific parts of NEN-EN 1992-1-1 can be used. The parts in which the 

new concrete behaves the same as normal concrete.

3. NO then do not use NEN-EN 1992-1-1.
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How to identify if a (material) property is the same?

1. Investigate a specific (material) property

2. Determine the behaviour of normal concrete and the variation

3. Determine the behaviour of the new concrete and the variation

4. Is the behaviour the same, is its variation within the same bandwidth of normal concrete

5. Yes, then NEN-EN1992-1-1 can be used with regard to this specific property
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How to identify if a (material) property is the same?

1. Investigate a specific (material) property

2. Determine the behaviour of normal concrete and the variation

3. Determine the behaviour of the new concrete and the variation

4. Is the behaviour the same, is its variation within the same bandwidth of normal concrete

5. Yes, then NEN-EN1992-1-1 can be used with regard to this specific property

Consider this:

• Use a standardized test

• If not available, design one within a specific scope of the property 

• Always do the test using normal and new concrete

• Use your judgement to determine if the test fits the property that is tested

• Use your judgement to determine if the test is suitable for the new concrete

• Use an external review / second opinion / experts
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Some of the (material) properties are:

1. Compression strength

2. Tensile strength

3. Shear strength

4. Young’s modulus

5. Creep

6. Shrinkage

7. Bending

8. Buckling

9. Stress – strain relation

10. Vibrations

11. Normal deformation

12. Linear expansion coefficient

13. Relaxation

14. Bond

15. Long term strength

16. Durability

17. Cracking

18. Plasticity

19. Biaxial bending

20. Time dependent losses 

of prestress

21. In-plane shear

22. Transverse bending

23. Torsion

24. Punching

25. Punching shear

26. Ties

27. Deflection

28. Fatigue

29. Fatigue under shear

30. Fatigue under prestressing

31. Anchorage of bars

32. Anchorage of headed bars

33. Fasteners

34. Rotation capacity

35. Etc.
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Is the concrete with the alternative binder the same as normal concrete?

1. YES then NEN-EN 1992-1-1 – Eurocode 2 – design of concrete structures can be used

2. PARTIALLY then only specific parts of NEN-EN 1992-1-1 can be used. The parts in which the 

new concrete is the same as normal concrete.

3. NO then do not use NEN-EN 1992-1-1.
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Is the concrete with the alternative binder the same as normal concrete?

1. YES then NEN-EN 1992-1-1 – Eurocode 2 – design of concrete structures can be used

2. PARTIALLY then only specific parts of NEN-EN 1992-1-1 can be used. The parts in which the 

new concrete is the same as normal concrete.

3. NO then do not use NEN-EN 1992-1-1.
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Look for a specific product in a very specific scope and area of application
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Look for a specific product in a very specific scope and area of application

1

Walls suited for housing in the Netherlands

2

3
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Look for a specific product in a very specific scope and area of application

Walls suited for housing in the Netherlands

• Closed load bearing wall

• Height house 10,0 m

• Width house 5,5 m

• Sloped or flat roof

• L x H x T =  9,0 m x 3,0 m x 0,10 m

• Consequence class CC1

• Wind area I, II and III (not costal area)

• Design life 50 years

• Exposure class X0 or XC1

• Compression strength 45 MPa

• Hollow core slabs (floor system)

• Façade self-supporting 
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Projects that are NOT within the scope
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Look for a specific product in a very specific scope and area of application

Walls suited for housing in the Netherlands

• Closed load bearing wall

• Height house 10,0 m

• Width house 5,5 m

• Sloped or flat roof

• L x H x T =  9,0 m x 3,0 m x 0,10 m

• Consequence class CC1

• Wind area I, II and III (not costal area)

• Design life 50 years

• Exposure class X0 or XC1

• Compression strength 45 MPa

• Hollow core slabs (floor system)

• Façade self-supporting 
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The (material) properties to investigate are:

1. Compression strength

2. Tensile strength

3. Shear strength

4. Young’s modulus

5. Creep

6. Shrinkage

7. Bending

8. Buckling

9. Stress – strain relation

10. Vibrations

11. Normal deformation

12. Linear expansion coefficient

13. Relaxation

14. Bond

15. Long term strength

16. Durability

17. Cracking

18. Plasticity

19. Biaxial bending

20. Time dependent losses 

of prestress

21. In-plane shear

22. Transverse bending

23. Torsion

24. Punching

25. Punching shear

26. Ties

27. Deflection

28. Fatigue

29. Fatigue under shear

30. Fatigue under prestressing

31. Anchorage of bars

32. Anchorage of headed bars

33. Fasteners

34. Rotation capacity

35. Etc.
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Is the concrete with the alternative binder the same as normal concrete?

1. YES then NEN-EN 1992-1-1 – Eurocode 2 – design of concrete structures can be used

2. PARTIALLY then only specific parts of NEN-EN 1992-1-1 can be used. The parts in which the 

new concrete is the same as normal concrete.

3. NO then do not use NEN-EN 1992-1-1.
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Is the concrete with the alternative binder the same as normal concrete?

1. YES then NEN-EN 1992-1-1 – Eurocode 2 – design of concrete structures can be used

2. PARTIALLY then only specific parts of NEN-EN 1992-1-1 can be used. The parts in which the 

new concrete is the same as normal concrete.

3. NO then do not use NEN-EN 1992-1-1.
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Bouwbesluit 2012, article 2.1.5 “Equivalency”

This decree provides for the possibility to deviate from the performance requirements given in this 

decree. Deviation from the performance requirements may be desirable or even necessary due to, 

for example, the nature of the building in question or local circumstances, or due to the fact that 

innovative materials or constructions have been or will be used. To this end, Section 1.3 of the 

present decree includes a so-called equivalence provision.
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Bouwbesluit 2012, article 2.1.5 “Equivalency”

• Design by testing

• Design by monitoring

1. Sewage pipe – steel fibre concrete

2. House structure – steel fibre concrete

3. Digital twin - monitoring

1 2

3
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A few initiatives in random order

• CEN/TC 350/SC 1 ”Circular economy in the construction sector”

CEN Technical Bodies - CEN/TC 350/SC 1 (cencenelec.eu)

• NEN committee: “Alternative concrete”

• SKG-IKOB “Protocol hergebruik kanaalplaatvloerdelen”

Protocol circulair bouwen kanaalplaatvloeren - Versie 1 - SKG-IKOB Certificatie (skgikob.nl)

• CROW guideline: “Assessment of reused precast concrete elements”

• TNO & RWS: “Structural reliability – environmental strategy”

• Projects:

• RWS: “Proeftuin Afsluitdijk” Proeftuin Afsluitdijk Duurzaam beton - De Afsluitdijk

• RWS: SBIR “Combinatie Liggers 2.0” Hergebruik Prefabliggers - circulaireviaducten.nl

• Haitsma: “Concrete bridge girder without cement” Verkeersbrug van beton zonder cement - Haitsma Beton

https://standards.cencenelec.eu/dyn/www/f?p=205:7:0::::FSP_ORG_ID:2868394&cs=1E483B462A3001B254B70E3969CA6730E
https://standards.cencenelec.eu/dyn/www/f?p=205:7:0::::FSP_ORG_ID:2868394&cs=1E483B462A3001B254B70E3969CA6730E
https://www.skgikob.nl/beoordelingsrichtlijnen/skg-ikob-protocollen/protocol-circulair-bouwen-kanaalplaatvloeren-versie-1
https://deafsluitdijk.nl/projecten/proeftuin-afsluitdijk-duurzaam-beton/
https://www.circulaireviaducten.nl/prototypes/combinatie-liggers2-0/
https://www.haitsma.nl/nieuws/verkeersbrug-van-beton-zonder-cement
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• fib Model Code 2020 https://www.fib-international.org/publications/model-codes.html

Assessment of existing structures

- probabilistic analysis

- inspection 

- degradation

- monitoring

A few initiatives

https://www.fib-international.org/publications/model-codes.html
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fib Model Code 2020 beam-end-test to determine effects of concrete type, confinement and casting position on the anchorage strength of reinforcing bars

Source : G. Metelli, J. Cairns, G. Plizzari , A new proposal for a beam end type bond test, Structural Concrete Journal, 2023

• fib Model Code 2020 https://www.fib-international.org/publications/model-codes.html

• fib SAG Sustainability https://www.fib-international.org/commissions/sag-sustainability.html

Special Activity Groups

A few initiatives

https://www.fib-international.org/publications/model-codes.html
https://www.fib-international.org/commissions/sag-sustainability.html
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• Research projects:

• ReCreate (EU funded) www.recreate-project.eu

• GjenOm via LinkedIn 

• Re:Crete www.epfl.ch/labs/sxl

• SXLxCRCL www.epfl.ch/labs/sxl

• PhD’s & Master students (TU/e and TUD)

http://www.recreate-project.eu/
http://www.recreate-project.eu/
http://www.epfl.ch/labs/sxl
http://www.epfl.ch/labs/sxl
http://www.epfl.ch/labs/sxl
http://www.epfl.ch/labs/sxl
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