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Stresses in concrete are determined for stage | (uncracked concrete) at the top of the beam (oc sx),

bottom of the beam (C¢.uk) and the prestressing steel (ocp). A check is carried out to see whether
cracking according to EC2-1 section 7.3.2 (4) of the National Annex occurs. This is considered to

occur when tensile stresses in the transverse section (G¢t) exceed few/C.

If that is the case, fatigue is studied in Stage Il (cracked concrete).

When checking concrete compression stresses, G¢.uk = Gc.6k = 0 MPa shall be applied if the bending

moment(M) produces o. > 0 MPa (i.e. tension).

When checking stresses in the prestressing steel, 6s = o.*G¢p shall be applied if the bending moment

(M) produces G¢p < 0 MPa (i.e. compression).
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Number of sections

N:=2.pcs

Number of load cycles

N:=0.5-10° - cycles

Creep
Concrete
fori=35+MPa
Sorm=2.1<MPa
E,,=32-GPa
y.:=1.50 : ultimate state ULS according to EC2-1-1 table 2.1N
k; .+==1.00 : factor that considers time when loading starts according to SS-EN 1992-2
section 6.8.7. Value 1.00 is assumed according to TRVFS 2011:12.
ﬁL’L’ = 1
=15
a..:=1.00 . correction factor concrete resistance
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Prestressed tendons

Vsfari=1.15 : according to EC2-1-1 table 2.1N

E,:=195+GPa

o =1600+ MPa

o 2
Ap.—1110~mm

Section np qs
1 2 100
2 2 100
pee mm
Geometry
N:=2-.pcs
Section B B: BE: T T: H
1 1000 493 i 200 230 1000
2 1000 408 o0 200 230 1000
mm mm mm mm mm mm
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Parameter associated to Wohler curves for pretension
(SS-EN 1992-1-1- table 6.4N )
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k] =3 k2 =7

N,;:=10° «cycles Aogy. =120+ MPa
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Cross section properties (stadium I):

Section | A I qTE
1 1000 | 0,0833 500
2 1000 | 00833 500
B} m m* mm

+"field"
+"support”

Forces FAT-0 (load effects fatigue excl. pretension)

M > 0 corresponds to tension at "bottom" of beam / M < corresponds to tension at "top" of beam

N < 0 corresponds to compressive normal force / N > 0 correspond to tensional normal force

Section | BMmuso [N Mm M gn
| 630 ] =230 U] 00 +—"field"
2 630 0 2250 0 500 +"support”
= EMNm KN EMNm kN mm

Forces FORSP (load effects pretension incl. parasite forces)

Section | M porse | N pipse qw
1 0 -2301 500 +—"field"
2 o -2391 500 +—"support"
- kMNm kN min
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CALCULATION

Total tendon area
A'yi=A,em,

Forces FAT (load effect fatigue incl. pretension)

M,

max *—

MmaxAO + MFORSP

Niin. 1= Nyin. 10+ Nrorsp

M,in=M,yin. 0+ Mporsp

Niinn.2 3= Niiiin 20 + Nporsp

Section | Dmax | Muilin Bl mim N il 2
1 630 2391 -250 2391 |+ "field"
2 630 -2301 250 2391 |*+"support”
Nm KN Nm KN

Stress pretension
NFORSP
g, = —

P ’
4 p

Fatigue resistance concrete

Sok
Ve

fogi=0p+—=23.3 MPa : see EC2-1-1 equation 3.15

: . Jek i
s =K1 Beefoar |1 —————]=20.1 MPa : see EC2-1-1 equation 6.7.6
Jeafa=kie* Bec*fea ( 350 3iPa q

E-modulus quote

When determining neutral axis o is used, while a. is use when considering EC2-1 equation 7.9.

. (1+¢,)=183
E o ' - including creep

a,:= =6.1 : excluding creep
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Permissible stress tendon

logdap =1 logdog.; ; + log (Ao}m ‘.)

logdag.;

logAopy (logN )

logAog; +— logdog z ,—

logAop: +—logdag.: 1 — !

0.9+
0.6+

0.3+

logN; «— log (N;)

logAage 2+ log (fx)

logh, +— log (N;) — (Eogﬁaﬂsu— logAog; f) -k
if log < logN,

logAgg; +—logdag; »
if logN, <logN <logN;

fﬂgﬁlﬂ]\aﬂ: —fﬂgﬂﬂ'ﬂsk}
logN; —logN;

if logN>logN;

. (IﬂgN —loghN _,)
2

. (IagN; - !ogN)

0 0.8 1.6 2.4 3.2 I 1.8 5.6 6.4

logN

exp :=logAogy (log (N)) =3.204

Aogg =107 « MPa = 1600 MPa

Aoy,
Aogeyi=—"*F =1391 MPa

ys,fat

~

%)

v

Date: 11-29-2025

File: PROG B2_014.mcdx




Verification fatigue due to bending moment Page 8

PROG B2.014 / 2001-12-01

Defintions (stadium I)

Stress in uncracked concrete (stadium 1)
When o > 0 MPa tensional stress occurs If . < 0 MPa then compressive stress occurs.

— fctm

Octtill *= =1.4 MPa

Maximum moment:

_ ““allh.1 . :::u.u.
Yed1 ™ 3 = =arP
"“—uJJh | "'L.n_.u
@ = - -
cul A, I iTp
Ntk 1 Mmax \
o E'P 1 = 'I'l T T | L:TP - ‘}s !
- L.
Saction O cal T cul T opl T cto Stadium verification
1 65 1.7 () 0 = 14 StadiumII —"fpld"
2 65 1,7 02 | = 14 Stadium I ~"support’
S hPa MFPa MPa hPa 5
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Minimal moment:

H'rllih . }':mln
S0 3 T, \H-arp
Neh 2 Mo
Ol ™ A - L aTr
_ }“hlEh 2 }':mm (q q
L’\. B ¥ ¥ : -P -
cp A, L | 5
Section G2 Ceu2 Cep2 Cevs Stadiumwvenfication
1 09 -39 -16 < 14 StadiumI
2 09 30 3.6 = 14 Stadiuml
- MPa | MPa MPa MPa

4_ n ﬁE'].d"
—"support'
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Defintion (stadium Il

Moment resulting in tension at "bottom" of beam:

A

1

Moment resulting in tension at "top" of beam:

{
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Function - moment when normal force is moved to to center of cables (stadium II)

:'I:s mas = }':t'l'la‘.'i. = xl"l].“'l]. lq:\: = qs If }':r“a‘-'l 0 L\:Iﬂ
“Mmax * Neitm 1195 — ) Mpygy = 0kNm
M min = |Mmin = Namn 2198 — 9] f Mpy, > 0kNm

-Mpin * Natth 2185 — @) My, < 0kNm

Section | Mamm | Mams
1 1636 1206 |+ "field"
2 1636 1206 |*+"support”
- ENm ENm

Function - p:coordinate as function of g:coordinate

0.5|By + (By-By) —— |  q<(H-T,)

if (H-T,) <q<(H-T,)

| 3E9 g i My e

- I 1

X

i—q ; -
= pdg if My < 0kNm

Lo

f
2]
J
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Function - effective height

d= |E-gq, i My>0kNm

qg i My <0KNm
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Function - _calculation location of neutral axis (stadium Il

Maximal moment:

Xmax = |10 < 03H

Ie=—d=-g,
-
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Minimal moment:

Amin =

xg + 0.5H

:-—d—ec

i .
M min

A
P
ag
cC
Ny e il
\55 + U'EEE

whale ]?.1 - *'“I]'| [-mm

19+
b

z-—d—et

Y, |

e mmn

Summary location neutral axis:

Section X max X min
1 711 61 " field"
2 711 61 +~"support”
= mm mm

Date: 11-29-2025

File: PROG B2_014.mcdx




Verification fatigue due to bending moment Page 15

PROG B2.014 / 2001-12-01

Function - calculate concrete stress (stadium Il)

Maximum moment

Ceomax = |2+ d-¢
T
F 1‘5 max
e* =
Fe
g.. — —
ec A
L

Minimum moment:

Ocemin = |2 d-e,
M
F_‘ al | 5.min
Fe
G, ——
CC -“:&E
Summary:
Section U comax O cc.min
1 7 408 +"field"
2 7 408 +"support”
- MPa MPa
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Function - calculating design concrete stress

Maximum moment:

Sakl= IG:?&II % Oy < Tcran ” Ocpy < VP2
Secmaxy ¥ Teyl ” Terpll © Tepy < P2
NP2 othermise
Cukl™ |Ecu1| ¥ Oe51 < Tornll » Toyy < AP
Tcemax ¥ %cpl ” Tornll ~ Touy < 0MPa
OMPa otherwise
Section T ak.1 T wk
1 7 0 +—"fiald"
2 7 0 +—"support”
- MPa MPa
Minimal moment:

Ogk2 = |"':'v:02 i 02 < Ocqill » Tcp2 < OMPa
Ceecmn if el * Ternll * Ten INPa
0MPa otherwiss

Oukl ™ E°cu2 f G.52 < Ocpuill » Tey2 < OMPa
B e mmn if Oegd ” Ternll ™ Teu? ONPa
0MPa otherwise

Section T ak.2 T uk.2

1 1 4 —"fizld"
2 1 4 +—"support"
- hPa MPa
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Function - calculate stress prestress (stadium ll):

Maximum moment:

G, = lze—d-g_

v
}‘*ﬂﬂﬂ_‘

|

Minimum moment:

s.min © c

FE

O +— —

A

Summary:

Snitt | T gmax O 2min
1 34 5745
2 34 5745
- MPa MPa

"falt"
{—“Stlﬁd“
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Function - calculate steel stress in pretension cable

Maximum moment:

51 ™ |“smm if Gl:p | > 0MPa
Tep.1 %e if Ocp.l (AfPa
Minimal moment:
3= |9 min i -SEP:'_‘!]LTE
L—":p 7, if Ecp: 0AIPa
Summary:
Section T T 232
1 34 22 —"figld"
2 34 ) +"support”
= MPa MPa
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RESULTS

Verification of variation of stress in pretensioned tendons

Snitt LS S AT, AT puy
1 34 -22 56 < 1351
2 34 -22 56 < 1391
- MPa MPa MPa MPa
Verication proves satisfactory resistance !
Verification of concrete stress
( See SS-EN 1992-1-1 section 6.8.7 )
Results at "top" of beam:
may Ok 1-%5k 2
Ecdm.u._fquDK = f
cd fat
o MmOk )Tk
“cdminequOK = r
cd fat
R Eed min egu. OK
oK = 2
- Sedmas equ OK
ML.OK = EcdmaxequOK ™ 043 1 ~ Roqu 6K
M OK ™ Ecdmar equOK ~ 050 - E¢d min equOK
Stl:tl.l:rli O k.t O ak.2 T d.fmi EI T EH ] E |.rmin.mau R‘!'.I.I m na
] 6.9 09 20,1 035 0,04 0,13 0,73 0,80
2 69 09 233 030 0,04 0,13 0,70 0,76
- MPa MPa MPa - = = - -

Since n1 < 1.00 and n2 < 1.00 for all sections, resistance is satisfactory !

" fald"
+—"support’
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Results at "bottom" of beam:

MAE %k 1Ok 2
fod far

E

cdmarequUK =

mmlsukl.cuk:;

Eedmm equUK ~ f e
cd fat
Ecd_mm_eqlﬂ_'ﬁ_
Requ UK~ %
Eed max equ UK

MUK = Ecdmaxequuk + 043 /1 -Requuk

MUK~ EcdmuequL'K + 030 -E g min equUK

Section O k.1 T k.2 fud.rai Ecd.max.uqi | Exd.min.ugu Raqu m L
1 0,0 3.9 20,1 0,19 0,00 0,00 0,62 0,69
2 0,0 39 233 0,17 0,00 0,00 0,60 0,67
- MPa MNP MPa - - -

Since n1 < 1.00 and n2 < 1.00 for all sections, resistance is satisfactory !

—"figld"

—"support'
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