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Real Creep and Shrinkage Calculation of a T-Beam Prestressed CS -

Design Code Family(s): EN

Design Code(s): EN 1992-1-1

Module(s): CSM

Input file(s): real_creep_shrinkage.dat
1 Problem Description

The problem consists of a simply supported beam with a T-Beam cross-section of prestressed concrete,
as shown in Fig. 1. The nodal displacement is calculated considering the effects of real creep and
shrinkage, also the usage of custom (experimental) creep and shrinkage parameters is verified, the
custom (experimental) parameter is taken from fib Model Code 2010 [1].
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Figure 1: Problem Description

2 Reference Solution

This example is concerned with the calculation of creep and shrinkage on a prestressed concrete cs,
subject to horizontal prestressing force. The content of this problem is covered by the following parts of
EN 1992-1-1:2004 [2]:

» Creep and Shrinkage (Section 3.1.4)
» Annex B: Creep and Shrinkage (Section B.1, B.2)

The time dependant displacements are calculated by multiplying the length of the beam with the creep
(€cc) and shrinkage (€cs) strain:

+ the creep deformation of concrete is calculated according to (EN 1992-1-1, 3.1.4, Eq. 3.6)

+ the total shrinkage strain is calculated according to (EN 1992-1-1, 3.1.4, Eq. 3.8)

3 Model and Results

The benchmark 21 is here to show the effects of real creep on a prestressed concrete simply supported
beam. The analysed system can be seen in Fig. 4 with properties as defined in Table 1. The tendon
geometry is simplified as much as possible and modelled as a horizontal force, therefore tendons are
not subject of this benchmark. The beam consists of a T-Beam cs and is loaded with a horizontal
prestressing force from time t; = 100 days to time t; = 300 days. The self-weight is neglected. A
calculation of the creep and shrinkage is performed in the middle of the span with respect to EN 1992-
1-1:2004 [2]. The calculation steps are presented below and the results are given in Table 2 for the

SOFiSTiK 2022 | Benchmark No. 21 3


https://www.sofistik.de/documentation/2022/en/verification/_static/verification/zip/dce-en21.zip

29

=2%% 1 1
<> SOFIiSTiK Real Creep and Shrinkage Calculation of a T-Beam Prestressed CS

calculation with CSM. For calculating the real creep and shrinkage (RCRE) an equivalent loading is
used, see Fig. 2 and Fig. 3.

The time steps for the calculation are:
to = 7 days, t1 = 100 days, t> = 300 days, tewo = 30 years

Equivalent loading used by CSM

tox tmm} nummumul
Real loading
IEEERERERRETETRR
® shrinkage
loading
@ creep
‘—_\
% | t [days]
tsto t; =100 t, =300 too =30 yr.
Figure 2: Creep, shrinkage and loading displacements
Equivalent loading used by CSM
tox tmm} mummmml
Real loading
IEEERERERRERETRY
+creep +shrinkage — “loading — —+shrinkage -creep
+loading —
— +shrinkage
- . . t [days]

ts to t1 =100 to =300 teo =30 yr.

Figure 3: Equivalent loading and displacement for real creep and shrinkage (RCRE)

The benchmark contains next calculation steps:

1. Calculating the shrinkage displacements before loading.
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2. Calculating the displacements when loading occurs at time t; = 100 days.

3. Calculating the displacements (creep and shrinkage) at time before the loading is inactive (t; ~
300 and t2 < 300 days).

4. Calculating the displacements at time when the loading is inactive (t; & 300 and t; > 300 days).

5. Calculating the displacements at time t3 = 30 years.

Table 1: Model Properties

Material Properties

Geometric Properties Loading (atx =10m) Time

C 35/45 h=120cm Np =—900.0 kN to =7 days
Y 1770 befr =280.0 cm ts = 3 days
RH =80 hg=40cm
bw=40cm
L=20.0m
L
Figure 4: Simply Supported Beam
Table 2: Results
Result CSM [mm] Ref [mm].
Alao1s -0.688 -0.688
Algo20 -0.847 -0.8431
Alag2s -1.455 -1.45314
Algo30 -1.298 -1.29814
Algo3s -2.167 -2.08

SOFiSTiK 2022 | Benchmark No. 21 5



Real Creep and Shrinkage Calculation of a T-Beam Prestressed CS

3.1: Concrete

3.1.2: Tab. 3.1: Ecm, fek and fem for
C 35/45

3.3: Prestressing Steel

0o stress in concrete

to minimum age of concrete for loading
ts age of concrete at start of drying
shrinkage

t age of concrete at the moment consid-
ered

3.1.4 (6): Eq. 3.8: €5 total shrinkage
strain
3.1.4 (6): Eq. 3.9: €4 drying shrinkage
strain

4 Design Process'

Design with respect to EN 1992-1-1:2004 [2]:°
Material:

Concrete: C 35/45

Ecm =34077 N/mm?

fek =35 N/mm?2

fem =43 N/mm?

Prestressing Steel: Y 1770

Load Actions:

Self weight per length is neglected: v = 0 kN/m (to simplify the exam-
ple as much as possible)

At x = 10.0 m middle of the span:

Neg =—900 kN
A=280-40+60-80=16000 cm?

Calculation of stresses at x = 10.0 m midspan:

Negq  —900
Oc=——

= =—0.05625 kN/cm? = —0.5625 N/mm?
A 16000

1) Calculating the shrinkage displacements before loading
e Calculating creep:

According to EN 1992-1-1 the creep deformation of concrete for a con-
stant compressive stress 0. applied at a concrete age to is given by:

€cc = ¢(t, to) - (0c/Ecs)

Because 0. = 0 (before loading), creep deformation is neglected and
GCC = O

e Calculating shrinkage:

to = 7 days
ts = 3 days
t =100 days

teff =t—1to=100—7 =93 days
€Ecs = €cdt €ca

€cd(t) =Bas(t, ts)-kn-€cd,0

"The tools used in the design process are based on steel stress-strain diagrams, as
defined in [2] 3.3.6: Fig. 3.10

2The sections mentioned in the margins refer to EN 1992-1-1:2004 [2], [3], unless
otherwise specified.
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The development of the drying shrinkage strain in time is strongly de-
pends on Bys(t, ts) factor. SOFiISTIK accounts not only for the age at
start of drying ts but also for the influence of the age of the prestressing
to. Therefore, the calculation of factor B¢s reads:

Bds = ,Bds(t: ts)— ,Bds(to' ts)

PR o > I . o

T (t—t)+0.04-/h3  (to—t)+0.04-/n3
1003 7-3

Bae ( ) ( )

© (100—3)+0.04-V4003 (7—3)+0.04-/4003
Bdgs =0.232—0.01235 =0.22026

kn=0.725 for ho =400 mm

€cd0=0.85 [(220 +110- ags1) - €XP (—O(dsz Jem )]-10—6-3RH

fcmo

1.55(1 (RH)3 1.55(1 (80)3 0.7564
Prn =1. RHo) | 100) |
43
€cd,0 = 0.85 [(220 +110-4)-exp (—0.12 . E)]10—6-0.7564

€cd0=2.533-10"*
€cd = Bds *Kh* €cd,0

€cg=0.22026-0.725-2.533-10"4=—-4.04-10">

Drying shrinkage:

€cd =—4.04-107>

€ca(t) = Bas(t) - €ca(o0)
€ca(0)=2.5(fxx—10)-10"6=2.5.(35—10)-10"°

€ca(00) =6.25-107> = 0.0625 /o0

Proportionally to B4s(t, ts), SOFiSTIK calculates factor B4s as follows:
Bas = Bas(t) — Bas(to)

Bas=1— e 02Vt _ (1 _ e—o.z-ﬁ) — e 0.2:4/Tg _ g—0.2:vE

Bas = 0.4537

€ca(t) = Bas(t) - €cal(o0)
€cq(t) =0.45377-6.25-10">

Autogenous shrinkage:

SOFiSTiK 2022 | Benchmark No. 21

3.1.4 (6): Eq. 3.10: Bys

3.1.4 (6): ho the notional size (mm) of
the cs hg = 2A./u=500 mm

3.1.4 (6): Tab. 3.3: kp coefficient de-
pending on hg

Annex B.2 (1): Eq. B.11: €¢q,0 basic
drying shrinkage strain

Annex B.2 (1): Eq. B.12: Brx
RH the ambient relative humidity (%)

Annex B.2 (1): ags1, 0gs1 coefficients
depending on type of cement.
For class N ags1 = 4, agsp = 0.12

3.1.4 (6): Eg. 3.11: €.q autogenous
shrinkage strain

3.1.4 (6): Eq. 3.12: €¢q(0)

3.1.4 (6): Eq. 3.13: Bas
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€ absolute shrinkage strain
negative sign to declare losses

Ecs calculated “ideal” cross section
modulus of elasticity for concrete and
reinforcement steel

to minimun age of concrete for loading
ts age of concrete at start of drying
shrinkage

t age of concrete at the moment consid-
ered

3.1.4 (6): Eq. 3.8: €5 total shrinkage
strain
3.1.4 (6): Eq. 3.9: €4 drying shrinkage
strain

Eca(t) =—-2.84- 10_5

Total shrinkage:

€cs =€ca+t €cd

€cs=—2.84-10"°+4(—4.04)-107°> =—6.881-10">
Calculating displacement:

Aly,cs =€cs-L/2

Aly s =—6.881-107>-10000 mm

Aly,cs =—0.6881 mm

2) Calculate displacement when loading occurs at time t; = 100
days at x = 10.0 m midspan

UC=E55'€

S
Ecs=Eem+ — -E
CcS cm AC S

178.568
Ecs =3407.7 + -20000
16000—178.568

Ecs =3407.7 + 225.729

E.s =3633.42 kN/cm? = 36334.29 N/mm?

o —0.5625
€=—=——— =-1.55-10"3

Ec.s 36334.29

Al

€=T—)A12=€'L/2

Al; =—1.55-10"3-10000 mm =—0.155 mm

3) Calculating the displacement (creep and shrinkage) at time be-
fore the loading is inactive (t; ~ 300 and t; < 300 days)

to = 100 days
ts = 3 days
t =300 days

teff =t—to =300—100 =200 days

e Calculating shrinkage:
€cs =€cd + €ca
€cd(t) = Bas(t, tS) - Kn - €cd,0

The development of the drying shrinkage strain in time is strongly de-
pends on Bys(t, ts) factor. SOFiSTiK accounts not only for the age at
start of drying ts but also for the influence of the age of the prestressing

Benchmark No. 21 | SOFISTiK 2022
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to. Therefore, the calculation of factor B4s reads:

Bds = Bds(t, ts) — Bas(to, ts)

o) (=t
T (=t + 0.04-1/h3  (to—ts)+0.04-4/h3
(300—13) (100-3)

ds = -
(300—3)+0.04-4/4003 (100—3)+ 0.04-v4003
Bas = 0.2487

kn =10.725 for ho =400 mm

€cd.0=0.85 [(220 +110-ags1) - €Xp (—O{dsz -J{C’" )]-10—6-3RH

cmo

80 \3
1.55 1—(—) =0.7564
100
43
€cd,0 =0.85 [(220 +110-4)-exp (—0.12 . 1—0)]10‘6-0.7564

€cd,0 =2.533-107%

€cg =0.24874-0.725-2.533-10"4=—-4.57-10>

Drying shrinkage:

€cg=—4.57-10">

€ca(t) = Bas(t) - €cal()
€ca(0)=2.5-(fck—10)-10"°=2.5(35—10)-10"°

€ca(00) =6.25-107> = 0.0625 °/o0

Proportionally to B4s(t, ts), SOFiSTIK calculates factor B4s as follows:
Bas = Bas(t) — Bas(to)

Bas=1— e—0.2:vt _ (1 _ e—o.z-/E) — e 0.2:4/Tg _ g—0.2:4F

Bas = 0.104

€cal(t) = Bas(t) - €ca()

€ca(t)=0.1040-6.25-10">

Autogenous shrinkage:

€ca(t) =—6.502136-10°

Total shrinkage:

SOFiSTiK 2022 | Benchmark No. 21

3.1.4 (6): Eq. 3.10: Bus

3.1.4 (6): ho the notional size (mm) of
the cs hg = 2A./u=500 mm

3.1.4 (6): Tab. 3.3: kp coefficient de-
pending on ho

Annex B.2 (1): Eq. B.11: €cq,0 basic
drying shrinkage strain

Annex B.2 (1): Eq. B.12: Bry
RH the ambient relative humidity (%)

Annex B.2 (1): ags1, 0gs1 coefficients
depending on type of cement.
Forclass N atgs1 = 4, 0gs2 = 0.12

3.1.4 (6): Eq. 3.11: €4 autogenous
shrinkage strain

3.1.4 (6): Eq. 3.12: €cq(0)

3.1.4 (6): Eq. 3.13: Bgs
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€cs =€cqt €Ecqa
€cs =—6.502136-1076 + (—4.57)- 1075

€cs =—5.218-10">

€ absolute shrinkage strain
negative sign to declare losses

Calculating displacement:
Alz,cs =€cs-L/2
Alz cs =—5.218-107>-10000 mm

Als cs =—0.5218 mm

e Calculating creep:

Annex B.1 (1): Eq. B.1: ¢(t, to) creep ¢(t, tO) = ¢O : Bc(t' tO)

coefficient

Annex B.1 (1): Eq. B.2: ¢ notional ¢O = (PRH . B(fcm) . B(to)
creep coefficient
1—-RH/100
1} + 02

—oa
0.1- 3/ho

Annex B.1 (1): Eq. B.3: @ry factor for QOrH = [1 +
effect of relative humidity on creep

16.8
Annex B.1 (1): Eq. B.4: B(fcm) factor B(fcm) = =16.8/¥43=2.562
for effect of concrete strength on creep vJcm
r 35 40.7
Annex B.1 (1): Eq. B.8c: a1, a2, a3 a; =|— =0.8658<1
coefficients to consider influence of con- -fcm i
crete strength
r 35 10.2
ap=[—| =0.9597<1
_fcm J
r 35 40.5
az=|—| =0.9022<1
_fcm J
0] [1 1-80/100 0 8658] 0.9597=1.1852
RH = + ——- 0. - V. = 1.
0.1- ¥400
Annex B.1 (1): Eq. B.5: B(to) factor B(to) = T o308
for effect of concrete age at loading on (0. 1+ tg' O)

creep

9 lo§
Annex B.1 (2): Eq. B.9: to,r tempera- to = tO,T |\ 13 +1 > 0.5
ture adjusted age of concrete at loading 2+ tO,.T

adjusted according to expression B.10

Annex B.1 (3): Eq. B.10: tr temper- tr = Z?:l e—(4000/[273+T(At;)]-13.65) , At;

ature adjusted concrete age which re-

places t in the corresponding equations tO,T =100- e—(4000/[273+20]—13.65) =100-1.0=100.0

0
Annex B.1 (2): Eq. B.9: a a power = to =100- (—12 + 1) =100
which depends on type of cement 2+ 100+
ForclassNa =0 1
B(to) = =0.383

(0.1+1000-20)

The coefficient to describe the development of creep with time after

10 Benchmark No. 21 | SOFiSTiK 2022
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loading can be calculated according to EN 1992-1-1, Eq. B.7.:

(t—to) ]0-3
(BH + t—to)

In SOFiSTiK it is possible to modify and use custom creep and shrink-
age parameters, for more details see AQUA and AQB Manual. In our

case we are using the equation from fib Model Code 2010[1] (to verify
and show the MEXT feature in SOFiSTIK):

BC(tI tO) = [

(t—to) v (to)
PN ECON
(BH + t—to)
where:
! ! 0.3773
V(to) = 3.5 35 265
2.3+ — 2.3+ ——
Vto J/100

With MEXT NO 1 EIGE VAL 0.3773the exponent 0.3 can be modified to
0.3773.

(t—to)
(BH + t—to)
Br=1.5-[1+(0.012-RH)*8]-ho+250-a3 < 150003

]0.3773

Bc(t, to) = [

Br=1.5-[1+(0.012-80)'8]-400+ 250-0.9022
Br=1113.31<1500-0.9022 = 1353.30

= Bc(t, to) = 0.4916

¢0 = ¢rH * B(fem) - B(to)
¢o=1.1852-2.5619-0.383 = 1.1629

¢(t, to) = ¢o - Bc(t, to)

¢(t, to) = 1.1629-0.4916 = 0.57

pefs(t, to) = 0.57/1.05 = 0.5445

According to EN, the creep value is related to the tangent Young’s
modulus E., where E. being defined as 1.05 - E.;;. To account for
this, SOFISTIK adopts this scaling for the computed creep coefficient
(in SOFISTIK, all computations are consistently based on Ecm).

Calculating the displacement:

Oc

ECC(tI tO) = ¢(t1 tO) ——
ECS

—0.5625

— =-8.82430-10"°
36334.29

ecc(t, to) = 057 .

Al
€=T —’Al?,lcc:ecc'L/z

SOFiSTiK 2022 | Benchmark No. 21

Annex B.1 (1): Eq. B.7: Bc(t, to) co-
efficient to describe the development of
creep with time after loading

fib Model Code 2010; Eq. 5.1-71a

fib Model Code 2010; Eq. 5.1-71b

Annex B.1 (1): Eq. B.7: Bc(t, to) co-
efficient to describe the development of
creep with time after loading

Annex B.1 (1): Eq. B.8: By coefficient
depending on relative humidity and no-
tional member size

Annex B.1 (3): The values of ¢(t, to)
given above should be associated with
the tangent modulus E¢

3.1.4 (2): The values of the creep coef-
ficient, ¢(t, to) is related to E., the tan-
gent modulus, which may be taken as
1.05-Ecm

11
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to minimun age of concrete for loading
ts age of concrete at start of drying
shrinkage

t age of concrete at the moment consid-
ered

3.1.4 (6): Eq. 3.8: €5 total shrinkage
strain

3.1.4 (6): Eq. 3.9: €q drying shrinkage
strain

3.1.4 (6): Eq. 3.10: Bgs

3.1.4 (6): hg the notional size (mm) of
the cs hg = 2A./u =500 mm

3.1.4 (6): Tab. 3.3: kp coefficient de-
pending on ho

Annex B.2 (1): Eq. B.11: €cq,0 basic
drying shrinkage strain

Annex B.2 (1): Eq. B.12: Brux
RH the ambient relative humidity (%)

Annex B.2 (1): ags1, 0gs1 coefficients
depending on type of cement.
Forclass N ags1 = 4, ags2 = 0.12

12

Alz,cc =—8.82430-10%-10000 mm =—0.08824 mm

4) Calculating the displacement at time when the loading is inac-
tive (t; ~ 300 and t; > 300 days).

At this step the loading disappears therefore:

Alg =—Al, =0.155 mm

5) Calculating the displacement at time t3 = 30 years.
to = 300 days

ts = 3 days

t=11250 days

teff =t—to=11250—300=11950 days

— 11950/365 = 30 years

e Calculating shrinkage:
€cs = €cd+ €Eca
€cd(t) = Bas(t, ts) - kn - €cq,0

The development of the drying shrinkage strain in time is strongly de-
pends on B4s(t, ts) factor. SOFISTIK accounts not only for the age at
start of drying ts but also for the influence of the age of the prestressing
to. Therefore, the calculation of factor B¢s reads:

Bds = Bds(t, ts)— Bds(tol ts)

PO G B G o >
T =t + 0.04-1/h3  (to—ts)+0.04-1/h3
(11250 — 3) (300—3)

ds = -
(11250—3)+0.04-+/4003 (300—3)+0.04-+4/4003
Bas = 0.49097

kn =0.725 for hg =400 mm

€cd,0=0.85 [(220 +110- 0gs1) - €XP (—Gdsz -J{C’" )}-10—6-/3,3,4

cmo

1.55(1 (RH)3 1.55|1 (80)3 0.7564
Bru=1. RHo) |~ 100) |
43
€cd0=0.85 [(220 +110-4)- exp(—O.lZ : E)]-10—6-0.7564

€cd,0=2.533-10"%

€cd = Bas(t, ts) - kn-€cd,0

Benchmark No. 21 | SOFiSTiK 2022
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€cqd = 0.49097-0.725-2.533-1074=-9.02-107>

Drying shrinkage:

€cg=—9.02-10">

eca(t) = ,Bas(t) . eca(oo) 3.1.4 (6): Eg. 3.11: €.q autogenous
shrinkage strain
€ca(®)=2.5-(fck—10)-1076=2.5(35—10)-107° 3.1.4 (6): Eq. 3.12: €ca((00)

€cq(0) =6.25-107° = 0.0625 °/o0

Proportionally to B4s(t, ts), SOFiSTIK calculates factor B4s as follows:

Bas = Bas(t) — Bas(to) 3.1.4 (6): Eq. 3.13: Bas
Bas=1—e02VE_ (1 _ e—o.z-‘/E) — e 0.2:4/Tg _ g—0.2:4F

Bas =0.03130

€cal(t) = Bas(t) - €ca(o0)

€caq(t) =0.03130-6.25-10">

Autogenous shrinkage:

€ca(t)=—1.95632-10°

Total shrinkage:

€cs = €cat+ €Ecd

€cs =—1.95632-107°%+(—=9.02)-107°

€cs =—9.212-107>
€ absolute shrinkage strain
negative sign to declare losses

Calculating displacement:

Als,cs = €cs-L/2

Als s =—9.212-107>-10000 mm

Als s =—0.9212 mm

e Calculating creep:

o(t, to) = do - Bc(t, to) Annex B.1 (1): Eq. B.1: ¢(t, to) creep
coefficient
¢o0 = OrH - B(fem) - B(to) Annex B.1 (1): Eq. B.2: ¢o notional
creep coefficient
P [1 1—RH/100 }
RH = + — a1 (02 Annex B.1 (1): Eq. B.3: ¢grpy factor for
0.1- 3\/ ho effect of relative humidity on creep

SOFISTiK 2022 | Benchmark No. 21 13
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Annex B.1 (1): Eq. B.4: B(fcm) factor
for effect of concrete strength on creep

Annex B.1 (1): Eq. B.8c: o1, a3, a3
coefficients to consider influence of con-
crete strength

Annex B.1 (1): Eq. B.5: B(to) factor
for effect of concrete age at loading on
creep

Annex B.1 (2): Eq. B.9: to,7 tempera-
ture adjusted age of concrete at loading
adjusted according to expression B.10

Annex B.1 (3): Eq. B.10: tr temper-
ature adjusted concrete age which re-
places t in the corresponding equations

Annex B.1 (2): Eq. B.9: a a power
which depends on type of cement
ForclassNa =0

Annex B.1 (1): Eq. B.7: Bc(t, to) co-
efficient to describe the development of
creep with time after loading

Annex B.1 (1): Eq. B.7: Bc(t, to) co-
efficient to describe the development of
creep with time after loading

Annex B.1 (1): Eq. B.8: By coefficient
depending on relative humidity and no-
tional member size

14

16.8
B(fem) = =16.8/4/43=2.562
Vfem
r 35 H0.7
a1 =|— =0.8658<1
_fcm_
r 35 ~0.2
oy =|— =0.9597<1
_fcm_
r 35 10.5
az =| — =0.9022<1
_fcm_
0] [1 1-80/100 0 8658] 0.9597 =1.1852
RH=|1l+——5—"-0. - 0. =1.
0.1- ¥400
B(to) =

(0.1+ %)

9 a
to=to,7-| ——=+1]| =>0.5
(2+fé;% )

tr = Z?:l e—(4000/[273+T(At,')]—13.65) - At;

to,r = 300 - e~(4000/[273+20]-13.65) = 300-1.0 = 300.0

0
=>t0=300-( +l) =300

2 +30012

= 0.3097

Alto) = 1515300029

The coefficient to describe the development of creep with time after
loading can be calculated according to EN 1992-1-1, Eq. B.7.:

(BH + t—1to)
In SOFiSTiK it is possible to modify and use custom creep and shrink-
age parameters, for more details see AQUA and AQB Manual. In our

case we are using the equation from fib Model Code 2010[1] (to verify
and show the MEXT feature in SOFiSTiK).

ﬁc(tl to) = |:

With MEXT NO 1 EIGE VAL 0.3773 the exponent 0.3 can be modified to
0.3773.

(t—to)
(BH+t—to)
Br=1.5-[1+(0.012-RH)8]-hg+250-a3 <1500 a3

i|0.3773

,Bc(t' to) = |:

Br=1.5-[1+(0.012-80)18]-400+250-0.9022
Br=1113.31 < 1500-0.9022 = 1353.30

= Bc(t, to) =0.9641
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% SOFiSTiK

¢0 = drr - B(fem) - B(to)
¢0=1.1852-2.5619:0.3097 =0.94067
¢(t, to) = ¢o - Bc(t, to)

¢(t, to) =0.94067:0.9641 =0.91

defr(t, to) = 0.91/1.05 = 0.8637

According to EN, the creep value is related to the tangent Young’s
modulus E., where E. being defined as 1.05 - E,;. To account for
this, SOFiSTiK adopts this scaling for the computed creep coefficient
(in SOFISTIK, all computations are consistently based on Ecm).

Oc
€cc(t, to) = ¢(t, to) - —
Ecs

(t, to) = 0.91 —0-3625 _ | 4087.10-5
€cc(t, to)=0.91- ———— =—1, 10~
cetno 36334.29

Al
€=T _)AIS,CC=€CC'L/2

Als cc =—1.4087-107>-10000 mm =—0.1408 mm

CALCULATING THE DISPLACEMENT:

- 4010 stripping concrete

Algo10 = 0 mm

- 4015 K creep step

Algo15 = Aly,cs

Algo15 =—0.688 mm

- 4020 Start loading A

Alagro =Aly,cs + Al

Alag20 =—0.6881—0.155

Alag20 =—0.8431 mm

- 4025 K creep step

Algo2s = Aly,cs + Al + Alz,cs + A3,cc
Algo25 =—0.6881—0.155—0.08824—0.5218
Algg25 =—1.45314 mm

- 4030 Stop loading A

Algozo =Al1,cs + Al + Alz cs + Alz,cc — Aly

Algp30 =—0.6881—-0.155—-0.08824—-0.5218+ 0.155

SOFiSTiK 2022 | Benchmark No. 21

Annex B.1 (3): The values of ¢(t, to)
given above should be associated with
the tangent modulus E.

3.1.4 (2): The values of the creep coef-
ficient, ¢(t, to) is related to E., the tan-
gent modulus, which may be taken as
1.05-Ecm
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Algo30 =—1.29814 mm

- 4035 K creep step

Algo3s = Algo30 + Als,cs — Als, cc

Algp35 =—1.29814—-0.9212 + 0.140

Algo3s ~—2.08 mm
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5 Conclusion

This example shows the calculation of the time dependent displacements due to creep and shrinkage.
It has been shown that the results are in very good agreement with the reference solution.
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