POS. 1: OPENING RECTANGLE

girder opening
design calculation acc. to DIN EN 1992-1-1 (EC 2) / NA: Deutschland (4H-BETON version: 11/2007-41)

m method acc. to Heft 399, DAfStb
Agal asput  Asol rectangular section
g ] width b1 = 30.0 cm height d1 = 50.0 cm

; 5; . | reinforcement edge distance

O Ay | Ase2 I top : hot =3.0 cm hu = 2.0 cm

= | Brorwen oo e wwener | 04 00 ) bottom: hoz = 2.0 cm huz = 3.0 cm

Y1 IBhLRIBRAYIEYY opening

ol m' asmw Aan 1A =75.0cm ha =20.0cm e =10.0 cm
| Ia | design calculation values - design loads

Ned,m = 100.0 kKN Ved,m = 50.0 KN Med,m = 312.5 kNm

design calculation (distr. factor from flange stiffn.)
design method for large openings
general rules for detailing reinforcement not considered !
zero crossing of moments at -0.10 IA = -7.6 cm from left opening edge

reinforcem.BSt 500 (A)

concrete C30/37 top :
material safety ys =1.15, y¢ = 1.50 NEd,o = -835.7 kN Ved,o = 44.4 kN
MEd, 01 3.4 kKNm Mgd,or = 43.4 kN

Asol = 5.5 cm? Asur = 5.5 cm?

|VEd,o | < Vrd,et = 57.0 kN

minimum reinforcement: asgi1 = 2.78 cm2/m
bottom:

Ned,u = 935.7 kN Ved,u = 5.6 kN

Med,u1 = 0.4 kNm Med,ur = 5.4 kN

Asoz = 8.0 cm? Asuz = 14.7 cm?

VrRd,ect = 0.0 kN < |VEd,u | < VRd,max = 95.6 kN
totally in tensile zone: 0 = 45.0° (not decisive)
minimum reinforcement: aseiz = 2.78 cm2/m
supporting reinf.: Ag,a1 = 0.7 cm?2 Ag,ar = 2.9 cm?

selected:| upper flange, Aso1: 2 @ 20 = 6.3 cm? > 5.5 cm?
Asur: 7 @10 = 5.5 cm? = 5.5 cm?
aseql : @6 / 20 cm (2-shear) = 2.83 cmZ/m > 2.78 cmZ/m
lTower flange, Asoz: 6@ 14 = 9.2 cm? > 8.0 cm?
Asuz: 5 @20 = 15.7 cm? > 14.7 cm?
asgiz : @6 / 20 cm (2-shear) = 2.83 cm2/m > 2.78 cm?/m
left hang.sh., Aq,a1 @ 1 @8 = 1.0 cm? > 0.7 cm?
(2-shear) Ag.Aar : 3@ 8B =3.0cm? > 2.9 cm?

reinforcement drawing:
scale 1 : 25
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material properties
concrete| fck « €c2 €c2u Nc Ecm fetm
MN/m2 - %o %o - MN/mZ  MN/m?

C30/37 ‘30.0 0.850 -2.00 -3.50 2.00 32836.6 2.896

design value of compression strength fcd = o fok / ve
strain at reaching the maximum strength ec2, ult. compr. strain sc2u

concr. comp. stress cc = fod (1-(1-ec/ec2)n) for Ozec>ec2 and oc = fod for ecozec>ecou

modulus of elasticity Ecm, mean value of axial tensil strength fctm

reinforcem. fyk fitk €su Es
MN/m?  MN/m? % MN/m2

BSt 500 (A) ‘500.0 525.0 25.00 200000.0

design yield strength fyd = fyk / vs
design tensile strength fid = fik / vs
ult. tensile strain ssu, modulus of elasticity Es
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