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Voorbeeld rekenmodel B4 o.b.v. artikel "Model B4 for Creep, Drying Shrinkage and 
Autogenous Shrinkage of Normal and High-Strength Concretes with Multi-Decade
Applicability1 - P. Bazant - R. Wan-Wendner - Materials and structures - april 2015 -
DOI: 10.1617/s11527-014-0485-2

Input tabellen Bazant:

≔T2

0 “N” “R” “S”
“τ_au,cem” 1.00 41.0 1.00

“r_τw” 3.00 3.00 3.00
“r_t” -4.50 -4.50 -4.50
“r_α” 1.0 1.4 1.0

“ε_au,cem” ⋅210 10-6 ⋅-84 10-6 ⋅0 10-6

“r_εa” -0.75 -0.75 -0.75
“r_εw” -3.50 -3.50 -3.50

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔T3

0 “N” “R” “S”
“p1” 0.7 0.8 0.9
“p2” 58.6 10-3 17.4 10-3 40.5 10-3

“p3” ⋅39.3 10-3 39.3 10-3 39.3 10-3

“p4” ⋅3.4 10-3 ⋅3.4 10-3 ⋅3.4 10-3

“p5” ⋅777 10-6 ⋅94.6 10-6 ⋅496 10-6

“p5H” 8.00 1.00 8.00
“p2w” 3.00 3.00 3.00
“p3a” -1.10 -1.10 -1.10
“p3w” 0.40 0.40 0.40
“p4a” -0.90 -0.90 -0.90
“p4w” 2.45 2.45 2.45
“p5ε” -0.85 -0.85 -0.85
“p5a” -1.00 -1.00 -1.00
“p5w” 0.78 0.78 0.78

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔T6

0 “k_ra” “k_εa”
“Diabese” 0.06 0.76

“Quartzite” 0.59 0.71
“Limestone” 1.80 0.95
“Sandstone” 2.30 1.60

“Granite” 4.00 1.05
“Quartz Diorite” 15.0 2.2

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔T1

0 “N” “R” “S”
“τ_cem” 0.016 0.08 0.010
“p_τa” -0.33 -0.33 -0.33
“p_τw” -0.06 -2.40 3.55
“p_τc” -0.10 -2.70 3.80

“ε_cem” ⋅360 10-6 ⋅860 10-6 ⋅410 10-6

“p_εa” -0.80 -0.80 -0.80
“p_εw” 1.10 -0.27 1.00
“p_εc” 0.11 0.11 0.11

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦



Input gegevens voorbeeld:

Cement Type applied: Type I Cement = Normaal volgens EC2 = N

≔CementType “N” (Kies N R of S)

≔t 112 Ouderdom beton ten tijde van bepaling krimp en kruip

≔t' 28 Ouderdom beton ten tijde van belasten

≔t0 28 ouderdom wanneer uitdroging begint

≔h 0.50 luchtvochtigheid in decimalen

≔fcm 27.6 MPa

≔VSratio 19.05 m Betonoppervlak / Omtrek ratio 

≔c 219.3 ――
kg

m3
Cement gehalte (massa per m^3 beton) 

≔wcratio 0.60 Water Cement ratio

≔acratio 7.0 "Aggregate/cement ratio in het mengsel (per massa)

≔σ 11.03 MPa Aangebrachte drukspanning in het beton

≔ρ 2350 ――
kg

m3
(Normaal beton 2350 / Lichtbeton volgens meting of RBK)

≔ks 1.00 Keuze Bazant voor voorbeeld niet specifiek gegeven.

≔kra 1.00 Keuze Bazant voor voorbeeld niet specifiek gegeven.

≔kεa 1 Is in voorbeeld op 1 gezet, min of meer toeslagmateriaal onafhankelijk

≔E28 =⋅4734 ‾‾‾‾‾‾‾‾⋅fcm MPa 24.87 GPa

≔R 8.314 gas constante

≔Uh =⋅R 4000 ⋅33.256 103 ≔Uc Uh ≔Us Uh



≔Uh =⋅R 4000 ⋅33.256 103 ≔Uc Uh ≔Us Uh

≔T 20 ≔Tcur 20

-----------------------------------------------------------------------------------------------------------------
Berekening:

Equivalente tijd voor verschillende temperaturen

≔βTs =exp
⎛
⎜
⎝

⋅―
Us

R

⎛
⎜
⎝

-――
1

293
――――

1
(( +T 273))

⎞
⎟
⎠

⎞
⎟
⎠

1

≔βTh =exp
⎛
⎜
⎝

⋅―
Uh

R

⎛
⎜
⎝

-――
1

293
――――

1
⎛⎝ +Tcur 273⎞⎠

⎞
⎟
⎠

⎞
⎟
⎠

1

≔βTc =exp
⎛
⎜
⎝

⋅―
Uc

R

⎛
⎜
⎝

-――
1

293
――――

1
(( +T 273))

⎞
⎟
⎠

⎞
⎟
⎠

1

Voor temperatuur gecorrigeerde ouderdom bij belasten

≔tc0 =⋅t0 βTh 28 [dagen]

Voor temperatuureffect gecorrigeerde expositietijd

≔tc =⋅⎛⎝ -t t0⎞⎠ βTs 84 [dagen]

≔t'dc =⋅t' βTh 28 [dagen]

≔tdc =+t'dc ⋅(( -t t')) βTc 112 [dagen]

Krimp 

≔τ0 =⋅⋅⋅τcem
⎛
⎜
⎝
――
acratio

6

⎞
⎟
⎠

pτa ⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

pτw ⎛
⎜
⎝

⋅6.5 ―
c
ρ

⎞
⎟
⎠

pτc
⋅15.55 10-3 [dagen]

≔D =⋅2 VSratio 38.1 m

≔τsh =⋅⋅τ0 kra
⎛
⎜
⎝

⋅ks ――
D

1 m

⎞
⎟
⎠

2

22.58 [dagen]

Uitdrogingskrimp

≔ε0 =⋅⋅⋅εcem
⎛
⎜
⎝
――
acratio

6

⎞
⎟
⎠

pεa ⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

pεw ⎛
⎜
⎝

⋅6.5 ―
c
ρ

⎞
⎟
⎠

pεc
⋅497.8 10-6



Krimpcorrectie voor effect veroudering op stijfheid 

≔RT =exp
⎛
⎜
⎝

⋅―
Uc

R

⎛
⎜
⎝

-――
1

293
―――

1
+T 273

⎞
⎟
⎠

⎞
⎟
⎠

1 Factor voor temp. effecten

≔dtemp =+⋅7 βTh ⋅600 βTs 607
Imput parameters voor 
E_temp≔dtijd =+tc0 ⋅τsh βTs 50.578

≔Etemp =⋅E28

‾‾‾‾‾‾‾‾‾‾‾⎛
⎜
⎜
⎜⎝

――――
dtemp

+4 ⋅―
6
7

dtemp

⎞
⎟
⎟
⎟⎠

26.76 GPa

≔Etijd =⋅E28

‾‾‾‾‾‾‾‾‾‾‾‾⎛
⎜
⎜
⎜⎝

―――――
dtijd

+4 ⋅―
6
7

⎛⎝dtijd⎞⎠

⎞
⎟
⎟
⎟⎠

25.7 GPa

Krimpcorrectie voor verouderingseffect op stijfheid

≔εsh∞ =⋅⋅-ε0 kεa ――
Etemp

Etijd

⋅-518.3 10-6

Tijdscurve

≔St =tanh
⎛
⎜
⎜⎝

‾‾‾
――
tc
τsh

⎞
⎟
⎟⎠

⋅958.64 10-3

≔kh
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
||

if ≤h 0.98
‖
‖ -1 h3

|
|
|

if >h 0.98
‖
‖ -12.94 (( -1 h)) 0.2

=kh ⋅875 10-3

Uitdrogingskrimp

≔εsh =⋅⋅εsh∞ kh St ⋅-434.7 10-6



Autogene krimp - eind

≔εau∞ =⋅⋅-εau_cem
⎛
⎜
⎝
――
acratio

6

⎞
⎟
⎠

rεa ⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

rεw

- ⋅37.82 10-6⎡⎣ ⎤⎦

Autogene krimp - halverwege

≔τau =⋅τau_cem
⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

rτw

3.94 [dagen]

Temperatuur gecorrigeerde Autogene krimpverkorting

≔α =⋅rα
⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

1.579[[ ]]

≔εau =⋅εau∞
⎛
⎜
⎜⎝

+1
⎛
⎜
⎝
―――
τau
+tc tc0

⎞
⎟
⎠

α⎞
⎟
⎟⎠

-4.5

⋅-36.971 10-6

Totale krimpverkorting

≔εsh_total =+εsh εau ⋅-471.7 10-6

Basiskruip bepaling

Invoerparameters

≔q1 =――
p1
E28

⋅28.15 10-6⎡⎣ ⎤⎦ ――
1

MPa

≔q2 =⋅―――
p2

1 GPa

⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

p2w
⎛⎝ ⋅230.68 10-6⎞⎠ ――

1
MPa

Aging viscoelastic creep

≔q3 =⋅⋅⋅p3 q2
⎛
⎜
⎝
――
acratio

6

⎞
⎟
⎠

p3a ⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

p3w

⋅9.185 10-6⎡⎣ ⎤⎦ ――
1

MPa
Non-aging viscoelastic creep

≔q4 =⋅⋅―――
p4

1 GPa

⎛
⎜
⎝
――
acratio

6

⎞
⎟
⎠

p4a ⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

p4w

⋅9.062 10-6⎡⎣ ⎤⎦ ――
1

MPa

≔r =+⋅1.7
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

0.12

8 10.54

≔Z =⋅
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

-0.5

ln
⎛
⎜
⎝

+1
⎛
⎜
⎝
―――

-tdc t'dc
1

⎞
⎟
⎠

0.1⎞
⎟
⎠

⋅177.46 10-3

≔Qf =

⎛
⎜
⎜
⎝

+⋅0.086
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

―
2

9

⋅1.21
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

―
4

9
⎞
⎟
⎟
⎠

-1

⋅181.785 10-3



≔Z =⋅
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

-0.5

ln
⎛
⎜
⎝

+1
⎛
⎜
⎝
―――

-tdc t'dc
1

⎞
⎟
⎠

0.1⎞
⎟
⎠

⋅177.46 10-3

≔Qf =

⎛
⎜
⎜
⎝

+⋅0.086
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

―
2

9

⋅1.21
⎛
⎜
⎝
――
t'dc
1

⎞
⎟
⎠

―
4

9
⎞
⎟
⎟
⎠

-1

⋅181.785 10-3

≔Q =⋅Qf

⎛
⎜
⎝

+1
⎛
⎜
⎝
―
Qf

Z

⎞
⎟
⎠

r ⎞
⎟
⎠

――
-1

r

⋅168.045 10-3

Basiskruip

≔C0 =++⋅q2 Q ⋅q3 ln
⎛
⎜
⎝

+1
⎛
⎜
⎝
―――

-tdc t'dc
1

⎞
⎟
⎠

0.1⎞
⎟
⎠

⋅q4 ln
⎛
⎜
⎝
――
tdc
t'dc

⎞
⎟
⎠

⋅59.95 10-6⎡⎣ ⎤⎦ ――
1

MPa

Uitdrogingskruip bepaling

≔q5 =⋅⋅⋅―――
p5

1 GPa

⎛
⎜
⎝
――
acratio

6

⎞
⎟
⎠

p5a ⎛
⎜
⎝
―――
wcratio

0.38

⎞
⎟
⎠

p5w
|| ⋅kh εsh∞||

p5ε ⎛⎝ ⋅660.9 10-6⎞⎠ ――
1

MPa

≔H =-1 ⋅(( -1 h)) tanh
⎛
⎜
⎜⎝

‾‾‾‾‾‾‾
―――

-tdc tc0
τsh

⎞
⎟
⎟⎠

0.5207

≔Hc =-1 (( -1 h)) tanh
⎛
⎜
⎜⎝

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――

-⎛⎝max ⎛⎝ ,t'dc tc0⎞⎠⎞⎠ tc0
τsh

⎞
⎟
⎟⎠

1

Uitdrogingskruip

≔Cd =⋅q5 ⎛⎝ -exp ⎛⎝ ⋅-p5H H⎞⎠ exp ⎛⎝ ⋅-p5H Hc⎞⎠⎞⎠
0.5 ⋅81.44 10-6⎡⎣ ⎤⎦ ――

1
MPa

Totale vergelijking

≔J =++q1 ⋅RT C0 Cd ⋅169.5 10-6⎡⎣ ⎤⎦ ――
1

MPa

Kruipvervorming onder constante spanning

≔ε =-⋅J σ εsh_total ⋅2.342 10-3⎡⎣ ⎤⎦



Overzicht niet zichtbaar weergegeven parameters

≔τcem =((vhlookup (( ,,,“τ_cem” CementType T1 “eq”)))) ⋅16 10-3⎡⎣ ⎤⎦

≔pτa =((vhlookup (( ,,,“p_τa” CementType T1 “eq”)))) - ⋅330 10-3⎡⎣ ⎤⎦

≔pτw =((vhlookup (( ,,,“p_τw” CementType T1 “eq”)))) - ⋅60 10-3⎡⎣ ⎤⎦

≔pτc =((vhlookup (( ,,,“p_τc” CementType T1 “eq”)))) - ⋅100 10-3⎡⎣ ⎤⎦

≔εcem =((vhlookup (( ,,,“ε_cem” CementType T1 “eq”)))) ⋅360 10-6⎡⎣ ⎤⎦

≔pεa =((vhlookup (( ,,,“p_εa” CementType T1 “eq”)))) - ⋅800 10-3⎡⎣ ⎤⎦

≔pεw =((vhlookup (( ,,,“p_εw” CementType T1 “eq”)))) 1.1[[ ]]

≔pεc =((vhlookup (( ,,,“p_εc” CementType T1 “eq”)))) ⋅110 10-3⎡⎣ ⎤⎦

≔εau_cem =((vhlookup (( ,,,“ε_au,cem” CementType T2 “eq”)))) ⋅210 10-6⎡⎣ ⎤⎦

≔rεa =((vhlookup (( ,,,“r_εa” CementType T2 “eq”)))) - ⋅750 10-3⎡⎣ ⎤⎦

≔rεw =((vhlookup (( ,,,“r_εw” CementType T2 “eq”)))) -3.5[[ ]]

≔τau_cem =((vhlookup (( ,,,“τ_au,cem” CementType T2 “eq”)))) 1[[ ]]

≔rτw =((vhlookup (( ,,,“r_τw” CementType T2 “eq”)))) 3[[ ]]

≔rα =((vhlookup (( ,,,“r_α” CementType T2 “eq”)))) 1[[ ]]

≔rt =((vhlookup (( ,,,“r_t” CementType T2 “eq”)))) -4.5[[ ]]

≔p1 =((vhlookup (( ,,,“p1” CementType T3 “eq”)))) ⋅700 10-3⎡⎣ ⎤⎦

≔p2 =((vhlookup (( ,,,“p2” CementType T3 “eq”)))) ⋅58.6 10-3⎡⎣ ⎤⎦

≔p2w =((vhlookup (( ,,,“p2w” CementType T3 “eq”)))) 3[[ ]]



≔p2w =((vhlookup (( ,,,“p2w” CementType T3 “eq”)))) 3[[ ]]
≔p3w =((vhlookup (( ,,,“p3w” CementType T3 “eq”)))) ⋅400 10-3⎡⎣ ⎤⎦
≔p3a =((vhlookup (( ,,,“p3a” CementType T3 “eq”)))) -1.1[[ ]]

≔p3 =((vhlookup (( ,,,“p3” CementType T3 “eq”)))) ⋅39.3 10-3⎡⎣ ⎤⎦
≔p4w =((vhlookup (( ,,,“p4w” CementType T3 “eq”)))) 2.45[[ ]]

≔p4a =((vhlookup (( ,,,“p4a” CementType T3 “eq”)))) - ⋅900 10-3⎡⎣ ⎤⎦

≔p4 =((vhlookup (( ,,,“p4” CementType T3 “eq”)))) ⋅3.4 10-3⎡⎣ ⎤⎦

≔p5w =((vhlookup (( ,,,“p5w” CementType T3 “eq”)))) ⋅780 10-3⎡⎣ ⎤⎦

≔p5a =((vhlookup (( ,,,“p5a” CementType T3 “eq”)))) -1[[ ]]

≔p5 =((vhlookup (( ,,,“p5” CementType T3 “eq”)))) ⋅777 10-6⎡⎣ ⎤⎦

≔p5ε =((vhlookup (( ,,,“p5ε” CementType T3 “eq”)))) - ⋅850 10-3⎡⎣ ⎤⎦

≔p5H =((vhlookup (( ,,,“p5H” CementType T3 “eq”)))) 8[[ ]]











C.2. Example 2: Simply supported prestressed beam
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Figure C.6: Strain over time for Scenario 2.b. 
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Scenario 3 is designed to illustrate the impact of omitting maturity effects from the creep analysis. 

For this example, only the compliance curve corresponding to a time of loading of 1 day is generated, 

being shifted for each subsequent loading time. Figure C.7 provides a visual comparison between the 

ground truth and the strain evolution when maturity effects are not considered. The observed deviation 

between the curves is approximately 22%. While the overestimation of strain over time when maturity 

effects are excluded might suggest a conservative prediction, as demonstrated in scenario 2.b, it is 

evident that overestimation is not a consistent outcome. Furthermore, the primary goal of this project is 

to develop a detailed finite element model for a balanced cantilever bridge, and disregarding maturity 

effects fails to capture the actual time-dependent behavior. 
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Figure C.7: Strain over time, Scenario 3. 
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