Moment capacity: rectangular cross sections Page 1

PROG B1_001/2002-03-06 (T003)

Object: Beam L1 - moment at bottom M(T)

PRINCIPLE SKETCH
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INPUT

Concrete ( C30/37, C35/45, C40/50 ., C45/55 och C50/60 )
BTG :=“C30/37”

Dimension rebars ( $10, $12, $16, $20, $25 och $32 )
¢:=16mm

Quality rebars ( B500 och Ks60 )
TYP:=“B500”

Calculation of rebars at "bottom" reinforcement ( K = -1) or "top" reinforcement ( K = +1)

K:=—1

Concrete cover

TB:=50emm+ 16 +mm =66 mm

Permissible crack width

Wy i = 0.40 « mm

Size larget ballast

stenmax :=32 «mm

Minimal distance c/c rebars

S, =125 «mm

min *

Location of centroid "compressed" rebars ( measured from compressed edge concrete

dyyyer =50« mm
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Material concrete coefficients
y.pi=1.50 : ultimate state / ULS see EC2-1-1 table 2.1N

7.5:=1.00 : service state / SLS
Material rebar coefficients

Yeui=1.15 : ultimate state / ULS see EC2-1-1 table 3.1

v, 5:=1.00 : service state / SLS

Correction factors of concrete resistance

a..:=1.00

a..:=1.00

Factors for tension-elongation determination of concrete resistance

4:=0.80 : see EC2-1 equation 3.19

: see EC2-1 equation 3.20
n:=1.00

Factors for determination of crack width

k;:=0.80 : see EC2-1 section 7.3.4
: see EC2-1 section 7.3.4

ky:=0.50
ky:=7- ¢ _ 1.697 : see VVFS section 21.13

B
k,:=0.425
k,:=0.40 : see EC2-1 section 7.3.4
Gori=1.7 . effective creep
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Number of sections

N:=9-«pcs

Spann length
L:=60m

Geometry & forces

=L B H M= Nups Mg 5 Nars 8N
0,000 1000 750 1 0 1 0 373
0,123 1000 730 400 0 100 0 373
0,250 1000 750 300 1] 200 0 373
0,373 1000 730 T00 1] 300 0 373
0,500 1000 730 L] 0 400 0 373
0,623 1000 730 T00 1] 300 0 373
0,730 1000 730 300 0 200 0 373
0,875 100:0 730 400 0 100 1] 373
1,000 1000 730 1 ] 1 1] 373
= mm mm ENm N kMm EM mm
f=30.0 MPa Jetk 0.0s=2.0 MPa Jetk 0.95=3.8 MPa &.,=0.0035 E.,=32.8 GPa
=16 mm =500 MPa E ;=200 GPa
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CALCULATION

Concrete

Ultimate state (ULS):

Seaui=0c* Jok =20 MPa : see EC2-1-1 equation 3.15
Yeu

Soud = aa-f"’k—o'(” =1.35 MPa : see EC2-1-1 equation 3.16
Yeu

Service state (SLS):

Sedsi=0cc* Jek =30.0 MPa : see EC2-1-1 equation 3.15
Ves

Soud = aa-wzzm MPa : see EC2-1-1 equation 3.16
Ye.s

Reinforcement

Ultimate state (ULS):

f}d}uz=fy_"=435 MPa
Ys.U
E,y=E;=200 GPa

Service state (SLS):

fra S::fy_'k: 500 MPa

Vs.s

E,gi=E,=200 GPa

Elastic modulus

Value o is used to calculate location of neutral axis, while value o is uses when applying EC2-1
equation 7.9.

E.s‘,S
o=

-(1+4,)=164 : including creep

cm

0,:=——=—=06.1 : excluding creep

Largest numer of rebars per layer

Ny = flOOT (i)

Smin

Mer =[8 8 8 8 8 8 8 8 8]
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Largest amount of reinforcement per layer

2
Amwc S gy T ﬁ
2

Apax " =[1608 1608 1608 1608 1608 1608 1608 1608 1608 ] mm’

Eree distance between each layer

FA:=max (1.5+¢,stenmax+5+mm) =37 mm

Function - effective height

d= |H-(TB+054) if Lagee = 1

. (TB+054) Ayt (TB+ 1.54 +FA) (A — A
A

H

(2TB+204 + FA Apu+ (IB+ 254 + 2 FA | Age — 2-Apy)

if I.Hagq =2

Aot

g GTB454 + 3FA Ay, + (TB+3.59 + 3FA A —3-Aryd

Ao

Function - number of layers

f Lag., =3

d Lag,,

A
Lag= |1 f — <1
Ampy
TR —— £
Apax
3 f2<—%3
Agax
. A
4 f 3 < 4
‘-‘LI"..JE.
bl i 22 54
'-H'I'.".HE
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Function - moment after moving normal force to level of reinforcement armering:

M= |fK=-
M, « My -Ny[ea— (h— )] if My> 0kNm
M, « 0-kNm if My < 04Nm

if K=1

M, «—-My-Ny{d-e,) if My < 0-kNm

M; «0-ENm o My > 0-kNm

Limit values for balanced reinforcement

a)bal ::#.: 0493

1+ fyd,U

Eeu® Es.U

Mg 3= Opg* (1 - w;al) =0.372
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Function - distribution of total reinforcement per layer

Lager = |ff LagAni= 1

Lag +———
=4
4

Lag, « 10

Lag +0

Las 10
f Lazint= 2
Lag « Npay

Ac

Laz «—
=

Lag «0

if Lagint= 4

Lag « Ngys

Lag < Nmux

Lag + N
As

Lag «-

x4

i
-

-
Fe

-3N

max
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Function - aligorithm for determination of ultimate moment (ULS)

Aopnrr= |while Lag> Lagint

LazAnte— | agAnt+ |

de — d Ay LazsAnt H. Agy)
My « MMy Ny H.dy ex)

. My
my & min ——— My
d"_':--B':E:-'_'..T.,'
@y 1- fl.— :{I:I.:
Lau

A +—o Bd,—

JH

-

Moy —meg B-dyy £av
d Ma > M
dy +—d, - d'u'_.:k

My - Moy

- =

- Frav-dee

ctheaw =
i; «— (mm

Ap + 0mm™
Nu

Lavu
bl

A, «—0mm o A, < Omm

Ag A+ Ags

d, o

Ay o —

Function - determination of neutral axis SLS

= |lae039
z . \ Ngd| Aw
e JYI_ L.} Ml T.—Jil—-{l—a‘;.a
21-a| 3/ M | bd

Function - determination tension rebars SLS

% 8
Os +

_.J.,‘dfl--:

-H.' | ila."

[P Tt
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Function - aligorithm determination SLS

Agmx = |while wy «— wiqgp+ 0.lmm

.‘:{!:

lasAnte—Tadl A, A,
d: L d.l_“:.!_ _T_.a%"lﬂlH._L___n}
while [wy > W gy ~ (Lazant= 1)

Ay Ay +x

‘

LasAnteLagl Ay Ay
d—dlA LazdntH A_)
Gy 05| Mg s Ngp s A, B H. 4 =)

x| As. 41 Mg s Ngs. B H =
fye +min 2 5{H- &) '-hf”.i}

A s+ heB

A
Ppet & 37—
patt 5 —

Femxt k3 IB+ kpdnd

Pp.eer
£
R Al poasl
0oy Pp et 06on
Ap +—
Es Es E.s
2
Gs1 — ks = 11+ o ppast]
Do o7
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RESULTS

Intermediate results - loadcombination SLS

X A W d Az S max P p.eff Gs X h =
0 402 0,02 676 | 0,00001 1363 | 0,002174 4 a3 185
0.75 1005 0,29 676 | 0,00047 613 0,005434 | 157 122 185
1.50 1407 0,32 676 | 0,00068 470 0,007608 | 226 140 185
225 1608 0,38 676 | 0,00089 425 0,008655 | 298 148 185
3.00 2011 0,39 665 | 0,00102 ara 0,010215| 325 159 197
3.74 1608 0,38 676 | 0,0008% 425 0,008655 | 298 148 185
4,50 1407 0,32 676 | 0,00068 470 0,007608 | 226 140 185
525 1005 0,29 676 | 0,00047 613 0,005434 | 157 122 185
6.00 402 0,02 676 | 0,00001 1363 | 0,002174 4 a3 185
m mm” mim mim - mm - ©MPa mim mim
intermediate results - loadcombination ULS
X My Ag d g Ay da: m Mgzl X
0 1 3 676 0 1] 0,000 0372 1]
0,73 400 1392 676 1] 0 0,044 0372 EHH
1.30 300 1762 672 0 0 0,033 0372 43
223 T00 2337 637 0 0 0,081 0372 60
3.00 000 3400 646 0 0 0,108 0372 a2
3,73 00 2337 637 1] 0 0,081 0372 60
4.50 300 1762 672 1] 0 0,053 0372 483
3,23 400 1392 676 0 0 0,044 0,372 38
6,00 1 3 676 0 0 0,000 | 0372 0
m kNm Y mm i mm = = mim
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Reinforcement SLS

X A Layer 1 Layer2 Layer 3 Layerd
0 402 2 0 1] 0
0,73 1003 3 0 0 1]
1.50 1407 7 0 0 0
223 1608 3 0 0 0
3.00 2011 3 2 1] 1]
3,73 1608 3 0 0 0
430 1407 7 1] 1] 0
323 1003 3 1] ] ]
6.00 402 2 0 ] 0
Reinforcement ULS
Tenszion rebars Compressive rebars
x Ay Lagl Lag2 Lag3 Lag4 A Antal
0 3 0 0 0 0 0 0
0.73 1392 7 1] 0 1] 0 0
1,50 1762 8 1 0 1] 0 0
21235 2337 8 3 0 0 0 0
3,00 3400 8 : 1 0 0 0
3,73 2337 8 3 0 1] 0 0
4.50 1762 8 1 0 0 0 1]
523 1392 7 0 0 0 0 0
6.00 3 0 1] 0 1] 0 0
m mm” pCs pes pCs pCs i pCs
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The curtailment of longitudinal reinforcement according to EN 1992-1-1 section 9.2.3
A simplified method according is used where a;= d is assumed along entire beam.

CurveC:=|for d4reaec 1..(N—1)

d

a; + 1.0-max (d end)

Start ¥
if "Isf C >‘43f‘
— dArea

Aren+1

Xyze, —R_+L+a
Area Arega

A st Cstart, -’155
= Area Area

X, +—R «L+4aj
e”ai-lma Arsa+1 =z

4 5t Cend —d st
= Area A

if 4 st <Ay
drea

Area+1

"t'.‘;f.ﬂ'."f +—R oL — ﬂi—
Area Area

Ao —A4
st Cstart, L1

X — R «L—a;
e”d,{n_'a Area+1 =

4 st C.end = As!
= Area Area+1
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Diagram over required reinforcement

—3450
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Chosen reinforcement

Table format:

Pos Focter Layer g Hend ! g Cc 1
1 -1 1 1.0 T0 16 4 230 200
2 -1 1 -0 70 16 4 230 200
3 -1 2 1] 6.0 16 4 250 200
4 -1 2 Lo 30 16 4 230 200
3 -1 3 ] 45 16 2 300 200
6 -1 X ] 0 ] 0 ] ]
7 -1 X 1] 0 1] 0 1] 1]
8 -1 X 1] 0 1] 0 1] 1]
g -1 x 0 0 0 0 0 0
10 -1 X 1] 0 1] 0 1] 1]

Date: 12-04-2025

File :

PROG B1_001.mcdx




Moment capacity: rectangular cross sections

PROG B1_001/2002-03-06 (T003)

Page 15

Function - graphic visualization:

RebarX (Pos) = Xstart,, RebarArea(Pos):=|| 45 —0 m’
” forjel..Pos
'1?."1{2'?0-: ¢ -:
AS— ASH 1y T —
J <
Diagram for graphic visualization:
B } 1 : 3 6 g
—650
—950
—1250
—1550
—1850
Rebardrea(1) (mm*) —2180
RebarArea(2) (mm2 > 2450
RebarArea (3) (mm2 ) ~2750
RebarArea (4) (mm2 > ~3050
RebarArea(5) (mm2 > 50
—3650
RebarX (1) (m
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Diagram over required reinforcement

Starting point and endpoint of diagram:

xR

start S

—1.0 m

XR,gi=L+1.0 m=T7 m

Function - create resistance curve for chosen rebars:

“:R-Q?Id - -VRsl'.:m
A Xpi=——————

99

CurveR (i):=

xR, Xstart,

Xp, X5t + Iy
P4 I i
YRy < Xend — l b,

xR_i N xendj

N
ARI +— 0 mm”~

9

AR, — nrebari T

Ap — nrebarl_ ;e
E

,
Ap «—0 mm~
4

RebarR_::" for Pos € 1..10

J

¢Z

j=1l oo

-

n

4

if x <xR <x
srmPas i EmrPa.s

CurveR (i) :=

As —As+K, gy, - linterp (Cun:eR (Pos)
a5

le = xstartl,

sz Xstart, + lb.
1 1
xR3 Xend. — lb,
1 1
xR4 Xend,
1

2
AR1<—0 mm

AR2 S nrebarl. *TTe

AR3 = nrebar[. “Te

2
Ap «—0 mm
4

§)]

o
P

2)
, CurveR (Pos) ,xR

AR :=XRyypt+ Axg+ (/ - 1)

)
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PROG B1_001/2002

Diagram for graphic visualization:

K'Ast C <mm2>

KA, <mm2>

L e e e

K+Ags <mm2 >

RebarR (mm2 >

200

1900

—2250

—2600

—2950

3300

3650

D ]
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