POS. 1: WALL DESIGN

axial force- and shear design calculation (EC 2 (1.11), NA: Deutschland)
wall design calculation (only axial force) (4H-BETON version: 11/2007-4q)

wall thickness detailing of reinforcement orthogonal
taio dao h=24.0 cm Bl and B2 axially parallel
F g 1| edge distances of longit. reinf. min./max./transverse reinforcement
. h dlo = 2.5 cm, dszo = 3.0 cm min as acc. to 9.6.2 for reinf. direction B2
d:z-‘;‘—‘-—*-‘-iﬁ*dii_, dgiu = 2.5 cm, dszu = 3.0 cm max po = 8.00%
B b2 transformation of design values no secondary reinforcement direction
acc. to T.Baumann, 1972 initial reinforcement
material asoBlo = 1.88 cm?/m, asogzo = 1.88 cm?/m
C20/25 asoBlu = 1.88 cm?/m, asogzu = 1.88 cm?/m

BSt 500 (A)
ys = 1.15, yc = 1.50

verifications in ultimate limit states are executed with stress-strain relation for concrete acc. to 3.1.7 (figure 3.3)

with fcd = ac fck / y¢ = 11.3 MN/m2 and reinforcement stress-strain relation acc. to 3.2.7 (fig. 3.8) with fyd = fyk / ys = 434.8 MN/m2

and ftd = ftk / ys = 456.5 MN/m2 !

verifications in serviceability limit states are executed with stress-strain relation for concrete acc. to 3.1.5 (figure 3.2)

with fc = fcm = 28.0 MN/m2 and reinforcement stress-strain relation acc. to 3.2.7 (figure 3.8) with fy = fyk, ft = 525.0 MN/m2 and suk = 25%. !

design calculation values and minimum reinforcement areas (EC 2, 6.1)
output of the design relevant results for each reinforcement direction B1 top(o)/bottom(u) resp. B2 top(o)/bottom(u).

bwr Y Nbwr €c2u €s2u €slu €clu dsBlo dsBlu dsB2o adsB2u note
- kN/m %o %o %o %o cmZ/m cmZ/m cmZ/m cmZ/m

I & nxx,ed = 24.30 KN/m, nyy,ed = -456.00 kN/m, nxy,ed = 98.00 kN/m \
Bl --- 122.30 25.00 25.00 25.00 25.00 1.34 1.34

B2 ---  -554.00 -2.20 -2.20 -2.20 -2.20 1.80 1.80] 6) 14) 15)
[2 2 nxx,ed = 35.10 kKN/m, nyy,kd = -700.30 kN/m, nxy,ed = 154.40 kN/m \
Bl --- 189.50 25.00 25.00 25.00 25.00 2.08 2.08

B2 --- -854.70 -2.20 -2.20 -2.20 -2.20 1.80 1.80] 6) 14) 15)

nbwr: design normal force transformed in the respective reinforcement direction (nxx, nyy, nxy in kN/m)
ec2u = -3.60%0: concr. strain in state of failure (fibre 2), esiu = 25.00%.: reinforcement strain in state of failure (fibre 1)

6) ed/h < 0.30 = symmetrical reinforcement 14) ed/h < 0.1 => gc2 = -2.2% !
15) minimum reinforcement acc. to 9.6.2

verification of principle concrete compressive stresses (v = 1.00:-m1)
l: nd = -475.23 kN/m = |[ord| = 1.98 MN/m2 < 11.33 MN/m2 = v-fcd = verification executed !
2: nd = -731.40 kN/m = |ord| = 3.05 MN/m2 < 11.33 MN/m2 = v-fed = verification executed !

= Tlongitudinal reinforcement: min aseio = 2.08 cm2/m min ase2o = 1.88 cmZ/m
(incl. initial reinf.) min asgiu = 2.08 cmZ/m min aszu = 1.88 cmZ/m
design action effects
verification notations: R = crack limitation S = fatigue design ¢ = stress verification
Nxx, Ed Nyy,Ed Nxy,Ed Nxx, Ed Nyy,Ed Nxy,Ed Nxx, Ed Nyy,Ed Nxy,Ed
bwr Nbwr bwr Nbwr bwr Nbwr
kN/m kN/m kN/m kN/m kN/m kN/m kN/m kN/m kN/m
\R 25.50 -501.00 109.80\ Bl 122.40 B2 |-625.20
Bl 135.30 B2 |-554.10 \c 24.30 -456.00 98.10
B2 |-610.80 \S 25.80 -512.50 112.70\ Bl 122.40
\S 24.30 -456.00 98.10\ Bl \ 138.50 B2 |-554.10
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crack control (EC 2, 7.3: 7.3.2 minimum reinforcement, 7.3.3 without direct calculation)

cracking in bending restraint (intrinsically imposed) minimum reinforcement:

factor for progress of hardening kz,t = 1.00 coeff. - stress distribution ke = 0.40
formation of first crack: ner = 0.00 kN/m coeff. - self-equil. stresses k = 0.80
crack width wk = 0.30 mm concr. tens. str. (restr.) fct,eff = 2.21 N/mmZ
sel. diameter dsglo = 8 mm dsg2o = 8 mm (astBlo,min = 2.69 cmZ/m astBzo,min = 2.69 cmZ/m
dsBlu =8 mm  dsgzu = 8 mm astBlu,min = 2.69 cm?/m astBzu,min = 2.69 cm?/m)
design action effects see above crack control:
reinforcement: asplo = 2.08 asp2o = 1.88 concr. tens. strength (load) fct,eff = fctm = 2.21 N/mm2
in cm2/m  aspiu = 2.08 aspzu = 1.88 osBlo = 311.0 N/mm2 osgzo = 0.0 N/mm2
osBlu = 311.0 N/mm2 osgzu = 0.0 N/mm2
(astBlo,ste = 2.18 cm?/m (= dso = 8.2 mm > 8)
astBlu,ste = 2.18 cm?/m (= dsu = 8.2 mm > 8)
astB2o,ste = 1.88 cm2/m (dso = 8 mm)
astB2u,ste = 1.88 cm?/m (dsu = 8 mm))
additional reinforcement:
AastBlo = 0.62 cmZ2/m AastB2o = 0.81 cmZ2/m
AastBlu = 0.62 cmZ2/m AastBzu = 0.81 cmZ2/m
= incl. anti-crack reinforcement: min aselo = 2.69 cm?2/m min asB20 = 2.69 cmZ/m
min asBiu = 2.69 cm?2/m min asB2u = 2.69 cmZ/m

fatigue design (EC 2, 6.8.5 + 6.8.7(1))

for steel: Usi = yF,fat yEd,fat Aocs,equ < Us2 = AoRsk (N*)/ys,fat = 73.91 N/mm2
damage equivalent stress range Acs,equ = 65,0 - ©s,U
partial safety factors yr,fat = 1.00, yed,fat = 1.00, ys,fat = ys = 1.15
allowable stress range Acrsk (N*) = 85.0 N/mm2

for conc.: Ucl = |ocd,max,equ |/fcd,fat + 0.43 sqrt(l - ocd,min,equ /ocd,max,equ ) < 1.0

design value of compression strength fcd,fat = 10.43 N/mm2 at to = 28 d
material safety yc,fat = yec = 1.50
design action effects see above

reinforcement: asglo = 2.69 cm?/m ase2o = 2.69 cm2/m asglu = 2.69 cmZ/m asB2u = 2.69 cmZ/m

fatigue design for steel: concrete fatigue design:

initial state: ocdBl,min,equ = 0.00 N/mm2
AGs0Blo,equ = 257.31 - 227.40 = 29.91 N/mm2 ocdBl,max,equ = 0.00 N/mm2
AGs0Blu,equ = 257.31 - 227.40 = 29.91 N/mm2 Ucig1 = 0.00

AGs0B20,equ = -14.83 - -16.79 = 1.96 N/mm2  ocdB2,min,equ = 2.28 N/mm2
AGs0B2u,equ = -14.83 - -16.79 = 1.96 N/mm2  ocdB2,max,equ = 2.57 N/mm2
= end state Ueigz = 0.39 < 1.00

= verification executed !

= no additional fatigue reinforcement !

Timitation of steel tension and concrete compression stresses (EC 2, 7.2)
permitted tensile stress of reinf. os = 0.80-fyk = 400.0 N/mm?

permitted concrete compression stress oc = 0.60:-fck = -12.0 N/mm?2

design action effects see above

reinforcement: asglo = 2.69 cm?/m ase2o = 2.69 cm2/m asglu = 2.69 cmZ/m asB2u = 2.69 cmZ/m

maximal reinforcement tensile stresses minimal concrete compression stress
initial state: initial state:

G0sBlo = 227.4 N/mm2 oosBzo = -14.8 N/mm2  oocBl = 1.5 N/mm?2

c0sBlu = 227.4 N/mm2 oosgzu = -14.8 N/mm2  oocBz = -2.3 N/mm?

= end state = end state

= no additional stress reinforcement !

fire protection for compression members - analysis of utilization factor a1

the utilization factor is calculated for the decisive design calculation values in ULS (bending design).

ratio between design value in fire case and design value in ULS Sfi,d,t /Sed = 0.70
permitted utilization factor ai,zu1 = 1.00
utilization factor:
al = Sfi,d,t /Srd = 0.540 < 1.00
= fire resistance class REI 90
EC 2, table 5.4: min. wall thickness d = 131 mm min. centre distance u = 23 mm
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2.69 cm2/m
2.69 cm2/m

2.69 cm2/m  asB2o
2.69 cm2/m  asB2u

total reinforc.: total asBio
total asBlu

additional reinforcement: Aasgio = 0.8l cm?2/m Aasgzo = 0.8l cm?/m
Aasglu = 0.81 cm2/m AasBzu = 0.81 cmZ2/m

cross-section data

gross area of concrete: ac = 24.0 dm?/m, second moment of area: ics = 11.5 dm4/m

moment of resistance: wes = 9.6 dm3/m, distance of centre of gravity from upper edge: zs = 12.0 cm
total area of Tongitudinal reinforcement: Z(min as) = 10.77 cm?/m = ps = 0.45% < 8.00%

material properties for design calculation

concrete| fck a €c2 €c2u ne Ecm fetm reinforcem. fyk ftk €su Es
MN/m2 - %o %o - MN/mZ  MN/m? MN/mZ  MN/m2 % MN/m?

C20/25 ‘20.0 0.850 -2.00 -3.50 2.00 29962.0 2.210 BSt 500 (A) ‘500.0 525.0 25.00 200000.0

design value of compression strength fcd = o fok / ve design yield strength fyd = fyk / vs

strain at reaching the maximum strength c2, ult. compr. strain scou design tensile strength fid = fik / vs

concr. comp. stress oc = fed (1-(1-ec/ec2)n) for 0zec>ec2 and oc = fed for ec2zec>ec2u ult. tensile strain esu, modulus of elasticity Es
modulus of elasticity Ecm, mean value of axial tensil strength fcim
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