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Presentation of concrete models — Challenge for the fib Model Code 2020

m Boundary conditions for concrete worldwide

m Types and design of structural concretes in the future

m Classification of structural concrete in Model Code 2020
m Modelling of structural concrete and associated problems
m Models for strength, deformation and durability

m Conclusions and outlook
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Construction sector worldwide — some facts aémbn

m Concrete use correlates strongly with
the economical growth and the
development of the civil infrastructure

m Concrete is indispensible as building
material; annual production: 7 billion
m3/year; strong increase expected

m Concrete production is associated
with 6 - 8 % of the global CO,
emissions today; = sustainable
concretes will enter the market

m In developed countries rehabilitation
exceeds construction of new
structures
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Paths toward sustainable concrete aénbm

Al Minimal use of materials with significant influence on environmental impact

1. New bmder 2. Substitution N 3. Increase agg. - Standard concrete
materials by SCMs content

admixtu admixtt

— admixtures
water | |&4— water —— water
/| cement _ cement cement
SCMs SCMS <— SCMs
Celitement, e.g. fly ah (FA) or 0 ) t
calc. clays, .. blast furnace slag &% grege - aggregates
(BFS) and others
Binder / cement conte
1 m 3 00 KO ead 300 0 KO 1 m3
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Concrete development until today .géim@

Portland cement ca. 300 — 400 kg/ms3

empirical mix
design formulas

Concrete

v

empirical knowledge on pils
reaction mechanisms fib Model Code

for Concrete Structures
2010

Concrete strength

v
empirical knowledge
on microstructure

Deformation
behaviour

compendium
for concrete

_i modelling

Physical properties Durability
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Final shrinkage of concrete —
dependence on concrete strength
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Constitutive strength-based modelling of shrinkage

MC 1990: valid for NPC MC 2010: valid for NPC and HPC

gcs(t’ts):gs(fcm)'ﬂRH ‘/Bs(t_ts) &cs (s ) = Eapso ( fom ) s (1) + €oaso ( Fem) - Bru (1) Bas (t—15)
N\ J N\ J J

Y Y Y
total shrinkage & basic shrinkage &g, drying shrinkage &,
MC 2020: new concretes A o
NSC RH = 65%

strength-based modelling: — = = HSC

m to be kept for UHPC

f’

’7 drying shrinkage €,

m not to be kept for eco- — == == sealed

concrete and old concrete

L
=

/4
3 sealed
‘// » duration of drying t-t,
L\ / >

t, age of concrete t

shrinkage ¢

= different approach basic shrinkage &gy,
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Comparison of eco-concrete and éb
conventional concrete

W A [ eco-concrete: ¢ = 113 kg/m?, w/c = 0.64
g B concrete: ¢ = 320 kg/m?, w/c = 0.60
O
=
o)
=
()
Q.
conv. | _
100 %

compressive carbonation chloride capillary
strength depth migration suction

property
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Performance of eco-concrete — b
Strength based prediction and measurement Em

[ measured property
I prediction from strength (MC2010)
eco-concrete:

c = 100 kg/m3, w/c =0.65, f = 60 MPa

cm,cyl

performance

creep coefficient creep coefficient shrinkage shrinkage carbonation
unsealed sealed unsealed sealed depth
property
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Concrete development in the future sémé

new Composite Calcined Isochemical Others
binders CEM Clay Cements
@ @ ca. 100 kg/m3@ @

~
design
concept g @ performance based
and approach (lab testing)
testing
tools Properties: strength, durability, sustainability, functionality
7
advanced material
modelling (virtual lab)
new Microstructural understanding of strength formation, deformation
research properties and durability behaviour required
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Development of cement-reduced concrete b

Packing optimization KIT-virtual concrete mixture calculation

Micrasoft Excel - CIPM Packungsprofile.xsr

In Massi
= und Baustoffiechnologie
Abt. Baustoffe und Betonbau
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Angaben fiir Zeta-Messung:
Kurzbezeichung (Partikel)

Delta-Andreasen
Delta-Funk-Dinker

|Angaben fiir Rheometermessun
Profil

* | Zusammensetzung . CIPM .~ Ergebnisse CIPM . Materalen .~ Mischung (Aktuel) “Ergebnisse . Ausgabe .~ VBA Routinen t31 [« n |

Excel based software calculates optimal packing density based on the models of
Andreasen, de Larrard, Fennis and own works
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Virtual concrete design

12

Simulation of microstructure

EBeFIP

HydraFE

0.1 mm

pore space

Budelmann/Nothnagel

Qitd HdoaD

Beanrtzeshuber/Koster

Numerical tools to predict:
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Main objective of the chapter ,,Concrete” ﬁb
In the MC 2020 __CEBeFIP

m Provide the designer with input data on material properties
m for crude estimates
m for more sophisticated methods of design
m for FE applications

m Improvement of the models in chapter 5.1 of MC 2010 where necessary
m All types of structural concrete should be covered

Holistic approach of construction‘s life cycle:

Safety Strength

Stress and strain

Time effects
Temperature effects
Non-static loading
Deterioration processes

Serviceability

Material models

Durability

Sustainability
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Range of applicability

concrete strength
concrete type

concrete loads

tailor-made
concrete
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20 ... 60 (90) MPa
normal strength

20 ... 130 MPa

normal strength

high strength

lightweight (10 ... 90 MPa)
self-compacting

green (eco-concrete)

MC 1990 MC 2010 MC 2020

20 ... 130 MPa

normal strength

high strength

lightweight (10 ... 90 MPa)
self-compacting

green (eco-concrete)

ultra-high strength
(... 250 MPa)

m old concrete

different ranges of applicability, depending on the related load
(static, impact etc.); temperature range: mainly 0 °C < T <80 °C

reference to test standards
or recommendations
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Old concrete — the aging problem

compressive strength

-

loaded _ .
> 20%

unloaded

i_» no more
. hydration

L

28 d time (age)

carbonation depth

unloaded

*) depending on stress
type and stress level

m Aging can't be sufficiently described by hydration

>
time (age)

m Interrelation of actions (load, environment) plays a decisive role
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Old concrete — creep characteristics

16

creep strains, g,

Harald S. Muller — Workshop MC 2020: Concrete materials

young concrete

predictable
by models

old concrete

— o =

- - -~
-~ old preloaded
concrete

duration of loading, t-t,

dependent on age of concrete
and moisture content (size
and environment)

dependent on stress level, age
of concrete and moisture
content (size and environment)

For creep sensitive old structures tests are required.
However, creep of old concrete is very low.
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Classification of concrete with

modelling its performance

respect to

__CEBeFIP

4 ) f )
Conventional Non-conventional
Concrete concrete: NSC, HSC concrete
. J
type
g P new old [ UHPC ] [ ECO ] [ other ]
S J S J I I
4 ) ( N\ [ )
Model strength Ztrzgr;g(;[:] (grade) concrete performance
basis (grade) ¢ based on tests
g ) g )  performance
y
( \ (V N[ N[ 4 N[ N[ 1\
binder c [kg/m3] wi/c aggregates additions admixtures
Valldity \ J \, J \\ \ J \\ J \\ J
ranges of
stregngth- 8 CEM I \( \( (normaI/LWQ (type, R (type,
- CEM II 350 0.50 sand/gravel amount amount
aEEE CEM 1II + 150 +0.20 acc. to acc. to acc. to
or - R NS, CEN NS, CEN NS, CEN
\ similar J J \Oor ISO )\ _or ISO J\_or ISO )
& VAN J
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EBeFIP

Deformation
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Shrinkage prediction for Brazilian concretes

Test data and MC 2010 prediction

0 1 — — 0
T coo0e £
£ 1001 £
£ fom = 28,2 MPa = -100
= -200 ©
a (@))
w -300 £ -200
S -400 =
— —— c
T — » -300
£ -500 . . 3
< T 400 -
S 3
o ©
S O -500
= -500 -400 -300 -200 -100 O
< measured shrinkage [um/m]

Source: Kataoka, Luciana T.. Analise da deformabilidade por
fluéncia e retracéo e sua utilizacdo na monitoragdo de pilares de

concreto
0 20 40 60 80 100 The model predicts the total shrinkage defor-
time, t [d] mations for NSC and HSC very well. For HSC
@ Experiment -sealed — — MC 2010- sealed a poor prediCtion of basic Shrinkage was seen.
[} Experiment -RH = 60 % MC 2010-RH =60 % However thiS iS just One test!
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Constitutive modelling of shrinkage

MC 2010 and MC 2020

Ecs (tt ) cbso( cm)':Bbs (t) + gcdso(fcm)'ﬂRH (t)'ﬂds (t_ts)

\ AN J
Y Y

basic shrinkage &qpg drying shrinkage &

Extension in MC 2020 — final shrinkage JExtension in MC 2020 — time-development

Basic shrinkage:

Ecs (t’ts) chsl” cbs cdsl cds (t t ) ( ) ( \/_)
Dos\t)=1—exp{-0,2- &, -
\ _ _ \ adaption factors for
adaption factors Drying shrinkage: time-development
' [ 0.5
for final shrinkage p (t , ): (t S)
® 710,035, h2 +(t-t,)

Adaption factors to be determined from a few well-defined shrinkage tests
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Improvement of shrinkage prediction by short-term tests

Shrinkage model in MC 2020 I

Ees (t’ ts) = écbsl " Eops (t) + égcdsl "Eods (t’ts) adapted model: best fit \D

‘\\ for Ecps1y Scbs2y Scdstr Ecds2
adaption factors

test data

Time-development functions in MC 2020 >
. _ =
Basic shrinkage: =
n
© d<tt,<120d
B(t)=1-expl-02-£,,, ) E
Drying shrinkage: adaption factors
R t'+l ;
Bis(t.ty)= (t£) log— = const ’
2100858 bt (t-t) G J j+1

-
Duration of drying, t-t, log (t-t,)

Accuracy gain through tests: Coefficient of variation drops from V=30 % to V=10 %
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Constitutive modelling of stress-linear creep

Variable stresses and strain Constant stress

22

g, (1) =J(t.ty)- o, (to)+IJ(t’T) 86_(1),(1,c Product type model:

ot
t0
/‘P(t o) =Bi(to)- - Br(t—1o)
with:  J(tt,) = 1 (P(tt )
E. (t ) E. Summation type model:
E .
— t,t . ClI _
P(tto) = (Lto) o (t0) o(tt) =0, (tt,) + @ (t)—o, (tOJ)
Y
_ . delayed flow
Approximation: elasticity
€0 (1) = Both types of model may be
expressed as:
with: p(t,t )z0.80 total creep = basic creep + drying creep
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Creep prediction for Brazilian concretes

120

90

60 -
f. =282 MPa|

30 T

0

creep compliance, J [10%/MPa]

0
0 20 40 60 80 100
time, t [d]
® Experiment - sealed — =— MC 2010 - sealed

® Experiment -RH =60 % MC 2010-RH =60 %
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Test data and MC 2010 prediction

o 150 y
o /
c )
£ 120 + 30 %)
e
F / s
8 & g9 /! -
a g K .1-30 %
(e} / <
O 7
p o / 1l
5 —i 60 / 7
_c [ M) '/ //
o ™ /' gad
= / Al
o 30 77
§ /////
4+
o 0

0 30 60 90 120 150
measured creep compliance,

J[10°¢ /MPa]

Source: Kataoka, Luciana T.. Andlise da deformabilidade por fluéncia
e retracdo e sua utilizagdo na monitoragdo de pilares de concreto

The model predicts the creep deformations in
both cases within the expected scatter range
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Constitutive modelling of creep

MC 2010 and MC 2020

olt.t,) :\ﬂbc(fcm)°ﬂbc(t’t0)+ Be(fon)- BRH)- By (to)- B (t. )

J J
Y Y
basic creep drying creep
Extension in MC 2020 — Total creep Extension in MC 2020 — Time-development
Basic creep:

bc2

(0( ) Soet* Ph tt +é:dcl ¢dc(t t ) ﬂbc(t,to):m[( el ()035]2 MJrl]

\ / adaption factors

adaption factors Drying creep: for time-
for creep magnitude (t—t (%) development
By (t’to):( J

,Bh é:dc‘2/+ (t_to)

0,adj

Adaption factors to be determined from a few well-defined creep tests
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Improvement of creep prediction by short-term tests

Adapted creep model \
test data

Ot t) = Goes - Bt t0)+ S - 2 (0.1, adapted model: best fit 0
fOr Eyens Enezr Eens Guez =

adaption factors

Adapted time-development functions

Creep coefficient, @

Basic creep:

Boe(tty)= ln[[ﬂ+o,035J2 -M+1J

0,adj bc2

adaption t
j+1

Drying creep:
( Q/T‘( aciors log—= = const
Pyt =[ j l +1
R vEEaEy -
log (t-tp)

Duration of loading, t-t,

Accuracy gain through tests: Coefficient of variation drops from V=30 % to V=10 %
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__CEBFIP

Durability
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Deterioration processes and limit states

Reinforcement corrosion RN

overlap zone & damages

‘=-|llll‘--

S traaag,,

Actions and resistance

=t
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Deterioration processes and limit states

Reinforcement corrosion RN

Harald S. Miller — Workshop MC 2020: Concrete materials

Actions and resistance

Level of deterioration

Sao Paulo, 29 September 2017

overlap zone & damages
-
limit statels @
|
| initiaion | propagation "\ (i
v period period !
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Service life design — Basic approaches

Descriptive Concept

approach:

R-S>0

A SR

Action S, Resistance R

safety
margin

deemed to satisfy

-
Age of the structure t

Descriptive Concept of Eurocode 2, national standards

o action S resistance R
empirical / . . concrete
max w/c| min min ¢
data ambient conditions N/ Bz Ka/m? cover
(carbon. [[1 | [IN/mm?] | [kg/m°] (mm]
induced . .
corrosion) | XC 4 reinf. corrosion o oy | 30,37 | 300 40
alternate wet/dry
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Service life design — Basic approaches

Descriptive Concept

Probabilistic Concept

approach: R-S>0 approach: p(t) = p¢[R(t) — S(t) < 0] < Pyyrget
A S,R deemed to satisfy A S, R real performance
o
o o overlap zone
(&) R O -
= . 2l R concrete cover
+— : © 1
r- 3 / s @ \ A
& safety | 3 ] \ N
%) margin | @ 1 carbonation
<l T ! °1 s : development
= ! € - :
| g i
' - ; ' ——t—t——
S0 years ty Age of the structure t

Age of the structure t

Descriptive Concept of Eurocode 2, national standards

Probabilistic Concept of fio Model Code 2010

empirical
data
(carbon.

induced
corrosion)

action S

resistance R

. " maxw/c| minf3 | minc concrete
ambient conditions N/mma | ka/m? cover
[ | vmma | kgim] |
XC 4: reinf. corrosion 0.50 C30/37 300 40

alternate wet/dry

physical
models
(carbon.

induced
corrosion)

S =

X, (1) =\/2'ke K, (K -Rikeo +8)-Cs -t - W(H)

R =

C = const; ¢ = concrete cover
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Service life design — Basic approaches

Descriptive Concept:

- very simple but also very crude: ,deemed to satisfy”

- service life is fixed, e.g. 50 years; no information on other ages, e.g. 20 or 100 years
- no information on the failure probability (risk of failure, damage development)

Probabilistic Concept:

- overcomes all weeknesses of the Decriptive Concept

- needs damage models (not yet available for some deteroriation processes)
- needs statistical software and tests on concrete

= Target for MC 2020: Find compromise for everyday practice

31 Harald S. Muller — Workshop MC 2020: Concrete materials Sao Paulo, 29 September 2017 www.imb.kit.edu



Carbonation induced corrosion -— b
Simplified design aid i

Performance testing (ACC-Test, 28 days of curing and 28 days of testing)

. x Y R;%:c,o inverse effective carbonation resistance of concrete [(m?/s)/(kg/m?)]
Riacco = (_j T time constant for described test conditions (t = 420) [(s/kg/m?3)°-5]
Xe measured carbonation depth [m]
Design parameters
-1
Riacco Service life B oF
[(m?/s)/(kg/m?)] [years] [-] [%0]
1.7 5
50
high values 1.3 10
(> 1,7-1019 1.7 5
100
1.3 10
1.7 5
medium values 50 1.3 10
(1,7-10%0 —
1,9-101) 100 1.7 >
1.3 10
1.7 5
50
low values 1.3 10
(< 1,9-101) 1.7 5
100
1.3 10
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Carbonation induced corrosion -— b
Simplified design aid i

Performance testing (ACC-Test, 28 days of curing and 28 days of testing)

. x Y R;%:c,o inverse effective carbonation resistance of concrete [(m?/s)/(kg/m?)]
Riaceo = (_J T time constant for described test conditions (t = 420) [(s/kg/m3)%-9]
Xc measured carbonation depth [m]
Design parameters Design results
RZ\lcc,o Service life B p; Carbonation depth / Concrete cover ¢ [mm]
[(m?2/s)/(kg/m?3)] [years] [-] [%] Indoors [50 %] Outdoors [80 %]
1.7 5 95 75
50
high values 1.3 10 90 65
(> 1,7-101) 1.7 5 135 110
100
1.3 10 125 95
1.7 5 35 30
medium values 50 1.3 10 30 o5
(1,7-10%0 —
1,9-10-11) 100 1.7 5 50 40
1.3 10 45 35
1.7 5 20 15
50
low values 1.3 10 15 10
(<1.910%) HENO) (30) (20)
13 10 20 15
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Carbonation induced corrosion -— b
Simplified design aid (2) i

Limit state: Depassivation due to carbonation

Service life: 100 years Service life: 50 years
2.0 : : 2.7
R. = carbonation resistance “nedium R,
— 17— - 2.3
@
X 13 ¢ - 2.0
()
g
= | -y N < T < T 17
> 1.0 S :
"_c-é 07 | : Outdoor sheltered 113
S ; (RH = 80 %)
e |
X o3} | : 110
: |
0.0 ; ; — ; AL 0.7
10 20 30 40 50 60 70

Concrete cover ¢ [mm]
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Conclusions and outlook ,@Q

m  With respect to the variety of different concrete types to be addressed in MC
2020 the classical strength based approach for modelling concrete behaviour
has to be partially shifted towards a performance based modelling.

m Models for strength and deformation characteristics in MC 2020 will be
presented such that test results obtained on the respective concrete may be
introduced to improve the accuracy considerably.

m For the performance based concept for durability and service life prediction
suitable simplified design tools will be made available. These tools will be as
simple as the deemed-to-satisfy approaches of today but much more accurate.
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Thank you for your attention!
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