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Structural engineer, precast concrete structures (25 years)
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The design process
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' THE CODES AND STRUCTURAL SAFETY

Hourglass Rotterdam
Architect: Dam & Partners

Engineering: Byldis
Precast Concrete: Byldis
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' THE CODES AND STRUCTURAL SAFETY

Structural integrity

Structural capacity

o :
; | Collapse resistance
#P ROOF
A ?‘ ER—— Reliability
Robustness

Serviceability
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Rijksoverheid

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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Rijksoverheid

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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' STRUCTURAL SAFETY

new structures

existing structures n

TIL
=

Eurocode 0
A Basis of

Ed structural design

NEN 8700: Assessment of existing structures in case of

e of Concrete reconstruction and disapproval - basic rules

structures

NEN 8701: Assessment of existing structures in case of
reconstruction and disapproval - actions

NEN 8702: Assessment of existing structures in case of
. s reconstruction and disapproval -
structures concrete structures
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Structural reliability
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) STRUCTURAL SAFETY

NEN-EN 1990: Basis of structural design

Table B1 - Definition of consequences classes

life, economic, social or environmental
consequences considerable

Consequences Description Examples of buildings and civil
Class engineering works
CC3 High consequence for loss of human Grandstands, public buildings where
life, or economic, social or consequences of failure are high (e.g. a
environmental consequences very great | concert hall)
8 &5 Medium consequence for loss of human | Residential and office buildings, public

buildings where consequences of failure
are medium (e.g. an office building)

Low consequence for loss of human life,
and economic, social or environmental
consequences small or negligible

Agricultural buildings where people do
not normally enter (e.g. storage
buildings), greenhouses




) STRUCTURAL SAFETY

NEN-EN 1990: Basis of structural design

Table B2 - Recommended minimum values for reliability index £ (ultimate limit

states)
Reliability Class Minimum values for g
1 year reference period 50 years reference period
RC3 35,2 4,3
RC2 4,7 3.8
RC1 4,2 3.3

NOTE A design using EN 1990 with the partial factors given in annex Al and EN 1991 to EN 1999 is
considered generally to lead to a structure with a /£ value greater than 3,8 for a 50 year reference period.
Reliability classes for members of the structure above RC3 are not further considered in this Annex, since
these structures each require individual consideration.
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Our environment
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Our environment

Reduce CO, Reduce
from clinker g clinker
production in cement

Reduce
cement
in concrete

Reduce
concrete
in structures

More efficient
(re)use of
existing

¢ structures
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' CODES AND RE-USE OF STRUCTURAL ELEMENTS

s

Project:  Office building Prinsenhof
Location: Arnhem
Built: 1987

ReCreate

EU funded research project
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' CODES AND RE-USE OF STRUCTURAL ELEMENTS

NEw
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- !,- - | New design: Kenniscentrum
j ﬂ Owner: Lagemaat

/] ol Engineer: IMd Rotterdam
| Location: Heerde

Start construction: 2024
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- —

- - New design: Kenniscentrum

| 'V/ . Owner: Lagemaat
' “\Q Engineer: IMd Rotterdam
Location: Heerde
Start construction: 2024
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' CODES AND RE-USE OF STRUCTURAL ELEMENTS

From Arnhem to Heerde = new structure

new structures

=L OO0 £
Design of concrete
structures

Design of steel
structures

Eurocode 0
Basis of
structural design

* X %

CEN
TC250

* 4 *k

Eaar
i

Design of timber
structures
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.
What do you need?

e Old design / production drawings
e 0Old design calculations

* |Inspection of the donor building

e Testing
non-destructive and destructive
- material properties (concrete and steel)
- geometry of the reinforcement

- capacity

* Proven capacity

inmovation
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.

What do you need?

e Old design / production drawings
e 0Old design calculations
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Old design / production drawings

Old design calculations
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' CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.
What do you need?

» Certainty on the accuracy of documents
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.
What do you need?

e Old design / production drawings » Certainty on the accuracy of documents

e 0Old design calculations
» Testing for the purpose of verification

non-destructive and destructive
NEN-EN 1990 annex D - material properties (concrete and steel)
| - geometry of the reinforcement

The Normal Distribution

- what needs to be tested?

- how many tests are necessary?

— B52% —»

"nan

L B Y

- how to combine information?
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.
What do you need?

Old design / production drawings
Old design calculations

NEN-EN 1990 article D.7.2

X
) =me{1‘knvx}

’m  7m

Xd= 1y

n 1 2 3 4 5 6 8 10 20 30 @

Vxbekend | 231 | 2,01 | 189 | 183 | 180 ( 1,77 | 1,74 | 1,72 | 168 | 167 | 164 |

bekend

Vi niet = - | 337 | 263|233 218 200 192|176 | 1,73 | 164 |

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?

inmovation
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.
What do you need?

Old design / production drawings
Old design calculations

Proof

I+ Use all the information
* Use reverse engineering

to determine the design
value of the capacity

* Find a balance

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?

inmovation
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.
What do you need?

* 0Old design / production drawings » Certainty on the accuracy of documents
e 0Old design calculations

» Determine the overall state of the structure
* Inspection of the building

» Determine possible changes made
e Testing - extensive

non-destructive and destructive » First assessment of the structural elements
- material properties (concrete and steel) for possible re-use

- geometry of the reinforcement

- capacity

* Proven capacity

inmovation
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.

What do you need?

* 0Old design / production drawings
e 0Old 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

innovation
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.

What do you need?

* 0Old design / production drawings
e 0Old 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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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.

What do you need?

* 0Old design / production drawings
e 0Old design calculations

* Inspection of the building

e Testing - extensive
non-destructive and destructive
- material properties (concrete and steel)
- geometry of the reinforcement
- capacity

* Proven capacity

Equal structural setup

TALLLLL Y

top element

L seteeetle

bottom element

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

exposure class, etc.

Innovation
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CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.

What do you need?

* 0Old design / production drawings
e 0Old design calculations

* Inspection of the building

e Testing - extensive
non-destructive and destructive
- material properties (concrete and steel)
- geometry of the reinforcement
- capacity

* Proven capacity

On site testing



CODES AND RE-USE OF STRUCTURAL ELEMENTS

Determine the structural capacity of the precast concrete elements.

What do you need?

e Old design / production drawings
e 0Old 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
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

Aégrogatc.s T e ament
sand and gravel
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

o ‘Aégrogato.s ~ Cement
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”

innovation
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NEN-EN 1992-1-1 Eurocode 2.

) CODES AND CONCRETE WITH ALTERNATIVE BINDERS

Table 5.2 — Creep coelficient @(50y,t:) of plain concrete after 50 years of loading

Age at loading Dry atmospheric conditions Humid atmospheric conditions
% (RH=150%) (RH = 80 %)
'dl h'u h‘t
Table 5.1 — Compressive and tensile strength of concrete [MPa] e smresgth
development classes of [mm] [mm]
Strength classes for concrete [EN 206] EomcTRG
Analytical cs N CR 100 200 500 | 1000 | 100 200 500 | 1000
f c12/|c16/ | czo; | €25/ | €30/ | €35/ | c40/ | ca5/| 50/ | €55/ | c60/ | c70/ | c80/ | €90/ | c100/ formulae 3 1 3 2 38 > ™ 30 28 26 25
15 | 20 | 25 | 30 | 37 | 45 | 50 [ 55 | 60 | 67 | 75 | 85 | 95 | 105 | 115 . - - : . - . :
10 7 3 3,1 28 25 23 22 21 20 19
fexc 12116 | 20 | 25|30 | 35|40 (45|50 | 55|60 (70|80 |90 | 100 - 32 28 23 24 22 19 18 17 16 16 15
fom | 20|24 | 28|33 |38 |43 |48 |53 |58|63|68|78)|88]| 98| 108 [feon=fu+8MPa LI T O )
— = 365 | 365 | 365 | 14 13 11 10 10 0.9 0.9 08
fem = 0,3facf Correction factor A 082 | 079 | o7s | 072 | 071 | 068 | 066 | 064
fm 1'6 1’9 2'2 2'6 2'9 3‘2 3'5 3'8 4'1 4'2 4’3 4.5 4‘7 4'9 5'1 (fmsso MPa) NOTE 1 For geometries outside the given range of notional size, Anmnex B should be used
ﬁm =3 Llfcklffi NOTEZ  The vubuss of the crven cosllicient annly b o o = 35 MPs Far nther strenth in the ranee ol
(fx > 50 MPa)
fernos = 0,7 fcam J, ‘
faxops | 1,11 1311511820122 (25(27(29(12930(32(33[35] 36 (5 %-fractile) Cc
fer095 = 1,3 fitm
faxoos | 20125129133 (|38|142|46|49(53|54|56(59(62|64]| 6,6 (95 %-fractile) f cm ‘\
f k fex 0,4fcm
ed = Nee " Kee T
Yc @(tty) — p(teto) Ecm
E¢ = Et—o + (Ewc — Et=0)
we 1+ yo(tt.)
XP(LL 1
-
€1 €1 &
. 11 [fox dag
Rdemin — 7 " |7 "~
Yv fyd d
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) CODES AND CONCRETE WITH ALTERNATIVE BINDERS

Table 5.2 — Creep coelficient @(50y,t:) of plain concrete after 50 years of loading
Age at loading Dry atmospheric conditions Humid atmospheric conditions
to (RH=50%) (RH =80 %)
[d] b b
for strength
development classes of jmm) [mm)
concrete’

cs CN l CR 100 200 500 1000 100 200 500 1000

3 1 4.2 38 34 31 3.0 28 26 25

10 31 28 25 23 22 21 20 19

24 22 19 Ly 1.7 16 L6 L5

9 1.7 L5 L4 14 13 L2 1.2

i “ 14 13 11 1.0 10 09 0.9 08

compression L ) 2 | 079 | 075 | 072 | 071 | 068 | 066 | 084

NG a0 glven range of potional size, Anmex 8 should be used
b UCKI 1N - e etvon crmdficient analy b fo o = 36 MBs For nther strensth in the snes of
oc A
fcm f)\’
0,4fcm
ECII‘I

1 =

€1 €1 &
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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.

inmovation
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How to identify if a (material) property is the same?

Investigate a specific (material) property

Determine the behaviour of normal concrete and the variation

Determine the behaviour of the new concrete and the variation

|s the behaviour the same, is its variation within the same bandwidth of normal concrete
Yes, then NEN-EN1992-1-1 can be used with regard to this specific property

o wbhPE

m inmovation
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How to identify if a (material) property is the same?

Investigate a specific (material) property

Determine the behaviour of normal concrete and the variation

Determine the behaviour of the new concrete and the variation

|s the behaviour the same, is its variation within the same bandwidth of normal concrete
Yes, then NEN-EN1992-1-1 can be used with regard to this specific property

o wbhPE

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

m inmovation
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Some of the (material) properties are:

Compression strength
Tensile strength

Shear strength
Young’s modulus
Creep

Shrinkage

Bending

Buckling

. Stress - strain relation
10. Vibrations

11. Normal deformation
12. Linear expansion coefficient

OCONOOTAEWD

13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.

Relaxation

Bond

Long term strength
Durability

Cracking

Plasticity

Biaxial bending
Time dependent losses
of prestress
In-plane shear
Transverse bending
Torsion

24.
25.
20.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Punching

Punching shear

Ties

Deflection

Fatigue

Fatigue under shear
Fatigue under prestressing
Anchorage of bars
Anchorage of headed bars
Fasteners

Rotation capacity

Etc.

m inmovation
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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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) CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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




CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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

Walls suited for housing in the Netherlands
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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

e LxHxT=90mx3,0mx0,A0m
* Consequence class CC1

 Wind area |, Il and Il (not costal area)
* Design life 50 years

e Exposure class X0 or XC1

* Compression strength 45 MPa

* Hollow core slabs (floor system)

* Facade self-supporting

innovation
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) CODES AND CONCRETE WITH ALTERNATIVE BINDERS

Projects that are NOT within the scope




CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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

e LxHxT=90mx3,0mx0,A0m
* Consequence class CC1

 Wind area |, Il and Il (not costal area)
* Design life 50 years

e Exposure class X0 or XC1

* Compression strength 45 MPa

* Hollow core slabs (floor system)

* Facade self-supporting

innovation
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Compression strength
Tensile strength

Shear strength
Young’s modulus
Creep

Shrinkage

Bending

Buckling

. Stress - strain relation
10. Vibrations

11. Normal deformation
12. Linear expansion coefficient

©ONOOA~WDNPRE

The (material) properties to investigate are:

13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.

Relaxation

Bond

Long term strength
Durability

Cracking

Plasticity

Biaxial bending
Time dependent losses
of prestress
In-plane shear
Transverse bending
Torsion

24.
25.
20.
27.
28.
29.
30.
31.
32.
33.
34.
35.

) CODES AND CONCRETE WITH ALTERNATIVE BINDERS

Punching

Punching shear

Ties

Deflection

Fatigue

Fatigue under shear
Fatigue under prestressing
Anchorage of bars
Anchorage of headed bars
Fasteners

Rotation capacity

Etc.

innovation
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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.

innovation
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CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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.

innovation
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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.

m inmovation
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) CODES AND CONCRETE WITH ALTERNATIVE BINDERS

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

inmovation
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' CODES AND THE FUTURE

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

innovation
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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

' CODES AND CONCRETE WITH ALTERNATIVE BINDERS
A few initiatives

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

Assessment of existing structures
- probabilistic analysis

- inspection

- degradation [ ,
- monitoring 70 |/ esmsmasn

RS
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https://www.fib-international.org/publications/model-codes.html

CODES AND CONCRETE WITH ALTERNATIVE BINDERS

A few initiatives

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

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

Special Activity Groups
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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
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CODES AND THE FUTURE

Research projects:

ReCreate (EU funded) www.recreate-project.eu
GjenOm via LinkedIn
Re:Crete www.epfl.ch/labs/sx]
SXLxCRCL www.epfl.ch/labs/sx|
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