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Object: Beam L1 (verification of principal stress)

THEORY

Work procedure for determination of principal tensile stress in concrete adjacent to
prestressing tendon for Lk SLS:

For determination of the principal tensile stress, section constants are required.
Section constants needed to determine bending tensile stresses and shear stresses
associated with torsion (T) are entered directly into the program. Section constants
required to determine shear stresses associated with transverse shear (Q) are
calculated by program.

For the check, section constants denoted Type 1 are used for stresses associated with
prestressing. For other loads, section constants Type 2 are used.

Section constants Type 1: ungrouted section

Section constants Type 2: grouted section

The principal tensile stress (o)) comprises terms for bending tensile stress (o), shear
stresses associated with transverse shear (tq) and torsion (t1) according to the
formulas below.

0((1)=%-(q—yzp)+Aﬂ

IC c
S 1
TQ (q) = 7 .(tq()t) . Q TT:W. T
o g 2
o’,—z+ —+<‘L'Q+‘L'T>

o106k . principal tensile stress at top tendon level + 0.100 m

o ,uk : principal tensile stress at bottom tendon level — 0.100 m
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PRINCIPAL SKETCH

Definition cross section and forces

Definition of variables calculation
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INPUT

Number of sections

N:=Te.st

Cross section properties

Ungrouted cross section (type 1):

1""'1.'1 mif

1,119

1,112

1.119

1,119

1,119

1,119

1,119

m

W 2 mia

1,119

1.119

1,119

1112

1,119

1,119

1,119

B ection A I ¥ipl W Lok WorLug
1 4428 0,813 0,819 1567 2611
2 4428 0313 0319 1.567 2,611
3 4428 0813 0819 1,567 2,611
4 4 428 0313 0319 2447 1.301
3 4428 0813 0,319 1.500 2,432
6 4428 0,813 0.819 1.500 2,432
7 4428 0813 0319 1.300 2.432
- m m’ m m” e

Grouted cross section (type 1);

Section A I3 ¥ gl Worar | W
1 4 428 0313 0319 1.567 2,611
2 4428 0813 0819 1,567 2,611
3 4 428 0313 0319 1.567 2,611
4 4428 0813 0319 2447 1.501
3 4 428 03813 0319 1.500 2.432
i 4428 0813 0319 1.300 2.432
7 4428 0,813 0.819 1.500 2,432
- m m’ m m° e

m
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Geometry ( basis for calculation of tq )

Flange effects are handled the same as for torsion — not considered.

Section B, B B3 H T, T,
1 2300 2300 2300 1400 300 300
2 2300 2300 2300 1400 300 300
3 2300 2300 2300 1400 300 300
4 2300 2300 2300 1400 300 300
3 2500 2500 2500 1400 300 300
6 2300 2300 2300 1400 300 300
7 2500 2500 2500 1400 300 300
- mm mm mm mm mm mm
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Cable layout (max. 2 cable layers may be considered)

The position of the upper cable group is denoted: y s
The position of the lower cable group is denoted:  y

Section A n] ¥zl 17 ¥a2
1 2250 6 1,100 6 1,100
2 2250 6 1,100 6 1,100
3 2250 6 1100 6 1,100
4 2250 6 0280 6 0280
3 2250 ] 1,122 ] 1,122
6 2250 6 1,122 6 1,122
7 2250 6 1,122 6 1,122
- mm’ st m st m

Forces

Pretension load at time to & prestress losses at time t1_and t, :

Time - tg
9 action - . M pémsp N ropsp Qripsp | Trimsp
1 6%% 16.0% 17210 -30329 664 -12
2 6%% 16.0% 17210 -30329 664 -12
3 6%% 16.0% 17210 -30329 664 -12
4 6%% 16.0% -12933 31780 135 -19
3 6%% 16.0% 17698 30122 -1703 43
6 6%% 16.0% 17698 30122 -1703 43
7 6%% 16,0% 17698 30122 ] 43
= = = KNm kN kN EMNm
Load combination SLS (_excl. pretension ) :
Section Mars Nars Qa8 Tars Remark

1 -11322 -3137 2307 1117 Min M

2 -3308 -2169 2076 2083 MazT

3 0840 2054 2334 1047 Max ()

4 0206 -2266 -115 320 Max M

3 -1394 3 -1716 -1236 2057 Min M

6 -11927 -1540 -2103 2497 MnT

7 -13267 -1991 2476 -1593 Win Q)

= ENm kN kN EMm =

Date: 11-24-2025

File :

PROG B2_004.mcdx



Stress service state: trapezoid cross section

PROG B2.004 / 2001-12-01 ( T028 )

Page 6

CALCULATION

Level top tendon + 100 mm ( denoted "6k" )

Yok =Ys2+0.1om

Level bottom tendon - 100 mm ( denoted "uk" )

yuk:zysl_o'l *m

Function - p:coordinate as function of q:koordinat

. [ q 1.
= 05' + »—B 3) [ < -T2
plq) |_B3 (B> 3 H-T3_| if q<(H-T ;|
[ q-H+T3]
05{B>+|B;-By)———— | f (H-TH)<g=(H-T]
S £ T:—T;_ -
05By f (H-T1)<q<H

Function - static moment at "bottom" of grouted section

¥uk
Suk = 7-’ p(@{yp2-q/dg f yux< yep
*0m
H
2 | p(a)-(H+ v tp2—4q) dq otherwise
¥ uk

Function - static moment at "top" of grouted section

*H
Sk = |2 p(@-(H+ypr—qldg i yar2 ¥
Jy ox
¥ ok
2 P(Q)-(ytp2—q) dq otherwise
*“0m

Function - thickness att "bottom"

tuk = 2-pl ¥ uk)
Function - thickness at "top"
tok = 2-ply k)

Function - constant shear flow at "bottom

Sk
[e2tuk

ky =

Function - constant shear flow at "top"
Sak
Leatak

kak =
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Principal tensile stress
Time to
Bending-tensile stress:
0 = 0-%
Mrorse.( 1 —nwo) Mg s
Tpk0 = \ yo— ¥ip1) — { yor — yip2) -
Ii:I ¢l
Nrorsp{1-nw) Nsis
+ +
Ay Ao
Mrorsp 1 —nw) Mst s
Sukd = d| Yipl = Yuk) + ("tpl ~ Yuk)
I 2
Nrorsp{1-nw) Nsis
¥ +
Aq Ao
Shear force stress:
tQek0 = ko Qsts + Qrorse{1-neo) |
tQuk0 = kuk{ Qsts + Qrorse( 1 - nwo) ]
Torsional stress:
Trorspl1—mw)  Tsis
TTak0 = = g e
Wtk Wik
Trorspl1 —nw)  Tsts
TTukd = - + —
Wotuk Wik
Principle tensile siress:
2
_ Ouk0  [%uk0 2
owuk = —— + [— +( | Quko| + [r ko)
2
Oek0 | 9ok0 2
owak = ——+ [——+ (|rako| + |rToko|)

Date: 11-24-2025

File: PROG B2_004.mcdx



Stress service state: trapezoid cross section
Page 8

PROG B2.004 / 2001-12-01 ( T028 )

Time t1_:

Bending-tensile stress:

Mrorse-( 1 —nu) Mg s :
Cokl = — L ‘(_Yok'Ytpl}_T'[_}'ﬁk_Y ) ...
1 3
Nrorsp(1-nu) Nsis
- -
Aqg Ao
Mgorse{ 1 - nu1) ~ Mgis | -
Gukl = » {yip1 — yuk) + - (¥ep2 — Yuk) -
Nrorsp{1-nu) Nsis
+ 4
Aqy Ao

Shear force stress:

rQaki = kok| Qsts + Qrorsp-(1 —nu) |
T Quk1 = ku{ Qsts + Qrorse-(1 —nu) |
Torsional stress:

Trorsp| 1 —nu1) " Tsis
Weisk Wy sk

TT.okl

Trorse-( 1 = nu) : Tsis

T - =
TU.L]. “"‘.] uk “?\*: LI.L'.

Principle tensile stress:

2

Ctluk = Gikl + Gu_;d +(|rQuk1| + [Tk )?
2

tlsk = Gikl b= | qaea| + [rrox] )’

e _’
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Time t,

Bending-tensile stress:

MFORSP'I 1 _11t3| I: } MSLS ( ]
Gal-y = — A vag — — A var — Vind .
ok 2 X4 | Yok — Ytpl ¥ Yok — Yip2
- Nrorsp{1-ne2) Nsis
- -
Ay Ag
Mrorsp-(1 - 1) - Mgis
Cuk2 = ytp1 — yuk) + A ¥tp2 — Yuk) -
L1 I2
Nrorsp-(1—n2) Nais
4 +
Agy Ao

Shear force stress:

tQok2 = kok| Qsts + Qrorse(1 —ne) ]

tQuk2 = kuk[ Qsts + Qrorse(1—ne) ]

Torsional stress:

Teorse 1 —ne) . Tsis

I

T T.ok2 = =
Wi sk Wik

Trorsp-( 1 —np) . Tsis
Wotuk Wiauk

TTuk2 =

Principle tensile stress:

£
-

Suk) | Suk2 3

Tuk = ——+ [— +( |t quiz| + [r 12| )
y.

Ogk)  |%ok2 2

ook = ——+ |——+| |*Qeka| + [rT.ak2|)

Date: 11-24-2025

File: PROG B2_004.mcdx



Stress service state: trapezoid cross section

PROG B2.004 / 2001-12-01 ( T028 )

Page 10

RESULTS

Calculated cross-sectional properties

Section |  Vuk Luk Suk Ky Y& t gk 5 ax ks
1 1000 2500 1,019 0.301 1200 2500 0,460 0226
2 1000 2500 1019 0,301 1200 2300 0,460 0226
3 1000 2500 1,019 0.301 1200 2500 0,460 0226
4 130 2500 0,328 0.161 380 2500 0,398 0294
3 1022 2500 0953 0.460 1222 2500 0,404 0,190
i 1022 2500 0,953 0,469 1222 2500 0,404 0,199
7 1022 2500 0953 0.460 1222 2500 0,404 0,190
= mimn mim m’ 1/m* mim mimn m’ 1/m’
Bending-tensile stresses
to 1y ts
Section T uk T &k T uk T &k Tuk T &k
1 8,87 |-10,32| -8,23 | 942 7,16 -7,93
2 -9,32 |-11,51| -B68 | -10,62 7,61 917
3 9,16 |-10,97| -8,52 | -10,08 7,45 -8,58
4 -10,56 | -9,66 | -952 | -B.B1 7,79 7,40
3 -8,13 | 905 | -7.45 | -B.12 6,33 -6,56
5 -8,59 |-10,01| -7.92 | -0.08 -6,80 -7.,52
7 8,36 | 945 | -769 | -B51 -6,56 -6,96
- MW Pa MP a MPa MPa MPa MPa
Principle tensile stresses
to ty tz
Section | TlLuk [0 | ax| Tluk [T | &k G|, uk o | 8k
1 0,17 0,11 | 019 | 0,12 0,23 0,15
2 0,24 0,23 | 026 | 0,25 0,31 0,29
3 0,19 011 | 0,21 | 0,12 0,25 0,14
4 0,01 ooo0 | oo1 | o001 0,01 0,01
3 0,80 047 | 083 | o051 0,90 0,60
8 0,83 054 | o8 | o058 0,92 0,67
7 0,37 024 | D40 | 027 0,46 0,32
- MPa M Pa M Pa MPa MPa MPa
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