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1.) General Project Description

STORAGE TANK with COLLECTION BASIN 13000m3

Client Petrom
OMV Rumania
Destination Petrom

Refinery BRAZZI/Ploesti

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

stored medium: Diesel




2.) General Data:

2.1.) Dimensons

2.1.1.) Collecting Basin:

DCOl = 36m

hCOl = 13m

2.1.2.) Storage Tank:

Dtank = 32m
Niank = 16.7m
Roof type:

girth of the cylinders:

section areas

calculated volume:

used volume:

Dome segment roof rafters on the inside

Rafters must not be welded to the roof plates.
Roof plates overlap and are welded through.

hroof = 2.745M

Ugol == Dgol - 7

Ugol = 113.1m |

Utank = Diank - ®

Utank = 100.53m |

2

A= Dont? =
col = “col 4

2
Agol = 1017.876m

2
Atank = Dtank -

| B lAa

Atank = 804.248m

V= Atank - Ptank

V = 13430.937m°

3
Viutz = 13000m




2.2.) Requirements:

design underpressure

design overpressure

tank type

highest design temperatur:

weld factor

Density of stored medium:

2.3.) Standards
EN 14015 (Edition 2005-05-01)

py = 20mba
Py := 20mba
closed tank

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

THDM = 25 °
Viest = 085 not used!!
kN
Ydiesel = 8'6_3
m

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

DIN 18800 (11.90)

DIN 1055
2.4.) Material
0.2% yield strength acc. to EN 10025
[S355; 1.0570 355 N/mm?2
|5235;1.0116 235 N/mm?2

N
fy k_1.0570_T20° = 35—
mm

N
f o .= _—
y_k_1.0116_T20° = 235 ——

mm

N
mbar := 100 —2
m




3.) Loads:
3.1.) Main Loads

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

formwork

structural steelwork (first assumption):

manholes
gangways
guardrail
stairway

insulation

NO INSULATION

3.1.2.) live loads

stored medium:

max. density:

density of test fluid (water)

design overpressure

design underpressure

testpressure

Diesel
kN
Tdiesel = 8'6_3
m
=10.0 kN
'Yt = . 3
m
Py = 20 mbar
py = 20mbar
Pt := 25mbar

see below

see below

F

structure = 100kN

authoritative

= 2000 N
Py = 5
m

= 2000 N
Pu = 5
m

= 2500 N
Pt = 5
m




3.2.) Additional Loads

Snow load acc. to specification:

Snow load is claculated acc. to the "50 year" high.
o 2 kN
k= 5
m

Wind load acc. to EN14015:

velocity acc. to specification: v = 31 m
) : spec - s
minimum velocity acc. to EN14015/7.2.10: Vimin = 4sm
s
calculation velocity: Veal = max(vSpeC , Vmin)
2
- Veal [ kN - s?
wind pressure: ao =
1600 4
=1.266 kN
qo=1- 5
m
;/‘S.Q;_Sl_g: wind |
AC. TO DHILO5S e 4
CcorISTAI7” FOZ. D I I [T TEFEFFEF s
H <25 Go=126 2  orzotde
OK.Mantel | | "
| wS3
ZO,Dr:ﬁ Ringsteife | I[o g SA ws s
T =
Wp2 l % r Ws2
ha wj ! lu ; Wi
8,0m<7 i s J
Y01 I z Ws1
L0.0m 2 R BRI S : KRR, 3
L /‘Li d /'IL L

A dA
TU. Wi COLLECTIN BRSK)

Earthquake acc. to specification and international earthquake maps

see chapter "Earthquake"




4.) Roof:

executed as dome with a maximal rafter distance of 2 m (acc. to VdTUV)

Calculation acc. to VdTUV-Merkblatt

girth Utank = 100.531m
U
tank
ber of steel gird P ——
number of steel girders Norm o Ntorm = 50.3
choosen number of girders Nioxm, = 92
shell thickness Sroof := 6mm
di f th f
radius of the roo froof = 48M
4.1.) Loads
4.1.1.)Deads Loads R=0
roof plates
surface domeroof:
Sroof = 6MM Dtank
Odome = 2" froof " ™ * | Troof ~ roof * €OS| @sin 15.D
: tank
2
Odome = 827.923m
) kN
Tsteel = 78'5_3
m
Gplate = Odome " Sroof " Vsteel Gplate = 389.952kN
g Gpla’[e g 471 N
| = = ey
P Odome P m2
formwork

first assumption of the possible weight of the rafters (should be higher than the

real weight, must be checked later):

Frorm = 520kN
I:form
Oform = 0 9form
dome

N
= 628.078—2

m
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Sum of dead loads for calculation of the roof shell:

EG1 = gp|

N
EG1 =471 —
2

m

Sum of the dead loads for the calculation of the girders

roof + formwork: first assumption

G = 150kN contains crown ring, corner ring and additional steel structure

structure -

EG2:= Gpjate + Fform * Gstructure

_ EG2 N
EG2 = 1059.952kN = 1280.254—2

dome m

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

N
EG2 := 1300 —
MAMAMAN 2

m

4.1.2.) Live Loads

operating overpressure

. . N
BU = p;; BU =2000 —
P 5
m
operating underpressure
N
BU = BU =2000 —
Pu 5
m
underpressure due to wind
N
WU := 0.4- qq WU = 50(5_25—2 acc. to DIN 4119
m
wind suction
N
WS := 0.6 qg WS = 759_375—2 acc. to DIN 4119
m
snow
S=s, s Seite 7 S = 2000l Includes possible other live loads which

m2 might appear, if there is no snow.
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4.2.) Load Combinations

RP4
RPo
RP3
RP4
RPs
RPg
RP7
RPg
RPg
RP1o
RP14
RPy2
RP13
RP14
RPy5
RP16
RP47

RP; =

=135
=135
=135
=135
=135
=135
=135
=135
=135
1.35-
1.35-
1.35-
1.35-
1.00 -
1.00 -
1.00 -
1.00 -

5765.85

1644.131

3164.991

294131

5765.85

3065.85

3335.85

1756.162

3446.006

635.85

6035.85

6335.85

3335.85

-2984.156

-668.063

-2229

-3368.063

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
EG1+1.35
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-

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

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

= max(RP)

= min(RP)

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

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

RPmax

RPmin

0.0-
1.5
1.5
1.5
0.0-
0.0-
0.0-
1.5
1.5
-0.0-
-0.0-
-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-
0.0WU -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

N
= 6335.85—2

m

N
=-3368.063 —

m

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

acc to BuBhaus "Die Standsicherheit von Flachbodentanks":

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

0.0-
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
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4.3.) Evaluation of plate thickness

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

360
| = — .
apex ange ¢ Nform $=692 ° in case of Nform =52  girders
"Vorfaktor . .
fmg = 0.00766 Feldmoment" linear interpolated, see BuBhaus p. 59

3. Im Grundrilh hat das Dachblech swischen den Gesplimetriigern die Form sines Kreisaus-
schaitls, wie in anschliefender Abbildung gezcigt:

_,—-—'-"'_'_'_H_._ .a—— .--—.._,L -
T
o= 19.47 Moof = 48M radius of dome roof R
|
r ST f
b:= L b=16.311m arc length of dome | I-
180 ; i
real = D
r-=13 choosen radius to provide 6 mm roof plate thickness;
) the remaining length is supported by a polygone stiffene
lremain =P~ lremain = 3-3m see below)
Y = 1.1 partial safety factor for material
fy k_1.0570_T20°=355— yield strength for S355J2G3
mm
Oy = 0.95 weld factor acc. to DIN 18800 T1, Tab 21

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

2
t | RPmax " Ym
D_eff™ |'md" 5% .- a _
y_k 1.0570_T20 w tp eff =4.223mm
choosen tp := 6mm

Cq:= 0.3mm Co:= imm

IDcal=ID~C1-C2
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4.3.2.) simplified proof of integrity of lasting roof area (acc. to Pieper/Martens) and add. support ring:

support type of the roof area: 6 with IPE 300

brafter; 150mm
Utank
|1 = n— - brafter |1 =1.78m
form
Iremain
2 = |2 =1.66m
2
|y = max(lq. Ip) ly = min(ly,15)
ly
— =1.08
Ix
fy:=30.2 fy =45 Sy =171 sy:= 17.55
field moments:
| 2
X kN-m
Mym = RPmax' — Mym = 0.575
fx m
beff =1m
Mxm = mxm . beff Mxm =0.575kN - m
support moment:
| 2
My .= RP X M. =1.016 M
xe -~ max Sy xe = ' m
Mxe = mxe- beff Mxe =1.016kN - m
2
ID.cal et 3
Wroof = T Wroof =3.68cm
bending stresses in field:
_Mxm 156.189 —N
Sroof = Sroof = 190-
Wroof mm2

bending stresses near support rafter:

MXG

Ssup =
? Wroof

N
c =275.843 —
sup 2

mm

fy k_1.0570_T20°

N
= 322.727 —
Tm mm2

fy k_1.0570_T20°

N
=322.727 —
Tm mm2
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4.4.) Proof of Stability for Buckling Pressure Roof Plates acc. to VdTUV (additional)

Evaluation of authoratative load:

1.

— N
Og = Sk 9 = 2000_2
m

PRi_d1=15-0s

N
PRi_d1 = 3000—

m

N
fy k_1.0570_T20°=3%5——
mm

snow/others

Gl21 - 11

1 % yield point

buckling pressure of the reinforced roof shell - the following value is calculated

iterative (see below):

—23 kN
pg = <. 5
m
"roof
Gyai = PR -
xSi= PB" 5 O
9.2 N
Oya; =9.2——
xSi o
mm
fy k_1.0570_T20°
Agy = .
OxSi
Agy = 621
0.2
Ko = ——
2
Agx
Ko = 0.00518
Mo = 1.45
A9H_d = RPmax
2
Ko - hgy
pRi_d2 = qH_d -PB-
™2

N
pRi—dz =6018.609 —2
m

see DIN 18800, Teil 4, chapter
7

see DIN 18800-4 Gl. 1

k - factor for very sensible
shells to imperfections (DIN
18800-4 Gl. 8)

safety factor for resistance
(DIN 18800-4 GI. 13)
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3.

Adnch= RPmax

OH_q =6335.85—

N maximum load combination of chapter

4.2
m

kN
pg = 1.337—

m

kN
m

. — . N
PRI_d3 = 02" H d |oo. 4o = 3167.925— Gl21 - 13
B m
authoratative load value from above:
PRi d = m""X(pRi_d1 :PRi_d2- pRi_d3)
=6018.609 N
pRl_d - ' 2
m
Verification of the buckling pressure of the reinforced roof shell:
. T
sin Ntorm Gl 21-20
Ig = Diank - n
1 + sin
Nform
lg=1.82m
o= imm
2
s
K= k =0.237 <1 Gl 21-14
58.4 - oot (tp — C2)
. N . N
Ecal = 212000—2 Eo = 212000—2
mm mm
Ecal ’
’rl = —_— ’rl =
E
20 Gl 21-18
10*- (t
§ (to-c9) Gl 21-17
M r 6=1.0417
roof
kN 2.125 kN
=—-055-11-9 =0.6— Gl 21-16
PBO = N PBO >
m m
buckling pressure of reinforced roof shell
=0.5 ! =1.337 kN
RBy= Po(RF ) PBO PR T IS T Gl 21-15
m
ulfilled
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4.5.) Rafters: Proof of Inteqgrity acc. to EN14015: 10.3

Rafters: IPE 360 (S355J2G3) not welded to roof (EN14015: 10.3.2)

kN
9form real = 0-971— IPE360 only
- m

hCor = 358mm
t4 cor = 10.7mm b1.cor = 168mm
2 cor = Y cor b2 cor = b1.cor
Scor = 6mm hS = 334.6mm
A := 58.3cm?
Jy = 13347cm’ |, = 847cm"
3 3 3
e b1 cor t.cor *bP2.cor t2.cor +NsScor
It =16.13cm"
3
t1 .cor’ |O1.cor 4
lj= ————  1{=422.796cm _
- |1 . |2 A >
o~ |7 .| cor
|1 + |2
6
|0) =270935.825cm
Yy K
YT A 2= [ A iy=0.151m
€max = 165mm zp =0 iz —0.038m
J
Wy = y
€max

W, = 808.909 cm’
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4.5.1.) Load combinations (acc. to BuBhaus "Die Standsicherheit von Flachbodentanks")

alternative 1:

N
PRi_d1 = 3000—

m

alternative 2:

RS{:=1.35-
RS, := 1.35-
RS3:= 1.35-
RS4:= 1.35-
RSs5:= 1.35-
RSg := 1.35-
RS7:=1.35-
RSg:= 1.35-
RSg:= 1.35-

RSqg:=

RS11:

RS1o:

RSq3:

RS14:

RSq5:

RSq6:

RS17:

1.35-

1.35-

1.35-

1.35-

1.00 -

1.00 -

1.00 -

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-

EG2 + 0.00-

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

1.5

1.5

1.5

0.0-

1.5

0.0-

0.0-

1.5

0.9

0.9

0.9-

0.0-

0.9-

0.0-

0.0-

1.0-

BU+1.0-15-1.0-

S+0.0-

S+1.0-

S+05-

S+1.0-

S+0.0-

S+0.0-

S+0.0-

S+1.0-

S+05-

0.0-

1.5

1.5

1.5

0.0-

0.0-

0.0-

1.5

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-

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-

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-

1.5-1.0WU-05-15-1.0-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
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RS; =
N
6885.00f —
276328| m?2
428414
1413.28 maximal resulting pressure:
6885.00
4185.00 N
4455.00 RSmax = max(RS) RSmax = 7455 —2
2875.31 m
4565.16
1755.00 Hdnch= RSmax
7155.00
7455.00 minimal resulting pressure:
4455.00
N
219516 RSmin = Mn(RS) RSy = -2539.063 —
160.94 m2
-1400.00
2
Ko - Agy
RRind2~9H d ~PB —
™2
=7270.558 N
PRi d2 = : >
m
alternative 3:
. = . N
L T L 8727.5— Gl21 - 13
- m
authoritative load value from above:
RRind:= MaxX(PRi_g1-PRi_d2-PRi_d3)
=7270.558 N
pRl_d - ' 2
m
4.5.2.) Anlaysis of the stress resultants (1. Order; acc. to VdTUV)
axial force in rafters:
2
Dtank Dtank
. . T[ .
N 0.375. —* i 2
P d = V. . —
- roof Nform Np_g =245.789kN Gl 21-23
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axial force in rafters by their own dead load:

Frorm = 520 kN

Dtank
NG_g:= (0513 -0.375) *Frorm Ng q=418.273kN Gl 21-24
roof _(
maximum field moment in rafters:
=7270.6 N
pRl_d - ' 2
m
PRI d nondimensional Gl 21-27
fM := 0.0375 + 0.00075 - kN_ factor
T2
m
2
Dtank
. . Tc .
M f Dtank pR'—d 2
LdT M Mform M g=77.28kN -m Gl 21-26

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

axial force Il. Order

1
N”_d = (NG_d + NP_d) . |:1 + 0.075- (E - 1j:| N” 4= 664.063 kN Gl 21-25

2
( Dtankj
0.6-
2

&= Tm NiLd —
T

“Ecal - Jy £ =0.2411 Gl21 - 28

moments Il. Order

M ¢

1-¢ M) g =101.826kN-m Gl 21-29

M q=

Tm

=1.1
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4.5.4.) Proof of intergrity of formwork:

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

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

™= 1.1

resisting pressure force:

A-fy Kk 1.0570_T20°
™

Ne.Rd =

Ng.Rq = 1881.5kN

N g
- 0.353
Ne. Rd
Wy fy k 1.0570_T20°
M¢.Rd =

™

Mg Rq = 261.057kN - m

M d
-0.39
M¢.Rd
Nig  Mjg
+ - 0.743

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

N” d=664.063kN M” d=101.826kN~m MEd = M” d
Niig Mg Niig Mg
Cgi=—— +—— U=
A Wy, A w,,

N N
6,=239.785——  o,=-11.976——
2 2

mm mm

Y= — vy =-0.05

classification of section IPE360:

Cweb = 248
tWGb =71

Cweb
=34.93

tweb

€4 :=0.81 acc. to EN1993-1-1; Tab.5.2

42 . 81
E—— N0 | Y section class web: 3
0.67+ 0.33 - vy

Cflange = 56.45

tflange =10.7

Cflange
=5.276

tflange

9-81=7.29 section class flange: 1

choosen buckling length between two support point:

bO = 2.85m Sk 2850mm

factors for calculating the resisting moment against lateral torsional buckling:

A T= 0.21 ?\,LTO =04 B =0.75
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safety factor on material acc. to EN1993-1-1: 6.1

'YM=1.1

calculating the ideal lateral torsional buckling moment acc. to DIN18800-2:
E:=1.12

acc. to DIN18800-2 Tab.10
2
T Eeql 7

NKi.Z = > NKi.Z =2181.872kN

bg

2
l,, +0.039- by - I7
|

z
M., = N ( 2 0.25 2 0.5 ) ideal lateral torsional buckling moment
or=6- Kiz |y ¢ +025-25+05-2) g

Mg, = 476.491kN - m

C =

factors for calculating the resisting moment against lateral torsional buckling

LT =0.776

M

_ Wy fy k 1.0570_T20°
LT =
cr

2
P =05 [1 +are (AT -ALTo)+ B AT J
1
XLT = XLT =0.792
2 A 2
@ 7+ /e —(B-ALT)
fy k_1.0570_T20°

Mde = XLT . Wy- 'YM Mde =206.776 KN - m

check against lateral torsional buckling:

MEgqg
= 0.492 fulfilled
Mp.Rd
2
T Byl
Niia= —5— Nk, = 2181.872kN
Sk
—-148mm
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fy K Nsg = Ni_d

Sk
hpi= = A;=75.198
z
Ay
A o = —— for S355J2G3
X2 strich = 0-984 X, = 0.675
BmiT=13

M7= 01527 sprich Bm.LT 015 w7 =0.042

— LT Ngg
LT=1- _
« A-fy k_1.0570_T2oe  KLT=0:978
z ™
Eo=1.12
2 Ny: , =2181.872kN
lo+ 0.039 5,7 IT Ki.z
/\9V\'= |
z
M..:=&-N ([2 0.25 2 0.5 ) ideal lateral torsional buckling moment
o= 5" Kiz |y ¢ +025-25+05-2) g
Mcr = 394.576 kN - m o1~ 0.21

factors for calculating the resisting moment against lateral torsional buckling:

W, -f °

y 'y k 1.0570_T20

M;\/ M 7\,LT=O.853
cr

CI>| W =05- |:1 + OLLT- (XLT - 0.2) + ?\,LT2:|
1

X = XLT=0.764
kel 2_, 2
QLT+ PLT AT
Nj| g kLt My g
+ -1.02
fy k_1.0570_T20° fy k_1.0570_T20°
X, A- Xy W, -
z LT "y
™ ™




24

4.7. Polygone Rings

action on polygone ring:

RP

N
max = 6348 —

m

b = 2.85m

qpoly =RP

| m

max.poly = 2

2
_ Ypoly” Imax.poly
poly -~ 8

M
Mpoly = 9-046kN - m

Mpoly

w Po =
oly.min
Pow 'y k_1.0570_T20°

Tm

3
Wpoly.min =28.03cm

choosen porfile: L150x75x9

4
|po|y.cor = 361.5cm
Zmax = 96mm

I
poly.cor

Wpoly.cor:= 5

max

proof of integrity:

w ;
ly.
__POY-MIN _ 744

Wpoly.cor

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

kN
= 0.154—

Fpoly - m

Moment of Inertia in corroded condition

section modulud in corroded condition

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

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

qa 2 kN
choosen Profile: U160 out of S355J2G3 Acor = 18.6cm Jop = 0,188F
Nsupseg = 4 number of segments with cross bracing
MiLd _Morm N, = 86.328 kN
cb = ‘ cb = ©°-
100 Nsupseg
lop = 3.057m length of cross bracing
biglq = 2-88m middled width of field
Icb
FCb = NCb . b . FCb = 91 .634 kN
field
proof of integrity:
Fcb 2
Amin = : “Tm Amin =2.839cm
y_k 1.0570_T20°
A -
cor — 6.551 fulfilleo
min
proof of stability:
4
|z.cor = 62.5cm
. |7 cor .
iz cor= [— iz cor = 1.833cm
Acor
Ska= leb
Sk
A7AV/ZA:= , A, =166.768
Iz.cor
7‘2
w;z m for S355J2G3 7‘z_strich =2.183
X := 0.169
X Acorfy k_1.0570_T20°
Nbrd = Nbrd = 101 .446 kN
Tm
Nsd = Feb
Ngqg ,
- 0.903 fulfilled
b.rd
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4.9.) Dead Load of Roof Support Construction

main rafters:

Frafter = P Morm * 9form_real Frafter = 484.311kN
support rings:
Fpoly1 = (Dtank —2-1p) - Ipoly Fooly1 = 13.88kN lp=1.656m
I:poly2 = (Dtank -4 '2) "7 QGpoly Fpoly2 =12.278 kN
Dtank — 4+ 1y~ 2" by
Fsupt = 5 ‘T-Gpoly  Fsupt = 4637KN
Dtank — 41y — 4 by
Fsup2 = 5 ‘T-Gpoly  Fsup2 = 3-258KN
Fab=4 4 leb Icb Fep = 9.195kN
Fsupa =0 Fsup4 = OKN

Fform_real = Frafter * Fpoly1 + Fpoly2 + Fsupt * Fsup2 + Feb *+ Fsupa Form_real = 527558 kN
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5.) Roof: Crown Ring acc. to VdTUV

profile formwork:

diameter crown ring

IPE 360

DKR =0.1- Dtank

Dkr =3.2m Rafters are welded
completly to crown ring

. . DkR
radius crown ring PKR = — PKR=1.6m
—— = b i i 1 |
E T !
1 II', I .-'i=' | e
., I T TT O] Hs
-
e T T P o
h = 4
R EEr SR
heigth: hy :== 330mm
width by :== 720mm e >2- hy
flange thickness: t:= 30mm
no. of rafters Nform = 52
J.y of rafters (incl. roof shell) Jy = 13347 cm4
Aoi=t-bk Au:=t-bk
2 2
Ag =21600mm A, =21600mm
conditions:
h 2 —Ao. A =117612 =1 mloln J,, = 110460.533
KA AL e e ->33cm Gl 21-36

moments Il. Order at crown ring

PKR
M ia=|1- Dear
an

2
MK_”_d =91.644kN - m

Mj d

Gl 21-37
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horizontal force at lower crown ring flange

€n = "

07 5
’ o N . Mk _ii_d

ud=17 "Nidt T =

_ hi _ hi NII_d =664.063 kN Gl 21-38
Hy g =609.739kN
moment at lower crown ring flange
Nform 1
My g=|—— - — | PKR Fu_qg- 05
tan Gl 21-39
Nform
My ¢ =9.826kN-m
section modulus of lower crown ring flange
A,-b
Wy = Lk Gl 21-40
6
3
W, =2592cm
ring force in lower crown ring flange
R _ Hu_d
u_d-= - Gl 21-41
2.
Nform

Ry g =5046.235kN

proof of integrity of crown rings

I:au_d IVlu_d
+
AU WU
=0.74 <1
fy k 1.0570_T20°
Tm
2 2] ©
Gerown = [bk t-Dgkr-m+ 2 [(DKR + by)” — (DR ~ by) J T t} “steel

G =51.138kN

crown
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6.) Roof: Corner Ring acc. to VdTUV

6.1.) Design

distance between rafters:

Dtank - ™
— =1.93m

Nform

tM = 9mm
tD =6mm

Gan= 0.40mm L= imm

effective width of shell plate:

Nform = 92

shell thickness of last round

thickness of roof plates at corner ring

corrosion allowance and manufacturing tolerance

Dtank
Brm = 0.78 - >

by = 271.995 mm

effective width of roof plate:

(tM —C1 —C2)

me =0.78- \/rroof' (tD - C1 - 02)
bpp = 366.517 mm

sketch:

E00

7 =)

Diank =32m

48m allowed if: double welded overlaps

"roof = _ oY
on tension or butt welded joints
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b = 600mm t = 30mm Ucorner = Dtank - bcomer + 100mm

corner - corner *

G =D, t u G =44.509 kN

corner = Pcorner * corner " Ycorner * Ysteel corner

load combinations for roof corner ring design:

RCoR{:=1.35-EG2+1.35-0.9-BU+1.0-15-09-S+0.0-0.0- 0.0WU-0.0-0.0-0.0-
RCoR» = 1.35- EG2 + 0.00-0.0-BU+0.5-15-09-S+1.0-1.5-09WU-1.0-1.5-0.9-
RCoR3:=1.35- EG2+ 0.00-0.0-BU+1.0-15-09-S+05-15-09WU-0.5-15-0.9-
RCoR4:=1.35-EG2 + 0.00-0.0-BU+0.0-0.0-0.0-S+1.0-1.5-09WU-1.0-1.5-0.9-
RCoR5:=1.35-EG2+1.35-0.9-BU+1.0-15-09-S+0.0-0.0- 0.0WU-0.0-0.0-0.0-
RCoRg:=1.35-EG2+ 1.35-0.9-BU+0.0-0.0-0.0-S+0.0-0.0- 0.0WU-0.0-0.0-0.0-
RCoR7:=1.35-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-
RCoRg = 1.35- EG2 + 0.00-0.0-BU+0.5-15-1.0-S+1.0-15-1.0WU-1.0-15-1.0-

RCoRg :=1.35-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-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

BU
BU
BU
BU
BU
BU
BU
BU

BU

RCoR1g:= 1.35- 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

RCoR4{:=1.35-EG2+1.35-1.0-BU+1.0-15-09-S+0.0-0.0- 0.0WU-0.0-0.0-0.0-
RCoRq2:=1.35-EG2+1.35-1.0-BU+1.0-15-1.0-S+0.0-0.0- 0.0WU-0.0-0.0-0.0-
RCoR43:=1.35-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-
RCoRq14:=1.00- EG2 + 0.00-0.0-BU+ 0.0-0.0-0.0-S+0.0-0.0- 0.0WU-1.0-15-0.9-
RCoRq5:=1.00- EG2 + 0.00-0.0-BU+ 0.0-0.0-0.0-S+0.0-0.0- 0.0WU-1.0-15-1.0-
RCoR4g:= 1.00- 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-

RCoR47:=1.00- 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 -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -0.0-0.00-0.0-

WS -1.0-1.35-0.9-

WS -0.0-0.00-0.0-

WS -1.0-1.35-1.0-

WS -1.0-1.35-1.0-

BC
BC
BC
BC
BC
BC

BC




31

RCoR; =

6885
2763
4284
1413
6885
4185 RCoR
4455
2875
4565
1755 RCORmin :
7155
7455
4435
-2155
161
-1400
-2539

3N|Z

N
= 7455 —
m

= max(RCoR) RCoR

max max

N
= |min(RCoR)|  RCoR, = 2539.063—
m

ring forces

The maximum load combination that evokes axial tension force: EK12

N
RCoR = 7455 —

m

max

Pg = RCoRmax

2
Pd - Dtank

T
8- -tan| - —— —
( 180) NR_d 2699.181kN

proof of integrity:

2
Ap = 215cm

AR= Ap AR =215cm°

f 3
Np g=2699.161kN =0 |Ag- ~=mt 270 T20" _ oa8 636K
R_q = 2699-181 kN R = 6938, Gl 21-47

Tm
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The maximum load combination that evokes axial tension force: EK17

N
EK = —_—
druck = 2940 5
m
Rav= EKgruck
2
Pd - Dtank

MRuth =
- T
8- tan| o - —
180

NR g =919.641kN

Dtank
SK=T- \/_ Knicklange Gl 19-17
3
SK = 29.021m
AER = AR AER =215 cm2 section area
lER = 108137cm4 Moment of Inertia for the vertical axis
s AER
K= SK- — _
IR Mg = 129402 Gl 19-18
A Ecal
a= ™ - Gl 19-19
fy k_1.0570_Toge a=76.772

Weil Ay > A, gilt GI 19-20

2

T - Eqog |
= cal " 'ER Gl. 19-20
NR g=919641kN | |© el ER _ 01 140k

2-’Ym‘SK
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6.2.) Dimensions of the tear seam:

N
ERgruck = 2540 —
m

Odome = 827.923m°
Fhoriz = EKdruck - Odome
Fhoriz = 2102.923kN

o =19.47

Fhoriz

shear = _ T
sinf o0 - ——
180

Fshear = 6309.15kN

F

a:=3mm

I:shear

N
T =20.919 ——
2
mm
Sd =T

Qhoip= 0.8
Ym = 1.1

fy k_1.0570_T20°
Rd = Oy

Tm

N
Ry = 258.182 ——
2

mm
Sd N
— =0.08 Sd =20.919 ——
2

d mm

surface of dome

Dtank “T -2 weld thickness of tear seam

Einwirkung (bereits mit Teilsicherheitsbeiwert
aufgewertet)

weld factor DIN 18800 for shear stresses

N
Ry = 258.182 ——
2

mm
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6.3.) Verification of Construction Details

6.3.1.) Weld between roof plates

Ay roof = 3Mm welded from the outside only

6.3.2.) Force transmission via bolt: Formwork/Shell (during construction)

N
EG2 = 1300 —
m
_ Dtank2 T
Fyert = EG2- 1 Fyert = 1045.522kN
Fvent
Fholt_shear = PYR Fholt_shear = 20-106 kN
form
Bolts choosen: 52 x M22 Foolt_shear ult = 82.9kN in each shear joint

Fbolt_shear_ult_res =2 Fbolt_shear_ult

I:bolt_shear
=0.121 <1

I:bolt_shear_ult_res
6.3.2.) Force transmission via bolt: bolt/rip (during construction)

Foore ult = 51.6kN for distance bore hole to edge of the rip in force direction > 30 mm; rip
- thickness > 10 mm

I:bolt_shear
— =0.39 <1

I:bore_ult
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7.) Shell

acc. to VdTUV

7.1.) Minimum shell thickness
t

min == 6mm acc. to specification

7.2.) Proof of Inteqrity for shell

condition: operating overpressure + filling

ti . N
operating overpressure BU — 2000_2
m
max. density of filling =8.6 kN
. Ydiesel = ©° 73
m
tolerance - corrosion c1=0.4mm Co=1mm
The heigth of the tank is divided into 7 rounds:
round no. height thickness material
7 2,3 9 1.0116
6 2,4 9 1.0116
5 2,4 10 1.0570
4 2,4 11 1.0570
3 2,4 11 1.0570
2 2,4 12 1.0570
1 2,4 13 1.0570
H= 16,7 m

Wall thickness acc. to EN14015:
rounds i: i=1.7

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

HC =16.7 HC =143 HC =119 H. =95 H. =71 H. =47
1 2 3

H. =23
C7
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thickness for operating conditions:

Dtank

e = ————
Ci™ 20m 236 i

choosen thicknesses due to buckling effects:

- [98- 0.86 - (HC. - o.3) - 20} +1

t1 = 13mm t5 = 10mm
t2 = 12mm t6 = 9mm
t3 =11mm t7 = 9mm

t4:= 11mm

thickness for test conditions:

Dtank

e =
Ct ™ 20m. 322

-[98~1.0-(H

o, —0.3) + 20} + 1
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7.3.) Proof of Stability: Shell

7.3.1.) Buckling Field 1a:

7.3.1.1. Actionsath =0 m:

axial directions:

G dead load:
roof: N . . .
EG2 = 1300 — as there are no changes over the height, this value is not
m2 mentioned in further steps
EG Dach = EG2 . Odome EG Dach =1076.299 kN
shell plates: kg m
= 7850 — =981 —
st 3 u 2
m ]
S7 t;=9mm hy:=23m Ez:= (Digpy +t7) 7 t7-hy - ygy- u E- = 160.3kN
SG t6=9mm h6 = 2.4m EG = (Dtank+t6)'ﬂ?'t6' h6’YSt u E6= 167.3kN
82 t2 =12mm h2 = 2.4m E2 = (Dtank + t2) ST t2 h2 “Yst- u E2 =223 kN
steel structure: Fstructure = 100kN
T EMG * Fstructure 1000
t kN ' 9.81 T, = 151581.839
=p G:= EGpach + Ema * Fstructure G =2563.317kN  Grgnk 1= G
= By operating underpressure; as there are no changes over the height, this value is not

mentioned in further steps

2
BY= Py Dtank

BU = 1608.495kN

T

4
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-»> g snow/other load; as there are no changes over the height, this value is not
mentioned in further steps:
_ N
sg = 2000 >

m

EGpach + 0-05 1000

Tr = .
2 kN 9.81

S = 1608.495kN

NG|

2= 85 Drank

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

o T
MW= 0400 | Drank 7

WU =407.15kN

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

further steps:

2 T

WS4 = 610.726 kN

=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV

kN
qp=1.266—
2
m
cg=0.7 factor for total wind force acc. to DIN EN14015
w:= 9.6m distance to neighbouring objects
7
G= 1+ - Cf
Diank + W
100 . ——— - 90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
FW_H1 =0C- qO- Dtank -13m- 0.5 FW_H1 =216.685kN
FW_H2 =C- qO- Dtank -4.4m FW_H2 =146.679kN

FW.1 = FW_H1 + FW_H2 FW.1 = 363.364 kN

wind: suction

FW_SO = WS1 FW_SO =610.726 KN
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wind: moment

2
MW = FW_H1 : 5 -13m + FW_H2' 15.2m

My =4107.462kN - m

Dtank VdTOV
Mw_sog = Fw_so" 5, My Sog=977-161kN-m
Mw ges.1 = Mw + My s0g
M =5084.623kN - m 2 T
w_ges.1 Np&/;z Dtank Z U:= Dtank' T
IVlw_ges.1
MW1 = ——a_ U

A
MW { = 635.578 kN

radial directions:

—>

—->

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

further steps

- N
BUrad = Pu BUyaq = 2000—
m

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

further steps:

Windunterdruck

N
WU, q = 0.4 WUyqq = 506.25—
m

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

qu) =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: hfielq = 2.0m

middled wall thickness over buckling field: ty = 13mm
Diank Diank
2 2
§:=046-/1+0.1- | Cd :
A he t
field m §=1.231
o= |1 if 6§=>1
M\
d if 6d<1
d=1
=1265.625 N N
G0= 199557 w=5.qq W = 1265.625—

m
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7.3.1.2. Load Combination

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

axial direction:

AXq = 1.35-
AXp = 1.35-
AX3 = 1.35-
AX4 =135
AXs = 1.35-
AXg = 1.35-
AX7 =135
AXg = 1.35-
AXg = 1.35-

AXqg9:=1.35-
AXq1:=1.35-
AXqo:=1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =
6534.085
7603.044
6534.085
7603.044
5448.351
5129.416
5923.549
4043.682
6751.232
7820.191
5665.498
6875.597
8063.329
5631.947
5314.854
6197.223

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

kN

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-

0.9-
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+ 0.5-
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)

Fx = 8063.320kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

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-

0.0WU + 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-MW{ - 1.0-
0.9-MW{ - 0.5-
0.9-MW{ - 1.0-
0.9-MW{ - 0.5-
0.9-MW{ - 1.0-
0.9-MW{ - 1.0-
0.9-MW{ - 0.5-
0.9-MW{ - 1.0-
0.0-WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS

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

MW - 0.5
MW - 1.0
MW - 1.0
MW - 0.5
MW - 0.0
MW - 1.0
MW - 0.5
MW - 0.0
MW - 1.0
MW - 0.5

—h
o o0 o0 o1 o0 o1 O

1.
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-

ES
ES
ES
ES
ES
ES
ES
ES

WS,
- WS,
- WS,
WS,
WS,
WS,
WS,
WS,
WS,
WS,
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RAD,..., := max(RAD)

max

RAD = 45.984 mbar

max

Calculation of Buckling: Appendix A
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7.3.2. Buckling Field 1b: not calculated!

7.3.2.1. Actions at A%QM«:: 2.0m

axial direction:

e G dead load:

S7 t;=9mm  hz:=23m Ez:= (Digpy +t7) T t7- Ny ygy- u E- = 160.3kN
SG t6 =9mm /\%AS= 2.4m /\%6\/:2 (Dtank + te) ST t6 : h6 “Yst- u EG =167.3kN
85 t5 =10mm /as/\i= 2.4m NE/5V:= (Dtank + t5) ST t5 h5 “Yst- u E5 = 185.9kN
S4 t4 =11mm MS= 2.4m /\54\/:2 (Dtank + t4) ST t4 h4 “Yst- u E4 =204.5kN
82 t2 =12mm /\ua/\S: 2.4m leE/\Z\/:Z (Dtank + t2) ST t2 h2 “Yst- u E2 =223 kN
steel structure: Fstructure = 100kN
- /\g/\: EGDach + EMG + Fstructure G =2361.95kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
o= 1 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA: D k + W . Cf
_tank ” ~ -90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
90( Mfield
Fw_H3 = ¢ |53, T '] Prank: (13m ~ hiielq)

Fw H4 = ¢-0dg- Dignk - 4-4m

Fw=Fw_H3 + Fw_Ha4

Fw H3 =211.557kN
Fw H4 = 146.679kN

Fy = 358.236 kN
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—->

wind: suction
Fw‘ SQ = WS1
wind: moment

2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D
tank
MW: FW_SO . 20 D|N 4119
Mw_ges=Mw + My, gog
M =4787.435kN - m 2 T
w_ges A= Dianc
IVlw_ges

MW =
A

MW = 598.429kN
w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Ntiglg= 1M

middled wall thickness over buckling field:

M:= 12mm
Dtank I:)tank
2 2
3;=046-1+0.1- | Cdy- :
hfield tm §=1572
o= 1 if d>1
NN\
o if §<1
=1
— 1265.625 - N
G = 10905575 w=5-qq W = 1266.625 —
2

m

Fw so =610.726kN

Myy =3810.274kN - m

My Sog=977-161kN-m

= Diank - ™
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7.3.2.2.) load combination

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

axial direction:

AX{:=1.35-G+1.35-0.9-BU+0.5-15-0.9-S+0.0-0.0- 0.0WU + 1.0-
AXp:=1.35-G+ 1.35-
AX3:=1.35 -G+ 1.35-
AX4:=135 -G+ 1.35-
AXs5:=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-

AXqg9:=1.35-
AXq1:=1.35-
AXqo:=1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =
6212.089
7306.124
6212.089
7306.124
5126.355

4807.42
5626.628
3721.686
6429.236

7523.27
5343.502
6548.029
7763.623
5360.102
4987.286
5897.517

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

09-BU+1.0-
09-BU+0.5-
09-BU+1.0-
0.9-BU+0.0-
0.0-BU+0.5-
0.0-BU+1.0-
0.0-BU+0.0-
1.0-BU+0.5-

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

Eax,= max(AX)

1.5-0.9-
1.5-0.9-
1.5-0.9-
0.0-0.0-
1.5-0.9-
1.5-0.9-
0.0-0.0-
1.5-0.9-
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-

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

Fpx = 7763.623kN

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+05
S+0.0
S+0.0
S+0.0

0.0-0.0WU+0.5-
0.0-0.0WU+ 1.0-
0.0-0.0WU+0.5-
0.0-0.0WU+ 1.0-
1.5-09WU + 1.0-
1.5-09WU + 0.5-
1.5-09WU + 1.0-
0.0-00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
MW -0.5-
MW -1.0-
MW -1.0-
MW -0.5-
MW —-0.0-
MW -1.0-
MW -0.5-
MW —-0.0-
MW -1.0-
MW -0.5-

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

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-MW -1.0-
0.9-MW -0.5-
0.9-MW -1.0-
0.9-MW -0.5-
0.9-MW -1.0-
0.9-MW -1.0-
0.9-MW -0.5-
0.9-MW -1.0-

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

1
1

S IS TS IS, IS B S, )|

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

5-09-

1.5
1.5
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,

ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.3. Buckling Field 2

7.3.3.1. Actions at A%QM«:: 3.0m
axial direction:

e G dead load:

S7 t7=9mm hz:=23m E-:= (Dtank+ t7) ‘m-t7-hy
Sg tg=9mm  ha:=2.4m FEg:= (Dtank+ t6) T tg - hg
Sg t5=10mm hg:=2.4m FEg:= (Dtank+t5)'n't5' hg
Sq tg=11mm hy:=2.4m Eg:= (Dtank+t4)'7"t4'h4
S3 tg=11mm ha:=2.4m FEga:= (Dtank+ t3) Tty hg
S to=12mm ho:=1.8m Es:= (Dtank+ t2) ‘T -to-hy-
Sy ty=13mm hy:=0m FE4:= (Dtank+ t1) Tt hy

EMG:z E1+E2+ E3+ E4+ E5+ E6+ E7

Yst-
Yst-
Yst-
st
st
TSt

.’Yst.

u E- = 160.3kN
u Eg = 167.3kN
u Es = 185.9kN
u E4 = 204.5kN
u Eg = 204.5kN
u E, = 167.3kN
u Eq=O0kN

steel structure: Fstructure
- /\g/\: EGDach + EMG + Fstructure G =2265.915kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
qo=1- 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA D k + W . Cf
_tank ” 7 -90.2 ¢ =0.823 Gl 15-2
Dtank

wind: horizontal

90( Mfield
Fhakia= € | 73+ 1 Drank * (13m = Prigia)

AWde= € - Ao - Diank - 4-4m

£ww=Fw_H3 + Fw_Ha

Fw _H3 = 205.146kN
Fw H4 = 146.679kN

Fy = 351.825kN

Emg = 1089.616kN

=100kN
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wind: suction
Fw‘ SQ = WS1

wind: moment

Fw so =610.726kN

2
M= Fw Ha" 5 (13m - hfieig) + Fw _Ha - 15:4m Myy = 3626.498kN - m
Dtank DIN 4119
MW: FW_SO . 20 MW_SOg =977.161kN - m
Mwnges= Mw + My, gogq
M =4603.659kN - m 2 T
w_ges A= Dtank 2 %= Diank - ™
IVlw_ges
M= —— U
A
MW = 575.457 kN
w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4
estimated buckling field heigth: Diieig.= 1.9m
middled wall thickness over buckling field:
La= 12mm
Dtank Diank
2 2
8:=046-|1+0.1- | Cd, -
M he: t
field m 8 =1.267 < A
o= |1 if 6=>1
M\
d if d<1
d=1
=1265.625 N N
G = 190205575 w=5-qq W = 1266.625 —
2

m
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7.3.3.2.) 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-
AXo:=135-G+1.35-09-BU+1.0-15-09-S+0.0-
AX3:=135-G+1.35-09-BU+05-15-09-S+0.0-
AX4:=135-G+1.35-09-BU+1.0-15-09-S+0.0-
AX5:=135-G+1.35-09-BU+0.0-0.0-0.0-S+0.0-
AXg:=135-G+0.00-0.0-BU+05-15-09-S+1.0-
AX7:=135-G+0.00-0.0-BU+1.0-15-09-S+0.5-
AXg:=135-G+0.00-0.0-BU+0.0-0.0-0.0-S+1.0-
AXg=135-G+1.35-1.0-BU+05-15-09-S+0.0-
AX190=135-G+135-1.0-BU+1.0-1.5-0.9- S+ 0.0
AX11:=135-G+1.35-1.0-BU+0.0-0.0-0.0- S+ 0.0
AX12:=135-G+1.35-1.0-BU+0.5-15-1.0-S+ 0.0
AXy3:=135-G+135-1.0-BU+1.0-1.5-1.0-S+ 0.0
AX14:=135-G+1.35-1.0-BU+0.0-0.0-0.0- S+ 0.0
AXy5:=135-G+0.00-0.0-BU+05-15-1.0-S+ 1.0
AX4g:=135-G+0.00-0.0-BU+1.0-15-1.0-S+ 0.5
AX47:=135-G+1.35-1.0-BU+0.0-0.0-0.0- S+ 0.0
AX1g:=135-G+0.00-0.0-BU+0.5-15-1.0-S+ 0.0
AX19:=135-G+0.00-0.0-BU+1.0-1.5-1.0- S+ 0.0
AXJ'=

6051.43| kN

7160.97

6051.43

7160.97

4965.696

4646.761

Fay:= AX

5481.475 A= Max(AX)

3561.027

6268.577 Fax = 7616.747kN

7378.117

5182.842

6383.924

7616.747

5230.455

4823.181

5750.641

0.0-0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0-0.0WU+0.5-15-0.9-MW -0.5-1.5-0.9- WS4
0.0-0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0-0.0WU+0.5-15-0.9-MW -0.5-1.5-0.9- WS4
0.0-0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
1.5-09WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
1.5-09WU+05-1.5-09-MW -0.5-1.5-0.9- WS4

1.5-09WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4

0.0-00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
-0.0-0.0WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS,
-0.0-0.0WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS,
-0.0-0.0WU+1.0-1.5-1.0-MW -1.0-1.5-1.0- WS,
-0.0-0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS,
-0.0-0.0WU+0.0-0.0-0.0- MW -0.0-0.0-0.0- WS4
-15-1.0WU+1.0-1.5-1.0-MW -1.0-1.5-1.0- WS,
-15-1.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS,
-0.0-0.0WU+0.0-0.0-0.0- MW -0.0-0.0-0.0- WS4
-0.0-0.0WU+1.0-1.5-1.0-MW -1.0-1.5-1.0- WS,
-0.0-0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS,
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BUgq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RADs := 1.35
RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

-0.9-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUyq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.4. Buckling Field 3:

7.3.4.1.) Actions at Niiolgh= 4-9M
axial direction
G dead load:
S7 t;=9mm  hz:=23m Ez:= (Digpy +t7) T t7- Ny ygy- u E- = 160.3kN
SG t6 =9mm /\%AS= 2.4m /\%6\/:2 (Dtank + te) ST t6 h6 “Yst- u EG =167.3kN
85 t5 =10mm /as/\i= 2.4m NE/5V:= (Dtank + t5) ST t5 h5 “Yst- u E5 = 185.9kN
S4 t4 =11mm MS= 2.4m /\54\/:2 (Dtank + t4) ST t4 h4 “Yst- u E4 =204.5kN
82 t2=12mm /\ua/\S: Om leE/\Z\/:Z (Dtank+t2)ﬂ?t2h2’Y8tU E2=OKN
S1 t1—13mmm Om /\%/1/\/:2 (Dtank+t1)7'l',t1h1’YStU E1=OKN
steel structure: Fstructure = 100kN
- /\g/\: EGDach + EMG + Fstructure G =2090.112kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
o= 1 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA: D k + W . Cf
: _tank ” ~ -90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
90( Mfield
Fhakia= € | 73+ 1 Drank * (13m = Prigia)
FW_H3 =185.9kN
F!M_I 14,= € dg - Dignk - 4-4m FW_H4 =146.679kN

Sw=Fw H3 + Fw H4

Fy = 332.58 kN
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wind: suction
Fw‘ SQ = WS1

wind: moment

2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D
tank

MW: FW_SO . 20 D|N 4119
Mangesi= Mw + My, g0q
M =4239.883kN - m 2 T

w_ges A= Deank 5

IVlw_ges

MW= —— . U
MWW A

MW = 529.985kN

w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Ntislgh= 2M

middled wall thickness over buckling field:

M:= 11mm
Dtank I:)tank
2 2
Qi=046-|1+01- [Cdy- :
htield tm 5 =1.263
o= |1 if 6=>1
NN
o if d<1
d=1
=1265.625 N N
0= 18> 2 W,=38q W = 1265.625 —
2

m

Fw so =610.726kN

Myy = 3262.722kN - m

My Sog=977-161kN-m
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7.3.4.2.) Load Combination

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

axial direction:

AX{:=1.35-G+1.35-0.9-BU+0.5-1.5-0.9-S+ 0.0
AXp:=1.35-G+1.35-0.9-BU+1.0-15-0.9-S+ 0.0
AXg:=1.35-G+1.35-0.9-BU+0.5-15-0.9-S+0.0-
AXq:=1.35-G+1.35-0.9-BU+1.0-15-0.9-S+0.0-
AX5:=1.35-G+1.35-0.9-BU+ 0.0-0.0-0.0- S+ 0.0-
AXg:=1.35-G+0.00-0.0-BU+0.5-15-0.9-S+1.0-
AX7:=1.35-G+0.00-0.0-BU+1.0-15-09-S+05-
AXg:=1.35-G+0.00-0.0-BU+ 0.0-0.0-0.0-S+1.0-
AXg:=1.35-G+1.35-1.0-BU+0.5-15-0.9- S+ 0.0-
AXqp:=1.35-G+1.35-1.0-BU+1.0-1.5-0.9- S + 0.0
AX{1:=1.35-G+1.35-1.0-BU+0.0-0.0-0.0- S + 0.0
AX{p:=1.35-G+1.35-1.0-BU+0.5-15-1.0- S + 0.0
AXq3:=1.35-G+1.35-1.0-BU+1.0-1.5-1.0- S + 0.0
AX{4:=1.35-G+1.35-1.0-BU+0.0-0.0-0.0- S + 0.0
AXq5:= 1.35-G+ 0.00-0.0-BU+05-1.5-1.0-S + 1.0
AXqg:=1.35-G+ 0.00-0.0-BU+1.0-1.5-1.0-S+ 0.5
AX{7:=1.35-G+1.35-1.0-BU + 0.0 0.0- 0.0- S + 0.0
AXqg:=1.35-G+ 0.00-0.0-BU+0.5-1.5-1.0-S + 0.0
AXqg:=1.35-G+ 0.00-0.0-BU+1.0-1.5-1.0- S + 0.0
AXJ'=

5752.709] kN

6892.943

5752.709

6892.943

4666.974

4348.04

Favy = AX

5213.447 Fox= max(AX)

3262.305

5959.856 Fax = 7345.308 kN

7110.09

4884121

6078.382

7345308

499312

4517.638

5479.202

0.0-0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0-0.0WU+0.5-15-0.9-MW -0.5-1.5-0.9- WS4
0.0-0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0-0.0WU+0.5-15-0.9-MW -0.5-1.5-0.9- WS4
0.0-0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
1.5-09WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
1.5-09WU+05-1.5-09-MW -0.5-1.5-0.9- WS4

1.5-09WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4

0.0-00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
-0.0-0.0WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS,
-0.0-0.0WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS,
-0.0-0.0WU+1.0-1.5-1.0-MW -1.0-1.5-1.0- WS,
-0.0-0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS,
-0.0-0.0WU+0.0-0.0-0.0- MW -0.0-0.0-0.0- WS4
-15-1.0WU+1.0-1.5-1.0-MW -1.0-1.5-1.0- WS,
-15-1.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS,
-0.0-0.0WU+0.0-0.0-0.0- MW -0.0-0.0-0.0- WS4
-0.0-0.0WU+1.0-1.5-1.0-MW -1.0-1.5-1.0- WS,
-0.0-0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS,
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.5. Buckling Field 4

7.3.5.1.) Actions at A%QM«:: 6.9m

axial direction:

G dead load:
S7 t7=9mm hz:=23m E-:= (Dtank+ t7) ‘m-t7-hy
Sg tg=9mm  ha:=2.4m FEg:= (Dtank+ t6) T tg - hg
Sg t5=10mm hg:=2.4m FEg:= (Dtank+t5)'n't5' hg
Sq tg=11mm hy:=2.4m Eg:= (Dtank+t4)'7"t4'h4
S3 tg=11mm ha:=0.3m FEa:= (Dtank+ t3) Tty hg
Sy to=12mm ho:=0m  Es:= (Dtank+ t2) ‘T -to-hy-
Sy ty=13mm hy:=0m FE4:= (Dtank+ t1) Tt hy

EMG:z E1+E2+ E3+ E4+ E5+ E6+ E7

Yst-
Yst-
Yst-
st
st
TSt

.’Yst.

u E- = 160.3kN
u Eg = 167.3kN
u Es = 185.9kN
u E4 = 204.5kN
u Eg = 25.6kN
u Ep = OkN

u Eq=O0kN

steel structure: Fstructure
- /\g/\: EGDach + EMG + Fstructure G =1919.735kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
qo=1- 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA D k + W . Cf
_tank ” 7 -90.2 ¢ =0.823 Gl 15-2
Dtank

wind: horizontal

90( Mfield
Fhakia= € | 73+ 1 Drank * (13m = Prigia)

AWde= € - Ao - Diank - 4-4m

£ww=Fw_H3 + Fw_Ha

Fw H3 = 155.641kN
Fw H4 = 146.679kN

Fy = 302.321 kN

Epmg = 743.436 kN

=100kN
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wind: suction
Fw‘ SQ = WS1
wind: moment
2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D
tank
MW: FW_SO . 20 DIN 4119

Mwnges= Mw + My, gogq

M =3868.963kN - m 2 T
w-ges A= Diani”

IVlw_ges
MW = ——— .

MWW A

u

MW = 483.62 kN

w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: thﬁma«: 2.0m

middled wall thickness over buckling field:

M:= 12mm
Dtank I:)tank
2 2
8:=0.46-|1+0.1- | Cdy - :
hfield tm 5 =1.246
o= 1 if d>1
NN\
o if §<1
=1
— 1265.625 - N
G = 190205575 w=5-qq W = 1266.625 —
2

m

Fw so =610.726kN

Myy = 2891.802kN - m

My Sog=977-161kN-m
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7.3.5.2.) Load Combinations

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

axial direction

AX1:=135-G+1.35-09-BU+05-15-
AXo:=135-G+1.35-09-BU+1.0-1.5-
AX3:=135-G+1.35-09-BU+0.5-1.5-
AX4:=135-G+1.35-09-BU+1.0-1.5-
AX5:=135-G+1.35-0.9-BU+0.0-0.0-
AXg:=135-G+0.00-0.0-BU+0.5-1.5-
AX7:=135-G+0.00-0.0-BU+1.0-1.5-
AXg:=1.35-G+0.00-0.0-BU+ 0.0-0.0-
AXg=135-G+1.35-1.0-BU+0.5-1.5-
AX19=135-G+135-1.0-BU+1.0-15-
AX11:=135-G+1.35-1.0-BU+0.0-0.0-
AX12:=135-G+1.35-1.0-BU+0.5-15-
AXy3:=135-G+135-1.0-BU+1.0-15-
AX14:=135-G+1.35-1.0-BU+0.0-0.0-
AX45:=1.35-G+0.00-0.0-BU+05-15-
AX1g:=1.35-G+0.00-0.0-BU+1.0-15-
AX47:=135-G+1.35-1.0-BU+0.0-0.0-
AX1g:=1.35-G+0.00-0.0-BU+05-15-
AX19:=135-G+0.00-0.0-BU+1.0-15-
AXJ' =

5460.107| kN

6631.638

5460.107

6631.638

4374.373

4055.438

Fay:= AX

4952.142 A= Max(AX)

2969.704

5677.254 Fax = 7080.526 kN

6848.784

4591.52

5778.825

7080.526

4763.112

4218.082

5214.42

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

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-

0.0WU + 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-MW -1.0-
0.9-MW -0.5-
0.9-MW -1.0-
0.9-MW -0.5-
0.9-MW -1.0-
0.9-MW -1.0-
0.9-MW -0.5-
0.9-MW -1.0-
00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
MW -0.5-
MW -1.0-
MW -1.0-
MW -0.5-
MW —-0.0-
MW -1.0-
MW -0.5-
MW —-0.0-
MW -1.0-
MW -0.5-

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

1
1

S IS TS IS, IS B S, )|

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

5-09-

1.5
1.5
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,

ES
ES
ES
ES
ES
ES
ES
ES
ES
ES
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.6. Buckling Field 5

7.3.6.1.) Action at Niiolgh= 8:9M
axial direction
G dead load:
S7 t;=9mm  hz:=2.3m Eg:= (Dtank +17)-m-t7-hyo g U E- = 160.3kN
steel structure: Fstructure = 100kN
- /\g/\: EGDach + EMG + Fstructure G =1749.359kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
o= 1 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA D k + W . Cf
_tank ” ~ -90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
90( Mfield
Fhakia= € | 73+ 1 Drank * (13m = Prigia)
FW_H3 =115.125kN
F!M_I 14,= € dg - Dignk - 4-4m FW_H4 =146.679kN

Fwi=

Fw H3 + Fw_H4

Fyy = 261.804kN
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wind: suction
Fw‘ SQ = WS1

wind: moment

2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D
tank

MW: FW_SO . 20 D|N 4119
Mangesi= Mw + My, g0q
M =3550.696 kN - m 2 T

w_ges A= Deank 5

IVlw_ges

MW= —— . U
MWW A

MW = 443.837kN

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

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Ntiglg=1-1m

middled wall thickness over buckling field:

M:= 10mm
Dtank I:)tank
2 2
A§A:=0.46- 1+0.1- Cd¢~ .
htield tm § =157
o= |1 if 6=>1
NN
o if d<1
d=1
=1265.625 N N
0= 18> 2 W,=38q W = 1265.625 —
2

m

Fw so =610.726kN

Myy =2573.535kN - m

My Sog=977-161kN-m

= Diank - ™
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7.3.6.2.) Load Combination

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

axial direction:

AX{ = 1.35
AXg = 1.35
AXg = 1.35
AX4 = 1.35
AXs = 1.35
AXg = 1.35
AX7 = 1.35
AXg = 1.35
AXg = 1.35
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXqp:
AXq1:
AXqo:
AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =

5176.391

6374.775

5176.391

6374.775

4090.657

3771.722

4695.28

2685.988

5393.538

6591.922

4307.803

5489.142

6820.68

4533.103

3928.398

4954.574

-G+ 1.35-
-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-
0.9-
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+ 0.5-
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)

Fx = 6820.68kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.7. Buckling Field 6

7.3.7.1.) Action at hf'sld = 10m
axial direction
G dead load:
S7 t;=9mm  hz:=2.3m Eg:= (Dtank +17)-m-t7-hyo g U E- = 160.3kN
S4 t4—11mm M=Om NE/\A\/ (Dtank+t4)'ﬂ?'t4 h4’YStU E4=OKN
steel structure: Fstructure = 100kN
- /\g/\: EGDach + EMG + Fstructure G = 1666.494 kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
o= 1 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA: D k + W . Cf
: _tank ” 7 -90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
90( Mfield
Fatatia= ¢ 5| 75— * 1] Dtank " (13m = giq)
FW_H3 = 88.469kN
FW_I 14,= € dg - Dignk - 4-4m FW_H4 =146.679kN

£ww=Fw_H3 + Fw_Ha

Fy = 235.148kN
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wind: suction
Fw‘ SQ = WS1
wind: moment
2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

Dtank

M =F . DIN 4119
mwwwsagh— ' W_So 20

Mwnges= Mw + My, gogq

a

M =3412.959kN - m 2
w_ges A= Diank”

A

IVlw_ges
MW = ——— .

MWW A

u

MW = 426.62 kN

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

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Ntiglg= 1-5m

middled wall thickness over buckling field:

M:= 10mm
Dtank I:)tank
2 2
Qi=046-|1+01- [Cdy- :
htield tm §=1.41
o= |1 if 6=>1
NN
o if d<1
d=1
=1265.625 N N
0= 18> 2 W,=38q W = 1265.625 —
2

m

Fw so =610.726kN

Myy = 2435.798kN - m

My Sog=977-161kN-m

= Diank - ™
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7.3.7.2.) Load Combinations

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

axial direction:

AX{ = 1.35
AXg = 1.35
AXg = 1.35
AX4 = 1.35
AXs = 1.35
AXg = 1.35
AX7 = 1.35
AXg = 1.35
AXg = 1.35
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXqp:
AXq1:
AXqo:
AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =

5041.281

6251.287

5041.281

6251.287

3955.546

3636.612

4571.791

2550.878

5258.428

6468.434

4172.693

5351.449

6695.9

4421.236

3790.706

4829.794

-G+ 1.35-
-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-
0.9-
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+ 0.5-
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)

Fpx = 6695.9kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.8. Buckling Field 7

7.3.8.1.) Action at W:: 11.5m

axial direction:

G dead load:
S7 t7=9mm hz:=23m E-:= (Dtank+ t7) ‘m-t7-hy
Sg tg=9mm  ha:=2.4m FEg:= (Dtank+ t6) T tg - hg
Sg t5=10mm hg:=0.6m FEg:= (Dtank+ t5) - tg - hg
Syq tg=11mm hy = 0m M:Z(Dtank+t4)'n't4'h4
S3 tg=11mm ha:= 0m N'%B\,:(Dtank*‘ts)'n'tS'hS
Sy to=12mm ho:=0m  Es:= (Dtank+t2)'n't2'h2'
Sy ty=13mm hy:=0m FE4:= (Dtank+t1)'n't1'h1

Yst-
Yst-
Yst-
st
st
TSt

.’Yst.

u E- = 160.3kN
u Eg = 167.3kN
u Eg = 46.5kN
u E4 = OkN

u Eq = OkN

u Ep = OkN

u Eq=O0kN

steel structure: Fstructure = 100kN
- /\g/\: EGDach + EMG + Fstructure G =1550.332kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
o= 1 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA D k + W . Cf
_tank ” 7 -90.2 ¢ =0.823 Gl 15-2
Dtank

wind: horizontal

90( Mfield
Fhakia= € | 73+ 1 Drank * (13m = Prigia)

AWde= € - Ao - Diank - 4-4m

£ww=Fw_H3 + Fw_Ha

Fw H3 =47-119kN
Fw H4 = 146.679kN

Fy = 193.799kN
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—>

wind: suction
Fw‘ SQ = WS1
wind: moment

2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D

tank
MW: FW_SO . 20 D|N 4119
Mwnges= Mw + My, gogq
Mw_ges =3283.14kN - m A= Dtank2 . %

IVlw_ges

MW= —— . U
MWW A

MW =410.393kN

w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4
estimated buckling field heigth: Diieig.= 0.7m

middled wall thickness over buckling field:

M:= 9mm

Dtank I:)tank
2 2
§:=0.46-[1+0.1- | Cd, - :
hfield tm 5=1.888
o= 1 if d>1
NN
o if §<1
5 =1
— 1265.625 - N
G = 190205575 w=5-qq W = 1266.625 —
2

m

Fw so =610.726kN

Myy = 2305.979kN - m

My Sog=977-161kN-m
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7.3.8.2.) Load Combination

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

axial direction:

AX{ = 1.35
AXg = 1.35
AXg = 1.35
AX4 = 1.35
AXs = 1.35
AXg = 1.35
AX7 = 1.35
AXg = 1.35
AXg = 1.35
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXqp:
AXq1:
AXqo:
AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =

4862.555

6083.514

4862.555

6083.514

3776.82

3457.886

4404.019

2372.151

5079.702

6300.661

3993.967

5170.289

6526.91

4264.417

3609.546

4660.804

-G+ 1.35-
-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-
0.9-
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+ 0.5-
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)

Fx = 6526.91kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.9. Buckling Field 8

7.3.9.1.) Action at hf' = 12.3m
axial direction
G dead load:
S7 t;=9mm  hz:=2.3m Eg:= (Dtank +17)-m-t7-hyo g U E- = 160.3kN
SG t6 =9mm /\%AS= 2.3m /\%6\/:2 (Dtank + te) - T - t6 . h6 . ’YSt u EG =160.3kN
85 t5—10mm /as/\= Oom NE/5V:= (Dtank+t5)ﬁt5h5YStU E5=OKN
S4 t4—11mm M=Om A/EAmZ(Dtank+t4)nt4h4YStu E4=OKN
83 t3—11mm m=0m @&z(Dtank"'tB)ntShSYStu E3=OKN
82 t2—12mm /\ua/\: Om leE/\Z\/:Z (Dtank+t2)ﬂ?t2h2’Y8tU E2=OKN
S1 t1—13mm /\thv\= Om NEN"N (Dtank+t1) T t1 h1’YStU E1=OKN
steel structure: Fstructure =100 kN
- /\g/\: EGDach + EMG + Fstructure G =1496.897 kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
qo=1- 5
m
= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
D +w ot
tank -90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
%/ Nfield
Fdhakia= € | 73+ 1 Drank " (13m = Prigia)
Fw H3 = 22.707 kN
FW K= C-do" Dtank -4.4m Fw H4 = 146.679k!

Fwi=

Fw H3 + Fw_H4

Fyy = 169.386 kN
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—>

wind: suction
Fw‘ SQ = WS1
wind: moment

2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D
tank

MW: FW_SO . 20 D|N 4119
Mangesi= Mw + My, s0g
M =3246.617kN - m 2 T

w_ges A= Deank 5

IVlw_ges

MW= —— . U
MWW A

MW = 405.827 kN

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

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: thﬁma«: 0.7m

middled wall thickness over buckling field:

M:= 9mm
Dtank I:)tank
2 2
8:=0.46-|1+0.1- | Cdy - :
hfield tm 5=1.888
o= 1 if d>1
NN\
o if §<1
=1
— 1265.625 - N
G = 190205575 w=5-qq W = 1266.625 —
2

m

Fw so =610.726k

Myy = 2269.456 kN -

My Sog=977-161kN-m
Y= Diank - ™
< A




72

7.3.9.2.) Load Combination

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

axial direction:

AX{ = 1.35
AXg = 1.35
AXg = 1.35
AX4 = 1.35
AXs = 1.35
AXg = 1.35
AX7 = 1.35
AXg = 1.35
AXg = 1.35
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXqp:
AXq1:
AXqo:
AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =

4784.255

6008.296

4784.255

6008.296

3698.521

3379.586

4328.8

2293.852

5001.402

6225.443

3915.667

5091.304

6451.35

4192.28

3530.561

4585.244

-G+ 1.35-
-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-
0.9-
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+ 0.5-
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)

Fpx = 6451.35kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.10. Buckling Field 9

7.3.10.1.) Action at Diieig.= 12.73m A different heigth of the buckling ring is possible, if the heigth does not

varies more than -250 mm
axial direction:

G dead load:
S7 t7=9mm

a
T

0
\l

i £z ( )
e £oi= )
e £si )
S4 t4—11mm/a4¢\=0m N%AM:(Dtank+t4)'n't4'h4'YSt'u
Na Far ( )
Sp fp=12mm ho: Fai= )7 tphp- vy u
St ty=13mm By Fav= (Drank *+ t1) 7ty - hy - ygp-u

EMG:z E1+E2+ E3+ E4+ E5+ E6+ E7

E- = 160.3kN
Eg=115.7kN
Eg = OkN
E4 = OkN
Eq = OkN
Ep = OkN
Eq=O0kN

Epmg = 275.993kN

steel structure: Fstructure = 100kN
- /\g/\: EGDach + EMG + Fstructure G =1452.293kN
=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV
=1.266 kN
qo=1- 5
m
&= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA: D k + W . Cf
: _tank ” ~ -90.2 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
%[ Mfield
Fhakia= € | 73+ 1 Drank " (13m = Prigia)
Fw H3 =8.907kN
F!M_I 14,= € dg " Dignk - 4.4m FW_H4 =146.679kN

fww=Fw_H3 + Fw_Ha

Fy = 155.586 kN
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—->

wind: suction
Fw‘ SQ = WS1
wind: moment

2
MM( = FW_H3 . 5 . (13m - hfle|d) + FW_H4' 15.4m

D
tank

MW: FW_SO . 20 D|N 4119
Mangesi= Mw + My, s0g
M =3237.624kN - m 2 T

w_ges A= Deank 5

IVlw_ges

MW = —— . U
MWW A

MW = 404.703kN

w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: thﬁma«: 0.9m

middled wall thickness over buckling field:

M:= 9mm

Dtank I:)tank
2 2
§:=0.46-[1+0.1- | Cd,- :
hfield tm §=1.719
o= (1 if d>1
NN
o if §<1
5 =1
— 1265.625 N
G = 190205575 w=5-qq W = 1266.625 —
2

m

Fw so =610.726kN

Myy = 2260.463kN - m

My Sog=977-161kN-m

= Diank - ™
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7.3.10.2.) Load Combiantion

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

axial direction:

AX{ = 1.35
AXg = 1.35
AXg = 1.35
AX4 = 1.35
AXs = 1.35
AXg = 1.35
AX7 = 1.35
AXg = 1.35
AXg = 1.35
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXqp:
AXq1:
AXqo:
AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =

4722.521

5947.32

4722.521

5947.32

3636.786

3317.852

4267.825

2232117

4939.668

6164.467

3853.933

5029.401

6390.29

4132.064

3468.658

4524.184

-G+ 1.35-
-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-
0.9-
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+ 0.5-
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 = 6390.29kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.11 Buckling Field 10

7.3.11.1) Action at  AMielgh= 13-64m
axial:
G dead load:
S7 t;=9mm  hz:=23m Ez:= (Digpy +t7) T t7- Ny ygy- u E- = 160.3kN
Sg tg=9mm  hg:=0.76m Eg:= (Digpi + tg) - Tt Mg - ¥gy - U Eg = 53kN
Sg t5=10mm hg:=0m  Eg:= (Digpy + ts) T - tg- hg - vgy- u Eg = 0kN
Sq tg=11mm hy:=0m  Eg:= (Digpy +tg) Tty Ny vgp-u E4=0kN
S3 tg=11mm ho:=0m  Eg:= (Digpy +tg) T t3-hg- vgy- u Eg=0kN
Sy tp=12mm ho:=0m  Eo:= (Digpy + to) - T tp- ho- vgy- u Ep = 0kN
Sy ty=13mm hy:=0m  Ej:= (Digpy +tq) - Tty -hy - ygp-u Eq=0kN
@M@Gz E{+Ex+Eg+E4q+Eg5+ Eg+ Ey Epg=213.267kN

= G:=EGpych+ EMG + Fstructure

steel structure:

G = 1389.567 kN

MW moment evoked by wind pressure on shell behind collection

F =100kN

structure

Gl 15-2

basin acc. to fig. 15-2 VdTUV
=1.266 kN
qo=1- >
m
St= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7

MA: D k + W . Cf

ek " T 0. ¢ =0.823

Dtank
wind: horizontal
FW_I 14,= € dg - Dignk - 3-6m

&= Fw_Ha

Fw H4 = 120.01kN

Fy = 120.01 kN
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wind: suction
F!M_SQ = WS1 FW_So =610.726 kKN
wind: moment

Mw.= Fw H4 - 14.85m Myy = 1782.152kN - m

D
tank DIN 4119

MW: FW_SO . 20 MW_SOg =977.161kN - m

Mwnges= Mw + My, gogq

M =2759.313kN - m 2 T
W_ges A= Drank 2 &= Drank - ™

IVlw_ges
MW = ——— .

MWW A

u

MW = 344.914kN

- W rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: thﬁma«: 0.96m

middled wall thickness over buckling field:

M:= 9mm
Dtank I:)tank
2 2
8:=046-|1+0.1- | Cd :
hfield tm 5=1.679 <1
o= 1 if d>1
NN\
o if §<1
=1
— 1265.625 - N
G = 190205575 w=5-qq W = 1266.625 —
2

m
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7.3.11.2.) Load combination

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

axial

AXq:=1.35 -G+ 1.35-
AXp:=1.35-G+ 1.35-
AX3:=1.35 -G+ 1.35-
AX4:=135 -G+ 1.35-
AXs5:=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-

AXqg9:=1.35-
AXq1:=1.35-
AXqo:=1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =
4557.126
5822.283
4557.126
5822.283
3471.392
3152.457
4142.788
2066.723
4774.273

6039.43
3688.539
4855.038
6260.769
4047.384
3294.295
4394.663

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-
0.9-
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+ 0.5-
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)

1.5
1.5
1.5
1.5
0.0-
1.5
1.5
0.0-
1.5

Fx = 6260.769kN

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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.12. Buckling field 11

7.3.12.1.) Action at Ntiglg= 14.6m
axial:
- G dead load:

S7 t;=9mm  hz:=216mEz:= (Digpy + t7) T t7- hy - vgy- u E- = 150.5kN

Sg tg=9mm hg:=0m  Eg:= (Digpy +tg) Tt hg - vgy- U Eg=0kN

Sg tg=10mm hg:=0m  Eg:= (Digpy + t5) T - tg- hg - vgy- u Eg = 0kN

Sq tg=11mm hy:=0m  Eg:= (Digpy +tg) Tty Ny vgy-u E4=0kN

Sz tg=11mm hg:=0m  Eg:= (Digpy +tg) T t3-hg- vgy- u Eg=0kN

Sp tp=12mm ho:=0m  Eo:= (Digpy +to) - T tp- ho- vgy- u Ep = 0kN

Sy ty=13mm hy:=0m  Ej:= (Digpy +tq) - Tty -hy - ygp-u Eq=0kN
Ema= Eq1+Eo+ Eg+ Eg+ Eg+ Eg+ E7 Epyg = 150.542kN
steel structure: Fstructure = 100kN

- /\g/\: EGDach + EMG + Fstructure G =1326.841kN

=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV

1.266 kN
qo=1- >
m
St= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA: D k + W . Cf
Ak T 502 c=0.823 Gl 15-2
Dtank
wind: horizontal
Fw H3 =8.907kN
M; C- qO : Dtank -2.7m FW_H4 = 90.008 kN

Fyy = 90.008 kN

&= Fw_Ha
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wind: suction

Fw‘ SQ = WS1

wind: moment

MM( = FW H4 - 15.35m

Dtank
20

DIN 4119

M@@é: FW_So :

A'\N/'mvgem:

My ges = 2358.779kN - m

My + IV'w_Sog
2
A= Drank

|Vlw_ges

A
MW = 294.847 kN

MW = u

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

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Ntislgh:= 1-0m

middled wall thickness over buckling field:

M:= 9mm
Dtank I:)tank
2 2
A§A:=0.46- 1+0.1- Cd¢~ .
htield tm §=1.655
o= |1 if 6=>1
NN
o if d<1
d=1
=1265.625 N N
0= 18> 2 W,=38q W = 1265.625 —
2

m

Fw so =610.726kN

Myy = 1381.618kN - m

My Sog=977-161kN-m
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7.3.12.2.) Load Combination

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

axial

AXq:=1.35 -G+ 1.35-
AXp:=1.35-G+ 1.35-
AX3:=1.35 -G+ 1.35-
AX4:=135 -G+ 1.35-
AXs5:=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-

AXqg9:=1.35-
AXq1:=1.35-
AXqo:=1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =
4404.856
5703.808
4404.856
5703.808
3319.122
3000.187
4024.313
1914.453
4622.003
5920.955
3536.269
4695.258
6138.539
3962.704
3134.515
4272.433

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-
0.9-
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+ 0.5-
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)

1.5
1.5
1.5
1.5
0.0-
1.5
1.5
0.0-
1.5

Fpx = 6138.539kN

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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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7.3.13. Buckling field 12

7.3.13.1.) Action at Ntiglg = 15.6m
axial:
ng G dead load:
S7 t;=9mm  hz:=1.16mEz:= (Digpy + t7) - T t7- Ny vgy- u E- = 80.8kN
Sg tg=9mm hg:=0m  Eg:= (Digpy +tg) Tt hg - vgy- U Eg=0kN
Sg tg=10mm hg:=0m  Eg:= (Digpy + t5) T - tg- hg - vgy- u Eg = 0kN
Sq tg=11mm hy:=0m  Eg:= (Digpy +tg) Tty Ny vgy-u E4=0kN
Sz tg=11mm hg:=0m  Eg:= (Digpy +tg) T t3-hg- vgy- u Eg=0kN
Sp tp=12mm ho:=0m  Eo:= (Digpy +to) - T tp- ho- vgy- u Ep = 0kN
Sy ty=13mm hy:=0m  Ej:= (Digpy +tq) - Tty -hy - ygp-u Eq=0kN

steel structure: F =100 kN

structure

- /\g/\: EGDach + EMG + Fstructure G =1257.146 kN

=% MW moment evoked by wind pressure on shell behind collection
basin acc. to fig. 15-2 VdTUV

=1.266 kN
qo=1- >
m
St= 0.7 factor for total wind force acc. to DIN EN14015
w:=9.6 distance to neighbouring objects
7
MA: D k + W . Cf
Ak T 7 902 ¢ =0.823 Gl 15-2
Dtank
wind: horizontal
Fw H3 =8.907kN
M; C- qO : Dtank -2.7m FW_H4 = 90.008 kN

Swn= Fw_Ha Fyy = 90.008kN
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wind: suction

Fw‘ SQ = WS1

wind: moment

MM( = FW H4 - 15.35m

Dtank

M =F . DIN 4119
mwwwsagh— ' W_So 20

Mwnges= Mw + My, gogq

M =2358.779kN - m 2 T
w-ges A= Diani”

IVlw_ges
MW = ——— .

MWW A

u

MW = 294.847 kN

w rotation sym. substitute wind pressure acc. to DIN 18800 T 4:
Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Ntiglg= 1M

middled wall thickness over buckling field:

M:= 9mm
Dtank I:)tank
2 2
A§A:=0.46- 1+0.1- Cd¢~ .
htield tm §=1.655
o= |1 if 6=>1
NN
o if d<1
d=1
=1265.625 N N
0= 18> 2 W,=38q W = 1265.625 —
2

m

Fw so =610.726kN

Myy = 1381.618kN - m

My Sog=977-161kN-m
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7.3.13.2.) Load Combination

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

axial

AX{ = 1.35
AXg = 1.35
AXg = 1.35
AX4 = 1.35
AXs = 1.35
AXg = 1.35
AX7 = 1.35
AXg = 1.35
AXg = 1.35
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-
1.35-

AXqp:
AXq1:
AXqo:
AXq3:
AXig4:
AXq5:
AX1g:
AXq7:
AXqg:
AXqg:

AXJ' =

4310.768

5609.72

4310.768

5609.72

3225.033

2906.099

3930.224

1820.364

4527.914

5826.867

3442.18

4601.17

6044.45

3868.616

3040.427

4178.344

-G+ 1.35-
-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-
0.9-
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+ 0.5-
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 = 6044.45kN

1.5
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

09-S+0.0-
09-S+0.0-
09-S+0.0-
09-S+0.0-
0.0-S+0.0-
09-S+1.0-
09-S+0.5-
0.0-S+1.0-
09-S+0.0-

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

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-

0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.9WU+1.0-1.5-0.9-MW -1.0-1.5-0.9- WS4
0.9WU+0.5-1.5-0.9-MW -0.5-1.5-0.9- WS4

0.9WU+1.0-1.5-0.9- MW -1.0-1.5-0.9- WS4

00-WU+1.0-15-09-MW -1.0-1.5-0.9- WS4
0.0WU+05-15-09-MW -0.5-1.5-0.9- WS4
0.0WU+1.0-1.5-09-MW -1.0-1.5-0.9- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
1.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
1.0WU+0.5-15-1.0-MW -0.5-1.5-1.0- WS4
0.0WU +0.0-0.0-0.0- MW - 0.0-0.0-0.0- WS4
0.0WU+1.0-15-1.0-MW -1.0-1.5-1.0- WS4
0.0WU+05-15-1.0-MW -0.5-1.5-1.0- WS4
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

4138.594
3284.297
2392.031
1196.016
4138.594
3554.297
4598.438
3649.219

2700
2657.813
1328.906

2700

N
2
m

RADma;; := max(RAD)
RADmaX = 45.984 mbar
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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,,q = 2000 —

m2 constant over height

= WU

N
WU, 54 = 506.25 —
2 .
m< constant over height

7.4.1. Buckling Field 1:

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

Cd¢ =1.0 Tab .2 DIN 18800 T4

D:= 32m
lgg = 4.9m height of buckling field

weighted wall thickness in buckling field 1

round h[m] mm]
7 0,00 0
6 0,00 0
H=3,85m 5 0,00 0
4 0,00 0
3 0,10 11
2 2,40 12
1 2,40 13 .
W eighted t 7771 fAme= 12.47mm
Dtank Dtank
2 2
61:=046-|{1+0.1- | Cd, - .
! 0 g | 84=09
Q= min(81 , 1)
6 =0.957
Wp BF:=38-dg

N
Wp_pF = 1211.822—
m
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Load combination for buckling field 1:

P_BFj:=1.35-0.9 BUpgg+ 1.0-1.5- 09Wp g+ 0.0-0.0-0.0- WUoq

P_BFp:

1.35- 0.9 BUpaq+ 0.5-15-0.9Wp ge+0.0-0.0-0.0- WUpqq
P_BF3:=0.00-0.0- BUpgg+ 1.0- 1.5- 0.9Wp g+ 1.0-15-0.9- WU oy
P_BF4:=0.00-0.0- BUpgq + 0.5-1.5- 0.9Wp g+ 05-15-0.9- WUpoq
P_BF5:=1.35-0.9 - BUjgg + 1.0- 1.5- 0.9Wp g+ 0.0-0.0-0.0- WUoq
P_BFg:=1.35-1.0- BUjgqg + 0.5 1.5- 0.9Wp g+ 0.0-0.0-0.0- WUoq
P_BF7:=1.35-1.0-BUpgg + 1.0- 1.5- 1.0Wp g+ 0.0-0.0-0.0- WU oy
P_BFg:=1.35-1.0-BUjgg + 0.5- 1.5- 1.0Wp g+ 0.0-0.0-0.0- WUoq
P_BFg:=1.35-1.0- BUpgq + 0.0 0.0- 0.0Wp gg+0.0-0.0-0.0- WUoq
P_BFjg:= 0.00- 0.0 BUpgg+ 1.0 1.5- 1.0Wp g+ 1.0-1.5-1.0- WUy

P_BF4q:

0.00- 0.0 BUpgy+0.5-1.5- 1.0Wp g+ 05-1.5-1.0- WUy

P_BFq2:

1.35-1.0- BUyaq + 0.0- 0.0 0.0Wp gg+0.0-0.0-0.0- WUyqq

P_BFy =

4066
3248
2319
1160
4066
3518 Py 1= max(P_BF)
4518 B N
3609 Py 1=4517.732—
2700 - m2
2577
1289
2700

N
2
m
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Stiffener 1 acc. to VdTUV:

; - kN
L‘hoosen profile : U140 or b|gge|| du140 = 0.16F
. 4 . 2
JStif = 605¢cm AStif = 20.4cm
A= 11mm thickness of shell segment attached to stiffener
ai = 1.9m

J minimal distance to next stiffener

Dtank
m 413 0.606 Drank i tm m 9.719
B_analytic = 19 . : : B_analytic = ¥
- y h’[ank 2 Jstif - y
MB_pract = 10 rounded up
Dtank
TE .
2
Sha= m— Sk = 5.027m
B_pract
Proof of Stability:
Dtank IBF
NER d = 2 . PU 1 . ? NER d = 177.095 kN
A .
stif
?\,k = Sk . e ?\,k =92.301
Jstif

N N
fy k=355—— E:=210000—:
y_ 2 2

mm mm
N E
=T e — _
Avan f, | *a=76409

Y= 11 partial saftey factor
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case 1
?\,k < 7\’8.
n’ - Jstif
NgR g =177.095kN . <. ——— =225.586kN
2- ’Ym . Sk
case 2
7\,a < 7\,k
fy k- Astif Ak
NER 4= 177.095kr\1 <. |—/———.|1-05-— | =260.717kN
2 A
m 2

Assumed to be the worst case, all stiffeners are done as U140 or bigger.
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8. Collection Basin:

Main Stiffener at the open end acc. to EN14015:

3 2
S 0.058- cm 0 2.1 Veal D
: 3 col " col N2 b1 = 0.78 - 9mm
45_j
S

by = 0.314m
Z = 977.184cm°

choosen: U400 or other profiles that guarantee the needed valug

kN 3
gu400 = 0718? WStif.CO| :=1020cm

G400 = 9U400 * Yeol

Gago = 81.204kN

380
370

30
90
rips
20x at the circumference
10 +=10mm ) 314
195 G 10
shell of collection hosin
with effective width
45°
& 2
= B&.7 om™e

[_y = 224/0cm™4
W_y = 1065 cm”™3

welds! \_/ /\

corner of stiffener: 6mm/ 3mm (nside/outside)
stiffener/shell: Smm on hoth sides
butt welds at the cirfumferencer 10mm welded through with kacking run
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8.1.) Shell

acc. to VdTUV

8.1.1.) Minimal Wall Thickness

tmin.col := 6mMm

8.1.2.) Proof of Integrity for shell

acc. to specification

stored fluid: Diesel
max. density (stored fluid) =8.6 kN
: Ydiesel = ©° 73
m
tolerance - corrosion: = 0.4mm L= 1mm
The shell is divided in 6 rounds:
6 1,8 9[1.0116
H=13 m 5 2,0 9[1.0570
4 2,0 9[1.0570
3 2,4 9[1.0570
2 2,4 9[1.0570
1 2,4 10{1.0570
13,0

Wall thickness acc. to EN14015:

j=1..6

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

H

H
Cy

=13 =10.6
C2

operating conditions:

DcoI

en = ———— - 0.
C" 20m- 236 i

: [98- 0.86 - (H
j

€

9.316
7.774
6.231
4.688
3.402
2117

e

H. :=8.2 H. =5.8 H. :=3.8 H. =1.8
C3 C4 C5 C6

test conditions:

col

€t = T———|98-1.0-(H
i 20m- 322 i

3>+20}+1

.. —0.3) + 20} +1
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choosen wall thickness due to buckling issues:
t1 col == 10mm tg col == 9Mm
t2.col = 9mMm t6.col = 9mMm
13.col = 9mm

t4.col = 9mm

8.2.) Proof of Stability for bassin shell:

8.2.1. Buckling Field 1

8.2.1.1.) Action at A%QM«:: Om

axial:
S te.col=9MM  hgco:= 1.8m Egi= ( col t6.co|) "7 1g.col Ng.col Vst U Eg=141.1kN
S5 t5.col =9MM  hg co:= 20m Egi= ( col t5.co|) 715 col N5 col Ystr U Ep=156.8kN
S4 t.col=9MM Ny cop=2.0m Egi= ( col * t4.co|) " t4.c0l Ng.col " Yst U Eq=156.8kN
S3 t3.col=9MM  hg cop:= 24m  Egi= ( col t3.co|) T 13 col N3.col Vst U Eg=188.2kN
S tocol=9mMm  hy o= 2.4m  Eo = ( col * t2.co|) "Ttp ool Mool Yst- U Ep=188.2kN
S1 Y.co=10mm hy o= 2.4m ( col * t1.co|) T col " M.col Yst- U Eq=209.1kN

EMG.CO| = E1 + E2+ E3+ E4+ E5+ E6

EMG.col = 1040.175kN

main stiffener: GU400 =81.204 kN

structure: F =100 kN

structure

G=E +F +G G =1221.379kN
NN MG.col structure U400 G'1.co| 1000

G = G T = —_—
1.col t.col kN 9.81
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—->

WU

MW

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

mentioned in further steps:

included in g0.col:
90.col = 90" 1

kN
qO.COl =1 266—2

m

moment evoked by wind pressure on shell of collection basin

acc. to fig. 15-2 VvdTUV

Cf ol = 0.8
w:=9.6m
c 1+ ’ c
col — Dcol W f.col
100 -90.2
Dcol

Windhorizontalkraft

FW_H1.col = Ccol “ 90.col - Peol - 13m

Fw.col.1 = Fw_H1.col
Windmoment

]
Mw .col = FW H1.col- 5 18m

Mw_ges.col.1 = Mw col
Mw_ges.col.1 =3671.255kN - m A—=D 2
MV col
Mw_ges.col.1
MW =— U
col.1 A
col

MW o 1 = 407.917kN

NG|

Cgol = 0.954 Gl 15-2

Fw_H1.col = 564.808kN

FW col 1 = 564.808 kN

My col = 3671.255kN - m
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- W rotation sym. substitute wind pressure acc. to DIN 18800 T 4:

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: @ﬁs&d\:z 3.7m

middled wall thickness over buckling field:

M:Z 9mm

DcoI DcoI
2 2
§:=046-[1+0.1- | Cd :
hfield tm §=1.139
o= 1 if d>1
NN
o if d<1
& =1
— 1265.625 N
9o = 1<0% 5 W:=5-q W = 1265.625 —

m
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8.2.1.2.) Load Combinations

axial:

BU:=0 §$:=0 WU:=0 WS4:=0 j=1.19

AXy1:=135-G+1.35-09-BU+05-15-09-5S+0.0-0.0-0.0WU+1.0-15-0.9- MW, 1-1.0-15-0.9- WS,
AXp:=135-G+1.35-09-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9-MW, 1-05-15:-0.9- WS,
AX3:=135-G+1.35-09-BU+05-15-09-5S+0.0-0.0-0.0WU+1.0-15-0.9-MW, 1-1.0-15:-0.9- WS,
AX4:=135-G+1.35-09-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9-MW, 1-05-15:-0.9- WS,
AX5:=135-G+1.35-0.9-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, 1 -1.0-15-0.9- WS,
AXg:=1.35-G+0.00-0.0-BU+05-15-09-S+1.0-1.5-09WU+1.0-15-0.9- MW, 1 -1.0-15-0.9- WS,
AX7:=135-G+0.00-0.0-BU+1.0-15-09-S+05-1.5-09WU+05-15-0.9- MW, 1 -0.5-15-0.9- WS,
AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-0.0-S+1.0-1.5-09WU+1.0-15-0.9- MW, 1 -1.0-1.5-0.9- WS,
AXg:=135-G+1.35-1.0-BU+05-15-09-5S+0.0-0.0-00-WU+1.0-1.5-09- MW, {1 -1.0-1.5-09- WS
AX10:=1.35-G+1.35-1.0-BU+1.0-15-09-5+0.0-0.0-0.0WU+05-15-0.9- MW, 1-05-15-0.9- WS.
AX4{1=135-G+135-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-1.5-0.9- MW -1.0-15-09-WS.
AX42=135-G+135-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-1.5-1.0- MW -10-15-1.0-WS.
AX43=135-G+135-1.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+0.5-15-1.0- MW -05-15-1.0-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:=135-G+0.00-0.0-BU+05-15-1.0-S+1.0-1.5-1.0WU+1.0-1.5-1.0- MW -10-15-1.0-WS.
AX416=135-G+0.00-0.0-BU+1.0-15-10-S+05-1.5-1.0WU+0.5-15-1.0- MW -05-15-1.0-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.
AX1§=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 -10-15-1.0-WS.
AX19:=135-G+0.00-0.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+0.5-15-1.0- MW -05-15-1.0-WS.

col.1

col.1

col.1

col.1

col.1

col.1

col.1

col.1

col.1

AXJ' =
2199.549] kN
1924205
2199.549
1924205
2199.549
2199.549
1924205 FAx= max(AX)
2199.549
2199.549 Fax = 2260.737kN
1924205
2199.549
2260.737
1954.799
1648.861
2260.737
1954.799
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radial direction:

BUKad =0

WUKad =0

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BUgq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaq + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0 1.5 1.0- WU,q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUyq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

1708.594
854.297
1708.594
854.297
1708.594
854.297
1898.438
949.219
0
1898.438
949.219
0

N
2
m

RADma;; := max(RAD)
RADmaX =18.984 mbar
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8.2.2. Buckling Field 2

8.2.2.1.) Action at A%QM«:: 3.2m

axial:
S6 t6.col =9MM  Ng.oel= 1-8M Egi= ( col T t6.co|) Tt ol Ne.col Yst-U  Eg=141.TkN
S5 5,001 =9MM  hg,001:= 20m  Eg = (Dgg| + t5.co|) T t5col N5.col Yst' U Ep=156.8kN
S4 t.col=9MM Ny geni=20m Eg:= (Doop+ tacol) T tacol Nacol Yst U Eq=156.8KkN
83 13,001 =9MM  Ng00):= 24m Eg:= (Dgg| + t3.co|) T t3col N3.colVst' U Eg=188.2kN
82 to.col=9MM  hggaui=1.6m Eo:= (Do + to.col) T to.col No.col  Yst U Ep=125.4kN
81 t.col = 10MM fig00,= O E4y= (Dcol + t1.c0l) ™+t col M .col *Yst'U  Eq=0kN
EMG 60 = E1 + E2+ E3+ E4+ E5+ E6
EMG.col = 768.366 kN
main stiffener: Gago = 81.204 kN
structure: Fstructure = 100 kN
Gi= EMG.col * Fstructure + Guao0 G =949.57kN
- W moment evoked by wind pressure on shell of collection basin
acc. to fig. 15-2 VdTUV
Ctooh= 0.8
w:=9.6m
N
Conli=|1+ ! c
NGOW ™ Dol + W f.col
100 . ——— - 90.2 Cool = 0.954 Gl 15-2
col
Windhorizontalkraft
FiuHiveoli= Ccol 90.col " Dol * (13M = Nrigya) FW_H1.col =425.779kN

FW.col = FW_H1.col FW col = 425.779kN
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Windmoment

’
Mwveoh= FW_H1.col > (13m - hﬁe|d) My col = 2086.315kN -

IV'w_ges.col = Mw col

My ges.col = 2086.315kN-m o 2

v Feol W=D

NW col ™

N|a

M
w_ges.col
L .U

col =
AcoI

MW ;| = 231.813kN

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

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: thﬁma«: 3.5m

middled wall thickness over buckling field:

M:= 9mm

I:)col I:)col
2 2
8:=046-|1+0.1- [Cd :
hfield tm 5=1.158 <1
o= 1 if d>1
NN
o if §<1
=1
=1265.625 N N
9 = : > W:=35q W = 1265.625 —

m
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8.2.2.2.) Load Combinations

axial:

AXy1:=135-G+1.35-09-BU+05-15-09-5S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS4
AXp:=135-G+1.35-09-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS4
AX3:=135-G+1.35-09-BU+05-15-09-5S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS4
AX4:=135-G+1.35-09-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS4
AX5:=135-G+1.35-0.9-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, - 1.0-1.5-0.9- WS4
AXg:=1.35-G+0.00-0.0-BU+05-15-09-S+1.0-1.5-09WU+1.0-1.5-0.9- MW, - 1.0-1.5-0.9- WS4
AX7:=135-G+0.00-0.0-BU+1.0-15-09-S+05-1.5-09WU+05-15-0.9- MW, -0.5-1.5-0.9- WS4

AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-0.0-S+1.0-1.5-09WU+1.0-1.5-0.9- MW, - 1.0-1.5-0.9- WS4

AXg:=135-G+1.35-1.0-BU+05-15-09-5S+0.0-0.0-0.0-WU+1.0-1.5-0.9- MW, -1.0-1.5-0.9- WS,
AX10:=1.35-G+1.35-1.0-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS4
AX11:=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, - 1.0-1.5-0.9- WS4
AX12:=135-G+1.35-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX13:=135-G+1.35-1.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4
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- WS4
AX15:=1.35-G+0.00-0.0-BU+05-15-1.0-S+1.0-1.5-1.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX16:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+05-1.5-1.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4
AXy7:=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- WS4
AX1g:=1.35-G+0.00-0.0-BU+0.5-15-1.0-S+0.0-0.0-0.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX19:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4

AXj =
1594.867] kN
1438.393
1594867
1438.393
1594867
1594867
1438.393 Fax = max(AX)
1594867
1594.867 Fax = 1629.639kN
1438.393
1594867
1629.639
1455.779
1281.919
1629.639
1455.779
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

1708.594
854.297
1708.594
854.297
1708.594
854.297
1898.438
949.219
0
1898.438
949.219
0

N
2
m

RADma;; := max(RAD)
RADmaX =18.984 mbar
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8.2.3. Buckling Field 3

8.2.3.1.) Action at

axial:

S6 16.col =9MM  Ng,0p1= 1-8M

W; 6.7m

56~ ( col T t6.co|) "7 1g.col Ne.col VSt U Eg=141.1kN
S5 1500l =9MM  Ag.opl= 2.0M  Eg= ( col * t5.co|) 715 col N5 col Vst U Ep=156.8kN
S4 t4.col=9MM  h4opl= 2.0m E4i= ( col t t4.co|) “T-t4.col  N4.col Yst-U E4=156.8kN
S3 t3.col =9MM N5 0a1= 05 Egj= ( col T t3.co|) T3 col " N3.col YSt-U Bz =39.2kN
Sp tocol=9mMm - ho gaii= OM ( col t t2.co|) Tt ol ho ol Yst- U Ep=0kN
Sy t4.col =10mMmM Ay, opi= OM ( col“‘t1.col)'7t't1.col'h1.coI'YSt'u Ey=0kN
EMGoali= E1 + Eo+ Eg+ E4+ E5+ Eg

—>

MW

EMG.col = 493.95kN

main stiffener: GU400 =81.204 kN

structure: F =100 kN

structure

%= EMG.col * Fstructure * GU400 G =675.154kN

moment evoked by wind pressure on shell of collection basin
acc. to fig. 15-2 VdTUV

Ktook= 0-8

w:=9.6m

NW
(] 1+ ’ c
RGN " Ct.col

DCO| + W
100 . ——— —-90.2 Cool = 0.954 Gl 15-2
Dcol

Windhorizontalkraft
FiuHiveoli= Ccol 90.col " Dol * (13M = Nrigya) FW_H1.col =273.715kN

Fuveal= FW H1.col FW col = 273.715kN
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—>

Windmoment

Mwiaok= Fw_H1.col - (05 Niglq)
M'\Mggesvmkzz Mw col
My _ges.col =916945kN-m 2 =
MWV col 4
M

MW w_ges.col U
. Acol

MW ;| = 101.883kN

W
Cd¢ =1.0 Tab .2 DIN 18800 T4
estimated buckling field heigth: hf- = 3.7m

middled wall thickness over buckling field:

M:= 9mm

I:)col I:)col
2 2
3;=046-1+0.1- | Cdy- :
hfield tm §=1.139
o= (1 if d>1
NN\
o if §<1
=1
— 1265.625 N
G = 190205575 w=5-qq W = 1266.625 —

m

U:=D
NW

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

Myy col = 916-945kN - m

col ™
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8.2.3.2.) Load Combinations

axial:

AX1:=135-G+135-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS,
AXp:=135-G+135-09-BU+1.0-15-0.9-S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS,
AX3:=135-G+135-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS,
AX4:=135-G+135-09-BU+1.0-15-0.9-S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS,
AX5:=1.35-G+1.35-0.9-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS,
AXg:=1.35-G+0.00-0.0-BU+05-15-09-S+1.0-15-09WU+1.0-1.5-0.9- MW, -1.0-1.5-0.9- WS,
AX7:=1.35-G+0.00-0.0-BU+1.0-15-09-S+05-15-09WU+05-15-0.9- MW, -0.5-1.5-0.9- WS,

AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-0.0-S+1.0-1.5-09WU+1.0-1.5-0.9- MW, - 1.0-1.5-0.9- WS4

AXg:=135-G+1.35-1.0-BU+05-15-09-5S+0.0-0.0-0.0-WU+1.0-1.5-0.9- MW, -1.0-1.5-0.9- WS,
AX10:=1.35-G+1.35-1.0-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS4
AX11:=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, - 1.0-1.5-0.9- WS4
AX12:=135-G+1.35-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX13:=135-G+1.35-1.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4
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- WS4
AX15:=1.35-G+0.00-0.0-BU+05-15-1.0-S+1.0-1.5-1.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX16:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+05-1.5-1.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4
AXy7:=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- WS4
AX1g:=1.35-G+0.00-0.0-BU+0.5-15-1.0-S+0.0-0.0-0.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX19:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4

AXj =
1048.999| kN
980.228
1048.999
980.228
1048.999
1048.999
980.228 Fax= max(AX)
1048.999
1048.999 Fax = 1064.281kN
980.228
1048.999
1064.281
987.869
911.457
1064.281
987.869
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BU,gq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RAD5 := 1.35-0.9 -

RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

1708.594
854.297
1708.594
854.297
1708.594
854.297
1898.438
949.219
0
1898.438
949.219
0

N
2
m

RADma;; := max(RAD)
RADmaX =18.984 mbar
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8.2.4. Buckling Field 4
8.2.4.1.) Action at

axial:
S6 t6.c
S5 15¢
S4 t4c
S3 f3.¢
S2 o
S1 He

W; 10.2m
ol =9mMm  Ngcel=1.8m Eg= ( col * 6. col) T 1g.col Ne.col Yst-U  Eg=141.TkN
ol =9mMm  Rgeel=1.0m Eg5= ( col 15, col) T 1500l N5 ol Yst- U E5=78.4kN
ol =9MM - B4oel= 0M  E4i= ( col T 14. col) T-t4.col N4col  Yst-U Eq=0kN
ol =9mMM  hgoel= 0M  Egi= ( col T 13. col) T3 col N3.col Yst-U  Ez=0kN
ol =9mMM  hoeel=0M  Eai= ( col T 12, col) T-tocol N2 ol Yst- U Ep=0kN
.col =10mm B4 oali= 0M 4= ( col T 14 col) “t.col Mol Yst-U  Eq=0kN
EMG.oali= B4+ Ep+ B3+ Eg+ E5+ Bg
EMG.col = 219-533kN
main stiffener: GU400 =81.204 kN
structure: Fstructure = 100 kN
3= EMG.col + Fstructure + Gu400 G =400.737kN
- W moment_ evoked by wind pressure on shell of collection basin
acc. to fig. 15-2 VdTUV
Ktook= 0-8
w:= 9.6m
MW
Comli=|1+ ! c
NGO~ Dol + W f.col
100 - ——— - 90.2 Cool = 0.954 Gl 15-2
col
Windhorizontalkraft
F\iwkitval= Ccol - 90.col - Deol - (13M — i) FW_H1.col = 121.65TkN

Fuveal= FW H1.col FWw col = 121.65TkN
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—>

Windmoment

Mwraobi= FW_H1.col* (-5 Nfieiq)
Mwnges.cah= MW col
My ges.col =620.42kN-m - 2 @
W col 4
MW IVlw_ges.col
. AcoI

MW | = 68.936 kN

W

Cd¢ =1.0 Tab .2 DIN 18800 T4

estimated buckling field heigth: Niiclgh:= 2-8m

middled wall thickness over buckling field:

M:= 9mm

I:)col I:)col
2 2
2= 0.46-|1+0.1. | Cdy- :
hfield tm §=1.24
o= (1 if d>1
NN
o if d<1
& =1
— 1265.625 N
do = 1€09-520—  w._§.q W = 1265.625 —

m

U:=D
NW

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

MW.CO| =620.42kN - m

col ™
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8.2.4.2.) Load Combinations

axial:

AX1:=135-G+135-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS,
AXp:=135-G+135-09-BU+1.0-15-0.9-S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS,
AX3:=135-G+135-09-BU+05-15-09-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS,
AX4:=135-G+135-09-BU+1.0-15-0.9-S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS,
AX5:=1.35-G+1.35-0.9-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, -1.0-1.5-0.9- WS,
AXg:=1.35-G+0.00-0.0-BU+05-15-09-S+1.0-15-09WU+1.0-1.5-0.9- MW, -1.0-1.5-0.9- WS,
AX7:=135-G+0.00-0.0-BU+1.0-15-09-S+05-15-09WU+05-15-0.9- MW, -0.5-1.5-0.9- WS,

AXg:=1.35-G+0.00-0.0-BU+0.0-0.0-0.0-S+1.0-1.5-09WU+1.0-1.5-0.9- MW, - 1.0-1.5-0.9- WS4

AXg:=135-G+1.35-1.0-BU+05-15-09-5S+0.0-0.0-0.0-WU+1.0-1.5-0.9- MW, -1.0-1.5-0.9- WS,
AX10:=1.35-G+1.35-1.0-BU+1.0-15-09-5S+0.0-0.0-0.0WU+05-15-0.9- MW, -0.5-1.5-0.9- WS4
AX11:=135-G+1.35-1.0-BU+0.0-0.0-0.0-S+0.0-0.0-0.0WU+1.0-15-0.9- MW, - 1.0-1.5-0.9- WS4
AX12:=135-G+1.35-1.0-BU+05-15-1.0-S+0.0-0.0-0.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX13:=135-G+1.35-1.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4
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- WS4
AX15:=1.35-G+0.00-0.0-BU+05-15-1.0-S+1.0-1.5-1.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX16:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+05-1.5-1.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4
AXy7:=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- WS4
AX1g:=1.35-G+0.00-0.0-BU+0.5-15-1.0-S+0.0-0.0-0.0WU+1.0-15-1.0- MW, - 1.0-1.5-1.0- WS4
AX19:=1.35-G+0.00-0.0-BU+1.0-15-1.0-S+0.0-0.0-0.0WU+05-15-1.0- MW, -0.5-1.5-1.0- WS4

AXj =
634.058| kN
587.527
634.058
587.527
634.058
634.058
587.527 Fax= max(AX)
634.058
634.058 Fax = 644.398kN
587.527
634.058
644.398
592.697
540.995
644.398
592.697
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radial direction:

RAD1 := 1.35- 0.9 BU,yq + 1.0- 1.5- 0.9W + 0- WU,

RADy := 1.35- 0.9 BU,yq + 0.5- 1.5 0.9W + 0.0 - WU, 5

RAD3:= 0-BUgq + 1.0- 1.5-0.9W + 1.0- 1.5- 0.9 - WU, 54

RAD4:= 0-BU,yq + 0.5- 1.5-0.9W + 0.5- 1.5- 0.9 - WU, 54

RADs := 1.35
RADg := 1.35
RAD7 := 1.35-
RADg := 1.35-
RADg := 1.35-

-0.9-

1.0-

1.0-

1.0-

1.0-

BUgqg + 1.0+ 1.5- 0.9W + 0- WU, o
BUyaqg + 0.5+ 1.5- 0.9W + 0.0- WU, o
BUgg + 1.0+ 1.5 1.0W + 0- WU,
BUaqg + 0.5+ 1.5+ 1.0W + 0- WU, o

BUrad +O0W+0- WUrad

RAD1g:= 0-BUgq+ 1.0 1.5- 1.0W + 1.0- 1.5 1.0- WUp»q

RAD11:= 0-BUgq+0.5-1.5-1.0W + 0.5- 1.5 1.0- WUyq

RAD12:= 1.35 1.0 - BUygq + OW + 0- WU,

RADy =

1708.594
854.297
1708.594
854.297
1708.594
854.297
1898.438
949.219
0
1898.438
949.219
0

N
2
m

RADma;; := max(RAD)
RADmaX =18.984 mbar
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8.3.) 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:

= WU
WUrad.col = 90 ,
constant over height
N
WU ad.col = 1265.625—2
m

8.3.1.) Buckling Field 2:

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

Cd¢ =1.0 Tab .2 DIN 18800 T4
DCOl =36m
JBR= 8m height of buckling field

weighted wall thickness in buckling field 2

round ] tfmm]
7 0,50 9
6 2,00 9
H=3,85m 5 2,00 9
4 2,40 9
3 2,40 9
2 1,10 9
1 0,00 10
w eighted t 9,00
M:= 9.00mm
Dtank I:)tank
2 2
@A«Gz 0.46-|1+0.1- qu) . .
lsF tm

§1=0.88 .<.1

/\§/\:= min(81,1)
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5 =0.882

MayBR= 5 %

N
Wp pr=1116.81—

Load combination for buckling field 1:

P_BFy:=1.35-0.9  BUpyq+1.0-1.5-

P_BFp:= 1.35.
P_BF3:= 0.00-
P_BF4:= 0.00-
P_BFs5:= 1.35.
P_BFg:= 1.35-
P_BF7:= 1.35.
P_BFg:= 1.35-
P_BFg :=

0.9-

0.0-

0.0-

0.9-

1.0-

1.0-

1.0-

BUygg+ 0.5-
BUygg+ 1.0
BUygg+ 0.5-
BUygg+ 1.0
BUygg+ 0.5-
BUygg+ 1.0

BUrad +0.5-

1.5

1.5

1.5

1.5

1.5

1.5

1.5

m

0.9Wp g+ 0.0-
0.9Wp g+ 0.0-
0.9Wp g+ 1.0-
0.9Wp g+ 0.5-
0.9Wp g+ 0.0-
0.9Wp g+ 0.0-
1.0Wp ge+0.0-

1.0WP BF + 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.coI

WUrad.coI

WUrad.coI

WUrad.coI

WUrad.coI

WUrad.coI

WUrad.coI

WUrad.coI

1.35-1.0- BU;qq + 0.0- 0.0 O'OWP_BF +0.0-0.0-0.0- WU54 col

P_BF4p:=0.00-0.0- BU;qq + 1.0-1.5: 1.OWP_BF+ 1.0-1.5-1.0- WU, 24 col

P_BF{1:

P_BFq2:

P_BFy =

1508
754
3216
1608
1508
754
1675
838
0
3574
1787
0

N
2
m

P” 2= max(P_BF)

N
PU_2 = 3573.653 —

m

0.00- 0.0 BUpgq + 0.5 1.5- 1.0Wp g+ 0.5-1.5-1.0- WUpaq o

1.35-1.0- BUyaq + 0.0-0.0-0.0Wp e+ 0.0-0.0-0.0- WUpqq ¢
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Stiffener 2 acc. to VdTUV:

choosen profile : U140 or bigger

Jatit= 6050m* Ay = 20.40m°

Apy= 9mm thickness of shell segment attached to stiffener
/94/5: 4m minimal distance to next stiffener
I:)col
Deol [ 3 tm
M&; 4.13- 0.606- —— -
B hcol Jstif
MBwpract~ 13 rounded up
DcoI
Tc » —
2
Sy = ——— Sk = 4.35m
MB pract
Proof of Stability:
Deol IBF
/\/N/\Em: T . Pu_z . ? NER_d = 257.303 kN
A .
stif
/?/bk/\:: Sk e ?\'k =79.876
Jstif
. . N
fg(_la = 3556 —— NEW.= 210000—2
mm mm
N E
Aa=T | T -
fy_k 7‘a 76.409

Y= 1.1

partial saftey factor

MB_analytic

=12.879
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case 1 7‘k < 7“a

NER g =257.303kN . <.

case 2 xa < 7“k

NgR g = 257.303

kl\{ <.

2
T B Jgif

2"Ym‘Sk

=301.227 kN

Tm

A

fy K Astif k
2= = |1-05 — |=314.246kN

a

kN

Assumed to be the worst case, all stiffeners are done as U140 or bigger. NIA0N= 0.16 —
m

8.4.) Stiffeners Ov

erview
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9.) Bottom Plates
9.1.) Bottom Middle Plates

9.1.1.) Plate Thickness

Support under whole bottom plate area

minimal thickness acc. to VdTUV: 5mm

{Bottom = 7/mm

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

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

Omiddle > © " tBottom Omiddle > 35mm

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

operating underpressure

N
BY.:=py BU = 2000 —

dead load of bottom plates:

u=981L Drank=32m
2

s
2 T
EBoden = Ptank 7 'Bottom ™ ¥st* U EBoden = 433-537kN
E
E Boden N
G Ec = 539.059 ——
2 T G
D — 2
tank ‘4 m

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

N
BU - 1.5=3000—2
m

minimal filling height:

kg
= 860 —
v 3
m
BU-15
Pmin =
Y-u

hmin = 355.593mm < 1000 mm minimal filling height acc. to specification
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9.3.) Annular Ring Plates acc. to EN14015 Chapter 8:

9.3.1.) Thickness

e1=1 t.1: wall thickness of round 1
€a1 = 6mm

€1
€g0 = 3mm + ? €0 = 7.333mm

€= max(ea1 ,ea2)
€3= 7.333mm

choosen thickness: taoR = 10mm including tolerance and corrosion
9.3.2.) Minimal width of annular ring acc. to EN14015 Fig. 3:

distance between tank shell and bottom middle plates:

lgq = ﬁ “eg M lg1 = 430.68 mm

lgo := 500mm

qu = 870mm value of earthquake calculation (see below)
lg = max(la1,la2,leq) lg=870mm

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

50mm < Id <100mm

overlap annular/middle plate:

IW > 60mm

9.3.3.) weld at bottom-shell-corner:

aw.corner = min(tAR, 9.5mm)

Ay .corner = 9-5mMm

Fillet weld with a.w.corner on both sides of tank wall!

9.3.4.) weld between overlapping bottom plates

2y middle = 4mm acc. to VdTUV 6.3.4.6
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10.) Earthquake

10.1) Earthquake: Tank

Acc. to EN 14015:

10.1.1.) Loads
D:.= 32
1\3%%

Hy =16.7

m
ap=2.75—
S

m
g:=9.81—

5.625- Gy - |

2
S

G2 =
T

Gy = 0.052
T, = 151581.839
HL =167

T, =109714.509
Hr:=16.7

= 860

diameter in [m]
height in [m]

vertical acceleration acc. to specification

standard earth gravity

ratio of accelerations

Ks =059 a6 Fig. G3
Eigenperiode of motivated oscillation of the
Ts=6.008  fg in [s]

amplification factor acc. to Tab G.1

Gl.3;T.s>4.5 Gl 2

weight of tank shell [kg]

height of tank shell [m]

EG + 0.0S
weight of roof + snow/others [kg] T = Dach

1000

r kN

maximal filling height [m]

density of filling [kg/m”3]

" 9.81
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T
e Hy-v weight of filling [kg]

Tt =11550605.745

D
— -1916
Hy
T, '
— = 0575 .
Fig. G1
T ig
T, "
.- 042 Fig. G1
TT
Ty:=Tr- 0575

effective mass moving in tank [kg]
T4 =6641598.303

To:=Ty 042
effective fluid mass moving in tank [kg]
To =4851254.413

X4 "
[ 0.37 Fig. G2
X5 "
— = 0.618 Fig. G2
Ht
Xq:=Hy 037 height of tank shell to center of gravity of seismic
horizontal force T.1
X1=6.179
Xp:= Hr-0.618 height of tank shell to center of gravity of seismic
X5 = 10.321 horizontal force T.2
X = 8.35 height of lower tank edge to center of gravity of
s~ © whole tank [m]
Gy ATy Xg + T HL+ T4 X4q) + Go - To - Xo
Mtank = 102
Mignk = 147035.013 tilithg moment at lower tank edge
in [kKNm]
FEH.tank =

102

FEH tank = 21464.773 seismic horizontal force [KN]




121

10.1.2.) Restistance against tilting

filling
Rep = 355 yield stress of bottom border plate in [N/mm*2]
Wy = 0.86 max density of filling
AR
AR —— thickness of annular ring plate in [mm]; in this
mm case without corrosion, because the ring plate

has no contact to the filling
WLZ= 0.1 'tAR' / Reb- WS' HT

max. acting force of filling

W =71.404 against tilting in kN/m
WL_max = 0.2 . WS . HT' D WL_max = 91 .917
= 71A0% WL_max = 91.917 proof fulfilled
minimal annnular ring plate width:
Wi
0.1744 . ——— =0.867
Ws - Hy

10.1.3.) pressure load shell

tank without ancors:

Mignk = 147035.013

W cal = WL reduced value due to smaller annular ring than calculated above

Ti + T, = 261296.347 total weight of tank and roof in [kg]

(Tt + Tr) -9.81

t= " {hnn =
1000 Wy =2563.317 total weight force in [kN]
U=D-m U = 100.531 girth [m]
Wi
M
il _ 1480 £ 0.785 but <1.5: W.b from Fig. G.4 |

D°. (WL.caI o Wt)
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Wb.tank = 3.85- (Wt + WL) - WL

maximale pressure under tank shell in [kKN/m]
without anchorage: the proof below will show that an
anchorage is necessary!

Wi tank = 301.667

allowable pressure force in tank shell:

t1 - 02
ts = mm thickness of lowest round [mm]
W, - Hr- D?
s T - .G.
102.13 >44 -->eq.G.9
tbs
_ tos
Fq=83: o
Fq=31.125 allowable axial pressure in tank shell [N/mm”2]
Reg = 355 yield stress of lowest round [N/mm"2]
W -
w —25139 | =3 [fa=81128 fulfiled
bs

Fq=231.125 0.5- Rgg =177.5 proof fullfilled
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10.2) Earthquake: Collection Basin

Acc. to EN 14015:

10.2.1.) Loads
D:= 36

NW

M/H%:= 13

5.625.- G1 j
Gaim ———
Ts.col

Gy = 0.041

Tt col = 124503.439

diameter in [m]
height in [m]

vertical acceleration acc. to specification

standard earth gravity

ratio of accelerations

Kev=083  a0c. Fig. G3
Eigenperiode of motivated oscillation of the
Ts=6.008  qidin[s]

amplification factor acc. to Tab G.1

Gl.3;T.s>4.5 Gl 2

weight of tank shell [kg]
height of tank shell [m]

no roof

maximal filling height [m]

density of filling [kg/m”3]
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weight of filling [kg]

Tt =11204779.226

D
— =2.813
Ht
T, .
— =042 .
Fig. G1
T g
T, .
— :=0.56 Fig. G1
Tr
Jau=Tr-0.42
T4 =4706007.275 effective mass moving in tank [kg]
Jou=T1-0.56
To =6274676.366 effective fluid mass moving in tank [kg]
X4 "
—:=0.37 .
Fig. G2
Ht g
X, "
— = 0.56 Fig. G2
Ht
X4 .= Ht-0.37 height of tank shell to center of gravity of seismic
A= T X
horizontal force T.1
X1=4.736
Zay=Hr-0.56 height of tank shell to center of gravity of seismic
X, =7.168 horizontal force T.2
height of lower tank edge to center of gravity of
K= 65

whole tank [m]

Gy (Tt' Xg+ Tp-H + Ty X1) + G2 Ta X2 tilitng moment at lower tank edge
102 in [kNm]

M

col =
M) = 87019.463

102

FEH.col =

FEH.col = 16165.996 seismic horizontal force [kN]
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10.2.2.) Restistance against tilting

filling
He= 355 yield stress of bottom border plate in [N/mm”"2]
W= 0.86 max density of filling
tAr=10 thickness of annular ring in [mm]
Wi col = 0-1-tAR "4/ Rep W - HT
max. acting force of filling
WL col = 62513 against tilting in kN/m
Wiwmax= 0-2-Wg-Hy-D

bottom plate

WL.coI
0.1744 . ——— =0.99
w

s Hr
10.2.3.) Pressure load on shell

tank without ancors:

Mo = 87019.463

W col = 62.513 Reduction of W.L.col due to smaller width than calculated
Ti ool = 124503.439 total weight of basin [kg]
W Tt col - 9:81
t.col = -

1000 Wy =25.498 total weight force in [kN]
Y=D-n U=113.097 girth [m]
O
ol ™ T t.col = ' [kN/m]

IVlcol
=0.916 0.785<1.16 <1.5 -->W.b acc.

D°. (WL.coI + Wt.col) to Fig. G.4

Wh.col = 2:82 (Wt.col + WL.col) =W col

Wp.col = 144.227 maximale pressure under tank shell in [KN/m]
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allowable pressure force in tank shell:

4 col ~ C2

ths.col = mm

Wy - Hy - D?
=176.128
tbs.col

tbs.col

NE/&\:: 83-
Fa=20.75

Beg. = 355

Wb.col

=16.025

1

thickness of lowest round [mm]

>44 -->eq.G.9

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

yield stress of lowest round [N/mm?"2]

Fq=20.75 proof fuffiled

tbs.col

F,=20.75

0.5 Rgg = 1775

proof fullfilleq
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11.) Anchorage

acc. to EN14015; Chap. 12
load combination a - inner overpressure
2

D -n

overpressure = P overpressure = 1608.495kN
dead load

roof EGpach.cor = EGpach 08

9.24

shell EGpantel.cor = 1680kN - m EGMantel.cor = 1515.938kN

rest filling:
h1m EGFU” =A-1m- Ydiesel EGFU” = 8753.734 kN

EGpach.cor * EGMantel.cor
overpressure

=1.478 > 1 no anchorage necessary

load combination b - inner overpressure, wind and minimal filling height
WindSOg =WS$; WS4 =0kN

Windyoment = MW¢ MW { = 635.578 kN

EGMantel.cor + EGpach.cor * ECGFll

=496 .>1

overpressure + Windg g + Windyoment no anchorage necessary

load combination ¢ - wind
EGMantel.cor + EGDach.cor
=3.74 .>1 no anchorage necessary

WindSog + Windy1oment
load combination d - earthquake

Miank - m®

=1.482 <1.5  po anchorage necessary|

D?. (Wp +wy)

D := 32m

NW
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12.) Foundation Loads

Winarmoment

o
1
Mw
LY
. 8
2 :
| | | FDK
I N S NN N MO NN . IO NG N T T N S Y I | ]
U
12.1.) Tank
12.1.1.)Distributed Load under Tank
theoratical volume 13000m3
. 2 T 3
practical volume Vreal = Diank - e htank ~ Vreal = 13430.937m
filling Diesel
max. density =10 kN
. = 3
m
Nignk = 16.7m
Frillung = Vreal " ¥ FFillung = 134309.369kN
p =7 h _ kN
Boden.tank tank PBoden tank = 167—2
m
10% addition
RRadenvank = PBoden.tank " 1-1 kN

PBoden.tank = 183'7_2
m




129

12.1.2.) Dirstributed Load under Tank Shell

. N
operating underpressure Py = 2000 —
m2
Pu= Py Atank

GTank {1 = 2563.317kN

dead load
Gatif = 11-9y140 - Ytank
Gres = Gatif + GTank. 1
Greg = 2740.252kN
WIND:

wind horizontal load Fy.1 =363.364kN

max. wind moment M 5084.623kN - m

w_ges.1~

resulting axial force MW, = 635.576kN

wind suction: WS4 =0kN
EARTHQUAKE:
earthquake horizontal load SEktank= FEH.tank - TKN

tilting moment at lower edge Mianks= Miank - TkN - m

kN

max. pressure load on shell Weank = Wp.tank —
: m

FE==Wptank D7

resulting EGiank = Gstit + FE + Py
UG _ EGtank
tank T D ‘T
filling FF[]IIung = 134309.369kN
distribution area: width ty =13mm

tAR' mm=10mm

Btank = 3.5tAR- mm + t1

P, = 1608.495kN

Ggiif = 176.934 kN

FEH.tank = 21464.773kN

Mignk = 147035.013kN - m

kN
Wb tank = 301667 —

FEg =30326.921 kN

EGignk = 32112.351kN

kN
UGhgn = 319.427 —

Btank =48mm
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distributed load (incl. 10% UGank iy

add.) out of dead load: PEG.tank == Biank

N
PEG.tank = 7-32 >
mm

distributed load (incl. 10%

PFill = PBoden.tank
add.) out of filling: '

N
pFi” =0.1 84—2
mm

resulting distributed load under tank shell:

Pshell_res = PEG.tank * PFill

N
Pshell_res = 7-904 >
mm
Results: Tank
Wind suction force 611|kN
resulting wind moment 5085|kNm
resulting wind hor. Force 365(kN
resulting earthquake moment 154560|kNm
resulting earthquake hor. Force 21915(kN
max. ver. force (dead + live loads) 137100|kN
min. ver. force (dead load) 2800(kN
[max. distr. Load bottom middle 0,19|N/mm"2
[annular ring 8,92|N/mm*2
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12.2.) Collection Basin

12.2.1.) Distributed Load under Basin

theoratical volume
practical volume
filling

max. density

hCOl =13m
HRilung= Vreal ¥
PBoden.col = ¥ Ncol

10% addition

RBadencal = PBoden.col * 1-1

12.2.2.) Dirstributed Load under Basin Shell

dead load

WIND:

wind horizontal load

max. wind moment

resulting axial force

G ol = 1221.379kN

Gstif.col = 3 9U140 - Ycol

Gres.col = Gstif.col * G1.col

Gres col = 1275.665kN

FW col 1 = 564.808 kN

M 3671.255kN - m

w_ges.col.1 ™~

MW 407.917kN

col.1 =

13000m3
2 T 3
V = DCOl . Z . hCOl Vreal =13232.388m
Diesel
10 kN
Y= 10—
m3
FF[JIIung =132323.883 kN
kN
PBoden.tank = 183'7_2
m
kN

PBoden.tank = 183-7_2

m
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EARTHQUAKE:

earthquake horizontal load

tilting moment at lower edge

max. pressure load on shell

resulting

filling

distribution area: width

distributed load (incl. 10%
add.) out of dead load:

distributed load (incl. 10%
add.) out of filling:

SEksoal= FEH.col - TKN

Mook= Mgol - kN - m

kN
Wocoh= Wb.col?

FEcol = Wpcol D7

EGgol = Gistif.col * FE.col

EG
col
UGy = D\ 1
col
FF[]IIung = 132323.883kN

14 col = 10mm

taAr - mm=10mm
BCO| = 3.5tAR- mm + t1.CO|

UGIcoI

PEG.col = Bog| 1.1
co

PEG.col = 3:146 >
mm

Ril= PBoden.col

N
PFil = 0.1 43—2
mm

resulting distributed load under tank shell:

Rehellwes™ PEG.col ™ PFill

Pshell_res

N
=3.289——
mm

FEH.col = 16165.996kN

M 87019.463kN - m

col =

kN
W ool = 144.227 —

FE col = 14499.314kN

EGo| = 14553.6kN

kN
UG = 128.682—

B~nj = 45mm

col
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Results: Basin

Wind suction force - kN
resulting wind moment 3675|kNm
resulting wind hor. Force 565|kN
resulting earthquake moment 94555|kNm
resulting earthquake hor. Force 16616|kN
max. ver. force (dead + live loads) 135300|kN
min. ver. force (dead load) 1300(kN
[max. distr. Load bottom middle 0,15|N/mm"2
[annular ring 3,3|N/mm*"2
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13.) Summary

13.1. Tank
Element Part Dimensions | Thickness Material Grade
crown ring 335x720 25 S355J2G3 B
plates 6 S$355J2G3 B
- corner ring 600 30 S$355J2G3 B
cross bracing U160 S$355J2G3
polygone rings| L150x75x9 S235J2G3
rafters IPE360 S355J2G3
round 7 2300x6000 9 S$355J2G3 B
round 6 2400x6000 9 S355J2G3 B
round 5 2400x6000 10 S355J2G3 B
round 4 2400x6000 11 S355J2G3 B
shel round 3 2400x6000 11 S355J2G3 B
round 2 2400x6000 12 S355J2G3 B
round 1 2400x6000 13 S$355J2G3 B
stiffener U140 S355J2G3
bottom annular ring 870 10 S$355J2G3 B
middle plates 7 S235J2G3
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13.2. Collection Bassin

Element Part Dimensions | Thickness Material Grade
round 6 1800x6000 9 S355J2G3 B
round 5 2000x6000 9 S355J2G3 B
round 4 2000x6000 9 S355J2G3 B
Sl round 3 2400x6000 9 S355J2G3 B
round 2 2400x6000 9 S355J2G3 B
round 1 2400x6000 10 S355J2G3 B
end stiffener welded multi S235J2G3
stiffener U140 S355J2G3




APPENDIX A: Software Print Outs




customer...... oMV drawing....... BF 1
revisor....... Panenka Border. .. ... ... Diegel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commission. ...
input data
design data and load collection:
axial force P = 8070.00 kN
safety coefficient (axial load) VvF,P = 1.01 -
external pressure (area load) q = 41.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vE,w = 1.01 -
temperature T = 40 °C
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = 2 rounds
length of 1lst round 11 = 600.0 mm
length of 2nd round 12 = 2400.0 mm
wall thickness of 1lst round tl = 12.0 mm
wall thickness of 2nd round t2 = 13.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0570
gemi product = plate
mill undertolerance cl = 0.3 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?
elastic modulus E = 210250 N/mm?2



customer...... oMV drawing....... BF 1

revisor....... Panenka order......... Diesgel Storage Tank
revigion...... order number.. 5.7638
prod.number. . . commission....
results
declaration to the abbrevations
X index for axial direction £ index for circumf. direction
ox axial stress of circumferential stress
& reduction factor i ideal buckling stress
yF safety coefficient loading vM safety coefficient material
£S related grade of slenderness long long cylinder class
sh short cylinder class mdl midlong cylinder class

cylindrical shells with modified wall thickness

I T 1
round 1|round 2|element|
| |

|
|manufacturing inaccuracies

| |

| |

| I } . |
|measure length (longit.) Imx | mm | 1752. | 1824. | (302) |
|all. longit. buckle depth tvx |mm | 17.5 | 18.2 | (302) |
|measure length (circumf.) 1mf | mm | 1179. | 2000. | (302) |
lall. circumf. buckle depth tvE |mm | 11.8 | 20.0 | (302)
|allowed eccentricity elmam | 0.5 | 0.5 |304/T.4]
[pseudo wall thickness teff |wm | 10.7 | 11.7 | ap-Bo |
| ] ! ! I
[ T I T 1
|geometry of 3-round pseudo cylinder | | | remark |
i | A |
|pseudo round length top 1o | mm | 1500.0 | element (509) |
|pseudo round length mid Im | mm | 750.0 | element (509) |
|pseudo round length down 1u | mn |  750.0 | element (s509) |
|pseudo wall thickness top to | mm | 11.30 | element (509) |
|pseudo wall thickness mid tm | mm | 11.70 | element (509) |
|pseudo wall thickness down tU | mm |  11.70 | element (s509) |
|parameter for figure 20 lo/1 | -- | 0.50 | £ig. 20 [
|parameter for figure 20 tm/to | -- | 1.04 | £ig. 20
|parameter for figure 20 tu/to | -- | 1.04 | fig. 20
|coefficient for pseudo cylinder ] -- | 0.50 | fig. 20 |
L ! B 1
[ T 1] T 1
|results for pseudo wind load | | | remark |
! | — !
| summation of pseudo wind loads qwind | mbar | 0.0 | accord. (424) |

| mbar l 41.4 | with yF |

L |

| superposition with external pressure qG
| B —




| ]

customer...... oMV drawing....... BF 1
revisor....... Panenka order......... Diesel Storage Tank
revigion...... order number.. 5.7638
prod.number. . . commigsion. ...
I r T I T l
|axial load | |round 1|round 2|element|
% = { i | =
| report necessary ? | -- | ves | ves |4.2/5.3|
| report possible ? | -- | ves | ves | |
|cylinder class | - |sh/mdl |sh/mdl |a.2/5.3]
|coefficient Cx Cx | -- | 1.0 | 1.0 |4.2/5.3]
|id. buckling stress o0xSi | wmm: | 87.5 | 95.9 |a.2/5.3]
|rel. slenderness ESX | -- | 2.0 | 1.9 | eq1 |
| reduction factor &X | -- | 0.0 | 0.1 | eq.8 |
| reduc. reduction factor ®X | -- | 0.0 | 0.1 | (308 |
|real buckling stress 0xSRk | w/mm: | 17.5 | 19.2 | eq.4 |
| safety coefficient vMX | -- | 1.5 | 1.4 | eq.13 |
| 1imit for buckling stress 0xSRA | n/mm: | 12.1 | 13.4 | eq.9 |
|max. membrane stress 0X | ¥/mm? | 7.6 | 6.9 |with yF|
| ratio ox/od | -- | 0.628 | 0.518 | eq.14 |
L ] | | ] 1
| T T I T 1
| circumferential load | | round 1|round 2|element|
i = i } : |
| report necessary ? | - | ves | yes |4.2/5.3]
| report possible ? | -- | ves | ves | [
|pseudo class for 3-round cyl. | -- |sh/mdl |sh/mdl |4.2/5.3]
|id. pseudo buckling stress 0fSiE | w/mm: | 20.6 | 18.9 | 5.3.2 |
|max. ideal buckl. stress fSi | wmm: | 20.6 | 18.9 |4.2/5.3]
|related slenderness £Sf | .- | 4.15 | 4.34 | eg.2 |
| reduction factor af | -- | 0.04 | 0.03 | eq.7/8]
| reduced reduction factor &f | -- | 0.04 | 0.03 | (305 |
| real buckling stress 0fSRk | w/mm* | 13.4 | 12.3 | eq.5 |
| safety coefficient yMEf | -- | 1.1 | 1.1 | eq.12/]
|limit for buckling stress 0fSRA | w/mm: | 12.2 | 11.1 | eq.10 |
|max. membrane stress of | -- | 6.2 | 5.7 |with yF|
|ratio of/od | -- | 0.509 | 0.509 | eq.15 |
I ] |

[
| combined loads
|

I T 1
round 1|round 2|element|
] ! |

|
|ratio
a

I T !
0.989 | 0.869 | eq.s0 |
1

| |




customer...... oMV drawing....... BF 2
140

revigor....... Panenka order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commigsion....

input data

design data and load collection:

axial force P = 7620.00 kN
safety coefficient (axial locad) vF,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 = 1.01 -
temperature T = 40 °eC
geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = 2 rounds
length of 1st round 11 = 100.0 mm
length of 2nd round 12 = 1800.0 mm
wall thickness of lst round tl = 11.0 mm
wall thickness of 2nd round t2 = 12.0 mm

border conditions = transl. fixed transl. fixed

material data:

material number = 1.0570

semi product = plate

mill undertolerance cl = 0.3 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?2

210250 N/mm?2

elastic modulus B



customer...... oMV
revisor....... Panenka
revision......

prod.number. . .

results

declaration to the abbrevations

X index for axial direction b

ox axial stress of

& reduction factor oi
vF safety coefficient loading yvM
£8 related grade of slenderness long
sh short cylinder class mdl

BF 2
order number.. 5.7638
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

Diesgel Storage Tank

T
round 1|round 2

T T

|manufacturing inaccuracies | | |element |
| I | 1 ] 1
| I | T 1 1
|measure length (longit.) lmx | om | 1678. | 1752. | (302) |
|all. longit. buckle depth tvk |wm | 16.8 | 17.5 | (302) |
|measure length (circumf.) Imf | em | 471.1 | 2000. [ (302) |
|all. circumf. buckle depth tvE | om | 4.7 | 20.0 | (302) |
|allowed eccentricity e | mm | 0.5 | 0.5 |304/T.4]
|pseudo wall thickness teff | m | 9.7 | 10.7 | ap-Bo |
| 1 | | 1 ]
[ T T T 1
lgeometry of 3-round pseudo cylinder | | | remark |
; = I : —
|pseudo round length top lo [em | 950.0 | element (509) |
|pseudo round length mid Im | mm | 475.0 | element (509) |
|pseudo round length down 1u | mm | 475.0 | element (509) |
|pseudo wall thickness top to | mm | 10.59 | element (s09) |
|pseudo wall thickness mid £m | mo | 10.70 | element (509) |
|pseudo wall thickness down tu | mm | 10.70 | element (509) |
|parameter for figure 20 lo/1 | -- | 0.50 | fig. 20 |

|parameter for figure 20 tm/to | -- I 1.01 | £ig. 20

|parameter for figure 20 tu/to | -- | 1.01 | £ig. 20

|coefficient for pseudo cylinder B - | 0.50 | £ig. 20
| 1 l 1 I
I T 1 T 1
[results for pseudo wind load | | | remark |
| | S E—— |
| summation of pseudo wind loads gwind | woar | 0.0 | accord. (424) |
aG | mbar | 46.4 | with yF |
H ]

| superposition with external pressure
£




|ratio

customer...... oMV drawing....... BF 2
revisgor....... Panenka 20rder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commission. ...
| l I | l I
|axial load [ |round 1|round 2|element|
| : { l F !
|report necessary ? | -- | ves | yves |4.2/5.3]
| report possible ? | -- | ves | ves |
|cylinder class | --  |sh/mdl |sh/wdl |s.2/5.3]
|coefficient Cx ex | -- | 1.1 | 1.1 |4.2/5.3]
|id. buckling stress 0xS1i [ w/mm: | 82.1 | 91.1 J|a.2/5.3]
|rel. slenderness £8x | -- | 2.1 | 2.0 | eq.1 |
| reduction factor @x | -- | 0.0 | 0.1 | eq.8 |
| reduc. reduction factor &x | -- | 0.0 | 0.1 | os) |
|real buckling stress 0xSRk | w/mm: | 16.4 | 18.2 | eq.a |
| safety coefficient yMX | -- [ 1.5 | 1.4 | eq.13 |
|limit for buckling stress 0xSRA | w/mm: | 11.3 | 12.6 | eq.s |
lmax. membrane stress 0X | N/mm: | 7.9 | 7.2 |with yF|
|ratio ox/od | -- | 0.697 | 0.567 | eq.14 |
L 1 | I I j
[ T I T 1
| eircumferential load | | round l]round 2 |element |
| —— ! % I
| report necessary ? | -- | ves | ves |4.2/5.3|
| report possible ? [ - | ves | yves |
|pseudo class for 3-round cyl. | -- |sh/mdl |sh/mdl [4.2/5.3]
|id. pseudo buckling stress 0fSiE | w/mm: | 30.4 | 27.5 | 5.3.2 |
|max. ideal buckl. stress cfSLi | N/mm: | 30.4 | 27.5 |a.2/5.3]
| related slenderness £Sf | .- | 3.42 | 3.59 |eq2 |
|reduction factor of | -- | 0.06 | 0.05 | eq.7/8]
| reduced reduction factor e&f | -- | 0.06 | 0.05 | (305 |
|real buckling stress 0fSRk | w/mm: | 19.7 | 17.9 | eax.5 |
|safety coefficient yME | -- | 1.1 | 1.1 | eq.12/|
|limit for buckling stress 0£SRA | w/mm: | 18.0 | 16.3 | eq.10 |
|max. membrane stress of | -- | 7.7 | 6.9 |with yF|
|ratio of/od | - | 0.427 | 0.427 | eq.15 |
| ! L ] I ]
I I I T 1
|combined loads ]round l|round 2 |element |
I 1; | f I
|




customer...... oMV drawing....... BF 3
revigor....... Panenka 43order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commission. ...
input data
design data and load collection:
axial force P = 7350.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) g = 46.0 mbar
safety coefficient (external pressure) vF,g = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vF,w = 1.01 -
temperature T = 40 °C
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1= 2000.0 mm
wall thickness t = 11.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0570
semi product = plate
mill undertolerance cl = 0.3 mm
corrosion allowance c2 = 1.0 mm
stregs value fy = 355.0 N/mm?2
elastic modulus E 210250 N/mm 2



customer...... oMV drawing....... BF 3

revisor....... Panenka order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commigsion. ...
results
declaration to the abbrevations
b4 index for axial direction £ index for circumf. direction
ox axial stress of circumferential stress
® reduction factor ol ideal buckling stress
vF safety coefficient loading yvM gsafety coefficient material
£S related grade of slenderness long long cylinder class
sh short cylinder class mdl midlong cylinder class

cylindrical shells with not modified wall thickness

[ — T i
|manufacturing inaccuracies | | [element |
| | +— —
|measure length (longit.) lmx | mwn | 1678 | (302) |
|all. longit. buckle depth tvx |mm | 16.8 | (302) [
|measure length (circumf.) Imf | om | 2000. | (302)
|all. circumf. buckle depth tvE |mm | 20.0 | (302)
pseudo wall thickness teff | mm | 9.7 | mp-BO [
| I | 1 ]
[ T T 1 1
|results for pseudo wind load | | |remark |
; | A+ —
| summation of pseudo wind loads qgwind | mbar | 0.0 | accord. (424) |
| mbar | 46.4 | with yF |
] R

| superposition with external pressure qG
1 i




customer. ..... oMV drawing....... BF 3

revisor....... Panenka 5order. ..., ... Diesel Storage Tank
revision...... order number.. 5.7638

prod.number. .. commigsion. ...

[ T T T 1
]axial load | I |element |
i | } | |
| report necessary ? | -- | ves |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 Cx | - | 1.1 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | /om: | 81.6 |4.2/5.3/6.2 |
|rel. slenderness £Sx | .- | 2.1 | ea. |
| reduction factor &KX | -- | 0.0 | eq.8 ]
|reduc. reduction factor & | - | 0.0 | (305) |
|real buckling stress 0xSRkK | n/mmz | 16.3 | eq.4 |
|safety coefficient yMx | -- | 1.5 | eq.13 |
|1limit for buckling stress 0xSRA | w/mm: | 11.3 | eq.o |
|max. membrane stress 0x | /mm: | 7.6  |with yF I
| ratio ox/0d | -- | 0.676 | eq.24 [
L i | ! ]
| L E— T 1
| circumferential load | | | element |
! | S E— |
| report necessary ? |- | ves |4.2/5.3/6.2/7.2 |
| report possible ? [ -- | ves | |
|pseudo class for 3-round cyl. | -- |sh/mdl |s.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/mm: | 30.8 |a.2/5.3/6.2/7.2 |
|related slenderness £8f | -- | 3.39 | eqo2 |
|reduction factor ef | -- | 0.06 | eqg.7/8 |
| reduced reduction factor ef | -- | 0.06 | (305 |
|real buckling stress 0fSRk | w/mmz | 20.0 | eq.s |
| safety coefficient yME | -- | 1.1 | eq.12/13 |
|limit for buckling stress 0fSRA | w/mmz | 18.2 | eq.10 ]
|max. membrane stress of | -- | 7.7  |with yF |
|ratio of/od | -- | 0.421 | eq.15 |
] ] i J
| T T 1
|combined loads | | [element |
I = i | —
|ratio | - | 0.952 | eqg.50 |
| ] I |




customer...... oMV drawing.......

revisor....... Panenka 146order. ... ... .. Diesel Storage Tank
revigion...... order number.. 5.7638
prod.number. . . commission.. ..

input data
design data and load collection:

axial force P = 7090.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 46.0 mbar
safety coefficient (external pressure) vyF,q = 1.01 -
external windload = no

wind undertow = no

safety coefficient (wind) vF,w =~ 1.01 -
temperature T = 40 °c

geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1l = 2000.0 mm
wall thickness t = 11.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0570

semi product = plate

mill undertolerance ' cl = 0.3 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?

elastic modulus E = 210250 N/mm 2



customer...... oMV
revisor....... Panenka
revigion......

prod.number. . .

results

declaration to the abbrevations

x index for axial direction
ox axial stress

@ reduction factor

vyF safety coefficient loading
£S related grade of slenderness
sh short cylinder classg

of
oi
vM
long
mdl

MWorder......... Diesel Storage Tank

order number.. 5.7638
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

1 ] -
|manufacturing inaccuracies | { |element

| A :
|measure length (longit.) lmx | mm | 1678. | (302) |
|all. longit. buckle depth tvx |mm | 16.8 | (302) |
|measure length (circumf.) Imf | mm | 2000. | (302) ]
lall. circumf. buckle depth tvE |mm | 20.0 | (302) |
|pseudo wall thickness teff |mm | 9.7 | ap-Bo

| 1 ] I |
] el I—

|results for pseudo wind load ] | |remark

| summation of pseudo wind loads

| superposition with external pressure
1

gwind
aG

A
0.0 | accord. (424)
46 .4 | with yF
L




customer...... oMV drawing.......
revisor....... Panenka 48order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commission. ...
[ T I T ]
|axial load | 1 | element |
| % l | —
| report necessary ? [ -- | ves |4.2/5.3/6.2/7.2 |
|report possible ? [ -- | yes | |
|cylinder class [ -- |sh/mdl  |4.2/5.3/6.2/7.2 |
|coefficient Cx cx | -- 1.1 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | N/mm: | 81.6 [4.2/5.3/6.2 |
|rel. slenderness £Sx | - | 2.1 | eq: |
| reduction factor @K | -- | 0.0 | eg.s |
|reduc. reduction factor & | - | 0.0 | (305 |
|real buckling stress 0xSRk | N/mm: | 16.3 | eq.4 |
|safety coefficient yMx | - | 1.5 | eq.13 |
|1limit for buckling stress 0xSRA | v/mm: | 11.3 | eq.9 |
|max. membrane stress X | ¥/mmz | 7.3 |with yF |
|ratio ox/0d | - | 0.652 | eq.12 [
L 8 S| 1
| B el I 1
| circumferential load [ | |element |
| : } : |
|report necessary ? | == [ yes |4.2/5.3/6.2/7.2 |
| report possible ? | -- | ves | |
|pseudo class for 3-round cyl. | -- |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient Cf | -- | 1.3 |4.2/5.3/6.2/7.2 |
[max. ideal buckl. stress 0fSi | &/mm: | 30.8 |4.2/5.3/6.2/7.2 |
|related slenderness £Sf | - | 3.39 | ea.2 |
| reduction factor ef | -- | 0.06 | eq.7/8 |
|reduced reduction factor ®f | - | 0.06 | (05 [
|real buckling stress 0fSRk | n/mm: | 20.0 | eq.5 |
|safety coefficient yMEf | -- | 1.1 | eq.12/13 |
|limit for buckling stress 0fSRA | N/mm: | 18.2 | eq.10 |
|max. membrane stress of | -- | 7.7 |with yF |
|ratio of/od | -- | 0.421 | eq.15 |
| i I
| T 1 |
[combined loads | I |element |
i % i { |
|ratio | - ] 0.925 | eq.50 |
| |

|




customer...... oMV drawing....... BF 5

revisor....... Panenka 149%zrder......... Diesel Storage Tank
revigsion...... order number.. 5.7638
prod.number. . . commission. ...

input data
design data and load collection:

axial force P = 6845.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 46.0 mbar
safety coefficient (external pressure) vyF,q = 1.01 -
external windload = no

wind undertow = no

safety coefficient (wind) vF,w = 1.01 -
temperature T = 40 °C

geometry and configuration data:

kind of shell = cylinder

radius of shell mean area r o= 16000.0 mm
number of rounds = 2 rounds

length of 1st round 11 = 400.0 i
length of 2nd round 12 = 700.0 mm
wall thickness of 1lst round tl = 10.0 mm
wall thickness of 2nd round t2 = 11.0 mm

transl. fixed

1

border conditions = transl. fixed

material data:

material number = 1.0570

gsemi product = plate

mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?2

elastic modulus E = 210250 N/mm?



customer...... oMV
revisor....... Panenka
revision......

prod.number. . .

results

declaration to the abbrevations

X index for axial direction £

ox axial stress of

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

BF 5
order number.. 5.7638
commission. ...

index for circumf. direction
circumferential stress

ideal buckling stress

gsafety coefficient material
long cylinder class

midlong cylinder class

cylindrical shells with modified wall thickness

Diesel Storage Tank

[
|manufacturing inaccuracies

I

T 1

round 1|round 2|element|

T

{ ! ! —
|measure length (longit.) lmx | mm | 1600. | 1678. | (302)
|all. longit. buckle depth tvx |mm | 16.0 | 16.8 | (302) |
|measure length (circumf.) Imf | mm | 920.0 | 1246. | (302) |
[all. circumf. buckle depth tvE | | 9.2 | 12.5 | (302)
|allowed eccentricity e | mm | 0.5 | 0.5 {304/T.4|
|pseudo wall thickness teff | mm | 8.5 | 9.5 | ap-BO |
| 1 | | | |
| T T T 1
| geometry of 3-round pseudo cylinder | | | remark |
i { I | —
|pseudo round length top lo | mm | 550.0 | element (509) |
|pseudo round length mid im | mm | 275.0 | element (509) |
|pseudo round length down Iu |mm | 275.0 | element (509) |
|pseudo wall thickness top to | mm | 8.77 | element (509) |
|pseudo wall thickness mid tm | mm | 9.50 | element (509) |
|pseudo wall thickness down tu | mm | 9.50 | element (509) |
|parameter for figure 20 lo/1 | -- | 0.50 | fig. 20 |
|parameter for figure 20 tm/to | -- | 1.08 | £ig. 20 |
|parameter for figure 20 tu/to | -- [ 1.08 | fig. 20 |
|coefficient for pseudo cylinder R -- | 0.51 | f£ig. 20
| 1 L 1 1
! T T T ]
|results for pseudo wind load | | | remark |
i : i | 2
| summation of pseudo wind loads gwind | wbar | 0.0 | accord. (424)

G | wbar | 46 .4 | with yF |

i | |

| superposition with external pressure
L




customer...... OMV
revisor....... Panenka
revigion......

prod.number. . .

order number..
commission. .

.. BF 5
.. Diesel Storage Tank

5.7638

T
round 1|round 2

|
| axial load | |element |
; S } + |
| report necessary ? | -- | ves | yes [4.2/5.3]
|report possible ? [ -- | ves | ves |
|cylinder class | - |sh/mdl |sh/mdl |4.2/5.3]
|coefficient Cx Cx | -- | 1.2 | 1.2 |a.2/5.3]
|id. buckling stress 0xSi | N/mmz | 79.0 | 89.8 |4.2/5.3]
|rel. slenderness £8x | -- | 2.1 | 2.0 | eq1 |
| reduction factor 22X | -- | 0.0 | 0.1 | eq.8 |
|reduc. reduction factor &X | -- | 0.0 | 0.1 | (305)
|real buckling stress 0xSRk | ¥/mm2 | 15.8 | 18.0 [ eq.s |
|safety coefficient yMx | -- | 1.5 | 1.4 | eq.13 |
|1imit for buckling stress 0xSRd | 8/mm: | 10.9 | 12.4 | eq.9 |
|max. membrane stress ox | N/m: | 8.1 | 7.2 |with yF|
|ratio ox/0d | -- | 0.743 | 0.584 | eq.14 |
| 1 I 1 I J
[ T T ] T 1
| circumferential load ] | round 1|round 2|element|
| : i l } !
| report necessary ? | -- | ves | yes [4.2/5.3]
|report possible ? [ -- | ves | ves |
[pseudo class for 3-round cyl. | -- |sh/mdl |sh/mdl |s.2/5.3]
|id. pseudo buckling stress 0fSiE | n/mm: | 38.0 | 34.0 | 5.3.2
|max. ideal buckl. stress ofSi | w/mm= | 38.0 | 34.0 |4.2/5.3]
|related slenderness £8f | -- | 3.06 | 3.23 | eq2 |
| reduction factor ®f | .- | 0.07 | 0.06 | eq.7/8]
| reduced reduction factor ®f | -- | 0.07 | 0.06 | (305 |
|real buckling stress 0ESRk | n/mmt | 24.7 | 22.1 | eq.5 |
|safety coefficient yME | -- | 1.1 | 1.1 | eq.12/|
|limit for buckling stress 0fSRA | w/mm: | 22.5 | 20.1 | eq.10 |
|max. membrane stress of | -- | 8.7 | 7.8 |with yF
|ratio gf/od | -- | 0.389 | 0.389 | eq.15 |
| 1 | ] I i
[ T [ I T 1
|combined loads | |round 1|round 2|element|
| 1 | |
|

|ratio
|

1
0.997 | 0.818
1




customer...... oMV drawing....... BF 6

revisor....... Panenka 120rder. . ....... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commission....

input data
design data and load collection:

axial force P = 6700.00 kN
safety coefficient (axial load) vF,P = 1.0 -
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) vF,w = 1.01 -
temperature T = 40 °C

geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1 = 1500.0 mm
wall thickness t = 10.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0570

semi product = plate

mill undertolerance cl = 0.3 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0  N/mm?2

elastic modulus E = 210250 N/mm?



customer...... oMV
revisor....... Panenka
revigion......

prod.number. ..

results

declaration to the abbrevations

0x

vF
£S
sh

index for axial direction
axial stress

reduction factor

safety coefficient loading
related grade of slenderness
short cylinder class

of
oi
yM
long
mdl

BF 6
order number.. 5.7638
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

[

Diesel Storage Tank

1

|manufacturing inaccuracies | | |element
| A !
|measure length (longit.) lmx | mm | 1600 | (302) |
|all. longit. buckle depth tvx |mm | 16 | (302) |
|measure length (circumf.) Imf | wm | 1781 | (302) |
|all. circumf. buckle depth tvE | mm | 17.8 | (302) I
|pseudo wall thickness teff | mm | 8.7 | ap-BoO |
| ! | i 1
| T T T 1
|results for pseudo wind load | | | remark |
| : i E |
| summation of pseudo wind loads gwind | mbar | 0.0 | accord. (424) |
G | woar | 46 .4 | with yF |
| | |

| superposition with external pressure
[




customer...... oMV
revisor....... Panenka
revision......

prod.number. . .

drawing....... BF 6

order number.. 5.7638
commigsion....

Morder......... Diesel Storage Tank

T | 1
|axial load I | |element
| | i | s
| report necessary ? | -- | yves |[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 ox | -- | 1.1 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | n/mm: | 75.6  |4.2/5.3/6.2 |
|rel. slenderness £8x | -- | 2.2 | eq.1 |
| reduction factox &X | -- | 0.0 | eq.s
| reduc. reduction factor &x | -- | 0.0 | (305 [
|real buckling stress 0xSRk | w/mm: | 15.1 | eq.s [
| safety coefficient yMx | -- | 1.5 | eq.13 |
|limit for buckling stress 0xSRA | N/mm: | 10.4 | eq.o |
|max. membrane stress 0x | W/mm | 7.7 |with vyF |
|ratio ox/od | -- | 0.742 | eq.14 [
| I 1 ! ]
[ T T T T 1
| circumferential load | | |element
; & i = —
| report necessary ? | -- | ves |4.2/5.3/6.2/7.2 |
| report possible ? | -- l ves | I
|pseudo class for 3-round cyl. | -- |sh/mdl |s.2/5.3/6.2/7.2 |
|coefficient CEf | -- | 1.5 |4.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0fSi | w/mm: | 38.2 |a.2/5.3/6.2/7.2 |
|related slendermess £SE | -~ ] 3.05 | eqg.2 |
| reduction factor ®F | .- | 0.07 | eq.7/8
| reduced reduction factor ®f | -- | 0.07 | (305 |
|real buckling stress 0fSRk | n/mm: | 24.8 | eq.s |
|safety coefficient yMEf | -- | 1.1 | eg.12/13 |
|limit for buckling stress 0ESRA | w/mmz | 22.5 | eqg.10 |
|max. membrane stress of | -- | 8.5 |with yF [
|ratio of/od | -- | 0.379 | eq.15 ]
1 L 1 ! ]
I T T T 1
| combined loads | ] |element
| i | !
| ratio | 0.986 | eg.s0 [

| |




customer...... oMV drawing....... BF 7

revisor....... Panenka order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commission. ...

input data
design data and load collection:

axial force P = 6535.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) g = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.0 -
external windload = no

wind undertow = no

safety coefficient (wind) vEF,w = 1.01 -
temperature T = 40 °C

geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = 2 rounds
length of 1st round 11 = 100.0 mm
length of 2nd round 12 = 600.0 mm
wall thickness of 1st round tl = 9.0 mm
wall thickness of 2nd round t2 = 10.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0570

semi product = plate

mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?2

elastic modulus E = 210250 N/mm?2



customer...... oMV drawing....... BF 7

revisor....... Panenka 156o0rder......... Diesel Storage Tank
revision...... order number.. 5.7638

prod.number. .. commission....
results

declaration to the abbrevations

b'd index for axial direction £ index for circumf. direction
ox axial stress of circumferential stress

® reduction factor oi ideal buckling stress

yF safety coefficient loading yM safety coefficient material
£S8 related grade of slenderness long long cylinder class

sh short cylinder class mdl midlong cylinder class

cylindrical shells with modified wall thickness

[ T
round 1|round 2|element|

|manufacturing inaccuracies

46 .4 | with yF
{

T |
| |

— % ; i ; |
|measure length (longit.) lmx | mm | 1517. | 1600. | (302) |
|all. longit. buckle depth EVX | mm | 15.2 | 16.0 | (3o2) |
|measure length (circumf.) lmf | wm | 448.0 | 1126. | (302) |

|all. circumf. buckle depth tvE | wm | 4.5 | 11.3 | (302)
|allowed eccentricity e lm | 0.5 ]| 0.5 |304/T.4]
|pseudo wall thickness teff | m | 7.5 | 8.5 | ap-Bo |
| ! | | ] ]
[ T T T 1
geometry of 3-round pseudo cylinder | | | remark |
- : } : !
|pseudo round length top lo |mm | 350.0 | element (509) |
|pseudo round length mid Im | mm | 175.0 | element (509) |
|pseudo round length down 1u | mm |  175.0 | element (509) |
|pseudo wall thickness top to | mm | 8.21 | element (509) |
|pseudo wall thickness mid tm | mm |  8.50 | element (509) |
|pseudo wall thickness down tu | m | 8.50 | element (509) |
|parameter for figure 20 lo/1 | -- | 0.50 | fig. 20 |
|parameter for figure 20 tm/to | -- | 1.03 | £ig. 20 |
|parameter for figure 20 tu/to | -- | 1.03 | £ig. 20 |
|coefficient for pseudo cylinder B | -- | 0.50 | fig. 20 |
| I ] 1 I
{ T 1 1
| results for pseudo wind load | | | remarik |
i : ! | |
| summation of pseudo wind loads gwind | wpar | 0.0 | accord. (a24) |
| |
| 1

| superposition with external pressure gG | mbar
|




customer...... oMV
revisor....... Panenka
revision......

prod.number. ..

order number. .
commigsion. ...

BE 7
Diesel Storage Tank
5.7638

[
|axial load
|

T 1

round 1|round 2|element]

1 |

| T i
| report necessary ? ves yves |4.2/5.3]
| report possible ? yves ves | |
|cylinder class sh/mdl |sh/mdl |<.2/5.3]
|coefficient Cx cx 1.4 1.4 |4.2/5.3]
|id. buckling stress 0xSi 81.5 95.7 |4.2/5.3|
|rel. slenderness £8x 2.1 1.9 [ eq.1 |
|reduction factor &x 0.0 0.1 | eq.8 |
[reduc. reduction factor ®ex 0.0 0.1 | (305 |
|real buckling stress 0x%SRk 16.3 19.1 | eg.a |
| safety coefficient yMx 1.5 1.4 | eq.13 |
|limit for buckling stress 0x%SRd 11.2 13.3 | eq.o |
|max. membrane stress 0x 8.8 7.7 |with yE|
| ratio ox/od 0.778 0.579 | eq.14 |
L 1 !
[ T 1
| circumferential load round 1|round 2|element|
| -
[report necessary °? ves yes |4.2/5.3]
| report possible ? yes ves | |
|pseudo class for 3-round cyl. sh/mdl |sh/mdl |2.2/5.3]
|id. pseudo buckling stress ofSiE 56.8 50.1 | 5.3.2
|max. ideal buckl. stress ofSi 56.8 50.1 |4.2/5.3]
|related slenderness £8f 2.50 2.66 | eq.2 |
| reduction factor af 0.10 0.09 | eq.7/8|
| reduced reduction factor &f 0.10 0.09 | (305) |
| real buckling stress ofSRk 36.9 32.6 | eq.5 |
| safety coefficient yM£E 1.1 1.1 | eq.12/|
|limit for buckling stress gfSRA 33.6 29.6 | eq.10 |
|max. membrane stress of 9.9 8.7 |with yF|
|ratio of/od 0.295 0.295 | eq.15 |

I
|combined loads

round 1|round 2 |element |

| |

|
|
|ratio
|

T 1

0.949 | 0.723 | eq.50 |




customer...... oMV drawing....... BF 8
158

revisor....... Panenka order......... Diesel Storage Tank
revigion...... order number.. 5.7638
prod.number. . . commission....
input data
design data and load collection:
axial force P = 6465.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 46.0 mbaxr
safety coefficient (external pressure) VyF,qg = 1.01 -
external windload = no
wind undertow = no
gsafety coefficient (wind) vF,w = 1.01 -
temperature T = 40 °C
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1= 700.0 mr
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0570
semi product = plate
mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
gtress value fy = 355.0 N/mm?2

elastic modulus E = 210250 N/mm 2




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

prod.number. ..

results

declaration to the abbrevations

0x

vF
£S
sh

index for axial direction
axial stress

reduction factor

gafety coefficient loading
related grade of slenderness
short cylinder class

of
oi
vM
long
mdl

BF 8
order number.. 5.7638
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

Diesel Storage Tank

T

I 1
|manufacturing inaccuracies | |element [
i ] : |
|measure length (longit.) Inx | wm | 1517. | (zo02)
|all. longit. buckle depth tvx |wm | 15. | (302)
|measure length (circumf.) Imf | mm | 1185. | (302) |
|all. circumf. buckle depth tvE | wm | 11.9 | (302) |
|pseudo wall thickness teff | mm | 7.5 | ap-Bo
| I | 1 ]
[ T T T 1
|results for pseudo wind load | I | remark |
| : ; : 1
| summation of pseudo wind loads qwind | mpar | 0.0 | accord. (424) |

aG | moar | 46.4 | with yF |
1 | ]

|superposition with external pressure
L




customer...... oMV
revisor....... Panenka
revisgion......

prod.number. ..

drawing....... BF 8

order......... Diegel Storage Tank

order number.. 5.7638
commission....

T

T [ 1
|axial load [ | |element |
| = i { |
| report necessary ? | -- | ves |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 Cx | -- | 1.4 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | N/mm: |  81.5 |4.2/5.3/6.2 |
|rel. slenderness £8x | -- | 2.1 | eq.1 |
| reduction factor &x | -- | 0.0 | eq.8 |
Ireduc. reduction factor &x | -- [ 0.0 | (305)
|real buckling stress 0xSRk | n/mm: | 16.3 | eq.4 |
| safety coefficient yMx | -- | 1.5 | eq.13 |
|limit for buckling stress 0xSRA | n/mm2 | 11.2 | eq.9 |
|max. membrane stress 0X | ¥/mm? | 8.7 |with yF |
|ratio ox/od | - | 0.770 | eq.14 |
1 1 | 1 -
| T [ T 1
| circumferential load | | felement |
F : I % |
| report necessary ? [ -- | yves |4.2/5.3/6.2/7.2 |
| report possible ? | -- | ves |
|pseudo class for 3-round cyl. [ -- |sh/mdl |s.2/5.3/6.2/7.2 |
| coefficient Cf | -- | 2.2 |4.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0fS1 | w/mm: | 96.9  |s.2/5.3/6.2/7.2 |
| related slenderness £SE | - | 1.91 | eg.2 |
| reduction factor ®f | - | 0.18 | eq.7/8
| reduced reduction factor &f | -- I 0.18 | (305 |
| real buckling stress 0fSRk | w/mm* | 63.0 | eq.s |
| safety coefficient yME | -- | 1.1 | eq.12/13
|1limit for buckling stress 0fSRA | w/mm: | 57.3 | eq.10 |
|max. membrane stress of | -- ] 4.0 |with yF
| ratio of/od | -- | 0.069 | eq.15 |
| ! | i 1
| T | T 1
|combined loads ] | |element
| — 4
|ratio [ - | 0.757 | eq.s0 |
[ ! A 1




customer...... oMV drawing....... BF 9

revisor....... Panenka ®lorder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commission....

input data

design data and load collection:

axial force P = 6400.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vF,w = 1.01 -
temperature T = 40 °C
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1= 900.0 mm
wall thickness t = 9.0 mim
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0144
seml product = plate
mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 275.0 N/mm?2

elastic modulus E = 210250 N/mm2



customer...... OMV
revigor....... Panenka
revision......

prod.number. ..

regsults

declaration to the abbrevations

x index for axial direction
ox axial stress

& reduction factor

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

of
ol
vyM
long
mdl

BF 9

order......... Diesel Storage Tank
order number.. 5.7638
commissgion. ...

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

I T

T 1
|manufacturing inaccuracies f | | element
| | _I._____I |
| T T 1
|measure length (longit.) lmx | wm | 1517. | (302)
|all. longit. buckle depth tvx | wm | 15.2 [ (302) |
|measure length (circumf.) 1mf | om | 1344 | (302) |
|all. circumf. buckle depth tvE | mm | 13.4 | (302)
|pseudo wall thickness teff | mm | 7.5 | ap-BO |
| 1 | I |
I T I T 1
| results for pseudo wind load [ | | remark [
f i Ay —
| summation of pseudo wind loads gwind | wbar | 0.0 | accord. (424)
aG | mbar l 46 .4 | with yF |
I ]

| superposition with external pressure
L




customer...... oMV
revisor....... Panenka
revision......

prod.number. . .

drawing....... BF 9

1830rder......... Diesel Storage Tank
order number.. 5.7638
commissgion. ...

|
|axial load
L

l |element

"

] 1
| [
] {
| report necessary ? | - | vyes |s.2/5.3/6.2/7.2 |
|report possible ? | -- | ves | [
|cylinder class | -- |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient Cx Cx | -- | 1.2 |a.2/5.3/6.2/7.2 |
|id. buckling stress 0xS1i | w/mm: |  72.9 |4.2/5.3/6.2 |
|rel. slenderness £8x | -- | 1.9 | eq.1 |
| reduction factor &K | - | 0.1 | eq.s |
| reduc. reduction factor a&x | -- | 0.1 | (305)
|real buckling stress 0xSRk [Nmmzl 14.6 | eqg.4 [
|safety coefficient yMx | -- | 1.4 | eq.13
[limit for buckling stress 0xSRA | w/mm: | 10.1 | eq.? |
|max. membrane stress 0x | N/om? | 8.6 |with yF
|ratio ox/od | -- | 0.846 [ eq.14 |
| ! | ] ]
| T T T 1
| circumferential load | [ |element |
| — | *
| report necessary ? - | yves |4.2/5.3/6.2/7.2 |
| report possible ? | -- | yves | |
|pseudo class for 3-round cyl. | -- |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient Ct | -- | 1.8 |4.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0ESi | w/mm: | 63.7 |4.2/5.3/6.2/7.2 |
|related slenderness £8Ff | -- | 2.08 | eq.2
| reduction factor af | -- | 0.15 | eq.7/8 |
| reduced reduction factor ef | -- | 0.15 | (308 l
|real buckling stress 0fSRk | n/mm: | 41.4 | eq.s |
| safety coefficient yMEf | -- | 1.1 | eq.12/13 |
|1imit for buckling stress 0fSRA | w/mm: | 37.7 | eq.10 |
|max. membrane stress of | -- | 7.1 |with yF
|ratio cf/od | -- | 0.188 | eq.15 |
L ! S ]
[ T —I————l
| combined loads | | |element
| — |

|ratio
|




customer...... oMV drawing....... BF 10

revigor....... Panenka ®45rder......... Diesel Storage Tank
revigion...... order number.. 5.7638
prod.number. . . commission....
input data
design data and load collection:
axial force P = 6265.00 kN
safety coefficient (axial load) yF,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) vF,w = 1.01 -
temperature : T = 40 °C
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1l = 960.0 mm
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed
material data:
material number = 1.0144
semi product = plate
mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 275.0 N/mm?

elastic modulus E = 210250 N/mm 2



customer...... oMV drawing....... BF 10

revisor....... Panenka 185order. . ..... .. Diesel Storage Tank
revision...... order number.. 5.7638

prod.number. . . commission....

results

declaration to the abbrevations

X index for axial direction £ index for circumf. direction
ox axial stress of circumferential stress

® reduction factor i ideal buckling stress

vF safety coefficient loading vM safety coefficient material
£S related grade of slenderness long long cylinder class

sh short cylinder class mdl midlong cylinder class

cylindrical shells with not modified wall thickness

[ T

T T 1
|manufacturing inaccuracies | | |element
| | | | |
|measure length (longit.) lmx | om | 1517 | (302)
|all. longit. buckle depth tvx | mm | 15.2 | (302) [
|measure length (circumf.) Imf | em | 1388. | (302) |
|all. circumf. buckle depth tvE |om | 13.9 | (302) |
|pseudo wall thickness teff [ mm | 7.5 | ap-Bo |
L 1 i I —— 1
| T T T ]
|results for pseudo wind load | | | remark |
E : ; : |
|summation of pseudo wind loads qgwind | wbar | 0.0 | accord. (424) |

| mbar | 46.4 | with yF |

] L ]

| superposition with external pressure qG
[ 1




customer...... oMV drawing....... BF 10
revisor....... Panenka 1866rder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commiggion. ...
[ T T T 1
]axial load | ] |element |
i : i : :
| report necessary ? | -- | ves |4.2/5.3/6.2/7.2 |
| report possible ? [ -- | ves | |
|cylinder class | -- | sh/mdl |s4.2/5.3/6.2/7.2 |
|coefficient Cx Cx | -- | 1.2 |4.2/5.3/6.2/7.2 |
[1d. buckling stress 0xSi | wmm: | 71.3  [4.2/5.3/6.2 |
|rel. slenderness £Sx | - | 2.0 |eq1 ]
|reduction factor & | -- | 0.1 |eqs |
|reduc. reduction factor & | -~ | 0.1 | (305) |
|real buckling stress 0xSRk | N/mm: | 14.3 | eq.4 |
|safety coefficient yMx | -- | 1.4 | eq.13 I
|1imit for buckling stress 0xSRA | N/mm? | 9.9 | eq.9 ]
|max. membrane stress 0xX | N/mm: | 8.4 |with yF |
|ratio ox/0d | -~ | 0.849 | eq.14 |
L | ! .
[ T 1 T 1
| circumferential load | | [element |
| : A :
| report necessary ? | -- | yes |a.2/5.3/6.2/7.2 |
| report possible ? [ | ves | |
|pseudo class for 3-round cyl. | -- |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient ct | -- | 1.8 |z.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0f£Si | w/mm: | 57.5 |4.2/5.3/6.2/7.2 |
|related slenderness £Sf | - | 2.19 | eq.2 |
|reduction factor ®f | - | 0.14 | eq./s |
| reduced reduction factor &f | -- | 0.14 | o5 [
|real buckling stress 0fSRk | n/mm2 | 37.4 | ea.s |
|safety coefficient yME | -- | 1.1 | eq.12/13 |
|1imit for buckling stress 0fSRA | w/mm: | 34.0 | eq.10 |
|max. membrane stress of | -- | 8.0 |with yF |
|ratio of/od | -- | 0.236 | eq.15 I
| i ] I A
| T l T 1
| combined loads | | |element |
| : i : ~
|ratio | - | 0.980 | eq.50 |
] | I




customer...... oMV drawing....... BF 11

revisor....... Panenka 1676rder......... Diesgel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commission....

input data
design data and load collection:

axial force P = 6147.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pregsure (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 = 1.01 -
temperature T = 40 ec

geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1= 1000.0 mm
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0144

semi product = plate

mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 275.0 N/mm?

elagstic modulus E = 210250 N/mm?




customer...... oMV drawing....... BF 11

revigor....... Panenka 1686rder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commission....
results
declaration to the abbrevations
X index for axial direction f index for circumf. direction
ox axial stress of circumferential stress
& reduction factor ol ideal buckling stress
vF safety coefficient loading vM safety coefficient material
£S related grade of slenderness long long cylinder class
sh short cylinder class mdl midlong cylinder class

cyvlindrical shells with not modified wall thickness

mbar 46.4 | with yF

| T | ]
|manufacturing inaccuracies | | |element |
! | ] | |
I T | T 1
|measure length (longit.) lox | wm | 1517. | (302)
[all. longit. buckle depth tvx |mm | 15.2 | (302) |
|measure length (circumef.) Imf | mm | 1416. | (302) [
|all. circumf. buckle depth tvE | mwm | 14.2 | (o02) [
|pseudo wall thickness teff |mm | 7.5 | aAp-mO |
1 1 1 ! |
[ T | T
| results for pseudo wind load I ] | remark
| | | ]
| I | 1
| summation of pseudo wind loads qwind | wbar | 0.0 | accora. (424)

| |

1 |

| superposition with external pressure qG
L




N S —

customer...... oMV drawing....... BF 11

revisor....... Panenka 169crder......... Diesel Storage Tank
revision...... order number.. 5.7638

prod.number. . . commigsion. ...

[ T T 1
|axia1 load | l |element |
- T I !
| report necessary ? | -- | yes |4.2/5.3/6.2/7.2 |
| report possible ? [ -~ | ves | |
|cylinder class | -- |sh/mdl |s.2/5.3/6.2/7.2 |
|coefficient Cx Cx | - | 1.2 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | N/mm: | 70.4 |4.2/5.3/6.2 |
|rel. slenderness £Sx | -- | 2.0 |eq: |
| reduction factor & | -- | 0.1' | eqs |
|reduc. reduction factor & | -- | 0.1 | (305 |
|real buckling stress 0xSRk | w/mm: | 14.1 | eq.4 |
| safety coefficient yMx | -- | 1.4 | eq.13 ]
|limit for buckling stress 0xSRA | N/mm: | 9.7 | eq.o |
|max. membrane stress 0x | N/mm | 8.2 |with yF [
| ratio ox/od | -- | 0.846 | eq.14 |
L ! J ! |
I T T T ]
| circumferential load | | |element |
i : { 1 |
| report necessary ? | -- | ves |4.2/5.3/6.2/7.2 |
| report possible ? [ -- | ves | |
|pseudo class for 3-round cyl. [ -- |sh/mdl |s.2/5.3/6.2/7.2 |
| coefficient Cf | -- | 1.7 |4.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0£Si | N/mm: | 53.9 |4.2/5.3/6.2/7.2 |
|related slenderness £SE | -- | 2.26 | eq.2 [
|reduction factor af | -- | 0.13 | eq.7/8 |
Ireduced reduction factor af | -- | 0.13 | (305) |
|real buckling stress 0£SRk | w/mmz | 35.1 | eq.s |
| safety coefficient yMEf | -- [ 1.1 | eq.12/13 |
|limit for buckling stress 0fSRA | w/mm: | 31.9 | eqg.10 |
|max. membrane stress gf | -- | 8.7 |with yF |
"|ratio of/od | -- | 0.271 | eq.15 |
| i ]
| T T T 1
|combined loads | | |element [
| e :
|ratio | .- | 1.007 | eq.50 |

J




customer...... oMV drawing....... BF 12

revisor....... Panenka M0order......... Diesel Storage Tank
revigion...... order number.. 5.7638

prod.number. . . commisgion.. ..

input data

design data and load collection:

axial force P = 6045.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) qg = 46.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) vF,w = 1.01 -
temperature T = 40 °C
geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 16000.0 mm
number of rounds = no rounds
total length of cylinder 1l = 1000.0 mm
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0144

semi product = plate

mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 275.0 N/mm?

elastic modulus E = 210250 N/mm?2




customer...... oMV drawing....... BF 12

revisor....... Panenka Morder......... Diesel Storage Tank
revision...... order number.. 5.7638

prod.number. . . commission. ...

results

declaration to the abbrevations

b'q index for axial direction f index for circumf. direction
ocx axial stress of circumferential stress

& reduction factor ol ideal buckling stress

vF safety coefficient loading yM safety coefficient material
£S related grade of slenderness long long cylinder class

sh short cylinder class mdl midlong cylinder class

cylindrical shells with not modified wall thickness

[ T T 1
|manufacturing inaccuracies | | |element

| | ] | |
[ T T T 1
|measure length (longit.) lmx | mm | 1517. | (302) |
|[all. longit. buckle depth tvx |mm | 15.2 | (302) ]
|measure length (circumf.) Imf | mm | 1416. | (302) |
|all. circumf. buckle depth tvE |mm | 14.2 | (302) |
|pseudo wall thickness teff | mm | 7.5 | ap-Bo [
| ! ] 1 |
I T

|results for pseudo wind load | remark

T
|
' i
| summation of pseudo wind loads gwind | mbar
|
i

| superposition with external pressure aG
L

0.0 | accord. (424)
46 .4 | with yF

|
i 1
|




customer...... oMV drawing....... BF 12

revisor....... Panenka "26rder......... Diegel Storage Tank
revision...... order number.. 5.7638

prod.number. . . commigsion. ...

[ T | T

|axial load [ ] |element

| = i :

|report necessary °? | -~ | ves |4.2/5.3/6.2/7.2
| report possible ? | -- | yves

|cylinder class [ -- |sh/mdl |a.2/5.3/6.2/7.2
|coefficient Cx Cx | -- | 1.2  |4.2/5.3/6.2/7.2
|id. buckling stress 0xSi | w/mm: | 70.4 |4.2/5.3/6.2
|rel. slenderness £8x | - | 2.0 | eqa

| reduction factor &x | -- | 0.1 | eq.s

|reduc. reduction factor &x | -- | 0.1 | (305)

|real buckling stress 0xSRk | v/mm: | 14.1 | eq.4
|safety coefficient yMX | -- | 1.4 | eqg.13

|limit for buckling stress 0xSRA | N/mm: | 9.7 | eq.9

|max. membrane stress 0x | w/mm: | 8.1 |with yF
|ratio ox/od | - | 0.832 | eq.14

| 1 1 !

[ T I T

| circumferential load | | |element

| — -

lreport necessary ? | -- | ves  |4.2/5.3/6.2/7.2
| report possible ? [ | ves

|pseudo class for 3-round cyl. | - |sh/mdl  |4.2/5.3/6.2/7.2
|coefficient Cf | -- | 1.7 |4.2/5.3/6.2/7.2
|max. ideal buckl. stress 0fSi | w/mm: | 53.9 |4.2/5.3/6.2/7.2
|related slenderness £Sf | - | 2.26 | eq.2

| reduction factor ®F | - | 0.13 | eq.7/s

| reduced reduction factor &f | -- | 0.13 | o

|real buckling stress 0fSRk | m/mm2 | 35.1 | eq.5
|safety coefficient yME | .- ] 1.1 | eq.12/13
|limit for buckling stress 0fSRA | w/mm: | 31.9 | eq.10

[max. membrane stress of | -- | 8.7 |with yF
|ratio of/od | -~ | 0.271 | eq.15

| | !

1
| combined loads |element
|

1

T
0.990 | eg.s0

I

|
|ratio
|

1
i

|




customer...... oMV drawing....... Bagsin BF1
revigor....... Panenka Morder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commigsion. ...

input data

design data and load collection:

axial force P = 2265.00 kN
safety coefficient (axial load) yF,P = 1.01 -~
external pressure (area load) q = 19.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no

wind undertow = no
safety coefficient (wind) vF,w 1.01 -
temperature T = 40 °C
geometry and configuration data:

kind of shell = cylinder

radius of shell mean area r = 18000.0 mm
number of rounds = 2 rounds

length of 1lst round 11 = 800.0 mm
length of 2nd round 12 = 2400.0 mm
wall thickness of 1st round tl = 9.0 mm
wall thickness of 2nd round t2 = 10.0 mm

border conditions =

transl. fixed

transl. fixed

material data:

material number =
semi product =
mill undertolerance

corrosion allowance

stress value

elastic modulus

cl
c2

fy =

1.0570
plate
0.5
1.0
355.0
210250

mm
mm
N/mm?
N/mm 2




customer...... oMV
revisor....... Panenka
revision......

prod.number. ..

results

declaration to the abbrevations

Tdorder.........
order number.. 5.7638
commission. ...
index for circumf. direction

x index for axial direction f

ox axial stress of

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

circumferential stress
ideal buckling stress
gsafety coefficient material
long cylinder class

midlong cylinder class

cylindrical shells with modified wall thickness

Bassin BF1
Diesel Storage Tank

I
round 1|round 2
|

T

]
|manufacturing inaccuracies | |element |
i +— i + |
|measure length (longit.) Imx | wm | 1610. | 1697. | (302) |
|all. longit. buckle depth tEVE | mm | 16.1 | 17.0 | o2y |
|measure length (circumf.) Imf | wm | 1305. | 2000. | (302)
|all. circumf. buckle depth tvE | om | 13.1 | 20.0 | (302)
|allowed eccentricity e | m | 0.5 | 0.5 |304/T.4]
|pseudo wall thickness teff | mm | 7.5 | 8.5 | ap-Bo |
L ! | ] I |
[ T ] T 1
lgeometry of 3-round pseudo cylinder | | | remark [
i 4 I | |
|pseudo round length top lo | mm | 1600.0 | element (509) |
|pseudo round length mid Im | wsm | 800.0 | element (509) |
|pseudo round length down lu | [ 800.0 | element (509) |
|pseudo wall thickness top to | mm | 8.00 | element (509) |
|pseudo wall thickness mid tm | om | 8.50 | element (509) |
|pseudo wall thickness down tu | om | 8.50 | element (509) |
|parameter for figure 20 lo/1 | -- | 0.50 | f£ig. 20
|parameter for figure 20 tm/to | -- | 1.06 | fig. 20 |
|parameter for figure 20 tu/to | -- | 1.06 | fig. 20 [
|coefficient for pseudo cylinder B -- | 0.51 | fig. 20 [
| ! L I |
| —T T )
|results for pseudo wind load | | | remark ]
i 'r +— :
| summation of pseudo wind loads gwind | moar | 0.0 | accord. (424)

aG | moar | 19.1 | with yF |
| 1

| superposition with external pressure
[




customer. ..... oMV drawing....... Bassin BF1
revisor....... Panenka TS5rder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commission. ...
[ T T T 1
|axial load | | round 1|round 2 |element |
| % I i | {
| report necessary ? | - [ ves | yes |4.2/5.3|
| report possible ? [ -- | ves | ves | |
|cylinder class [ -- |sh/mdl |sh/mdl |a.2/5.3]
|coefficient Cx Cx | - | 1.0 1.0 |a.2/5.3]
|id. buckling stress 0xS1i | w/mm= | 54.0 | 61.4 |a.2/5.3]
|rel. slenderness £Sx | -- | 2.6 | 2.4 ] eq.1 |
| reduction factor & | - | 0.0 ] 0.0 |eqs |
|reduc. reduction factor & | - | 0.0 ] 0.0 [ (305 |
|real buckling stress 0xSRk | w/mm: | 10.8 | 12.3 | eq.4 |
| safety coefficient yMx | - | 1.5 | 1.5 | eq.13 |
|limit for buckling stress 0xSRA | w/mm: | 7.5 | 8.5 | eq.9 |
|max. membrane stress 0xX | N/mm: | 2.7 | 2.4 |with yF|
|ratio ' ox/0d | - | 0.362 | 0.281 | eq.14 |
1 ] ! | i |
I T T T T )
| circumferential load | | round 1|round 2|element|
| : % I —
| report necessary ? | - | ves | yves |4.2/5.3|
| report possible ? | -- | ves | ves |
|pseudo class for 3-round cyl. [ - |sh/mdl |sh/mdl |s.2/5.3]
|id. pseudo buckling stress OESLiE | ®/mme | 11.0 | 9.7 | 5.3.2 |
|max. ideal buckl. stress 0fS1i | w/mm: | 11.0 | 9.7 J|a.2/5.3]
|related slenderness £Sf | - | 5.67 | 6.04 |ea.2 |
| reduction factor af | -- | 0.02 | 0.02 | eq.7/8]
| reduced reduction factor e&f | -- | 0.02 | 0.02 | (3om |
|real buckling stress 0fSRk | w/mm: | 7.2 | 6.3 | eq.5 |
|safety coefficient yMEf | -- | 1.1 | 1.1 ) eq.12/]
|1imit for buckling stress 0fSRA | w/mm: | 6.5 | 5.8 | eq.10 |
|max. membrane stress of | -- | 4.6 | 4.1 |with yF|
of/od | -- | 0.706 | 0.706 | eq.15 |
! | |

|ratio
|

| 1

|
|combined loads

I T 1
round 1|round 2|element|

|
|
|ratio
|

I T 1
0.928 | 0.852 | eqg.50 |
|

T
! I | |
|
|
| i ]

\



customer...... oMV drawing....... Bassin BF2

revisor....... Panenka "6order......... Diegel Storage Tank
revision...... order number.. 5.7638

prod.number. . . commission....

input data

design data and load collection:

axial force P = 1635.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 19.0 mbar
safety coefficient (external pressure) yF,q = 1.0 -~
external windload = no
wind undertow = no
safety coefficient (wind) vF,w = 1.01 -
temperature T = 40 °c
geometry and configuration data:
kind of shell = cylinder
radius of shell mean area r o= 18000.0 mm
number of rounds = no rounds
total length of cylinder 1= 3500.0 mm
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0570

semi product = plate

mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?

elastic modulus E = 210250 N/mm?




customer...... oMV drawing....... Basgsin BF2

revisor....... Panenka "lorder......... Diesel Storage Tank
revigion...... order number.. 5.7638

prod.number. .. commission....
results

declaration to the abbrevations

x index for axial direction £ index for circumf. direction
ox axial stress of circumferential stress

&® reduction factor oi ideal buckling stress

vF safety coefficient loading vM safety coefficient material
£S5 related grade of slenderness long long cylinder class

sh short cylinder class mdl midlong cylinder class

cylindrical shells with not modified wall thickness

[ T T 7 1
|manufacturing inaccuracies ] | |element |
- | { : |
|measure length (longit.) Imx | mm | 1610 | (302)

|all. longit. buckle depth tvx |mm | 16.1 | (302) |
|measure length (circumf.) Imf | mwm | 2000. | (302 |
|all. circumf. buckle depth tvE |mm | 20.0 | (302) 1
|pseudo wall thickness teff | m | 7.5 | ap-BO

| ! i 1 ]
[ T T 1 1
| results for pseudo wind load ] | | remark |
i o : |
| summation of pseudo wind loads qwind | wbar | 0.0 | accord. (424)

| superposition with external pressure QG | woar | 19.1 | with yF |
| I )




customer...... OMV drawing....... Bagsin BF2
revigor....... Panenka "8order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commission.. ..
| T T 1
|axial load | I |element |
| i : J.
| report necessary ? | -- | ves |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 Cx | -- | 1.0 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0xSi | w/mmz | 53.9  |4.2/5.3/6.2 |
|rel. slenderness £Sx | -- | 2.6 | eq.1 |
| reduction factor ex | -- | 0.0 | eq.s ]
|reduc. reduction factor ex | -- | 0.0 | (305) |
|real buckling stress 0xSRk | N/mm: | 10.8 | eq.4 |
| safety coefficient yMx | -- | 1.5 | eq.13
|limit for buckling stress 0xSRA | n/mm: | 7.4 | eq.o [
|max. membrane stress 0X | N/mm? | 1.9 |with yF
|ratio ox/od | -- | 0.262 | eq.14 [
| I d I
| T T T 1
| circumferential load | | |element |
i | } : H
|report necessary ? [ -- [ ves |4.2/5.3/6.2/7.2 |
|report possible ? | -- | ves |
|pseudo class for 3-round cyl. | -- |sh/mdl |4.2/5.3/6.2/7.2 |
|coefficient Cf | -- | 1.1 [a.2/5.3/6.2/7.2 |
|max. ideal buckl. stress ofSi | n/mme | 9.7 |4.2/5.3/6.2/7.2 |
|related slenderness £SE | - | 6.06 | eq.2 |
| reduction factor ef | -- | 0.02 | eq.7/8 [
]reduced reduction factor &f | -- | 0.02 | (305) |
|real buckling stress 0fSRk | w/mm: | 6.3 | eq.s |
|safety coefficient yMEf | -- | 1.1 | eq.12/13 |
|1limit for buckling stress 0fSRA | n/mm: | 5.7 | eg.10 |
|max. membrane stress of | -- | 4.6 |with yF
|ratio gf/od | -- | 0.806 | eq.15 [
L I | 1 |
[ T T T 1
| combined loads | | | element
| : I { |
| -- | 0.951 | eq.s0 |
1 ! ]

|ratio
r




customer...... oMV drawing....... Bassin BF3

revisor....... Panenka Morder......... Diesgel Storage Tank
revision...... order number.. 5.7638

prod.number. .. commission. ...

input data

design data and load collection:

axial force P = 1065.00 kN
safety coefficient (axial load) vF,P = 1.01 -
external pressure (area load) q = 19.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1.01 -
temperature T = 40 °C
geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 18000.0 mm
number of rounds = no rounds
total length of cylinder 1= 3500.0 mm
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0570

semil product = plate

mill undertolerance cl = 0.5 mm
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm?

elastic modulus E = 210250 N/mm?



customer...... oMV drawing....... Bassin BF3

revisor....... Panenka order......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. .. commisgsion....
results
declaration to the abbrevations
b4 index for axial direction f index for circumf. direction
ox axial stress of circumferential stress
& reduction factor ol ideal buckling stress
vF safety coefficient loading vM safety coefficient material
£S related grade of slenderness long long cylinder class
sh short cylinder class mdl midlong cylinder class

cylindrical shells with not modified wall thickness

mbar 19.1 | with yF

I T T 1
|manufacturing inaccuracies | [ |element
| | | I )
| T [ T 1
|measure length (longit.) Imx | mm | 1610. | (s02) i
|all. longit. buckle depth tvx |mm | 16.1 | (z02) [
|measure length (circumf.) Imf | mm | 2000. | (302) |
|all. circumf. buckle depth tvE |am | 20.0 | (302) ]
|pseudo wall thickness teff | m | 7.5 | ap-Bo |
| 1 | 1 I
[ T I T ]
[results for pseudo wind load [ | | remark |
| | ! ! ]
[ T I T 1
| summation of pseudo wind loads gwind | moar | 0.0 | accord. (424) |
| | |
1 | |

|superposition with external pressure aG
| 1




customer...... OMV drawing....... Bassin BF3
revisor....... Panenka Blorder......... Diesel Storage Tank
revigion...... order number.. 5.7638
prod.number. . . commission. ...
[ T T T 1
|axia1 load | | |element |
| : I { 1
| report necessary ? | -- | ves |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 Cx | -- | 1.0 |4.2/5.3/6.2/7.2 |
|id. buckling stress 0%xSi | n/mme | 53.9 |4.2/5.3/6.2 |
|rel. slenderness £8X | -- | 2.6 | eg.1 |
|reduction factor ® | -- | 0.0 | ea.s |
|reduc. reduction factor &x | -- | 0.0 | (308) |
|real buckling stress 0xSRk | n/mm: |  10.8 | eqg.4 |
| safety coefficient yMx | -- | 1.5 | eq.13 |
|1limit for buckling stress 0xSRA | w/mm: | 7.4 | eq.o |
|max. membrane stress 0% | w/mm: | 1.3 |with yF [
|ratio ox/od | -- | 0.171 | eq.12 |
| ! ] I |
| T T T 1
| circumferential load | | |element |
i | % { |
| report necessary ? | -- | ves |4.2/5.3/6.2/7.2 |
| report possible ? | -- | ves | |
|pseudo class for 3-round cyl. | -- |sh/mdl |s.2/5.3/6.2/7.2 |
| coefficient ct | - | 1.1 Ja.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0fSi | n/mme | 9.7 |4.2/5.3/6.2/7.2 |
| related slenderness £Sf | - | 6.06 | eq.2 |
| reduction factor ®f | - | 0.02 | eq.7/8 |
| reduced reduction factor ®E | - | 0.02 | (os) |
|real buckling stress 0fSRk | w/mm: | 6.3 | eq.5 |
| safety coefficient yME | -- | 1.1 | eq.12/13 |
|limit for buckling stress 0fSRA | w/mme | 5.7 | eq.10 |
|max. membrane stress of | -- | 4.6 |with yF [
| ratio gf/od | -- | 0.806 | eq.15 ]
1 L | ] §
[ T T T 1
|combined loads | | |element [
| | I : |
|ratio | -- | 0.873 | eq.s0 |
1 | ]




customer...... oMV drawing....... Bassin BF4

revisor....... Panenka 1820rder......... Diesel Storage Tank
revision...... order number.. 5.7638
prod.number. . . commission.. ..
input data
design data and load collection:
axial force P = 645.00 kN
safety coefficient (axial load) vyF,P = 1.01 -
external pressure (area load)'’ g = 19.0 mbar
safety coefficient (external pressure) yF,q = 1.01 -
external windload = no
wind undertow = no
safety coefficient (wind) yF,w = 1.01 -
temperature T = 40 °C

geometry and configuration data:

kind of shell = cylinder
radius of shell mean area r = 18000.0 mm
number of rounds = no rounds
total length of cylindex 1= 2800.0 mm
wall thickness t = 9.0 mm
border conditions = transl. fixed - transl. fixed

material data:

material number = 1.0570

semi product = plate

mill undertolerance cl = 0.5 mim
corrosion allowance c2 = 1.0 mm
stress value fy = 355.0 N/mm 2
elastic modulus E = 210250 N/mm?2



customer...... oMV drawing....... Bassin BF4

revisor....... Panenka 18order......... Diesel Storage Tank
revigion...... order number.. 5.7638

prod.number. .. commission....

results

declaration to the abbrevations

x index for axial direction £ index for circumf. direction
ox axial stress of circumferential stress

® reduction factor oi ideal buckling stress

vF safety coefficient loading vM safety coefficient material
£S related grade of slenderness long long cylinder class

sh short cylinder class mdl midlong cylinder class

cylindrical shells with not modified wall thickness

[ T T

19.1 | with yF
| 1

T 1
|manufacturing inaccuracies | { |element [
| ] _|.—_______ | ]
! 1 T 1
|measure length (longit.) Imx | mm | 1610. | (z02) [
|all. longit. buckle depth tvx |mm | 16.1 | (302)
|measure length (circumf.) Imf | mm | 2000. | (302)
|all. circumf. buckle depth tvE [ mm | 20.0 | (302) [
|pseudo wall thickness teff | mm | 7.5 | aD-Bo ]
| ! 1 1
[ T T T 1
|results for pseudo wind load | ] | remark l
| ! ! I —
[ T | T 1
| summation of pseudo wind loads gwind | moar | 0.0 | accord. (424)

| | |

I

| superposition with external pressure aG
|




customer...... oMV drawing....... Bassin BF4

revigor....... Panenka 1840rder......... Diesel Storage Tank
revigion...... order number.. 5.7638

prod.number. .. commission....

[ T T T 1
|axial load [ ] |element l
F Nl E— {
Ireport necessary °? | -- | ves |4.2/5.3/6.2/7.2 |
| report possible ? [ - | ves | |
|cylinder class | -- |sh/mdl |a.2/5.3/6.2/7.2 |
|coefficient Cx Cx | -- | 1.0 ja.2/5.3/6.2/7.2 |
|id. buckling stress 0xS1i | w/mm: | 54.4 |4.2/5.3/6.2 [
|rel. slenderness £8X | -- | 2.6 | eq.1 [
| reduction factor & | -- | 0.0 | eq.s |
|reduc. reduction factor 22X | -- | 0.0 | (305 |
|real buckling stress 0xSRk | N/mm: | 10.9 | eq.4 |
|safety coefficient yMx | -- | 1.5 | eq.13 |
|limit for buckling stress 0xSRA | W/mm: | 7.5 | eq.9 |
|max. membrane stress 0X | N/mm* | 0.8 |with yF |
|ratio ox/od | -- | 0.102 | eq.14 |
[ ! ] 1 1
[ T f T 1
| circumferential load | | | element |
i o =
|report necessary °? | -- I ves |4.2/5.3/6.2/7.2 |
| report possible ? | -- | ves | |
|pseudo class for 3-round cyl. | -- |sh/mdl |a.2/5.3/6.2/7.2 |
|coefficient Cf | -- | 1.2 |a.2/5.3/6.2/7.2 |
|max. ideal buckl. stress 0f£Si | w/mm: | 12.6  |4.2/5.3/6.2/7.2 |
|related slenderness £8F | -~ | 5.30 | eq.2 |
|reduction factor af | -- | 0.02 | eq.7/8 |
]reduced reduction factor ef | -- | 0.02 | (305) |
|real buckling stress 0£SRk | n/mmz | 8.2 | eg.s |
|safety coefficient yME | -- | 1.1 | eq.12/13 ]
|1imit for buckling stress 0fSRA | w/mme | 7.5 | eg.10 |
|max. membrane stress of | - | 4.6 |with yF |
|ratio of/od | -~ | 0.618 | eq.15 |
| A ]
I T I T 1
|combined loads | | |element [
I : { | |
|ratio . | 0.605 | eq.s0 |
L i e, ]






