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1.) General Project Description

STORAGE TANK 5000m3
Client Petrom
OMV Rumania
Destination Petrom
Refinery

ARPECHIM/Pitesti

Built on site, overground, standing, cylindrical, welded flat bottom steel tank with heating

stored medium: Bitumen




2.) General Data:

2.1.) Dimensons

Inner diameter of the tank

height of the cylindrical part of the tank

Roof type:

girth of the cylinder:

section area

calculated volume:

nominal volume:

filling height:

2.2.) Bequirements:

design underpressure
design overpressure

tank type

highest design temperatur:

Density of stored medium:

Dome segment roof

rafters on the inside: Rafters must not be welded to the roof plates.
Roof plates overlap and are welded through from
one side.

Utank = Dtank - ©
Uiank = 63.77m

2
Atank = Dtank -

N oA a

Atank = 323.655m

V= Atank - Ntank

V =5178.476m°

V. = 5000mJ

nom -

this height must be guaranteed under all
cirumstances!

N
mbar:= 100 —2

= 20mba
Py m

Py == 20mba

closed tank

Tank with very high pressure (acc. DIN EN 14015; Tab. 3)
--> shell calculated acc. to DIN 18800 (stability)

THDM = 200 °C

kN
YBitumen = 9-98 3
m




2.3.) Standards

EN 14015 (Edition 2005-05-01):

VdTUV Merkblatt "Tankanlagen" Merkblatt 960-2002/1, 05.2003:

EN 1993-1-1; DIN 18800 (11.90):
DIN 1055:

EN 10029:

2.4.) Material

minimal Temperatur:

Tmin.LODMAT = 2 °C

Tmin = Tmin.LODMAT * 5
Tmin=-15 °C acc. to EN14015; Tab. 4
Materials according to Data Sheet CF-10 000-DS-1 (Campina-Romania)

0.2% yield strength acc. to EN 10028-2 and EN 10025

Calculation of whole tank

special construction details not covered in
EN14015

buckling
wind distribution

tolerances

|P265GH [1.0425 265 N/mm2
[s23502G3 [1o176 235 N/mm?2
[s35502G3 [1-0570 [355 N/mm2
f — 265 f = 205 — E20:= 212000
y_k_P265GH_T20° = B y_k_P265GH_T200° = mm2
mm mm
N
N N Egq) = 200000 ——
f o= 235 —| f o= 161 —— cal
y_k_S235_T20°= 235—— y_k_S235 T200°= 161—— 2
mm mm
N N
fy_k_s355_T20°= 355 — fy_k_S355_T200° = 226 —
mm mm




3.) Loads:
3.1.) Main Loads

3.1.1.) Dead Loads
Steel:
Plates (shell, roof)

formwork

structural steelwork (first assumption):

stairway:

ladder:

roof edge railing:

roof gangway:

roof landing:

nozzles:

crown ring:

roof corner ring:

G G

structure.tank =

G G +G

structure.roof = “railing

stair * Cladder + Cnozzles

[72) (7]
D ()
(0] D
o O
2 @
o o)
s =

G = 15k

stair -

Gladder = 5-5K
|Grailing = 18.5kl\1

G

gang = 7K

|Glanding = 10k'\1

Gnozzles = 10kl\1

G = 16k
crown
values must be checked with
calculated ones
Gring = 44k
structure.tank = 30-5kN

Lsa&&mﬁmmm/: 35k|\* choosen value

gang * Clanding +G

G 95.5kN

structure.roof =

lgmm: 100kl\1 choosen value

crown




Insulation

Insulation roof:  acc.to DIN 1055-1

surface area dome:

weight of insulation material:

zinc coated cover plates:

mounting devices for insulation:

complete insulation roof:

distributed load value for mineral wool blankets:

kN i . ._

L thickness:
Gigo = 0.01 uiim value must be checked with data of

cm manufacturer
rl’OOf =15. Dtank rroof =30.45m

Dtank
Oroof = 2 Troof " ™ * | Troof ~ "roof - COS| asin 15D
" HMtank

Oroots= 323.67m°

Giso.roof = Oroof  Jiso * Siso
Giso.roof = 48-55kN
. kN
aluminum |spj, = 1.1m YAl = 27 —
m

GAlu.roof = Oroof - SAlu* YAlu
GAlu.roof = 9-613kN

N
9iso.mount = 30_2
m
Giso.mount.roof = Yiso.mount - Croof

G 9.71kN

iso.mount.roof =

Gi1SO_ges.roof = Giso.roof + GAlu.roof T Giso.mount.roof

GISO_ges.roof = 67.87kN




Insulation tank:

surface area tank:

weight of insulation material:

zinc coated cover plates:

mounting devices for insulation: G

complete insulation tank:

Heating:

Otank = Dtank - ™ - Ntank

2
Ojgnk = 1020.389m

Giso1.tank = Otank * Yiso * Siso

G = 153.058 kN

iso1.tank

Otank.iso = (Dtank +2: Siso) "7 Niank

Galu.tank = Otank.iso * SAlu * YAlu
Galu tank = 30-753kN

Giso mount.tank = 30-612kN

GiSO_ges_tank = Giso1.tank T GAlu.tank * Ciso.mount.tank

GISO_ges. tank = 214.424kN

acc. to specification of manufacturer: Fheating = 100kl\1

3.1.2)) live loads

stored medium:

max. density:

density of test fluid (water)

design overpressure

design underpressure

testpressure

bitumen
kN
YBitumen = 9-98 —
m
=10.0 KN
'Yt = . 3
m
N
P = 20 mbar p; = 2000 —
m
= N
py = 20mbar pu=2000_2
m

- N
p; == 25mba by = 2500 =

iso.mount.tank = Yiso.mount Otank




3.2.) Additional Loads

Snow load acc. to specification:

Snow load is claculated acc. to the "50 year" high.

Sk = 2—]
m

Wind load acc. to EN14015:

velocity acc. to specification: Vspec = 31 %

minimum velocity acc. to EN14015, 7.2.10: Vimin = 45%

calculation velocity: Vegl = max(vspec’vmin)
Vcal2 KN - s2

wind pressure: =
P 9= Y500 4

—1266kN
qp=1. >
m

Earthquake acc. to specification and international earthquake maps

see chapter "Earthquake”




4.) Roof

executed as dome with a maximal rafter distance of 1.7 m (acc. to EN14015 10.3.1)

Calculation acc. to VdTUV-Merkblatt

heigth

girth
number of steel girders

choosen number of girders
shell thickness

radius of the roof

4.1.) Loads

4.1.1.) Deads Loads

roof plates
kN
'Ysteel = 785_3
m

CGplate = Oroof " troof " Ysteel

Gplate

gpl - Oroof

insulation:

GISO_ges.roof =67.874kN

GISO_ges.roof

9is0.roof = Oronf
roo

Moo = 2 |==
roof = "roof ~ | "roof ~ 5

Nform = Tm

plate

9iso.roof

2
Dtankj

{=1.741m

Utank = 63.774m

Utank

nform =375

=203.265kN

=628 N
gp| = >
m

N
=209.7—
2

m

formwork first assumption of the possible weight of the rafters (should be higher than the
real weight, must be checked below):

Gtorm = 180K

Gform

Yform = o 9form

roof

N
=556.122 —
2

m




Sum of dead loads for calculation of the roof shell:

EG1:= gp| * Yiso.roof

N
EG1 = 837.7—2
m

Sum of the dead loads for the calculation of the girders

roof + formwork: first assumption

Gstructure.roof =100kN

EG2:= Gpjate + Gform *+ Gstructure.roof * GISO_ges.roof

EG2 = 551.138kN

G 48.55kN

iso.roof =

contains crown ring, corner ring and additional steel structure

EG2

roof

N
= 1702.779—2

first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:

N
EG2 := 1705—

MWW 2
m

4.1.2.) Live Loads
operating overpressure

BU = pU

operating underpressure
BU:=p

underpressure due to wind

wind suction

. N
BU = 2000 -
m
N
BU = 2000 -
m
N
WU = 506.25—2

m

N
WS = 759.375—2
m

S =2000—

Includes possible other live loads which
might appear, if there is no snow.




4.2.) Load Combinations

=135
=1.35-
=135
=1.35-
=1.35-
=135
=1.35-
RPg:=1.35-
RPg:=1.35-
RP1g9:=1.35
RP41:=1.35

RP4
RPo
RP3
RP4
RPs5
RPg
RP->

RP42:=1.35-
RPq3:=1.35-
RP44:= 1.00-
RP45:=1.00-
RP4g:= 1.00-
RP47:=1.00-

RP;

6260.895
2139.176
3660.036
789.176
6260.895
3560.895
3830.895
2251.208
3941.051
1130.895
6530.895
6830.895
3830.895
-2617.456
-301.362
-1862.3
-3001.363

EG1+ 1.35-
EG1 + 0.00-
EG1 + 0.00-
EG1 + 0.00-
EG1+ 1.35-
EG1 + 1.35-
EG1+ 1.35-
EG1 + 0.00-
EG1 + 0.00-

-EG1+0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-0.0-0.0-0.0-
-EG1+1.35-1.0-BU+1.0-15-09-S+0.0-0.0- 0.0WU-0.0-0.0-0.0-
-0.0WU-0.0
-0.0WU-0.0
-0.0WU-1.0
-0.0WU-1.0
-0.0WU-0.0
-0.0WU-1.0

EG1+ 1.35
EG1 +1.35
EG1 + 0.00
EG1 + 0.00
EG1 + 0.00
EG1 + 0.00

N
2
m

RP

RP

0.9-
0.0-
0.0-
0.0-
0.9-
0.9-
1.0-
0.0-
0.0-

BU+1.0-
BU+ 0.5
BU+1.0-
BU+ 0.0
BU+1.0-
BU+ 0.0-
BU+ 0.0
BU+ 0.5
BU+1.0-

-1.0-BU+ 1.0
-1.0-BU+ 0.0
-0.0-BU+ 0.0
-0.0-BU+ 0.0
-0.0-BU+ 0.0
-0.0-BU+ 0.0

max *

min

= max(RP)

= min(RP)

1.5-09-
1.5-0.9-
1.5.09-
0.0-0.0-
1.5.09-
0.0-0.0-
0.0-0.0-
1.5-1.0-
1.5-1.0-

-1.5
-0.0
-0.0
-0.0
-0.0
-0.0

-1.0
-0.0
-0.0
-0.0
-0.0
-0.0

RP

-S+0.0
-S+0.0
-S+0.0
-S+0.0
-S+0.0
-S+0.0

max

S+0.0-00-
S+10-15-
S+05-15-
S+10-15-
S+0.0-00-
S$+0.0-00-
S+0.0-00-
S+10-15-:
S+05-15-

-0.0
-0.0
-0.0
-0.0
-0.0
-0.0

0.0WU -0.0
0.9WU -1.0
0.9WU-0.5-
0.9WU -1.0-
0.0WU-0.0-
0.0WU-0.0-
0.0WU-0.0-
1.0WU-1.0-
1.0WU-0.5-

N
= 6830.895—2

m

N
RP i = ~3001.363—

m

acc to BuBhaus "Die Standsicherheit von Flachbodentanks":

-0.0-0.0-WS -0.0-0.00-

1.5
1.5-
0.0-
0.0-
0.0-
1.5-
1.5-

-0.0
-0.0
-1.5
-1.5
-0.0
-1.5

-1.5-0.9-WS-0.0-

0.9-
0.9-
0.0-
0.0-
0.0-
1.0-
1.0-

WS -0.0-
WS -0.0-
WS -0.0-
WS -0.0-
WS -0.0-
WS -0.0-
WS -0.0-

-0.0-
-0.0-
-0.9-
-1.0-
-0.0-
-1.0-

WS -0.0
WS -0.0
WS -1.0
WS -0.0
WS -1.0
WS -1.0

0.00-
0.00-
0.00-
0.00-
0.00-
0.00-
0.00-
0.00-

-0.00
-0.00
-1.35
-0.00
-1.35
-1.35

0.0-
0.0-
0.0-
0.0-
0.0-
0.0-
0.0-
0.0-
0.0-

WS -0.0-0.00-0.0-
WS -0.0-0.00-0.0-
-0.0-
-0.0-
-0.9-
-0.0-
-1.0-
-1.0-

BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU
BU




4.3.) Evaluation of plate thickness
4.3.1.) Evaluation of the requiered thickness for the roof plates for the authoritative load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks", p. 55, (5-91)

3. Im Grundrid hat das Dachblech swischen den Gesplmetrigern die Form eines Kreisaus-

schnitls, wie in anschliclender Abbildung gezeigt:

2

RP b Ym

max’

t = |f .
roof eff md
- 1.5-1y k 8355 T200°%w

- "Vorfaktor . .
with: fmg = 0.014 Feldmoment" linear interpolated, see BuBhaus p. 59
for apex angle: ¢ := ¢ =9.47 ° incaseof ng =38 girders
Nform
"roof T~ & length of f =
— b=10.347m arc length of dome for o := 19.47
180
weld factor acc. to DIN 18800 T1, Tab 21
Yy = 1.1 partial safety factor for material

N
fy k_s355 T200° =226 —
mm

2

yield strength for S355J2G3

RPmax 0" Tm
troof_eff = | fmd" 15.1 troof _eff =5-914mm
21y k_S355_T200°%w
choosen: troof = 8MM
|C1 = 04mrr1 |02 = 1mn1
Yroof.cal = troof ~C1 ~C2 troof.cal = 6-6mm




4.4.) Proof of Stability for Buckling Pressure Roof Plates acc. to VdTUV (additional)

Evaluation of authoratative load value:

N
9 =2000—
m

1. qS = Sk

snow/others

PRi_d1:=15-ds

N
| pRi_CH = 3000—2

Gl21 - 11

2 2
Ko Agy
2. PRid2=9H d " PB ——
™2
with: = 8.191 KN
* |PB.start = ©- e

fy k s355 T200°
Agy =

OxSj

Ck =0.7

GXSi = 0.605- Ck' Eca| .

N
GXS] =18.359 —2

mm

fy k s355 T200°
)\.SX =

OxSi

gy = 3.51

. 7‘Sx2
Ko =0.01625
M2 = 1.45
AH d = RPmax

Ko 7‘Sx2
PRi_d2 = 9H_d ~ PB.start"
™2

buckling pressure of the reinforced roof shell -
the following value is calculated iterative (see
below; check!)

see DIN 18800-4 Gl. 1

acc. to Tab. 5; RB 3

t
roof.cal ideal meridian buckling stress: Gl. 82/83

"roof see DIN 18800, Teil 4, chapter 7

¥ - factor for shells, which are very sensible to
imperfections (DIN 18800-4 Gl. 8)

safety factor for resistance
(DIN 18800-4 Gl. 13)

maximum of load combination

N
pRi_d2 =5701.102 —2
m




3. Ahnd= RP nax o 4= 6830.895% maximum load combination of chapter 4.2

m
PRi d3= 0504 ¢ Gl21-13
N
PRi 43 = 3415.448—2
- m
authoratative load value from above:
N
PRi_d = Max(PRi_q1PRi_d2:PRi_d3) fer = eritlalte==
m
Verification of the buckling pressure of the reinforced roof shell:
1 ]
pg:=10.5- (K + —j “PBO buckling pressure of reinforced roof shell
K
° []
|
with: = B
58.4 - Irgof - (troof - °2)
. T
sin
Nform
_— Ig=1.55m
T Gl 21-20

IB = Diank -
1+ sin
Nform

2

I
B |K=0.193 I <1 Gl 21-14

K=
58.4 - oot (troof - 02)

|
2.125

kN
pBo=—2055ﬂ8

m

EcaI
E— n = 0.943

E
20 Gl 21-18
4
s 0 “(troof — C2) Gl 21-17
A= . 5 = 2.2989
roof
kN
PRg = 0551 - 87 2°. = Gl 21-16
m
_3.04N
PBO = 2V

m




buckling pressure of reinforced roof shell:

_ 1 kN
pg:=05- K+— “PBO pg = 8191— Gl 21-15

check with start value:




4.5.) Rafters: Proof of Integrity acc. to EN14015: 10.3

Rafters: IPE 300 (S335J2G3) not welded to roof (acc. to EN14015: 10.3.2)

= 0.422 —]
9form_real m

Gform_real = Niorm - b Iform_real |Gform_real = 165.931 k|\1 must be checked with start value (see
chapter 4.1)

hgor = 298m

1 cor = 8.7m by gor = 148m

o cor = Y.cor b2 cor = 01 cor
hg = Neor = t.cor ~ t2.cor hg =280.6mm

2
A|PE.COI’ = 42.26cm

4
Jy IPE.cor = 6740cm

4
l2.IPE.cor = 471cm

3 3 3
b1 cor t.cor *P2cor t2.cor +hs Scor 4
IT = IT =7.738cm
3
3
Y .cor b1 .cor 4
Iy = || = 235.03cm ly:= 14
12
-2 2 g
lo=| = [cor |l = 104357.9850m
1+ 12

J
. y.IPE.cor -
iy= | —m—m— i, =0.126m
v= | ry—
, |2 IPE.cor :
|Z = A— |Z =0.033m
IPE.cor

@)
|\>|o
=4
|
-
N
©
3

h
Cmax = €max =
Jy.IPE.cor 3
W,=——— W, =452.349cm
AR y
max
z,:= 150m




4.5.1.) Load combinations (acc. to BuBhaus "Die Standsicherheit von Flachbodentanks™)

alternative 1:

N
PRi_d1 =3000—

m

alternative 2:

RSy :=1.35-
RSy := 1.35-
RSg3:= 1.35-
RS, = 1.35-
RSs:= 1.35-
RSg:= 1.35-
RS7:=1.35-
RSg:= 1.35-
RSg = 1.35
RS1p:= 1.35-
RSy1:=1.35-
RS1p:= 1.35-
RSy3:=1.35-
RSy4:= 1.00 -
RSy5:= 1.00
RS1g:= 1.00-

RS4{7:=1.00-

EG2 + 1.35-

EG2 + 0.00-

EG2 + 0.00-

EG2 + 0.00-

EG2 + 1.35-

EG2 + 1.35-

EG2 + 1.35-

EG2 + 0.00-

0.9-

0.0-

0.0-

0.0-

0.9-

0.9-

1.0-

0.0-

BU+1.0-

BU+ 0.5

BU+ 1.0-

BU+ 0.0-

BU+ 1.0-

BU+ 0.0

BU+ 0.0

BU+ 0.5

1.5-

1.5-

1.5

0.0-

1.5

0.0-

0.0-

1.5

-EG2+0.00-0.0-BU+1.0-1.5-

0.9-

0.9-

0.9-

0.0-

0.9-

0.0-

0.0

1.0-

1.0-

S+0.0-

S+1.0-

S+05-

S+1.0-

S+0.0-

S+0.0-

-S+0.0-

S+1.0-

0.0-

1.5

1.5

1.5

0.0-

0.0-

0.0-

1.5

0.0WU-10.0-

0.9WU -1.0-

0.9WU-0.5-

0.9WU -1.0-

0.0WU-0.0-

0.0WU-10.0-

0.0WU-0.0-

1.0WU-1.0-

0.0-

1.5

1.5

1.5

0.0-

0.0-

0.0-

1.5

0.0-

0.9-

0.9-

0.9-

0.0-

0.0-

0.0

1.0-

S+05-15-1.0WU-05-15-1.0-

WS -0.0-

WS -0.0-

WS -0.0-

WS -0.0-

WS -0.0-

WS -0.0-

-WS -0.0-

WS -0.0-

0.00-

0.00-

0.00-

0.00-

0.00-

0.00-

0.00-

0.00-

0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

WS -0.0-0.00-0.0-

BU
BU
BU
BU
BU
BU
BU
BU

BU

EG2 +0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0- 0.0WU-0.0-0.0-0.0- WS - 0.0-0.00-0.0- BU

EG2 + 1.35-

EG2 + 1.35-

EG2 + 1.35-

EG2 + 0.00-

EG2 + 0.00-

EG2 + 0.00-

EG2 + 0.00-

1.0-

1.0-

1.0-

0.0-

0.0-

0.0-

0.0-

BU+1.0-

BU+1.0-

BU + 0.0-

BU + 0.0

BU + 0.0

BU + 0.0

BU + 0.0

1.5

1.5

0.0-

0.0-

0.0-

0.0-

0.0-

0.9-

1.0-

0.0-

0.0-

0.0-

0.0-

0.0-

S+0.0-

S+0.0-

S+0.0-

S+0.0-

S+0.0-

S+0.0-

S+0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

0.0WU-0.0-

0.0WU-0.0-

0.0WU-0.0-

0.0WU-1.0-

0.0WU-1.0-

0.0WU-0.0-

0.0WU-1.0-

0.0-

0.0-

0.0-

1.5

1.5

0.0-

1.5

0.0-

0.0-

0.0-

0.9-

1.0-

0.0-

1.0-

WS -0.0-

WS -0.0-

WS -0.0-

WS -1.0-

WS -0.0-

WS -1.0-

WS -1.0-

0.00-

0.00-

0.00-

1.35-

0.00-

1.35-

1.35-

0.0-

0.0-

0.0-

0.9-

0.0-

1.0-

1.0-

BU
BU
BU
BU
BU
BU

BU




RS =

7431.75
3310.03
4830.89
1960.03
7431.75
4731.75 N
5001.75 RSmax = max(RS) RSmax = 8001.75 -
3422.06 m
5111.91
2301.75 Hnch= RSmax
7701.75
8001.75 minimal resulting pressure:
5001.75
-1750.16 RS
565.94
-995.00

BN|Z

maximal resulting pressure:

N
= min(RS) RSy =-2134.063—
m

min -

2
Ko - Agy

RRimd2,~ AH_d ~PB"
M2

N
pRi_d2 = 6871 .942—2
m

alternative 3:

N
ind3,= 0.5 i g3 =4000.875—| Gl21-13
RRivdl3/ 9H_d [PRi_d3 2

authoritative load value from above:

RRind:= MaX(PRi g1 -PRi d2:PRi_d3)

N
pRi_d = 6871 .942—2
m

4.5.2.) Anlaysis of the stress resultants (1. Order; acc. to VdTUV)

axial force in rafters:

Dtank

2
Dtank
. . TC .
PRi_d >

roof Nform

Np 4= 127.926kN




axial force in rafters by their own dead load:

Gtorm = 180 kN

Dtank
NG_d = (0.513 - 0.375) - “Gtorm N _144.778kN Gl 21-24
roof G.d
maximum field moment in rafters:
=6871.9 N
PRi d= 5
m
PRI d nondimensional Gl 21-27
fpg == 0.0375 + 0.00075 - = factor
T2
m
2
Dtank
Mo e Dignk  PRi_d 2
lLd= M form M| g=25.34kN-m GI21-26

4.5.3.) Anlaysis of the stress resultants (2. Order; acc. to vdTUV)

axial force Il. Order

|
Nig=(Ng a+Np g)- [1 +0.075- [; - 1)} Gl 21.25

INyj_q = 273.932kN
2
Dtank
0.6 —

&= Tm NiLd" =

n - Ecal ' Jy.IPEcor ¢ =0.084 Gl21 - 28
moments Il. Order
A Mi_d
d™ e Gl 21-29

M g =27.664kN - m




4.5.4.) Proof of intergrity of formwork:

safety factor on material acc. to EN1993-1-1; 6.1

™ = 1.1

resisting pressure force:

AlPE.cor ' fy k S355 T200°
™

Ne.Rd =

Ng.Rq = 868.251 kN

N d

=0.315
Ne.Rd

Wy fy k s355 T200°
Mc.Rd =

™

M d
-0.208
M¢.Rd
N M
Il_d Il_d
— . —— -0.613
Nerd  McRd

The rafters are loaded with distributed load causing bending moment and axial force

fulfilleg




4.6.) Proof of Stability: Formwork (EN1993-1-1: 6.3.2)

Ny g KLt My g

+ <
Xz ’ Acor ' fy_d XLT ’ Wy ’ fy_d

classification of section IPE300: section class web: 3  section class flange: 1

choosen buckling length between two support point:

bg:=3.0
factors for calculating the resisting moment against lateral torsional buckling:

|(1LT = 0.21| P‘LT.O = 0.4| B = 0.7§

safety factor on material acc. to EN1993-1-1; 6.1

’YM=1.1

calculating the ideal buckling force and moment acc. to DIN18800-2:
€:=1.12

acc. to DIN18800-2 Tab.10

2
T Ecal 12.1PE.cor

by

Nk, = ideal buckling axial force

Nk z = 1033.019kN

]
Mer =& Nkjz- ( / 02 +0.25- zp2 +05- zp) ideal lateral torsional buckling moment

2
I, + 0.039- by - I
|

with: c

z.IPE.cor

Mcer=& Nkj - ( / 02 +0.25- zp2 +0.5- zp)

Mg, = 298.688kN - m




factors for calculating the resistance against lateral torsional buckling

ALT = 0.585

M

_— Wy -1y k_s355 T200°
LT =
cr

2
P 7:=05- [1 +apr (M -MT0) + B ALT }

1
XLT = XLT =0.889

P+ \/¢LT2 (8- 7~LT)2

| |
HLT Nsg
=t
y_k
X, -
™
|
LT= 0.15- 7\,2‘ BMLT -0.15
with : NSd = NII d
bg
A= — A, = 89.862
Iz
}\'Z
A i = —— for S335J2G3
z_strich 759

7‘z_strich =1.184
- for & strich=1-184
Bm.LT=13

M7= 01547 strich - Bm.LT — 015w 7=0.081

) 1 HLT - Ngg
LT=1- _
APE.cor Ty k_S355 Toope  KLT =0-953
X, -
™

check against lateral torsional buckling:




4.7. Polygone Rings

action on polygone ring:

N
RP gy = 6830.895 —
m

b0:3m

Yoly = RPmax  Po

9Ypoly

kN
=20.493 —
m

| =1.7m

max.poly *
| 2
Apoly * 'max.poly

M =
poly 8

Mpoly = 7-403KN - m}

minimal cross section:

Mooly

Wpon.min =

Tm

— 36.082¢cm]

Wpon.min

choosen porfile: L150x75x9

4
'poly.cor := 361.5cm
Zmax = 96mm

I
poly.cor

Wpon.cor = 2

max

proof of integrity:

W ;
ly.

__poly-min _ 0.957

Wpoly.cor

fy k_s355 T200°

distributed surface load on roof

distance between two rings

load on one polygone ring

max. length of on polygon edge

bending moment in polygone edge

minimal need section modulus

Moment of Inertia in corroded condition

section modulud in corroded condition

fulfilleo




4.8.) Cross bracing against Rotation: Proof of Inteqgrity and Stability

assumption: The inner two fields of each segment with cross bracing are not taken into cinsideration, as the
bracings have a very large length/height ratio.

choosen Profile:  L150x75x9 out of S355J2G3 Acor = 15.14cm2

number of segments with cross bracing

E

NiiLd  Nform

Nep = =05 Tpseg Ngp = 26.024kN
length of cross bracing
middled width of field

I
Fop = Nep - bﬂc:ld Fep = 27.623 kN

proof of integrity:

F
cb
Amin = Ym Amin = 1.344cm°
fy k_S355_T200°
A 7
cor
_ 11.261 fulfilleo
min
roof of stability:
4
'&.cor = 36.4cm
) _ IF,.cor .
I&.COI’ = A— IE_,.COI’z 1.551cm
cor
Skn = leb
Skn
A= - A, =197.155
Ig.cor
Ay
A strich, = m for S355J2G3 xz_strich =2.581
X A, -f
cor k _S355 T200°
Nbrd = y_ — — Nb I'd = 38882 kN
Ym '
NSd = FCb
Ngqg .
=0.71 fulfilleg
Np.rd




4.9.) Dead Load of Roof Support Construction

main rafters:

Frafter = P Mform * 9form_real Frafter = 165.931kN
support rings:
. kN
choosen profile: L150x75x9 Ipoly = 0.154—
poly -
. Dtank ~ 2bg
Fsupt =~ "™ 9poly Foupt = 3:459KN
. Dtank —4 bo
Fsup2= 75— "™ 9poly Fsup2 = 2.008KkN
I:sup3 =0 FsupS =0kN
Fsupsa =0 Fsupa = OKN
Gtorm_real_tot = Frafter * Fsup1 + Fsup2 + Fsups * Fsupa  Ciorm_real_tot = 171-398kN

check with former assumption:

Gtorm = 180k [Grorm_real tot=171-398kN  Ehecked




5.) Roof: Crown Ring acc.

to VdTUV

Rafters are welded completly to

profile formwork: IPE 300
diameter crown ring Dkr:= 0.1 Dignk  DkR =2030mm
crown ring
: . G
radius crown ring PKR = — pkr=1.02m
_ ¥
| A L]
E—— - : S e |
MERSET = 2 : R
-
B i
R — =
= % i 1
! t:"!-r-'pl }
|-_ sd™ ]
width - > 2y
flange thickness: -
no. of rafters Niorm = 38
J.y of rafters Jy.IPE.cor =6740 cm4
A02=t'bk Au2=t'bk

A, = 10800 mm”

conditions:

A, = 10800 mm”

moments Il. Order at crown ring
PKR
M 1 g=1|1- M
tank
2

Il_d

Gl 21-37




horizontal force at lower crown ring flange

h

€= —

07 2
’ % Mk _11_d

ud= 1 Nidt—— =
Hy g =225.254kN

moment at lower crown ring flange
Nform 1
My g=|——~ PKR Hu_d 05
tan Gl 21-39
Nform
M, g=3.152kN-m
section modulus of lower crown ring flange
A, -b
W= Lk Gl 21-40
6
3
W, =1080cm
ring force in lower crown ring flange
R _ Hu_d
ud- T Gl 21-41
2.
Nform

Ry g =1362.31kN

proof of integrity of crown rings:

I:‘u_d Iv'u_d
AW
u u
=0.88
Tm
2 2| T

G = {bk-t- DKR-n+2-[(DKR+bk) - (DkR - bk) J'Z't]ysteel
G = 16.22kN

crown




6.) Roof: Corner Ring acc. to VdTUV

6.1.) Design

distance between rafters:

Diank - ™
38

=1.68m Nform =

Nform

shell thickness of last round, must be checked with wall thickness

acc. to chapter 8

trgof =8mm plate thickness of roof at corner ring

W: 0.40mn1 L‘W: 1mr71

effective width of shell plate:

corrosion allowance and manufacturing tolerance

Dtank

bshell.eff = 0.78 / (tm—cq-co)
bshell.eff =201.883mm

sketch:

Iy = 195650 cm™4

- 6.7




choosen profile:

bcorner
beorner = 450'“"1 |tcorner = 20"‘"1 Ucorner = | Dtank = ——— + 160mm | - =
Acorner = beorner * tcorner
Gcorner = Ucorner ’ bcorner’ tcorner’ Tsteel Gcorner =44.912kN

4
IR = 15910cm Moment of Inertia for the vertical axis

section area

AER = 990m2

The plates of the roof are not welded on both sides. According to VAdTUV chapter 21.5.1.5 the effective witdth of
roof plates must not be regarded.

load combinations for roof corner ring design:

RCoRq:=1.35-
RCoRs = 1.35-
RCoR3 := 1.35-
RCoR4 = 1.35-
RCoR5 = 1.35-
RCoRg = 1.35-
RCoR7 = 1.35-
RCoRg := 1.35-
RCoRg = 1.35-
RCoR1g:= 1.35
RCoR11:=1.35-
RCoR12:= 1.35-
RCoR43:= 1.35-
RCoR14:= 1.00-
RCoR15:= 1.00-
RCoRqg:= 1.00-

RCoRq7:= 1.00-

EG2+1.35-09-BU+1.0-15-09-S+0.0-0.0-0.0WU-0.0-0.0-0.0- WS -0.0-0.00-0.0-

EG2 +0.00-0.0-BU+05-15-09-S+1.0-1.5-09WU-1.0-15-0.9- WS -0.0-0.00- 0.0

EG2 +0.00-0.0-BU+1.0-15-09-S+0.5-1.5-09WU-05-15-0.9- WS -0.0-0.00- 0.0

EG2 + 0.00-0.0-BU+0.0-0.0-00-S+1.0-15-09WU-1.0-15-0.9- WS -0.0-0.00- 0.0

EG2+1.35-09-BU+1.0-15-09-S+0.0-0.0-0.0WU-0.0-0.0-0.0- WS -0.0-0.00-0.0-

EG2+1.35-09-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-0.0-0.0-0.0- WS -0.0-0.00-0.0-

EG2+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-0.0-0.0-0.0-WS -0.0-0.00-0.0-

EG2+0.00-0.0-BU+05-15-10-S+1.0-15-1.0WU-1.0-15-1.0-WS-0.0-0.00-0.0-

EG2+0.00-0.0-BU+1.0-15-10-S+05-15-1.0WU-05-15-1.0-WS-0.0-0.00-0.0-

-EG2+0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0NU-0.0-0.0-0.0- WS -0.0-0.00-0.0

EG2+135-1.0-BU+1.0-15-09-S+0.0-0.0-0.0WU-0.0-0.0-0.0- WS -0.0-0.00-

EG2+1.35-1.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU-0.0-0.0-0.0- WS -0.0-0.00-

EG2+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-0.0-0.0-0.0- WS -0.0-0.00-

EG2 + 0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-1.0-15-0.9-WS-1.0-1.35-

EG2 + 0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-1.0-15-1.0- WS -0.0-0.00-

EG2 + 0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-0.0-0.0-0.0-WS-1.0-1.35-

EG2 + 0.00-0.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU-1.0-15-1.0-WS-1.0-1.35-

0.0-

0.0-

0.0-

0.9-

0.0-

1.0-

1.0-

BU
BU
BU
BU
BU
BU
BU
BU

BU

-BC

BC
BC
BC
BC
BC
BC

BC




RCoR; =

7432
3310
4831
1960
7432
4732 .
=003 RCoRmaX :
3422
5112
302 RCoR i, == |min(RCoR)|
7702
8002
5002
-1750

566
-995
-2134

3h)|2:

= max(RCoR)

ring forces

RCoR

N
max = 8001.75 —

m

N
RCOR i = 2134.063—

m

The maximum load combination that evokes axial tension force

N
RCoR = 8001 .75—2

m

max

resulting stress:

pd = RCORmax

resulting pressure in corner ring:

2
Pd - Ptank
NRdg=——"7"
8 -tan| o - —
180
NR_d =1165.901 kN

proof of integrity:

fy k s235 T200°

= 1449kN

NR ¢=1165.901kN=3  |AgR-

Tm

Gl 21-47




proof of stability:

N
RCOR i = 2134.063—

m

resulting pressure in corner ring:
Rai= RCORmin
resulting axial force in corner ring:

2
Pd " Dtank
8- tan(oc . —]
180

NR_q = 310.945kN

Dtank
2

V3

sk =18.41m

SK=T7-

Agg = 99cm’

AER
}\.K = SK . |_
ER

E
cal
hg=m |
fy k_s235 T20°

A > Mg Gl 19-20

NR_g =310.945kN

buckling length

section area

A = 145.224

dgq=91.65

: Ecal' lER

=421.179kN
2
2-'Ym-SK

Gl 19-17

Gl 19-18

Gl 19-19

Gl. 19-20




6.2.) Dimensions of the tear seam (EN14015, Annex K):

Sq
R_d <1 proof for tear seam
with: Sq= o action on tear seam is defined as shear force evoked by overpressure
on roof
F |
. shear shear stress in weld
Diank "™~ 2
[
) Fhoriz
Fshear = T
sin| o0 - ——
( 180)
Fhoriz = RCORmin - Orgof  Maximal tension load on roof
Fhoriz = 690.732kN
E _ I:horiz
shear = T o =19.47
sin| o0 - ——
180
Fshear =2072.321kN
a:=3mm weld thickness of tear seam
Fshear
T=—
Dtank ™ - 2
N
7=10.832——
2
mm
Sd =71
Sh= 0.8 weld factor DIN 18800 for shear stresses
Ym =11 safety factor
f o
k_S355_T200 N
Ry = Oy - Ry =164.364 —
Tm mm>
Sd N N
— =0.07 S4=10.832 — Ry =164.364 ——
Ry ¢ o =3 |4 2
mm mm




7.) Shell

acc. to VdTUV
7.1.) Minimum shell thickness
acc. to specification

7.2.) Proof of Integrity for shell

condition: operating overpressure + filling

operating overpressure BU = 2000 N
m2
max. density of filling =9.98 kN
: YBitumen = ¥- 3
m
tolerance - corrosion cq=0.4mm Cpo=1mm
Wall thickness acc. to EN14015:
rounds i: i=1.7
hq = 2.4m ho = 2.4m hg := 2.4m hg == 2.4m hs := 2.2m hg := 2.2m h7:=2.0m

elevation of the lower edge of the round meassured from the top edge of the cylindrical height of the tank:

H. :=16.0 H. :=13.6 H. =112 H. :=8.8 H. =64 H. =42
Cy Cs Cq Cy Cg Cq
H. =20
¢z
thickness for operating conditions: thickness for test conditions:
Dtank Dtank
6c = ———— 98- 1.0 (H; —0.3) + 20| + 1 ect = ———— | 98- 1.0 (Hy —0.3) + 20| + 1
i 20m - 196 i i 20m - 240 i
e =
e, = c
=
7853 5.602
6.635 4.607
5.417 3'613
4.199 2'701
3.083 1.789
1.966 :




choosen thicknesses due to buckling effects:

to:=11m

—

3:=9m

t4 :== 8m

te == 8m

—
T
i
(o]
3

7.3.) Proof of Stability: Shell

7.3.1.) Buckling Field 1:

7.3.1.1. Actions at h

cal1

= 0m

axial directions:
G dead load:

roof:

shell plates:

S7 t7=8mm
Sg tg =8mm
Sg t5=8mm
S4 t4=8mm
Sz t3=9mm
Sy to=11mm

S1 t1=13mm

first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:

N as there are no changes over the height, this value is not

EG2 = 1705—2
m

EGpgch = EG2- Oygot

gt = 7850k—% u=9.81- %
m S
h7=2m  Ez:=(Dggnk +17) 7 t7-hy
hg=2.2m Eg:= (Dgank +16) - t6 - he
hs=2.2m  Eg:= (Dggnk +15) @ -t5 - hs
hg=24m Eg:= (Dygpk +ta) -7 ta-hg-
h3=24m Eg:= (Dtank+t3)-n~t3-h3-
hp=24m Ep:= (Dtank+t2)'“’t2‘h2’
hy=24m Eq:= (Dtank+t1).n.t1.h1.

EMGZZ E1+E2+ E3+E4+ E5+ E6+ E7

steel structure:

EMG *+ Gstructure.tank * GISO_ges_tank 1000

kN

9.81

mentioned in further steps

.’YSt.u
.’YSt.u

.'YSt.u

Yst-u
Yst-u
Yst-u

TSt u

EGpach = 551.857kN

E, = 78.6kN
Eg = 86.5kN
E5 = 86.5kN
E4 = 94.3kN
Eg=106.1kN
Ep = 129.7kN
Eq = 153.3kN

Epmg = 735.062kN

Gstructure.tank = 35kN

Ty =100355.304




htank - hcal1

=» G:= ECGpach + EMG * Gstructure.tank * GISO_ges_tank” Mank
an

G = 1536.343kN GTank { = G

=» BU operating underpressure; as there are no changes over the height, this value is not
mentioned in further steps

o
BY.:=PyDrank - 7

BU =647.309kN

=P 5 snow/other load; as there are no changes over the height, this value is not
mentioned in further steps:

2

. _ EGpach*0S 1000
&= Sk Drank Tr=

r kN " 9.81

I

S =647.309kN

=»  wu underpressure due to wind; as there are no changes over the height, this value is not
mentioned in further steps:

2 T
W= 0'4‘q0'(Dtank ‘zj

WU = 163.85kN

-» ws relieving wind suction; as there are no changes over the height, this value is not mentioned in
further steps:

2T
WSax =0.6- qO . Dtank . Z

WS,, = 245.775kN WS WS4y

ax1 =
=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

| |
_ htank - hcal
Mw:=Fw i ——F—
with: F = D h heat)
- Fw H1=¢"0p- tank'( tank ~ cal)

kN
m




factor for total wind force acc. to DIN EN14015
distance to neighbouring objects

7
=1+ .c
& Diank + W f
100 - -90.2 c=0.786 Gl 15-2
Dtank
wind: horizontal
Fw_H1:=¢"dp" Diank - (htank - hcal1> Fw_H1 =323.034kN Fyy 1:= Fyw_Hq
wind: suction
Fw_so = WSax Fw_so = 245.775kN
wind: moment
htank — hcaI1
My = Fw H1 - . Myy = 2584.275kN - m
: ank VdTOV
Mw_sog = Fw_so" 5 My, Sog = 249-462kN - m
Mw_ges.1 = Mw + My sogq
2
My, ges.1 = 2838.737kN - m A= Digni” U= Dy ™
IV'w_max = Mw_ges.1
M
w_ges.1
MW o = + U

MW, = 558.372kN
MW gy 1 == MW 5y

radial directions:

=» BU operating underpressure; as there are no changes over the height, this value is not mentioned in
further steps

BU,q:=p N
rad ™~ Fu BUraq = 2000—

m

=
WU underpressure due to wind; as there are no changes over the height, this value is not mentioned in

further steps:

N
WU, aq = 04 qp WU, g = 506.25 —
m




=-»> W rotation sym. substitute wind pressure acc. to DIN 18800 T 4:

qu) =1.0 Tab .2 DIN 18800 T4

middled wall thickness over height of buckling field: hBF1 = 4.7m

tm1 = 11mm
Dtank Dtank
2 2
3= 046-|1+0.1- [Cdy-
hBF1 tm, 8 =0.833
5= |5 if §<1
NN\
10 8> 1
$=0.833
_ 1265.625 N
9o = 1<09- 2 W=3.q W = 103.724 —

m




7.3.1.2. Load Combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]: j=1.19
axial direction:
AX1:=135-G+1.35-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-1.5-0.9-MW,, —1.0-15-09- WS
AXp:=135-G+135-09-BU+1.0-15-09-5+0.0-0.0-0.0WU+0.5-1.5-09-MW,, -0.5-1.5-0.9- WS
AX3:=135-G+1.35-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-1.5-09-MW,, —1.0-15-09-WS
AX4:=135-G+135-09-BU+1.0-15-09-5S+0.0-0.0-0.0WU+0.5-1.5-09-MW,, -05-1.5-0.9- WS
AXg5:=1.35-G+1.35-09-BU+0.0-0.0-0.0-S+0.0-0.0-00WU+1.0-1.5-09-MW,, —1.0-15-0.9-WS
AXg:=1.35-G+0.00-00-BU+05-15-09-S+1.0-1.5-09WU+1.0-1.5-0.9-MW,, -1.0-1.5-0.9- WS
AX7:=135-G+0.00-00-BU+1.0-15-09-S+05-15-09WU+05-1.5-09-MW,, -05-15-09- WS
AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-00-S+1.0-1.5-09WU+1.0-1.5-0.9-MW,, —1.0-1.5-0.9- WS,
AXg:=135-G+1.35-1.0-BU+05-15-09-S+0.0-0.0-00-WU+1.0-15-09-MW,, -1.0-1.5-0.9- WS,
AX10=135-G+1.35-1.0-BU+1.0-1.5-09-S+0.0-0.0-0.0WU +0.5-1.5-0.9-MW,, -0.5-1.5-0.9- WS
AX11=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-1.5-0.9- MW,, -1.0-1.5-0.9- WS
AX12:=135-G+1.35-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-1.5-1.0- MW,, —-1.0-1.5-1.0- WS
AX13:=135-G+135-1.0-BU+1.0-1.5-1.0-S+0.0-0.0-0.0WU + 0.5-1.5-1.0- MW,, - 0.5-1.5-1.0- WS
AX14:=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU +0.0-0.0-0.0- MW,, —0.0-0.0-0.0- WS
AX45:=1.35-G+0.00-0.0-BU+0.5-15-1.0-S+1.0-1.5-1.0WU+1.0-15-1.0- MW,, —1.0-1.5-1.0- WS
AX16:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+05-15-1.0WU+05-1.5-1.0- MW,, -05-1.5-1.0- WS
AX47:=135-G+1.35-1.0-BU+0.0-0.0-0.0- S+ 0.0-0.0- 0.0WU + 0.0-0.0- 0.0- MW,, —0.0-0.0- 0.0- WS
AX1g:=1.35-G+0.00-0.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-1.5-1.0- MW,, -1.0-1.5-1.0- WS
AX19:=1.35-G+0.00-0.0-BU+1.0-1.5-1.0-S+0.0-0.0-0.0WU + 0.5-1.5-1.0- MW,, - 0.5-1.5-1.0- WS

ax
ax
ax
ax
ax
ax

ax

ax
ax
ax
ax
ax
ax
ax
ax
ax

ax

AXJ' =
3719.483 kN
3945.414
3719.483
3945.414
3282.549
3154.2
3269.532
2717.266
3806.87 FAX1 = 4153.342 k|\1
4032.801
3369.936
3902.308
4153.342
2947.931
3274.215
3402.362

FAX1 = max(AX)




radial direction:
RADq:=1.35-0.9-BU;gq+ 1.0-1.5-0.9W + 0- WU, o4
RAD2 := 1.35-0.9 - BU;gq + 0.5-1.5- 0.9W + 0.0 - WU, o4

RAD3 = 0 BUgq + 1.0 1.5- 0.0W + 1.0 1.5 0.9 - WU, oq

RAD4:= 0- BUyyq + 0.5-1.5- 0.9W + 0.5-1.5- 0.9 - WU,

RADs = 1.35- 0.9 BUygg + 1.0 1.5 0.9W + 0- WU, 54

RADg := 1.35-1.0- BUygq + 0.5 1.5 0.9W + 0.0- WU, 4

RAD7 = 1.35-1.0- BUypg + 1.0 1.5- 1.0W + 0- WU, 54

RADg = 1.35-1.0- BUyyq + 0.5 1.5- 1.0W + 0- WU, 54

RADg = 1.35- 1.0- BUpq + OW + 0 - WU, o

RAD1(:= 0-BUggq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WU4

RAD{1:= 0-BUggq + 0.5-1.5- 1.0W + 0.5- 1.5 1.0- WU

RAD12:= 1.35- 1.0 - BUppq + OW + 0- WU 4

RADy =

3852.527
3141.264
2105.965
1052.982 RAD
3852.527
3411.264 RAD
4280.586
3490.293
2700
2339.961
1169.98
2700

N
2
m

max, := max(RAD)

max, = 42.806 mbaf

Calculation of Buckling: Appendix A




7.3.2. Buckling Field 2

7.3.2.1. Actions at hcaI2 = 4.7m
axial directions:
G dead load: first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:
S7 t7=8mm  h7=2m  Ez:= (Digpg +17) m-t7-hy - ygy-u E, =78.6kN
Sg ts=8mm  hg=22m Eg:= (Dignk +1t6) T te- N - vgy- U Eg = 86.5kN
Sg ts=8mm  h5=22m Eg:= (Dygnk +15) T t5-hs - ygy- u Eg = 86.5kN
Sq t4=8mm  hg=24m Eg= Dk +ta) 7 tg-hg-vgp-u E4 = 94.3kN
S3 t3=9mm  hg:=24m Eg:= (Dapk+1t3) 7 t3-h3-vgi- u Eg=106.1kN
Sy ta=11mm hp:=0.1m Eg:= (Dgnk +t2) 7t h2-vgt- u Ep=5.4kN
Sy t1=13mm hy=0m  Ey:= Dk +1t1) 7ty hy-vgp-u Eq=0kN
EMme= E1+Eo+ Eg+ Eg+ Eg+ Eg+ E7 Epg =457.416kN
steel structure: Gstructure.tank = 39kN
- htank ~ hcaI2
3= EGpach + EMG * Gstructure.tank * GISO_ges_tank - hrank

G =1195.71kN

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

[ |
htank ~ Neal
Mw=Fw H1 ——F——

. n
with:  Fyy Hq:=c-ag- Diank - (htank - hcal)

kN
2
m
cg=07 factor for total wind force acc. to DIN EN14015
w=9.6m distance to neighbouring objects
=1+ ! c
& Dtank + W f
100 - -90.2 c=0.786

Dtank

Gl 15-2




wind: horizontal

W\/:z ¢-dp- Dignk - (htank - hcalz) I:W_H1 =228.143kN
wind: suction

FwSes= WS,y Fw so =245.775kN

wind: moment

htank ~ hcal2
Mmc = FW_H1 . > MW =1289.008kN - m
5 Prank VdTOV

M - = FW_SO . 20 MW_SOg =249.462KkN - m

Mungesin= Mw + My, g0g

Mw_ges.1 =1538.47kN - m A= Dtank2 g U= Dy @

M
w_ges.1
MW axi= —a u
MW 4, = 303.147kN
-> W rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢:1 Tab .2 DIN 18800 T4
middled wall thickness over height of buckling field: hgg_ = 1.9m
2
tn = 9mmn
My
Dtank Dtank
2 2
3=046-|1+0.1- Cd¢- - - : 6 =1.076
BF2 m,
Q=18 if d<1
1 if 621
6=1
=1265.625 N W:=298 W = 1265.625 N

qO - . 2 MWW qO - . 2

m m




7.3.2.2.) load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:

AX{:=1.35 G+1.35-
AXp:=1.35-G+1.35-
AXz:=1.35 G+ 1.35-
AX4:=1.35-G+1.35-
AXs:=1.35 G+ 1.35-
AXg = 1.35- G + 0.00 -
AX7:=1.35-G+ 0.00 -
AXg:=1.35- G+ 0.00 -
AXg:=1.35 G+ 1.35-

AX49=135-G+135-1.0-BU+1.0-1.5-0.9-
AX41:=135-G+1.35-1.0-BU+0.0-0.0-0.0-

AXyp:=1.35-
AXy3:=1.35-
AX14:=1.35-
AXqyg:= 1.35-
AXyg:= 1.35-
AXy7:=1.35-
AXyg:= 1.35-
AXyg:= 1.35-

G+ 1.35
G+ 1.35
G+ 1.35
G+ 0.00
G+ 0.00
G+1.35
G+ 0.00
G+ 0.00

AXJ' =
2915.075
3313.283
2915.075
3313.283
2478.141
2349.791
2637.401
1912.857

kN

0.9-
0.9-
0.9-
0.9-
0.9-
0.0-
0.0-
0.0-
1.0-

1.0
1.0
1.0
0.0
-0.0-
1.0
-0.0-
0.0

BU+05-15-09-S+0.0-0.0-0.0WU+1.0-

BU+ 1.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5

BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0

FAX2 := max(AX)

1.5.
1.5-
1.5.
0.0-
1.5.
1.5-
0.0-
1.5-

-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

3002.461

Fax, = 3502.069KN

3400.669
2565.527
3059.615
3502.069
2488.076
2431.523
2751.089

0.9-
0.9-
0.9-
0.0-
0.9-
0.9-
0.0-
0.9-

S+0.0
S+0.0
S+0.0
S+0.0
S+1.0
S+05
S+1.0
S+0.0

1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

S+ 0.0
S+0.0
S+ 0.0
S+1.0
S+05
S+ 0.0
S+ 0.0
S+0.0

-0.0-
0.0
0.0
0.0
15-
15-
15-
10.0-
S+0.0-0.0-0.0WU +0.5-15-0.9- MW, ~0.5-1.5
S+0.0-0.0-0.0WU +1.0-1.5-0.9- MW, — 1.0- 1.5
0.0
-0.0-
0.0
15.
15.
0.0
0.0
0.0

0.0WU + 0.5-
0.0WU+1.0-
0.0WU + 0.5-
0.0WU +1.0-
0.9WU +1.0-
0.9WU + 0.5-
0.9WU +1.0-

1.5
1.5-
1.5
1.5
1.5
1.5
1.5
1.5

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

MW g — 1.0
MW, — 0.5
MW g — 1.0
MW g, — 0.5-
MW g — 1.0
MW g — 1.0-
MW g — 0.5-
MW g — 1.0

1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

WS
WS
WS
WS
WS
WS
WS
WS

ax

ax

ax

ax

ax

ax

ax

ax

0.0-WU+1.0-15-0.9-MW,, -1.0-1.5-0.9- WS,

0.0WU + 1.0
0.0WU + 0.5
0.0WU + 0.0
1.0WU + 1.0
1.0WU + 0.5
0.0WU + 0.0
0.0WU + 1.0
0.0WU + 0.5

-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

1.0
1.0
0.0
1.0
1.0
-0.0-
1.0
1.0

MW g — 1.0
MW, — 0.5
MW g — 0.0
MW g — 1.0
MW g — 0.5
MW g - 0.0
MW g — 1.0
MW g - 0.5

-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9
0.9
1.0
1.0
-0.0-
1.0
1.0
0.0
1.0
1.0

WS
WS
WS
WS
WS
WS
WS
WS
WS
WS

ax

ax

ax

ax

ax

ax

ax

ax

ax

ax




radial direction:
RADq:=1.35-0.9-BU;gq+ 1.0-1.5-0.9W + 0- WU, o4
RAD2 := 1.35-0.9 - BU;gq + 0.5-1.5- 0.9W + 0.0 - WU, o4

RAD3 = 0 BUgq + 1.0 1.5- 0.0W + 1.0 1.5 0.9 - WU, oq

RAD4:= 0- BUyyq + 0.5-1.5- 0.9W + 0.5-1.5- 0.9 - WU,

RADs = 1.35- 0.9 BUygg + 1.0 1.5 0.9W + 0- WU, 54

RADg := 1.35-1.0- BUygq + 0.5 1.5 0.9W + 0.0- WU, 4

RAD7 = 1.35-1.0- BUypg + 1.0 1.5- 1.0W + 0- WU, 54

RADg = 1.35-1.0- BUyyq + 0.5 1.5- 1.0W + 0- WU, 54

RADg = 1.35- 1.0- BUpq + OW + 0 - WU, o

RAD1(:= 0-BUggq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WU4

RAD{1:= 0-BUggq + 0.5-1.5- 1.0W + 0.5- 1.5 1.0- WU

RAD12:= 1.35- 1.0 - BUppq + OW + 0- WU 4

RADy =

4138.594
3284.297
2392.031
1196.016 RAD
4138.594
3554.297 RAD
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

max, := max(RAD)

max, = 45.984 mba




7.3.3. Buckling Field 3:

first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:

7.3.3.1. Actions at hcal3 = 6.6m
axial directions:
G dead load:
S7 t7=8mm  h7=2m Ez= (Dtank +t7
Sg te=8mm  hg=22m FEg:= (Dtank+ tg
Sg ts=8mm  hg=22m FEg:= (Dtank+ ts
Sq t4=8mm  hg:=24m FE,:= (Dtank + 14
S3 t3=9mm  h3:=0.6m Ez:=(Diani + i3
Sy to=11mm hp:=0m  Ep:=(Dpgpi +to
S1 t1=13mm  hq:=0m Ei (

3

steel structure:

“m-t7-h7-ygi-u

ST -

ST -

‘T

ST -

ST -

te -
t5 -
4 -
3 -

to-

=» G.:= EGpach + EMG *+ Gstructure.tank * GISO_ges_tank

G =1085.246 kN

h -h
tank cal3

htank

hG'YSt'
hs - ygt-
hg - vst-
h3 - vst-

h2'YSt'

u

u

= E1+E2+ E3+ E4+ E5+E6+E7

E; = 78.6kN

Eg = 86.5kN

E5 = 86.5kN

E4 = 94.3kN

Eg = 26.5kN
Ep=0kN
Eq=0kN

Epg = 372.414kN

Gstructure.tank = 35kN

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

[]
htank - hcal

Mw=Fw H1 ——F——

. . .
with: FW_H1 =C-Qp- Dtank ’ (htank - hcal)

=1.266 kN
qo =1- >
m

;=07 factor for total wind force acc. to DIN EN14015
w=9.6m distance to neighbouring objects

=1+ ! c
a Diank + W f

100 - -90.2 c=0.786

Dtank

Gl 15-2




wind: horizontal
AFA,WA_AHJAF C-dg- Dank - (htank - hcals) I:W_H1 =189.783kN
wind: suction

Fuwinsor= WSax Fw so = 245.775kN

wind: moment

Ptank — hcal3
Mmc = FW H1 - > MW =891.979kN - m
Dtank -

MuSaai= FW So 20 VdTUVv My Sog=249.462kN -m

Mui_ges 1= My + Mw_Sog

M =1141.441kN-m 2 T

w_ges.1 A= Drank " Y= Diank - 7
M
w_ges.1
MW axi= —a u
MW 4, =224.914kN
- w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
qu; =1.0 Tab .2 DIN 18800 T4
middled wall thickness over height of buckling field: |hgg = 1.1m
3
t, = 8mm
M3
Dtank Dtank
2 2
3=046-|1+0.1- Cd¢- . ; 6 =1.294
BF3 mg
6:= | if 6d<1
AN
1 if 621
6=1
N N

dp= 1265.625—2 W=3-qp W = 1265.625 —

m m




7.3.3.2.) load

combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:

AXq:=1.35
AXg = 1.35-
AXg = 1.35-
AX4:=1.35-
AXg = 1.35
AXg = 1.35-
AX7:=1.35
AXg:=1.35-
AXg = 1.35 -

AX1p:=1.35-G+1.35-1.0-BU+1.0-15-0.9-
AX{{:=1.35-G+1.35-1.0-BU + 0.0 0.0 0.0-
AXyp:=1.35-
AXy3:=1.35-
AX14:=1.35-
AXqyg:= 1.35-
AXyg:= 1.35-
AXy7:=1.35-
AXyg:= 1.35-
AXyg:= 1.35-

AXJ' =
2660.334
3111.349
2660.334
3111.349
2223.4
2095.051
2435.467
1658.117
2747.721
3198.736
2310.787
2793.14
3294.268
2338.949
2165.048
2543.288

G+1.35-09-
G+1.35-09-
G+1.35-09-
G+1.35-0.9-
G+1.35-09-
G+ 0.00-0.0-
G+ 0.00-0.0-
G+ 0.00-0.0-
G+1.35-1.0-

BU+ 1.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5

G+ 1.35
G+ 1.35
G+ 1.35
G+ 0.00
G+ 0.00
G+1.35
G+ 0.00
G+ 0.00

1.0
1.0
1.0
0.0
-0.0-
1.0
-0.0-
0.0

BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0

kN

Fax = max(AX)

Fax = 3294.268kN

1.5.
1.5-
1.5.
0.0-
1.5.
1.5-
0.0-
1.5-

-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9-
0.0-
0.9-
0.9-
0.0-
0.9-

S+0.0-
S+0.0-
S+0.0-
S+0.0-
S+1.0:
S+05-
S+1.0-
S+0.0-

1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

S+ 0.0
S+0.0
S+ 0.0
S+1.0
S+05
S+ 0.0
S+ 0.0
S+0.0

0.0-
0.0-
0.0-
0.0-
1.5
1.5-
1.5
0.0-

-0.0-
-0.0-
-0.0-
-1.5.
-1.5.
-0.0-
-0.0-
-0.0-

BU+05-15-09-S+0.0-0.0-0.0WU+1.0-
0.0WU + 0.5-
0.0WU+1.0-
0.0WU + 0.5-
0.0WU +1.0-
0.9WU +1.0-
0.9WU + 0.5-
0.9WU +1.0-
0.0-WU+1.0-15-0.9-MW,, -1.0-1.5-0.9- WS,

0.0WU + 1.0
0.0WU + 0.5
0.0WU + 0.0
1.0WU + 1.0
1.0WU + 0.5
0.0WU + 0.0
0.0WU + 1.0
0.0WU + 0.5

1.5
1.5-
1.5
1.5
1.5
1.5
1.5
1.5

-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

1.0
1.0
0.0
1.0
1.0
-0.0-
1.0
1.0

MW g — 1.0
MW, — 0.5
MW g — 1.0
MW g, — 0.5-
MW g — 1.0
MW g — 1.0-
MW g — 0.5-
MW g — 1.0

MW g — 1.0
MW, — 0.5
MW g — 0.0
MW g — 1.0
MW g — 0.5
MW g - 0.0
MW g — 1.0
MW g - 0.5

1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-

S+0.0-0.0-0.0WU +0.5-15-0.9- MW, ~0.5-1.5
S+0.0-0.0-0.0WU +1.0-1.5-0.9- MW, — 1.0- 1.5

-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
-0.0-
1.0
1.0
0.0
1.0
1.0

WS
WS
WS
WS
WS
WS
WS
WS

ax
ax
ax
ax
ax
ax
ax

ax

WS
WS
WS
WS
WS
WS
WS
WS
WS
WS

ax

ax

ax

ax

ax

ax

ax

ax

ax

ax




radial direction:

RAD1 = 1.35- 0.9 BUyq + 1.0 1.5- 0.9W + 0- WU, 54

RADp = 1.35- 0.9 BUpq + 0.5- 1.5- 0.9W + 0.0 - WU,

RADg3:= 0-BUpzq + 1.0- 1.5 0.9W + 1.0 1.5 0.9 - WU o

RAD4 = 0-BUyq + 0.5-1.5- 0.9W + 0.5- 1.5 0.9 - WU, g

RAD5 := 1.35- 0.9 BUpgq + 1.0 1.5- 0.9W + 0- WU 5

RADg := 1.35- 1.0 BUpzq + 0.5 1.5- 0.9W + 0.0- WU 54

RAD7 := 1.35-1.0- BUpgq + 1.0- 1.5- 1.0W + 0- WU,

RADg := 1.35-1.0- BUpgq + 0.5 1.5- 1.0W + 0- WU,

RADg := 1.35- 1.0- BUaq + OW + 0 WU, g
RAD1g:= 0 BUgq+ 1.0-1.5- 1.0W + 1.0- 1.5- 1.0- WU,4
RAD{{:= 0 BUgq + 0.5-1.5-1.0W + 0.5-1.5-1.0- WU

rad

RAD12:= 1.35- 1.0 - BU,gq + OW + 0- WU, 4

RADy =

4138.594
3284.297
2392.031
1196.016 RAD
4138.594
3554.297
e RAD/y 5y = 45.984 mba||
3649.219
2700
2657.813
1328.906
2700

N
2
m

max = Mmax(RAD)




7.3.4. Buckling Field 4:

7.3.4.1. Actions at h

cal 4

7.7m

axial directions:

G dead load:

S7 t7=8mm
Sg tg =8mm
Sg t5=8mm
S4 t4=8mm

Sz t3=9mm

first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:

Sy to=11mm

Sy t1 =13mm

h7:2m NE/\Z\/::

hg=22m  Eg:=(Dignk + t6)"

hz := Om E3,= (Diank + 13

(
(
(
hg:=1.9m Eg:= (Diank + t4)
(
ho:=0m  Eg:= (Dignk + t2
(

ST

)

)
hs=22m Eg:= (Dignk +1t5) 7

)

)

)™

g -
t5 -
g
t3-

to-

~h7 vt

hG‘YSt'
h5‘YSt'
hg - vgt-
h3 - gt

h2 - vst-

u

hi=0m  Ey:= Dtank+t1)-7t-t1 “h1 ygt-u

EFGG:: E1+E2+ E3+ E4+ E5+E6+E7

steel structure:

=» 8= EGpach + EMG *+ Gstructure.tank * GISO_ges_tank

G =1024.319kN

h -h
tank ~ "'cal 4

htank

E; = 78.6kN

Eg = 86.5kN

Es = 86.5kN
E4=74.7kN
Eg=O0kN
Ep=0kN
Eq=0kN

Epmg = 326.23kN

G = 35kN

structure.tan

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

[]
htank - hcal

Mw=Fw H1 ——F——

. n
with: - Fyy 1= ¢ dg - Dank " (Ptank — Ncal

=1.266 kN

qp=1. >
m
c;=0.7 factor for total wind force acc. to DIN EN14015
w=9.6m distance to neighbouring objects
7
S=1+ 5 N - Cf
tank T W
100 - -90.2 ¢ =0.786

Dtank

Gl 15-2




wind: horizontal

W\/:z ¢-dp- Dignk - (htank - hcal4) I:W_H1 =167.574kN
wind: suction

FwSes= WS,y Fw so =245.775kN

wind: moment

Ptank — hcal4
Mmc = FW H1 - > MW =695.433kN - m
Dtank -

MuSaai= FW So 20 VdTUv My Sog=249.462kN -m

Mungesin= Mw + My, g0g

M =944.894kN - m 2 T

w_ges.1 A= Drank " U= Dtank - ™
M
w_ges.1
MW axi= —a u
MW, = 186.186 kN
- w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢=1 Tab .2 DIN 18800 T4
middled wall thickness over height of buckling field: |hgg = 1.4m
4
t, = 8mm
My
Dtank Dtank
2 2
0:=046-{1+0.1- | Cdy - . 6=1.199
- ® hgr t
4 my
d:= |6 if d<1
AN
1 if 621
6=1
N N

dp= 1265.625—2 W=3-qp W =1265.625—

m m




7.3.4.2.) load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:
AX1:=135-G+1.35-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-1.5-0.9-MW,, —1.0-15-09- WS
AXp:=135-G+135-09-BU+1.0-15-09-5+0.0-0.0-0.0WU+0.5-1.5-09-MW,, -0.5-1.5-0.9- WS
AX3:=135-G+1.35-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-1.5-09-MW,, —1.0-15-09-WS
AX4:=135-G+135-09-BU+1.0-15-09-5S+0.0-0.0-0.0WU+0.5-1.5-09-MW,, -05-1.5-0.9- WS
AXg5:=1.35-G+1.35-09-BU+0.0-0.0-0.0-S+0.0-0.0-00WU+1.0-1.5-09-MW,, —1.0-15-0.9-WS
AXg:=1.35-G+0.00-00-BU+05-15-09-S+1.0-1.5-09WU+1.0-1.5-0.9-MW,, -1.0-1.5-0.9- WS
AX7:=135-G+0.00-00-BU+1.0-15-09-S+05-15-09WU+05-1.5-09-MW,, -05-15-09- WS
AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-00-S+1.0-1.5-09WU+1.0-1.5-0.9-MW,, —1.0-1.5-0.9- WS,
AXg:=135-G+1.35-1.0-BU+05-15-09-S+0.0-0.0-00-WU+1.0-15-09-MW,, -1.0-1.5-0.9- WS,
AX10=135-G+1.35-1.0-BU+1.0-1.5-09-S+0.0-0.0-0.0WU +0.5-1.5-0.9-MW,, -0.5-1.5-0.9- WS
AX11=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-1.5-0.9- MW,, -1.0-1.5-0.9- WS
AX12:=135-G+1.35-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-1.5-1.0- MW,, —-1.0-1.5-1.0- WS
AX13:=135-G+135-1.0-BU+1.0-1.5-1.0-S+0.0-0.0-0.0WU + 0.5-1.5-1.0- MW,, - 0.5-1.5-1.0- WS
AX14:=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU +0.0-0.0-0.0- MW,, —0.0-0.0-0.0- WS
AX45:=1.35-G+0.00-0.0-BU+0.5-15-1.0-S+1.0-1.5-1.0WU+1.0-15-1.0- MW,, —1.0-1.5-1.0- WS
AX16:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+05-15-1.0WU+05-1.5-1.0- MW,, -05-1.5-1.0- WS
AX47:=135-G+1.35-1.0-BU+0.0-0.0-0.0- S+ 0.0-0.0- 0.0WU + 0.0-0.0- 0.0- MW,, —0.0-0.0- 0.0- WS
AX1g:=1.35-G+0.00-0.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-1.5-1.0- MW,, -1.0-1.5-1.0- WS
AX19:=1.35-G+0.00-0.0-BU+1.0-1.5-1.0-S+0.0-0.0-0.0WU + 0.5-1.5-1.0- MW,, - 0.5-1.5-1.0- WS

ax
ax
ax
ax
ax
ax

ax

ax
ax
ax
ax
ax
ax
ax
ax
ax

ax

AXj =
2525.801| kN
3002.957
2525.801
3002.957
2088.867
1960.517
2327.075
1523.584
2613.187 Fax =3182.971kN
3090.344
2176.254
2652.797
3182.971
2256.699
2024.705
2431.991

Fax,= max(AX)




radial direction:
RADq:=1.35-0.9-BU;gq+ 1.0-1.5-0.9W + 0- WU, o4
RAD2 := 1.35-0.9 - BU;gq + 0.5-1.5- 0.9W + 0.0 - WU, o4

RAD3 = 0 BUgq + 1.0 1.5- 0.0W + 1.0 1.5 0.9 - WU, oq

RAD4:= 0- BUyyq + 0.5-1.5- 0.9W + 0.5-1.5- 0.9 - WU,

RADs = 1.35- 0.9 BUygg + 1.0 1.5 0.9W + 0- WU, 54

RADg := 1.35-1.0- BUygq + 0.5 1.5 0.9W + 0.0- WU, 4

RAD7 = 1.35-1.0- BUypg + 1.0 1.5- 1.0W + 0- WU, 54

RADg = 1.35-1.0- BUyyq + 0.5 1.5- 1.0W + 0- WU, 54

RADg = 1.35- 1.0- BUpq + OW + 0 - WU, o

RAD1(:= 0-BUggq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WU4

RAD{1:= 0-BUggq + 0.5-1.5- 1.0W + 0.5- 1.5 1.0- WU

RAD12:= 1.35- 1.0 - BUppq + OW + 0- WU 4

RADy =

4138.594
3284.297
2392.031
1196.016 RAD ax = Max(RAD)
4138.594
3554.297 RAD
4598.438
3649.219
2700
2657.813
1328.906
2700

N
2
m

max = 45-984 mbay




7.3.5. Buckling Field 5:

7.3.5.1. Actions at h =9.1m
cal5

axial directions:

G dead load: first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:
S7 t7=8mm  hz=2m  E-i= (Dignk +17) m-t7-h7 - vgy-u E, =78.6kN
Sg ts=8mm  hg=22m Eg:= (Dign +1t6) Tt he - vgy- U Eg = 86.5kN
S5 ts=8mm  hg:=22m Eg:= (Digng +15) T t5-hs - vgy- u Eg = 86.5kN
S4 t4=8mm  hg=05m FE4:= (Dtank+t4)-n-t4~h4~ySt~ u E4=19.7kN
Sz t3=9mm  h3:=0m  Eg:= (Dignk +13) 713 h3- vgy- u Eg=0kN
Sp tp=11mm hp=0m  Eg:= (Dtank+t2)-n-t2-h2-ySt-u Ep = 0kN
Sy ty=13mm hy:=0m  Ej:= (Dgnk+ 1) 7ty -hy-ygp-u Eq=0kN

Emae= E1+ Ex+ Eg+ Eq + Eg + Eg + Ey Epyg = 271.203kN

steel structure: G k = 35kN

structure.tan

h -h
tank ~ "'cal 5

=» 8= EGpach + EMG *+ Gstructure.tank * GISO_ges_tank hrank
an

G =950.531 kN

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

[]
htamk - hcaI
Myy = I:W_H1 : >

. n
with:  Fyy 1= ¢ dg- Dyank - (htank - hcal)

kN
2
m
ct=0.7 factor for total wind force acc. to DIN EN14015
w=9.6m distance to neighbouring objects
C 1+ !
= .c
- Diank + W f
100 - -90.2 c=0.786 Gl 15-2

Dtank




wind: horizontal

Sty = €90 - Drank - (htank - hcals) Fw_H1 = 139.309kN
wind: suction
Fuvosos= WSax FW So = 245.775kN

wind: moment

Ptank — hcal5
MW = FW_H1 . > Myy = 480.615kN - m
: Prank VaTOV
MMQS@@A': FW_SO . 20 MW_SOg =249.462kN - m
MW_QGS y = MW + MW_SOg
M =730.077kN - m 2 T
w_ges.1 A= Dtank 2 = Diank - ®
) IVlw_ges.1
MWa“ = T -U

MW, = 143.857kN

- w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:

Cd$ =1.0 Tab .2 DIN 18800 T4

middled wall thickness over height of buckling field: |hgg := 1.5m
5

t, = 8mni
Mg
Dtank Dtank
2 2
5’“::0-46' 1+0.1- Cd¢- . 6=1.174
her tm
5 5
=18 if 6<1
M\
1 if §>1
6=1
N N
dp= 1265.625—2 W.=3-qp W = 1265.625 —

m m




7.3.5.2.) load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:

AX4:=135-G+1.35-09-BU+05-15-09-S+0.0-0.0-0.0WU + 1.0-1.5-0.9-MW,, —1.0- 1.5-0.9-WSaX
AXo:=135-G+1.35-09-BU+ 1.0- 1.5~0.9-S+0.0‘0.0~0.0WU+0.5~1.5~0.9-MWaX—0.5- 1.5~0.9~WSaX
AX3:=135-G+1.35-09-BU+05-15-09-S+0.0-0.0-0.0WU + 1.0-1.5-0.9-MW,, —1.0- 1'5'0'9'WSaX
AXy4:=135-G+1.35-09-BU+ 1.0- 1.5~0.9-S+0.0‘0.0~0.0WU+0.5~1.5~0.9-MWaX—0.5- 1.5~0.9~WSaX
AXs:=135-G+1.35-0.9-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU + 1.0-15-09-MW,, -1.0- 1.5~O.9~WSaX
AXg:=135-G+0.00-0.0-BU+05-15-09-S+1.0-1.5-0.9WU + 1.0~1.5~0.9-MWaX—1.0- 1.5~O.94WSaX
AX7:=1385-G+0.00-0.0-BU+1.0- 1.5~0.9-S+O.5~1.5~0.9WU+0.5~1.5~0.9-MWaX—0.5- 1.5~O.9~WSaX
AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-00-S+1.0-1.5-0.9WU + 1.0-1.5~0.9-MWaX—1.O- 1.5-0.9-WSaX
AXg=135-G+135-1.0-BU+05-15-09-5+0.0-0.0-0.0-WU+1.0-1.5-0.9- MW,, —1.0-1.5-0.9- WS,
AX490=135-G+135-1.0-BU+1.0-15-0.9-S+0.0-0.0- 0.0WU + 0.5- 1.5-0.9-MW,, - 0.5- 1.5-0.9-WSaX
AX11=135-G+135-1.0-BU+0.0-0.0-00-S+0.0-0.0-0.0WU+1.0-1.5-0.9- MW,, —1.0-1.5-0.9- WS,
AX42:=135-G+135-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0- 15 1.0- MW, -1.0-15- 1.0-WSaX
AX43:=135-G+135-1.0-BU+1.0-15-1.0-S+0.0-0.0- 0.0WU+ 0.5-15- 1.0~|V|Wax—0.5~ 1.5 1.O-WSaX
AX44:=135-G+1.35- 1.0~BU+O.OvO.O~0.0-S+0.0-0.0~0.0WU+0.0~0.0~0.0~MWaX—0.0'0.0~0.0~WSaX
AX45:=135-G+0.00-0.0-BU+05-15-1.0-S+1.0-15-1.0WU+1.0- 1.5 1.0~|V|Wax—1.0~ 15. 1.O-WSaX
AX4:=135-G+0.00-0.0-BU+1.0-15-1.0-S+05-15-1.0WU+05-15: 1.0- MW, -05-15- 1.0-WSaX
AXq7:=135-G+ 1.35- 1.O~BU+0.0~0.040.O-S+0.0~O.0~0.0WU+O.0~0.0-0.0~MWaX—0.0~O.OAO.O-WSaX
AX4g8:=135-G+0.00-0.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-1.5- 1.0- MW, -1.0-15- 1.0-WSaX
AX49:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+0.0-0.0- 0.0WU+0.5-15- 1.O-MWaX—O.5- 15. 1.O-WSaX
AXJ'=

2369.042| kN

2874.771

2369.042

2874.771

1932.108

1803.759

Fay = AX

2198.888 K= Max(AX)

1366.825

2456.429 FAX:3051.61 k|\1

2962.157

2019.495

2489.689

3051.61

2157.084

1861.597

2300.63

radial direction:

RADmax

=45.984 mbar|




7.3.6. Buckling Field 6:

7.3.6.1. Actions at hca|6 =10.5m
axial directions:

G dead load: first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:
S7 t7=8mm  h7=2m  Ez:= (Digpg +17) m-t7-hy - ygy-u E, =78.6kN
Sg ts=8mm  hg=22m Eg:= (Dignk +1t6) T te- N - vgy- U Eg = 86.5kN
S5 ts=8mm  hg:=1.3m Eg:= (Digng +15) T t5-hs - ygy- u Eg=51.1kN
Sq t4=8mm  hg:=0m  Eg:= (Dtank+t4)'7"t4'h4'VSt'u E4 =0kN
S3 t3=9mm  hg:=0m  Egi= (Dignk +t3) 7 -t3-hg - vgy U F3 = 0kN
Sy to=11mm  hp:= Om MEN?N=(Dtank+t2)~75~’f2'h2'“YSt'U Ep=0kN
S1 t1=13mm  hq:=0m E4= (Dtank+t1)~n~t1 hy-vgi-u E{=0kN

steel structure:

h -h
tank cal6

=» G.:= EGpach * EMG * Gstructure.tank + GISO_ges_tank hrank
an

G =876.742kN

Gstructure.tank = 35kN

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

| |
htank - hcal
My = Fw H1 Y

- n
with: Fyy H1:=¢-qg- Diank - (htank - hcal)

kN
2
m
&= 07 factor for total wind force acc. to DIN EN14015
W= 9.6m distance to neighbouring objects
=1+ ! c
& Dtank + W f
100 - -90.2 c=0.786

Dtank

Gl 15-2




wind: horizontal

Sty = €90 Drank - (htank - hcale) Fw_Hi =111.043kN
wind: suction
Fuvosos= WSax FW So = 245.775kN

wind: moment

Ptank — hcal6
M= FW_H1 . f Myy = 305.368kN - m
Soat Dtark VdTOV
M " = FW_SO . 20 MW_SOg =249.462KN - m
MW_QGS 1 = MW + MW_SOg
M =554.83kN-m 2 T
w_ges.1 A= Drank v = Diank - ®
) IVlw_ges.1
MW axi= T -U

MW, = 109.326 kN

radial directions:

- W rotation sym. substitute wind pressure acc. to DIN 18800 T 4:

N
W =1265.625 — hBF = 1.5m
m2 :




7.3.6.2.) load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:

AXj
AXo
AX3
AXy
AXs
AXg
AX7
AXg
AXg

=1.35
=1.35-
=1.35-
=1.35-
=135
=1.35-
=135
=1.35-
=135

AXqig:=1.35-
AXq1:=1.35-
AXqi2:=1.35-
AXq3:=1.35-
AXq4:=1.35-
AX45:=1.35-
AX4g:=1.35-
AXq7:=1.35-
AX4g:=1.35-
AXq9:=1.35-

AXJ' =
2222.81
2751.847
2222.81
2751.847
1785.876
1657.527
2075.965
1220.593
2310.197
2839.234
1873.263
2338.278
2926.097
2057.469
1710.185
2175.117

radial directio

G+1.35-
G+1.35-
G+1.35-
G+1.35-
G+ 0.00-
G+ 0.00-
G + 0.00-
G+1.35-
G+ 1.35
G+ 1.35
G+ 1.35
G+ 1.35
G+ 1.35
G+ 0.00
G+ 0.00
G+ 1.35
G+ 0.00
G+ 0.00

kN

0.9-
0.9-
0.9-
0.9-
0.0-
0.0-
0.0-
1.0-
-1.0-
-1.0-
-1.0-
-1.0-
-1.0-
-0.0-
-0.0-
-1.0-
-0.0-
-0.0-

BU+1.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5

BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU+ 1.0
BU + 0.0
BU + 0.5
BU + 1.0

Fax,= max(AX)

Fax = 2926.097kN

n:

RADmax

=45.984 mbar|

1.5-
1.5-
1.5-
0.0-
1.5-
1.5.
0.0-
1.5.
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9
0.9-
0.9
0.0
0.9
0.9
0.0-
0.9
-0.9-
0.0
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

S+0.0-
S+0.0-
S+0.0-
S+0.0-
S+1.0-
S+05-
S+1.0-
S+0.0-

S+0.0
S+ 0.0
S+0.0
S+ 0.0
S+0.0
S+1.0
S+0.5
S+ 0.0
S+ 0.0
S+ 0.0

0.0-
0.0-
0.0-
0.0-
1.5
1.5
1.5
0.0-
-0.0-
-0.0-
-0.0-
-0.0-
-0.0-
-1.5.
-1.5.
-0.0-
-0.0-
-0.0-

G+1.35-0.9-BU+0.5-1.5-0.9-S+0.0-0.0-0.0WU+1.0-
0.0WU + 0.5
0.0WU + 1.0
0.0WU +0.5-
0.0WU + 1.0
0.9WU + 1.0
0.9WU + 0.5
0.9WU + 1.0
0.0-WU+1.0-1.5-0.9 - MW,, - 1.0- 1.5-0.9- WS,

0.0WU + 0.5
0.0WU + 1.0
0.0WU + 1.0
0.0WU + 0.5
0.0WU + 0.0
1.0WU + 1.0
1.0WU + 0.5
0.0WU + 0.0
0.0WU + 1.0
0.0WU + 0.5

1.5-
1.5
1.5-
1.5
1.5-
1.5-
1.5-
1.5-

-1.5
-1.5
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

MW, — 1.0
MW g — 0.5
MW, — 1.0
MW g — 0.5-
MW g, — 1.0
MW g — 1.0
MW g — 0.5-
MW g — 1.0

MW, — 0.5
MW g — 1.0
MW 5, — 1.0
MW g — 0.5
MW g - 0.0
MW g — 1.0
MW g, - 0.5
MW g — 0.0
MW g — 1.0
MW g — 0.5

1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-

-1.5
-1.5
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

WS
WS
WS
WS
WS
WS
WS
WS

ax
ax
ax
ax
ax
ax
ax

ax

WS
WS
WS
WS
WS
WS
WS
WS
WS
WS

ax

ax

ax

ax

ax

ax

ax

ax

ax

ax




7.3.7. Buckling Field 7:

7.3.7.1. Actions at hcal7 = 12.0m
axial directions:
G dead load:

S7 t7=8mm  h7=2m Ez= (Dtank + t7)

Sg te=8mm  hg:=2.0m FEg:= (Dtank + t6) ‘T
Sg ts=8mm  hg:=0m  Eg:= (Digpi +15) =
Sy t4=8mm  hg:=0m  Eg= (D +ta) -7
S3 t3=9mm  h3:=0m  Eg:=(Dyk+1t3)-7-
Sy ta=11mm hp:=0m  Eg:=(Dgpk+to) 7
S1 t1=13mm  hq:=0m E4= (Dtank + t1) T

first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:

to-

ho -

TSt

u

E; = 78.6kN
Eg = 78.6kN
Eg=0kN
E4=O0kN
Eg=0kN
Ep=0kN

Eq=0kN

NE/MGA:= E1 + E2+ E3+ E4+ E5+ E6+ E7 EMG =157.219kN

steel structure:

=» G.:= EGpach + EMG *+ Gstructure.tank * GISO_ges_tank

G =797.682kN

h -h
tank cal7

htank

Gstructure.tank = 35kN

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

[]
htank - hcal

My = Fw H1 e

. n
with: - Fyy 1= ¢ dg" Dignk - (htank - hcal)

=1.266 kN
qo =1- >
m

S4i= 07 factor for total wind force acc. to DIN EN14015
W= 9.6m distance to neighbouring objects

=1+ ! c
& Dtank + W :

100 - -90.2 ¢=0.786

Dtank

Gl 15-2




wind: horizontal

S = € A0 " Dtank - (htank - hcal7) Fw_H1 =80.759kN
wind: suction

Fwses= WSax Fw so =245.775kN

wind: moment

htank - hcal7
Mmc:= FW H1 - > Mw=161.517kN~m
Prank VdTOV
MiwnSog:= FW_so" 55 My, Sog = 249.462kN - m
Misagesdi= MW + My Sog
M =410.979kN - m 2 T
w_ges.1 A= Drank " U= Dtank - ™
M
w_ges.1
MWmS = T -U

MW 5, = 80.981 kN

radial directions:

- w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:

N
W= 1265.625—2 hBF7 = 1.5m
m




7.3.7.2.) load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:

AXj
AXo
AX3
AXy
AXs
AXg
AX7
AXg
AXg

=1.35
=1.35-
=1.35-
=1.35-
=135
=1.35-
=135
=1.35-
=135

AXqig:=1.35-
AXq1:=1.35-
AXqi2:=1.35-
AXq3:=1.35-
AXq4:=1.35-
AX45:=1.35-
AX4g:=1.35-
AXq7:=1.35-
AX4g:=1.35-
AXq9:=1.35-

AXJ' =
2077.814
2625.984
2077.814
2625.984
1640.88
1512.531
1950.102
1075.597
2165.201
2713.371
1728.267
2189.03
2798.108
1950.739
1560.937
2047.128

radial directio

G+1.35-
G+1.35-
G+1.35-
G+1.35-
G+ 0.00-
G+ 0.00-
G + 0.00-
G+1.35-
G+ 1.35
G+ 1.35
G+ 1.35
G+ 1.35
G+ 1.35
G+ 0.00
G+ 0.00
G+ 1.35
G+ 0.00
G+ 0.00

kN

0.9-
0.9-
0.9-
0.9-
0.0-
0.0-
0.0-
1.0-
-1.0-
-1.0-
-1.0-
-1.0-
-1.0-
-0.0-
-0.0-
-1.0-
-0.0-
-0.0-

BU+1.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5

BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU+ 1.0
BU + 0.0
BU + 0.5
BU + 1.0

Eax,= max(AX)

Fax = 2798.108kN

n:

RADmax

=45.984 mbar|

1.5-
1.5-
1.5-
0.0-
1.5-
1.5.
0.0-
1.5.
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9
0.9-
0.9
0.0
0.9
0.9
0.0-
0.9
-0.9-
0.0
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

S+0.0-
S+0.0-
S+0.0-
S+0.0-
S+1.0-
S+05-
S+1.0-
S+0.0-

S+0.0
S+ 0.0
S+0.0
S+ 0.0
S+0.0
S+1.0
S+0.5
S+ 0.0
S+ 0.0
S+ 0.0

0.0-
0.0-
0.0-
0.0-
1.5
1.5
1.5
0.0-
-0.0-
-0.0-
-0.0-
-0.0-
-0.0-
-1.5.
-1.5.
-0.0-
-0.0-
-0.0-

G+1.35-0.9-BU+0.5-1.5-0.9-S+0.0-0.0-0.0WU+1.0-
0.0WU + 0.5
0.0WU + 1.0
0.0WU +0.5-
0.0WU + 1.0
0.9WU + 1.0
0.9WU + 0.5
0.9WU + 1.0
0.0-WU+1.0-1.5-0.9 - MW,, - 1.0- 1.5-0.9- WS,

0.0WU + 0.5
0.0WU + 1.0
0.0WU + 1.0
0.0WU + 0.5
0.0WU + 0.0
1.0WU + 1.0
1.0WU + 0.5
0.0WU + 0.0
0.0WU + 1.0
0.0WU + 0.5

1.5-
1.5
1.5-
1.5
1.5-
1.5-
1.5-
1.5-

-1.5
-1.5
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

MW, — 1.0
MW g — 0.5
MW, — 1.0
MW g — 0.5-
MW g, — 1.0
MW g — 1.0
MW g — 0.5-
MW g — 1.0

MW, — 0.5
MW g — 1.0
MW 5, — 1.0
MW g — 0.5
MW g - 0.0
MW g — 1.0
MW g, - 0.5
MW g — 0.0
MW g — 1.0
MW g — 0.5

1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-

-1.5
-1.5
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

WS
WS
WS
WS
WS
WS
WS
WS

ax
ax
ax
ax
ax
ax
ax

ax

WS
WS
WS
WS
WS
WS
WS
WS
WS
WS

ax

ax

ax

ax

ax

ax

ax

ax

ax

ax




7.3.8. Buckling Field 8:

7.3.8.1. Actions at hca|8 = 13.5m
axial directions:
G dead load:

S7 t7=8mm  h7:=2.0m FE-:= (Dtank + t7)

Sg ts=8mm  hg:=05m Eg:= (Digni +t6) ™
Sg ts=8mm  hg:=0m  Eg:= (Digpi +15) =
Sy t4=8mm  hg:=0m  Eg= (D +ta) -7
S3 t3=9mm  h3:=0m  Eg:=(Dyk+1t3)-7-
Sy ta=11mm hp:=0m  Eg:=(Dgpk+to) 7
S1 t1=13mm  hq:=0m E4= (Dtank + t1) T

first assumption dead load: incl. crown ring, corner ring, roof shell, rafters:

to-

ho -

TSt

u

E; = 78.6kN
Eg=19.7kN
Eg=0kN
E4=O0kN
Eg=0kN
Ep=0kN

Eq=0kN

NE/MGA:= E1 + E2+ E3+ E4+ E5+ E6+ E7 EMG =98.262 kN

steel structure:

=» G.:= EGpach + EMG *+ Gstructure.tank * GISO_ges_tank

G =718.623kN

h -h
tank cal8

htank

Gstructure.tank = 35kN

=% MW moment evoked by wind pressure on shell may be considered as constant, if h < 25m

[]
htank - hcal

My = Fw H1 e

. n
with: - Fyy 1= ¢ Ao~ Drank * (tank ~ Neal)

=1.266 kN
qo =1- >
m

S4i= 07 factor for total wind force acc. to DIN EN14015
W= 9.6m distance to neighbouring objects

=1+ ! c
& Dtank + W :

100 - -90.2 ¢=0.786

Dtank

Gl 15-2




wind: horizontal

Sty = €90 Drank - (htank - hcalg) Fw_H1 =50.474kN
wind: suction

FWwses~ WSax Fw so =245.775kN

wind: moment

htank - hcal8
Mmc = FW Hi - 5 MW =63.093kN - m
5 Prank VdTOV
M - = FW_SO . 20 MW_SOg =249.462kN - m
Mungesin= Mw + My, g0g
M =312.555kN - m 2 T
w_ges.1 A= Dtank " U= Diank - ™
M
w_ges.1
MW o= T -U

MW 5, = 61.587 kN

radial directions:

- w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:

hBF8 = 1500m

N
W = 1265.625 —
m




7.3.8.2.) load combination

acc. to BuBhaus "Die Standsicherheit von Flachbodentanks" [kN]:

axial direction:

AXj
AXo
AX3
AXy
AXs
AXg
AX7
AXg
AXg

=1.35
=1.35-
=1.35-
=1.35-
=135
=1.35-
=135
=1.35-
=135

AXqig:=1.35-
AXq1:=1.35-
AXqi2:=1.35-
AXq3:=1.35-
AXq4:=1.35-
AX45:=1.35-
AX4g:=1.35-
AXq7:=1.35-
AX4g:=1.35-
AXq9:=1.35-

AXJ' =
1944.902
2506.163
1944.902
2506.163
1507.968
1379.619
1830.281
942.685
2032.289
2593.55
1595.355
2053.209
2676.832
1844.009
1425.116
1925.852

radial directio

G+1.35-
G+1.35-
G+1.35-
G+1.35-
G+ 0.00-
G+ 0.00-
G + 0.00-
G+1.35-
G+ 1.35
G+ 1.35
G+ 1.35
G+ 1.35
G+ 1.35
G+ 0.00
G+ 0.00
G+ 1.35
G+ 0.00
G+ 0.00

kN

0.9-
0.9-
0.9-
0.9-
0.0-
0.0-
0.0-
1.0-
-1.0-
-1.0-
-1.0-
-1.0-
-1.0-
-0.0-
-0.0-
-1.0-
-0.0-
-0.0-

BU+1.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5
BU+1.0-
BU+ 0.0-
BU+ 0.5

BU + 1.0
BU + 0.0
BU + 0.5
BU + 1.0
BU + 0.0
BU + 0.5
BU+ 1.0
BU + 0.0
BU + 0.5
BU + 1.0

Eax,= max(AX)

Fax = 2676.832kN

n:

RADmax

=45.984 mbar|

1.5-
1.5-
1.5-
0.0-
1.5-
1.5.
0.0-
1.5.
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9
0.9-
0.9
0.0
0.9
0.9
0.0-
0.9
-0.9-
0.0
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

S+0.0-
S+0.0-
S+0.0-
S+0.0-
S+1.0-
S+05-
S+1.0-
S+0.0-

S+0.0
S+ 0.0
S+0.0
S+ 0.0
S+0.0
S+1.0
S+0.5
S+ 0.0
S+ 0.0
S+ 0.0

0.0-
0.0-
0.0-
0.0-
1.5
1.5
1.5
0.0-
-0.0-
-0.0-
-0.0-
-0.0-
-0.0-
-1.5.
-1.5.
-0.0-
-0.0-
-0.0-

G+1.35-0.9-BU+0.5-1.5-0.9-S+0.0-0.0-0.0WU+1.0-
0.0WU + 0.5
0.0WU + 1.0
0.0WU +0.5-
0.0WU + 1.0
0.9WU + 1.0
0.9WU + 0.5
0.9WU + 1.0
0.0-WU+1.0-1.5-0.9 - MW,, - 1.0- 1.5-0.9- WS,

0.0WU + 0.5
0.0WU + 1.0
0.0WU + 1.0
0.0WU + 0.5
0.0WU + 0.0
1.0WU + 1.0
1.0WU + 0.5
0.0WU + 0.0
0.0WU + 1.0
0.0WU + 0.5

1.5-
1.5
1.5-
1.5
1.5-
1.5-
1.5-
1.5-

-1.5
-1.5
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

MW, — 1.0
MW g — 0.5
MW, — 1.0
MW g — 0.5-
MW g, — 1.0
MW g — 1.0
MW g — 0.5-
MW g — 1.0

MW, — 0.5
MW g — 1.0
MW 5, — 1.0
MW g — 0.5
MW g - 0.0
MW g — 1.0
MW g, - 0.5
MW g — 0.0
MW g — 1.0
MW g — 0.5

1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-
1.5-

-1.5
-1.5
-1.5
-1.5
-0.0
-1.5
-1.5
-0.0
-1.5
-1.5

0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-
0.9-

0.9
0.9
1.0
1.0
0.0
1.0
1.0
0.0
1.0
1.0

WS
WS
WS
WS
WS
WS
WS
WS

ax
ax
ax
ax
ax
ax
ax

ax

WS
WS
WS
WS
WS
WS
WS
WS
WS
WS

ax

ax

ax

ax

ax

ax

ax

ax

ax

ax




7.4.) Stiffener: Design

Constant loads on stiffener acc. to "Beulringberechnung nach VdTUV"

Acc to. BuBhaus "Die Standsicherheit von Flachbodentanks" the tank bottom and the tank roof
is regarded as stiffner.

Evaluation of radial loads over the buckling field height:

=» BU

N
BU,5q = 2000 - .
m constant over height

= \Wwu

N
WU, 5q = 506.25 —
2 .
m constant over height

buckling field 1:
=% W rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
qu) =1 Tab .2 DIN 18800 T4
Diank =20.3m

Igp = 6.6 height of buckling field

weighted wall thickness in buckling field 1

tm.BF = 9m

Dtank Dtank
2 2
84=046-/1+0.1-|Cdy-
o t
BF m.BF
@:: min(81 , 1)
6 =0.791
Wp_BF=19"90

N
Wp_gF = 1000.576 —
m




Load combination for buckling field 1:

P_BF{:=1.35-0.9 - BUygq+1.0- 1.5

P_BFp:=1.35- 0.9 BU;yq+05-1.5-
P_BF3:= 0.00-0.0- BU;pq+ 1.0 1.5
P_BF4:=0.00-0.0- BU;zq+0.5-1.5-
P_BF5:=1.35-0.9  BU;pq+ 1.0 1.5
P_BFg:=1.35-1.0- BU;pq+ 0.5 1.5
P_BF7:=1.35-1.0- BU;pq+ 1.0 1.5

P _BFg:= 1.35-1.0- BUqq + 0.5- 1.5

0.9Wp gg+0.0-
0.9Wp gg+0.0-
0.9Wp gg+ 1.0-
0.9Wp pg+05-
0.9Wp g+ 0.0-
0.9Wp g+ 0.0-
1.0Wp ge+0.0-

0.0-

0.0-

1.5

1.5

0.0-

0.0-

0.0-

0.0-

0.0-

0.0-

0.9-

0.9-

0.0-

0.0-

0.0-

0.0-

WUrad

WUrad

W Urad

W Urad

W Urad

W Urad

W Urad

W Urad

P_BFg:=1.35-1.0- BUgaq + 0.0 0.0- 0.0Wp gg+0.0-0.0-0.0- WUpqq

P_BFy0:= 0.00- 0.0 BUpaq+ 1.0 1.5- 1.0Wp g+ 1.0- 1.5 1.0- WUyyq

P_BFyq:=0.00- 0.0 BUyaq+0.5-1.5- 1.0Wp ge+0.5-1.5-1.0- WU

P_BFi2:=1.35-1.0- BUgzq+ 0.0-0.0- 0.0Wp ge+0.0-0.0-0.0- WU

P_BFk =

3781
3105
2034
1017
3781

N
2
m

4201

3375 PU_1 := max(P_BF)

2700

N
3450 Py_1 =4200.864—

m

2260
1130
2700

rad

rad




Stiffener 1 acc. to VdTUV:

khoosen profile : U120 or bigget

kN
gu120 = 0.134F

MB_analytic = 7-592

material of stiffener

4 2
Jgtif == 364cm Agtif = 17cm
iy = i thickness of shell segment attached to stiffener
fgE minimal distance to next stiffener
I:>tank
m 413 0.606 Drank [ 3 tm
B_analytic'= | * 2" -oUo - :
- y Ptank Jstif
rounded up
Dtank
n .
2
Sy = ———— Sk = 3.986m
MB pract
Proof of Stability:
Dtank IBF
Astif
)\,k = Sk J_ }\'k =86.139
stif
f = 355—— |[E:= 210000 N
y_k= = —
mm mm
Ao =T E
van— e —
fy_k Lg=76.409
= 1.1| partial saftey factor

KK




case 1

7\.k<}\.a

case 2

A.a < }\'k
[ ™=
Assumed to be the worst case, all stiffeners are done as U120 or bigger.

Total weigth of stiffeners:
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8.) Bottom Plates
8.1.) Bottom Middle Plates

9.1.1.) Plate Thickness

Support under whole bottom plate area

minimal thickness acc. to EN14015: |

{Bottom = /M

[6mr]

The bottom middle plates has minimal thickness of 7 mm and are overlapping.

9.1.2.) Overlap acc. to EN14015, 8.2: Fig.3

Omiddle > © tBottom

°middle > 35mm

8.2.) Minimal filling to avoid uplift of the bottom plates

operating underpressure

BY=py
dead load of bottom plates:
u=981 Dtank =20-3m
2
s

2 T

EBoden = Dtank 'ZtBottom'
. EBoden
A Ea———
Dtank Z

BU =2000—

Yst'U  Epoden= 174.469kN

N
Eg =539.06—
m

resulting uplift due to operating underpressure with safty factor of 1.5:

N
BU - 1.5:3000—2
m

minimal filling height:

1000kg
PBitumen = 3
m
BU-1.5
Pmin = ———————
PBitumen " Y

k 750 mm

minimal filling height acc. to specification |

hmin = 305.81 mn]




8.3.) Annular Ring Plates acc. to EN14015 Chapter 8:

8.3.1.) Thickness

ty =13mm t.1: wall thickness of round 1
€4
€2 = 3Mm + ? €50 = 7.333mm
Raw= max(ea1 ’ea2) condition acc. to 8.3.1.
€5=7.333m
choosen thickness: tAR:= 10m including tolerance and corrosion: choosen thickness
- is higher than calculated to avoid anchorage

8.3.2.) Minimal width of annular ring acc. to EN14015 Fig. 3:

distance between tank shell and bottom middle plates:

240
lj{=———=-e,-m l,1 =440mm
al a ail
\ Mtank - M
lgo = 500mm
lg eq = 650mm check with chapter "earthquake"!!

|'a = max(la1 a2 'a.eq)'

distance between outside tank shell and outer edge of bottom border plate:

50mm < Id <100mm acc. to EN14015, 8.3.3.




8.4.) Welding

weld between overlapping bottom plates

aw.middle = 4mm acc. to VdTUV 6.3.4.6

distance between welds in lowest round and annular plate rings (8.3.4.):

dy =210ty
10-t4 =130 mm

overlap annular/middle plate (8.4.1.):

IW > 60mm

radial welds between annular ring plate (8.4.4.):

The welds must be executed as welded trough butt welds.

weld between first round and annular ring (8.4.5.):

ty =13mm > tpg=10mm Tab. 14 is not valid in this case!

aw.corner == min(tAR,9.5mm) . .
Fillet weld with a.w.corner on both sides of tank wall!

aw.corner = 9-2Mm
sketch:
1 \Z
% 1: lowest round
/ 2: annular plate
3 / 3: bottom middle plates
% ? 4: underlay (not in this case)
/ i |
b { NNYNNNN
A A
[w - [a - 81 - Id -




9.) Earthquake

Acc. to EN 14015:

9.1.) Loads
diameter in [m]
=l height in [m]
e ;= 0.2 vertical acceleration ratio acc. to specification
m .
g= 9_,307_2 standard earth gravity
s
= = 1.961_
=29 an=1.96 ) vertical acceleration
s
G1 =€ G1 =0.2
D =1.27
Hy Ks =057 4cc. Fig. G3
1
Tg=18-Kg- D2 T 462 Eigenperiode of motivated oscillation of the
s— fluid in [s]
j=1.2 amplification factor acc. to Tab G.1 and specification
5.625- Gy j
Gop = — Gl.3;Ts>45 Gl. 2
Ts




Gistif
g- kg
T, = 107326.705

T :=Tt+

=

T =4812810.553

D
— =1.362

Hy

T, '
— = 0.695
Tr

— = 0.31

T4 =3344903.335

T,:= Tt 0.31

To=1491971.272

weight of tank shell [kg] incl. stiffener

height of tank shell [m]

weight of roof + snow/others [kg]

maximal filling height [m]: this
height must be guaranteed!!

density of filling [kg/m"3]

weight of filling [kg]

Fig. G1

Fig. G1

effective mass moving in tank [kg]

effective fluid mass moving in tank [kg]




— :=0.375 .
Fig. G2

Ht 19

X5 '

— = 0.68 Fig. G2

Hr

X1 = Hy-0.375 height of tank shell to center of gravity of seismic
horizontal force T.1

X4 =5.588

Xo = Hy - 0.68 height of tank shell to center of gravity of seismic

horizontal force T.2

v height of lower tank edge to center of gravity of
s Y whole tank [m]

G1~(Tt-XS+Tr-HL+T1 -X1)+G2~T2-X2
Miank = 102

M =49457.416 tilitng moment at lower tank edge
tank .
in [kNm]

i - Gy (Ty+Tp+Ty)+Go- To
EH.tank -~ 102

FEH.tank = 7803.448 seismic horizontal force [kN]




9.2.) Restistance against tilting

filling

2
mm

Reb = fy_k_P265GH_T200°"

S
AARS= i
mm
W| = 0.1 AtARA\/m
W/ =55.268

W\ may = 0.2: Wg - Hp-D

yield stress of bottom border plate in [N/mm?*2]
max density of filling

thickness of annular ring plate in [mm]; in this
case without corrosion, because the ring plate

has no contact to the filling

max. acting force of filling
against tilting in kN/m

W| may = 60.494

W| =55.268 |T<3  |W|_pay = 60.494 broof fulfilled

minimal annnular ring plate width:

Wi

0.1744 . =0.647
W

s Hr




9.3.) pressure load shell

tank without ancors:
Mignk = 49457.416

Wi cal = WL

Ti+ T,=163581.277

(Ty+Ty)-9.81

Wy = ————— W, =1604.732
1000

U=D-= U=63.774
NW

Wi
m:= U Wt = 25163

M

tank
=1.492

D°. (WL.caI i Wt)

Wy tank = 3.85- (wt + WL) - W

Wi tank = 254.389

allowable pressure force in tank shell:

t1—02
the =
bs mm
Wy - Hy- D?

— 42.64

ths
F..=33 tbs 75. [W.-H
a= e T T s T
F, = 48.458

2
mm

Res = fy_k_P265GH_T200°" —

=21.199 <]

reduced value if the annular ring is smaller than calculated above

total weight of tank and roof in [kg]

total weight force in [kN]

girth [m]

[kN/m]

b 0.785 but <1.5: W.b from Fig. G.4 |

[kN/m]

thickness of lowest round [mm]

k44 -->eq.G.8 |

allowable axial pressure in tank shell [N/mm*2]

yield stress of lowest round [N/mm”2]

W
_IDfETI Fq=48.458 fulfiled

lbs

F,=48.458 =3 |0.5 - Rgg = 102.5 | - roof Tuilfiied




10.) Anchorage acc. to EN14015; Chap. 12

load combination a - inner overpressure
2

D”-=n
overpressure = “Pa overpressure = 628.319kN
dead load
roof EGDach.cor = EGDach -0.8
9.24
shell EGMantel.cor = 1680kN - m EGMantel.cor = 1515.938kN
rest filling:

ach.cor antel.cor _ 3.115 > 1 [no anchorage necessary |

overpressure

load combination b - inner overpressure, wind and minimal filling height

Windgog = WS WS, ¢ = 245.775kN

ax1

Windytoment = MW ax MW, ¢ = 558.372kN

EGMantel.cor * EGDach.cor + EGFall

=3.62 .>1
overpressure + WindSOg + Wind\joment ho anchorage necessary|
load combination ¢ - wind
EGMantel.cor * EGDach.cor
: _ =2434 . >1 ho anchorage necessary|
Wlndsog + W'”dMoment
load combination d - earthquake
2
M -m
tank
- an =154 =15
D (WL.caI + Wt)
and ho anchorage necessary|
W
b.tank -
— =21.199 <. Fa 48.458

ths




11.) Foundation Loads

11.1.) Distributed Load under Tank

theoratical volume
practical volume
filling

max. density

htank = 16m

Frallung = Vreal " ¥

PBoden.tank = ¥ Ntank

10% addition

RBadentank = PBoden.tank  1-1

5000m°
\'

Bitumen
=10 ﬂ
3

m

P
real = Ptank 2

Peank Vreal = 5178.476m°

FEllung = 51784.757kN

PBoden.tank =

kN
160 —
2

m

kN

PBoden.tank = 176 )

m




11.2.) Dirstributed Load under Tank Shell

operating underpressure py = 2000 N
m2
Pu= Py Atank
dead |Oad GTank-I = 1536343 kN
Gstit= 7 9U120  Ytank
Cres = Gstif + GTank.1 + Fheating
Gieg = 1696.163kN
WIND:

wind horizontal load Fyy.1 =323.034kN

max. wind moment M =2833.737kN - m

w_max

resulting axial force MWax1 = 558.372kN
wind suction: WS, y1 =245.775kN
EARTHQUAKE:
earthquake horizontal load KEkdank:= FEH.tank - TKN
tilting moment at lower edge M/tankw:: Mignk - TkN-m
max. pressure load on shell W =W KN

. ~wbvank ™ b tank

FE==Wptank D7

resulting EGtank = GStif + FE + PU
UG _ EGtank
tank = " p
filling FEgillung = 51784.757kN

P, =647.309kN

GStif =59.82kN

FEH tank = 7803.448kN

Mignk = 49457.416kN - m

kN
W tank = 254.389 —

Fg =15983.716kN

EGiank = 16690.845kN

kN
UGk = 265.643—




DISTRIBUTED LOADS:

distribution area:

width t41 =13mm

tAR' mm=10mm

Btank = S'StAR -mm + t1

distributed load (incl. 10%

add.) out of dead load:

distributed load (incl. 10%

add.) out of filling:

resulting distributed load under tank shell:

UGItank
-1.1

PEG.tank = B

tank

N
PEG.tank = 6-088 >
mm

N
PEill = 0.1 76—2

mm

Pshell_res = PEG.tank * PFill

Pshell_res = 6-264 >

PFill = PBoden.tank

mm
11.3.) Results
Wind suction force 245|kN
resulting wind moment 2850|kNm
resulting wind hor. Force 325|kN
resulting earthquake moment 49500|kNm
resulting earthquake hor. Force 7810|kN
max. ver. force (dead + live loads; no snow) 51960|kN
min. ver. force (dead load) 1700(kN
[max. distr. Load bottom middle 0,18]N/mm”2
[annular ring 6,5|N/mm”"2

Btank =48mm




12.) Summary

Element Part Dimensions | Thickness Material Grade
crown ring 284x600 18 S235J2G3 B
plates 8 S355J2G3 B
- corner ring 450 20 S235J2G3 B
cross bracing | L150x75x9 S355J2G3
polygone rings| L150x75x9 S355J2G3
rafters IPE300 S355J2G3
round 7 2000x6000 8 P265GH B
round 6 2200x6000 8 P265GH B
round 5 2200x6000 8 P265GH B
round 4 2400x6000 8 P265GH B
shel round 3 2400x6000 9 P265GH B
round 2 2400x6000 11 P265GH B
round 1 2400x6000 13 P265GH B
stiffener U120 S235J2G3
bottomn annular ring 650 10 P265GH B
middle plates 7 S235J2G3




APPENDIX A: Software Print Outs




customer...... OMV Petrom drawing....... BF
LEVEEOT . s emeim i Panenka oYdet . ..omsaimen Refinery Arpechim
revision...... order number.. 5.7684
prod.number. . . commission. ...
input data
design data and load collection:
axial force P = 4153.00 kN
safety coefficient (axial load) yF,P = 1.01 -
external pressure (area load) q = 42.8 mbar
safety coefficient (external pressure) yF,gq = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vF,w = 1,35 =
temperature T = 200 oc
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 10150.0 mm
number of rounds = 2 rounds
length of 1st round Ik = 2300.0 mm
length of 2nd round 12 = 2400.0 mm
wall thickness of 1st round £l = 11.0 mm
wall thickness of 2nd round 2 = 13..0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0425
semi product = plate
mill undertolerance el = 0.5 mm
corrosion allowance oz = 1.0 mim
stress value fy = 195.0  N/mm?
elastic modulus E 194000 N/ mm?2




customer...... OMV Petrom
FEVIBOT - ouweas Panenka
revision......
prod.number. . .

regsults

declaration to the abbrevations

x  index for axial direction £

ox axlial stress of

] reduction factor ol
yvF safety coefficient loading yM
£8 related grade of slenderness long
sh short cylinder class mdl

OFAEE « woi wirme e
order number.. 5.7684
commission. ...

index for circumf. direction

circumferential stress
ideal buckling stress
safety coefficient material
long cylinder class
midlong cylinder class

cylindrical shells with modified wall thickness

Refinery Arpechim

|
|manufacturing inaccuracies
L

| T 1
round 1|round 2|element |

T |

| |
: f . |
|measure length (longit.) lmx | mm | 1336. | 1453. | (302) |
|all. longit. buckle depth Evx | mm | 13.4 | 14.5 | (302) |
|measure length (circumf.) Imf | mm | 2000. | 2000. | (302) |
|all. circumf. buckle depth tvEf [em | 20.0 | 20.0 | (302) |
|allowed eccentricity e | mm | 1.0 | 1.0 |304/T.4]
|pseudo wall thickness teff | mm | 9.5 | 11.5 | ap-so |
L 1 l | L ]
I T T T 1
|geometry of 3-round pseudo cylinder I | | remark |
! : % | |
|pseudo round length top lo | mm | 2350.0 | element (s09) |
|pseudo round length mid im | mm | 1175.0 | element (so9) |
|pseudo round length down 1u | om | 1175.0 | clement (s09) |
|pseudo wall thickness top to | mm | 9.54 | element (509) |
|pseudo wall thickness mid tm | mm | 11.50 | clement (509) |
|pseudo wall thickness down tu | mm | 11.50 | element (s09) |
|parameter for figure 20 Fofl i == | 0.50 | fig. 20 |
|parameter for figure 20 tm/to | -- | 1.21 | rig. 20 [
|parameter for figure 20 tu/to | -- | 1.21 | fig. 20 |
|coefficient for pseudo cylinder B -- ] 0.53 | fig. 20 |
L i 1 1 |
| T T T 1
|results for pseudo wind load | | | remark |
i : } | .
| summation of pseudo wind loads qgwind | mbar | 0.0 | accord. (424) |
gG | mbar | 43.2 | with yF |
L 1 |

| superposition with external pressure
L

1




customer...... OMV Petrom AEARING woneme

revisor....... Panenka OEAEE.: « vsise Refinery Arpechim
revision...... order number.. 5.7684

prod.number. . . commission. ...

f T T T —
|axial load [ | round 1|round 2|element |
I = ! . : :
| report necessary ? | = ] ves | ves |4.2/5.3|
| report possible ? | < | yes | yes | |
|cylinder class | = |sh/mdl |sh/mdl |a.2/5.3]
|coefficient Cx T ] = | 1.0 | 1.0 |a.2/5.3]
|id. buckling stress 0xSi | w/ome | 110.6 | 134.0 [a.2/5.3]
|rel. slenderness £Sx | - | 1.3 | L2 | e ||
| reduction factor @2x | - | 0.1 | 0.2 | eq.8 |
| reduc. reduction factor &x | - | 0.1 | 0.2 | (305) |
|real buckling stress 0xSRk | w/mm> | 25.0 | 33.3 | eqa |
|safety coefficient yMx | - | i | 1.3 | eq.13 |
|limit for buckling stress 0xSRA | w/mm: | 19.0 | 25.8 | eq.9 |
|max. membrane stress ox | n/mme | 6.9 | 5.7 |with yF|
|ratio ox/od | - | 0.365 | 0.222 | eq.14 |
| 1 I 1 1 I
[ T T T T 1
| circumferential load I | round 1|r0und 2|element |
} : I . { |
| report necessary ? | yves | ves |4.2/5.3|
| report possible ? ] ies yes | vyes | |
|pseudo class for 3-round cyl. = |sh/mdl |sh/mdl |a.2/5.3]
|id. pseudo buckling stress gfSiE | w/mm: 11.7 | 9.7 | 5.3.2 |
|max. ideal buckl. stress gfS1i | w/mm: 11.7 | 9.7 |a.2/5.3]
| related slenderness £Sf | -- 4.08 | 4.49 | eq.z |
| reduction factor &f | -- 0.04 | 0.03 | eq.7/8]
| reduced reduction factor BF (] | 0.04 | 0.03 | (305 |
|real buckling stress 0£SRk | n/mms | 7.6 | 6.3 | eq.s |
| safety coefficient yME | - | 1.4 | 1.1 | eq.12/]|
|limit for buckling stress 0fSRA | n/mm: | 6.9 | 5.7 | eq.10 |
|[max. membrane stress of | - | 4.6 | 3.8 |with yF|
|ratio gf/od | -- | 0.667 | 0.667 | eq.15 |
| I | L I —
| T T — 1
| combined loads | round 1|round 2|element|
| s F + |

| ratio
l

| 0.886 | 0.754 | eq.50 |
I | 1 ]




drawing....... BF 2

cdustomer. .. ... OMV Petrom
revisor....... Panenka OFBEY L v v v Refinery Arpechim
revigion. ... .. order numbexr.. 5.7684
prod.number. . . commission. ...
input data
design data and load collection:
axial force P = 3502.00 kN
safety coefficient (axial load) vF,P = 1.01 ==
external pressure (area load) g = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1.35 =
temperature T = 200 o
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area ¥ = 10150.0 mm
number of rounds = 2 rounds
length of 1lst round 11. = 1800.0 mim
length of 2nd round 12 = 100.0 mm
wall thickness of 1lst round tl = 9.0 mm
wall thickness of 2nd round t2 = 1.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0425
semi product = plate
mill undertolerance el = 0.5 mm
corrosion allowance cZ = 1.0 mm
stress value fy = 195.0  N/mm?
elastic modulus E = 194000 N/mm2




customer...... OMV Petrom
BEVIEOE s v oim Panenka
revision......

prod.number. . .

results

declaration to the abbrevations

3 index for axial direction £

0x axial stress of

® reduction factor oi
vF safety coefficient loading vM
£S related grade of slenderness long
sh short cylinder class mdl

QEAET, o0 s s s Refinery Arpechim
order number.. 5.7684
commission....

index for circumf. direction

circumferential stress
ideal buckling stress
safety coefficient material
long cylinder class
midlong cylinder class

cylindrical shells with modified wall thickness

I
|manufacturing inaccuracies

] I T 1
| round 1|round 2|eiement]|

T

|
I i : } !
|measure length (longit.) lmx | mm 1209. | 1336. | (302) |
|211l. longit. buckle depth tvx |mem | 12.1 | 13.4 | (302) |
|measure length (circumf.) Imf | mm 1696. | 420.4 | (302) |
|all. circumf. buckle depth tvE | mm 17.0 | 4.2 | (302) |
|allowed eccentricity e | mm 1.0 | 1.0 [30a/7.4|
|pseudo wall thickness teff | mm 7.5 | 9.5 | ap-Bo |
L 1 1 | L |
[ T T T 1
[geametry of 3-round pseudo cylinder | | | remark |
b : — |
|pseudo round length top lo | mm |  950.0 | element (509) |
pseudo round length mid lm | mm | 475.0 | element (509) |
pseudo round length down Iu | mm |  475.0 | element (s09) |
pseudo wall thickness top to | mm | 7.50 | element (s08) |
pseudo wall thickness mid tm | mm | 7.50 | element (s08) |
pseudo wall thickness down tu | mm | 7.92 | element (509) |
parameter for figure 20 Lofll g 2= | 0.50 | fig. 20 |
parameter for figure 20 tm/to | -- | 1.00 | Eig. 20 |
|parametexr for figure 20 tu/to | -- | 1.06 | fig. 20 [
|coefficient for pseudo cylinder B | -- | 0.51 | fig. 20 |
L | | I I
| T — 1 T 1
| results for pseudo wind load | | | remark |
| } |
| summation of pseudo wind loads gwind | mbar | 0.0 | accord. (424) |
gG | mbar | 46.4 | with yF |
1 ]

| superposition with external pressure
|




OMV Petrom

cugtomer. .....
revisor....... Panenka Order. . i s i Refinery Arpechim
revision...... order number.. 5.7684
prod.number. . . commission....
|axial load | | round 1|round 2|element|
F : I I : |
| report necessary ? | | ves | yes [4.2/5.3]
|report possible ? | - ves | yes | |
|cylinder class | & sh/mdl |sh/mdl |4.2/5.3]
|coefficient Cx cx | 1.0 | 1.0 |4.2/5.3]
|id. buckling stress 0xSi | w/mm: 89.5 | 114.3 |a.2/5.3|
|rel. slenderness £8x% | -- | 1.5 | 1.3 | eq.1 |
| reduction factor &x | 0.1 | 0.1 | eq.8 |
| reduc. reduction factor &x | 0.1 | 0.1 | (305} |
|real buckling stress oxSRk | w/mm | 18.2 | 26.2 | eg.a |
| safety coefficient yMx | | 1.3 | L3 | ez
|limit for buckling stress 0%xSRd | w/mm: | 13.5 | 20.0 | eq.9 |
|max. membrane stress ox | n/mm | 7.4 | 5.8 |with yF|
|ratio ox/od | - | 0.547 | 0.292 | eq.1a |
L ; I | . |
I T T I T 1
| eircumferential load | | round 1|round 2|element|
: 1
report necessary ? | = |  ves | yes l|a.2/5.3]
report possible ? j = |  ves | ves | |
pseudo class for 3-round cyl. | |sh/mdl |sh/mdl |a.2/5.3]
id. pseudo buckling stress 0fSiE | n/mm* | 19.4 | 15.3 | s.3.2
[max. ideal buckl. stress ofSi | w/mm: | 19.4 | 15.3 |a.2/5.3]
related slenderness £Sf | - | 3.17 | 3.57 | eq.2 |
reduction factor 2f | - | 0.06 | 0.05 | eq.7/8]
reduced reduction factor 2f | - | 0.06 | 0.05 | (30s) |
real buckling stress 0fSRk | w/mm: | 12.6 | 10.0 | eq.s |
safety coefficient yME | - | Ll | 1.1 | eq.12/|
limit for buckling stress 0fSRA | n/mm* | 11.5 | 9.1 | eq.10 |
|max. membrane stress of | | 6.3 | 5.0 |with yP|
| ratio of/od | -~ | 0.548 | 0.548 | eq.15 |
[ I I )
. T |
combined loads | | round 1|round 2|eiement|
] i T

M
I
|
I
|ratio
L

S |

| 0.943 | eq.s0 |

|
| 0.686
| | E——




customer...... OMV Petrom drawing....... 273
FeVigori: v. voun Panenka Order. .. ciuwas Refinery Arpechim
FEVASAOH wmunim order number.. 5.7684
prod.number. . . commission.. ..

input data

design data and load collection:
axial force pi= 3300.16 kN
safety coefficient (axial load) yF,P = 1.01 -
external pressure (area load) gis 46.0 mbar
safety coefficient (external pressure) yF,q = L.t =
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1:835 «
temperature T = 200 oc
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 10150.0 mm
number of rounds = 2 rounds
length of 1st round 11 = 500.0 mm
length of 2nd round 12 = 600.0 mm
wall thickness of 1st round ol 8.0 mm

- wall thickness of 2nd round £Z = 9.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0425
semi product = plate
mill undertolerance gl = 0.5 mm
corrosion allowance e2 = 1.0 mim
stress value £y = 195.0 N/mm?
elastic modulus E = 194000 N/mm?2




customer...... OMV Petrom
revisor....... Panenka
revision......

prod.number. . .

results

declaration to the abbrevations

% index for axial direction £
ox axial stress of
@ reduction factor ol
vF safety coefficient loading vM
£8 related grade of slenderness long
sh short cylinder class mdl

order number.. 5.7684

commission. ...

index for circumf. direction
circumferential stress

ideal buckling stress

safety coefficient material
long cylinder class

midlong cylinder class

cylindrical shells with modified wall thickness

Refinery Arpechim

| 1 P | I T 1
|manufacturing inaccuracies | | round 1|round 2|element|
I +—— { :
|measure length (longit.) lmx | mm | 1139. | 1209. | (302) |
[all. longit. buckle depth EVX | mm | 11.4 12.1 | (z02) |
|measure length (circumf.) 1mf | o | 868.2 979.5 | (302) |
|all. circumf. buckle depth tvE || 8.7 9.8 | (302) |
|allowed eccentricity e | mm | 0.5 0.5 |304/T.4]
|pseudo wall thickness teff | mm | 6.5 | 7.5 | ap-Bo |
L I | 1 1 I
I T I T 1
|geometry of 3-round pseudo cylinder | | | remark |
I : I : :
|p5eudo round length top lo | mm | 550.0 | element (509) |
|pseudo round length mid Im | mm | 275.0 | element (s09)

|pseudo round length down 1u | am | 275.0 | element (509) |
|pseudo wall thickness top to | mm [ 6.59 | element (509) |
|pseudo wall thickness mid tm | mm [ 7.50 | element (509) |
|pseudo wall thickness down £t | mm [ 7.50 | element (509) |
|parameter for figure 20 lo/1 | -- | 0.50 | fig. 20 |
|parameter for figure 20 tm/to | -- | 1.14 | fig. 20 |
|parameter for figure 20 tu/to | -- | 1.14 | fig. 20 |
|coefficient for pseudo cylinder £ -- | 0.52 | rig. 20 |
| L | 1 j
[ L — T 1
|results for pseudo wind load I | | remark |
|‘ : I r |
| summation of pseudo wind loads gwind | mbar | 0.0 | accord. (42a) |
| superposition with external pressure G | mbar | 46.4 | with yF |
| L I L I




customer...... OMV Petrom drawing.......
revisor....... Panenka orderi. . s Refinery Arpechim
YevISion. ... .. order number.. 5.7684
prod.number. . . commission....
I T I | T 1
|axial load | | round 1|round 2|element|
i = I ! = 1
| report necessary ? | | ves | ves |4.2/5.3]
| report possible ? | - ves | ves | |
|cylinder class I 5 sh/mdl |sh/mdl [4.2/5.3]
coefficient Cx Gl [ == | 1.1 | 1.1 Ja.2/5.3|
id. buckling stress oxSi | N/mmr | BL.3 | 94.9 |4.2/5.3|
rel. slenderness £8%: | <= 1.6 | 1.4 | eq.1 |
reduction factor &x | -- 0.1 | 0.1 | eq.8 |
reduc. reduction factor &X | -- | 0.1 | 0.1 | (308 |
real buckling stress 0xSRK | w/mms | 16.3 | 19.9 | eg.a |
safety coefficient yMx | -- 1.4 | 1.3 | eq.13 |
limit for buckling stress oxSRdA | N/mm? 12.0 | 14.9 | eq.o |
|max. membrane stress 0% | /mm> | 8.0 | 7.0 |with yP|
|ratio ox/od | - | 0.670 | 0.470 | eq.24 |
L | 1 1 L |
T . T
| circumferential load | | round 1|r0und 2hlmmnﬂ
} = ! | : r
| report necessary ? | - [ ves | yes |4.2/5.3|
| report possible ? | - | ves | ves | |
|pseudo class for 3-round cyl. [ |sh/mdl |sh/mdl |a.2/5.3]
|id. pseudo buckling stress cfSiE | w/mm: | 28.6 | 24.7 | s.3.2 |
|max. ideal buckl. stress ofSi | w/mm: | 28.6 | 24.7 |a.2/5.3|
|related slenderness £8F | - | 2.61 | 2.81 | eq.2 |
| reduction factor af | - | 0.10 | 0.08 | eq.7/8]
| reduced reduction factor af 1] = | ©0.120 | 0.08 | (o) |
|real buckling stress 0fSRk | w/mm* | 18.6 | 16.1 | eq.s |
|safety coefficient yME | - | 1.1 | 1.1 | eq.12/|
|limit for buckling stress 0fSRA | w/mm: | 16.9 | 14.6 | eq.10 |
[max. membrane stress of | - | T3 ] 6.3 |with yF
|ratio of/od | | 0.960 | 0.740 | eq.15 |
| | 1

L

|
| combined loads
A2

|
|ratio
A

I
I
g
| 0.943
o B

I
| 0.686
|

|
I

round 1|round 2|element |

|
1
eq.s50 |
|




customer...... OMV Petrom AEAWLING s v i o
reViBOE: v ws us Panenka Orderi. e is o s Refinery Arpechim
revision...... order number.. 5.7684
prod.number... BF4 commission....
input data
design data and load collection:
axial force P = 3185.00 kN
safety coefficient (axial load) yF,P = 1.01 -
external pressure (area load) q = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vE,w = 1.35 -
temperature T = 200 RE
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 10150.0 mmn
number of rounds = no rounds
total length of cylinder 1l = 1400.0 mm
wall thickness £ = 8.0 mm
border conditions > transl. fixed - transl. fixed
material data:
material number = 1.0425
semi product = plate
mill undertolerance gl = 0.5 mm
corrosion allowance o = 1.0 mm
stress value £y = 195.0 N /ram 2
elastic modulus E = 194000 N/mm?
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customer...... OMV Petrom
revisor....... Panenka
revigion......

prod.number... BF4

results

declaration to the abbrevations

x index for axial direction

0x axial stress

2 reduction factor

vF safety coefficient loading
£S related grade of slenderness
sh short cylinder class

of
oi
vM
long
mdl

QEAET . e wommmes Refinery Arpechim
order number.. 5.7684
commission. ...

index for circumf. direction
circumferential stress

ideal buckling stress

safety coefficient material
long cylinder class

midlong cylinder class

cylindrical shells with not modified wall thickness

!

T I 1
|manufacturing inaccuracies | | |element |
| I | | |
I T ] T 1
|measure length (longit.) Imx | mm | 1139. | (302 |
|all. longit. buckle depth tvx | wm | 11.4 | (302) |
|measure length (circumf.) ImE | om | 1452. | (302) |
|all. circumf. buckle depth tvf |am | 14.5 | (302) |
|pseudo wall thickness teff | mm | 6.5 | ap-mo |
L L I | 1
| T T T 1
| results for pseudo wind load | | | remark |
| I | | |
I T T T 1
| summation of pseudo wind loads gwind | mbar | 0.0 | accord. (424) |

gG | moar | 46.4 | with yF |

L A S I

| superposition with external pressure
L

L

11




customer...... OMV Petrom drawing.......
revisor....... Panenka order......... Refinery Arpechim
revision...... order number.. 5.7684
prod.number... BF4 commission. ...
I T T T 1
|axial load | | |element |
I : I : .'
| report necessary ? I = yes |4.2/5.3/6.2/7.2 |
| report possible ? i == yes | |
|eylinder class = sh/mdl |a.2/5.3/6.2/7.2 |
|coefficient Cx Cx | == 1.1  |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | w/mm: 79.0 |4.2/5.3/6.2 |
|rel. slenderness £8x | -- 1.6 | eg.1 |
| reduction factor BEX [ 0.1 | eq.s [
|[reduc. reduction factor &x | -- 0.1 | (305) |
|real buckling stress 0xSRk | N/mm 15.8 | eq.a |
| safety coefficient yMx | - | 1.4 | eq.13 I
|limit for buckling stress 0xSRd | w/mm: | 11.6 | eq.s |
|max. membrane stress 0x | N/mms | 7.8  |with yF |
|ratio ox/od | - | 0.670 | eq.14 [
L L A L |
[ T T T 1
| circumferential load | | |element |
i f i : |
| report necessary ? | -- | vyes |a.2/5.3/6.2/7.2 |
| report possible 2 | == | yes | |
|pseudo class for 3-round cyl. [ |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient CE ) == [ 1.3 |4.2/5.3/6.2/7.2 |
[max. ideal buckl. stress ofSi | w/mme | 27.3  Ja.2/5.3/6.2/7.2 |
|related slenderness £8E | -- | 2.67 | eq.2 I
| reduction factor af | -- | 0.09 | eq.7/8 I
| reduced reduction factor ef | - | 0.09 | (305 |
| real buckling stress 0fSRk | w/mm: | 17.8 | ea.s |
Isafety coefficient yME | - | 1.0 | eqg:az/13 |
|limit for buckling stress 0fSRA | n/mm: | 16.2 | eq.10 |
|max. membrane stress ors i QI | 7.3 |with yF |
|ratio cf/ad | -- | 0.449 | eq.15 [
L i L 1 I
I T T T 1
|c0mbined loads | | | element |
l | i 1 4
| ratio | | 0.974 | eq.s0 |
.8 | ]
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customer...... OMV Petrom drawing....... BF5S
YEVi=oX i iaian Panenka ordeXwis et wed Refinery Arpechim
revigion. . . order number.. 5.7684
prod.number. .. commission....
input data
design data and load collection:
axial force P = 3051.22 kN
safety coefficient (axial load) yF,P = 101 =
external pressure (area load) q-= 46.0 mbar
safety coefficient (external pressure) yF,q = 1.0 -
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1.35 =
temperature T = 200 e
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area ¥ = 10150.0 mm
number of rounds o no rounds
total length of cylinder 1l = 1400.0 mm
wall thickness £ = 8.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0425
semi product = plate
mill undertolerance ¢l = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value Eir = 195.0 N/mm?
elastic modulus E = 194000 N /mm 2
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customer...... OMV Petrom
revisor....... Panenka
revision......
prod.number. ..

results

declaration to the abbrevations

x index for axial direction f

ox axial stress of

® reduction factor oi
yF safety coefficient loading yM
£S related grade of slenderness long
sh short cylinder class mdl

order number..

commission....

BF5
Refinery Arpechim
5.7684

index for circumf. direction

circumferential stress

ideal buckling stress
safety coefficient material
long cylinder class

midlong cylinder class

cylindrical shells with not modified wall thickness

1
|manufacturing inaccuracies
I

|element

q|

. T
4 [
: I |
|measure length (longit.) Imx | mm | 1139. | (302)
|all. longit. buckle depth tvx | mm | 11.4 | (302)
|measure length (circumf.) Imf | mm | 1452. | (302)
|all. circumf. buckle depth tvE |mm | 14.5 | (302)
|pseudo wall thickness teff | mm | 6.5 | ap-BoO
{ L i
I T I T 1
| results for pseudo wind load | | | remark [
! : - : |
| summation of pseudo wind locads gwind | mbar | 0.0 | accora. (424) |
qG | mbar | 46 .4 | with yF |
L |

| superposition with external pressure
L
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customer...... OMV Petrom drawing....... BF5

FeVigoT i ws Panenka orderia v w s Refinery Arpechim

P8 ionve s s order number.. 5.7684

prod.number. . . commission. ...

| T T T 1
|axial load | | | element |
I + i + —
| report necessary ? | -- | yes |a.2/5.3/6.2/7.2 |
| report possible ? i = |  yes | |
cylinder class [ |sh/mdl |a.2/5.3/6.2/7.2 |
coefficient Cx Cx | -- [ 1.1  |4.2/5.3/6.2/7.2 |
id. buckling stress 0xSi | N/mm: | 79.0  |4.2/5.3/6.2 I
rel. slenderness £8x | - | 1.6 | eq.1 |
| reduction factor &x | | 0.1 | eq.8 I
| reduc. reduction factor X | -- | 0.1 | (305) |
real buckling stress 0xSRk | w/mm: | 15.8 | eq.s [
safety coefficient yMx | -- | 1.4 | eq.13 [
limit for buckling stress 0xSRA | w/mm: | 11.6 | eq.9 |
max. membrane stress 0X | N/mm | 7.4  |with yF |
|ratio ox/od | | 0.642 | eg.14 |
L | 1 L |
I T I T 1
| circumferential load | I |element I
I 1 i : |
|report necessary ? = | yes [4.2/5.3/6.2/7.2 |
| report possible ? | -- | yes | |
|pseudo class for 3-round cyl. iz |sh/mdl  |a.2/5.3/6.2/7.2 |
|coefficient 0. ] | 1.3 |a.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0fSi | w/mm: |  27.3 |4.2/5.3/6.2/7.2 |
|related slenderness £8f | -- 2.67 | eq.2 |
| reduction factor Bf s 0.09 | eq.7/8 [
| reduced reduction factor af == | 0.09 | (308 I
|real buckling stress ofSRk | w/mm: 17.8 | ea.s [
|safety coefficient yME | -- 1.1 | eq.12/13 I
[limit for buckling stress cfSRA | w/mm: | 16.2 | eq.10 |
|max. membrane stress of | == 7.3  |with yF

|ratio of/od | -- 0.449 | eq.15 |
SR I 1 | i

f
| combined loads
I

T
| element
|

I
| ratio
L

I
0.942 | eq.50
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customer ... i OMV Petrom drawing....... BF6
revisor....... Panenka ordet .. v vansin Refinery Arpechim
revision...... order number.. 5.7684
prod.number. .. commission. ...
input data
design data and load collection:
axial force P = 2930.00 kN
safety coefficient (axial load) yF,P = 1.00 -
external pressure (area load) a = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1,38 =
temperature T = 200 c
geometry and configuration data:
kind of shell = cylindexr
radius of shell mean area r = 10150.0 mm
number of rounds = no rounds
total length of cylinder 1 = 1500.0 mm
wall thickness t = 8.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0425
semi product = plate
mill undertolerance ¢l = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value £y = 185.0 N/mm?
elastic modulus E = 194000 N/mm?

16




customer. ..... OMV Petrom
revigor....... Panenka
revision......
prod.number. ..

results

declaration to the abbrevations

X index for axial direction f

ox axial stress of

] reduction factor oi
yF safety coefficient loading vM
£S5 related grade of slenderness long
sh short cylinder class mdl

cylindrical shells with not modified wall thickness

order number..

commission....

index for circumf.
circumferential stress

BF6
Refinery Arpechim
5.7684

direction

ideal buckling stress
safety coefficient material
long cylinder class

midlong cylinder class

|
|[manufacturing inaccuracies

| superposition with external pressure
L

T T 1

| | |element |

} | i I |
|measure length (longit.) Imx | om | 1139. | (302) |
|all. longit. buckle depth tvx | mm | 11.4 | (302) [
|measure length (circumf.) Imf | wm | 1503. | (302) |
|all. circumf. buckle depth tvE |mm | 15.0 | (302) |
|pseudo wall thickness teff | am | 6.5 | ap-BO |
| 1 L L |
[ T T T 1
|results for pseudo wind load | ] | remark |
'r : I : |
| summation of pseudo wind loads qwind | mbar | 0.0 | accord. (424) |
gG | wbar | 46.4 | with yF |

I 1 |

17




customer...... OMV Petrom drawing....... BF6
revisor....... Panenka ordericn an wasis Refinery Arpechim
revision...... order number.. 5.7684
prod.number. .. commission....
I T | T 1
|axial load | | |element |
t i | :
report necessary ? | -- yes |4.2/5.3/6.2/7.2 |
report possible ? [ -- yves | |
|eylinder class [ e sh/mdl |a.2/5.3/6.2/7.2 |
|coefficient Cx EX | == 1.0 |4.2/5.3/6.2/7.2 |
id. buckling stress oxSi | n/mm: |  78.5 |4.2/5.3/6.2 |
rel. slenderness £8x% | -- | 1.6 | eq.1 |
| reduction factor &x | - 0.1 | eq.s |
|reduc. reduction factor &x | -- 0.1 | (30%) [
|real buckling stress oxSRk | w/mm? 15.7 | eq.4 |
|safety coefficient yMx | -- 1.4 | eq.13 |
|limit for buckling stress 0x%SRA | w/mm: 11.5 | eq.9 |
|max. membrane stress OX | N/mm? 7.1 |with yF |
|ratio ox/od | -- | 0.621 | eq.24 |
1 L | L |
I T T T ]
| circumferential load | | |element [
I : I % |
|rep0rt necessary ? | - [ yes |4.2/5.3/6.2/7.2 |
| report possible ? JiE |  ves | [
[pseudo class for 3-round cyl. | - |sh/md1 la.2/5.3/6.2/7.2 |
|coefficient CF [ un | 1.3 |4.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0fSi | w/mm: | 25.0  |4.2/5.3/6.2/7.2 |
|related slenderness £SFf | - | 2.79 | eq.2 |
| reduction factor af | - | 0.08 | eq.7/8 |
|reduced reduction factor =2f | - | 0.08 | (30s) |
|real buckling stress cfSRk | n/mm | 16.2 | eq.s |
|safety coefficient yME | - [ 1.1 | eq.12/13 |
|limit for buckling stress ofSRA | n/mm: | 14.8 | eq.10 |
|rnax. membrane stress gf | - | 7.3  |with y¥ |
|ratio of/od | - | 0.491 | eq.1s |
L 1 | | i
[ T T T 1
| combined loads | | |element |
I : I : {
|ratio | 5= | 0.962 | eq.s0 I
| 1 | I
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customer...... OMV Petrom

drawing....... BF7
kol H=T o) P Panenka orderwn 7i 55 i Refinery Arpechim
revision...... order number.. 5.7684
prod.number. .. commission....
input data
design data and load collection:
axial force Pi= 2800.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.0 -
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1.358 =
temperature T = 200 °c
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area Y= 10150.0 mm
number of rounds = no rounds
total length of cylinder 1= 1500.0 mm
wall thickness £ = 8.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0425
semi product = plate
mill undertolerance gl = 0.5 mm
corrosion allowance az = 1.0 mm
stress value fy = 195.0 N/mm?
elastic modulus E = 194000 N/mm?

19




customer...... OMV Petrom
revisor....... Panenka
revision......

prod.number. ..

results

declaration to the abbrevations

*x index for axial direction £

ox axial stress of

@ reduction factor gi
yF safety coefficient loading yM
£S related grade of slenderness long
sh short cylinder class md1l

order number. .
commission. ...

BF7

Refinery Arpechim

5.7684

index for circumf. direction
circumferential stress

ideal buckling stress

safety coefficient material
long cylinder class
midlong cylinder class

cylindrical shells with not modified wall thickness

|
|manufacturing inaccuracies
|

| element

T |
| i
: i |
|measure length (longit.) Imx | mm | 1139. | (302)
|all. longit. buckle depth tvx | wm | 11.4 | (302)
|measure length (circumf.) Imf | mm | 1503. | (302)
|all. circumf. buckle depth tvE |mn | 15.0 | (302)
|pseudo wall thickness teff |mm | 6.5 | ap-Bo
L 1 | L
| T T T 1
|results for pseudo wind load | I |remark |
| —t |
| summation of pseudo wind loads gwind | mbar | 0.0 | accord. (424}
| superposition with external pressure gG | mbar | 46 .4 | with yF |
| ]

L

20




CUSEOMSR v v OMV Petrom drawing....... BF7
revisor....... Panenka (o7 (=5 AR, Refinery Arpechim
revision...... order number.. 5.7684
prod.number. . . commission. ...
| T T T 1
|axia1 load | |element |
I : : |
| report necessary ? | 3 yes |4.2/5.3/6.2/7.2 |
| report possible ? = | ves | |
|cylinder class [ == |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient Cx Qo || s 1.0 |a.2/5.3/6.2/7.2 |
|id. buckling stress oxS1i | N/mme 78.5 |4.2/5.3/6.2 [
|rel. slenderness £8x | -- | 1.6 | eq.1 |
| reduction factor & | -- | 0.1 | eq.s I
|reduc. reduction factor &X | -- 0.1 | (305) I
|real buckling stress 0xSRK | N/mm? 15.7 | eq.4 [
| safety coefficient yMx | - | 1.4 | eq.13 |
|limit for buckling stress 0xSRd | w/mm: | 11.5 | eq.o |
|max. membrane stress 0x | w/mm | 6.8 |with yF [
|ratio ox/od | - | 0.593 | eq.14 |
| 1 1 L i
I T T T 1
| eircumferential load I | |element I
i } I : |
| report necessary ? | - |  ves |a.z/5.3/6.2/7.2 |
| report possible ? ) = yes | |
|pseudo class for 3-round cyl. | - sh/mdl |a.2/5.3/6.2/7.2 |
|coefficient ct | -- | 1.3 Ja.2/5.3/6.2/7.2 |
|max. ideal buckl. stress g£S1i | n/mme 25.0 Ja.2/5.3/6.2/7.2 |
|related slenderness £SE | -- 2.79 | eq.2 |
| reduction factor af | -- 0.08 | eq.7/8 |
| reduced reduction factor 2f | - 0.08 | (305) |
|real buckling stress 0fSRk | n/mm: | 16.2 | eq.s I
|safety coefficient yME | - | 1.1 | eg.12/13 [
|limit for buckling stress ¢fSRA | w/mm: | 14.8 | eq.10 |
|max. membrane stress of | - | 7.3 |with yF |
|ratio gf/od | - | 0.491 | eq.15 |
L I 1 | |
I T T T 1
|combined loads [ | |element |
| s I .l J.
|ratio == | 0.932 | eq.50 I
L | 1

21
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customer. ... .. OMV Petrom drawing....... BF8

revisor....... Panenka OXABE . v vio viminie Refinery Arpechim
revision...... order number.. 5.7684
prod.number. .. commission. ...

input data

design data and load collection:

axial force Bilo= 2680.00 kN
safety coefficient (axial load) yF,P = 1.01 -
external pressure (area load) q = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vF,w = 135 =
temperature T = 200 S
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area ol 10150.0 mm
number of rounds = no rounds
total length of cylinder = 1300.0 mm
wall thickness t = 8.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0425

semi product = plate

mill undertolerance el = 0.5 m
corrosion allowance 2 = 1.0 mm
stress value fy = 195.0 N/mm?
elastic modulus E = 194000 N/mm?2

22




customer...... OMV Petrom
revisor....... Panenka
revisgion......

prod.number. ..

results

declaration to the abbrevations

X index for axial direction f

ox axial stress of

® reduction factor oi
yF safety coefficient loading vM
£8 1related grade of slenderness long
sh short cylinder class mdl

AXEAWAHT v BF8

OPAET . wioassisi Refinery Arpechim
order number.. 5.7684
commission. ...

index for circumf. direction
circumferential stress

ideal buckling stress

safety coefficient material
long cylinder class

midlong cylinder class

cylindrical shells with not modified wall thickness

T
[manufacturing inaccuracies
L

T
| element
|

|
|measure length (longit.)

. T
l |
: I |
Imx | wm | 1139. | (302)
|all. longit. buckle depth tvx [wm | 11.4 | (302)
|measure length (circumf.) Imf | om | 1399. | (302
|all. circumf. buckle depth tvE |em | 14.0 | (302)
|pseudo wall thickness teff | mm | 6.5 | ap-mo
L L 1 L
] T T T 1
|results for pseudo wind load | | | remark |
| i | |
I T | | 1
|summation of pseudo wind loads gwind | mbar | 0.0 | accord. (424)
gG | mbar | 46.4 | with yF |
L 1 |

| superposition with external pressure
L
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customer...... OMV Petrom Adrawitg . v o BF8

revisor....... Panenka DEAEE s wn s i Refinery Arpechim
revision...... order number.. 5.7684

prod.number. .. commission....

| —T T ]
|axial load I | |element I
1 : I F- |
| report necessary ? = | ves ]4.2/5.3/6.2/7.2 |
| report possible ? o= | ves | |
|cylinder class | |sh/mdl |sa.2/5.3/6.2/7.2 |
|coefficient Cx x| == | 1.1 [4.2/5.3/6.2/7.2 |
|id. buckling stress 0%XSi | w/mm: |  79.6 |4.2/5.3/6.2 |
|rel. slenderness £8x | | 1.6 | eq.1 |
| reduction factor &x | | 0.1 | eq.8 |
| reduc. reduction factor ®X | | 0.1 | (305 |
|real buckling stress 0xSRk | w/mm* |  15.9 | eq.4 |
|safety coefficient yMx | -- | 1.4 | eq.13 |
|limit for buckling stress 0xSRd | w/mm: | 11.7 | eq.9 |
|max. membrane stress 0x | N/um: | 6.5 |with yF |
| ratio ox/od | -- | 0.559 | eq.14 |
L 1 | | |
I T | T 1
| eircumferential load I | |element |
'r i I : |
|report necessary °? | -- | yes |a.2/5.3/6.2/7.2 |
report possible ? J == | yes | I
pseudo class for 3-round cyl. | -- |sh/mdl |s4.2/5.3/6.2/7.2 |
coefficient of | == [ 1.3 |4.2/5.3/6.2/7.2 |
|max. ideal buckl. stress gfSi | w/mm? I 30.2  |4.2/5.3/6.2/7.2 |
|related slenderness £8f | - | 2.54 | eq.:z [
reduction factor =f | - | 0.10 | eq.7/8 |
reduced reduction factor ef | -- | 0.10 | (305 |
| real buckling stress 0fSRk | w/mm* | 19.6 | eq.s [
| safety coefficient yME | -- | 1.1 | eq.12/13 |
|1limit for buckling stress 0fSRA | w/mm: | 17.8 | eq.10 |
|max. membrane stress GE [mn | 7.3  |with yF |
|ratio of/od | - | 0.407 | eq.1s |
L ] 1 1 1
[ T T T 1
|combined loads | | |element |
| bt I l
|ratio | - | 0.809 | eq.s0 I
I 5 L : ;
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