Anhang:

Schnittkraft Tabellen

Zusammenstellung: Kombination der Auswertungen far
Biegemomente und Normalkréfte fir kreisférmige Rohre

Appendix:

Table of internal forces

Compilation: Combinatien of the evaluations for bending
moments and axial forces for circular pipes
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Schnittkrdfte am Kreisring
sectional forces at the circular ring

| Lastfall | Zweiiinienbelastung
[ load case | £wo linear loads
LN
4 mm
Biegemoment Mzm.F.r Normalkraft Nzn-F
bending moment axial force
v 0 15 30 45 60 75 90 105 120 135 150 165 180

H 0.318 0.189 0.048 =-0.035 -0.115 -0.145 -0.182 ~B.145 -0-115 -0.035 d.068 D.189 0.318
N 0.000 =D.129 ~-0.250 =0.354 -0.433 ~0.4B3 -0.500 -D.483 -0.433 -0.354 -0.250 -0.12% 0.000

vorzeichen: Biegemoment + K ergibt Zug auf Rohrinnenseite

sign hending moment + M result3 in tension on internal pipe surface
4745 Normalkraft + N ergibt Zug LF 14
axial forece + N results in tension
1, E.B. TestT AcoidinGa -To DN
Schnittkrifte am Kreisring F
sectional forces at the eireular ring \
b m——————e -+
| hastfall | Dreilinienbelastung -
] load case | three linear loads
I 18 1
P +
- 0ad
Biegemoment M =m-F.r tormalkraft py.n.F '* *—
bending momeat axial Force
gy O 15 30 45 60 75 20 105 120 135 150 149 180

M D.311 0.182 0.063 -0.038 -0.115 -0.141 -0.174 -0.154 -0.100 -0.0138 0.088 0.189 D190
N -0.Dt4 0143 -D.242 -0D.364 -0,440 -D.AB7 -0.5D0 -0.479 -D.426 ~0.343 -0.238 0.014 0.014

°fJL lw-&ﬂf‘. }, -23(; AR/ 4 0’)'—'"?.50 0.3 5n«vn’11,¢.1.u[b o.aL AL
5' : "\"2-”!"’ al c&lﬂhfo A 3§9A9

50 Lo o vede T conts anche dalle sollectols: dwvete oL pecs fuga)
‘?wt’*s““. . ofisir pree prapre

Vorzeichen: Blegemoment + M exrgibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal plpe surface
4185 Normalkraft + N ergibt Zug LF iR
axial force + N results in tension




Schnittkrifte am Kreisring

sectionel forces at the cireular ring
o ————— —
| Lastfall | mechteckig verteilte hAuflast beliehiger Breite
| load case | recgtangularly distributed surcharge any desired width
12
B +
Biesgemoment _ Normalkraft . _
pending moment H=m-p-r2 azial force NE0CPCTF
fi P o0 15 10 W3 40 75 90 105 120 135 150 145 180

15 H 0.134 0.100 D.038 -0.014 -0.058 -D.084 -0.093 -0_085 -0.059 -0.019 0.035 0.097 O-i4h
] p.0az -0.065 =D.128 -0.182 ~D.223 -0.250 -0.259 -0.250 -0.22§ -0.164 -D.13) -D.06% -0.002

30 H 6.213 D0.179 0.087 -0.019 -0.107 -0.155 ~0.175 =0.161 —-0.115 -0.036 D.0a4 p.183 0.312
H 001 ~0.054 -0.239 -0.344 01426 -0.480 =0.500 -D.486 -D.440 -D.363 -D.261 -0-142 -0.043

45 H 0.257 0.222 ©0.127 -0.004 -0-124 ~0.204 -0.238 —-0.223 =-0.162 -0.057 0-083 01.250 D.432
H 0638 -0.031 -0 2168 -0.473 -D.53%4 -0.673 -0.707 -0.693 -0.631 -B.527 —0.386 -D.21% -D.038

&0 L} pD-281 0-245 0.147 0.011 -0.128 -0.231 —B.279 -D.267 -0.197 -0.074 0.095 n.29y 0.514
H 0.069 0.000 -0.190 -D.451 —D.716 -D.819 -0.846 -0.854 -0.784 -D_667 ~0.493 -0.291 -0.06%

75 M 0.295 0-258 0.157 0.017 -0-12B ~0.245 -0.300 ~0.292 =0.219 -0.085 0.100 D.323 0.570
H g.096 0.025 -0.167 -0.432 -D.702 -0.908 -0.966 ~0.958 —0.B84 -0.751 -0.546 -0.342 =0.096

o0 H 0.299 0.262 0.160 0.018 -0.129 -0.z246 —G.307 -0.300 -0.226 -0.089 0.101 D.337 0.s587
K 0.10&6 0.036 ~D.158 -0.425 -0.497 -0.706 -1.000 -0.993 -0.919 -0-782 -0.592 -0.361 -0.104

Vorzeichen: Biegemoment + ¥ ergibt Zug auf Rohrinnenseite
sign bending moment + ¥ results in tension on internal pipe surface

4/B5 Normalkraf: + B ergibt Zug LF 2
axial force + N results in tension

Schnittkrifte am Xreisring
sectional forces at the circelar ring

O et
| Lastfali | Paraholisch verteilte huflast beliebiger Breite
i load case | parabolically distributed surcharge any desired width

| 2B |
omrm——— —+
Biegemoment M=m.p.r? Hormalkraft y-p.p.r
bending moment axial force
2] w 0 15 a0 45 60 75 qa 105 120 138 150 145 180

15 M D.0v4 0.066 D.P25 -0.047 -0.D39 -0.056 -0.062 -0.057 ~0.D40 -p.012 D023 D-D65  (0.10%9
N 0.094 0,066 0.025 -0.011 ~0.039 -0.056 -0.062 ~0.057 -D.04D -0.032 p.023 0.085 0.109

30 H 0.158

g.12& D.DS3 -0.017 -0.071 -0.104 ~0.1%E -0.108 -0.076 -0.025 0.044 0.123 0-210
N D.158 0.126

4]

0

0.053 -0.017 -0.0671 ~0-106 —-0.118 ~D.10B -0.076 -0.025 0.044 0.123 0.270

45 M G.198
N 0.198

_165 D0D.0B71 -D.015 -D.093 -0.144 ~D.164 -p.151 -0.108 ~0.036 0.059 0171 0.293
145 0.081 —0-015 ~0-093 -0.144 ~0-184 -8.151 -0.108 -0.03s 0,057 0.17M 0.293

60 M  0.222 0.188 O0.100 -0,008 -D.104 -0.169 -0.196 ~0.183 ~0.132 -0.046 D0.069 D206 ©.354
N 0.z2? 0.188 0.100 -0.008 -C.104 -0.169 -N.196 —0.1B3 -0.13Z -0.044 0.069 0.206 0.354

75 M 0.235 0.200 0.110 -0.804 -0.109 -D.182 -0.214 -0.202 ~0.%47 -0.053 ©.075 D.226 D0.392
N 0.235 0.200 B.110 -0.004 -D.109 -p.162 -0.214 -0.202 ~0.147 -0.053 0.075 pD.226 D0.392

90 H 0.239 0.2D4 ©0.114 -0.003 ~0.110 -D.186 ~g.220 -0.208 =D.152 -0.055 @.D7& D0.233 0.404
N m.239 0.204 D114 ~0-003 -D.110 -0.186 -p.220 ~D.208 -0.152 -D.055 0.074 0.233 D.404
vorzeichen: Biegemoment + M ergibt Zug anf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

485 Normalkraft + N ergibt Zug LF 24

axial fForce + N results in tension
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schnittkridfte am Kreisring
sectional forces at the circular ring

4 -+
| Lastfall | Dreieckig verteilte Auflast heliebiger Breite
| loag casel triangularly distributed surcharge any desirad width
| 2B
gy

Biegemoment M=m- 2 Hormalkraft N =

bending moment =m-p-r’ _uial foree N 0P T

B p 0 15 in 45 40 75 o0 105 120 135 150 1635 180

13 n p.072 0.050 D.0M8 ~0.009 -0.0329 -0.04Z -0.047 -0.043 -0.030 -D.00% 0.016 O0.049 D.0D82
H 0.000 -0 .033 -0.064 -0.0%1 -0.112 -0.125 —0.129 -0.125 -f.1t2 -D.092 -D.0D45 -0.034 D.0O0

30 ] G.122 0.09 0.039 -0.014 -D.054 -0.080 -D.089 —~0.082 -0.057 -9.018 0.03% 0.093 ©.158
N B.003 -0.046 ~Da122 -0-174 —0.215 =0.241 —0.250 -0.242 -0.21B ~0.179 -0.128 -D.0&8 -0.003

45 M 0.156 0.126 0,059 -0,014 -0.072 -D.109 -D.124 -0.114 -0.0B1 -D.D27 D.045 D129 0.220
N 0.009 -0.046 -0.153 -D.243 -0.301 -0.339 -0.354 -0.344 -0.311 -0.257 -0.185 -0.104 -0.009

40 H 0.177 0.146 0.074 -0.010 -0.082 -0.12% -0.148 ~0.138 -0.099 -0.034 0.053 D-156 0-267
H 0.0%17 -0.040 -0-163 =0.284 -D.366 ~0.414 —0.433 ~0.423 =0.364 ~0.318 -0.231 -D.127 -D.077

75 M D0.188 0.457 0.002 -0.008 -0.0B7 -D.140 =0.163 -0.153 -0.110 -0.03%9 p.n0sa D.172 D.2%6
N 0.024 -0.035 —-0.145 ~0-300 =0.402 -0.460 -0.483 -0.473 -p_430 ~0.358 -0,242 -0.148 -0.024

g0 M  D.192 0.140 0.084 -0.007 -0.08B8 -0.144 =~0.148 -0.15B ~0.114 -D.040 0.059 0.177 0-306
N 0.027 -0.033 -0.145 —0.304 —0.412 -0.476 -0.500 ~0.490 -0.446 -0.3ar2 -0.273 ~D.155 -0.027
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

4ras Normalkraft + N ergibt Zug Lf 78

axlal foreca + ¥ results in tension

Schnittkrdfte am Kreisring
sectional, forces at the circular ring

| Lastfall | Eigengewicihit
| load case | dead weight -
13 I

et

Biegemament f llormalkraft Ne
bending moment " M:S-g-r?  axial force B 'R

g b 135 30 43 60 75 20 105 120 135 150 165 180

M 0.500 0.449 0.305 D.091 -0.157 -0.394 —0.571 -0.441 -0.564 -0.313 D.124 0.738 1.500
H ©.500 0.415 0.171 -0.-202 —0.657 —1.135 —1.571 -1.900 -2.064 -2.020 -1.742 =1.228 -0.500

vorzeichen: Biegemoment + M ergibt %ug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug LF 3
axlal force + N resulks in tension

4785
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Schnittkrifte am Kreisring

sectional forces at the circular ring

dom—————— 4

| Lastfall | Wasserfilllung bis Rohrscheitel *"\"’ \\

| load case | water filling up to pipe crown « Fw (chiﬂn-mu?_o-
14 |

el )“464{3‘0%

Biegemoment M o] wormalkraft ,__ .. . .2
bending moment Me=moy, axizl force R=nog,er
Wy 0 135 30 45 60 75 20 10% 120 135 150 165 180

] D.250 ©.225 0.15% 0,044 -D.0YE -0.197 -0.285 =-0.320 -0.282 -0-156 O0.0&2 f.349 0.750
H 0.750 0.725 0.653 D.546 0.422 0.303 0.215 6.900 0.218 0.344 0.562 0.B69 1.250

vorzeichen: Biegemoment + M ergibt Zug auf Eohrinnenseite

sign bending moment + M results in tension on intermal pipe surface
4183 Noxrmalkraft + N ergibt Zug LF 4
axial force + N resulfs in tepsion
Schnittkridfte am Kreisring
sectional forces at the circular ring
A —— +
| pastfall t Wasseranfendzuck bis Rohrscheitel
| 1pad cage | external water pressure up toc pipe crown
I 5 1
pm————————— 3
Biggemoment = ] Wormalikraft |,
bending moment M=m.g,-¢ axial force N=M%, 2
u 15 30 435 all 75 Qu 115 T2 T35 150 165 RN
M =0,250 =0.2285% —~N,153 =f0.0h6 B OTH 0397 0,285 0,370 N.¢n? D.156 =0 062 =-N.367 -n_750
H o =N.750 =T.131T =1 458 -T.4%6 =1.787 -1.B200 =1.78Y —1.6Y7 ~-1_074 =654 —1 40T —1.275 =1.240
Vorzeichen: Biegemoment + M ergibt Jug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergihbt Zug
TNIny

axial force + W results in tension It
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Schnittkridfte am Kreisring
sectional forces at the circular ring

pmmmmmm— -——t

| Lastfall | WasserauBendruck his Rohrscheitel

1 load case ! external water pressure up to pipe crown
| 58

o m———————— i

Biegemoment Mamey .¢3 Normalkraft Sy oF2
bending moment 't axial force H=n-y, ¢
P 0O 15 30 45 a0 75 0 105 120 135 150 145 180

H 0.750 0.3469 0.0s2 -0.154 -0.2B2 -0.320 -0.285 -0.197 -0.073 0.046 ©.153 D.225 D-250
N =0.750 =1.131 -1.438 ~1.456 —1.782 =1.B20 -1.785 -1.497 -1.578 ~7.454 -1.347 -1.275 -1.250

Riﬁoeﬂba@; ca 5o s’ﬁ,.&uq)j HIRVIE e R R X u”o,;mj WA uéu,,\éﬂ‘; i
vabore aspalut? se coup dindd wa mgwﬂ mm},&wwfwﬁ (wtrz 'Wéfﬁﬂ-‘r))

vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

L i8S Normalkraft + ¥ ergibt Zug LF 5
axial force + N results in tension

gchnittkrifte am Kreisring
sectlpnal forces at the circular ring

# e -4
{ Lastfall | Seitlicher Erddruck rechteckig, bellebige HEhe
| 1oad case | lateral earth pressure rectangular, any desired height
| & I
o e +
Biegemoment _ . tiormalkraft _
bending moment M3MP ' axial fogce S0P
o P 0 15 30 45 60 5 920 105 120 135 150 165 180

M =-0.250 -0.217 -0.12% D.090 0.185 0.217 0.250 0.297 D.125 0.000 -0.125 -0-217 -2.250
N -1.000 -0.933 -0.750 -0.3500 -5.250 -0.D&67 0O.080 -0.067 -0.250 ~-D.500 -0.750 -0.933 -1.000

15 M -0.258 -0.216 =-0.125 @000 D0.125 0.216 0.250 0.214 g.125 0.000 -0-125 =0.217 -0.249
nw -1.000 -0.933 -0.750 -0.500 -0-250 -0-067 0.000 -¢.047 ~D.250 -D,.500 -0.750 ~B.933 -D_966

30 B =-D.249 -0.216 -D.124 ©0.000 0.t125 0.216 D0.24% 0.215 0.123 ~-0.0062 -0.127 -0-214 =0-243
# -0.998 -0.932 -0.749 -0.499 -0.249 ~0.067 0.000 -0.067 -D.251 -0.501 =0.751 -0.838 -0.868

45 M -0.245 -0.212 -0-121 0.002 0N.125 0.214 0.244 0.208 0114 -0.013 -0.127 —0.199 -0.224
N -D.7BY -0.923 -~0.741 -0.492 -0.245 -0.064 0©-000 -0.n70 ~0.255 -0.508 -B.622 -0.693 -0.718

&0 W -0.232 -0.199 -0.112 D00y 0.123 0.205 0.228 O0.185 0.08Y -0-029 -0.114 ~0.148 -0.187
% -D.760 ~0.894 -D.715 -D-472 -0.230 -0-057 D.000 -0.077 -0.270 -D.382 -0.468 -0.522 ~0.540

75 M -0.204 =0.174 -0.093 0.M5 0.119 0,185 0.192 0.131 0.044 -0.031 -0.007 ~0.125 -0.138
N ~-D.B96 -0.833 -0.6460 =0.-424 -0.193 -0-040 0.000 -p.0%94 -0.181 -0_257 -0.314 -0.350 -0.363

o0 M -0.163 -0.137 -G.064 0,025 0.106 0.146 0.125 0.070 0.019 -0.025 -0.05% -0.080 -0.0B87
N -0.7BB -D.728 -0.56& -D.350 -0.144 -0-012 0.000 -0.055 -0.106 ~0.150 -0.184 -0.205 -0.212

vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenselte
sign bending moment + M rasults in tension on internal pipe surface

4485 LF 6

Hormalkraft + N ergibt Zug
axial force + N results in tension

230




Schnittkrifte am Kreisring
sectional forces at the circular ring

e st
| Lastfall | Seitlicher Erddruck trapezfirmig, beliebige HShe
| load case | lateral earth pressure trapezodial, any desired height
117 I
g ————— +
Biegemoment 1 = [A (h crY ot vh e ?
hending moment MWa=[A(her) +B-7) - Koyb-r
o 9 0 15 30 45 60 75 90 105 120 135 150 165 18D

1} A -D.250 -D.277 -0.125 0.000 0.125 0.217 g0.250 0.217 0.125 0©.000 -D.125 -0.217 -0.250
B D.042 0.029 0.000 -D-029 -0.042 -0.029 g.oot G 029 0.042 0.029 0.000 -D.02% -D.042

15 A ~0.250 -0.216 =D.125 0.000 0.125 0.216 0.250 0.216 0.125 0.000 -D.135 -0.217 ~0.249
B 0.042 0.029 0.000 -0.029 -D.042 -0.029 0.000 0.029 0.D4A2  D.02%  0.0O0 -0.030 -0.041
30 A =0.249 -D.216 -0.124 D.D0OD 0125 D.214 0.249 0.215 @.123 -D.002 ~0.127 -0.215 =0.243
B 0.042 0.030 ©.001 -0.029 -0-042 —0.030 -p-po1  0.D28 ©0.040 D.028 -0D.002 -0.027 -0.03&
&5 A -0.245 -0.212 -0D.121 0002 D.125 O.214 0D_244 ©.208 0.114 -0.013 -0.127 =0.199 -0-224
1} 0.D46 0.033 0.003 —D.028 -N.042 -0.032 -g.pD4  0.023 0,033 D.019 -D.002 -0.01& =0.024
60 A -D.232 -0.199 -D.112 0.007 D123 0.205 0.228 D0.185 0.083 -0.029 -0D.114 -D.168 ~0.187
B D.054 0.041 0.008 -0.08%5 —-0.043 ~0.037 —0.014 p.pD9  D.O95 D.010 D.ODS 0.003 D.DO2
75 -0.204 -0.174 -0.093 0.015 0.119 0,185 D.192 g0.131 D.044 -0-031 -0.DBY -0.123 =138

A

[:] 0.044 [.050 0.015 -D.022 -D.044 -D.044 ~-0.027 -0.011 -0.001 ©0.008 0.045 ©.019 0.020
L) A -0.163 =0.137 -0.066 O0.025 O.106 0.146 0,125 0.07¢ 0.01% -0.025 -0.059 -0.08D ~D.0ET

;] D69 0.054 0,019 -0.027 —0-066 —0.049 -p.035 -0-019 -0.004 0.0DY D.019  0.025 OD.027

vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
4485 sign bending moment + M results in tension cn internal pipe surface LFE 7

Schnittkridfte am Kreisring
sectional forces at the eircunlar ring

e atatan |

| Lastfall | Seitlicher Erddruck trapezfdirmig, baliebige Hbhe

| loag case | lateral earth pressure trapezodial, any desired height
17 1

Armmmmmm g

Normalkraft - [ L T ST,
ixial force [a {her} + B-r]-K-yb-r

o w0 15 3D 45 60 75 90 105 120 135 150 165 180

0 A -1.000 -D.933 -0.750 -0.500 -0.250 -0,067 0.000 -D.047 -0.250 —0.500 -0.750 -0H.933 -1.DDD
:] 0,375 0.330 0.217 0.0B8 0.000 -g.024 0-000 0.024 0.00D -O.088 -D.217 ~D.330 -0.375

15 A ~1.000 -0.933 -p.750 -D.500 -0.250 -D.0&7 D0.00D0 -0.067 —-D.25D -0.500 ~0.750 -D.933 -0.96é
e 0.375 0.330 0.217 0-038 p.ogh -0.024 D.0p0 @.024 0.00D0 -0,.0B8 -D.217 =0.330 -0.342
30 A —D.998 -0.932 -D.749 -0,499 -0.249 -0.067 0._000 ~0.067 -0.251 -0.501 —0.757 -0.838 -0.A68
B D.37& 0.331 0.218 0.08% 0-001 -0.023 D0.000 4.023 ~0.001 ~0.beY -D.2%8 -D.243 =D0.251
45 A -0.989 -0.933 -0.741 -0.492 ~0.245 -0.064 §.000 -0.070 -0.255 -0.508 -0.422 ~0.693 -0.718
B 0.384 0,338 0.224 0.094 D0.p04 -D.021 0.000 0.021 -D.004 -0.094 -D.114 =0.12% —0.134
6D A =-D.940 -0.B94 -0.715 -D.472 -0.23D —0.057 D0.000 -0.077 ~0.270 —0.382 -0.448 ~0.522 -D.54D
8 0.401 0.355 0.239 0.107 0.013 -D.0717 0.000 0.017 -0.0M3 -D.018 -0.022 -U.025 -0.026
75 A -D.89& -0.B33 -D.640 -0.426 -0.198 -0.040 0.600 -0.094 ~0.181 -0.257 ~D.314 -0.350 -0.343
1} 0.424 0.378 0.259 0.123 p.025 -0.019 ©.000 0.011 0.021 0.030 0.D3& 0,041 0.042
70 A -0.78B =B.728 -D.566 -0.350 =D.144 -0.012 0.000 -0.055 -0.106 -0.150 =D.164 -0.205 -0.212
g D.438 0.390 0.277 0.13% 0.03% -0-003 D-000 D-O1é  0.031 D.D44 0,054 D.0s50 0.062
Vorzeichen: Normalkraft + N ergibt Zug
LIBS sign axial force + N results in tension Ly 7
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schnittkrifte am Kreisring
secticnal forces at the circular ring

pmm e ——— +
| rLastfall |
| load case |
[ B

e m—————— +

nuflagergegendruck rechteckig
bedding reaction prassure rectangular

Biegemoment

Normalkraft y-p. )
bending moment R*Preak’ ¥

=M. i
M= M- Pre axial force

o woo 15 30 45 60 75 90 105 i20 115 150 165 180
15 M -p.607 -D.001 -0.004 0_DOO  D.000 0.000 g.001 0.001 D.0D2  0.002 p.0o3 0-p03 —g-031
N =-6.0n2 -n0.0pZ -0.002 -0.001 —-0.001 0.000 D-000 p.pob 0.0p4 0.001 0.002 p.paoz 0.002
30 M -0.007 -0.006 -D.005 -0.003 0.000 D0.003 p.007 ©0.010 0.3 0.016 0.018 -6.010 -0.1D%
4 -0.013 -0.013 -0.011 -D.009 -0.007 -0.003 0.oo¢ 0.003 D.AD7 ©0.009 O.011 6.075 0.013
45 W -0.018 -0.017 -0.013 -0.007 g.n01 ©0.040 0.01% 0.029 0.038 0.046 D0.030 ~0.045 -0.1%3
N -0.038 -0.036 -0.032 -0.027 -p.019 -0.070 0.00C 0.01¢ 0.019 0.027 0.13&8 0.152 0.038
an W -0.033 -0.031 -0.024 -0.013 p.002 0.ME 0.036 0.054 g.071 0.072 0.02% -D.0B2 -0.270
N -0.04% -D.067 -D.D40 -0.049 -D-034 -0.018 pD.000 0-518  0.034 0-141 0,243 0,224 0.069
75 M -0.045 -0.042 -0.032 -0.017 0.003 0.026 g.051 0.076 0.094 U0O.DBS D.025 -n.107 -D.320
N -D.096 -0.002 -0.083 -0.048 -0.048 -0D.025 0.000 0.025 0.134 D0D.251 0.316 0.275 0094
eaq W -0.049 -0.044 -0,035 -0.018 p.004 0.029 D.057 D.0B4 g.101 0.0B9 0.024 -0.915 -.337
N -0.10& -0.i02 -p.092 -0.075 -0.0S3 -0-027 ©0-000 O.060 n0.149 0.282 0.342 0.294 0.106
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M results in tension on internal pipe surface
4185 Normalkraft + N ergibt Zug LF 8
axial force + N results in tension
schnittkrdfte am Kreisring
sectional Forces at the cireular ring
ittt
| pastfall | Aufiagergegendruck cos-fdrmig, radial
5 load case I bedding reaction pressure cos~shaped, radial
9 .
e e -+
P -cos
Riagemament 4= me s Normalkraft Ne reak ?
bending moment - M Pred axial Force ' M Prean¥
a’ P 0 15 30 L5 &0 75 b1 105 120 135 150 145 180
15 4 -p.0og7 -0.001 -0.D01 0.800 o.0po0 o.got  4.001  0.001 @.002 p.po2 0.003 ©0.003 -0-031
¥ -0.002 -0.0DD2 -D.002 -0.001 -00.001 g.000 0-000 0.000 0.001 0.Dp1  0-bp2  D.002 -D.032
30 4 -0.007 -D.D0& -D.0OS -g.063 0.000 0.DO3  0.007 p.b10 D.014 D.O17 0019 -0.0311 -0.104
W -0_0t4 -0.D13 -D.092 -0.010 -0.007 -0.004 0.000 g.oo4é  0-po7  0-090 D-g12 -0.018 -D.111
45 W -0.019 -0.018 -0.014 -0.008 g.001 0.010 0.021 0.031 p.0s0 0.04% 0.029 -0.050 -0.1%0
4 -0.040 -0.038 -0.0%4 -0.ft28 -0.020 -¢.010 0.ctoo 0.410 0-020 0.028 ©0-008 -p.071 -0.210
60 N -0-036 -0.033 -D.026 -p.014 0.002 0-020 0.040 0.060 0.078 0.074 06.020 -0.091 -0.25%9
N -p.076 -0.074 -0.0864 -0.054 —-0.03B -g.020 G.000 N.020 0.033 U034 -0.020 -0-131 -0.299
73 4 -0.051 -0.047 -D.034 -0.019 0.00% 0.D31 0.059 ©.08B D_103 0,081 0,010 -0.117 ~0.297
W -O.110 -D.108 -0_095 -0.078 -D.055 -p.028 O.0O00 D.02B D-043  0.-D21 -0.050 -0-176 ~D.354
¢0 W -0.057 -0.052 ~0.040 -D.0Z0 p.606 ©0-U36 D.06B O.078 g.108 0.081 0.005 -0.125 =-0.307
N -0.%25 -0.121 -D.10B -0.088 ~0.043 -.032 0.000 D.02% 0.039 0.013 —0.043 -0.193 -0.375
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M resulks in tension on internal pilpe surface
4rBS Normalkraft + N ergibt Zug LF 7

axial Force + N results in tension




Schnitthrifte am Kreisring

sectional forces at the circular ring

Hmmm e
| Lastfall | auflagergegendruck gleichfdrmig, radial

{ lpad case : bedding reacticn pressure uniform, radial
10
O s +
Biegemoment . .1 Normalkraft ..
bending moment M= m-Preak' ™ ayial force N=n-Preaw?
a g 0 15 g &5 40 75 90 105 120 135 150 165 180

15 n -0.001 -0_001 -0.0061 o.000 0.000 0.000 0.001 g.no01  0-p02  0.002 p.ap3  ©.043 -0.031
n -D.oo2 -D.DO2 -0.0n2 —-0-001 —-0-001 D.000 p.000  ©.00D0 0.001 g.001 0.002 O0.0D2 -0.032

20 w =-0.007 -0.007 -p.005 -0.003 0.D00 p.0o4 ©0.008 D011 0.3 p.018 0.020 -0.012 ~0.112
N -0.095 -0.014 -0.013 -p.010 -0.007 -0.004 D.0OO g.oo04 0-DO7 0-010 0-013 -0.020 -4.119

45 M -.023 -0.022 —0.017 =0.00% 0.0M D0-0M2 p-025 0.037 D.049 n.0s9 D0.033 -0.062 -0 _220
N -D.048 -0.047 -0.042 -0.034 -0.024 -0-013 0.000 0,013 0.024 D.034 0.008 -D.G87 =0.245

6f M -D.D51 -0.048 -0.037 ~0.019 0.003 [.029 D-058 n.o#s 0.112 D10 n.018 ~0.130 -D.333
N -0.109 -D.105 —0.094 ~0.077 -0.054 -0.028 0.000 0.02B  0.054 D043 ~p.-D40 —0-1B8 -D-391

75 M -0.090 -0.06& -p.0s4 -0.032 0.009 0.D56 0.109 D.141 pD.175 D0-116 —0-011 ~0.198 -0.432
W -D0.20a -0.193 ~0.173 ~0.141 -D-100 -p.052 D0D.000 0,052 .04 0D.007 —0.120 —0.307 -0.542
en M -0.137 -0.126 -0.094 -0.043 0.023 0.099 0.182 D.230 n.207 0.114 -0.043 ~0.252 -0.500
N -0.318 -0.307 0,276 -0.225 -0.459 -g.D82 0.000 D.04B 0.025 -0-Gé&8 -0.224 -D.434 —g.6B2
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
4485 Normalkraf: + N ergibt Zug LF 10
axial force + N results in tension
Schrittkriafte am Kreisring
sectional forces at the circular ring
T ittt 4 ‘
! Lastfall | zweiliniengegendruck radial

! load case | two linesr support reactiens, radial

2

F
Biegemoment o F- Normalkraft -
bending moment Wem-F-r axial force Nz F
a’ ¢ 0 15 o 45 60 75 o0 105 120 1315 150 165 160
15 ¥ -0.006 ~0.005 o, 004 -0.002 0.000 p.003 0.0D& D.009 p.011 0.b14 0.013 o.014 -0D-117

N =0.011 -0.071 -0.010 ~0.008 -0-006 -0.003 p.ooo  0.003  4.00& o.008 ©.010 0,011 =0.123

1? M -0.008 -0.007 _p.0ps ~0.003 0.000 0,004 p.O0E O.012 0.015 0.099 p.02% 0.000 -0.135
n -0.015 -D.D15 .13 -0.011 ~0.008 ~0.004 0O.po00 0.004 0.008 p.01% 0.013 -0.006 ~0.142

30 W -0.023 -0.027 -0.047 -0.009 0.001 0.012 0.025 0.037 0.D4% p.059 0-p&s -0.07E ~D.214
N -0.048 -0.04& 0042 -0.034 =0.D24 -p.012 O0.000 D-M12 0.024 DO.034 0.D&2 -0.103 -0.241

45 M -=0.059 -0.055 -0.042 -p.022 0.003 0©.034 n.0ss $.098 0128 0.154 -g.p06 -0.167 —0.309
¥ -0.125 -0.121 -g.108 -D.08B —-0.063 —p.032 0.000 0.032 0.062 0.088 -8.075 -0.233 -0.373

60 M -0.130 =0.120 -0-091 -p.045 0.015 0.0B4 D.15% D.234 0.303 0.104 -p.091 -0.269 -0-418
% -0.289 -0.279 ~D.250 -D.204 =0.144 -0.075 §.000 0.075 0-144 -0.055 -g.250 ~0.428 -D.577

vorzeichen: Biegemoment + M ergibt fug auf Ronrinnenseite
sign bending moment + M Yesults in tension on internal pipe surface

4L{ES Normalkraft + N ergibt Zug LF 11
axial force + N resulis in tension

233



schnittkrdfte am Kreisring
sectional forces at the circular ring

pomm +
| Lastfall | ruflagergegendruck stufenftrmig, radial
! load case | hedding reaction pressure graduzlly shaped, radial
I 12
fam e -——
Biegemoment - "] NMormalkraft .
bending moment M= Bre ™ 3321 force Nef-Preai' ™
o’ ¢ 0 13 30 45 60 15 90 10% 120 135 150 165 180

3D M -0.007 -0.006 -0.005 -np.bO3  0.000 0.603 0.007 p.011  0.0t1%  0.017 D.019 -0.014% ~0.0%6
N ~0.014 -0.013 -D.012 -0.0f10 -0.007 -0.004 {.000 o604 0.007 0,010 0.012 -0.021 -0-103

L5 % -0.022 -0.020 -0.016 -p.009 0.001 D.012 ©.023 p0.035 0.046 0.055 0.028 ~0.063 -0.186
N -0.045 -D.044 -0.039 -p.032 -0.023 ~0.012 D000 0.2 0.023 0.032 p.00s -D.0B6 -0.210

&0 ¥ -0.048 -0.044 -0.034 -0.018 0.003 0.028 ©.054 0.080 g.i0s 0.092 0.008 —D.124 -0.278
N -D.102 -0.09PB _p.0oas -0.072 —-0.051 -0.g26 0.00D0 0.026 p.051 0.038 -0.D4é -0.178 =0.331
75 M -0-083 -0.077 -D.0SY -0 029 0,009 0.054 n.102 D.150 0.181 0.099 -0.026 -0.181 -0.351
N -0.185 —-0.179 -0.161 -D.131 -p.093 -0.048 0.000 p.D48  0.059 -p. 003 -0.128 -0-283 =0.452
a0 M -D.125 -0.115 -0.0Bé -0.53% D0.022 0D.093 D0.1479 §.211 0.182 0.0B4 -0.059 -0.221 -0.390
N -0.294 =D.2B4 -p.255 ~0.208 —0.147 -0.076 0.000 0.042 0.0t -0.085 ~0.228 -0.390 -0.559
Vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenselte
sign bending moment + M rasults in tension on internal pipe surface
Normalkraft + N ergibt Zug
(Y15 axial force + N results in tension LF t2
Schnittkrifte am Kreisring
sectional forces at the circular ring
[ -+ Radlal wirkende Auflast und auflagergegendruck casz—fﬁrmig.
| Tastfall | radial, Uber 180° verteilt
| loas case |
1 13 | surcharge and bedding reaction pressure in radial direction
Rintnteleiieintaini + gpg“-chaped, radial, 180° distributed
Biegemoment wron.rl Normalkraft I
bending moment M= m-p-r axial force N=n-p-r
i} 15 n 43 At 75 ug) 15 120 1%% 150 165 180
L] N.147 .46 U nB3  n.nng —URE ~NL AL =0L1A7 ~H A SUNB3 wLnups LORS Dolas n.1e¢
N ~.343 =0.357 —1.417 =500 P A T T A - Y A T ~HL58F =N.S00 =0 4637 -N.337 -, 533

Vorzeichen: Blegemoment + ¥ erglbt Zug auf Rohrinnenseite
sign bending momenrt + M results in tension on Llnternal pipe surface
Hormalkraft + W erglbt Zug
1NIRT axial force + N results in tensicn tr o135

234




| Lastfall

schnittkridfte am Kreisring

sectional forces at the gircular ring

-4  rLinienbelastung
!  1linear load
| ioad case |

| 1.8 1 auflagergegendruck rechteckig
PERERSEE Y bedding reaction pressure rectangular
Biegemament B Normalkraft ...
hending moment Mem-For axial force Nan-F
o ¢y 0 15 10 45 40 75 20 105 120 135 150 163 180
15 4l 0.317 0.1687 0.067 -D.D36 -0.115 -0_164 -0.180 -D.162 -0.111 -0.031  0.073 0.194 D.259
N -0.004 -D.133 -D.253 -p.356 -0.435 -D.48h -0.500 0,482 -0.437 -0.351 -D.247 ~0.126 0.004
30 M 0.312 0.183 D.Ds4 -0.038 -0.115 -0.161 -0.175 -0.155 -0.101 -0.019 n.na7 0.179 0-213
N =0.013 -0.142 0261 —0.3£3 —0-440 =0-4B6 -D0.500 ~0.4B0 -0.426 —0.34% -0.239 ~p. 054 0.043
45 M 0.305 0.177 0.059 _0.040 -0.114 =0.158 -0.168 —p.144 -0.088 -N.003 p.g9n D.157 ¢.182
#t ~0.027 -0.155 p.273 -D.372 -0.446 ~0.490 -0.500 -0.476 -0.420 -D.335 -0.154 -p.0zz 0.027
&0 H 0.2997 02171 0.055 -0.043 -D.174 ~0.154 =0.181 -0.134 -g_074 0.006 D.085 p.142  D.1862
N =-0.040 -D.768 _p.284 -0.3B2 -0.453 ~D.493 -g.500 -0.473 -0.413 -0.261 -0-110 o.000 0.040
75 M 0.295 0.167 0.052 —p.044 -B.113 -0.151 -0.153 -0.126 -D.066 0.0D9 n.0B1 0.134 p.153
N =D.04%9 -0.177 -p.293 ~0.389 -p.45p3 ~D.496 -0.500 -0.470 -0.343 -D.224 _0.087 D.013 D-D49
920 M 0.294 0.166 0.037 -0.044 —D.113 =0.150 -0.153 -0.123 —0.pe4 0.007 D-080 0.13% G .-150
N -0.053 =0.1B1 1.296 -0-391 —0-460 -0.497 -0-500 -@.453 -0.348 -0.212 -0.079 p.MB  0.053
Vorzeichen: Biegemoment + ¥ ergibt Zug aui fohrinnenseite
sign pending moment + M Tesults in tension on internal pipe surface
Nermalkraft + N ergib: 2ug
4fB5 axial force + N results in tension LF 1A« B
Schnittkrifte am Kreisring
sectional forces at the eircular ring
$m——mm————=~+ Linienbelastung
{ Lastfall | 1linear load

| load case | :
1 auflagergegendruck cos=-fBrmig,

12.9
l ___________ 4 pedding reaction pressure cos—
Aiegemoment
bending moment M=m-F.r
a g 0 15 30
15 M B.317 0.187 D067
N -0.D04 -0.%33 -0.253
30 " p.31% 0.182 B.0563
N -D.014 =0.143 -0.262
45 M 0.303 0,175 8.057
N -0.031 -0.159 -0.277
60 H 0.294 0.166 o,.051
H -D.051 -0.3179 -0.2%5
75 N D.2B6 0.159 D.045
N -0.071 -0.198 -D.311%
20 i} p.282 0.156 D-f63
N -0.080 -D,2D086 -0.31%
vorzeichen:
sign
L¥4:1]

Normalkraft
axial force W=n-
45 60 75

-0.036 -0.115 -0.164
-0.356 -0.435 -0.4B4
-g.038 ~0.115 =-0.161
-0.364 ~0.440 =0-487
~0.041 -0-11% ~0.157
-0.375 -0.448 -0.491
~0.045 -0.113 —0-151
~0.390 -0.459 -0.496
-0.047 -0.112 ~0.145
~0.403 ~0.468 -0.501
-0.048 =0-111 ~0.142
~0.410 ~0.473 ~0.504

Biegemoment + M ergibt Zug
bending moment + M results

radial
shaped, radial

Normalkraft + W ergibt Zug

axial force + N results in

F
20

~-B.180
-0.500

=-0.174
-0 ..500

-0.166
~0.500

~0.155
~D0.500

-0.144
-0.500

~-0.138
-0,.500

tension

105

-0.162
~D.482

=-0.154
=0.479

=D.141
=0.475

=0.124
~0.470

-b-108
-0.4435

-p.102
~ft 4bh

auf Rohrinnenseite
in tension on internal pipe surface

120

=111
0431

~0.100
-0-426

~-0.083
-0.418

-0 .062
~-0.407

—0.049
~D. 405

-0.044
~D.408

135

~0.034
~0.351

-0.018B
-0.343

0,003
-D.332

0.015
-0.330

o.07
-0.340

0.018
-0.345

150

n.073
~-0.247

0.08E
-0.238

p.0M
~0.243

0.082
~0.263

D.074
~-0.282

0.072
~n.-290

165

0.19%
-0.128

0.178
-g-148

f.150
-0.T84

0.127
-0.-218

0.114
-0.243

0.110
-p.252

Lf Th.

18D

o.258
~0.062

0.20%
-0.116

n-171
~-0.164

D.143
-0.202

0.128
-0.229

o.123
-p-23%

9
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| load case |

| 1811 1 Zweiliniengegendruck radial
[ 4+ btwo linear support reactions radial
Biegemoment _ Hormalkraft ,_
bending moment M=m-F-r axizl force NN°F
o v 0 15 30 45 60 75 90 105 120 135 150
15 L p.313 0.164 0.064 -0-D38 -0.115 =0.162 -0.176 ~-D.156 —-0.104 -0.022 O.084
‘1’§ B 4 ~0.011 -0.140 -0.260 -D.367 ~0.439 —0.406 —0.500 =-0.480 -0-427 -0.3446 —0.240
T
Py 17.5 W 0.311 0.12 0.063 -U.038 -0.115 —0.141 =0-174 -0.153 -0.07% -0.07 0. 089
ACCO Lpialde 7o N -0.015 -0.144 -0.263 -0.364 =044t ~0_487 -0.500 ~0.47% 5425 -0.343 -0.237
DIN 30 H 0.295 D147 0-D51 -0.045 -p.114 -§.152 -B.157 ~0-128 —0-066 p.oz3 0.135
4 ~0.048 -0.176 -D.292 -D.3BB -0.457 -0.495 ~0.500 -0.471 -0.407 -0.320 -0.208
45 0.259 D.734 0.026 ~D.0OS8 ~-0.111 -0.131 -0-116 -0.0466 D.014 0119 0.05%
N -0.125 -0.230 -0.358 ~0.442 -0.496 -0.515 ~0.500 -0.451 -0G.371 -0.245 -0.325
60 H D.189 0.069 -B.023 -0.080 -0.100 -0.080 -p.023 D0-069 0.189 D.069 -0.023
N ~-D.289 -0.408 -0.500 -0._558 -0.577 =0t.558 -0.500 —#.408 -0.289 -p.408 -0.500
vorzeichen: Blegemoment + ¥ ergibit Zug auf Reohrinnenselte
sign bending moment + M results in tenslom on Internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + M resulks in tension

165

D.205
-0.11%

n.1a89
-0-137

0.1t
-fa232

D.022
~D.362

~0.080
-0.558

LF 1A

Sehnittkrifte am Kreisring
sectional forees at the circular ring
E e i -+
Linienbelastun
| Lastfall ! linear load g
1 load case |
| 1a.10D muflagergegendruck gleichidrmig, radial
4——nm=e—————+ bedding reagtion pressure uniform, radial
Biegamoment _ Normalkraft _
bending moment M=m-F-r axial force 'N°F
o 9 0 15 30 45 &0 73 %0 105 120 135 150 165 180
15 W 0.3& 0.187 0.0&7 -D.036 -0.115 -0.144 -0.1B0 -0.182 -0.111 -0.031 0.073 0.154 0.258
N -D.004 =-0.133 -0.253 -0.356 -0.435 ~0-4B4 0,500 -D.4B2 -D.431 -D.351 —.247 -0.126 -0.062
in W 0.311 D0.182 D.063 -D.038 -0.115 -0.141 -0.174 -0.153 -D.100 -D.@17 GO.0B9 o.1v7  0.207
N -0.015 =-0.144 -0.243 -D.364 -0.440 =0.4BT 0,500 -0.479 -0-426 ~0.343 -0.237 -D.149 -1.119
45 H 0302 0.174 D.056 —0-042 —-D-114 ~0.156 -0,164 -0.138 -0.080 0.007 0.0%1 0.145 0.163
H ~0.034 -0.162 -0.280 ~0.376 -0.450 —0.4%2 ~0.500 -0.474 -0-416 —0.329 =D.245 -0.191 -0.173
&0 M p.2B8% 0141 0.047 -0.046 =D.113 -0.148 ~0.148 -D.115 -0.050 0.023 D0.079 0.114 ND.1264
N -0.063 -0.190 -D.304 -0.398 -O.444 -0.499 -0.500 -0.467 -N.4p2 -0.-329 -0-273 -01.238 -0-224
75 M 0.272 0.144 0.035 -0.052 -0.110 -0.135 =D.125 -0.081 -0.024 D_D25 D.OAY g.0B& 0.095
N -0.103 -0.229 -0.339 -0.427 ~0.485 -D.510 -0.500 -0.456 -0.399 =-0.350 -D0.312 =-0.288 —-0.2B0
oa H 0.250 0.12&8 0-021 -0.057 -0-103 -0.115 -0.091 -0.050 ~0.011 D.D22  0.D47 pD.043 D.D&B
N -0.159 =-D.283 ~0.3BB ~0.466 -0.513 ~0.524 -0.500 -D.459 -0.420 -0.3B7 =D-362 -0.346 -0.341
vorzelchen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M rasults in tension on internal pipe surface
Hormalkraft + W ergibt Zug
4fBS axial force + N results in tension LF 14.1D
Bchnilttkrifte am Kreisring EF‘L J‘B P(f w
sectional forces at the circular ring F
Famm— + Linienbelastung '\
| Lastfall | linear load

e

180

0.201
-D.123

0.184
~0-142

n_102
-0.241

D .009
-D0-375

-0.100
-0,577

1
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schaittkridfte am Kreisring

sectional forces at the circular ring

P ]

e Linienbelastung
| Lastfall | Jipear load
| load case |
I 112 | Auflagergegendruck stufenférmig, radial
4ommm—nm—=——4 Dbedding reaction pressure gradually shaped, radial
Biegemoment — Hormalkraft .
bending moment M=m-Fr axial force N=n-F
o' g 0 15 3 45 60 75 %0 105 120 135 150 165 180
2a H p.309 D80 D.pé2 -0-039 -0.113 -0.160 -0-172 -0.150 _p.096 -0.013 D.A94 D.171  0.139
W =0.019 -0.147 ~0.264 ~0.347 —0-442 ~0.488 =-0.500 -0.478 -0 h24 =0.340 -0.234 -0.157 -0.137
L5 H p-297 0.169 D.053 ~0.044 -0.114 —D.153 -0.15°9 —g.131 -0.070 D.018 p.09s 0.128 0.138

N ~0.044 -0.172 -0.288 —0.384 —-0.455 -0.494 -0.500 -D.472 -0.411 -0.323 -0.245 -0.213 -0.283

60 M p.2B0 0.153 ©.D41 -0.050 -0.112 -0.142 -0.138 ~0.100 -0.030 §.039 0,075 D.0BB 0.0%3
N -b.p2 =0.209 -0.321 ~0.412 0474 -0.504 -p.500 -0.462 -D.392 -g.323 ~D.287 -0-274 -p.2469

75 4] p.255 0.7131 D.024 -0.0%7 -0.108 -0.124 -p-1b5 -0.057 0.007 D o, 0 D.049 0D.052 n.0s53
N -D.140 -D.265 -0.371 -0.453 -0.503 ~0.519 ~-0.500 -D.447 -p.38Y -0.356 =0.347 -0.343 -0-342

90 H 0.222 ©@.100 p.co2 -0.065 —D.09B ~p. 093 ~0.051 -0.007 p.0ze 0.030 0.023 p.01d 0.017
N =0.228 -0.349 ~D_447 —-0.514 -0,547 -0.542 —0.500 -0.450 - 423 -0.419 -D.h27 -0.431 —-0-433

yorzeichen: Bieggmoment + M ergibt Zug auf Bohrinnenseite
sign hending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug
4185 axial force + N resnlts in fension LE iAL12

gchnittkrifte am Kreisring
sectional forces at the eircular ring

p-—m=em——=—4% Rechteckig verteilte auflast beliebiger Breite

} EESEfEll : rectangularly distributed surcharge any desired width
pad case

| 2.8.15 | auflagergegendruck rechteckig

R ——+ bedding reaction pressure rectangular
piegemoment emepetl Hormalkraft o h.p .
bending moment M=m-p- axial force Nzn-p-t
B y 0 15 30 45 &0 75 90 103 120 135 150 145 180
15 ¥ 0.133 D.00 0.037 —-p.0t46 -0.058 -0.083 -0.092 -Q.DB3 -D.0SB -0.016 0.037 p.100 D.133
% 0,000 -0.087 -0.129 —~0.183 -0.224 =0.250 -0.25% —p.250 -D.224 -0-183 -0.129 -0.067 0.000
30 M 0.212 0.178 D.085 ~0.020 -0.1M 0,154 -0.173 ~0.159 ~0.111 -0.034 0.068 0.38B 0.252
N 0.010 -0.058 -0.242 —0.347 -0.428 -0.480 -0.500 -D.4B5 ~0.438 —0.36D -0.258 -0.13% -0D.010

h5 4] 0.254 0.220 D.125 -g.005 ~0.124 -0-203 -p.235 -0.21% -0.157 -D.b5¢ ©.090 D.258 0.348
L] g.p3z -0.0386 -0.222 0477 -0.596 -0.675 -0.707 -0.691 -0-629 -p.523 —0.362 =0.214 ~0-032

&0 N 0.278 D.243 0,745 0.090 -0-128 -0.230 —0.276 -p0.262 -0.191 -D.066 ©.103 0.306 D.416
N U0.D63 -D.OD& -0.196 -0.456 -0.719 -D.820 -0.B66 -0.853 -0.781 =0.657 -D.4B7 -0.285 -p.D&3
75 M 0.291 0,255 D154 0,015 -0.128 -0.241 -0.297 _p.287 -0.212 -0.077 0.109 0.333 0.453
] p. 069 0019 0173 -D.437 -0.706 -0.910 ~0.946 ~0.95& -~D.BB1 -0.746 -0.560 -G.338 -0.DBY
20 M  0.296 D259 0-158 0.017 -0.1297 -0.244 -0.303 -p.z95 -0.21% -0.080 D.111 D.342 D-468
N D099 0,029 -D.164 —0.430 -0.70t -0.907 -1.000 -0.992 -0.916 —-0-777 -0.586 -G.354 —0.099
vorzeichen: Biegemoment + M ergibt %ug auf fohrinnenseite
Bign pending moment + M results in tension on internal pipe surface
Hormalkraft + W ergibt Zug
4185 axial force + N results in tensien LF 2. 8.15
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Schnittkrifte am Kreisring
sactional forces at the circular ring

4m=m———m-—==t  Rachteckig vertellte auflask belisbiger Brelte
| nastfall 1 rectangularly distributed surcharge any desired width

{ load case |

1 2.6.30 i Auflagergegendruck rechteckig

b e e ek bedding reactlon pressure rectangular
Biegemoment Normalkraft

bending moment M=m-p-r axial force N=P-P-F
f w0 15 30 45 &0 75 90 10% 120 135 150 165 180

15 n p.131 0.097 0.035 -0.017 -0.057 -0.082 -p.090 -D.080 -0.052 -g.010 UO.04%4 0.092 0.10%
u -0.005 -6.072 -H.134 —p.187 -D.227 -0.251 -0.259 ~0.249 -D.222 -0-179 -0.125 -0.030 ©-005

30 g.207 0173 0.082 -p.022 -0.101 —-0.151 -0.168 -0.151 ~0.101 -0 027 @.082 0.173 0.207

M
N p.o00 =0G.067 -3.250 -D0.3%4 -D0.433 -0.483 —0.500 -0-4B3 =0.433 -0.354 -D.230 -p.067 0.000

45 M p.248 D214 p.120 —-0.0G8 -0.124 =0-199 -p.228 -0.209 -0.143 .0.034 ©.109 0,237 D.283
n 0019 -0.04% -0.234 -0.467 -0.603 -0.678 —0.707 -0.608 -g.622 —0-513 -p.%70 -0-113 -0-81%

&0 H p0.270 D.235 p.139 0.006 -0-128 -0.226 -0.2487 ~0.24% -0.174 -0.046 0.126 0.280 D.337
H] p.046 -0.023 -0 z2th -0 4468 ~0.727 -0.825 ~0.B6&6 —D.B4B -0.773 -0.445 -g.473 -0.160 ~D.044
15 ] 0.282 D.246 D.148 0.012 -0.128 -0-236 -g.2B7 -0.272 -0.193 ~p.054 0.135 D.305 0-3467
H p.o07o  0.0D1 0,189 -0.451 -0.715 -0.915 -0.968 -p.051 -0.872 -0.733 -0.544 -0.197 -0.070
90 H p.266 0.250 3.151 #.013 -0.128 -p.2319 —-0.293 -0.280 -0.199 -D.057 0,138 0.313  0.377
N 0.0E0 §.010 -0.1B1 “B.oh44 -0.710 -0.912 —1.000 ~0.987 -g.906 -0.743 -0.569 -0.211 —0.080
vorzeichen: Blegemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M Yesults in tension on internal pipe surface
Normalkraft + N ergibt Zug
4 /BS axial force + N results in tension LF 2. B.30
schnittkrdfte am Kreisring
sectional forces at the circular ring
4——u-—-=-=-+ Rachteckig yerteilte Auflast peliebiger Breite
| Lastfall | rectangularly distributed surcharge any dasired width
| 1oad case |
1 2.8.45 | Auflggergagen?ruck rachteckig
Fom b _+ bedding reaction pressure rectangular
Biegemoment _ 2 Normalkraft
bending moment W=m-p-f axial force =n.p-r
B ¢ 0 15 30 45 14 75 90 105 120 135 150 1465 180

15 ] p.127 0.09%4 0.033 -0.019 =0-057 —g.080 ~0.08& ~0.074 —-0.045 -0.DO2 p.046 0-080 ©.D93
n =0.012 -0.078 -0.140 —¢.191 -0.230 -p.253 -0.259 -0-247 ~3.218 -0.175 -0.081 -g-013 K012

30 " g.200 0.167 0.077 ~g.024 -0-101 -0.148 —0.161 -0.141 -0.084 -0.006 0.065 @G.151 D.175
W -0.013 -0.080 ~n_261 -0.363 -0.440 -0.4B6 —-0-500 -0.ABO —0.426 =0.344 —p.165 -0.035 G.013

45 ] 5.239 0.205 D114 —p.011 —-0.124 =0.1%4 ~0.218 -0.1%4 ~0.124 -0-011 0.114 ©0-205 0.239
H g.000 =0.067 -D.250 -0.500 -D.612 -D-483 -0.707 ~0.6483 -0.412 -0.500 -n.250 -0.087 ¢.000
&0 M g.259 0.225 013 #.002 ~0-128 -0-220 -0.255 -0.231 -p.150 -0.01B D132 0.242 0.282
N D023 -0.045 -0.230 -0.484 —0.73% ~0.831 —-0.846 ~0.842 -0.747 -p-42y —0-324 0. 104 —0.023
75 H p.270 0.235 0.139 0.007 -0-127 -g.229 -0-274 -g.252 -0.167 -0.022 0.141 0.262 ©-304
) 0.044 -0.D24 -D-212 -0.469 —0.728 -0.922 —0.966 -0.944 -0.859 - .714 -D.38D -0.134 -0.04%4
0 bl p.274 0.238 0.142 0.008 —0.126 -p.232 -0.277 -0.259 0172 -0.024 D.144 n.268 0.314
M 0.053 ~0.014 -0.204 ~p.462 —-0.723 -0.919 ~1.000 -0.980 -0.893 =D.745 -p-399 -0-14é -p.053
vorzeichen: Biegemoment + ¥ ergibt Zug auf Rohrinnenseite
sign bending moment + U ragults in tension on internal pipe surface
Hormalkraft + N ergibt Zug
4IB5 axial force + N results in tansion LF 2. B.4S
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+
Lastfall \
load case

Rechteckiyg verteilte
rectangulariy distributed surcharge any

schnittkrifte am Xreisring

sectional forces at the circular ring

auflast beliebiger Breite

desired width

awflagergegendruck rechteckig

[ 2.8.60 ! Y
e i 4 bedding reaction pressure rectangular
Biegemoment M= 3 Normalkraft _
pending moment =m-p-F axial forgce N=n-PT
8 f 0 15 3n L5 &0 75 %0 105 120 133 150 165 180
15 B 6.124 0.091 0.031 -p.020 ~-0.057 ~D.078 -.0B2 -0.069 -0.038 0.003 0,043 0.072 0-DE3
nN -0.019 -0.085 =D.14é -0, 196 -D.234 -0.255 -0.25% =0.245 -0-215 -0-134 -¢.n58 -p-0B? 0-019
30 w  D.194 D.162 D.073 -p.026 -0.100 -D-144 —D.154 —p.130 -0.074 0,004 0,080 D_136 D.156
W -0.027 -0.093 -0.273 -D.372 -0.446 ~0.490 -0.500 -0.476 -0. 420 -0-270 -g.121 -D-D13 0.027
45 | p.230 n0.197 0.108 -1 014 -0.123% ~0-.189 ~0.208 -0.17% ~0-104 p.002 O0.107 @.183 n.211
n -0.019 -0.085 -0.264 -0.513 -0.622 -0.688 -0_707 -0.676 -0.603 —D.395 —0.188 -0-037  0.D19
60 H p.z4f  0.213 p.123 ~p.002 -0.127 —0.213 —0.243 ~0.213 -§.127 -D.0B2 0-123 0.215 O0.248
H] ¢.000 -0-067 -D.250 -p.500 -0.750 -0.B37 -D.Bé&6 -0.837 -0-750 —0.500 -p.250 -0.067 D0.00%
75 | p.258 0.224 p.131 0.003 ~p-124 —0D-222 -p.z60 -0.232 -0.140 -0.004 0,132 D.232 0.246%
H 0.0t -0.049 -D.234 -0.487 -0.741 -0.-928 —p.964 -D.930 -D.RLE -0.571 -0.2%3 -0.D93 -0.D19
90 H 0.261 Q.227 0.133 0-004 -D.1E7 -p.225 -0.265 -0.238 ~0.144 ~D.0D6 0133 D.238 D.275
N 0.027 -D.041 -0.227 -0.481 -D.737 —-0.926 ~1.000 -0.973 —0.879 -0.537¢ -0-312 ~p.103 -D.027
vorzeichen: Biegemoment + M ergibt fug auf Rohrinnenseite
sign bending moment + M Tesults in tension on internal pipe surface
Normalkraft + N ergibt Zug
4185 axial force + N results in tension LF 2. B.60
schnittkrifte am Kreisring
sectional forces at the circular ring
$mnmr—— =t

| Lastfall |
| load case |
| 2.8.75 )

Rechteckig verteilte nuflast beliebiger
rectangularly distributed surcharge any

Breite
desired width

nuflagergegendruck rechteckig

[P - bedding reaction pressuare rectangular
Biegemoment P~ | Normalkraft y _n.p.
bending moment M=m-P T xial force Nen-p-r
B p 0 15 30 45 &0 75 Ll 105
15 M p.122 D0.089 0.029 -0.021 —0.057 -p.077 -0.060 -D.0&5
N -0.024 -D.OPO 0,150 ~-0.200 -0.236 ~0.¢56 —-0.259 ~(.244
30 ] p.i90 ©0.158 0.078 ~g.p28 —0-108 -0.-141 -0.14% -0.122
y -0.038 -0.102 -0.za1 -0.379 -0.451 —0.492 =~D.500 —0.474
435 M p.224 D.192 0.103 ~0.014 =B.122 =D.185 -0.200 -D.168
N -D.0Z2 -D.098 -0.278 ~0.523 -D.629 -0.691 -0.707 -0.675
60 4l 0.241 D208 0.118 -0.004 -0.126 -D.208 -0.233 -0.199
N -0,D17 -0.0B3 -p.26% -D.512 -0.758 -0.641 -D.B66 -0.832
75 L] p.250 D0.214 0.125 0.000 -D.125 -p.217 -0.249 -0.217
H U.UQD <0087 -8.250 -0.500 ~0.750 -0.933 —0.966 -0.93)
o0 H p.253% 0.219 0.127 0.001 -0-126 -0.219 ~0.254 ~0.222
H 0.007 -0.060 -D.244 -0.495 -0.7T46 ~0.931 -1.000 -0.948

vorzeichen:
sign

4785

Biegemoment + M ergibt Zug auf fohrinnenseite

120 135
-0.034 0.004
-0.189 —0.117
0. 086 0,008
-0.370 —0.233
-0.093 0.005
~B.533 -0.343
-5.113  0.002
D664 ~0.436
-f1,125 0.000
-0.750 -0.500
-0,129 -0.00%

-0.780 -0.523

150

0.041
~-0.044

0.077
-0-098

D.302
=-0.155

0.117
-D.210

0.125
-0.250

D.127
=-{.245

bending moment + M results in tension on internal pipe surface

Hormalkraft + W ergibt Zug
axial force + N results in tension

165 180
pD.u68 ©.078
p-005 0.024
0.127 0.146
0.ong 0.036
p.172 0.1%8

-0.0168 0.032
p.201 0.21
-0.044 0.017
p.216 0.230
-G.067 0.000
D.221 0.256
-D.076 -0.D07
LF 2. 8.75
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schnittkrifte am Kreisring

secticnal forces at the circular ring

#mwmmmm==—==% pochteckig verteilte Buflast beliebiger Breite
= ?gggfglte |  rectangularly distributed surcharge any desired width
a
| 2.8.90 | Auflagergegendruck rechteckig -
b m———- ~ bedding reaction pressure rectangular
Biegemoment _ ..o .pt Normalkraft y . n.p.
bending moment M=m:P-T" Sxial Fforce N=n-p-t
i} w O 15 30 45 60 75 90 105 120 135 150 1465 180
15 W ©.121 0.089 0.029 —-0.02%1 -0.057 -0.0676 -0.078 -0.043 -0.033 0.004 0.041 0.047 0.077
W -~D.026 =0.092 -0.152 -0.201 -0.237 -0.257 -0.259 -0.235 =n.181 -0.111 -p.043 0-007 0.026
30 n 0.189 0.154 0.06% -0.028 -p.100 -f.140 -0.147 ~0.120 ~0.064 0.007 0.0675 {.125 0-143
N -0.040 -0.105 -D.2B4 -0.382 -0.453 -0.4%3 —0.500 -D.456 -D.355 —0.222 -0-091 0.005 0-040
45 M 0.222 O0.i90 0.102 -0.017 -0.122 =-0.183 =0.198 -0.164 -g_090 0,005 ©O.100 0.169 0.193
N -D.D38 -D.403 -D.2B2 -0.527 -0,631 -D.6%3 -0.707 -0.450 -0.512 -0-327 -p.144 —-0-011 0-03B
&0 Hn nD.238 0.206 0.417 -0-005 —-0.125 -0.204 -0.230 —0.195 -g.110 0.003 0.115 0.197 0.226
N -0.023 =-D.08% -0.270 -0.516 -0.761 ~0.842 —0.864 ~0.B02 -D.638 -0.417 -0.197 -0.036 D.0D23
75 W 0.247 D.214 0,123 -0.001 -0D.124 -5.214 -0.245 -0.211 -0.121 0.00% pD.123 0.212 0.244
N ~0.007 -0.074 -0.256 -0.505 -0,753 -0.935 —0.966 -0.899 —0.721 -0.470 -0.236 =-0.058 D007
90 M @.250 0.217 0.125 ©.000 -D.125 -0.217 -0.250 -0-217 -0.125 0.000 p.125 0.217 D0.250
i} 0.000 -0.067 -0.250 -0_500 -0.750 -0.933 —1.000 -0.933% ~0.750 -0.500 -0.250 -0.047 0-000
vorzeichen: Biagemoment + M ergiht Zug aufl Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4 /BT axial force + N results in tension LF 2. B.70
schnittkrifte am Kreisring
sectional forces at the clrecular ring
+_‘---E--I_-* Rechtecklg verteilte Auflast beliebiger Areite
: Ezgs 2§se { rectangularly distributed surcharge any desired width
| 2.9.15 1 nuflagergegendruck cos-f8rmig, radizal
$o—mme—e——u-4 bedding reactios pressure cos-shaped, radial
Biegemoment M=m-p-ct tormalkraft y . q.p .
bending moment M-P T axial force N=n-p-f
B v oo 15 in 45 &0 75 90 108 120 135 150 165 Lk
15 L] 0.133 D100 0.037 -0.D16 -p.056 -0.0B8Y -0-092 -0.083 -p.057 -0.0t6 0.037 0.100 0.133
N 0.00D -0 047 -0.129 -0.183 —0.224 -0.250 -0.259 -0.250 -0.224 -0.133 -0-129 -p.067 -0.034
30 M 0.211 0178 0.085 -0.020 —0.%01 -0-154 ~0.173 -0.159 -0.111 -0.034 0.0&8 0146 D.252
H 0.010 -0.058 -0.242 -0.347 -D.428 —-0.4B0 —-0.500 -D.48% -0.438 -0.360 -0.258 -0-139 ~0.075
4% M b.254 0O.220 0-125 -0.005 ~D-124 -0.203 ~0.235 -p.217 -0.%57 -0.051 0,090 0.258 0347
f  0.032 -0.036 -0.722 -0.477 -0.596 ~0.675 -0.707 -D.691 -0-629 -D-523 -0.382 -p.214 =0D.125
60 M 0.278 0.243 0.145 D.010 -0-128 —0.730 -0.276 -0.262 -0.191 -D.066 0.103 p.306 D.415
H 0.0683 -0.006 -0.176 -0.456 -0.719 -0_820 -D.B4& -0.853 —0.781 -0-657 -0.487 -0.285 -D.176
75 M 0.291 0.255 0.154 0.015 -0.123 -0.241 -@.297 -0.2B7 -0.212 -0.0vs D.109 D.334 0.454
H D.089 0.01% -0.173 -0.437 -0.706 =0.910 -0.966 -~0.956 -N.BB1 -D-T746 =~D.560 -D.336 —B.215
90 M p.294 D.259 O0.i58 0.017 -0.12% -D.244 -0.303 -0.295 -0.219 -0.080 0.111 0343 D467
N 0.099 0.029 -D.144 -0.430 -0.701 -0.907 -1.000 -0-992 -0.915 -0-777 -D.386 -0.356 ~-0.230
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in vension on inkernal pipe surface
Normalkraft + N ergibt Zug
4IB5 axlal farce + N results in tension LF 2. 9.15
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4 emm— e —t

| Lastfall

|

| load case |
2.9.30

!
+

gchnittkrifte am Krelsring
sectiona}l forces at the circular ring

rechieckig verteilte Ruflast beliebiger Breite
rectangularly distributed surcharge any desired width

auflagergegendruck cos-férmig, radial
bedding reaction pressure cos-shaped, radial

Biegemoment - , Hormalkraft N =
bending mement - ™ P °T axial foree © ° neper
B ¢ o 15 30 45 60 75 90 105 120 135 150 165 180
15 H D.130 0.097 D.035 -0.017 -D.057 —-0.082 —0.089 -0.079 -0.052 -0.010  0_045 0.091 D.107
N -0.006 ~0.072 -0.134 =0.187 -0.227 -0.251 -0.259 -D.240 -0.22%1 -0.179 -0.125 -0.078 —D.06&2
30 M p.z06 0.173 0.081 -p.022 —-0.101 -0.151 —0.168 -0.150 -g0.100 -b.021 D063 D.172 D.203
N -D.001 -B.068 -D.251 -0.354 -D.434 -0.483 -0.50D -0,.4R3 -0.433 —0.353 -g.249 -0.167 —-D-130
L3 W 0.247 0.213  0.120 -0.008 ~0.124 -0.199 —0.227 -D.20B -0.147 -0.033 0.1 p.234 D277
H D.017 -0.050 -0.%35 -0.4BB -0.604 -0.679 -0.707 -0.6BB ~0.$21 =0.512 -0.369 ~0.245 ~0-20¢2
0] W 0.26% O0.234 0.138 0.00& —0.128 -0.225 -B.266 -0.248 -0.172 -0.044 0,120 0.277 D.329
n  0.044 -0.024 -D.212 -D.469 ~0.728 —D.875 -0.866 —-0.848 -0.772 ~0.444 ~p.471 -0.323 -p-271
75 H 0.281 D.245  D-147 0.01% -D-12B ~D.236 —D.286 =0.371 -0.191 -0.0s52 D138 D.302 0.359
N 0.068 -D.007 -D.191 —0.452 -0.716 -0.915 -0.966 -0.931 -0.871 -0.731 -0.542 -0.378 -0-321
20 M p.285 0.249 0.150 D.0i3 -0.128 -0.239 -0.292 -D.278 -0.197 -0.054 0.1461 pD.310  0.369
N 0.078 0.00B ~D.183 =0.445 -0.711 -0.913 -1.000 —0.986 -0.905 -0.762 ~0.567 ~.354 ~D0-339
vorzeichen: Biegemoment + M ergibt zug auf Rohrinnenseite
sign pending moment + M results in tension on internal pipe surface
Hormalkraft + N ergibt Zug
4185 axial force + N results in tension LF 2. 9.30
Schnittkrifte am Kreisring
sectional forces at the circular ring
o -+ Rechteckig verteilts Auflast beliebiger Breite
Lastfall rectangularly distributed surcharge any desired width
%Dgﬁqgase i huflagergegendruck cos-férmig, radial
l__;_: _____ _y bedding Teaction pressure cos-shaped, radlal
Biegemoment M=m-p-t2 Normalkraf: y_ ..
bending moment mee axial force N=n-p-r
f g o 15 30 45 60 75 o0 105 120 135 150 165 180
15 m 0.126 0.093 0.032 -D.019 -g.057 -0.080 -D.085 ~0.072 -0.043 0.001 C.D4é p0.077 0.067
N ~-0.014 -0.0B1 ~D.142 —0.193 -0.231 -0.254 —-0.259 ~0.244 -0-217 -0-173 -p.128 -p-D97 -D.0B6
50 % D0.198 D.J165 0.076 -8.025 -0.101 -0.147 -0.159 =-0.137 -0.DA3 0.000 O0.086 D. T4k 0.164
N ~D.018 -0.0B4 -0.265 -0.366 -0.442 -0.48B -0.500 -0.478 =D.424 =0.341 ~0.255 -0.197 -0.177
45 M 0.236 0.202 D.112 -0.012 -D.124 -0.193 ~0.215 -0.1B9 -,117 -0,.004 D.115 D.195 D.223
N -D.006 -D.073 -0.255 ~D.504 -0.616 -0.685 -0.707 =0.6B1 —0.609 ~0.496 ~0.377 =D.297 -0.269
&0 % 0.?55 ©0.221 U0.128 0.001 -0.127 -p.218 -0.251 -0.225 -0.143 -0.008 0.134 0.229 0.263
N 0.015 -0.052 -D.237 -0.489 -~0.742 —0.833 -0,.B&6 -0D.B4D -D.758 -0.623 -D.4B1 -g.386 -0.352
5 M  0.266 0.231 D0.136 0.005 -0-127 —0.227 —0.269 -0.246 -D.156 ~0.012 0.143 D.248 0.28%
N 0.03¢6 -0.032 -0,219 -0.475 -0.732 -0.924 —-0.966 =D.942 -0.B54 -B.-708 -0.553 ~D.448 —D.41%
90 M 0.269 0.234 0.1368 0.006 ~D.128 -0-230 -0.275 -0D.252 -0.163 -0.013 0.14é D.254 D.292
N 0.044 -0.024 -0.212 ~0.469 -0.728 —0.927 ~1.000 -0.977 -D.BER -O.738 -0.57% -0.477 ~D.433
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
wormalkraft + N ergibht 2ug
4785 axial forge + N results in teasion LF 2. 7.45
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schnittkrifte am XKreisring
sectional forces at the circular ring

Ammmmmmmm e 5 pechteckig verteilte Auflast belisbiger Breite
= iassfall } rectangularly distributed surcharge any desired width
oad case
| 2.9.6D 1 auflagergegendruck cos-férmig, radial
Frm—m———— _+ bedding reaction pressure cos-shaped, radial
Aiegemoment wm.g.p2 Wormalkraft y.ogn.p.
nending moment Me2m.p-I" Sxial force n-p-r
B LI 15 30 45 &0 75 90 105 120 135 150 165 180
15 W 02121 0.089 D.029 -0.021 ~-0.057 -0.077 -0.079 -0.064 -0.032 g.b07 0.042 D.D&5 0.073
N -D.025 -0.091 -D.157 -D.201 ~D.237 -0.2546 -0.259 -D.244 -D.212 -0.172 -p.138 -0.115 -0-106
30 w 0.189 0.157 0.049 -0.028 -0.100 -0.141 =0.148 -0.129 -0,062 0.012 p.077 D.121 D0.137
N -0.038 -D.104 -0.283 -0.381 -0.452 —0.493 -D.500 -0.473 —0-414 -0.340 -p.275 -p-231 -0-215
45 4] p.223 0.19y0 D.f02 -0.017 -D.122 ~0.184 -0.199 -0.146 -0.087 O0.014 D.103 ©D.163 0.185
N -0.035 -D.107 -O0.280 -0.523 ~0.630 -D. 492 =D.707 ~D.674 -0.595 -0.-494 -D.405 -D.344 —0.323
] 1 p.239 0.204 0.117 -0.005 -0.126 ~0.207 ~0.232 -0.497 -0.106 0.013 0.119 0.190 ©.214
4 =0.020 =-0.08é ~0.267 ~0.514 -0.740 -0.842 -D.E6&S -0.83t -0.740 -0.621 ~0.516 =0.444 =0.419
75 M p.248 0.214 0.123 -g.001 -0.125 ~0.216 -0.248 -0.214 -0.117 0.012 n.127 D.205 D.232
N -0.004 -0.071 -0.253 -0_503 -0.752 -0.934 -0.966 -~0.932 -0.835 -0.70& -g.591 -0.513 —D.4B&
20 4] p.251 0.217 ©0.125 0.00D -0.126 ~0.218 -0.253 -0.219 -p.120 0.2 £.129 D.209 a.238
H 0.003 -0.0644 ~0.247 -0.498 -0.748 -0.932 -1.000 -0.967 -(.863 -0.736 —0-618 -0.538 -0.510
Vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bendiing moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4485 axial force + N results in tension LF 2. 9.40
Schnittkrifte am Kreisring
gectional forces at the clrcular ring
4—mmm—w==————% Rechteckig verteilte Auflast beliebiger Breite
; Eas;ﬁall = rectangularly distributed surcharge any desired width
oad case
1 2.9.75 1 Auflagergegendruck cos-idrmig, radial
O —— + bedding reaction pressure cos-shaped, radial
Biegemoment —m-p-t? Wommalkraft , _ - ..
bending moment H=wn-p axial force N=n-p-r
f 9 0 15 30 45 &0 75 90 105 120 135 150 145 140
15 L} p.117 0.085 0.026 -0.02%2 ~0.056 -0.074 ~0.073 -0.056 _0.pbzs 0.00B D.038 O.05B 0.04&45
N -0.035 -0.101 -0.15% -0.208 -0.242 -0.259 -0.259 -0.241 -D.211 -0.177 -D.148 -p-127 -D.120
30 [} 0161 0.149 0.D43 -p.031 -0.099 -0.135 -0.137 -0.105 -0.049 0.014 p.o7@d D.10B D.12t%
W -0.057 -0.122 -0.300 -0.3%4 -D.hé2 _0.498 -0.500 -0.468 -0-412 -D0-349 -0.253 -0.255 -0.242
45 H p0.211 0.J180 D0.09% ~0.021 -0-120 -0.176 -p0.184 -0.144 -0 048 D 016 o092 0D-t4h D.162
N =D.042 -0.127 -0.304 -0.544 -0.644 -0.499 -0_707 -0.647 —0.592 -0-507 -g.431 -g-379 -0-361
&0 W 0.225 0,193 0.107 -0.009 -G.123 ~0.197 -0.213 -B.169 -0¢.083 0.016 p0.105 0167 D186
N -D.05% -0.119 -D.296 -0.538 -0.777 -0-850 _0.866 -0.823 -0.736 —0.637 ~0.34B -0.487 ~0.485
75 K p.232 0.200 0.112 -0.006 -p0.123 -0.204 -0.227 -D.183 -g.091 0,015 D.112 0.178 D.202
N -D.041 -0.106 -D.2B5 ~0.529 -0.770 -0.944 -0.964 -0.922 -0-831 -0.72% -0.627 -0.561 —-D.537
90 W 0.234 0.202 0.714 -0.005 -0-123 -0.206 -0.231 -0.187 -0.094 0.013 pD.1t4y D.1B2  ©.-206
i -0.035 -0.107 ~0.280 ~0.525 -0.74E -0.942 -1.000 0987 -G-B43 ~0-755 -D-656 —0-588 -~0.563
varzeichen: Biegemoment + M erglbt Zug auf Rohrinnenseite
gign bending moment + M resulks in tension on internal pipe surface
Naormalkraft + N ergibt Zug
4185 axial Force + N results in tenslon LF 2. 773




schnittkrifte am Kreisring

sectional forces at the circular ring

o + pechteckig verteilte Auflast beliebiger Breite
‘ ?asgfﬂll % yactangularly distributed surcharge any desired width
oad case

} 2.9.80 1 auflagergegendruck cos-fdrnig, radial
o m——— 4 bedding reaction pressure cos—shaped, radial
Biegemoment [ | Hormalkraft o _ .0 -
bending moment M=m-p T ayial force N=n.p-r
B ¢ 0 15 30 45 &0 75 90 105 120 135 150 145 180
15 4w 0.115 0.083 0.025 -0.n23 -0-056 -0-072 -0.071 _g.053 ~0.0z4 0.008 0.036 D.036 0-D&3
N =0.03% -0.105 ~0.163 -0.211 ~0.244 =0.280 ~0.259 =0.24% ~g.212 -0-180 —g.152 -D.132 -0.125
30 n.177 0.146 n.8e1 —-0.032 —0.098 -N.132 -0-13 .0.099 -0.D46 G.D14 g.0s7 0.106 0.117

=X

-p.0&66 -0.131 -0.307 -0.400 -0.466 -D.500 -p.500 -D-4e8 —D-413 -p.355 -0.302 -0.265 =0.252

45 H p.206 0.175 0.09% -g.022 -0.119 -0.171 —p176 —-0-135 -D.045 g.016 0.088 0©-13B D.14&
H -0.075 -0.13% -0.31% -0.553 —-0.650 -0.702 -b.707 ~0-466 -p.596 -0.515 -0 443 -0.393 ~D.375

&0 M p.219 0.188 p.103 -0-011 -p.122 -0.192 -0.203 -0.159 ~0.079 G._015 p.t101 Db.15% D.130
N -0.06% -0.134 _0.310 -0.54% -0.784 -0.854 -N.B&S —0.822 ~0-74% -0-647 —0.562 -g-503 -R.4B2
75 M p.225 0-194 0.108 -0.008 =D-127 -p.108 -0.216 -0.172 _0.D86& G.094 D_186 p.170 D.1%3
y -D.DSB -D.123 ~3.300 -D.54% -0.779 —0.948 -0.9646 -0.922 ~0.836 ~0-735 wD.643 -0.580 ~0.537
Lli] M 0.227 0.196 0.309 ~g.p07 -0.121 -0.200 -p.220 ~0.178 _p.cB9 0.014 0.108 0.173 0.1%7
N -0D.053 -0.118 -0.296 =0.538 -0.777 -0.947 —-1.-000 -0.%56 -D.B&9 -0.746 -p.672 -0.607 -0.584
yorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on jnternal pipe surface
Hormalkraft + W ergibt Zug
4185 axial force + N results in tension LF 2. 9.90
Schnittkriite am Kreisring
sectional forces at the gircular ring
e —im = i

Rechteckig verteilte puflast belisbiger Breite

| Lastfall 1 rectangularly distributed surcharge any desired width
| lozd casze |

1 2.10.15 { Auflagerqegendruck gleichfﬁrmig, radial

4emmem——=—=4 bedding reaction pressure uniform, radial
Biegemoment ey -rF Normalkraft n.p .
bending mament W=m:-p T ayial force N=n-p-F
f v 0 15 30 &5 &40 75 90 105 120 135 150 165 180

15 H 0.133 0.100 D037 -0.0%6 -0-058 -0-D83 -p.092 -0.083 -0.057 -0.016 ©U.037 0.100 D.133
N p.000 -0.067 -0.129 ~0.183 —~0.224 -0.250 ~0.259 -0-250 -0-224 -0.183 -0.129 ~-0-067 -0.034

30 W 0.211 0.178 0.085 -0.020 -0.101 -0.154 -02173 -0.15% ~0.111 -0.033 0.04% 0.188 D.251
H 0010 -0.058 -D.242 =0.347 -0.428 ~D 480 -0.500 —0.AB5 -0.43B -01.360 ~0.258 -0.-137 -0.075
45 H  0.254 D.220 @125 -0.005 -0-124 ~0-203 ~0.235 —p.219 -B.157 -0.057 D0.090 0.258 O.347
N p.n3z -D.03é6 -D.222 -0.477 -0.5%6 ~0.&75 -0.707 ~D.&91 -(.429 —0.523 -0.382 -p-21h -p.125
40 W 0,278 D243 0,145 g.01g —0-128 -0-230 -0.273 —g.262 -D.191 -0.066 ©.103 0.306 O.414
H o,.bh63 «0.007 0,196 ~0.456 -0.719 -0 820 —-0.B6& -0.B53 -p.781 -0-657 -0-487 -0.285 -0.177
15 n  D.291 0.255 0.154 0.015 -0.128 -0.241 -0.297 -0 287 -0.212 -D.076 0.110 0.334 0.453
N 0.089 0.019 -0.173 ~0.437 -0.706 —0.990 —0.966 0,956 -0.8B1 -0.746 -0.560 -0.316 —0.218
90 ] g.296 D.259 0-138 0.017 -0.129 ~0.244 -0.30% —p_295 -0.218 -0.080 0.111 0.343  0.467
N 0.099 0,028 -0.164 -p.430 ~0.701 -0.907 -1.000 ~0.991 ~0.915 -0.777 -p.586 -0.354 -0.230
varzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + W ergibt Zug
4185 axiai force + W results in tension LF 2.10.15
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Schnittkrdfte am Kreisring
secticnal forces at the eircular ring

165

0.091
-0.079

o-t71
-D.162

D.233
-0-247

0.275
-0.325

0.300
-0.381

0.308

b mmwm——————=+ Rechitecklg verteilte Auflast beliebiger Breite
| Lasgfall | rectangularly distributed surcharge any desired width
1
: ,??0-5353 } puflagergegendruck gleichfrmig, radial
O, 4 bedding reacticn pressure uniform, radial
Blegemoment M=zmep.p2 Nommalkraft y .. ,,
bending moment mepeT axial Foree n-p-r
f P 0 15 30 45 &a 75 0 105 120 135 150
15 4 D0.130 0.097 D.035 -0.M18 -D.D57 -0.082 —-0.089 -D.079 -0.052 -0.009 O.G45
N -0.006 -0.073 -0.134 -0.9B7 —-0_227 -0.252 -0.259 -0.248 -0.221 -0.179 -0.124
30 M 0.206 0.173 0.081 -0.022 -0.101 -0.151 ~-0.167 -0.150 ~0.100 -n.0206 0.084
§ -0.002 -0.068 -0.251 =0.355 -0.434 -D.483 -0.500 -0.483 -0.432 ~0.352 -0.249
45 H D.247 0.213 0.119 -0.008 -D.124 ~D.19% —-0.227 —-0.207 -0.141 -0.032 0.112
N 0.017 -0.05% ~D.236 -0.488 -0.604 -0.679 -0.707 -D.487 -0.421 -0.512 —-D.3648
40 ] 0.269 0.234 0,138 D.006 -D-j28 -0.225 -0.2486 -0.247 -D0.171 -0.043 0.130
N 0.043 -0.025 -0.213 -0.46% -0.72B -D.B25 -0.864 -0.B48 -D.772 -D-843 —D.470
75 M 0.2B1 0.245 0147 D0.011 -D.128 -0.235 -0.286 -0.270 -0.190 -0.050 0.139
N 0.047 -0.002 -0.192 -0.453 -0.717 -0.916 -0.94é6 -0.950 -D.870 -0-730 -0.541
90 M 0.285 0.249 0.150 0.012 -0.128 =-0.23B =D.292 -0.277 -0.196 -0.053 0.142
N 0076 0.007 -D.184 -0.44&6 =0.712 -0.913 -1.000 -0.%86 =D.704 -0.761 -D.544 -D.401
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + W ergibt zug
4LIB5 axial force + N results in tension

LF 2.

180

0104
~0.064

0.z200
-D-132

0.274
~0.2068

0.325
~0-275

0.354
-0.328

0.364
-0.344

10.30

Schnittkrifte am Kraisring
seckional forces at the circular ring

---------- + Rechteckig verteilte Auflast beliebiger Breite

+
l Lastfall

rectangularly distributed surcharge any desired width

load case

I 2.10.45 [ muflagergegendruck gleichibrmig, radial
4ol ~__.., bedding reaction pressure uniferm, radial
Biegemoment s .g .t Hormalkraft o - oo,
bending moment Hzm-p-t® oxial force n-per
B w 0 15 3a 45 60 75 20 105 120 135 150
15 # 0.125 0.093 0.032 -D-G19 ~0.057 ~0.079 -0.084 -0.071 -0,.841 0.003 0_047
N -0.016 -D_082 -D_143 -0.194 -0.232 -D.254 -B.259 -0.24g —0.216 ~0-172 ~0-128
io M 0.197 0.164 D.075 —0.026 —0-101 —-0-146 -0-157 -0.135 -0._080 0.004 0.087
it -0.021 =0.087 -0.268 -0.368 =0.443 -0.488 -0.500 -0.478 —0-423 -0.339 -0.256
L5 H 0.234 0.200 ©0.110 =0.013 -0.123 -0.191 -6.213 -D.184 -0.113 0.002 0.t1é
W -0.011 -0.077 -0.259 -0.50B =-0.618 -0.436 =-0.707 -0.480 -D-&07 -0.492 -0.370
&0 4] 0.253 0.219 D.124 0.000 -0.127 -0.274 -0.248 -0.221 ~0.137 -0.001 0.135
H n.110 -0.058 -D.242 -D.4923 -D.745 -0.834 -D.B&s -0 B3% =-0.755 -0.619 -D-4B3
75 #w  0_243 0.228 O0.-134 0.004 -0-127 -0.226 -0.266 —0.241 —0.152 -0.004 0.14%
H 0-030 —0-038 -0.224 -0.479 -0.735 -0.925 =0.%66 -0.941 -0.851 0,704 -D.555
20 M 0.266 6.232 0.136 0.005 -0.128 -0.228 =0.271 -0.247 -0.156 -0.005 DO-148
H 0.038 -0.030 -N.217 -D.473 -0.731 -0.923 —1.000 -0.976 -0.885 -G.734 -0.581
yorzeichen: Biegemoment + M ergibt %ug auf Rohrinnenseite
sign bending moment + M results in tension on intoxnal pipe surface
Mormalkraft + N ergibt Zug
Lt BS axial forece + M results in tension

145

0.074
-g-101

0.139
-0-204

0.188
-0.307

0.220
~0.398

0.238
-0-462

0244
G485

LF 2.

180

0.083
~0.091

0.156é
~-{t-186

t.212
-0.282

n.249
-b.-368

a_zrd
-0.430

0.277
~D-452

10-45




4 m—————

| Lastfall

| load case |

Schnittkrifte am Xreisring

sectional forces at the circular ring

Rechteckig verteilte Auflast peliebiger Breite
1 rectangularly distribuied surcharge any desired w

idth

| 2.10.80 1 auflagergegendruck gleichftrmig, radial
[P — 4 bedding reaction pressure uniform, radisl
Biegemoment o n.pr Normalkraft g nop.r
bhending moment WemeP T oxial force N=n-p-t
a ¢ D 15 30 48 L] 75 20 105 120 115 150 165 180
15 H 0.119 0.086 0.037 -0.022 —p.057 -B.075 -0.076 -0.05% -D.B26 0.011 0.D&0 0.D58 0-064
q  =0.031 -0.097 -B.156 —N.205 -0.240 -D.256 -0.259 —0.242 =D.209 ~0.171 ~0.143 -0-125 ~D.119
3n W 0.4 B.152 0.065 —0-030 —0-100 -0.137 ~D.142 -0.112 -0_0s0 0_0z0 0.074 0.10B 0.119
N -0.050 -0.115 -0.293 -B.3B%9 -D.458 -B.496 -D.500 -0.470 -p.408 -0-338 -0.284 -pg.251 -0.239
45 W 0.215 ©.18% 0.097 -0.020 -0.122 —0.180 -0.191 —-D.153 —0.070 ©G.025 0.096 0.144 D.160
W -0.057 -0.117 -D.295 -0.536 -0.638 -0.696 -0.707 =0.670 -pD.587 -0-49% -0.418 -0.372 -D.357
&0 # p.230 0. %8 O0.110 -D.0OOB -0.125 -0.202 ~0.221 -0-181 _p_bss D.027 D.113 D.147 {1-185
# -D.040 -0.106 -0.285 —n.528 -0.770 ~0.B47 -D.B66 -0.B26 -p.730 -0-418 —-D.532 —0.478 —0.460
75 ] p0.238 0,205 0.116 -0.005 -f.124 -0.210 -D.236 —-0.1%96 -p.0%4 0.027 D.120 D.1786 D.198
W -D0.02¢ -D.0%2 -0.272 -p.518 -0.763 -0.940 —0.966 ~p 926 -D.H24 -0-703 -O.610 -p.552 -0.532
90 M §.240 0.207 D0-118 -0.004 ~D.125 -0.-212 -0.240 -0.201 -0.0%9 0.027 0O.122 D182 0.202
N -D.020 -0.08& -D.2647 -0.%14 -D.760 -D.938 —1.000 -0.961 -0.B56 -0.732 -0.638 ~0.578 ~0.55H
Vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4185 axial force + N results in tension LF 2.10.-60
Schnittkrifte am Kreisring
sectiognal forces at the circular ring
o m—————— + Rechteckig verteilte Auflasi peliebiger Breite
| nastfall | rectangulariy distributed surcharge any desired width
{ ioig ggae : auflagergegendruck gleichftirmig, radial

LY E

15

30

45

&0

75

2o

Biegemoment
bending moment
v 0 15
% 0.110 D078
N -0.052 -0.117
M g.166 0-136
N -D.D90 -0.154
M D0.191 0.151
N ~0.109 -0.172
W 0,200 0.170
N -0.110 -0.173
K 0.204 0.174
N ~D.104 -D.167
W D.206 0.178
N -0.101 -0.144

yorzeichen: Biegemoment +
bending momen

sign

bedding reaction pressure uniform, rad

ial

;, Normalkraft

W=m:p-T axialfnrcenzn'p'r
30 45 &0 73 Q0
0.021 -b.025 ~D.055 —-0.068 —0.064
“H.174 —D.220 —0.250 -0.263 -0.25%
D.L54 -0.D36 -0.096 -0.125 —D.118
~0.328 ~0.417 -0.478 ~0.50& -0.500
0.080 -0.D27 ~0-117 =0-162 -0.158
0,344 -0.577 ~0.4667 =0.711 -0.707
p.090 -0.018 ~0.120 -0.180 -D-181
n_345 ~0.578 -0.805 =0.865 -0.B64
0.093 ~0.015 -0.119 -0.185 -0.191
-0_340 ~0.574 -D.802 =0.960 -0.966
0.094 -0.015 -0.119 -0.166 -0.194
-p.337 ~0.571 -D.BOD -0.959 —1.400

Normalkraft + N ergibt Zug
axial force + N results in tension

105

~0.042
~-0.237

-0.078
=0.460

-0.106
~0.855

-0-123
-0.608

~0.13
-0.906

-0.134
=-0.940

M ergibt Zug anf Ronrinnenseite

+ + M results in tension on internal pipe surface

120

-0.012
-0-207

-0.024
~0.404

-0.034
~-0.583

~0.040
-0.725

-0.044
-~0.B19

-0.045
~-p.851

135

0.013
-D.182

0.022
-0.359

0.028
0521

0.031
~0.6535

0.031
-0.743

0.032
-0-775

150

D.032
~0-1563

&.058
—0.324

0.075
0.4 Th

D._D85
-0.4600

0.0R%
=0.486

0.090
~0-716

165

0.044
=-0-151

0.0RD
-0.30M

0.105
B PLLL]

0.119
-0.366

0.125
-~0.650

0.127
-0.679

LF 2.

180

0.048
-0-147

D.08B
-.-294

0.115
~D-43h

0.131
-0-554

0.138
=-D.A37

O0.1%40
- p.067

10.75

245



P

Lastfall

Rechteckig verteilt

| rectangularly distr
lgad case |

Schnittlrifte am Kreisring

= Auflast beliebiger Breite
jbuted surcharge any desired width

sactional forees at the circular ring

| 2.10.90 | nufiagergegendruck gleichfbrmig, radial
Fom e im iy baedding reaction pressure uniform, radial
Biegemoment _ ...z HWormalkraft y . g.p.
bending moment M=m-p-F  ayial Force n-p-r
g P 0O 15 10 45 60 75 90 105 120 135 150 165 180
15 B 0.099 0.048 0.014 ~0.027 —-0.052 -0-058 -N.D46 —0.025 -p.pos 0,013 D024 D.032 0.034
N ~0.081 -O0.145 -D.199 -0.240 —D_2kk -0.271 -0.259 -0.238 -0.219 -0.202 =0-189 -0-181 ~0-17B
30 M 0.145 0O.116 0.040 ~0.041 —0.090 -0.105 -0.DB4 -0.046 -0.011 p.019 0.042 0.057 Q.062
N -f.146 =0.208 =0.376 -0.457 —~0.506 —D.521 -D.500 —0.442 -D.427 -0.397 -0-374 ~0-35% -0.354
43 M pD.§60 D.133 0.040 ~0.035 -0.10B —0.134 ~0.109 -D.061 —0.015 p.023 0.053 0.072 0.07B
N -D.108 -0.248 -D.472 ~0.633 -0.706 ~D.732 —-0.707 -0.659 0,413 -0.574 ~D.545 —0-526 -n.520
1L M 0.143 0.137 0.066 -p.026 -0.109 -0-145 —0-121 -0.068 =0.01B  0.025 0. 0ss 0.078 0O.0ES
N ~0.207 -0.267 -0.429 -0.644 -0.853 -0.890 -0.B&6 -D.B13 -0.763 -D.720 -0.487 -0-666 “N.659
75 W D.143 B0.137 0046 =D.025 -0.106 -0.147 —-0.135 -0.070 -0.01% g.02s D0D.059 D.0B0 0087
#t -D.212 -0.272 -0.433 _D.650 -0.854 -0.968 -0.966 -0.911 —0.B60 -0.816 -0.782 =0-761 ~0.754
90 M D.163 0.137 0D.068 -0.025 —-0.106 —-0.146 ~0.125 -n.070 -0.01% 0.825 p.059 0.080 D,D87
N -D.212 -0.272 -D.434 -0.650 -0.856 —-0.988 =-1-000 ~0.945 —-0.894 -0.850 ~g.B16 -0.795 -0.7HE
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending momeat + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
L 1B5 axial force + N results in tensian LF 2.10.°0
schnittkrifte am Kreisring
septional forces at the circulax ring
Fummm—m e —+ pechteckig verteilte Auflast beliebiger Breite
1 iazgfiile i ractangularly distributed surcharge any desired width
o s
1 2.11.15 1 7weiliniengegendruck radial
P 4+ two linear support, radial
Biegemoment —mep -rl Normalkraft y.-.p.p.
bending moment M=m-P-T" axial foree n-p-f
8 p 0 15 30 45 60 75 20 105 120 135 150 165 16D
15 M p.131 0.098 0.33é& -p.017 -D-DS& —-0.082 ~N.090 -0.080 -0.054 -0.012 0.043 D0.105 0.103
N -D.0D4 -D.071 -0.433 ~D.184 -0.22& -0.251 —g.259 -0.249 -0.222 -0.180 —0.126 -0.043 -D.065
n M 0.20B 0.174 0.082 ~0.021 ~0.101 -0.152 -0.16% -0.153 -0.103 -0.024 0.079 0.199 0.195
W 0.002 -0.065 -0.248 -0.352 —0.432 —0.482 -0.500 -0-484 0,434 —p_3155 -0.252 ~0.131 =0.13é
43 M 0.249 ©0.215 0-121 -0.007 -g.124 -p.200 -0-230¢ -0-211 ~-0.146 -0-038 D.1ns 0.273 0.266
N n.022 -0-D46 -D.231 -0.485 ~0.4602 -0.477 -0.707 -0.48% -0-623 -0.515 ~0.372 -0.2046 -0.211
&0 W 0.272 0.236 D.140 ©.007 ~0.128 -0.227 —0-269 ~0.252 -0.176 -g.050 ©0.21 D.325 0.315
¥ 0050 -0.019 -0.207 -0.465 -0.725 -0.824 -0.B8586 —0.84% -0.775 g .647 ~0-476 -0.272 ~0-2B2
75 A 0.284 D.248 02149 0.012 ~G.128 -0.237 —0.289 —0.276 —0-197 ~0.05% 0.129 0.355 0.344
N 0.0T4 0.005 -0.186 -0.448 —0.713 -D.914 -0.966 -0.952 —~0.B874 ~0_735 -D.547 -0-322 -0.333
90 M 0.288 0.252 0.152 p.N14 -D-129 —-0.240 -0.295 -0.283 -0.203 —0.062 D0.132 D.365 0.353
H o-084% 0.014 -0.%77 -0.44Y -0.708 -D.911 —1.000 -0.986 -0.708 -0.768 -0.573 -0.340 -0.352
vorzeichen: Biegemoment + i ergibt Zug auf Rohrinnenseite
sign hending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4185 axlal Eorce + N results in tension LF 2.11.13
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schnittkrifte am Kreisring

sectional forces at the circular ring

A= ~=—+ Rechteckig verteilte Ruflast beliebiger Breite
| pastfall | yectangularly distributed surcharge any desired width
| load case ! (s :
1 2.11.17.5 1 zweiliniengegendruck radizl
3 e 4 two linear support, radial
Biegemoment ML ran -t Normalkraft _
bending moment memepor’ Loial force NPT
i LI 15 30 45 60 75 90 105 120 135 150 148 180
15 L} 0.130 0.097 0.03%5 —o_mg -0.058 -0.082 -0.089 -p.07% ~-0.031 -D.00% pD.046 0.097 D-094
w -0.006 -0.073 -H.135 —0.1E7 ~0.227 -D.252 -0.259 ~p.248 —0.221 -0.179 ~0.124 -0.073 -8.076
30 M n.206 0-172 0.081 -0.022 -0-101 -0.157 —0.167 -0.150 -0.D%9 -0.019 0.085 o.182 0.177
N -0.002 -0.069 -.252 ~D.355 -D-434 -0.483 -0-500 -0.A82 =0.432 ~p.352 -0.248 -0.150 -D.154
45 N 0.246 0.212 0.179 —p.008 ~0.124 -0.199 -0.227 -0.207 ~D.140 -0.031 0.113 p.250 0.242
[t} 0.014 -0.052 ~D.235 -0.4B9 ~N.604 -0.679 -0.707 ~D.6B7 -0.620 -0.511 -0.367 -0.231 ~0.23%
40 H p.268 0-233 0.137 0.006 -0.126 -0.225 ~0.245 ~0.247 -0.170 -0.042 0.1%  ©@.2%6 0.285
N p.042 -0.026 —p.213 -0.470 -0.729 —p.826 -p-Ba6 -D.B4T .D.771 -0.642 -0.470 -0.305 =0.315
75 4] 0.260 0.244 D146 o0.011 -0.128 -0.235 -0.285 —0.269 -0.187 -D0.049 g.140 0.323 0.310
N p.0&6 -0.003 -0.193% —-D.453 -0.717 -0.916 -0.966 =-B.950 -5.870 -0.730 -0.540 ~0.358 -0.379
20 H 0.264 0.248 D.149 p.012 -D.129 -0.238 -0.291 -0.277 -D.195 -n.052 0.143 0.331 0.318
" p.D75 0.006 -0.1B5 —g-447 0712 ~0.913 —7.000 —-0-985 ~0.904 =760 ~B.565 -0.377 ~0.391
vorzeichen: Biegemoment + M ergibt Zug aui Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
478 axial force + N resulis in tension LF 2.11.175
schnittkrifte am Kreisring
sectional forces at the circular ring
Ao + pechteckig verteilte Auflast beiisbiger Breite
|| ?gi;fzys"e ‘I rectangularly distributed surcharge any desired width
1 2.11.30 1 zweiliniengegendruck radial
$ommm—em=ee—t two linear suppart, radial
piegemoment [ | Wormalkraft chem T
pending moment W=m.p-r® ayial force N=n-p
g 9 0 15 30 45 a0 75 90 105 120 135 150 145 180
15 M p.322 D.0D89 0.029 -p.021 -0.057 -D-0O7B -0.0B0 ~D.086 -D.034 g.012 0.069 0.056 D.D52
y -0.023 -0.08% -0.149 -0.199 -U.236 -0.256 —0.259 -0,244 -0.213 —D0-167 -p.10% -0.122 ~p.126
in H 0.190 0.157 D.069 ~0,029 -D-101 -0.142 =0.150 -0.124 ~p. 064 0,021 0,130 0,404 D.0%4
N =0.035 -0.10% -0,.280 ~0.378 —0.450 0,492 —0.500 -0.474 -0.414 -0.329 ~0-220 -0.245 —0-254
45 M p.2z4 D.191 0.103 -p.m7 -0.123 -0.187 -0.203 -0.171 ~0.093  0.026 D.177 0.139 0.1°°7
N -0.0371 -0.096 -D.276 -0.522 -0.628 =0.691 -0.707 ~0.675 -0.597 ~0-478 -~0.327 -0.365 -0.376
60 L} n.241 0.208 p-118 -0.005 -p.127 -D.210 -0.236 -p.203 -0.413 0.028 pD.20% D.1a1 0.144
W -0.094 -0.081 -p.262 -0.510 —0.757 -D.B84D0 -0.86& -0.B33 0,743 -0.602 —0-421 -0.469 -D.4686
75 M p.24% 0-216 0-124 -p.00% -D.12% -0.219 -p.253 -0.220 ~0.125 p.o28 D.228 D.172 0.153
n 0.003 -0,064 -0.248 -0.496 ~0.74% -0.032 ~0.966 =0.734 -0.B38 -0.8685 -0.485 —-0-541 —0.560
90 H p.252 0.217 0.126 §.000 -0.126 —0.221 -0.257 -0.226 -9.128 p.oz8 0.234 0,173 D.15%
N p.010 -0.057 -0.241 -0.493 -0.745 =0.930 -1.000 -0.948 ~D.B71 =0.71% -p.509 -0.547 -0.587
yorzeichen: Biegemoment + # ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + N resuits in tension LF  2.11.30
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Schnittkrifte am Kreisring
sectional forces at the circular ring

tmmm e -+ Rechteckig verteilte puflast beliebiger Breite

| Lastfall | rectangularly distributed surcharge any desired width
} load case ! .
| 2.11.45 I zweiliniengegendruck radial

Fem— , twa linear support, radial
Biegemoment Hem.p-c? Normalkraft _
bending mement ™ °F axial forece & - MCP°T
p v 0 15 30 45 60 75 90 105 120 135 150 16§ 180
15 M D.103 €.072 0.016 -0.028 —-0.056 ~0-066 —0.039 ~p.034 0.007  0.061 p.030 0.01% 0.004
N -0.043 =0.128 -D.1B4 -D.227 -0.256 _0.246 —0.259 —0.234 -p.193 -0.139 -0.170 -0.189 -0.196
30 M 0.154 0.125 0.044 -D.D4Z —0.0%8 -0-121 -0.10¢ -0.063 0.814 0,116 g.0ss 0.016 0.DO3
4 -0-112 -0.175 ~0.347 ~0.433 —-D.489 -0.512 -0.500 -0.454 -8.,377 -0.275 =0-336 -0-375 -0.308
45 H 0.173 0.145 D0D.047 -D.034 -0.119 -0.7156 -D.144 -0.084 p.020 D0D.161 0.071 o.014 -0.003
4 -0.139 -0.z202 -0.371 -0.578 —0.682 -0.719 =0.707 ~D.4647 =0.543 -0.402 -D-452 -D.545 -D.568
.1 M 0.179 0.151 ©0.D74 -0.028 -0.122 -0.173 —0.184 -0.097 0.025 D0.1%4 0,079 0. 008 -0.017
H -0.148 -0.210 -D.378 -0.604 —-0.824 —0.B75 -0.866 —0.798 -0.474 -D.50B -p.g22 -0.6%94 -D.T18
75 M 0.181 0152 0.075 -0.027 ~p121 0178 -0.173 -D.102 p.029 0.213 0.083 D.001 -0.027
N -O0.146 -0.208 -0.376 _-0.4603 -0.823 -0.971 —-0.946 -0.895 —0.7&4 -0.580 =0.710 -0.792 =-0.B20

90 H o.i8t 02153 D0.076 -0.027 —t.122 -0.17% —0-175 -0.106  ©-03) ¢.220 0.084 -D.002 -D.0D31
W -0.1h4 -0.206 -0.375 D407 -0.B22 -D.970 -1-004 -0.929 -0.794 w0.605 -D.741 ~D-827 —-0.8356

vorzeichen: Biegemoment + M ergibt %ug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

Mormalkraft + N ergibt Zug
4185 axial foree + N results in tension LF 2.11.45

Schnittkrifte am Kreisring
sectional forces at the circular ring

Fomm + Rechteckig verteilte Auflast beliebiger Breite
| Lastfall | rectanguiarly distributed surcharge any desired width

: ér:\e‘u:]i..ggse i 7weiliniengegendruck radial

§ mmmm——— e 4 Ewo linear support, radial

Biegemoment - mn.p.pt Nommalkraft .
bending mament W=m-p-r" .xial force H=n-p-r
£l g o 15 io L5 60 75 20 105 120 135 150 165 18D

13 M D.DAT D.039 -D.009 -0.439 -0.050 -0-040 -0.011 0.03& 0.098 p.035 -0.012 -0.042 -0.053
N -0.148 -0.210 -0.257 -0.287 -0.296 -0.286 -0.259 -0.212 -D-15D -g.213 -D.260 -0.290 —0-30

an " p.DB4 0.060 -0.004 —-D.D&4 -0.DB7 -0.070 -0.016 D073 0.189 D.0&7 -p.027 -0.0B6 -0-106
N -0.275 -0.333 -0.48% -0.54B -0.571 ~0.554 =0.500 -0.412 -0.295 —0.418 —-D.511 =0.570 ~0.3%91

435 H n.074 0.053 ~0.002 -0.043 -p.103 -0-0B4 -D.013 D0.107 0,288 p.091 -0.045 -0.130 -0.15¢
N =0.371 -D.425 -0.57 -b_762 -0.798 -0.77% -0.707 -0.587 -0.427 ~D.60% -D.740 =0-88° —0.834

60 M g0.057 0.038 =-0-010 -0.067 -p.103 -0.pBS -0.003 #.130 0.329 0.107 -0.063 -0.149 -0.206
N ~0.431 -0.483 -0.423 -0.805 -0.966 -0.948 -0.B866 -0.725 -0.534 -0.756 =0-726 -1.032 -1-049

75 H 0.045 0.-D27 -0.019 =0-070 -0.099 -p.079 0.007 0.160 0.368 0.117 -0.074 -D.197 -0.238
N -0.462 —0.513 -0.650 -0.827 -p.981 -1.053 -D.964 ~0.813 -0-60% —g.B56 -1.049 -1.170 -1-211

o0 M O0.p4h0 0.D23 -0.021 -0.072 -D.099 -0.077 g.012 0.168 0.38t 0.120 -0.080 -D.204 -0.249
W -D.471 -0.522 -D.458 -0_.833 -D.986 -1.055 -1.000 —-0.844 —0.630 -0-872 -1.092 -1-218 —1.261

vorzeichen: Blegemoment + K ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

Mormalkraft + N ergibt Zug
LIBS axlal force + N results in tension LF 2.1t.60
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Sehnittkrdfte am Kreisring

sectional forces at the circular ring

g ————1t
] Lastfall 1
| 1ioad case |
1 2.12.45 1

rechteckig verteilte auflast beliebiger Breite
rectangularly distributed surcharge any desired width

nuflagergegendruck stufenfdrmig. radial
bedding reaction pressure gradually shaped, radial

$mm et
Biegemoment e m - Normalkraft g
bending moment h=mep-r ayial force "o 07T
B Y 0 15 30 45 60 75 en 105 120 135 150 165 180
15 M p.123 0.090 p.030 -0-020 ~p.057 -0-078 -p.081 -D.047 ~p.036 0.009 0.049 0.065 n.nz7a
n -0.0z1 -0.087 -0.147 -0.198 -0.235 -0.255 -p.259 —0.243 -g.214 -0-168 ~p.128 -0-112 -0.107
an H g.192 D160 p.071 -0.027 -0.101 —0-143 -p.152 -0.127 -o.070 0.6 0.091 0.122 n.131

n -0.030 -0.098 -0,276 -0.375 -p. 448 -0.491 -p.500 -0.475 ~n.416 -0-332 -p.257 -0-226 -0.217

L H n.227 0.194 g.105 -0.016 -p.123 -0D.188 -0.206 =0.175 -0.09%  0.0%9 p.122 D.164
N -0.024 -0.09 -p.271 -0.517 -0.625 -0.489 -0.707 -0.477 -0. 400 -0-483 -0.379 -0.337 -p.325

&0 H B§.z45 021 0.121 -0.003 ~0.127 -0-212 -0.239 -0.208 —g.120 0-@1% p.142 0.191
n =-0.007 -0.074 =D.256 -0.505 -0.753 -0.838 -0.B66 ~p.835 =D.747 -0.408 —0-484 ~0.435 —0-421

75 M p.254 0.220 n.127 0.o001 -p.i27 -0-221 -p.257 —-0.227 -p.133 0.7 p.153 0-206 0.221
N 0.011 -0.056 -0.240 -0.492 ~0.t44 -0.930 —0.966 -D.936 A _842 N-691 ~0.5546 -D-50% -g-4B8

p.257 0.273 n.130 0.0D02 -0.127 ~D0.223 -p.261 -D.232 ~p-137  0-M13 o_156 0.210 0.220

kY "
H 0017 -0.049 -p.234 —0.4B7 -0.741 ~0D.%2B -1.000 ~D.971 -p.B875 -0-720 -p.582 -0.52B -0.513

vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite

sign ending moment * M results in tension on internal pipe surface

Normalkraft + ¥ ergibt Zug

4185 axial force + N results in tension LF 2.12.45

gehnittkrifte am Krelsring
sectional forees at the circular ring

+=mmm—==—==—+ pachteckly yerteiite Ruflast peliebiger Breite
} iaszfail { vectangularly distributed surcharge any desired width
oad case
1 2.12.80 | auflagergegendruck stufenfrmig, radial
3=t pedding Teaction pressure gradually shaped, radial
Biegemoment sm-p-T? Hormalkrz2ft y=n.p-
pending moment Wem-p-t axial force nepet
f w 0 15 30 45 60 5 90 105 120 135 150 165 180
15 w 0.114 0-082 p.p24 -D.024 —p.o56 -0.072 -0.070 -p_051 -0.015 0.020 0.038 0.045 D047
HN -0.041 -D.106 -0.165 -D.212 -0-245 ~0.261 -0.259 -0.239 -g.204 =0.166 -D.150 —g.143 -0-141
30 H 0.175 0.143 D.059 -0.034 —-0.097 -p.132 -0.131% -t.096 =0.030 p.037 ©0.070 p.082 0.087
H -D.0&% -D.134 -0,310 -0.502 ~G.468 ~0.50% =0.500 ~0.465 -p.398 -0.332 -0.299 -0.286 -0.2B%2
45 w 0.202 0-17) 0.088 —0.DZ5 ~0-121 -p.172 ~0.176 -0.131 -0_041 0O.04B D0.0%2 0.108 0113
N -D.079 -0.143 -0,318 -0.556 ~0.652 ~0.703 =0.707 -D.663 -0.573 -0.4B3 ~0-439 -p.423 ~D.418
60 W 0.214 0.183 p.09% -0.014 -p.124 -0-192 —0.203 —p.154 -0.050 0,055 0,106 0.123 0.128
N -0.074 0,138 -0.314 -0.552 =0.787 -0.856 -D.B66 -p.817 -0.713 -n.4608 -0-337 ~0.541 —0.535
75 W 0.220 D.187 p.1046 ~0.011 ~0.423 ~D.199 -0.214 -0.166 -0.054 0.059 p.112 D.129 D.135
TR LI L] -0.128 -0.305 -p.545 -0.782 0,949 -0.9566 ~p.917 -0.805 -p.4691 —0.638 ~-p.621 -0.615
20 M p.222 p.191 ©.105 -p.on -0.124 -0-201 -p.219 -0.170 -0.056 p.beD 0114 p.131 0.137
y -D.057 0424 -0.301 ~0.542 ~0.779 -p.ghe -1.000 ~p. 951 -0.837 -p.721 -0-667 -0.650 -D.bhk4
vorzeichen: Biegemament + M ergibt Zug auf rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Hormalkraft + N ergibt Zug
4 /B5 axial force + N repults in tension LF 2.12.60
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| Lastfall

-+ Rechteckig

schnittkrifte am Krelsring
sectional forces at the circular ring

verteilte Auflast beliebiger Braite

| rectangularly distributed surchar
| load case |

ge any desired width

1 2.12.75 | auflagergegendruck stufenifrmig, radial
P ——— bedding reactlion pressure gradually shaped, radial
Biegemoment _ .o .2 Normalkraft R
hending moment Ham P yufal force R=n-p-r
£} w O 15 30 45 a0 75 70 105 120 135 150 145 180
15 Il 0.101 0.070 D.015 -0.027 -0.054 -0.063 -D.053 ~D.026 0.003 p G20 0.024 0.026 0.D27
N -0.071 -0.135 -0.171 -0.233 ~0.259 -0.268 -0.259 -0.232 -0.202 -0.185 ~0-181 -0.179 —0.17%
k1] M 0150 0.121 0042 -0.041 -~0.094 =-D-114 —D.D9B ~0.048 0.DO7 p.037 0,044 0046 D.D47
N =D.127 -0.190 -D.340 -D.443 -0.494 -0.516 ~0.500 -0.450 -0.393 ~0.345 -0.358 -0.356 -0.355
45 M D168 D140 0.064 -0.035 -0.1146 -0.146 —0-129 —-D-063 D.010 n.04% 0.055 D.057 0057
N -0.141 -D.222 -0.389 -0.614 -0.693 -0.725 —0.707 -0.641 —0.548 -0.530 —0.523 -0-322 -0-521
&0 M 0.172 ©.144 0.070 -0.027 -0.116 -0.161 ~0.145 -0.071 ©.013 D.056 0.060 0.Ds0 D040
N ~0-174 —-0.235 -0.400 -D.623 -0.837 -D.B81 -D.B64& -0.792 -0.708 -0 4&5 ~0-660 -D.661 -0-661
75 M 0.173 0.145 0.071 -D.026 -0.115 -0.164 -0-151 -0.073 0.0%6 ©0.060 G.0s2 0.059 0.058
N -0.175 -0.236 -D.402 -0,624 -0.838 -0.978 -N.%44 —0.888 -0.799 D755 -0.753 -0.755 -0.736
90 M 0D.173 0.146 0.072 -0.026 -0.115 -0.164 ~0.153 -0-073 0.017 O.D61 p.Ag2 D.0D58 D.057
N -0.174 -0.235 -D.401 -0.623 -D.837 -0.978 -1.000 ~0.9271 =0.B30 -0_787 -0.785 -0.7BY -0-790
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + N results in temsion LF 2.12.75
Schnittkrifte am Kreisring
sectional forces at the circular ring
pr—m——===——% pgchteckig verteilte Auflast beliebiger Breite
| Lastfall

1 rectangularly distributed surchargs any desired width

load se
1 xS 50 { auflagergegendruck stufenféirmig, radial

Vorzelchen: Biegemoment + U ergibt
bending moment + M resu

2 Mormalkraft

M=m-p-F" axial force
30 45 4N 75
0-004 -0.032 -0.049 -0.047
-0.230 -D.265 ~0.282 -0.280
0.020 -0.049 -D.G A4 -0.082
-0.436 -0.505 -0-540 -D.538
D.033 -0.044 -0.100 -0.102
=046 —0.701 -D.754 ~D.757
0.032 -0.041 -0.098 -0.107
-0.532 -0.730 ~0.913 -D.921
0.029% -0.041 -0.095 =-0.103
-N.548 -0.743 -0.922 ~1.022
p.028 -0.042 -0-094 —-G.102
-D.552 ~0.747 -0.224 -1.023

Normalkraft + ¥ ergibt Zug

| 2.12.80
F— mreem e
alegemament
hending moment
] p 0 15
15 | p.084  0.054
No-0.116 -0.179
30 M @-117 D.0%0
N -D.214 -0.274
45 [} D.120 0.096
W -D.2B4 -D.342
40 M D.114 D.092
n -D.325 -0.381
75 MW G.10B D.086
N -0.344 ~0.399
90 MW 0.106 0.085
N -0.349 -0_404
sign
4 /05

n-p.r

Q0

-0.025
-0.259

=0.044
—-1.500

-0.053
-0.707

~0.052
-0_856

-0.047
-0-9264

-0.045
=-1.000

axial Force + N results in tensicn

hedding gpeaction pressure gradually shaped, radial

105

0. oo
-0.234

0.a02
~Ja45h

n.008
~D. 447

0.01&
-0.798

0024
-0 .675

o0.027
-0.9728

Zug auf Rohrinnenseite
1ts in tension on internal pipe surface

120

0.014
-0.220

n.o26
-0-430

n.nia
0417

0.D47
~0.747

D054
-D. 865

0.056
-0.B99

135

D.015
-0-218

0.027
~0.42%

0.035
-0.61%

0.039
-0.175

D041
-0.877

0.042
-0.913

150

6-011
-0.222

0-D18
-0.438

0.019
-0.63&

0.016
-0.798

p.012
~D.907

n.010
“0.943

165

0.-00%
-0.3225

o.012
“0ahhh

0.009
~D-64b

a.0o1
~-p-813

-0.007
~0.925

-0-010
-0.9465

LV 2.

180

0.008
-{t.2264

0.010
~0.4h6

0.005
~N_649

-0.004
-0_618

-0.013
=0.931

-0.Mé
-0.971

12.90




| Lastfall
|

schnittkrifte am Kreisring

sectional forces at the circnlar ring

pParabolisch verteilte aAuflast beliebiger Breite
| parabolically distributed surcharge any desired width

load case |

| 22.8.15 \ auflagergegendruck rechteckig
§ e 4 bedding yeaction rectangular
Biegemoment Mzm.p-T° Wormalkraft N =n.p-r
pending moment axial force
[ ¢ 0 15 30 45 60 15 %0 105 120 135 150 145 18D
15 H p.093 0.065 p.024 -0.012 ~0.039 -n.054 —0.041 —0.055 -g.038 -0-010 o024 0.068 0.079
N =0-0D1 -0.04b 0,260 -D.347 ~0.449 -p.500 -0-518 -0.500 ~0.448 -0.345 -0.25B -0.133  0.001
30 MW D.356 o0.124 D.052 ~0.018 -0.071 =0.105 -0.137 —0.106 =-D.D73 -0.020  0.04B n.129 0.138
H p.po2 -0.059 —-0.165 -D.706 —-D.8b5 —D.963 -1.000 -0.966 -D.B&T ~0.708 -0.502 -0.261 -0.00%
45 \] 0.195 f0.16z 0.079 ~0.016 -0.093 -0.142 ~0.161 -D.148 =0.103 -p.0b30 0.G4b 0.17y D0.209
N g.010 -D.D%4 —0.200 —p.324 -1.220 —1.363 —f.414 —1.369 -1.230 -1.007 ~D.716 -D.378 -p.010
[11] 4] p-219 D0.185 0.098 -0.010 ~0.104 =D.147 -0.192 —-p.178 =0.126 -0-039 p.u78  0.215 pD-251
H 0.021 -0.0484 45,204 ~D.374 —0.489 —1.667 =1.732 ~1.679 ~1.511 —1.240 -0.885 -0.469% -0.021
75 Ll 0.231 0.197 p. 108 -0.005 -D.109 -0.1B1 -0.211 —-0.197 -0.14D -D-D44 D.0B4 0-23% 0.277
H p.03% -0.035 -0,.200 -0.3BB —-0.533 —D.614 —1.932 -1.874 —1.4689 -1.388 -0.993 -0.530 ~0.031
en L} p.235 ©0.20¢ 0.3 —p.004 -0.110 ~0.1RS —g.217 —0.203 -0.145 -0.046 0.DES 0.243 0-2385
N 0.035 -N.031 -0.199 —n.392 -0.545 -0.834 —0.647 -1.941 —1.750 ~1.43% -1.031 -0.552 -0.035
Yorzeichen: Biegemoment ¥ M ergibt %ug awf Rohrinnenseite
sign bending moment + M resslts in tension on internal pipe suriace
Normalkraft + N ergibt Zug
LIBS axial force + N results in tension LF 2h. B.15
schnittkrifte am Kreisring p
sectional forces at the circular ring
; . 4
o -+ parabolisch verteilte aAuflast beliebiger Breite - -
: iasgfall : parabolically distributed surcharge any desired width MNg'wage
ad case
i z;_a_zu Aufiagergegendruck rechtackig
o phedding reactien pressure rectangular
Biegemament RN | Normalkraft “nep .
bending moment = mep-¥ axial farce M=n-p-T
B p 0 15 30 3 60 75 90 105 120 135 150 165 180
15 W D.091 0.063 0.022 -D-p13 -0-039 ~p.055 -0.05% =0.051 ~p 033 -0_004 0.033 D.0Ds0 0.055
N =-0.006 -0,051 -D.264 -0.370 -D.45% -0.502 2 .518 ~0.498 ~0.445 -g.362 -0.254 —0-096 0.004
30 H 0.151 0.11%9 0,048 -p.020 -0.071 ~0.102 -0.112 -0.098 -0.063 _p.npeE  0.062 D0.114 0.105
N -0.008 -0.069 -0.174 -D.713 ~4.870 ~0.968 -1.000 -0.944 ~0.B62 -0.701 ~-g.493 -0.189 0.008
45 W 0.189 D.156 0.074 ~0.019 -0.093 =0-139 -0.154 -0.137 -0-08% -0.013 0.0B5 0.158 0,144
n -D.bO& -D.06B -0.212 0,336 -1.227 =1.367 ~1.414 -1.345 -1.223 -D-997 -0.704 -0.274 D-0D4
60 n 0.210 0.177 5.092 -0.013 -0.104 —0.163 -0.184 -D.165 -0.109 -g.018 0101 0.189 0,172
N 0.005 -0.061 ~0.218 -0.386 ~D.498 —1.672 —1.732 -1.474 ~1.502 -1.228 -g.a7d -0.345 -0-005
75 M 0.222 D.18Y p.101 -0.009 -0-109 -0.176 -0.201 -9.182 -0.121 -0.027 0.110 0.208 0,189
] 0.013 ~0.053 -0.27 ~0.402 -0.543 —0.619 -1.932 -1 B89 ~1.679 -1.375 —0-977 ~1.392 -0.013
L] M g.226 G6.192 g.104 -0.008 -0-110 -0.180 ~0.207 _o.18R -0.125 -D.023 0,113 0.214 0194
g 0.016 -0.050 -0.215 -0,405 =D.555 ~D.639 -0.667 -1.936 -1.740 -1.425 ~1.014 ~0.408 -0.016
vorzeichen: Biegemoment ¥ M ergibt Zug auf Rohrinnenseite
sign ponding moment + W results in tension an internal pipe surface
Normalkraft + N ergibt Zug
4185 axial force + N results in tension LF 2A. H.30

251
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Schnittkrifte am Kreisring

sactional forces at the clrcular ring

t——ww==———==%  parabolisch verteilte Auflast beliehiger Breite
|‘ iasg:all Il parabolically distributed surcharge any desired width -
oad case
| 2a.8.45 | auflagergegendruck rechteckig
}ommmm—em—w==t Dedding reaction pressure rectangular
Biegemoment 2m.p.c? UNormalkraft —neD .
hending moment W=m-B T axial foree N=n-p:r
i w 0 15 30 45 40 75 90 105 120 135 150 165 180
15 n 0.088 0.060 0.020 -0.014 —-0.039 -0_053 —0.055 -D.D4é& -0.G2& 0.004 O0.034 o.D4& D.039
N -0.013 -0.057 -0.270 -0.375 -0.455 -0-50% 0,518 ~0.497 -0.442 =0.357 -0.210 -g-079 D0.013
30 W 0.145 0.114 0.043 -0-022 ~0.071 -0.099 -0.105 -0.D&& -D.050 D.008 0.065 D0.092 0.073
4 -0.029 -0.0B2 -0.185 -D.732 =0.877 -0.971 -1.000 -0.940 -0-855 -0-692 -0.408 -D.156 0-D21
45 H 0.1B0 0.148 O0.04B -n.022 -0.092 ~0.134 D144 D122 -0.070 0.010 D.0BY 0.126 o.100
N -0.023 -0.086 —-N.228 -0.34% —1.236 ~1.372 -1.414 -1.360 =1.213 ~0.984 ~0.584 ~0.288 0.023
&0 1} n.200 0.167 O.0B4 -0.077 -0.104 -0.157 -0.172 ~{.148 -g.085 0.018 ©0.108 0151 p.1148
N -0.018 ~0.083 -D.238 -0.402 -0.509 -1-478 1,732 —1.668 -1.491 -1.212 -0.723 -D.2BB  0.078
75 H 0.210 0.177 D.072 -0.014 ~0.108 -0.169% -0.188 -0.1562 -g.09s 0.090 DO.i1s6 0.165 D.128
W -0.013 -0,078 -0.237 -0.420 -0.556 -D.425 1.932 -1.863 —1.647 —1.357 ~0-813 -D-329 0.013
Pl M 0.213 0.180 0.095 -0.013 -0.110 -0-173 -0.193 0167 -g.098 0.010 D.11% D.169 0.131
¥ -0.011 -0.876 -0.238 -D_424 —-0.568 —0.646 ~0.6467 =1.927 =1.727 -1.487 ~D.8hk —0-343 D.011
Vorzeichen: Bisgemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M results in tension on inkernal pipe surface
Normalkraft + N ergibt Zug
47185 axial force + ¥ resulks in tension LF 2A. B.43
schnittkrdfte am Kreisring
gsectional forces at the circular ring
T';;;;g;ii'"; parabolisch verteilte Auflast beliebiger Breite
| load casa [ parabolically distributed surcharge any desired width
| 2n.8.60 | Aufiagergegendruck rechteckig
O A + bedding reaction pressure rectangular
Biegemoment _ ., .p2 Normalkraft _
pending moment H=m:P T sxial force Nzwn-p-r
B ® D 15 30 L5 [-]0] 75 20 105 120 135 150 185 180
15 H pn.084 Q.057 0.018 -0.015 -0-038 ~0.051 -0.052 ~0.041 -0.419 0.009 0.032 0.040 n.02e
N -0.020 -0.064 -D.274 -D.360 -0.458 -0.505 -0.518 -0.495 -0.438 -p.318 -0.187 -0.06B 0.020
an M p.13% 0.108 0.039 -0.024 -g.070 ~0.095 -D.098 -0.077 -0.036 0.D17 O0.0&0 0.07& 0.D54
w -~0.03%4 -0.094 0997 -0.731 ~0.883 —0.975 -1.600 -0.957 -0-84% —D.418 -0.364 -D-135 0.034
4% W 0.171 0.140 0.062 -0.025 -0.092 -0-129 -0.134 -g.107 -0.050 0.0zy 0.0B3 0.305 0.072
H -D.0k1 -B.1D4 -0.244 -D.343 —1.245 -1.377 —1.414 -1.355 -1.204 -0-879 -0-522 -0-198 0-D41
60 M 0.189 0.157 0-076 -D.021 ~0.103 -0-151 -0.180 -0.129 -0.062 D026 0.098 0.124 @084
W -0.041 -0.105 -0.258 -0.418 —0.521 ~1.684 ~T.732 —1.662 -1.4797 —1.0B3 -0.647 -0.251 0-041
75 M 0.196 0.166 0.084 -0.018 -8307 —0.16 -0.176 —-D-142 -0.06B n.b28  0.107 0.135 ©.090
W -0.03% -0.103 -B.2461 -0.4358 —0.568 —-0.4632 =1.932 -1.856 1654 =1.213 =0-728 —0-267 0-039
i H p.201 0.169 0-006 -D.0I7 -0.108 -0.165 -0.178 -0.14é -~0.071 0.028 D.110 0.139 0.0%2
u -0.037 -0.107 -0.281 -D._443 -0.581 -D.652 -0.667 -1.942 ~1.713 -1-258 -0.757 -0.300 0-037
vorzeichen: Biagemoment + M ergibt Zug auf Rohrinnenselte
sign pending moment + M results in tension on internal plpe surface
NormalkraEt + M ergibt Zug
4185 axlal Force *+ N results in tension LF 2a. 8.60




schnittkrifte am Kreisring

sectional forces at the circular ring

pem——e———=m=4 Parabolisch verteilte Auflast beliebiger Breite
| Lastfall | parabolically distributed surcharge any desired width
| load case | . :
| 22.8.75 | auflagergegendruck rechteckig
¥ e e N bedding reaction pressurc rectangular
Bimgemoment M=maop-r? Normalkraft | _
bending moment - " P axial force - P-f
g v o 15 30 45 &0 15 %0 ins 120 135 150 165 180
15 M o082 D.055 0.016 -B.016 -0.038 -0.04% -0.049 ~0.036 -0.015 0.010 0.030 0.036 0.024
N =-0.025 -0.D69 ~0.2R0 ~0.3B4 -0.4481 —D.504 -0.518 -0.494 —0.413 -D.299 -0.175 ~{-061 D.D2s
an H D.154 0D.104 D.0D3& -D.026 ~0.-070 ~0.092 -D.09Z -0.069 -p.028 0.019 0.057 Q.06E D.044
N =D.044 -0.104 -0.205 -0.738 -0.BES -0.977 -1.000 -0.954 =0.799 =0-581 ~0.34% -0.121 0-044
43 M 0.165 0.13%4 0.058 -0.027 ~p.091 -0.125 -0.126 -0.096 -0.039 0.026 0.077 O0.093 0.058
N -0.D55 -0.117 -0.254 ~0.372 —1.252 =-1.380 -1.414 -1.352 1,134 ~D.B27 -0.489 -0.179 0-055
&0 M p.162 0.1517 0.07M -0.024 ~0.102 -0.145 =0.150 -0.115 -0.048 0,030 0.0%2 0.170 0.067
N -0.058 -0.,121 -0.273 -0.430 ~0.529 ~1.688 -1.732 -1.6%0 -1.3193 -1.020 —0.607 -0.228 o-0548
75 n 0.190 0.159. D.078 -0.021% ~D.106 —D.156 -D.163 ~0.127 -0.053 p.03p 0.100 0.11% 0.071
L ~D.O0%7 -0.121 ~D.277 -0.451 -0.578 -D.437 -1.932 -1.857 -1.558 -1.142 -0.683 -0.262 0-057
20 # p.193 0.161 0.0 -D.D20 -).107 -D.159 -D. 168 -0.130 -D.055 p.033 0.102 D.122 0.D73
N -0.057 -0.120 =D.278 ~0.457 ~0.591 -0.657 =0.667 ~1.917 -1.674 -1.18% -0.710 -0.274 0.057
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
axizl Force + N results in tension
LfBS LF 2A. 8.75
Schnittkrifte am Kreisring
sectional forces at the circular ring
+ o —m———— ~=——+ paraholisch verteilte Auflast beliebiger Breite
| Lastfall | parabolically distributed surcharge any desired width
| loagé case
| 2a.8.90 I auflagergegendruck rechteckig
e e —+ Dbedding reaction pressure rectangular
Blegemoment e e p? Normalkraft _
bending moment Mem-w " pial force NN PCT
B ¢ D 15 20 43 &0 75 90 3105 120 13% 150 145 1BD
13 L] p.0B1 0.0354 0.015 -0.016 -0.038 -D.049 -D.04B -G,035 -0.094 0.0117 D.029 ©.035 0.022
N -0.0z7 -D.070 -D.z2B2 5,385 -0.462 -0.507 -0.518 ~0.%8% ~0-405 ~0.2%4 -0-171 -0.059  ©.027
3D il p.133 0.103 0.035 -0.026 -0.069 -0.091 -0.090 -0.0&7 -D.D26 0,020 0©.055 @.764 0-041
N -0.048 -D.107 -D.208 ~D.741 —U.390 -0.978 —1.000 -0.937 -0.784 -0.570 —0.334 =D.117 0.048
45 m  0.163 0.132 0.056 -0.028 -0.D90 ~0.123 -0.124 -0.@Yy2 -0.037 0,027 0.074 0.090 0.054
§ -0.060 -0.122 -0.260 -0.376 =-1.255 -1.302 -1.414 —1.327 =1.113 =0.611 ~0-478 -0.172 0.060
60 M 6.179 0.148 0.070 -0.024 0107 —0.143 -D.14& —D.111 =D.045 0.031 0.090 D706 D.D&2
N -0.064 -0.127 -D.278 ~0._434 -0.532 -1.4%0 -1.732 -1.628 -1.367 -1.000 -0-394% —0-220 D-0b4
75 m  D0.187 D156 0.076 —0.022 -0.106 -0.154 -0.15% -0.121 -8.050 0.033 D098 D0.115 0.066
N -D.0&4 -0.127 -D.283 -0.456 =0.58% -0.639 -1.932 -1.818 =1.529 -1.121 -0.&469 -0.253 0.064
90 ] 0.190 0.159 ©.078 -0.021 -0.107 -0.157 -0.163 -0.125 -0.051 p.034 0100 ©.118 0.0a7
N ~D.064 -0.127 - 284 -0 462 ~0.594 -D.659 -0.667 -1.AE2 -1.584 -1.162 -0.495 -0.264 D084
varzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4185 axial force + W results in tension LF 2A. 8.70

253



schnittkrifte am Krelsring
sectional forces at the circular ring

¥ —+ parabolisch verteilte Auflast heliebiger Breite
| naskfall | parabolically distributed surcharge any desired width
{ load case |
| 25.8.15 1 auflagergegendruck cos-férmig, radial .
e eumm————ot Dedding reaction pressure cos-shaped, radial
Biegemoment em-p -r? Normalkraft y - p.p.r
bending moment Wam-p-T° ,xial force P
B P o 15 an 45 &0 75 90 105 120 135 150 165 180

15 N 0.093 0.065 0.024 -0.012 -0.p39 -0-056 -0.081 -0.055 -0.038 -0.0%0 n.02é D.06B 0.078
W -D.001 -D.04& -B.Z60 -0.367 -0.449 -0.500 -0,518 =0.500 =-0-448 —0-365 -0-258 -0.133 -0.033

pD.15& 0.124 0.051 -g.018 -0-071 -0.105 -0.417 -D.106 -0.073 -0.020 0.04% 0.129 0-150

i0 lal
N 0.002 -0.059 -0 185 -0-706 _p.B&S -0.965 —1.000 -0.966 -D.847 —0-708 -0.501 ~D.260 -0.067
45 H 0.195 0.162 0.079 -p.014 -0-093 -0.142 =-0.141 -0.148 -0.103 -0.030 O.0&4 0.17% D.208
N 0.010 -0.05s -0.200 -0.326 —1.-220 -1.363 ~1.414 -1.369 -1.230 -1-007 -0.71%6 ~0-376 -0.102
60 M 0.219 0O.185 0.098 -0.01D ~0.104 -0.167 ~0.192 -0.178 -D.126 ~0.036 g.078 0.215 D.250
H p.021 -0.D44 -0.204 -0.374 ~0.489 ~1.668 -1.732 -1.679 1,511 =-1.240 -0-3B4 ~0.469 ~0.135
75 H o.231 0.197 0108 -p.go5 -0-109 -0.181 -0.211 -0.197 -0-140 -0.D44 p.oas 0.237 0.278
N B.039 -0.035 -0.201 -0.389 -0.533 ~0.614 -1.932 -1, B74 -1.689 -1.384 ~-0-993 -0.530 -D.138
:LH L] p.235 0.201 0.111 -g.004 -0.110 —0.185 =0.216 -0.203 =0.145 -0Q.D46 O.0Bs D.244 D24
! n.n03s -0.031 -0.199 -0.392 —0.545 -0.634 -0.667 -1.941 ~1.750 -1.439 -1.030 -0.552 -0.164
vorzeichan: Biegemoment * M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + B ergibt Zug
4485 axial force + N results in tenaion LF 2A. 9.15
Schnittkrafte am Krelsring
sectional forces at the circular ring
e + barabolisch verteilte Auflast beliebiger Breita
| Tastfall | parabolically distributed gurcharge any desired width .

| load case: Auflagergegendruck cos-E8Imig; radial

l_EfLELEE___+ pedding reaction pressure cos—-shaped, radial
Biegemomenkt M= 2 Normalgraft N =
bending moment 1 7™ P T axial Lorce =n-p-r
g w0 15 h{i} L5 60 75 90 105 120 133 150 165 180

15 M 0.091 0.063 D.022 -0.013 -0.03°9 —0.054 -0.059 -0.051 -D.032 -0.003 O0.D33 p.059 0.453
M -0.007 -0.051 ~0.26% -0.371 -0.452 -D.502 -0.518 -0.498 -0.445 -D.361 -0-253 -0-144 —D.081

30 H 0.151 0.119 0.04%8 -g.020 —0-071 -0.102 -0.117 -D-098 -0.Dsz -0.007 n.063 0.112 0©.100
y -0.009% -0.070 -0.174 -0.713 ~0.B70 -D_%68 =1.000 -0.744 -0.B&Z -0-701 —0-4g2 -0-282 -0-122

45 ] p.188 02155 0.074 -p.n19 —0-093 -6.139 -0.153 ~0.136 -0.088 -0.012 o.087 0O.155 D.i38
N =0.005 -D.049 -D.213 -0.337 —1.227 1,367 =1.414 -1.365 -1-222 -D-9%6 -0.703 ~0.407 -0.180

614 H p.210 0.177 0.09t -0-013 -p.104 —0.163 -0-183 =0.164 -(.107 =0.016 D.103 0.184 D.165
H p.003 -D. 062 -0.220 ~D.387 0,497 =1.672 -1.732 —1.674 -1.501 -1.227 -0-869 -0.507 -0.229

75 B 0.221 0.188 ©.100 -0.010 -0.109 -0.175 ~0.200 -0.181 -0.11°9 -0.01% 0.113 ©.205 0-.181
H o.0qt -0.055 -0.218 _0.403 —D.544% 0419 -1.%32 —-1.869 =1.a78 -1-374 -0.975 -0.573 -0.263

90 L} p.225 D0.191 §.103 -0.008 -0.110 -0-17% -0.206 -0.187 -0.123 _0. 020 0,716 D.211 0.186
It 0.014 -0.052 -0.217 -0.407 —0.556 -0-639 -0.667 —1.935 -1.73% -1.424 -1.012 -D.576 =0.275

vorzeichen: Biegemoment + M ergibb Zug auf Rohrinnenseite
sign bending moment + M results in temsion on internal pipe surface

Normalkraft + N ergibt Zug

axial force + M results in tension
4185 LF 2A. 7.30

254



schnitthkréfte am Kreisring

sectional forces at the circular ring

4——m——mmm—=—+ Pparabolisch verteilte auflast beliebiger Breite
1 gas;fall a parabolically distributed surcharge any desired width
cad case
} 25.9.45 | auflagergegendruck cos-f6rmig, radial
§ e _4 bedding reaction pressure cos-shaped, radial
Biegemoment HW=m-p-¥? Normalkraft y - pn.p.r
bending moment axial force
B p 0 15 30 45 60 15 LD] 105 120 135 150
15 L] p.086 D0.059 D.019 -0-014 —p.039 -0.052 -0.054 -0.044 ~0.023 0.007 0.033
N -0.015 =0.059 =-0.272 -0.377 -D.456 -D.504 -0.578 -0.4946 -Bo441 —0.355 -0.254
30 W 0.143 0.3112 0.042 -0.023 -0.07 -0_09E -0.102 -0.085 —0.D45 0.013 D.DAS
N -0.024 -D.0BL -D.189 -p.725 -0.879 -0.973 -1.000 —3.959 —0.853 -D.689 -0.498
45 M 0.177 D.145 D0.U&&6 ~0.023 ~0-092 -0.132 —0.141 -0.118 -0.0ss 0.7 D.ON
W -0,029 -0.092 -D.233 -0.354 ~1.23% ~1.373 -1.414 -1.359 -1.210 ~0.980 -0-711
60 H 0.19&6 0.164 0.081 -0.019 -0.104 ~N.155 -0.148 -D.142 —0.078 o.o020 0.108
N =0.026 -0.090 -D.245 -0.407 ~0.513 =1.680 -1.732 -1.466 -1.487 ~t.206 —-0.879
75 4] B.206 0.17% 0.0B9 -0.015 -0.106 -0-167 —0.183 -0.156 -0.0B6 0.021 D.118
N -D.022 -0.08& -D.246 _0.426 -D.560 -D.628 -1.932 -1.860 -1.662 -1.351 -0.988
20 M g.209 0.177 0.p92 -0.D14 -g.109 -D-171 —0.188 -0.160 -0.089 0.02% D.127
W =-0.01% -0.084 ~0.24& —0.430 -0.572 ~0.64B -0.4667 -1.927 -1.722 -1.400 -1-024
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenselite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
L7185 axial force + N results in tension

1465

0.065
~0.143

0.085
-0.319

0-116
-D.458

0.138
~-0.570

0.151
-0.-643

0.155
-D.668

LF 2A-

184

D.033
-D.0BS

0.062
-0.146¢%

0.D84
-0.246

0n.099
-0.311

D.106
-0.354

0.109
-B-370

945

+

| Lastfall |
| load case |
{ 2A.9.80 |

schnittkrdfte am Kreisring
sectional forces at the circular ring

parabolisch verteilte Ruflast beliebiger Breite
parabolically distributed surcharge any desired width

pufliagergegendruck cos-flirmig, radial
radial

pommem———uot bedding reaction pressure cos-shaped,
Biegemoment [ | Formalkraft e nen .
bending moment M=m- P axial force N=n-g-F
G ¢ 0 15 30 45 60 75 90 105 120 115 150
15 H p.082 0.055 0.016 -0.D16 ~0.038 -0.049 -0.048 -0.036 ~g. 072 0.014 0,030
N -D.02& -0.07¢ -D.281 -0.3B4 -0.467 -0.507 -D.518 —D-493 -0.435 ~0-355 -0.-266
30 M 0.133 0.103 0.035 -0.024 -0.070 -p.092 -0.091 -0.068 -0.024 0.02s 0O.057
N -0.046 -0.106 -0.207 -O-740 -0.839 -0.978 -1.000 ~0.954 ~0.B43 -0.688 —0.518
45 L} 0.163 0.133 D.056 -0.028 -0.091 —p.124 -0.125 -0.094 —-0.033 0.035 0.079
N =0.058 =0.120 -0.25B8 -0.374 —1.254 —1.361 -1.414 =1.351 —1.194 -0.978 -D.739
60 W 0.1BD 0.%49 0.070 -B.025 ~0.102 —0.145 ~0.14% =-0.113 -0.061 0.041 D093
y -D.Dap -D.y24 -D.275 -0.432 ~0.531 -1.6B9 —1.732 -1.657 -1.469 -1.204 -D.913
75 ¥ 0.188 0.157 D.077 -0.022 -D.106 -0.156 =0.142 -0.124 -0.045 D0.045 D01
N -0.061 -0.124 -0.281 -D.454 -0.580 -D.638 =1.932 -1.B50 =1.642 -1.348 ~1.025
90 M g.190 0.159 0.079 -g.021 -0.J08 -0.139 ~0.166 =D.128 ~0.046 0.0468 0.104
N ~-0.060 -0.124 -0,2B1 —-0,459 —0.593 ~0.658 -0.667 —1.914 =1.702 ~1.398 —1.063
vorzeichen: Biegemoment + M ergibt Zug auf Rehrinnenseite
sign bending mement + M results in tension on intermal pipe surface
Normalkraft + N ergibt Zug
4185 axial force + N results in tension

165

0.Dp33
-0.1B1

D.062
~i. 352

D.08%
-0.5D6

0.09%
-p-628

'D.1D8
-0.7D8

0.1t
~0.736

LF 2ZA.

480

0.019
=-0.103

0.035
~0.207

0.045
~n-301

0.051
-p-377

0.054
-p-428

o.054
=0.hhb

?.60

255
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Schnittkrifte am Kreisring

sectional forces at the eircular ring

Fommm --+ parabolisch vertsilte Aufliast belighiger Breite
I iasng;ée % parabolically distributed surcharge any desired width
oa
1°25.8.75 | Auflagergegendruck cos-f&rmig, radial
P + bedding reacticn pressure cos—-shaped, radial
Biegemoment , MNormalkraft
bending moment M =®:'P-T" axial force N=n.p-r
o] w D 15 i0 LS a0 75 %0 103 120 135 150 145 140
15 M 0.077 0.051 D0.013 -D.017 -0.037 ~0.046 -0.043 -0.027 ~0.005 O0.015 nD.0R& D.026 0.0
N =-0.036 =0.079 -0.29%0 -0.391 0,446 -0.509 ~0.518 -0.491 —0.434 -0.35% -D.276 -0-193 -0.117
30 n 0.125 0.095 0.030 -0.029 -0.0468 -0.-084 -0.080 —-0.052 —g.0q11 0.027 0.050 O.04H 0.019
N -0.065 -0.7124 =-0.223 -0.753 -0.B99 -D.983 —1.000 -0.949 -n.841 -D.497 -0.537 -0.377 -0.234
45 M p.152 0.122 0.048 -0.032 -0.089 -0.116 =0.410 -0.0O72 -p.015 0.037 D.0&B 0.D63 0.023
W -D.085 -0.146 -D.2B2 -0.393 —1.267 -1.388 =1.414 =1.344 -1.193 -0.99%1 —-0.7465 —-0.541 -0-338
(143 H 0.165 0.134 0.060 -0.029 ~0.100 -0.135 -0.130 -0.085 -0.D18 0.D44 D OBD 0.G7& 0.024
N -0.095 -0_157 -0_.304 -0.456 ~0.547 -1.696 4,732 -1.649 -1.486 —1-220 -0-545 —0-671 -0.424
73 M 0.172 0.142 0.046 -0.027 -0.104 -0.144 -0.14% -0.093 -0.020 p_bza ©.087 D.0B1 0O.DZ4
W -D.098 -f.160 -D.3%3 -0.480 -0.598 -0.647 -1.932 —1.841 21.638 -1.346 =1-061 ~D.756 —0N.480
20 M 0,174 O-144 0D.D&7 -0.026 =0.105 0147 -0.144 =0.096 ~0.020 0.D49 O0.087 p.083 0.023
N -D.D9% -B.161 -0.315 1,487 ~0.612 -0.668 —0.467 -1.904 ~1.608 -1.417 -1.101 -0-785 -0.500
vorgeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M resalts in tension on internal pipe surface
Normalkraft + N ergibt Zug
4 fRS axial force + N results in tension LF 2A. 9.75
Schnittkrifte am Kreisring
sectional forces at the circular ring
4—————==————+ parabolisch verteilte Auflast heliebiger Breite
| Lastfall | paraboliecally distributed surcharge any desired width
} égag ggse { nuflagergegendruck cos—férmig, radial
ik bedding reaction pressure cos~shaped, radial
Biegemoment Hemep-t? Normalkraft , _
bending moment meB oI Leial foree Nzn-p-T
B 9 0 15 o 45 &l 75 90 105 120 135 150 165 180
15 W 0.076 0-049 0.011 -0.018 —0.037 -0.D44 ~0.040 -D.024 -0.005 O0.014 0.025 n0.oz4  D.008
N -0.040 -0.084 -0.294 ~0.395 ~0.449 -0.510 -0.518 —0.491 -p. 436 -0.3462 -0-2B0 -0.1%8 =-0.124
30 M 0,122 0.092 0.02Z7 -D-030 -0.G67 -0.083 -0.075 -0.046 —0.008 o_0z7 G_D47 0.0D44k D.0t4
% -0.D74 -0.133 -0.231 -0.760 -0.903 -0.985 =71.000 -0.94%9 ~0.B44 -0-703 -D.545 -0.387 =244
45 M D.147 02117 0.045 -D.033 -D-088 -0.111 -0.102 -0.064 -0.D11 p.037 D_D4k ©.059 0.017
it -0.098 -0.158 -0.2%3 —-D.402 =1.274 -1.391 -1.414 -1.343 -1.197 -0.999 ~D.?77 -D.554 -D.353
80 M 0.159 ©.130 ©0.056 -D.031 -0.098 -0.129 -0.120 -D.D75 -0.013 p_043 0.075 0.068 O.116
N -0.11f -0.172 -D.318 -0.467 -0.555 =1.702 —1.732 -1.4648 -1.471 —1.230 -0.959 ~0.68B ~(.4h1
75 b 0.165 0.136 0-D&1 -0.029 -0D.102 -0.138 -0-130 -0.082 -0.015 p.o0s7 D.0B1 0.073 @.D14
0 -0.115 -D.177 -0.328 -0.492 -0.607 -0.652 =1.932 1,840 =1.646 -1-378 —1-076 -0.774 ~0.49%9
on ] 0167 0.138 0.063 -0.028 ~0.103 ~0-T41 —-0.133 -0-084 -0.015 o048 0,083 0.075 0O.D14
N -0.117 -D.178 =0.330 -0._49% -0.421 -D.673 -0.647 ~1.905 -1.703 -1.428 -1.117 =0-804 -D-320
yorzeichen: Blegemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M result® ia tension on internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + N results In tension LF 2a. %90




| Lastfall

1

| 1oad case |

Schnittkrafte am Kreisring

sectional forces at the circular ring

parabolisch verteilte auflast beliebiger Breite
parabolically distributed surcharge any desired width

Auflagergegendruck gleichfbrmig, radial

| load case |
{ 2A.10.30 i
—

15

30

45

40

75

70

4 1B5

Auflagergegendru:k gleichfﬁrmig, radial
hedding reaction pressure wniform, radial

120 135

Biegemoment cmep-r? wormalkraft . n.p-
hending moment Mem-p-r axial force R=n-p-t
¢ D 15 30 5] 50 75 90 105

[ g.090 0.063 0.022 -p.013 -C.039 -0.054 -0.058 -0.ps1 =0.032 -0.003
N =0.007 -0.053 —n.265 ~D.371 -C.452 ~0.502 ~0.518 -0.498 -D.445 —0.361
M p.150 0.1%9 o.047 ~0.020 —g.071 -0.102 -0.111 -p.097 —0-062 -p.007
N -0-010 -0-070 -0-173 -0.714 —0.871 -0.96B -1.000 -0.963 ~0. 861 -0.700
L] p.187 D0.155 0.074 -0.01% ~0.093 -0.139 =0.153 -0.135 -0.087 -0.011
W -0.006 -0.070 ~p.213 ~0.338 -1.228 —1.368 ~1.414 =1.364 -1.222 -0.996
W D0.209 0.176 D.0%1 -0.0%4 -0.104 =-0.162 ~0.1B3 -0.163 -0.106 -0.013
1 p.bg2 ~0-063 -0.221 -0-3H8 -0.499 -1-673 =1.732 -1.674 -1.50% -1.226
n 0.221 0.187 p.108 -0.010 -0-109 -0.175 -0.200 -0.180 -0.118 -D.018
N D.01¢ -D.05& -0-219 —D.404 —D.544 -0 620 -1.932 -1.869 —-1.678 =-1.173
" p.224 091 §.103 -0.009% -0.110 -0.17% -0.203 -g.186 ~0.122 -0.019
N 0.013 ~p.053 -p.218 -0.408 -0.5548 -0.640 -0.667 =1.935 —1.738 -1.423

vorzeichen: Biegemoment + M ergibt Zug auf pohrinnenseite

sign pending moment + M resyits in tension on interna

Normalkraft + N ergibt Zug
axial force + H results in tension

L0, A g .
l_%é_l-_li-_i bedding reaction pressare unilorm, radial
piegemoment . ; Normalkraft .
pending moment Hem-p axial force N=n-p-r
f p D 15 30 45 &0 75 o0 105 120 135 1508 145 180
15 N 0.093 0.065 p-024 -0.042 -0-D39 -0.05é -0 07 -0.055 -0 035 —0.010 p.026 D.06R  D.078
W -0.009 —0,046 -0.260 -0.347 —b.449 -0.500 -0.518 —0.500 -g.4bp -0.365 -0.258 -0.133 -f1.0313
30 n n.156 0.124 p.0S1 ~0-018 ~0.071 -0.105 -0.117 ~0,104 ~0.073 -p.020 0.04% 0.129 0.14%9
H o.0ne -0.05% —0.145 -0.704 -0.B65 -0.965 =1.000 -0-966 -0-B67 -0.708 ~0.501 -0.240 -0.067
43 M p.195 D162 0-079 -0.014 -p.093 -0.142 -0.1861 ~0.148 -0.103 -p,D30 0.088 0.17% 0.207
N 0010 -0.054 -0.200 -D.326 -1.220 —1.363 =1.414 —1.56% —1-230 -1.007 =071k -g.376 ~0-103
&40 H 0.219 0.185 0.096 -0-D10 -0-104 ~g.167 -0.192 -0.178 -pn.124 -0.038 p.078 0.213 0.2530
N o.b21 -D.044 -B.204 -p.374 -0.4B% -1, 668 ~1.732 -1.67% —1-511 —q_2hQ -p.BE4 -DADT -0.135
75 M p.231 0.197 0.108 —D-005 -0-.109 -0.1EB1 -0-211 -0.197 ~D.140 —0.044 O-0B4 ©.237 0.275
n p.n31 -0.035 -0.201 -0.389 =0.533 -0D.614 ~1.932 -1.674 —1-669 -1.388 —0.993 ~p.530 -0.158
o0 M p.23s 0.20 0.111 -0.0D4 =0-110 -0.185 -0.216 -0.203 _0.145 -0.D46 0.DBE D.244  0-2B3
N D035 -0.032 _0.199 -0.392 -D.545 -0.634 —0.667 -1.941 -1.750 ~1.439 —1.03D -0.332 -0.167
varzelichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign hending moment + MW results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4f8s axial force + N results in tension LF 2A.10.15
schnittkrdfte am Kreisring
sectional forces at the circular ring
$=mmmm=———=—+ parabolisch verteilte aAuflast heliehiger Breite
| Lastfall | garabolically distributed surcharge any desired width

150

0.034
~0.253

0.064
0,492

o0.0ad
-0.702

0-104
-D.86&8

D.114
-0.974

0.117
-1.011

1 pipe surface

165

0.059
=0.145

0.1
-0.2B4

0.154
-0.408

0. 104
-D.50%

0. 3203
=0.575

o-e09
-0.5%8

LF 2A-

180

0-052
-D.062

0,098
-0-124

D.135
~0. 184

0.181
-0.234

0.176
-0.268

a.181
-{.281

18.30

257



Schnittkrdfte am Kreisring
gectional faorces at the circular ring

$ommm—-m=—=—% parabplisch verteilte Auflast belisbiger Breite

{ nastiall

{ load case |

| parabolically distribuked surcharge any desired width

| 2A.10.45 1 Auflagergegendruck gleich{drmig, radial
fam - _+ hedding reaction pressure uniform, radial
Biegemoment H=m.p-r? Normalkraft N=n.-p-T
bending moment axial force
# p 0 15 3o 45 &0 T3 90 10§ 120 135 150 145 180
15 W 0.086 0.058 0.018 -0.015 -D.03% -0.052 —0.053 0,043 -D.0z2 0.00% 0,035 n.o&a2 0.029
N -D.017 -0.043 ~0.273 -0.378 ~0.457 -0.504 -0.5%8 -3.496 —0-440 ~0.354 -01.-257 ~0.167 -0.0%0
30 " D.141 0.310 p.04% —0.024 -0.071 -g.097 -0.101 -0.DB2 -0.042 0.017 0.pe7 0.079 0.054
N -0.029 -0.089 -D.19% —p.728 -0.880 -0.973 -1.000 -p.958 -D.B52 —0.687 ~B.499 -0.326 ~N-178
[}] n 0.174 0.143 D-D44 ~0.024 -0.092 —0-131 -0.139 -g.114 ~0.05% 0 023 o 092 0.109 £.073
N -0.033 -0.094 0,237 -0.357 -1.241 ~1.375 -1.414 ~1.357 —-1.208 -g.976 -D-T12 ~p.448 ~-0.260
50 M D.193 0.6 0.079 -p.020 —0.104 ~0.154 -0.165 -0.137 -g.072 0-026 D0.109 o.129 D.0BS
N -0.D3z2 -0.0%6 -1.250 -0_411 —0.518 -1.661 -1.732 1,665 -1.484 -1.202 -0.88D -0.582 -0-327
75 M g.203 D.171 0.087 -0.017 -0.108 -0.165 ~g.180 ~0.151 -0.080 0.428 0.119 p.141 0.092
N -D0.028 -0.092 -0,252 -0.430 -0.54&3 -p. 629 —-1.932 —1.B59 -1.659 -1.346 -0.988 -0-656 —0.372
a0 M p.206 0.17F 0.090 —p.01é& -0.109 -D-16% ~0.185 ~D.155 ~0.003 p.029 0.123 02145 0.093
N -D.026 ~0,090 -0.252 -0.43% -0.57% -0.450 -0.667 -1.925 -1.719 -1.394 -1.028 -p.482 -0D.388
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment ¥ M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4485 axial force + N results in tension LF 2A-10.45
gchnittkrifte am Kreisring
secticnal Eorces at the circular ring
$—mmm—==———=% Barabolisch verteilte puflast belisbiger Breite
| Lastfall | paraholically distributed surcharge any desired width

| load case

2R.10.60

i puflagergegendruck gleichfdrmig, radial

L _________ + pedding reacticn pressure uniform, radial

15

30

A3

&0

73

90

4185

Biegemoment

P Normalkraft Ch.g .

pending moment M=m-p T apjal force N=n-g.s

¢ 0 15 in 45 &40 75 90 105 120 135 150
H p.o79 0.052 #.014 —-0.017 -0.038 ~0.047 -0.045 -0-0F1 -g. 006 0.018 0.029
W -0.032 -0.075 -0.286 -D-38% —O.4&4 —-0.508 -D.518 —p.492 -0.432 -D.354 -0.271
H 0.128 0.098 D.032 - .026 -0.047 —-0.089 ~-3.085 -0.059 ~0.012 p0-034  0.054
N -t.058 -0-117 -0.217 -D.748 -0.B95 -0.981 —1.000 -p.951 -0.837 —0.686 -p.527
H 0.156 0-126 0.051 -g.033 -0-090 -0.120 -0.117 -D.0&1 —g.016  0-046 0.074
W -0.074 -D.135 -0.272 -0.3B6 —1.268 -1.385 —1.414 ~f 347 -1.108 -0.976 —0.752
H 0371 D.140 D063 —g.028 ~0.101 -0-13% -0-138 _p.ou7 -p.020 0.D55 O.0B7
n -0.DB1 -B.144 -0.293 -D.A46 -0.541 -1.6%4 —=1.732 ~1.452 -T.459 —1.201 -p.929
M §.178 G.147 0.D&9 —g.026 ~0N-105 -0.14°9 -9-150 -0.106 -g.p2z 0.060 0.095
N -0.083 -0.146 -D_300 470 ~0_591 -D. 644 -1.732 ~ALBhE =1.631 -1.345 -1.043
" 0.180 0.14% D.071 -g_pz5 -0.107 -0.152 -0.153 —-0.107 -0.022 0.061 0097
N -0.083 -D146 -0.301 0476 —~0G.60h —0.664 —0.667 -1.g91p -1.690 —1.395 —1.082
vyorzelchen: Biegemoment + # ergibt pug auf Rohrinnenselite
sign pending mement + M results in tension on internal pipe surface

Nermalkraft + I ergibt %ug
axial Eorce + W results in tension

165

[.026
-0.171

D-0D4B
-0.372

0.065
~1.534

0.076
~0.063

g.oa
-0.7h6

D.0R3
=0.775

LF 2A.

180

0.01%0
=0.118

0.017
=231

0021
-0.334

0.021
-0.419

o0.020
—0hTh

0.019
-0.494

10.60

268




fommm— et
j Lastfall 1|
| load case |
| 2n.10.75 |

schnittkrifte am Kreisring

sectional forces at the circular ring

parabolisch verteilte Auflast beliebiger Breite
parabolically distributed surcharge any desired width

auflagergegendruck gleichfirmig, radial
bedding reaction pressure uniform, radial

4 mm————————
Biegemoment PR | Hormalkraft N
bending moment Hem-p:T" u45al force We=n-p.r
B ¥ 0 15 in 45 60 75 90 105 120 135 150 165 100
15 4 p.070 D.O44  D.O0DB -0.020 -0.036 -0.041 -0.033 -g.014 ©.D07 0.019 0.020 p.012 -0.00&
W -0.053 -0.096 -0.305 ~0.403 -B.475 -B.514 -0.578 -0.404 -0-431 -p-365 —0.292 -p-217 -0.148
h11] N g-111 0.082 @.020 ~0.034 -0.066 -0.076 -0.062 -p.025 0.014 0.036 p.036 0.021 -0.014
N -0.078 -D.156 -D.252 —0.776 -D_915 -D.991 ~1.000 -0.941 ~0.835 -D.707 -0.567 ~0.423 -D.288
kS M p.132 0.103 0.035 -p.038 -D.0BH ~0-102 -0.0B4 -p.034 0D.D20 0049 0D.OH g.024 -0.024
N -D0.131 -D.1?1 -D0.322 —D. 426 =1.270 —1.400 -5.414 -1.332 -1.184 ~1.005 -D-BOB ~0.605 -0-411
&0 L] D.14% 0-113 0.043 -5.037 ~0.094 -0.117 ~0.096 —p.03Y 0.D25 O0.058 D.060 o.uz8 -0.033
W -0.151 -0.271 -0.353 ~0_496 —0.576 —1.712 1732 -1.834 -1.455 -1.218 —0-996 ~0.730 -0-313
5 M 0146 0.117  D.D4Y —g.034 -0.100 -0.125 =0-105 -0.041 g.o28  0.064 0.064 O0.02A -D.041
N -0.181 -B.221 ~0.367 -0.525 —-0.630 -O.664 -1_932 —1.824 ~1.624 -1.384 -1.119 -D.B844 —p.5ED
90 H p.145 0.11B D.D4B —p.034 ~0.101 =0.%27 -0.107 -0.042 0.02¢ O0.D&6 0.065 O.028 =D.043
N -D.1&4 -D.224 -D.3M1 -0.533 ~0.645 -D.6B5 -0.667 ~1.8B9 =1.685 -1.437 —1-161 -0.877 -0.603
yorzeichen: Biegemoment + M argibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Hormalkrafi + N ergibt Zug
LiBS axial force + N results in tension LF 20 .10.75
Schnittkrifte am Krelsring
sectional forces at the cirenlar ring
i i + parabaolisch verteilte Auflast beliebiger Breite
| Lasgfall | parabolically distributed surcharge any desired width
{ %ga}ucgge : puflagergegendruck gleichftzmig, radial
O bedding reaction pressure uniform, radial
Biegemoment M=mep-c¥ Hormalkraft C .o,
pending moment P T axial force W=n-p-r
B w0 15 an 45 4n (e 70 103 120 135 150 165 180
15 M p.059 0.034 ©.000 -0.023 -0.033 -0.031 -0.015 0.00% 0.004 D.D97 g.012 ©.000 -D.020
N =D.082 =D.124 -0.330 -0.424 ~0.4R9 -D.521 -D.S18 -0.488 ~D.442 -0.384 =D0.318 =0.247 =0.177
30 H 0.0BY 0.043 U0.L06 -p-039 =D-D60 —D.054 -p.028 0,007 0,027 ©.032 p.pz22 -0.003 -0.040
W -0,154 -0,210 -0.300 -0.B146 -0.943 =1.006 ~1.000 -0.943 =0.856 =D-743 ~D.417 -0.4871 -0.346
45 M p.01 0.076 0.015 ~0.046 -0.077 -0.073 -0.035 0.0M1 p.038 ©O.D44 D029 -0.007 -0.061
W -0.210 -0.287 -0.390 -0.4B2 —1.330 -1.420 -1.414 -1.336 -1.214 ~1.059 ~0.B7%9 ~0.5B7 -0.4%7
a0 M 0.104 D.079 0-019 -p.046 -0.085 ~0-D83 —0.038 p.014 0.047 0.053 0.032 -0.013 -0.079
W -0.348 -0.305 -N.437 -0.564 -D.624 1,737 ~1.732 -1.638 -1.492 -1.303 -1.084 -0.851 ~0.618
75 M 0.103 D.079 0.020 -0.046 -0.087 ~D.DB6 ~0.D39 ¢.020 D.O53 D.0O57 0.034 ~0.017 -0.071
¥ -0.269 -0.325 -0.461 «0.601 -D.684 -0.692 =1-932 ~1.829 -1.468 —1.439 =1.216 -0.556 -0.697
70 L p.102 0.079 0.020 ~0.044 ~U.08BB -0.0B7 —0.028 0.022 D.055 0.059 0.034 -0.019 -0.09é8
W =D.276 =0.132 -0.468 -0.612 ~0.700-~0.714 -D.667 -1.895 -1.728 -1.512 -1.241 -0-992 ~0.724
yorzeichen: Biegemoment + i ergibt Zug auf Reohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + N results in tension LF 2A.10.90
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schnittkrifte am Kreisring

sectional forces at the sircular ring

e + parabolisch verteilte Auflast beliebiger Brelite

: ?3535311 \ parabolically distributed surcharge any desired width
oad case

| 2a.11.15 1 7weiliniengegendruck radial

Sy 4 two linear support, radial
Biegemoment Mzm.p -t Normalkraft .
bending moment meP T ayxial force Nen-p-r
£} P 0 15 30 45 &0 75 90 105 120 135 150 165 180

15 L] p.091 0.064 0.022 -0.0812 ~0.03% -0.055 -0.059 -0.0582.-0.034 -0.005 D.031 0.073 D049
w -b.005 -D.050 -0.243 —0.-370 ~0-457 -p.501 -0.518 -0.499 -0.446 -0.362 ~D.254 -0.12% -0.064

30 M D.152 0-120 0-049 -G.D1% _0.074 -0.103 -0D.113 -0.100 -0.0&5 -g.01% 0.059 0.140 0.092
N -0.006 -0.06&7 -0.172 -B.7N -0.849 -0.967 —1.000 -0-964 -0.B63 .70 -0.495 -D.253 -D0.128

45 M Dp.190 0.157 0.075 0.8 -0.093 -0.140 -D.154 -0-139 -0.092 _p.017 D.081 0.194 0.127
% -0.001 -0.065 —0-209 -0-334 1225 -~1.366 —1.416 —1.386 -1.224 .0.999 -0.704 -0.365 -D-1B69

40 M p.292 D179 0.093 -0.012 -0.1%4 -0.144 ~0,186 -0.168 0,113 -D.023  0.094 p.234 0-131
w 0.008 -0.057 -0.215 -0-383 049k =1.671 —1.T32 —1.675 -1.504 —1.231 -D.B73 -0.45¢6 -0.240

75 M p.224 D0D.190 0.302 -0.00B _0.109 ~0.177 -0.203 -0.186 -D.123 ~p.026 D.104 D.258 0.165
W 0.017 -D.049 ~0.213 -0.399 0.541 -0.618 —1.932 —1.870 -1.681 -1.378 -0.980 -0.514 =D.273

90 H pn.228 U0.194 0.105 -0,007 -0.110 -9.181 -g.209 -0.191 -0.130 ~-0.028 0.107 D-266 0.170
N p.020 -0.066 -D.i12 -0.402 -0.552 -0.638 ~0.667 -1.937 -1.742 -1.428 -1.017 -0.537 -0.28B8

yorzeichen: Biegemoment + K argibt zug auf Rohrinnenseite
sign bending moment + M reselts in tension on internal pipe surface

Normalkraft + W ergibt Zug
4185 axial force + N results in tension LE 2A.11.15

gchnittkrafte am Kreisring

sectional forces at the eircular ring

4—mm—mm-====t parabolisch verteilte auflast beliebiger Breite
=§a5§fall = parabolically distributed surcharge any desired width
oad case

128.11.17,51 Zweiliniengegendruck radial
[ 4+ two lipear support, radial
Biegemoment Mz=m-p-st Normalkraft y-n.p.r

bending moment axial force
4] p D 15 30 45 60 75 %0 105 120 135 150 165 1R0

13 L] 0.090 0.063 p.022 -p.013 -0.03% -0.054 —0.058 -D.0571 -0.032 .0, 003 0.034 D.065 D.040
x -0.007 -9.052 -0_245 -0.371 -0.452 -0.502 ~0.518 -0_498 -D.445 -g.347 -0-253 -0.139 -p.074%

30

0.150 0.118 D0.047 ~.0206 -0.071 -0-102 -0.111 -0.097 —0.061 —p.Ots 0,065 0-123 a.075
n -0.010 -0.071 0.175 -D.714 -D.B71 -0.949 ~1.000 -4.963 -0.861 -g-700 -0.491 -0-272 -D-148

43 H g.187 0.154 0.073 -0.01% ~0.093 -0-138 -g.153 -0.135 ~0.D8é -0.010 0.089 0.171 0.102
W =-0.007v -0070 0.31h -0.338 -1.228 -1.368 —foh14 —1.364 10221 -0.995 -0.701 -0-392 -0.216

60 s D0.209 0.176 D0.090 -@.014 —0.104 —0-162 ~0.182 -D.163 -B.105 _g.014 D.10& 0.203 0.121
N p.og1 -D.0&4 -D-221 —0.3BR ~0.499 -1.473 -1.732 =1-673 -1.50 ~1.225 ~0-867 -D-48Y =0.274

75 ] p.220 0.187 0.100 -0.010 -0.109 =0.175 -0.199 -0-179 -0-117 -g.047 D.115 0.2%6 0.132
] 0.008 -0.057 -0.220 ~0.405 -0.565 —-0.620 -T.932 ~T_R&B -T.677 -1.372 -3.973 -0.553 -0.313

kay 1] g.224 0-190 0.102 -0.009 -8.110 -0.179 -p.205 -0.185 -0.121 ~p.018 0-718 D.232 n.13%
H 0.032 ~#.054 ~0.21% 0,408 -0.557 —0.640 -0.667 —1.935 -1.738 -1.423 -1.010 -Q-57% -0.327

yorzeichen: Biegemoment + M ergibl Zug auf Rohrinnenseite
sign pending moment + M results in tension on internal pipe surface
Wormalkraft + ¥ ergibt Zug
L7185 axial force + W pesults in tensian LF 2A.11.175
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Schnittkrdfte am Kreisring

sectional forces at the circular ring

*“‘""f“i"* parabolisch verteilte puflast beliebiger Breite
| Lastfall | parabolically distributed surcharge any desired width
| load case |
| 2a.11.30 1 sweil iniengegendruck radial
o ——— 4+ two linear support, radial
Biegemoment _ ; Normalkraft _
hending mwament T - ™ P axial farce U T n-p-r
£} g 0 15 30 L5 &0 75 90 145 120 135 150 145 1B
15 H n.pE2 0.055 0.0M& ~0.014 -D.D3¥ ~0.050 -0.050 ~-0,037 -0.0%4 D.018 0.058 p.024 -D.DOZ2
W -0.024 -D.0&B -0_280 -0.383 -0.4060 0._506 -0.518 -0.494 -0.436 ~0.349 -0.238 -0.188 ~0.125
k1] H 034 0.105 0-034 -0.026 ~0.071 -D.094 -0.094 -D.O7 -0 026 0.034 0.110 0.045 -0.006
i —-D.0431 -0.102 -0.204 -0.737 -0.887 -0.977 -1.000 ~.955 =D-B4S -0-677 -D-A63 ~D.367 -0.246
45 M g0.165 0.134 0.057 -0-028 -0.092 ~p.126 —-0.129 —0.099 -0.03%9 0.047 D.153 0.0s0 -D.013
N -0.053 -0.115 -0.254 -0.371 ~4.251 -1.380 =1.414 -1.352 =1.190 -0.962 -0-661 —-0.526 -D.355
&0 M p.181 ©.150 0.071 —0.025 ~0.103 -0-148 -0.153 ~D.119 -D.04B p.056 ©_184 0.D70 -0.020
H -D.056 —-0.119 -0.271 -0 428 ~{.528 1,687 -1.732 —1.65% —1.472 =1.785 ~0.B18 -0.653 ~0.444
5 W 0.189 0.156 0.077 -D-022 -0.108 -0.159 -8.167 -0.130 -0.053 0.067 D_203 0.075 ~0.024
N -0.055 -~D_11B -0.275 -D.449 -0.57%6 D636 —1.532 -1.B52 —1.b4b -1.327 -0-919 —0.736 -0.503
[{4] M p.192 0.J141 0.-079 —0-D021 -0.109 -0.962 -0.17% -0.134 -0.055 D_0g2 D.20% 0.076 —0.{28
N -0.054 ~0.117 -0.276 -0.455 —0.589 -0, 457 0467 —1.918 -1.705 -1.376 —D-953 ~0.765 ~0.524
yorzeichen: Biegemoment + M ergibt Zug anf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
L718% axial force + N results in tension LF 2A.11.30
schnittkrifte am Kreisring
sectionzl forces at the circular ring
Ao + parabolisch verteilte Ruflast beliebiger Breite
ll gz:gfzie ]l paraholically distributed surcharge any desired width
i 2A.11.45 | zweiliniengegendruck radial
O — + two linear support, radial
Biegemoment th=m.p-¢? Wormalkzaft N =n.p-.r
bending moment axial force
B p 0 15 io 45 60 75 20 105 120 135 i50 145 1EQ
15 L] 0.p044 0.0D38 0.0D3 -0.023 -0.037 -p.039¢ -0.028 -0.006 0,027 €048 0.019 -0.022 -0.051
N =0.064 -0,106 -0.314 ~0.417 -0-480 -0.517 -0.5%8 ~0-4B3 -0.416 -0.321 -0-298 ~0.255 -0-195
30 W 0.099¢ U0.071 0.010 =0.040 -D.D6E -0.072 -0.053 -0.010 D.052 0.130 0,035 -0,043 -0.09¢
N -0.120 D177 -b.270 -D.792 -0.926 -0.997 ~1.000 ~0.935 ~0.80& -0.622 -p.579 -0.497 -D.380
45 H 0-11% 0.087 0.021 -0.047 -0.088 -0.094 —-0.070 -0-012 0.074 0.182 D.047 -0.065 -0.144
N -0.162 -0.220 -D.348 =D.448 -1.306 -1.408 1414 =1.324 -1.144 ~0.86¢ =0-826 —-0.710 -D-543
&0 " 0.120 0.093 ©6.027 -0.047 -0.099 -~0.111 -0.081 -g.013 D0.090 O0.221 0.054 -D.083 -0.181
N =-0.189 -0.,247 -D.3B6 -0.522 —B.594 —1.722 ~1.732 =1.424 -1.406 =1.091 -1.019 ~0.878 -0.677
75 L] 0.121 0,095 0.029 -0.047 -0.102 -0.117 ~(.0B7 -0.012 0.101 0.246 D.058 -D.0%&6 =-0.205
# —-0.203 -0.262 -D.404 -D.554 ~0.651 =D.675 ~1.932 -1.813 =1.571 -1.222 ~7.143 -0.9B7 -D.763
90 L] p.121 0.095 0.029 -0.04A ~0.103 =0.119 =-N.088 -0.012 0.105 0.254 p.0i59 -0.1M —0.254
H -p.208 -D,266 -0.409 -D_543 ~0.666 =0.697 —0.667 —1.0878 -1.628 _1.267 -1.188 -1.024 -0.792
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + ¥ results in tension on internal pipe surface
Normalkraft + N ergibt Zug
41B5 axial force + N results in tension LE 2A.11.45

261



O +
| Lastfall

| load case |

schnittkrifte am Kreisring
sectional forces at the circular ring

parabolisch verteilte Auflast belisbiger Breite
parabolically distributed surcharge any desired width

zweiliniengegendruck radial
1-5&:11;59--1 two linear support, radial
giegemoment R, Normalkraft [
pending moment T mep-t axial. force Nzn-p-r
B w oo 15 30 45 &0 75 50 105 120 135 150 165 186
15 M D.027 0.004 -g.022 -~0.035 -0.031 -p_013 0,020 0,064 p.118 D042 -g. 024 -n.074 -0.107
N -0.149 -0.180 -0.388 -0.471 -0.523 -0.538 -0.-518 —0.462 -g.374 —0-395 -0.389 -0.356 -D.300
30 H p.y28 0.006 -D.038 -N.062 -0.056 -0.027 n.041 0.125 0.227 D.08Y -0.047 -0-146 =0.209
N -0.283 -0.335 -D.412 ~0.907 -1.008 -1.039 -1.p00 -D-3893 ~0. 724 -D.766 ~-p.755 -0.692 ~0.5B3
45 el p.015 —-0.005 -0.047 -0.079 —~0.072 -D-024 p.ba1 0.179 D321 pD.11? -0.069 -0.209 -0.299
N -0.393 -0.444 ~0.549 -0.611 1421 -1.468 =-1.414 -1.264 —1.028 -1.088 -1.074 -0.986 -0.832
&0 8 -0.003 -0.019 -t 57 ~D.DB& ~N.07% -p.023 0.080 D.222 0.394 0.135 -0.088 -D.240 ~0.370
N -0.472 -D.52t -D.a831 ~0.723 -0.736 -1.795 -1.732 -1.553 ~1.26h -1.339 —1.323 =1.217 -1.028
7% L4 -0.015 -0.031 -0.0635 -0.09% -0.080 -0.019 0.093 0.250 0O.439 pD_149 -0.101 ~0.294 ~0.416
H -0.519 -D.567 -0.&78 -0.776 -0.809 -0.756 -1.932 -1.732 —1.413 =1.499 -1.482 -1.344 -1.154
o0 n =0.020 -D.035 -p.068 -0.093 -0.081 -0.018 0.098 D.259 0.4%5 D.154 ~0.105 -0.305 —0.432
H =0.535 -D.582 -0.672 -0.795 —D.E30 -0.781 -D.667 —1.793 ~1.445 —f.554 —1.537 =1.415 -1.197
vorzelchen: Biegemoment + # ergibt 2Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + N resulfs in tansion LF 2A.11-60
schnittkrifte am Kreisring
sectional forces at the circular Ting
+"“"“'1" parabolisch verteilte Auflast belieblger areite
} ?i;gfzése } paraholically distributed surcharge any desired width
| 2A.12.45 | auflagergegendruck stufenférmig, radial
[ bedding reaction pressure gradually shaped., radial
Biegemoment Wazmep o1 Normalkraft § = n.p -t
bending moment axial force
&) ¢ 0 15 30 L5 -1} 75 90 105 120 135 150 165 180
15 M 0.083 0.058 0.017 -t.016 —-0-D38 -0.050 -0.051 -0.03% -0.017 p.015 0.D338 0.033 0.016
N -0.022 =-0.0s6 -D.278 -0.382 ~0.459 -0.506 -0.518 -0.4%4 -0-437 -0-351 -0.257 -0.178 ~0-106
30 H 0.137 D.106 p.036 —0.025 —0-070 -0-094 =0.096 -p.075 -0.032 n. 029 0,071 0.043 #.029
N =-0D.038 -0.0%8 -0.2300 -0.734 -0_885 -N.976 -1.000 -0 556 -0.847 ~0-480 -p.500 -0.347 -0.209
45 H p.168 0137 0.0&60 -D.027 -0.0%92 -0.128 —0.132 -0.103 -0.045 U0.040 0.0098 ¢.0BS 0D.037
n -0.047 -0.109 -0.249 -D.366 -1.248 =1.378 =1.414 -1.354 —1.201 -0.967 —-D.713 -0.499 -0-302
40 | 0.185 0.154 0.074 -0.023 -~0.103 -D.14% -0.156 -0.124 -0.055 0047 0-1i7 0-100 0.041
i -0.048 -D.112 -D.264 0423 -0.524 ~1-686 =1.732 =1.661 1,474 -1.191 -0.881 -0.619 -0.380
5 H 0.194 0.1642 0-081 -0.020 -0.108 -0.160 -0.170 -G.136 =0.041 n.0s1 O.128 0.309 0.043
n -0.048 -0.110 -0.268 ~0.463 ~0.572 —0.634 -1.932 =1.654 -1.450 —1.335 -0.990 -D.698 -@.431
1H " 0.1%7 D.1463 p.0A8Y -0.01% -0.10% ~1.164 ~D.175 —0.140 -p.043 0.052 §.131 0.111 0.D43
H -0.045 -D.10% -0 268 ~0_44% =0.585 =D-655 -0-467 ~1.920 =t .710 =1.382 -1.027 -0-726 -0.44%
vorzeichen: Biegemoment + 14 ergibt Zug auf aphrinnenseite
sign bending moment + M raegults in tension on internal pipe surface
Normalkraft + § ergibt Zug
4185 axial Force + M results in tension LF 2A.12.45
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o ——————

| Lastfall

-+ parabolisch verteilt

| parabolicaily distril
| 1oad case |

Schnittkrifte am Kreisring

e Auflast beliebiger Breite
huted surcharge any desired widch

gsectional forces at the circular ring

| 25.12.60 1 auflagergegendruck stufenférmig, radial
[ —— _y bedding reaction pressure gradually shaped, radial
Biegemoment R | Wormalkraft y-n.p-r
bending moment Me=m-p:T" axial force n-p
£ p 0 15 L] 45 a0 75 90 1805 120 135 150 165 1B0
15 ¥  ©0.074 0.048 0.010 -0.07% -0.038 -0.045 —D.040 -B.023 0.004 0024 0.027 ©.013 -0.007
N -D.042 -0.0B5 -0.295 -0.396 -0N.469 -0.511 -D.518 ~0.4B9 -0-427 -0-351 -D.279 -0.209 -0-140
30 M 0.119 0-090 0.025 —0.032 -0.069 -0.0B3 -0.075 -0.043 p.DD9 D.050 D.0S0 0.023 -0.0%é
N -D.077 -D.136 -0.233 -0.762 -0.905 -B.986 -1.000 -0.p46 ~0.B27 -N-680 ~p. 542 ~0.4DR -D.274
45 M 0.143 0.114 0.042 -0.036 -6.089 -D-112 ~0.102 -0.059 0.012 D0.0s9 D.U&B 0.020 -D.026
N -0.102 =0.162 -D.296 -0.405 -1.276 —1.392 —1.414 =1.340 =1.174 -0.947 -p-773 -0.585 -0.395
o0 " p.155 D0.126 0.052 -0.034 -0.108 ~D-130 —0.120 -g.070 0.015 0.083 0,080 0.032 -0.034
W -D.115 -0.176 -0.322 -0.470 -D.558 -1.703 -1.732 —1.E43 =1 o442 -1, ~0-955 -0.725 -p.h?3
75 H p.160 0.131  0.057 -0.032 -0.104 —0.7139 -0.130 -p.D76 D0.D17 ©.0%1 0.DB7 p.032 ~0D.D44
N ~0.121 =-D.182 -D.332 -0.494 <0.690 -D.653 -1.932 ~1.835 -1.613 —1.334 -1.071 -g0-816 ~p-558
on H pa62 0.133 0.058 -p.032 -0.105 -0.142 —0.133 -0.078 0.D18  0.094  0.DAY n.032 -0.D4b
N -D.122 -0.164 -0.335 -0.503 -D.624 =-0.675 -0.667 -1.900 -1.67% —-1.383 -1.111 -0-847 -0-5E0
vorzeichen: Biegemoment + 1 ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internzl pipe surface
Normalkraft + N ergibt %ug
4185 axial force + N results in tension L 2A.12-40
Schnittkrifte am Kreisring
sectional forces at the circular ring
Fommmm —-+ parabalisch verteilte auflast beliebiger Breite
l ?as;fall % parabolically distributed surcharge any desired width
Q. cage
y 23?12_75 | auflagergegendruck stufenfbrmig, radial
Frm i e -4 bedding reaction pressure graduaily shaped, radial
Biegemoment em.p-r? Normalkraft Cn.o.
bending moment R=m-P-T" ayiai force N=mn-p-r
8 ¥y 0 15 31 45 &0 75 920 105 120 135 150 165 180
15 H g.062 0.03 0.002 -g.023 -D.035 -D.035 -0.02%2 p. 00z 0,023 0,026 0.01% -D.00& -D-D2B
N -0.072 =0.114 -D.321 -0.417 D 484 -0.519 -0.518 —0.4B1 -0-426 —p.36@ -0.310 =-0-245 =D.178
k1Y) W 0.095 0.067 0.009 -D.039 -0.064 —0-D65 —D.041 D.0D5 0,045 p.0s8  D.024 -0.013 -0.055
N =D.135 -D.t191 -0.283 -0.802 ~0.933 -1.00% -1.000 -0,931 -0-824 -0.713 -0.601 -D.478 ~0.347
45 M 0.109 0.082 0.017 -0.046 -p.0B3 -0.086 -0.055 0.00%9 D.Dé4 p.070 ©0.031 -0-022 -0.062
N -D.183 -0.241 -0.367 =0.483 C1.316 ~1.413 =1.414 -1.319 -1.170 -1.014 ~0.857 -D.6B3 -0.499
60 ‘n 0.113 0.087 D023 ~0.047 -0.092 -0.0D98 ~g.062 0.413 0.076 p.084 ©.035 -D.037 -0-105
B -0.215 -0.273 -0.409 -0.541 “0.608 —1.729 =1.732 -1.617 -1.437 -1.248 -1.-058 ~0-.B45 -0.628
75 M D.113 ©.0BE D.DZ5 -0.N47 -0.0%6 -D-103 -0.045 D0-017 0.08B7  0.092 0.b37 ~0.n38 -0.120
W ~0.232 -0,290 -0.429 -0.575 —0.665 -0.6B2 ~1.932 ~-1.006 -1.607 ~4.397 ~1-186 -0.950 ~0.69%
o0 ® pD.113 ©.DBB D.025 ~0.047 ~0.096 -0.105 ~0.0&86 ¢.018 0,091 D0.095 0.037 -0.D40 -D.126
§ -0.238 -0.295 -0,435 -0.585 -0.681 0704 =D.447 -1.B70 =1.665 -1.449 =1.230 -0.986 =0.726
yorzeichen: Biegemoment + I ergibt %ug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
L18S axial farce + N results in tension LF 2A.12.75
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[ +
| Lastfall |
| load case |

gchnittkrdfte am Kreisring

sectional forces at the circular ring

auflagergegendruck stufen

parabolisch verteilte hufla
parabolically distributed surchargs any

férmig, radial

st beliebiger Breite

desired width

l_ﬁ%:zf;gg__l pedding reaction pressure gradually shaped, radial
Biegemament _ ; Normalkraft .o
nending moment Wzmp-T" ayxial force N=n-p-r
B ¢ D 15 30 43 40 75 L] 105 120 135 150 145 180
15 M 0.04% 0.020 -0.010 -p.027 -0.030 -0-019 p.0b05 D.028 0,033 p.02t1 0.000 -0.024 ~0.047
H -B.117 -0.358 -0.340 -0._447 -0.507 -0.530 =D.518 —-0.4B3 =@.443 -0-401 -0.351 -p.291 ~0.225
30 M o0.061 D.037 -0-013 -0.047 —-0-054 -0.034 n.pi2 0.055 D065 p.041 -0.002 ~0.047 -0.092
N -D.222 ~0.276 -0.359 -0.B64 -0.977 -1.023 -1.000 -0.935 —p.859 -0-777 =-D-681 —0-586 ~-0.438
45 " p.041 D039 -0.012 -0.057 —-0.089 ~0.042 p.021 D.080 0.091 p.0s6 -0.005 -0.070 ~0,134
N -0.307 -0.-360 -0.474 -0.550 ~1.37B =1.4545 ~1.4%4 -1.324 4.218 =-1-103 -D.970 -D.BO7 ~p.t27
[-11] H D054 0.034 -0.014 ~0.060 —0.075 —~0.044 p.031 D0.100 D0.112 g¢.067 -D.010 -0.0%0 -D.148
W -0.347 -D.419 ~0.540 —-0.648 -0.683 ~1.768 =1.732 -1.624 ~1.494 -1.358 ~1.196 -D.997 -0-777
75 M 0.048 0.029 -D.017 —p.062 -0-D76 —D-043 0-039 0-114 0.125 0.073 -D.043 -0.104 ~0.191
H -B.401 =D.453 -0.575 -0 594 -D.750 -D.T724 —f.932 -1.813 -1.673 -1.520 -1.340 —1.120 -p-874
90 M a.046 0.027 -0-019 -0.063 -0.076 -D.D42 g.042 0.118 0.130 n.074 -0.015 -0.10% -0.1%9
N -0.413 -0.444 -0_566 -0,708 -0.769 -0.750 -D.&67 ~1.B7B ~1.733 -1.576 —1.390 -1.162 -p.908
vorzeichen: Biegemoment + H ergibt %ug auf Rokrinnenseite
sign bending moment + M results in tension cn intermal pipe surface
Normalkraft + N ergibt Z%ug
4185 axial force + N results in tension LF 2A.12.%0
schnittkrifte am Kreisring
sectional forces at the circular ring
““““““ + preieckig verteilte Auflast beliebiger Breite
t Lastfall | griangularly distributed

| load case |

| auflagergagendruck rechteckig
bedding reaction pressure rectangular

Biegemement
bending moment

Yorzeichen: Gledemoment + M ergibt Zug
ign bending moment + M results

} 2B.B.15
[ ——
B
15 M
B
3n H
H
45 H
n
6D H
]
75 H
n
90 L}
N
=1
4785

n o0 15

p.ov1 0.049
-0.0071 -0.035

p.121 0.093
p.poo -0.050

0-153 D.124
o.ogs -0_051

074 0.T43
n.011 -0-D46

n.185 0.154
g.017 -0.042

p.188 D.157
0.017 -D.040

M=m-p.t?

30

D0.018
~{} 066

0.037
-D.12%

0.057
-0.158

0.7
-0.148

o.07%
-0.171

0.082
-0.171

45

-0.009
=0.092

~0-014
=0.977

=0.015
-0.-247

~p.012
-0.288

=0.00%
-0.305

-0.0038
-0.30%

40

-0-0297
~0.113

~0-054
=0.217

-0.073
-0.304

-D.Da2
-0.34%

-t .087
-0.405

-n-0B8
~0.416

75

-0.042
-0.125

-0-079
~D.z242

-0.108
-0.340

-fi.128
-Q.415

-0.13%
-0.5462

-0.142
-0.477

tormalkraft + M ergibt Zug

axial force + N results in

Normalkraft y.qn.p.
axial force Nzn-p-r

90

=0.044
-0.129

-0 .DB7
-0.250

-0.12%
-0.354

-D_145
-0-433

—0.140
~0.483

—D.164
-0.500

tension

surcharge any desired width

105

-0.041
-0.12%

-0.079
=-0.241

-o.110
-0.343

~0.134
-0.421

-0.148
-0.471

-0.152
«0 . 4BB

auf Rohrinnenseite
in tension on internal pipe surface

120

-0.028
-0-111

-0.054
-0.216

-0.076
—-0.308

-0.0%3
-N.381

-0.103
-0.427

=007
-0.443

135

-0.007
~0.091

-0.014
-0.177

~-0.021
-D.253

-0.024
-0.314

-0.030
~0.354

~0.032

150

0.020
-0.064

0.038
-0-125

n.052
-D.%81

0.062
-D-226

0.067
-0.256

0.04%

165

n0.0s51
-0.032

D.09%98
-0.064

0.137
~-0.0%

0-145
-go123

#.182
~D. 141

0.i088

180

D.051
0.001

0.098
o.nad

0.137
-0.004

0-164
-.011

D-181
~0.t17

D.187

—D_367 ~D.267 -0.14E -0.017

LF 28. B.13
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| Lastfall
1

Schnittkrifte am Kreisving

sectionsl forces at the cirxcular ring

Dreieckig verteilte Auflast beliebiger Breite
| triangularly distributed surcharge any desired width

load case |

| 2B.6.30 \ nuflagergegendruck rechteckig
‘___:_; _____ + bedding reaction pressure rectangular
Biegemoment W =mep-r? Normalkraft _
bending moment Hemep-r axial force = ° n-g-r
p P 0 15 30 45 60 75 90 105 120 135 150 165 180
15 w 0.069 0046 D.LIG -0.010 -0.029 -0.041 -0.043 -p.037 -D.023 -0.001 D.027 0.044 0.028
N -D0.006 =-0.040 ~0_070 -0.0%96 -0.115 ~p.127 -0_129 -D.123 -0-1D09 -{).047 -0.059 0.005 p-pué
k4] L} 0-116 0.0B7 p.o34 -0.016 ~0.054 -p.077 -0.082 -D.071 -D.044 -0g.ooz D.051 D.0OB3 4.052
N -0.010 -D.059 ~0.134 -0.184 —0.221 -0.744 -0.250 -0.239 -p.212 -01-170 -0.116 p.007  0.010
45 L] n.147 p.1i8 ©.052 -0.017 -0-072 -0.705 -0.114 -0.100 -o,062 -0.004 p.071 D.116 0.072
y -0.009 -D.D&& -0.970 -0.257 -0-341 —0.344 -0.354 -0.339 -0.301 -0.243 -0.149 f.go6 0.087
60 M 0.165 0.135 0.065 -0.015 ~0.082 -D-124 -0.137 -0.121 -0.076 _n.ons 0O.06BS D.13% 0.085
N -0.006 -0.06% -0.183 -0.300 -D.378 -0.420 —0.533 =1.417 -0.372 -p.302 -0.212 0-002 n.0oé
75 M D.176 O0.145 p.072 -0.013 -D.08& -0-134 -0.150 -0.133 -0.0BS -D.007 0.093 0.153 0.093
N -0D.002 -0.060 0187 -0.318 ~0.415 “0.467 =-0.483 -0.468 ~0. 417 -0.340 =0.240 -p.003  §-002
90 [} 0.179 0.148 0.075 -g.012 -0.-088 -D-137 -g0.154 =0.137 ~D.0B7 ~0.008 D.0%s U.15B D.0%6
w ©.000 -0.058 -0.187 —0._323% -0.425 —-D.482 -0.500 —p. 483 -0.433 -0.-354 -0.250 -p.005 0.000
yorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending mement + ¥ results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4IBS axial force + N results in tension LF 28. B.30
schnittkrifte am Kreisring
gectional forces at the circular ring
Fom + Dreieckig verteilte auflast beliebiger Breite
| Lastfail | triangultarly distributec surcharge any desired width

{ 1oad case |

135

n.00B
-g.082

o.014
~0.160

0.019
-n-230

o.0z22
-D-2B6

0024
-D.322

0.025
-6.335

150

n.0z9
-D0-015

0.054
~0.-032

0.075
-0-D049

0.090
=-0.065

0099
~0-076

D.102
-0.081

i 3B.B.45 1 anflagergegendruck rechteckig
p ol — 4 bedding reaction pressure rectangular
Biegemoment _ ; HNormalkraft cn.op-
bending moment =m-P T ayial force Nan-p-r
@ P o 15 30 45 &0 75 90 105 120
15 §  0.065 D.DA3 D013 -g.011 ~0.029 -0.039 -0.040 -g.032 -0.016
N -0.013 -0.046 -0.076 -0.109 -0.119 -0.128 -0.12°9 -0.122 —-0.105
3n % 0.110 0.083 0.029 -p.019 -0.054 -D.073 -D.076 0,087 -0.030
W -p.023 -0.072 ~0.145 -0.193 —0.228 -D.247 -0.250 -f.235 -0.205
L5 [} 0.138 0.109 D.0D4& -0.021 -0.071 -0.100 =-B.104 =0.0B5 -0.043
% -0.028 -0.082 -0.186 ~0.270 ~0.320 -D.347 —0.354 ~0.334 -0.292
60 M D154 D0.125 0,057 ~0.019 -0.0B1 -D.118 -0.125 -D.103 ~8.052
n -0.029 -D.0OBS ~0_203 -0.316 ~D.389 -0.426 —0.433 041 -0.341
75 M D.163 ©0.134 D084 -0.018 _0.0864 -0-127 =-0.137 -0.113 -0.058
N -D.D27 -P.DB4 -0.209 —D.336 -0.427 ~0.474 -D.4E3 -0.45% -0.405
90 M D.166 0.137 0.066 -0.017 -0.087 -0.130 —-0.141 ~0.177 -0.060
W -D.027 -D.DB4 ~0_210 -0.342 -0.439 DAY -p.500 -0.476 ~0.420
vorzelchen: piegemoment + H ergibt Zng auf Rohrinnenselte
sign bending moment + M results in tension on internal pipe surface
Normelkraft + W ergibt Zug
4185 axial force + N results in tension

145 180
0.032 0.011
g.022 D.013
p.p&a1  0.021
p.040 0.023
o.OB&K  0.027
g.psz 0.028

g.101 0.031
p.058 0.029

0.110 0.032
p.0s0 D.027

D.1%4  0.D32
p.D&0 0.D27

LF 2. B.4S
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| Lastfall |
| load case i

gchnittkrifte am Kreisring
sectionzl forces at the circular ring

preieckig verteilte auflast heliebiger Breite
triangularly distributed surcharge any desired width

| 98.8.60 i auflagergegendruck rechteckig
B e + bedding reaction pressure rectangular
Biegemcment M=m-p-r? Normalkzaft §=n.p-.r
bending moment axial force )
B v 0 15 10 45 60 75 90 105 120 135 150 165 180
15 Ll 0.042 0.040 D.011 ~0.012 -0-029 -0-D37 -0.036 —g. 026 -0,009 O.012 0.0E26 p.gz24 0.061
M -0.020 -0.053 -D.0B2 0,906 =0.122 -D.130 429 -0.120 -0.102 -g.044 0.007 0.033 ¢-02D0
0 M 0.103 0.077 0.025 -0.021 -0.053 -0.p6% —0.D6B -0.050 -0.017 p.023 G0.050 0.046 0.002
4 -0.034 -0.085 -0.157 -0.203 -0.7235 -0.251 -0.250 -D.232 -0.198 -0.0Bé D0.012 0-061 0.036
43 M 0.129 0.101 0.040 -D.GR4 ~0.070 -0.094 -0.094 =0.070 -0.023 g.D32 0O.0a8 0.063 0.000
N -0.047 —-0.100 -0.202 -D.283 -p.330 -0.354 -0.354 -0.329 -0.28% -0.125 0.013 g.D82  D.047
1] 4] O0.14% 0.115 0.050 -0.023 -p.0B0 -0-111 =-0.112 -0.084 -0.02y 0.038 0.082 0.07& =0.003
N -0.052 -0.407 -0.223 -0.332 -D0.401 0,432 -0_433 -0.405 ~0.349 -p.157 0.011 p.095 0.052
75 H p.152 0.123 0.055 -0.022 ~0.085 -0-120 =0.123 -0.093 -0.032 0,042 0.090 0.0 -0.0035
N -0.053 -0.109 -0.231 -D.354 ~0,440 -0.480 -0.483 -0.453 -0.392 -D.179 ©-009 0.701 0053
70 " 0.154 0.125 0.057 -0.022 -0.086 ~0.123 -D.126 —0.095 -D.033 p.043 0.092 0.083 -D.004
N =-0.053 -0.110 -D.233 -0.361 -0.452 ~0.496 -0.500 -0.469 ~n.406 -D.186 0.007 p-103  0.053
vVorzeichen: Biegemoment + M ergiht Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4788 axial force + N results in tension LE 2B. 8.6D
schnittkrifte am Kreisring
sectionzl forces at the circular ring
Fommm o + preieckig verteilte Ruflast baliebiger Breite
| nastfall |

| load case 1
| 28.8.75 i

triangularly distributed surcharge any desired width

ruflagergegendruck rechteckig
bedding reaction pressure re¢tangular

135

0.0t
-0.D025

0. D26
-0.049

0.03%
-(-073

0.042
-0.094

0_Dag
=p.108

0.048
-1-113

150

0.024
0.020

0.046
0.038

0.063
0.066

0.0756
0.052

D.083
0054

0.085
D.054

e
Bisgemament M=m-p- e Hormalkraft yzn.p-.r
bending moment axial force
B P O 15 30 45 60 75 20 105 120
135 H 0.060 0-038 0.010 -D.013 -p.b28 —0.035 -0.033 ~0.022 -0.005
N -0.025 -0.058 -0.086 -0.109 —0.125 -0.132 -0.129 -0.118 -0.076
30 ] 0.099 0.073 D.022 -0.022 -0.052 -0.066 -D.063 -0.042 —{1. 009
N -0.046 -0.094 —-0.165 -0.207 -0.240 -0.253 -0.250 -0.230 ~-0.149
45 H 0.123 0.09& 0.036 -0-02& —0.-04% -0.090 ~0.DB7 ~0.05% -0.0%13
W -0.041 -0.11% -0.214 -D.293 -0.336 -0.357 -0.354 -0.326 -0-213
&0 H p.137 0.109 D0.043 ~0.p25 -0.079 ~0.106 -D.103 ~0.0784 -0-015
N =-D.0&69 -D.123 -0.237 ~0.344 =0.409 -0-4346 -0.433 -D.40 -0.263
75 M g.143 0.115 0.050 ~0.025 -0-084 ~0.114% —0-112 ~0.077 -0.017
N -0.072 -0.127 -0.247 -0.348 =0.450 -U.485 -0.483 —8.448 -0.294
90 H D.t4hé D.117 0.051 -0.024 -0.085 =0.117 -0.115 -0.0R0 -0.817
N -D.072 -0.128 -0.250 =0.374 =0.461 -0.501 —0.500 =0.464 -0.307
vorzeichen: Siegemoment + M ergibt %ug auf Rohrinnenseite
sign bending moment + ¥ results in tension on inkternal pipe surface
Normalkraft + # ergibt Zug
4IB5 axial force + W results in tension

165 180

0.020 -0.00%
pD-040  0.025
¢.D38 -0_0DE
D.D?5 O.046
D051 -0.014
g-101 D-061
n.060 -2.020
0.118 D-069
p.0gs ~0.024
0.127 0-072
0.066 =0.D26
0-130 o.072

LF 2B. B.7S
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| Lastfall

| load case |

| 28.8.90

15

30

45

40

75

90

4 /85

schnittkrifte am Kreisring

sectional forces at the circular ring

Dreieckig verteilte Auflast beliebiger Breite
triangularly distributed surcharge any desired

nuflagergegendruck rechteckig
bedding reastion pressure rectangular

—
Biegemoment
bending moment
g 0 15
M g.059 0.038
N ~D.027 -D.060
.} 0.098 0.072
N =-D.050 -D.098
\} D.121 0.094
N -0.066 -0.118
" 0.134 0.106
N -0-D75 -0.129
H p.141 0.113
% ~-0.079 -D.134
H 0.143 D0.115
R ~0.0B0 -D.735

vorzeichen: Biegemoment +
bending moment + M results in

sign

M=m-p-r?

30

0.009
-{.088

o.o021
-0.168

0.034
02148

0.043
~D.z242

0.048
-0.253

0-049
-0.256

L3 60

-0.013 -0.028
~0.111 -0.1268

-p.-023 -0.052
~0.212 -0.241

-0.026 -0.0489
-0.2%6 -0.339

-0.026 -0.D79
-0.359 -0.412

~0.025 ~0.083
—5.373 —0.453

-0.025 -0.084
-0.379 -0.445

75

-0.D35
-B.132

-0.065
-1.254

-0 -089
-0.358

-D.104
-0.438

-0.112
~0.487

-0.115
-0.503

M ergibt Zug a2uf Roh
tens

Normalkraft + N ergibt Zug
axial Force + N results in tension

Normalkraft  _ .
axial force M=an.p.r

width
90 105

~0.03z2 -0-021
-0.129 -0.109
~0.061 —0.040
~0.250 -0.212
~0.0R4 -0.055
~0.354 —-0.301
-n.0%9 -0.064
-0.433 -0.370
-0.t08 -0.072
-0 483 -0.414
=0.111 =0.074
-0,.500 -0.429

rinnenseite

120

~-0.004
-0.069

=-0.007
-0.134

-0-010
~0.19%

-p.hz2
~0.237

-0.013
-0.267

-0-013
~0.277

135

0.014
-0.019

0.026
-3.038

n.036
-0.057

0063
-0.074

0.047
-0 .0B&

00479
-0.0%0

150

0.024
0.023

0.045
D043

u.psz
0-057

0.074
0-063

0.080
D.-0ab

0.083
0.067

ion on internal pipe surface

1635

0.019
pD.042

D.035
0-079

0_048
0-108

0.056
D124

0.060
0-136

0.062
0.139

LF 2B.

18D

=-0.003
0-027

=0.011
0-050

-0.018
0.Db6

-0.025
0-075

~0.03D
o.a79

-0.032
0.0Aa0

4.90

+
} Lastfail

1 lcad case |

vorzeichen: Biegemoment + M e
bending moment +

Schnittkrifte am Kreisrting
seetional forces at the circular ring

Dreieckig verteilte Auflast beliebiger Breite
triangularly distributed surcharge any desired

anflagergegendruck cos-frmig, radial
bedding reaction pressure cos-shaped, radial

Normalkraft + N ergibt Zug

| 2B.9.15 |
i +
Biegemocment
bending moment
8 v a 15
15 H p.071 D.D49
H ~0.001 -0.035
a0 M p.121 0.093
] o.000 -0.050
43 " 0-153 0.124
N w.004 -D.05Y
60 M D174 0D-143
H 0.011 -B.046
75 M 0.165 0.154
H 0.017 -0.042
20 H n.188 ©.157
#* 0099 -0.040
sign
L85

70

-0.046
-0.129

-0.087
-0.250

-0.121
-0.354

~0.145
-0.433

=-0.160
~0.483

~0.164
~0.500

. .g.p? Normalkraft —nep -

H=m:p-F axialfnrceN nop-E
30 45 a0 75

0018 -0.009 -0.D29 ~0.042
-[.06&6 -0.093 -0.113 ~0.125

0.037 -0.014 -0.054 ~0.079
-p.125 -0.177 -0.217 -0.242

0.057 -0.015 -0.-072 —0.108
-0.158 -0,247 -0.304 -0.340

p.071 -b.D12 -D.082 -0.128
-0.168 -0.288 -0.370 —0.415

0.079% -D0.009 -D.087 -0.139
-0.171 -0.305 -0.405 -0. 462

0.082 -0.008 -0.0BB —-D.142
—0.171 -0.310 -0.416 -0.477

axial force + N results in tension

width

105

-D.041
~0.125

~0.079
-0.241

=0.110
-0.343

-0.133
~0.421

-D.148
{471

-0.152
-0.4B8

rgibt Zug auf Rohrinnenseite
M results in tension on internal pipe surface

120

-0.028
-0-111

=0.054
~0.21¢&

~0.074
-0.308

-0.093
-0.380

~0.103
~0.427

~0.107
~0.443

135

~0.007
-0.071

-0.014
-0.177

-D.021
-0.253

-0.0264
-0.314

-0.030
-0.353

0,031
~0.3467

130

n.oz20
~D.063

n.033
-0-125

0.052
-0-180

0.082
-0.226

o.D&7
~0.258

0.069
-D-267

165 180
p.051 0.051
-p.032 -0.032
p.0%8 0.098
-D.pb4 -0.0635
¢.137 0.138
-0.096 -0.0%97
n.165 0-163
-0.123 -0.124
p.18e  0.180
~0.141 -D. 743
D.188 0.186
-0.146 -0.150
LF 2B. 9.13
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Schnittkrdfte am Kreisring

sectional forces at the circular ring

4—==———-==-=t preleckig verteilte Auflast beliehiger Breite
II ?3555311 I] triangularly distributed surcharge any desired width
as
{ 2;?9.;0 & 1 anflagergagendruck cos-£érmig, radial
oot ————t bedding reactlon pressure cos-shaped, radial
Biegemomant M= , Normalkraft . _
hending moment 1 - ™ P ‘F" axial Force © ° n-p-t
B w D 15 30 45 &0 75 70 105 120 135 150 165 180
15 M D.068 O0.046 D.014 -0.410 ~0.02% -0.040 -p.043 -0.037 -0.022 0.000 0.028 ©0.043 0.D24
N -0.007 -0.040 -D.071 -0.0%6 -0.316 —0.i27 -0.129 -0.123 -0.1D9 -0.-087 -0.059 -0.043 -0.087
30 H 0.115 0.088 D.034 -0.014 -0.054 -0.076 -0.082 ~0.071 -0.043 -0.001 p.p0s3 D.082 D.048
N -0.011 -0.060 -0.134 -0.185 -0.222 -0.244 -0.250 -N.239 -0.211 ~0.169% -0.116 -0.0B4 -0.120
45 M o146 D.117 0.052 -0.018 -0.072 -0.104 -0.113 -0.099 -0.06% -0.002 p.b73 0.113 0.066
N -D.011 -0.0&5 -0.171 ~D.258 -D.312 ~0.344 ~0.354 ~p_33g —0.301 -0-262 —D-187 -0.127 -0.174
&0 M D0.165 0.135 D.p65 -0.015 -D.082 ~0-123 =0-136 —0.119 -0.074 -0.004 n.pe7 0.136 0.078
K =0.007 -0.044 -0.184 -0.301 <0379 —0.420 -0.433 -D.416 -0.371 —g.301 -0.210 =0.1461 -D.219
75 M D175 D0.144 D072 ~0.013 =0.086 -0.134 -0.149 -p.132 ~-0.0B3 -0.005 0._095 ©0.150 0O.0BS
N -D.004 -0.D61 -2.1B8 ~0.320 ~0.416 -D.467 —0.483 ~f.466 —0.416 —0.339 -0.238 ~0.184 -D-249
90 ] 0.178 0-147 0.074 -0.013 -0.088 -0.137 -0.153 -D.136 -0.085 -0.004 p.o9a D.155 ©.087
N -0.002 -CG.06D -0.189 -D.325 -0.426 -0.483 -0.500 ~D.482 -D.432 -0.352 —-0.248 -0.192 -0.25%
Vorzeichen: Biegemoment + # ergibt %ug anf Rehrinnenseite
sign pending moment + M Yesults in tension on internal pipe surface
Normalkraft + N ergibt Zug
4 48S axial Force + N results in tension LF 28. 7.30
Schnittkrifte am Kreisring
sectional forces at the circular ring
Fom ot Dreieckig vertellte Ruflast beliebiyger Breite
= ig;gfziée !l triangularly distributed surcharge any desired width
{ 2B.9.45 1 auflagergegendruck cos-f8rmig, radial
Femm e ——t bedding reaction pressure cos-shaped, radial
Biegemoment _ Mormalkraft , _
bending moment M=mepor® ayial foree N ="°P°T
p g 0 15 30 45 60 is 0 105 120 135 150 145 18O
15 W 0.0&4 0.042 0.013 -0-012 -D.029 -0_038 -0.03% -0.030 -0.043 0010 0.029 0.D29 ¢.006
H -0.014 -D.D49 -D.078 -0.103 -0.120 -0.129 -0.129 -0.121 =ft. 104 —0-081 -[.062 —-p.042 -D.065
30 H p-107 0.081 0-D2B ~0.020 -0-054 =-0.072 —-0.073 -g.0sE -0.026 0.020 p.055 0.054 D-010
N -0.028 -D.07& -0.149 =0.196 -0.230 -0.24%9 -0.250 —-0.234 -0.203 -0.157 -0.121 -g.123 -0.167
45 " 0.135 0.106 0.044 ~0.022 =0.071 -0.0%8 -0.101 -0.080 -0.037 0.027 p.077 D.074 ©B.012
y -0.034 -0.088 -D-191 ~0.274 =0.323 —0.350 -0.354 -0.333 -0.2B% ~n.22&6 ~0-176 -0.178 =0.241
&0 H p.151 D.122 0.035 -G.021 -0-0B1 -0-176 -0.121 -0.0%7 -0.045 D.032 p.p92 0.088 0.012
N -0.036 -0.0%2 -0_209 -0.322 =0.393 -0.428 ~0.433 -0.409 -0.357 —0-280 -g.220 -0.224 -0.300
75 H 0.159 0.13¢ D.14) -0_019 =-0.086 -0.125 —0.132 -0.107 -0.050 p_d3s 0,101 0.097 a.011
N -N.036 -D.093 -0.:16 -0.342 -0.432 -0.476 -0D.483 -0.457 ~D.400 -0-316 -0.250 -0.2%4 -0-340
90 M  0.162 0.133 ©0.0&3 -0.019 -0.087 -0.128 —0.136 ~0.110 -B.051 0.035 0,104 0.099 f.010
w -D.035 -0.092 -0.218 -0.348 ~0.443 -0.492 -0.500 -0.474 -0.%15 -D.329 =0-260 ~0-265 -U-354
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + I results in tension on internal pipe surface
Normalkraft + N erglbt Zug
4185 axial Foree + W results in tension LF 2B. 9.45




I it |

| LastEall

| load case |

Schpnittkrifte am Kreisring

sectional forces at the circular ring

preieckig verteilte Aufla
| triangularly distributed

st beliebiger Breite
surcharge any desired width

| 28.8.60 | nuflagergegendruck cos—f8rmiyg, radial
fmmmm—— e + bedding reaction pressure cos-shaped, radial
Biegemoment Wem.p.r? Normalkraft y_ q.p.
bending moment meP Tt awial force N=nep-r
B u o 15 30 45 [:144 75 90 105 120 135 150 165 1BD
15 L] n.ns9 0.038 D.0DY9 -0.013 ~0.029 -0.035 -0.033 -0.022 -p_pgz 0.097 D.O025 0.017 -0.008
N -0.02& -0.059 -0.0B7 =0.130 -0.125 -g.132 -D_129 -0.118 -0-0%% -0.080 ~0.072 —{. 080 —0.103
30 M 0.096 0.072 0.121 -0.023 -0.053 —0.066 ~0.062 =D.041 -D.005 0032 ¢.447 0.031 -0.077
N -0.048 -0.0%6 -0.167 -0.211 ~0.241 -0.254 -0,250 -0.229 -0.192 -p.t54 -0.141 -0.156 ~0.205
45 W 0.121 0.094 ©.034 -0.027 -0.070 -0.090 -0.085 ~0.057 -0.006 0O.044 0.D6k p.042 -0.027
N -0.063 -D.116 -0.216 —-0.295 ~0.338 ~0.358 ~0.354 =~0.325 -0.275 —-D.224 —0.204 -g.226 ~0.295
&0 n p.135 0.107 0.043 -0.026 -p.079 ~0.105 -0.102 -0.068 -0.008 0,053 0.077 0.049 -0.03h
% -0.072 -D.126 -0.240 —0.347 —0. 411 ~D.437 -0.433 -D.400 -p_339 -0-278 -0-254 -0.282 -0.367
75 H 0.141 0,113 D048 -D-026 ~U.p84 ~0-114 -0.3171 -0.075 -0 0o o©.057 D0.0B: 0.053 -0.042
% -0.075 -0.131 -D.251 -D0.370 -0.452 -0.480 0_4B3 -0.447 —0.381 -0.374 -0.288 —p.31% -0.414
90 L pD.143 02115 0.049 —0.025 -0.085 -0.114 ~D.114 ~0.077 ~0.009 0.060 O0.087 0.054 =0.044
N -0.076 -D.132 -0.254 -0.377 ~0.463 —0.502 -0.500 -0.463 -0.395 —0.3246 —D-300 -D.332 -0.430
vorzeichen: Biegemament + M ergibt Zug anf Rohrinnenseite
sign bending moment + M resulis in tension on intermal pipe suriace
Hormalkraft + N ergibt Zug
4185 axial force + B resuits in tension LF 20. 9.60
Schnittkrifte am Kreisring
cectional forces at the eircular ring
o —+ preieckig vertellte Auflast beliehiger Breite
} Lastfall | triangularly distriboted surcharge any desired width

s
| load case } snflagergegendruck cos—fbrmig, radial

pedding reaction pressure cos-shaped,

| 2B.8.75
it J

Biegemoment
bending moment

B L 15

15 M 0.055 0.034
W -0,.034 -0.063

30 H p.09n 0.084
N ~D.0&7 -0.115

LS M R.IT0 0084
N ~D.091 -0.142

40 N 62120 0.094
H =-0.105 -0.158

75 n  0.125 0099
% -0.113 -0.167

90 M 0.127 0.10D
N -0.115 -D.1e?
vorzeichen: Biegemoment +
sign

4785

bending momen

M=m.p-T

30

0.0058
-0.094&

0.014
~0.183

D026
=0.7240

0.033
-0.26%

0.037
-0.283

0.038
-0.287

axial ferce

45

-0.015
~0.117

-0.025
~0.224

-0.030
~0.314

~-0.031
~D.370

-0.031
-0.397

-0.031
-0.404

60

-D.-028
-D.130

-0.051
~0.250

~D.D&8
~0.351

-G.077
-ti. 428

-0.0481
~D.470

-0.0B3
-0.483

75

-0.032
-0.134

=060
-0.259

-0.081
~0.365

=-0.0%5
—.445

-0.102
-D.4%48

~0.104
-0.512

Homalkraft + N ergibt Zug
axial force + N results in tension

radial

? Normalkraft y_p.p.r

90

-0.027
-0.12%9

-0.051
~0.250

~0.070
-0.354

~-0.083
=0.433

-0.890
-0.483

-0.092
-0.500

105

~-0.013
-0.116

-0.025
-0.224

-D.034
-0.318

-0.041
-p.39N

=0.044
~0.437

-0.0435
~0.453

¥ ergibt %ug auf Rohrinnenseite
+ + M results in tension on internal pipe surface

120

0.004
-0.098

0,009
-0.190

b.me
-0.271

0.015
-0.335

0.017
-0.376

o0.018
-0.391

135

0.018
-0.085

D.034
-0-145

D047
-0.237

0.056
~0.2%%

6042
~0.332

0.064
-0.345

150

D.0Et
-0.082

0.039
-0.-160

0.054
=-0.230

N.064
-D.287

0.070
-0.324

0.07T1
-0.337

145

0.010
~i.B73

0.076
=161

0.023
~0.261

0.026
-D0.325

o.o0e7
-0.367

0.027
-0-3B1

LF 2B.

180

~-0.016
-0.11%

-0.031
-0.232

-0.047
~0.333

-D.06&3
-D.413

-0.072
~0.444

=-0.075
-0.484

975

269
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gohnittkridfte am Kreisring
sectional forces at the circular ring
----------- + bDreieckig verteilte puflast peliebiger Breite
} rastfall % triangularly distributed surcharge any desired width
1 %gag \;gse Auflagerqegendrnck cos-férmig, radial
+_,___'__'______+ bedding reaction pressuie cos-shaped, radial
Blegemoment M=mep-r? tNormalkraft .
pending moment MR T ayial force Nzn-p-¥F
B P 0 15 30 h5 a0 75 90 105 120 §35 150 145 180
15 ] 0.053 g.032 0005 -p.015 -0-027 -0.030 ~N.024 ~0.010 p.o0s 0.097 p.b1g D.00B -0.019
N -0.04% =0.073 -0.100 -D.120 -0.132 ~0.136 -N-129 -p.115 -0-09% -g.0B8 —0-0B6 -p.097 D124
30 " g.p86 D061 0.013 -0.026 -g.n30 -0.057 -4.046 =0.019 0.01t 0.033 0.036 0014 -0 .038
y -0.07& -p.123 -0.191 -0.231 -8.255 -g.26%f ~0.250 -0.224 -p.193 -0-171 -0.168 —-0.177 -D.24%
45 Ll p.105 0-079 p.pz3 -0.032 —p.0&4 -0.077 ~(3.062 —-0.026 0.014 0.046 p.os0  0.017 -0.054
W -0.10% -0.154 -0.251 -0.323 ~0.358 ~0.368 _a.354 -0.317 -D-276 -p.245 -0-242 ~0.274 -0-347
&0 ] o.114 0.0B38 o.029 -p.032 -n-075 -0-090 -p.073 -0-030 p-m? p_055 0.059 n.0q9 -0.071
n =0.121 -n.173 -0.282 ~0.381 ~0.435 ~0. 449 —0.433 ~0.390 -0.34D -g.305 ~0-3D1 ~0.341 D431
75 H 0.719 0.092 0.033 -0,032 -0-07% -0-0%56 —p.07% —0.033 p.022  0.0A1 p.0gk D0.019 -0.081
N -0.130 -0.183 0,298 ~0.409 -0.479 ~0.500 -N.483 ~0.437 -D-3B2 ~0.343 0340 -0.385 -0.4B5
90 H n.120 0.0%4 p.033 -0.032 -p.081 ~0.098 ~p.0B1 -0.033 p.@23 D043 p.D&e ©.017 -+ .0B5
N ~0.133 _-p.1B& ~0.302 ~0.417 ~0.492 0517 -0.500 -0.452 ~0.396 ~0.356 ~p.353 —0-401 -0.504
yorzeichen: Biegemomant + M ergibt Zug auf pehrinnenseite
sign bending moment + ¥ results in tension on internal pipe surface
Normalkraft + N grgibt Zug
4785 axial force + N results in tension LF 28. §-90
schnittkrifee am Kreisring
sectional forces at the circular ring
o i preieckig verteilta Auflast heliebiger Breite
| Lastfall | triangularly distributed surcharge any desired width
; égaioc?ge : Auflagergegendruck qlaichfﬁmig, radial
+___:__,__‘____ hedding reaction pressure uniform, radial
piegemoment M=m-p-r? Normalkraft _
wending moment mep-F 4xial force N=n-p-t
B ¢ 0 15 ED 45 &0 75 20 103 120 1315 150 16% 180
15 H g.07% 0.049 0.018 -0.009 ~-0.079 -0.042 -0.046 ~0.051 _p_028 -0.007 p.tz0 0-051 $-051
n -0.001 -0.035 -0.0t4 -0,093 —0.113 -p.125 -0.129 -p.125 -0-1M ~p.090 -0.083 -0.032 -0.033
in W 0.12%1 0.093 p.037 -0-016 —0.055 -g.07y -0.087 -p.079 -0.05& -g.014 D0D-038 0-098 .097
] p.p00 -0.050 -B.125 -0.177 ~0.217 -0-242 .p.250 ~D.24% -g.216 -0-377 -0.125 =0.064 -0.063
45 1] G.1535 D.124 p.057 -0.015 —p.072 —-0-108 -g.121 -0-110 _p.0o76 ~0.021 0.052 ©.137 0.135
N p.004 -0.051 —N.158 -0.287 —0.304 -0.340 -D.354 -0.343 -0.308 -p-253 -0-1380 ~p.096 -p.027
&0 M 0,174 0.143 p.o71 -g.012 —-0.082 -0.128 —0-145 -0.133 -0.093 ~p.D2b6 0.062 n.165 0.163
H p.011 -0.046 -0.168 ~0.286 -0.370 0415 ~0.433 0421 -0.380 -0.314 -p.220 -0. 123 -g0-125
75 M pD.165 0-154 p.079 -0.009 -p.087 -0.139 -0.140 —0.147 -0-1D03 -n.030 0.067 p.182  B.379
H pt7 -0.042 -p.171 -0.303 -0.405 -0.462 —g.483 =0.471 —g_427 -N-353 -p.256 ~0-141 —-0- 154
90 H n.188 0.157 0.ps2 -0.008 -p.0Ba -0-142 —g.164 -0.152 0187 _pg.031 D.D&% o.168 DO.185
N 0019 ~0.040 -0-171 -0.310 =0.416 -0.477 -p.500 -0.5488 -g-443 —0.3a7 -p-267 -0.148 -p-131
yorzeichen: piegemcment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pige surface
Normalkraft + M erglbt Zug
4185 axial force + N results in tension LF 28,3073




| Lastfall !
| 1oad case |
1 28.10.30 |

—

Biegemoment
bending moment

gchnittkrifte am Kreisring

sectional forces at the circular ring

preieckig verteilte auflast beliebiger Breite
triangularly distributed surcharge any desired width

Auflagergegendruck gleichfbirmid.

radial

bedding Teaction pressure wnifarm, radial

Mem-p-r

Normalkraft o, _n.p.
axial force N=n-p-f

i Lastfall 1
| 1oad case |
1 ZB.10.45 1

triangularly distributed surcharge any desired width

Auflagergegenaruck glaichﬁﬁrmig,

radial

beading reactian pressure uniform, radial

A w 10 15 30 45 &0 73 20 105 120 135 150 165 180
15 H 0.068 D.DAG p.014 -0-MD -0.029 -0.040 ~0.043 ~0.037 _g.022 0000 p.026 D.0kE D.024
W -D.007 -0.040 -0.071 -p.097 ~0.118 -0.127 -0.129 -0.173 -0.108 -p.naé -0-058 -p.D4t -D.D62
30 W D0.115 0.088 0.033 -0.017 -0.054 -y.076 -0.082 -0.070 -0.042 ©.000 6.053 p.oa1 D.D4B
n -b.012 -0.0861 -D-135 -p.105 -B.-222 -0.244 -0.250 ~0.239 -D-211 -0.169 ~0.115 -p.0BE ~0.122
45 H n0.14k6 0.117 n.o52 -0.018 -0.071 -0.104 -p.113 -D.098 -0 060 -0.001 p.o74 0-112 00463
N -0.012 0,066 ~0.172 -0.258 ~0.312 0365 -0.354 -p.339 —0.300 -N.242 -p.1867 -0-129 -0-178
60 Ll n-164 p.134 0-D&4 -0.015 —0-082 -p.123 -0.135 -g.119 -0.073 -0 00% 0.08B p.135 D.074
n -0.008 -0.0&5 -0-185 -0.302 -D.379 ~0.420 -0.433 n_416 -~8.371 -g.300 -0.209 —0.163 ~0-224
73 H D174 0-144 p.071 -0.013 -p.DBAE -0.133 —g.14% ~0.131 _p.oa2 ~0.0D4 n.o9y G.-148 0.080
n -D.005 -0.043 -g.189 -0.320 =DB.416 D468 —-0-4B3 -0.463 0 416 -0-33B -0-237 -p. 186 - 0-254
oa H 0,177 D147 n.074 —0-013 -p.088 -0-137 -0.153 -0-13% -0.DB4 =-0.004 n.100 ©-153 p-082
w -0.003 —0.06% =0.190 -0.325 ~0.527 -p.483 -0.500 . 482 —-0.437 —p.351 —0.247 -0.395 -D0.265
yorzeichen: piegemoment + # ergibt Zug anf rohrinnenseite
sign pendging meoment + M results in tension on internal pipe surface
Hormalkrafit + N ergibt 2Zug
4485 axial force + N resulbs in tension LF 28.10.30
gchnittkrifte am Kreisring
sectional forces at the circular ring
o=t Dreieckig verteilte puflast peliebiger Breite

150 165 180

p. o2y D.028 g.ooz2
~p.062 -0-066 -0.0%0

0.056 U047 B .D02
~p.122 -0.130 -0.176

o.078 0.067 0.001
-0.977 —0-168 -0.254
p. 093 0.079 -g.002
-p.222 -0-236 ~0.317

n.102 0.087 -0.004
-p.252 -0.267 -p.358

n_405 0.0a9 ~0.00%
-~p.262 ~0-279 -0.3772

R
Biegemoment - Normalkraft e man .
hending moment H=m-p T axial force N=zmn-p-f
B w D 13 30 45 50 75 q0 105 120 135
15 Hn p.DAad D.042 0.012 -n.012 -0.029 ~n.038 -p.03d ~0.027 -0.012 0.12
H -0.017 -0,050 -p.080 -0.104 -p.121 -0.129 -0.12¢% -0.121 -0-103 -0.07%
30 m  0.106 0.079 0.027 -0.020 -0-033 —-0.07% ~0-072 —0.055 -p.oz3  0.023
N -0.031 -0.079 .p.152 -0.199 -0.232 -p.249 -0.250 -0.233 -0.201 -0.155
45 M 0.133 D-104 p.042 -0.023 ~0.971 -p.097 -0.099 -g.077 ~0.032 0.032
W -0.037 -p.n0gz -0.1%5 -0.278 -N.324 -p.352 -0.354 ~0.331 -0.287 -0.222
60 B 0.148 D.119 p.0s3 -0.022 —0-081 —-p.114% -D.118 ~0.092 -0.03%  @.039
N -D0.042 -0.,097 -0.214 -0,326 -0.394 0,429 =-0.433 -0.407 -D.354 -0-277
75 H 0-136 n.127 0.059 ~0.020 -0-D8& -0.123 ~0-129 ~0.102 -0.043 0.042
W -0.042 -0.099 -0.z22 -0,347 ~D.435 -D.477 -0.483 -0.456 -0.397 -0.312
g0 4] n.159 g.130 0.060 -g.020 -0-087 -g.126 —0-133 —0.105 -0.045 0043
W -0.042 -0.099 _0,224 ~0.333 -D.ahb ~0.493 -D.500 -0-472 g 412 -0.324
vorzeichen: piegemoment + M ergibt %ug auf Aphzinnenseite
sign pending moment + W results in tension on internai pipe surface
Normalkraft + N ergiht Zug
4185 axial force + N results in tension

LE 28.10.45

27
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gehnittkrifte am Kreisring
sectional forces at the circular ring

$omm——=====—+ Dreieckig vertetlte Auflast beliebiger Breite
= ?as;fall % triangularly distributed surcharge any desired width
ogad case
1 28.10.60 | auflagergegendruck gleichftrmig, radial
$ e e s bedding reaction pressure uniform, radial
Blegemoment R | NWormalkraft ..
pending moment M=mep-T" apial force N=n-p-7
B L 15 30 43 &0 75 gn 105 120 135
15 n 0.057 0.035 p.007 -D.D14 -p.02B -0.033 -0.030 -g.m7 0.004 0.021
N -D.032 -0.063 -0.093 -d.114 -0.128 -0.133 -012% ~0.117 -0-0%6 -0.079
30 H 0.093 D.067 0.017 ~0.025 ~0-052 -p.D63 -0.056 -n,032 0.007 0.040
N -0.0&0 -0.107 —0.177 -0-219 -0.246 -~0.257 -D.250 -0.228 -p.187 -0-154
45 H n.114 0.087 ¢.029 -0.029 -0-D4% -0.085 —g.n77 -0.044 02011 0.055
N -0.080 -D.132 -0.231 ~0.306 -0.348 -p.382 -0.354 -0-321 -p.2&h —0-222
40 H n.125 0.0%8 p.037 -0.030 -0-079 -g.100 -0.09% -0.052 p.013  0.067
N -0.092 -D.14é -0.257 -0.341 -0.421 —0.442 -0 433 =0.395 -0.329 =0.2753
75 H p.131 0.104 0.041 -0-029 ~0.083 —0-108 —0.099 -g.057 D0.015 0.074
N -0.098 -0.152 -0,270 -0.3186 ~D.4&3 ~D.4%2 -0.4B3 ~D.441 ~-0.389 —0.310
°0 H 0.133 0.105 g.n42 -0-029 -p.0B4 ~0.110 -0.101 -p.059 ©.015 0.07é
N =D.G99 -D.154 -g 274 ~0.393 ~0.475 -0.508 -0.500 -0,457 —-0.383 ~-0.323

vorzeichen: Biegemoment + M ergiht
sign

Zug auf Rohrinnenseite

Normalkraft + N ergibt Zug

150

o.023
-0.077

0.043
=.151%

¢.o60
~0.217

0.071
-0.271

n.078
-p.306

D.0BO0
=-0.319

pending moment + M results in tension on internal pipe surface

165 180
p.010 -0-017
-g.090 -8.117
n.D18 -0.035
-p.176 -D.229
p.023 -0.052
-p.254 -0.329
n.026 -D.065
-g.316 -0.408
p.g27 -0-076
-D.357 -0.440
n.62y -0.079
-0.372 -0.478

41BS axial force + N results in tension LF 2p.70.60
gehaittkridfte am Kreisring
sectional Eorces at the circular ring

4 m et preieckig verteilte auflast beliebiger Breite

| Lastfall 1 triangularly distributed surcharge any destred width

| load case [

i 23.10.75 | Auflagergegendruck gleichEdrmig. radial
i___;__:____+ bedding reaction pressure uniform, radial
Biegemoment _ 2 yormalkraft .
bhending moment W=m-p- " ayxsal force W=n-p-r
i} g 0 15 30 45 60 75 90 105 120 135
15 M 0.D4B 0.027 0-00% -0.077 -0-027 —0-027 —0.018 D.001  ©.0%7 o.0z2
n -0.053 -0.085 -0.111 0,129 -0.139 -D.13%? -0.129 -D.111 -0.095 -0-0%0
30 M 0.074 0-D51 p-DD& -0-030 -0.04% —-N.050 -g.033 0.002 0.033 0.042
N -0.100 -D.146 -0.212 ~0.247 _0_267 -0.267 -0.250 -0.2%6 -0.186 =0-173
&5 p  G.090 0.065 0.0%2 -0.037 ~D-B&3 -0.067 ~0-D44 D0.DOA p.047 D-D58
W -0.137 -0.187 -0.280 -0.347 -0.375 -0,377 -0.354 -0.306 -D.263 -0.251
a0 M g.09s8 0.071 g.016 -0.039 -g.073 -0-073 -p.051  0.006 p.0ss 0-071
H -0.162 -p.213 -0.318 ~0.-410 -0.456 ~0.460 -0.433 _p_%76 -0-325 -0.312
15 M 0.098 0.073 p.018 -0.040 -g.077 -0.083 -0.054 g.fH08 D.D65 n.078
H -0-176 -D.228 -0.%37 -0-641 =0.502 -0.512 =0.4B3 -0-421 -p.364 -0.351
90 n n.0ya 0-074 g.018 -0.040 -0.078 -0-084A -0.055 @.009 g.067 0.080
W ~-0.180 —0.232 -0.3484 -0.457 ~g.515 =D.529 -0.500 0436 -0.378 ~0.365

4/ 85

yarzeichen: giegemament + M ergibkt Zug auf Bohrinnenselte

sign

Hormalkraft + N ergibt 2ud
axial force + H results in kensien

1540

D.015
-0.097

o0.027
-g-130

0.037
-0.273

0.043
-0.339

0.D047
-p-3ne

0.048
-0-397

ending moment + M resulits in tenslon on internal pipe surface

145 180
-0.D04 ~0.034
—p-116 -D.146
-0.010 -0.086
-n.227 -0.284
-g.016 -0.096
~[.325 —0.406
-p.022 -0.12D0
-0.406 —0-503
-0.026 -0.136
-(.455 ~D-363
-0.028 -0.142
-p.473 -D-587

LF 2B.10.75




Schnittkrifte am Kreisring

sectional forces at the circular ring

——————————— + Dreieckig verteilte Auflast beliebiger Breite
| Lastfall

| triangulariy distributed surcharge any desired width

| load case |

| 2B.10.50

1 Auflagergegendruck gieichfbrmig, radial

$mmee - __4y bedding reaction pressvre uniform, radial

Biegemoment M=m ;3 Normalkraft

bending moment PP oxial force " NCFCT
A [T 15 30 45 .11} 75 90 105 120 135 150 165 160
15 H p.037 0.017 -D.0D6 -G.020 -D.023 -0.017 0.000 0.017 p.0z24 O0.020 ©.0046 =D.B17 —D-047
N -0.082 -0.173 -0.136 -0.149 =0.153 -0.144 -0.12% =-0.113 -D.106 =-0.169 -0.123 -0-146 -D.177
k1Y) M 0.054 0.032 -D.008 -0.035 -0.D43 -0.030 0.00Z OD.033 0.04¢ ° 0.039 0,012 -0.033 -0.092
N =0.156 -D.200 —0.260 -0.267 -0.294 -0.282 ~0.250 -0.218 -0.206 -0-213 ~0.240 —-0.285 -D.344
. L5 H D.05% 0.037 -0.007 -D.D44 -0.056 -0.029 0.005 O.049 D.0&5 pD. 054 0.015 -D-049 -0-133
N -0.216 -D.263 -0.348 -0,403 ~0.414 -0.397 -0.354 -0.310 -0.293 -0.305 —-0.344 -0.407 -0-491
60 ] 0.058 0.037 -0.a08 -0.048 ~D-Dé2 —0-04% 0.009 0.061 0,080 0_0s5 0.D156 -0.082 -D.166
4 -0.2%8 -D.307 =0.402 -0.479 -0.5D4 -0.485 -0.433 ~0.381 -0.362 -0.377 —-D.426 -0.504 -0-608
75 H 0.0%4 0.035 -0.009 -0.050 -0.045 -D.045 0.012 0.06%9 O0.0B%9 0D.07% O.016 -0.072 —0.187
W -0.2B4 -0.332 -0.431 -0.517 =0.556 —-0.540 -0.483 =0.426 ~D.406 =-0.424 -0.479 -0.567 ~0.682
0 4] 0.055 0.035 -0.010 -D.050 -0.065 -0.045 D.014 0.072 0.093 D.074 ©.017 -0.475 ~D.1%4
N =0.292 -0.340 -D.440 ~0.530 -0,571 -0.558 -0.500 -0.442 —D.421 —D.440 —0.497 -0-589 -n.708
Yorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4485 axial force + N results in tension LF 26.10.90
Schnittkrifte am Kreisring
sectional forces at the ocircular ring
| #===r—e-——--% Dreleckig verteilte puflast beliebiger Breite .
| Lastfail | triangularly distributed surcharge any desired width
| load case | :
| 2B.11.15 1 Zweiliniengegendruck radial
$omomememrey  two linear support, radial
Biegemoment _ : Normalkraft  _
bending moment Memep r® o 3u1 force M =P P T
B p 0 15 30 3] 60 75 70 105 120 135 150 165 18O
13 H D049 D.047 0.076 -0.070 =D-029% -D.041 =0.044 -0.038 -p.o24 -0.002 0,025 0.057 0.021
N -0.005 -0,039 -0.049 -0.095 -0.115 -D.126 -0.129 =-0.124 -0.109 -0.088 -0-060 -0.026 -p-0b&4
30 H B.117 0.089 0.035 -0.016 ~0.054 =0-077 =D-084 -0.073 -0.844 -0.005 D0.046 0.109 0.040
¥ -0.008 -0.057 -0.132 =0.182 -D.220 -0.244 =-D.250 -D.239 -D.213 -0.17% -0.118 -0.057 ~0.126
45 M 0.148 0,119 0.053 -0.017 =0.07¢ -0.105 =0-116 ~0.702 -0.065 -D.008 D.0&7 D.152 0.055
N =-0.006 -0.0&1 -0.%67 -0.255 ~.309 -D.343 -0.354 -0.340 ~D.303 -0.245 -0.171 -0.085 -0.143
60 M 0.167 D0.137 0.D&6 =0.014 -D.0B2 -0.125 -0-139 -0.123 -0.080 -D.010 0.0B0 D.1B4 0.064
W ~n.0DZ -0.059 ~0.180 -D.297 -0.376 -0.419 -0.433 -0.418 ~-0.374 -0.3D5 -D.215 -0-116 -0-230
75 M 0.178 0.147 0.074 —0.012 -0.087 -0-135 -0.152 -0.136 -0.069 -0.012 D0.087 0.203 0070
H ¢.002 -0.056 -0.183 ~#.315 =-0.413 -0.466 -0.483 -0.447 -D.419 -0.343 -D.244 -0.127 =D.261
90 H 0.181 0.150 0.076 -0.011 —0.088 -0.139 ~0.157 -D.14% ~0.0%2 -0.013 D.090 0.210 0.071
] p-004 -0.054 -D_184 -N.320 -0.423 -0,481 -0.500 ~0.484 -0.435 -0.357 -0.254 -0.133 -0-272
vorzeichen: Biegemoment + I ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Hormalkraft + N ergibt Zug
4185 axial force + N results in tension Lf 28.11-13
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| 2B.11.30

d
| load case l zweiliniengegendruck radial

90

-0.034
-0-129

0. 145
-0.230

-0-08%
-0.35%

-0.106
-0.433

-0.114
=0.483

-0.119
~0.300

. 4+ two lineax support, radial
Biegemoment Moemag .l Hormalkraft -
bending moment M=mep- T ayial farce N=a.p-r
] p 0 135 30 h5 &0 75
15 .} n-nép 0.038 D.009 ~0.013 -0.029 -0.036
N =-0.024 -0.057 -0.086 -0.10% —-0.124 -0.131
30 M o099 0.073 D.022 -0.023 -0.053 -0.068
y -0.045 -0.093 -0.164 -0.208 -D.23% -0.253
h5 n p.t23 0.095 0.D35 -p.02% —-0.071 —0-092
W -0.059 -0.111 -0.212 ~0.291 -0.336 =-0.357
a0 H D.136 D.108 D044 -p.027 -0.087 -C-108
N -0.0886 -D.121 -0.235 -0.343 -0.408 -0.435
75 # 0.143 0.115 D.047 ~0-026 -0-08& -0-117
N -0.069 -G6.125 -0.245 -D,366 -0.648 -0.484
90 W D.145 0.117 D.U50 -0.D26 -0.087 -0.120
n -0.070 -0.124 -p.248 -0.373 -0.460 -p-500
yorzelchen: Biegemoment + W ergibt Zug
sign hending mcment + M results
Normalkraft + M ergibt Zug
4485 axial Force + M results in

tension

105

~0.023
~-n0.19

=-0. 044
-0.230

-0.062
-D.326

-0.074
-p.401

~0-181
-0.449

-0.084
=0.44%

auf Rohrinnenseire
in tension on internal pipe surface

120

=0.004
~0.100

-0.009
~0.194

=0.012
-p.277

~0.013
-0.342

-0.016
~-0. 304

-0.-017
=0.378

0.021%
-0.074

0.040
-0.145

0.054
-0.209

n.0s8
-0.259

0.075
-0.293

0.-077
=-0.304

Schnittkrifte am Kreiscing
gactional forces at the circular ring
*‘2::;;?;{"* Preieckig verteilte Ruflast baliebiger Breite
| Lastta | ¢riangulariy distributed surcharge an desirad width
| load case | ¥
[ 2B.11.17,51 zweiliniengegendruck radial
S mm————— -+ two linear support, radial
Bisgemoment Mzm.o.r? Normalkraft , _
bending moment meP:T" axial farce N=n.p-r
B p o 15 30 45 40 75 ?O 105 120 135 150 165 180
15 | 0_048 0.046 0.015 -0.010 -0_029 -0.040 -0.043 -p.03& -D.022 0-000 p.028 0.049 ©.012
N =-0.007 ~0.041 -0.071 ~0.097 -0.116 -0-127 —-0.129 -0.123 ~0.108 -D.0Bs -D_{58 -0.038 -0.074
30 H 0.115 0.0B8 0.033 -0.017 -0.054 -0.074 -0.081 ~0.070 -0.042 0.000 0.054% 0-D93 0-D23
x =-0.012 -D.081 -0.135 -.165 —0223 =D-243 -0.250 -0.236 -0.21% -D.168 -0.315 -0.076 -D.146
45 M D.145 O0.116 0051 -8.018 -0.072 —0.104 -0.113 —-0.D98 —0.05% -0.001 p.075 0.12%  D.030
N -0.012 -0.067 -0.172 —0.259 ~0.312 —0.345 -p.354 -0.338 -0.300 -0.241 -0.16& -0.112 -0.211
1] L} 0.164 0.134 0.064 -0.014 -D.082 -0.123 -0.135 ~p.118 -0.072 —0.002 p.o#9 0.155 0.034
N -D.009 -0.0&6 -B.-186 -0.302 ~0_3B0 -D.421 -0.433 -0.414 -0.370 -0.300 -0.208 -0.143 -0.264
75 H p.i74  0.143 0.071 -p 014 -0.086 -0.133 -0.14B -0.130 —-0-081 -p-003 p.D98 0171 0.036
N -0.006 -0.064 =0.190 —-0.321 -0-417 -D. 468 -0.483 ~D.h65 -0.415 -0.337 -D.237 -0.1464 -0.299
90 M 0177 0.146 0.073 -0 013 -0.088 -0.13& -0.152 -0.134 -D.083 -0.003 p.1nt 0.176 0.036
N -D.004 -fi,06% -B.191 -D.328 ~.427 —-0.483 —0.500 -0.462 -0.43% -0.351 -0.246 -0-171 -B.311
vorzeichen: Bilegemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M results in tension on internal pipe surface
Wormalkraft + N ergibt Zug
4185 axial force + N results in tension LF 28.11.175
Schnittkrifte am Kreisring
sectional forces at the circular ring
o + Dreieckig vertellte Auflast heilisbiger Breite
| Lastfall | kriangularly distrjbuted surcharge any dasired width

150

n.052
~DaBhh

a.0%?
-0.086

0.13%
-n-124

0.168
-f-159

D.186
-0.782

n.172
~-D.1%0

165

n.no8
-0.087

D.015
-0-171

0.9
=246

0.0:20
-D.307

D_gz0
-N.347

n-020
-0-361

LF 2B.

180

-0.030
-0.125

-g.0s8
-D.244

~0.083
-0.350

-0.107
-0.434

-0.121
-0.489

-0.124
-D.5D8

11-310
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preieckig verteilte

gchnittkrifte am Kreisring

sectional Eorces at the cirgular ring

awflast beliebiger Breite

| Lastfall 1 : N - : ‘=
| 1oad case 1 triangularly distributed surcharge any desired width
| 21.73.45 | sweiliniengegendruck radial
A + twp linear support, radial
Biggemoment o Normaikraft . _
bending mament m-p-r’ uial force TN p-r
B w O 15 30 45 50 T3 90 105 120 135 150 165 180
15 M p.041 0.021 -n.004 =0.020 -0.027 -0-025 -p.pi%  0.008  D.037 p_071 0.013 -0.034 -0.078
n -0.064 -0.0%s -0.120 -0.137 —G.144 -0.142 -0.129 -p.1068 -0.080 ~p.Dhé -0.104 -0.154 -0.193
k{4 I p 063  0.040 ~p.0D4 ~0.036 =0.051 -0.046 —D-023 p.ot? D.071 p.134  0.024 -0.074 -0.152
n -8.122 -D-167 -p.230 -0.263 -0.277 ~0.273 -0.250 -0.210 —g_1%6 -0.091 —G.203 -0.301 ~0.376
L3 L} p.o72 0.049 -p.L01 -0-045 -0.D67 -0.062 -0.030 o.025 0.101 g.191 0.032 -0.107 ~0.217
n =0.167 -0.216 -0.307 -0.368 -0.390 -0.3R5 -0.354 -p.29B -=0.22E -0.132 -0-291 -g-430 -0-5340
60 M 0.074 0.051 D.000 =0.049 -0.076 —0.071 -0.034 p.0%2 0.123 p.233 0.038 -0.133 -0.268
N -0.19%9 ~0.249 -0.350 ~0.437 ~0.475 —0.47D ~0,433 -0.3867 -p.275 =-0.165 -0.363 -0.532 —.667
75 H p.074 0.051 0.00D -0.051 -p.0BO =0.076 —0.036 p.037 0.138 pn.260 @.061 -0.151 -0.301
1w -0.218 -0.266 —D.374 =D.471 -D.523 -0.523 -0.4B3 —p.410 -D.309 -D.18B ~0.407 -0-598 -D-74B
90 L o.o74 G-051 0.000 -0.052 -0.081 -0.077 -0.036 0.039 0.143 D.268 D041 ~1.157 -0.313
W —~0.223 -0.274 -D.3B1 0481 -0.537 -0.540 =D.500 -g.425 -0.321 -0.198 -p.422 -0.621 —0.777
vorzeichen: piegemoment + M ergibt #%ug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalikraft + N ergibt Zug
4185 awial force + N results in tension LF 2EL114S
gehnittkrifte am Kreisring
sactional farces at the circular ring
"""" -=——% preieckig vertellte auflast beliebiger Breite
{ EEEEfall { triangulariy distributed surcharge any desired width
oad cas :
1 23_11_50E 1 Zweiliniengegendruck radial
$ome st TWO linear suppart, radial
Biegemoment _ Normalkraft _
bending moment 7 mop-T° gypial force N RCRCT
B g 0 15 o 43 60 75 90 105 120 133 150 165 180
15 w 0.005 -0.072 -g.02¢ -0.032 -0-D22 p.001 0.036 D.079 g.127 0.045 -0.030 -0.091 ~0.134
N =0.149 -077 -0.194 -0.197 -0.167 —0. 164 -0.129 -D.0B6 -p_038 -0-120 -0.195 -p.256 -0.29Y
30 #  -0.007 -p.025 ~b-052 -0.0s% -0.039 0.005 0-070 0.152 n.246 0.0B6 -0,058 -0.17¢ -0.%61
N -0.285 -0.325 -0.372 -0.379 -0.35°9 ~p.315 -0.250 -0,148 _0.07% -0.234 -D.37B -0.496 -0.5B1
45 M -0.027 -D.043 -g0.06% -0.077 ~0.051 0.010 D.101 ©.217 D.348 p.121 -0.084 -0.251 -0.371
H ~D.399 D460 -0.507 -0.532 0,506 ~0.445 -0.354 -0.238 -p.107 -D.334 -0.538 -p.706 ~0.826
&0 u ~D.04B -0.0&1 -p.0B4 -D.0BB -0.056 D.017 0127 D.267 g.427 D147 -0.104 -0.310 -0.457
N -D.4B3 n.523 -0.598 —D.637 -D.616 —0.543 -0.433 -0.293 -0.134 —g.413 —b.&84 —D.870 -1.017
75 n ~b0.062 ~0.074 -0.094 -0.095 -0.058 0.023 0.144 D299 g.476 0.163 =014 -0.348 ~0.512
N -0.534 -0.574 ~0.64B -0 694 -0.6B1 -D.605 -0.483 ~0.328 —4.151 =~0.h6h -0.745 -D-975 -1.139
90 n ~0.067 —0.079 -0.097 ~0-097 ~0.058 p.02S ©.150 0.310 D.493 0.169 -0.123 -0.361 ~0.531
N -D.551 -0.590 ~D.&65 -0.713 -0.701 —0.625 -0.500 -0.340 -D.1568 =0.482 -0.773 -1.012 =1.181
vorzeichen: giegemoment + X ergibt Zug anf Rohrinnenseite
sign pending moment + M regalts in tension on internal pipe surface
Normalkraft + N ergibt Zug
i fBS axial force + N results in tension LF 2B.11.60

275



Schnittkrifte am Kreisring

sectional forces at the circular ring

$r—wam———==—t Dreieckig verteilte Auflast beliebiger Breite

| Tastfall

| triangularly distributed surcharge any desirad

1 load ease |

width

| 2B.12.45 | Auﬁlagergegendruck stufenfdrmig, radial
$om s m e 4 Dbedding reaction pressure graduaily shaped, radial
Biegemoment Hzm-p-r? Hormalkraft N =n.p -t
bending moment axial force
] L] 15 30 L3 60 75 0 105 120 135 150 145 180
15 n 0061 0.039 0.010 -.01% ~D.029 =D.036 -0.0335 _g.025 -0.007 D0.019 0,032 pD-017 -0.011
N -0.022 -0.055 -0.084 -0.107 ~0.123 -0.131 -0.129 -0.119 ~0.101 -~0.076 0043 -0.077 -0.108
3G L p.i01 0.07S D.023 -p.022 -0.053 —-0.069 -0.067 -0.048 -0.013 0.D35 0.080 0.032 ~0.023
N -0.040 -0.089 -D.340 -0.205 -p.237 -0.252 -0.250 -0-231 -0.194 —0.148 —0.123 -0.151 -0.207
45 M D.426 0.098 ©.037 -p.025 -0-071 —0-093 -0.D92 —p.066 —0.018 D.04% D.0B4 0.043 -0.035
n -0.053% -0.105 -0.207 -0.287 —0.332 -0.355 -0.354 -0,328 -0.28D -§.213 -f#.178 =0-219 ~0.297
60 M D140 D112 0.047 ~0.025 -0.081 -0.110 -p.109 -0.07% =D.D22 p_0s9 0.10% 0.050 -0.044
N -0.05% ~D.114 -p.229 ~0.337 -0.404 -D.433 -0.433 -0.403 ~0.34¢ -D.265 -0.223 -0.273 -0.369
75 W D.147 0.119 D.D52 ~0.024 -0.085 ~0.119 -D.119 —g.pR7 -0.024 0.0&5 0.111 o054 —0. 053
# -D.D&61 -8.117 -0.238 ~0.360 -0.444 -0.4R2 ~0.483 -0.457 -D.3868 -D.Z299 -§.253 -0.30% -0.417
90 ] p.150 D0.121 n.054 =0.024 -0.087 -p.121 -0.123 -0.090 -p.025 0,067 D114 p. D55 -D.A56
N -0.061 -0.117 ~0.240 -D. 366 -0.456 -0.498 -0.500 -0.467 -0.403 -0.310 -D0.243 -0-322 -0-433
vorzeichen: Biegemoment + ergibt Zug auf Rohrinnenseite
slgn hending moment + M results in tension on internal pipe surface
Narmalkraft + W ergibt Zug
4485 axizl force + N resnits in tension LF 2B.12.45
schnittkrifte am Kreisring
sectional forces at the eircular ring
e -+ preieckig verteilte auflast beliebiger Breite
| ?as;fall | triangulariy distributed surcharge any desired width
oad case
} 23_12_53 : auflagergegendruck stufenftirmig, radial
§ o bedding reaction pressure graduz=lly shaped, radisl
Eieggmument Mzam:p-r? NDFmalEraft He=n-p-T
bending moment axial force
B P 0 i5 30 45 a0 75 90 105 120 133 150 165 1480
15 M g.p52 0.031 0.004 —0.016 —-0.028 -p_031 -D.024 -0.0D9 o.014 G.029 0.021 -0.003 ~0.034
N -D.042 -0.D74 -O.201 ~0.121 —-0.133 -0.136 -0.129 ~0.114 -D.091 -0.D74 -D.NB4 -0-109 ~0.140
30 L p.n64 D059 00N -g.028 -0.051 -0.057 -0.045 -0.016 0028 p.0s56 ©-0H39 -0-0D0B -0.068
N -0.079 -0.12Z -0.194 -0.233 -0-256 ~0.z62 -0.250 -0.221 ~0.177 -0.148 -0.165 -0.-212 -D.272
45 L} p.101 #.075 0.020 -0.034 -D.D&8 -0.078 -0.062 -0.022 0039 0.078 0.054 -0.013 =0.098
N —-0.107 -0G.158 -0,.254 -0.326 -0.360 —0.360 -0.354 -0.314 —g.253 -0.213 -D.236 -0.305 -0.3%0
60 M p.110 0O.0B4 0.026 -0.035 -0.077 -(.090 -0.073 -0.025 n.osd 0,095 0,084 -0.018 -D-123
N -0.126 -0 178 -D.287 ~0.385 -0-438 —0.451 ~0.433 ~0.388 3312 -0-263 —0.296 ~0.377 ~D.4B3
75 H p.114 0.088 ¢.028 -0.036 -0.082 -p.D97 -D-0O79 -0.027 g.054 D.106 p.070 —f.022 -0.139
N -D.135 -0.189 0,303 -0.413 -0.481 —_502 —0.483 -0-431 —0.351 -D.299 ~f.334 =0.427 D544
90 H p.115 0.08? 0.029 ~0.036 -0.083 -4._099 -0.080 -0.028 n.056 0.109 p.072 -0.024 —D.145
n -0.138 -0.192 -0.307 -D.421 -0.4% -0.518 -0.500 —D.447 -0.364 -0-311 —p-3hf -O.bhh —-0-563
vorzeichen: Biegemoment + 4 ergibt %ug auf Rohrinnenseite
sign bending moment + M results in tension on jnternal pipe surface
Normalkraft + W ergibt Zug
5785 axial farce + N results in tensicn LF 20-12.60
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Schnittkrifte am Kreisring

sectional forces at the circular ring

pDreieckig verteilte Aufilast beliehiger Breite

} Lastfall | triangularly distributed surcharge any desired width

load case |
! 2B.312.75 | auflagergegendruck stufenfbrmig, radial

o —— —  bhedding reaction pressure gradually shaped, radial
Biegemoment _ ..o .p? Normalkraft ., _ . .p.
hending moment = M-P T Sxial force Nzn-p-f
<] w 0 15 30 (33 L.11] 75 0 108 120 135 150

13 H 0.039 0.01% ~0.005 -0-020 -0.026 -0-021 -0.007 O0.016 0.033 o.030 0.007
N -0.072 -0.103 =-D.127 -A.142 -0.148 -b_144 -0.129 -0-106 -0-089 —0-093 -0.115

30 H pD.059 0.03& =-0.006 ~0.036 ~0.047 -0-039 -0.012 0.032 O0.064 D.057 D0.013
N -0,137 -0.182 -0.243 -B.274 -0.285 -0.277 ~0.250 -0.206 ~B-174 ~0.1p1 ~0.225

45 H 0.067 0.044 -0.004 -0.045 -0.062 -p.052 ~0.015 0.046 0.091 0,879 o.017
N -0.189 -D_237 -D.325 ~0.383 ~0.401 -0.390 ~0.354 -D.293 -0-248 ~0.260 -p.322

165 184

-0.022 -D.055
“g.t45 -0.177

-0.044 -0.107
-0.282 —0.345

0,064 -0.154
~0-403 -0.4%3

&0 N 0.068 0.045 -0.003 -0.048 —0.070 -0.059 ~4.015 0.058 0.111 0.0%6 o.0%9 -0.081 -0.192
W =D.225 -0.275 -0.373 -0.455 —0.488 =D.477 -0.433 -0.360 -0.307 -0-322 -0-39% -D-499 -i.610
75 " p.066 0.044 =-D.004 -0.050 -0-073 -0.062 -0.014 D.D66 D0.124 p.106 0.019 -0.092 -D.21¢
N =~D.247 ~D.294 =-0.3992 =0.491 -0.537 -D,530 -0-483 -0.403 -0.345 -0.363 —0.449 -{.561 —D-685
D M p.0s6 ©.044 -0.004 -0.051 -0.07% -0.062 ~0.014 0.069 DB.129 p.110 0.020 -B.0va -D.224
H =D.254 -0.303 -D.407 -0.503 -0.552 -D.548 —-0.500 -D.417 -§.358 -0.377 —-0.467 —0.543 -0.711
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tensien on internal pipe surface
wormalkraft + ¥ ergibt Zug
4485 axial force + N results in tensiocr L 20.12.75
Schnittkrdfte am Kreisring
sectional foreces at the circular ring
Frommmmm e + nreieckig verteilte Auflast beliebiger Breite
} ?asgfall } trisngulariy distributed surcharge any desirad width
oad cass
| 28.12.90 huflagergegendruck stufenférmig, radizl
B + hedding reaction pressure gradually shaped, radial
Biegemoment _ ; Normalkraft R,
bending moment M=m-p - ayial force H=a-p-r
g vy 0 15 Ly 43 &0 75 20 105 120 135 150 165 180
15 M p.D22 D.D0& -1.076 -p.024 -0.020 -0.005 0.021 0.042 D043 0.025 -0.006 -0.040 -0.074
N -0.117 ~D.147 -0-166 =0.174 -0.171 -0.155 -0.129 =-0.106 —0.107 -0-126 -D.156 ~0.190 -~0.204
k1] [}] D026 0.006 -D-027 ~0.044 -D.037 -0.008 0.042 p.08p 0.084 ©.047 -0.013 -0.078 -D-144
N =-D.224 -D.246 -0.319 -0.335 -0.329 -0.300 -0.250 -0.210 -0-208 ~0.245 -0.304 -0.370 -0.436
LY 0.019 0.000 -p.034 -0.05&4 ~0-047 -0.007 0.D81 0.117 0.118 0,045 -0.020 -0.412 -0.206

==

0,512 =b.356 -D.432 -0.471 -0.462 -0,422 -0.354 -0.298 -0.297 -0.349 ~0.435

&0 W 6.009 -8.060B -0.041 -0.062 -0.052 ~0.005 0.07B 0.145 D.145 D.079 -0.026
% ~0.377 -D.421 -0.504 0,562 =0.583 -0.516 =0.433 ~0.3866 —D.366 -0.432 -0.537

75 H 0.0p2 ~0.015 -0.0n6 —0.066 -0.054 -0.001 ©.090 0.163 0O.162 D.087 -0.030
N -0.414 -0.659 ~0.545 -0.611 -0.622 -0.574 -0.4B3 -0.410 =0.411 -n.485 -¢-603

90 MW -0.001 -8.017 -0.D48 -0.067 -p.056 0.000 0.094 D.169 0.168 0.090 =-0.032
W -0.429 -0.472 -0.559 -D.626 —0.63¢ ~0.553 —0.50D -0.425 -0.42p ~0.504 -D.b626

Varzeichen: Biegemoment + M ergibt Zug auwf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug
4f8% axial force + N results in tension

~0.527 ~0.621

-D0.140 -0.253
-0.651 {1,767

-0.158 ~0.287
-0.731 -0.860

~0.155 -0.2948
-D.758 ~-0.B92

LF Pp.12.90
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Schnittkrifite am Krelsring
secticnal forces at the eircular ring

PO

Eigengewicht

| Lastfall | gaag ight
| lcad case | sac weld

| 3.8 | Auflagergegendruck rachtackiy
Fommmm———— -4 bedding reaction pressurs rectangular
Biegemomeat - ; Normalkraft .
bending moment M=m.s g1 oyal force Mo 5 W'
o w0 15 30 45 60 75 g0 105 120 135 150 165 100
15 0.489 0.439 D0.297 O0.084 —0.157 -0.388 -0.540 -0.624 -0.541 -D.286 0.155 0.770 1-127

b=

0,478 0.3%94 0.152 -D.218 -0.688 -1.141 ~1.571 -1.894 =2.053 -2.004 -1.723 -1.207 -0.478

30 H D.459 0.411 0275 0.074 -0.156 -0.373 =0.529 —0.577 ~0.480 =-0.211 0.238 0.678 0840
L 0.417 0.335 D.099 -0.261 -0.697 =1.157 —-1.571 1 7B -2.022 —-1.961 —1.470 -0.756 =0.417

45 H 0.419 D0.374 0-247 0.059 -0.1535 -0.351 -0.485 -0.512 -0.395 -0.109 0.259 0.538 0.5642
¥ 0.333 0,254 0.027 -0.320 -0.740 -1.176 ~1.571 -1_856 -1.%80 =-1.902 =1.138 -0.552 -0.333
40 H p.38% 0.339 0.219 0.045 -0-151 —0.328 -0.440 -0.445 —-0,308 -0.059 D.22B 0.4471 D.520
N 0.250 O.174 -0.045 -0.37% -0.782 -1.200 =1.571 -1.835 —1.939 -1.435 -D.B62 -0.417 -0.250
75 H 0.354 023154 0-201 0.03& -0.-147 -0.309 -0.4086 -0,395 -0.259% ~0.036 ‘1,205 0-390 D.459
4 0,169 0.1315 =0.098 -0.422 -0.812 -1.215 -1.571 =1.819 -1.4627 =-1.204 -0.715 -0-333 -0.189
[l ] M 6.345 0.305 D-195 0.033 -0.345 -0.302 -0.393 -0.378 -0.247 -0.033 0.198 0.375 D-441
n D167 0.093 -D.117 -D.438 -0.824 ~1.221 =1.571 =1.710 -1.533 -1.133 -p.668 ~0,304 -0.167
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
485 axial force + N results in tension LF 3.8
Schnittkrifte am Krelsring
sectional forces ai the circular ring
4-—m——====--+ Eigengewicht
| Laszfall ] dead weight
} é?g case : puflagergegendruck cos-f&rmig, radial
O bedding reaction pressure cos-shaped, radial
Biegemoment M= 2 Normalkraft H-
bending moment o™ ¥ T axial force =ReSe gy T
o ¢ b 13 30 45 &0 75 g0 105 120 135 150 165 180

15 H 0. 49 0.439 0.297 0-0846 -0.157 -D.388 -0.559 -0.423 -0.541 -0.285 D0.155 0.771 1.123
N D.477 0.393 D0-152 ~0.216 —-D-668 —1.141 ~1.571 -1.894 -2-052 —-3.004 —1-722 =1.2Dé -0.B83

30 H 0.456 0.40B Da273 0.073 -0D.156 -0.372 -0.525 ~0.572 -0.474 -0.204 0,247 D.647 D.B14
H 0.411 0.329 0.094 -0.2585 -D.702 -1.158 1,57t -1.874 -2.019 -7.956 —1.663 -T.344 =1.232

45 2] D.406 0.362 0.237 0054 -0.154 =D.344 -0.471 -0.490 -D.366 -0.075 0.265 D.493 0,373
N 0.304 0.227 0.003 -D_33% —0.754 -1.185 -1.57 ~1.B49 =1.967 —1.882 ~1.701 =1.573 —-1.528

40 M 0.347 0307 0.195 0.033 -D-148 -0.307 —0.407 -b.387 -0.232 0.003 0,211 D.352 0.4
W 0.177 0.103 -0.109 -0.430 -0.838 =1.21% -1.571 -t.816 -1.902 =1.87% -1-826 =1.764 1769

75 ] 0.295 0.260 0.160 0.016 -D.140 -0.26% -0.332 -0.287 -0.150 0.013 0.162 D.2646 0.303
N 0054 -0.013 -0.213 -D.516 -0.879 ~1.250 =1.571 -1 _785 =1.88% =-1.933 ~1.743 —1.93% -1.934

20 " 0.273 0.240 D-145 O0.011 -N.134 -D.250 -D.2V8 -p.250 -0-134 0.011 0.145 0.240 0.273
H D.000 -0_D48 -D.262 -0.555 =0.707 -1.264 ~1.571 -1.782 -1.907 -1.970 =-1.9%94 -2.000 -2.000

vorzeichen: Blegemoment + ¥ ergibt Zug auf Rohrinnenselte
sign bending moment + M results 1ln tension on internal pipe surface

Normalkraft + W erglbt Zug
4185 axlal force + N results in tension LF 3.9

278



------------

- Eigengewicht
| Lastfall | dead weight
I load case | . )
1 3.10 | Auflagergegendruck gleichférmig, radial _
4em—mmm———wu=t bedding reaction pressure uniform, radial

Schnittkrifte am Kreisring

sectional forces at the circular ring

Biegemoment o E e . Normalkraft __ o o .
bending moment M=m-5+1yt2 3531 force Moo T
o {1 15 30 L] ] 75 90 105 120 135 150 165 100
15 M pD.4B% D0.439% 0.297 0-DBO -0-157 ~0-388 -0.559 -0.623 -0.541 -0.285 O0.155 8.7 1.121
N 0.477 0.393 0.151 -D.218 -0.668 -1.141 ~1.571 -1.894 -2.052 -~2.003 -1.722 -i.206 -0.891
30 Ll 0.454 D0.407 0.272 0.072 -0.156 -0.371 -0.524 —[.56% -D.470 -0.199 0,252 0O.461 D799
L D.407Y 0.325 0.091 ~0.268 -0.703 -1.159 “1.571 -1.B75 =2.017 ~1.954 ~1.841 -1.352 ~1.24%9
45 M p0.396 0.353 0.230 0.050 -0.153 -D.339 ~D. 460 -D. 474 ~D.346 -D.050 D0.26% 0.460 0.524
H g0.285 0.208 -0.015 -D.354 ~0.766 ~T1.191 —1.571 -1.B44 =1.954 -1.B68 —1.708 -1.616 -1.587
&0 H 0.314 0.277 0.172 0.021 -0.145 -0.287 -0.347 -0.%29 -0.157 0.053 D 190 D.2&6 0.2%91
N 6.i105 0.033 -D.171 ~-0.481 -N.855 -1.237 =1.571 -1.797 —1.Bps -1-864 —1.886 -1.909 -1-918
75 W 0.206 0.177 0.098 -0.013 -0.126 -0-207 -0.216 -0.118 0.005 0.066 0.089 @0.094 0.094
N -0,149 =D.212 -0.391 -0.681 -0.982 —1.303 -1,571 -1.732 -1.B50 -1.994 -2-132 -2.227 -2.2601
20 " 0.071 G.054 0.010 -0.045 -0.086 -0.082 0.00D p-p62 0D.0B6 0O.045 -0.010 -D.D54 -D.D71
N -0.500 -0.551 -D.&95 -0.909 -1.137 -1.395 =1.571 ~1.748 -1._985 -2 .233 2,447 -2.591 —2.642
Yorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4185 axial force + W results in tension LF 3.10
schnittkrifte am Krelsring GP’/ -‘“5 *‘f&g
sectional forces at the circular ring
fmm——————— N P
Figengewicht \
| Lastfall |
| load case | dead weight
I 3.11 ] zweiliniengegendruck radial
O ——— + two linear support,radial '
Biegemoment - Normalkraft .
bending moment M=m s Ty r? opia1 force MO0S WP
o' ¢ o 1% 30 45 &40 15 90 105 120 135 150 165 180
15 M D.465 0.417 0.280 0.077 -0.157 -0.377 -0.536 -0.5B7 -0.493 -0.228 0,220 0.841 @.764
N 0.430 ©.347 0.110 =0.257 -0.692 =1.153 -1.571 -1.861 -2.02% —1.9%0 -1.681 -1.161 -1.272
17.5 MW 0.552 0.405 0-270 0.072 -0.157 -0.370 -0.522 —0.567 -0.467 -0.196 0.256 {#.735 D.654
N 0O.i04 0,322 0.088 -D.270 -0.705 -1.160 -1.571 -1.875 ~2.016 ~1.952 —1.459 —1.279 =1.3%4
30 W 0.352 0.312 D0.198 0.D32 -0.153 -0.317 -0.416 -0.408 -D.258 0.056 0.561 0.245 0.143
N 0.198 0.123 -0.091 -0.416 -0.308 -1.293 -1.571 -1.821 A L9113 =1.804 -1.4B8% -1.875 -2.011
45 MW 0.129 0.105 0.039 =0.050 -0.135 -0.183 -0.157 -0.023 0.243  0.457 D049 -0.311 -U.Mé
N —0.285 ~D.343 -D.509 -0.757 -1.050 —1.338 =1.571 -1.4696 =1.671 -1 444 -2.212 —2.691 -2.056
&0 W -D.314 -D.303 -0.266 ~0.191 ~0.064 0-137 D.429 0-B29 1.343 0.344 -0.447 -0.953 -1.128
N =1.314 -1.337 -1.400 ~1.484 —1.584 —1.604 =1.571 -1.430 -1.157 ~2.343 =3.313 -3.919 =L.12B
vorzeichen: Biegemoment + M ergibt Z%ug auf Rohrinnenseite
sign herding moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
4785 axial force + N results in tension o311
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e ————— -

| Lastfall

schnittkrifte am Kreisring
sacticnal Eorces at the circular ring

gigengewicht
I dead weight

| load case |

280

1 3.12 ] Auflagergegend:uck stufenfdrmig, radial
mm e e — hedding reacticn pressure gradually shaped, radial
Biegemoment s 2 Normalkraft e
bending moment sm-s-fT? auial force N E T
o’ p 0 15 3o 435 a0 75 o0 108 120 135 150 145 180
30 M 0442 D.395 0.263 p.ft68 -0.156 -0.345 -0.511 -0.551 -D.445 -0.170 nD.286 0.622 D.4B6
H 0.38z 0.302 0.D&9 ~0.285 -0.716 -1.165 -1.571 =1.84% -2.003 -1.936 —1.640 -1.404 -1.374
45 M 0.367 0.326 D.209 0.039 ~0.152 —0.323 ~0.429 -D.427 -D.2B4 p.o24 0.297 0.355 0.365
i p.225 0.150 -D.0&67 -0.396 —~0.794 -1.206 -1.571 —-1.828 ~1.524 —-1.B25 -1.711 -1.753 -1.777
60 4} p.257 0.224 ©0.131 0.000 -0.141 -0.253 -0.296 -0.232 0,030 0.155 0,164 0.06 0.085
N -D_01B -0.085 -0.277 -D.54B -0.914 -1.269 -1.571 ~1.765 =1.805 ~1-827 -1.977 -2-135 =2.190
75 H p.104 0.083 0.027 =0.067 =0.113 -0.1318 -p.087 0.071 p.i9¢ 0.158 0.000 -0.122 -0.1635
W ~-0.380 -0.435 -D.591 ~0.B24 -1.097 ~1.343 -1.571 -1.872 ~1.785 -2.033 -2.350 -2.572 -2.849
90 H -8.307 -0.10% -0.110 -0-097 -0.049 p.059 0.252 0.386 p.3z2 D.D97 -0.143 -0.336 -0.3%98
N -0.930 -0.964 -T.047 =1.213 =1.372 -1.505 ~1.571 -1.495 ~2.000 ~2.432 —2.B51 -3.124 -3.219
Yorzeichen: piegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
axial force + N results in tenszion
4785 LF 3.132
schnittkrifte am Kreisring
sectional forces at the circular ring
Wassexfillung bis Rohrscheitel
O + waker £illing up to pipe crown
| Lastfall |

1 load case

Auflagergegendruck rechteckig
bedding reaction pressure rectangular

{ 4.8
o —+ Wasseraufendruck bis Rohrscheitel mit umgekehrtem vorzeichen
external water pressur2 up to pipe crown with opposite sign
Biegemoment emer o1 Hormalkraft yog.y .p2
bending moment M=m-g,-r axial force Hen-gyr
o’ ¢ O 15 A0 45 60 75 20 105 120 135 150
1% M 0.244 0.219 0.149 0.043 -0.078 -0.194 —0.280 -0.312 -n,271 -D.143 0.077
N D.73% 0.714 0.643 0538 @474 0.300 0.215 0183 0.224 0-352 0.372
30 ] 0.229 0.206 D-138 n.037 -0.078 ~D-187 ~0.264 -D.2BB -0.240 -0.106 D.117
H p.708 0,684 0.617 0.516 0-401 0.292 n.215 0-1%0 t.239 0.373 0-598
&5 W o.210 0.1ay 0.123 p.029 -0,077 —0.176 —0.243 -y.254 -0,197 -0.054 D.129
H 0_667 D.644 0,580 0.487 0.380 0.282 0.215 0.201 D-260 D.403 0.864
40 W 0.i9g0 D169 0.110 0.023 -0-076 -0.164 -0.220 -0.223 -D.154 -0.023 0114
% 0.625 0.604 O.554 D.457 0359 0.271 0.215 0.212 g-281 0-63& 1.002
75 A D.177 0157 D.100 0.018 —-0.074 -0.755 -0.203 -D.19B -0.130 -0.0t8 U-103
N 0.594 0.574 0.518 0.434 B.344 0.263 0.215 0.220 0-437 D-751 1076
20 H n.172 0-153 0.097 B.017 -0-073 -0-151 ~0.196 -0.189 -0_124 -g.017 ©0.099
N o._SB3 0.564 0O.508 0O.428 pD.338 0.260 0.215 n.274 D0.4B4 0.787 1-199
vorzelchen: Blegemoment + M ergibt Zug auf Rohrinnenseite
sign hending moment + M results in tension on internal pipe surface
4185 Wormalkrafk + ¥ ergibt Zug

axial foree + N results in tension

0,385
t-880

0.33%
1.105

0.249
1.207

0.221
1.273

0.195
1.317

o.187
1.331

Lf 4.

0.563
1.261

D.420
1.292

0.321
1.333

0.240
1.375

n.z229
1.406

0-220
1-417




Schnittkrifie am Kreisring

sectional forces at the circmlar ring

wasserfiillung bis Rohrscheitel
+ water filling up to pipe crown
{ Lastfall |

| load case | nuflagergegendruck

cos-f8rmig, radial
hedding reaction pressure cos-shaped, radial

j 4.9
F + wasserauBendruck bis Rohrscheitel mit umgekehrtem Vorzeichen
external water pressure wp to pipe crown with opposite sign
Biegemoment . N Normalkraft ,_p.ye .r2
bending force Mem-q,-r axial force =g, !
o p 0 15 3D 3] 60 7S 90 105 120 135 150 165 180
15 W D.244  ©-219 D0.14E 0.043 -0.078 —0.194 -0-280 -0.312 -0.271 -0.143 0.078 D385 0.581
H o D.739 0.714 0.643 D.538 0.418 0.300 0.275 0.183 D-224 g-352 0.572 o0-880 1.03¢
k1] M 0.228 0.204 pD.137 0.037 -0.078 -n.-186 —-0.263 -0.286 -0.237 ~0.102 0.123 0.333 0.407
H p.705 D.681 0.614 0.574 p.399 0.292 0.215 0,191 0.240 D.373 o.601 0.811 0.884
45 M p.203 0.181 0.118 0027 -0.077 -0.172 —0.235 -0.245 -0-183 -o.037 0.133 D.246 O.266
N 0653 0.631 0.568 D477 0.373 D0.278 D215 0.205 0.267 p.412 0.583 0-69% 0.736
&0 H p.174 0.154 0.0%8 0.016 ~0.074 -0.154 -0.200 -0.193 -0-116 p.poz D.105 B.176 0.201
W 0.588 0.589 0.513 D.431 0.341 0.261 0.215 O0.221 0.299 0.417 0.520¢ D-591 0-616
75 W O.148 0-130 D.DEC C.008 ~0.070 =0-135 —0.166 —0.143 -0, 075 p_poy O©.0B1 0.133 0.157
] o.528 0.510 0.460 0.389 D0.31% 0.246 p.215 0.237 0.305 0.387 0-h62 0-513 D-532
90 H p.337 0.120 0.073 p0.005 -0-D&7 -0.127 —0.149 —D.125 -D.067 0,005 0.073 0.720 0.137
R 0. 500 D0.483 0.436 0.369 D.297 0.238 D.215 0.23B D0.297 0.36% 0.436 U0.483 0.500
Vorzeichen: Biegemoment + M ergibi Zug auf Rohrinnenseite .
sign bending moment + A results in tension on intermal pipe surface 0
[
4783 Normalkraft + N ergibt Zug -
axial force + N results in tension
Schnittkrdfte am Kreisring
spcticnal forces at the circular ring
Wasserfiilung bis Rohrscheitel
Fomm e e + water £illing up to pipe crown
| Lastfall | _ .
load case | auflagergegendruck gleichfbrmig, radial
[ 4.10 | bedding feaction pressure uniform, radial
4+m=mr———u=——~+ HasserauBendruck bis Rohrecheitel mit umgekehrtem vorzeichen
external water pressure up to pipe crown with opposite sign
siegemoment . Mormalkraft 2
pending moment M=y, rd axial force N=n-%,-F
o ¢ 0 15 30 45 60 75 90 105 120 135 150 145 180
15 4] D.244 0.219 0148 t.043 -0.078 -0.194 -0.280 -0.312 -0.270 -0.142 0.0768 D.386 0.560
W D0.73% 0,714 D.643 0.537 O0.416 D-30D D.215 n.183 D0-224 0.352 D572 0-BBO0 1.055
30 W 0.227 0.203 0.13& 0.036 -0-D78 ~0.185 -0.242 -0.285 —t,235 -0.400 D.124 0.330 D.399
N 0.7035 0,680 D.812 D.513 0,398 0.291 0.215 0.192 0.241 D.377 ©-402 0.8g7 O0.876
45 4 D.198 0.176 0.115 p.025 =-0.077 -0.169 —0.230 -D.237 -0.173 -0.025 0.135 0.230 D.262
W 0.643 0.6 0.560 0.470 D.368 ©.375 0.215 0,207 0.272 D.420 0.579 0.675 D.707
60 W 0.157 0.138 0.086 0.010 ~0.073 ~0.143 -0.18% -0.165 -D.07B  D.024 0.0%% 0.133 D.T45
N 0.552 D0.534% 0.481 0.406 {.323 0.252 0.215 0.23) 0.317 0.422 0.490 0.529 0-541
75 W 0.103 0.089 ©.04% ~0.006 -p.063 -B.103 -0.108 -0.059 0.003 0.033 N.D4y  0.D47 0.047
N 0.425 0.411 D371 0.314 D0.259 0.219 0.215 O0.2644 n.325 0.355 D.367 0.369 0.369
g0 MW 0.03I5 0.027 0.003 -0.023 -0.043 -0.047 D0.000 D.041 0,043 ¢.023 -0.005 -0.027 -C.035
N 0.250 D.242 0.220 pD.192 0.172 0.174 0.215 06.256 0,258 0.237 0.210 O.188 0.179
vorzeichen: Blegemoment + M ergiht Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
4185 Normalkraft + N ergibt Zug LF 4.10

axial force + N results in

tension
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Schnittkrdfte am Krelsring
sectional Eorces at the circular ring

wWasserfiillung bis Rohrscheitel
fmmm e ey water £illing up to pipe crown
| Lastfall |

| load case | Auflagergegend:uck 2weiliniengegendruck, radial

bedding reacticn pressure two irinear support, radial

| 4.%1 |
P 3 Wasseraubendruck bis Rohrscheitel mit umgekehrtam vorzeichen
external water pressure up ta pipe crown with opposite sign
Biegemoment et 3 normalkraft y.p.oy,.r?
bending moment M =y © axial force Nxn-y .
a' P 0 15 30 43 &0 75 20 105 120 135 150 165 180
15 w 0.233 0.208 0.140 §.038 -D.078 -0.188 —0.248 -D0.2%4 -0.247 -0.114 0.310 ©.420 O0-342
W 0.715 0.9 D.&22 n.52% 0.404 0.294 0.215 D0.189 0.238 0.34% 0.592 0.903 o-Ba4
17.5 N g.226 0.202 0.135 0.036 -0.078 -0.185 -D.261 -0.284 -0.234 -0.098 p.128 ©0.368 0.327
H 0.702 0O.47B D.511 0.511 D397 g.291 D.215 D192  0.242 p.378 0-404 n.843 0.803
30 M D176 0-134 0.099 0.016 —0.077 —-4.159 -0.20B -0.204 -0.129 0,028 o.z7h 0.123 O.47¢
H 0.599 0.577 f.522 D0.439 D.344 0.264 0.213 n.219 0.294 0.451 0.693 0.545 0.404
45 ] pD.D&4 0.052 0.020 -0.025 -0.068 -0.0%1 -0.078 —p.012 0.t22  0.329 0.034 ~0.155 -D.221
N 0.357 0,345 0.313 pD.z60 0.225 0.201 0.218 p.2B1 D.414 D621 p.327 0.137 0-072

60 W -0.157 -0-151 D133 =0.096 -0.032 0.068 0-215 D414 p.&72 0.172 -D.223 -0.477 -0.564
N —-0.157 -D.151 -0.133 -0.09&6 -0.032 0.068 0.215 D.44 p. 672 B.172 ~0.233 —0.477 -0.564

yorzeichens: Bisgemoment + M ergibt Zug auf Rohrinnenseite .
sign bending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug
4185 axial Force + N results in tension LE &M

Schnittkrdfte am Krelsring
sectional forces at the circular ring

Wasserfiliung bis Rohrscheitel

$mmmmm—mm——=t  WAtET Filling up to pipe crown
ll i‘;:gfziée ‘| nuflagergegendruck stufenférmig, radial
j4.12 i pedding reaction prassure gradually shaped, radial
f o= - —+ wagseraufiendruck bis Rohrscheitel mit umgekehrtem vorzelchen
external water pressure up to pipe crown with opposite sign
piegemoment R Normalkraft | _ 1
pending moment Mem-g,T?  axial force H=fegy T
a w0 15 30 45 60 75 90 105 120 135 150 165 180

30 M p.221 0.198 0.132 p.034 -0.078 -0.182 .p.256 ~0.275 -0.223 -0_0B5 0.143 0.31% 0.343
] 0.6%91 0.4668 0.602 p.504 0-392 0.2B8 0.215 0.195 0.247 n.3p5 0.613 g-7E1 0.813

45 M 0.184 0.163 0.105 0.019 -0.076 -0.161 -p.214 -0.214 -0.142 0.012 0148 0178 0-182
n 0.613 D.592 (0O-534 0.448 D.353 D.2468 p.215 0.215 0.287 0.441 D0.577 ©.607 D-611

60 M g 128 0.112 0.046 p.ono -0.070 -0-126 -0
0

40 -0.116 -0.M5 n. 077 0.082 0.053
H 0.491 0.474 D.a2B 0.342 0.272 0.236 15 3

0.247 0-34B 0-440 n-hh

73 H p.052 0.0461 D.013 -0-024 —0.057 -g-067 -0-043 0.036 0.099 0.079 0000 -0.061 ~0.082
n @.310 0.299 0.271 p.234 0.201 0.189 o215 D.294 0.357 0.337 D.258 0-197 n.174

oD W -D.054& -0.053 -p.055 -0.049 -0.025 n.02% 0.126 0.173 O.t61 D.D4% -0.081 ~p.168 -0-1978
H 0.0N35 0.034 0.034 0040 D.044 0-118 n.21s 0.282 0.250 p.137 0-007 =0.07% -0.10%

vorzelchen: Biegemoment + H erglbt Zug auf Rohrinnenselte
sign bending moment + M results in tension on inteznal pipe surface

5185 Narmalkraft + W ergibt Zug LF h.12
axial force + H results in tenslion
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Zusammenstellung:
Auswertung Biegemormente und No

KFW

Lastfall
\oad case

rmalkrafte fir kreils-
tarmige Rohre mit Fuls, wandverstarkt, nach DIN 4032

Eigengewicht
dead weight

241"

Compilation:

Evaluation of bending moments and axial forces for circu-
lar pipes with base, wall gtrengthened according to DIN
4032 KFW

Lastfall
\oad case

Wasserfiliung
water filling
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Tastfall
load case
1

T.astfall
lpad case
2

Vorzeichen:
sign

schnittkrdfte am wandverstirkten Rohr mit FuB DIN 4032 KFW
sectional forces at wall—-thickened pipe with base DIN 4032 KFW

zweilinienbelastung
two linear loads

Biegemoment Normalkraft N

bending moment Mem-F-z axial force ' n- F
Scheitel Kimpfer .Schle
crown springing line invert
wA M 0,30 - 0,13 0,48
w M 0,00 - 0,50 0,00
preilinienbelastung
three linear loads
Biegemoment L E- Normalkraft , _
hending momentrd— meF-r . axial force N=n-F
scheitel Kimpier Sohle
crown springing line invert
W 0,30 - 0,13 0,29
~ 0,00 - 0,80 ~ 0,00

w )
Biegemoment + M ergibt Zug auf Rohrinnenseite
bending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug

axial forece + N results in tension

rastfall
load case
3

Lastfall
load case
4

vorzeichen:
sign

schnittkréfte am wandverstirkten Rohr mit FuB DI 4032 KFW

sectional forces at wall-thickened pipe with base DIN 4032 KFW

nuflagargegendruck rechteckig
hedding reaction pressure rectangular

Normalkraft

Biegemoment ~
benging mament M=m-F-T axial force M= n-F
Scheiltel Riémpfer Sohle
CLOWN springing line invert
W, _# - 0,008 0,005 - 0,140
WA 0,00 0,00 0,00

Eigengewicht/ Auflagergegendruck rechteckiqg
dead weight / bedding reaction pressure rectangular

Biegemoment I P Normalkraft -n- 5. - T
bending moment Me=m: 8y -Tp F axial force N 17 Tb
scheitel Kimpfer Sohle
Ccrown springing line invert
we g 0,39 - 0,40 1,24
W 0,17 - 1,51 - 0,20

piegemoment + M ergibt Zug auf Rohrinnenseite
pending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug
axial force + N results in tension
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Lastfall
lpad case
5

Lastfall
load case
&

sign

Schnittkrédfte am wandverstirkten Rohr mit Fuf DIN 4032 KFW
sectional forces at wall-thickened pipe with base DIN 4032 XIFW

Wasserfiillung bis Rohrscheitel
water f£illing up to pipe crown

Auflagergegendruck rechteckig
bedding reaction pressure rectanguliar

Biegemoment oo 3 Normalkraft
bending moment Mam. g, 7 axial force N=n.y, T
Scheitel Kampier Sohle
Crown springing line invert
w7 0,20 - 0,20 0,66
w A 0,61 0,23 1,49

Rechteckig verteilte Auflast / auflagergegendruck rechteckig
rectangularly distributed surcharge / bedding reaction pressure rectangular

Biegemoment M=m-p-T? Normalkraft , _p.op. 1 TR p
pending moment axial force -
Scheitel Kimpfer Sohle
crown springing line invert o
wa A 0,25 Z 0,21 0,56
w A ~0,00 - 1,00 ~ 0,00

i

vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite

bending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug
axial force + N results in tension

Mastfall
load case
7

sign

L

cchnittkréfte am wandverstirkten Rohr mit FaB DIN 4032 KFW
secticnal forces at wall-thickened pipe with base DIN 4032 KBPW

geitlicher Exddruck rechteckig
lateral earth pressure rectangular

Biegemoment M= 2 Normalkraft
bending moment U ° m-g-T axial force N=n.p:T
scheitel Kidmpier Sohle )
Crown springing line invert
va i - 0,25 0,20 - 0,45
w - -0,84 0,00 - 1,12 i F

vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite

pending moment + M results in tension on jnternal pipe surface

Normalkraft + N ergibt Zug
axial force + N results in tension

—
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Compilation:
Evaluation of hending moments and axial forces for oval

pipes accarding to DIN 4042

Zusammenstellung: ) .
Auswertung Biegemomente und Normalkréfte fur eifor-

mige Rohre nach DIN 4042

Lastfall
load case

Lastfall
load case

Lastfall

load case F
1 : K
F

Sch

Wasserinnen-
druck

internal

water pressure

Eigengewicht
ciead weight

Wasserfillung
water filling

28

Wasseraullen-
druck
external
yater pressure

4H i

Wasseraufien-
druck

external
water pressure

8

Wasserfullung
water filling

Eigengewicht
dead weight

249

3%h

WasserauRen-
druck

external
water pressure

Eigengewicht
dead weight




Schnittkrﬁfte am eifdrmigen Rohxr DIW 4032 EF

gcectional forces at egg—shaped pipe pin 4032 EF

Zweilinienbelastung

Tastfall
1oad case
1

two lineal loads

Biegemoment - E- normatkraft o o
pending moment m=m F-3 axial force N=n-F
scheitel

rampfer spohle K
crown springing line invert
e )f/ 0,36 - 0,12 0,42
w W -0,02 - 0,50 0,02

Dreilinienbelastunq

three 1inear loads

Biegamnmant W= ¢ Normalkraft F
pending moment =m-F-T axial force n-
gscheitel rampier gpohle
crown springing line invert

e ,,M’ 0,36 - 0,12 0,23

w AC -0,08 - 0,50 0,03
yorzeichen: Biegemoment + M ergibt zug auf Rohrinnenseite
sign pending moment t M results in tension on internsl pipe surface

Normalkraft + 1 ergibt Zud
axial force + ¥ resulks in tension

Schnittkrﬁfte am eifdrmigen Rohr DIN 4032 EF
sectional forces at egg—shaped pipe DIN 4032 EF

Zweiliniengegendruck

tyo lineaT guppert

j egemoment
pieg f=m-F-T

Normalkraft
bending moment N=n-F
scheitel

axial force

xampier sohle
crovwn sprinqing line invert

el M -0,01 o,o0 - 0,18
w A 0,0 0,00 - 0,01

Auflagergegandruck rechteckid

Lastfall
1oad case
4

beddind reaction pressure rectangulal

Biegemomant gLt Normalkraft ~
pending moment w=m-p-¥ axial force N=n-p-T
gcheitel Kampfexr sohle
crown sprinqing line jnvert

Y AT - 0,003 0,000 - 0,127

" 3 - 0,005 0,000 0,005
yorzeichen: Bieqemcment + M ergibt gug auf Rohrinnenseite
sign pending moment + M results in tension on jnternal pipe surface

Normalkraft + N ergibt Zug
axial force + 1 results in tension
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Schnittkrafte am eiftrmig

en RohT pIyg 4032 EF
gectional forces at egg—shaped pipe DIN 4032 EF

Eigenqewicht
dead weight
Linienlagerung
1inear gupport
piegemoment _ s Normalkraft o - Sch
hending moment M-.m~1b-51-r axial force N=n -1b-51.r
gcheitel rampier sohle
crown springing line invert *
A 0,64 - 0,34 2,78
w M 0,29 - 1,67 - 0,29

Eiqenqewicht
dead weight
Zwailiniangegendruck
twa linear support

Biegemoment M=m-s 2 Hormalkraft
pending moment - c8g-1y T axial force zn-5 - ¥y T
scheitel Kimpier sohle
cTOwWil 5pringing line invert
w W D,58 - 0,32 1,07
N 0,22 - 1,67 - 0,22

yorzeichen: Biegemoment + M ergibt Zugd auf Rahrinnenseite
sign bending moment + M results in tension on jnternal pipe surface

Normalkraft + N ergibt Zud
axial force + 1 results in tension

Schnittkrafte am eif A032 EF

sectional forces &bt egg—shaped pipe DIN 4032 EF
Eigengewicht
dead weight
Auflagergegendruck rechteckid
hedding reaction pressure rectangular

srmigen rohr DIH

piegemoment W=m R Normalkraft o _ 5ch
bending moment =m-¥pt "1 axial force N=n-¥p-S T sy
geheitel Kampfer sohle
crown springing line invert K
w M 0,82 - 0,34 1,66
o A 0,24 - 1,67 - 0,24

Wasserfﬁllung bis Rchrscheital

yater £111ing WP vo pipe crowWn

1.astfall
1oad case

Biegamoment Narmalkraft "

8 pending mcmentM Sm'"‘w":‘:i axial force " T 'IW'FZ
acheitel kimpfer gohle
CroWn gpringing line ipvert
(E0N /M/ 0,62 - 0,33 2'54
) jid 1,15 0,25 3,26

yorzeichen: Biegemoment + M ergibt Zugd auf Rchrinnenseite
sign pending moment + M results in tension ON internal plpe surface

Normalkraﬁt s+ W ergibt zug
axial force + N results in tension
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Schnittkrﬁfte am elfprmigen Rohr DIN 4032 EF

sectional forces at egg—shaped pipe DIN 4032 EF

Wasserauﬂendruck bis mohrscheitel (gtiitzung an der sohle)

external water pressure up to pipe crown {pedding jnvert}

Tastfall
ipad case

Biegemoment Normalkraft -n

9 pending momentM =gy T axial force v, T
gcheitel Kimpfer gohle
crown springing line invert
w W - 0,82 0,33 _ 2,54
w A 1,15 - 0,25 - 1,26

Wasserauﬁendruck pis Rohrscheitel (stitzund im Scheitel)

external water pressure up to pipe crown {pedding O top)

Biegemomant M Ncrmalkraft

= . - 2 -
bending maoment moedy T axial force

i} =n.1w.rE

gcheitel rampier sohle
crowWn springing line invert
wa M 0,64 - 0,21 - 0,81
w A - LES - 2,54 - 13,17
yorzeichen: Biegemomant + M ergibt gug auf Rohrinnenseite
sign bendind moment + M results in tension on internal pipe surface

Nurmalkraft + N
force + H

erd
axial S

+ Zug
results in tens

Echnittkr&fte

sectional forces at egg—shapad pipe pIN 4032 EF
Wasserfﬁllunq bis Rnhrscheitel
water £illing up o pipe crovwi
Auflaqergegendruck rechteckig
hedding reaction pressure rectangular

am eifbrmigen Rohr DIN 4032 EF

Tastfall
ipad case

11 piegemoment -m- 8 wormalkraft y - n. L p2
bending momentM M-ty 4 axial forcaN =Ny T
gcheitel rampfer sohle
arown sprinqing line invert
wa Pid 0,62 - 0,33 2,00
w P 1,43 0,25 3,28

Wasserauﬁendruck bis Rohrscheitel {stiitzung in der sohle)

external water pressure up to pipe cTOWn {bedding invert)

Tastfall
ipad case
12

Biegemoment normalkraft 2
N=f: 1w-r

= . . rd
bending momentM =My T axial force

gcheitel gampfer Sohle
crown spxinging line invert
wa /:( - 0,8 0,33 - 2,00
w o - 113 - 0,25 - 3,28
yorzelchen: Biegemoment + M ergibt Zud auf Rohrinnenseite
sign pending moment + M results in tension oOn internal pipe gurface

normalkraft + § ergibt Zug
axial force + ¥ results in tension
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Sehnittkrifte am eiftrmigen Rohr DIN 4032 EF
sectional forces at egg-shaped pipe DIN 4032 EF

Wasserinnendruck
Tastfall jnternal water pressure
load case Biegemoment 2 Wormalkraft 5
13 bending moment M =m-p-T axial farceN =n-P T
Seheiltel Kémpfer Sohle k K
crown springing line invert
wa o M 0,23 - 0,12 0,68
P 1,34 1,01 1,64

rechteckig verteilte Auflast

rectangularly distributed surcharge

[Lastfall
load case Biegemoment . Normalkraft
14 bending moment W=m.p- T axial force N=N-P-F
Scheitel Kimpfer Sohle
. crown springing line invert
has! A 0,34 - 0,18 a,77
w M 0,02 - 0,98 - 0,02
vorzeichen: Biegemoment + M ergibt Zug auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface

Normalkraft + N ergibt Zug
axial force + N results in tension

Schnittkrifte am eifdrmigen Rohr DIN 4032 EF
sectional forces at egg-shaped pipe DIN 4032 EF
Rechteckig verteilte Auflast
rectanqularly distributed surcharge
auflagergegendruck rachteckig
Lastfall bedding reaction pressure rectangular
load case
15 Biegemoment . Normalkraft (T P
bending moment H =M-p T axial force H=n-g:T
Scheitel Kampfer Sohle K
crown springing line invert
n Py 0,34 - 3,18 0,54
“ .er’ 0,02 - 0,8 - 0,02
geitlicher Erddruck rechteckig
Lastfall lateral earth pressure rectangular
load case piegemoment B 2 Normalkraft
16 pending moment™ =@ -P-T axial force N=n-P-T
Scheitel Kimpfer Sohle
[=3{a1% 11 springing line invert
we o w’ - q,54 0,31 - 1,08
wo N -1,32 - 0,01 - 4,865 7
vorzeichen: Biegemoment + M ergibt Zuyg auf Rohrinnenseite
sign bending moment + M results in tension on internal pipe surface
Normalkraft + N ergibt Zug
axial force + N results in tension
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gchnittkrafte am eiftrmigen Rohr DIN 4032 EF

zectional forces at egg-shaped pipe DIR 4032 EF

geitlicher Erddruck dreieckfdrmig

lateral earth pressure triangular

rastfall

load case Biegemoment " 2 Normalkraft
17 bending moment "~ m-p-r axial force M =P T
gcheitel Kampier Sohle
Crown springing line invert
wn M- 0,19 0,11 - 0,56
[

w N~ -D0,35 - 0,01 - 1,06 =

vorzeichen: piegemoment + M ergibt Zug auf Rohrinnenseite
sign pending moment + M results in tension on internal pipe surface

Normalkraft + M ergibt Zug
axial force + N results in tension

291



