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1 Calculation based on:

EN 1993-1-1:2005 ......... ................� ..... ................� es and rules for buildings .
EN 1991-1-4:2005 ......... ................� ..... ................� ns.
EN 1993-3-2:2006 ......... ................� ..... ................� neys
NS-EN 1993- p� A:2009 ..� ....... ................� NA for Norway)
EN 1993-1-6:2007 Annex D .............� ... ................� d stability of shell structu res.
EN 1993-1-8:2005 ......... ................� ..... ................� oints.
EN 1993-1-9:2005 ......... ................� ..... ................�
NS EN 1991-K� ................� ..... ................� ns : National Annex for N orway

The chimney is calculated for 2 cases of load:
* L 1 - � wind (static)
* L 2 - � s (dynamic)

L1. This case is mainly static and is acting in the wind direction. The design win d speed and the static pres sure is
statistically determined. T hese sizes are stated in EN 1991-1-4: 2005. This win d load together with the d ead
load of the chimne� sent the case – Static load .

L2. This case is mainly dynam ic and is acting cross to th e wind direction. � ign wind speed and the
corresponding transverse motion de�� ural freU � ney along with damping o f the
chimney. The calculation is made acc. to EN 1991- 1-4: 2005 Approach 1.
This load represents the l oad case – dynamic load

The chimney is freestandi ng and self-supporting.
To reduce the effect of cr oss to wind oscillation a h ydraulic damper is mount ed at the chimney � e oscillation
damper is tested in full sc ale and in wind tunnel.
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2 Design parameter s

2.1 Dimensions:
Chimney h� ase plate - chimney top) . ................� .00 m
Outer diameter of structur al shell ........� . ................� 00 mm

2.2 Materials:

Structural steel ...........� ................� ..... ................� 2
Anchors in foundation ..... ................� ..... ................� N ISO 898-1
Bolt quality ..............� ................� ..... ................� galv.

2.3 Safety factors:

Reliability class ........� ................� ..... ................� rmal chimneys
Execution class ............� ................� ..... ................�
Concerned Actions ......... ................� ..... ................� ea d-load “+” Wind)
Design temperature of sh ell .............� .... ................�

Factor type Designation Value Referencing norm
Safety on wind loa� � Q 1.50 NS-EN 1993�
Safety on dead load � Gk 1.20 NS-EN 1993�
Safety on vortex shedding loads � F,f 1.0 NS-EN1993-3-2 for relia bility class 2
Safety on materials � m 1.05 NS-EN 1993�
Safety on materials � mf 1.35 NS-EN 1993�
Safety on bolts � m,b 1.25 NS-EN1993-3-2 for relia bility

class 2/ EN 1993-1-8
Safety on buckling � M1 1.1 NS-EN1993-3-2 for relia bility

class 2/ EN 1993-1-6

2.4 Plate thickness in shell:

From T o Plate Steel Shell reinforcements

0,00 2500,00 18 S355 J2 No

2500,00 10000,00 16 S355 J2 No

10000,00 30000,00 14 S355 J2 No

30000,00 37200,00 12 S235 JR No

37200,00 46200,00 10 S235 JR No

46200,00 57000,00 8 S235J R Yes

57000,00 80000,00 6 S235J R Yes

mm m m mm - -
If "yes" reinforcement ac c. to page.32 is nessesary.
The thicknesses include a n allowance of corrosion of 0.5 mm

2.5 Liners:

No Ø Plate Steel Insul ation

1 2250 3,0 1,4301 30

- mm mm - mm

2.6 Surface treatme nt
Sandblast SA 2 ½
2 x Epoxy Primer ..........� ................� ..... ................�
1 x Polyurethane Finish ... ................� ..... ................�
Thickness of layers ........ ................� ..... ................� y
Allowanc� ................� ..... ................�
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2.7 Allowable stres ses under static load
Design temperature ........� ................� ..... ................� ree Celsius.

Reducing factor at design temperat�
� yield stress ...... ................� ..... ................� 000
� modulus of elasticity .. ................� ..... ................� 000

Structural steel ...........� ................� ..... ................� 2
Anchor bolts ..............� ................� ..... ................� G

Allowabl� 35JRG2
Yield stress .............� ................� ..... ................� 235.0 N/mm2

Allowabl� aterial ........� .. ................� = 223.8 N/mm2

- � d, K-weld .........� ................� 223.8 N/mm2

- � et we ld ..............� ... ................� 207.8 N/mm2

Allowabl� 55J2
Yield stress .............� ................� ..... ................� 355.0 N/mm2

Allowabl� aterial ........� .. ................� = 338.1 N/mm2

- � d, K-weld .........� ................� 304.3 N/mm2

- � et we ld ..............� ... ................� 241.2 N/mm2

Anchors, 8.8, 20 � C...............� ... ................� ..... ... Fyd = 554.1 N/mm2

................� ..... ................� = 576.0 N/mm2
(Inclusive notch factor 1/ 0,9 acc to EN 1991-1-8: 2 005 Table 3.

Modulus of� ................� ..... ................� 210000 N/mm2

2.8 Allowable stres ses under dynamic lo ads:

Acc. to EN1991-1-4:
Load oscillation number a cc. to p� .... ................� 66670000
Max. load oscillation num ber in formula (B.3) ......� ................� 5000000
Reference number for � a .............� ..... ................� = 2000000
Stress amplitude acc.� B.3) ...........� .. ................� � = � �c * (Na/N)1/3 N/mm2

For temperatures 100° C � t � 500°C Allowable stresses are factored acco rding following for�

� � RT = R

T
� �

�
*

1200
1300

�

If the chimney is � ed with an allowanc� corrosion, the corroded pa rts will fall 1 not� The corrosion
will be differentia� een outside and inside cor rosion. The shell will fall to notc � atter on which
side the corrosion allowan ce is applied. On the othe r hand flanges will only fa ll to a lower notch case if there is
corrosion allowance on th e outside of the chimney.

Fault line
uncorroded

Fault line
corroded

Description �� R N/mm2

125 112 Base materials, machine f lame cut. 61.128
90 80 Parts with holes that are s ubjected to normal forces or bending

moments (baseplate)
43.663

71 63 Cross welded plates (K-w elds at fins agais� ase plate) 34.384
63 56 Flanges without fins 30.564
50 45 Welded longitudinal plate s (fin-shell, fin-ring) 24.560
45 40 Welds end to end with cro ssing plate (shell-flange, s hell-base plate) 21.831
36 36 (Fin-shell without ring ov er fins, corroded plates) 19.648
50* 50* Bolts subj� with rolled threads.(all bo lts) 27.289
36* 36* Bolts subj� with cut� se plate) 19.648
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2.9 Buckle certifica tion for shell
For the sake of convenien ce the buckle certification will be carried out for the outer selfsupporting shel l acc. to, EN
1993-1-6: 2007 appendix D, for � inder. When the necessity of reinforcement is to be determined, the
sections with varying thic kness are calculated with BC 2 - BC 2.

Ideal buckle stress: � xRc = 0.605� x * E * t/r

Length parameter � x =
rt

�

x� � 1,7 Cx =
2

07,283,1
36,1

xx ��
��

1,7 < x� �
t
r

5,0 Cx = 1

t
r

5,0< x� Cx = ��

�
��

� ��
r
t

C x
xb

� 21
2,0

1 (Cx � 0,6)

Where Cxb = 1 for�

Modus of e� E = 210000
Effective wall thickness t = t - 0.5 mm
Mean radius r = (Da - t)/2 mm

Relative shell slenderness x� = xRckyf � /,

Squash limit slenderness 0 x� = 0,20

Plastic limit relative slend erness xp� =
x

x

�
�
� 1

Plastic ra� � x = 0,60
Interaction eksponent � x = 1,0

Characteristic inperfectio n amplitude �wk = t
t
r

Qx

1

Fabrication quality param eter Qx = 25

Meridional elastic inperfe ction factor � x =
� � 44,1/91,11

62,0

twk ��
Safety factor � M1 = 1.1

Reduction factor � x:

x� � 0 x� � x = 1

0 x� < x� < xp� � x =
x

xxp

xx
x

�

��

��
�

�
�

�

�

�
�

�

�

�

�
�

0

01

xp� � x� � x =
2
x

x

�

�
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Reduced, allowable buckl e stress:� xRd = � x * fy,k / � M1

Steel t r Cx � xRc � xRd

S355J2 17,5 1241,3 22500 0,600 1074,7 0,742 232,7

S355J2 15,5 1242,3 22500 0,600 951,1 0,706 227,8

S355J2 13,5 1243,3 21900 0,600 827,8 0,668 215,6

S235JR 11,5 1244,3 21900 0,600 704,6 0,718 153,3

S235JR 9,5 1245,3 21900 0,600 581,6 0,664 141,8

S235JR 7,5 1246,3 21600 0,665 508,1 0,613 131,0

S235JR 5,5 1247,3 21600 0,742 415,4 0,525 112,3

S235JR 5,5 1247,3 14000 0,903 505,8 0,586 125,2
- mm mm mm - N/mm2 - N/mm2

2.10 Allowable buck le stresses (shear)

The buckle certification w ill be carried out� uter self-supporting shell acc. to, EN 1993-1-6: 200 7 Annex D, for
a circular cylinder with a length defined by stack se ction lengths. The section s with varying thickness a re calculated
with BC 2 �

Ideal buckle stress � Rc =
r

CEt
1

*
1

***75,0
��

Length parameter � � =
rt

�
=

Coefficient C� =
3

42
1

��
�

Shear elastic imperfection factor � � = 0,65
Pressure limit slenderness 0 �� = 0,40

Plastic limit slenderness p �� =
�

�

�

�

� 1

Plastic ra� � � = 0,60
Interaction exponent � � = 1,0

Modulus of� E � 210000
Effective plate thickness t = t - 0.5 mm
Mean radius r = (Da - t)/2 m�

Relative slenderness �� =
Rc

kyf

� *3

,

Safety factor � M1 = 1.1

Reduction factor � � :

�� � 0 �� � � = 1

0 �� < �� < p �� � � =

�

��

��

��

��
�

�
�

�

�

�
�

�

�

�

�
�

0

01
p

p �� � �� � � =
2

�

�

�

�
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Allowabl� g stresses: � xRd = � �1ky,*3 / f * M���

Steel t r C� � Rc � xRd

S355J2 17,5 1241,3 22500 1,000 178,8 0,550 99,7

S355J2 15,5 1242,3 22500 1,000 153,6 0,482 89,8

S355J2 13,5 1243,3 21900 1,000 129,2 0,411 76,5

S235JR 11,5 1244,3 21900 1,000 105,8 0,498 61,4

S235JR 9,5 1245,3 21900 1,000 83,3 0,399 49,2

S235JR 7,5 1246,3 21600 1,000 62,0 0,297 36,6

S235JR 5,5 1247,3 21600 1,000 42,1 0,202 24,9

S235JR 5,5 1247,3 14000 1,000 42,1 0,202 24,9
- mm mm mm - N/mm2 - N/mm2

2.11 Weight of sectio ns:

No Len gth From To Weight

1 22,50 0,00 22,50 31874

2 21,90 22,50 44,40 22458

3 21,60 44,40 66,00 15475

4 14,00 66,00 80,00 11293

- m m m k g
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Reactions

Dead load (Weight of the chimney): N= 819.38 kN

Maximum wind load, she ar force at base: Qs= 258.28 kN

Maximum wind load, ben ding moment at bas Ms= 11220.96 kNm

Cross to : shear force at base: Qd= 3.36 kN

Cross to : bending � : Md= 182.21 kNm

The foundation shall be d imensioned acc to the cha racteristic loads above.

44 * M48

DBC =2680

B x B = x

55*240mm

?

?

950

250
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3 Natural frequency
The chimney is considere d fixed in the foundation.

The natural frequency is c alculated as for an oscilla ting one-mass system wit h elasticity of horizontal d eflection C N/m
at top and mass of oscilla tion M kg.
Elasticity at top i� ined by calculating the de flection at top caused by a horizontal unit force P = 1:

1 2

Ci (fixed)

L

P=1

Deflection caused by ben ding of part 1 - 2:
� � � ��� EI xdxxMxM Ue /*1*0

Where: Mo(x) = x
M1(x) = x
x = Afstand fra pkt. 2
Ix = � /8 * Dm3 * t
Dm = Middeldiameter

In sections with constant plate thickness t:

EIx

x
Ue

*3

3

�

x1 x2 t Ix*106 Ue*10-6 Ue*10-6

0 23000 6 36551,102 528,375 528,375

23000 33800 8 48617,652 863,475 1391,850

33800 42800 10 60625,863 1041,734 2433,584

42800 50000 12 72575,869 1019,125 3452,709

50000 70000 14 84467,818 4096,611 7549,319

70000 77500 16 96301,851 2018,856 9568,175

77500 80000 18 108078,105 683,157 10251,333
mm mm mm mm4 mm mm

Total deflection at top: .... ................� ..... ................� 1 0251 * 10-6 mm =>
Elasticity at top: � ................� ..... ................� 97548 N/m
Addition � ................� ..... ................� 12631 N/m

Total elasticity at top: ..... ................� ..... ................� � C = 110179 N/m

With assumed curve of de flection � (n,p) the mass of oscillati on is:

M � ��� dxxg **2�

Where: � = (4*p*n + 2*n2 - 4*n3/3 + n4/3) / (1 + 4*p)
� = deflection with constant moment of inert ia and load.
n = x/L (rel. coordi nate measured from point 1)
p = Factor for elast icity at point 1
p = 0 for fixed base (point 1)

g(x) = Load of shel l + 5% + load of liner(s)
Liner(s) = 192.5 kg /m



Steelcon A/S
Lillebæltsvej 62 · DK-67 15 Esbjerg N · CVR.nr. 66 63 16 13 · Tel. +45 75142022 · Fax +45 75 14 0122

steelcon@steelcon.com · www.steelcon.com
07-10-2013_Rev_A Ordre: 58981 Projekt: Bjugn Page 12

In sections with constant plate thickness:

� �
� �

� � � �
��
�

�
��
�

�
��

�
�

�
���

�
�

3

*

4

*

60

*3*8

36

*2

252
*7

1441296
*

*41

**16 324 5 678 9

2

npnpn pnpnnn

p

Lxg
M

x1 x2 t g(x) M

0 2500 18 1371,5 0,0 0,0

2500 10000 16 1241,3 2,1 2,1

10000 30000 14 1110,9 343,2 345,3

30000 37200 12 980,4 500,6 845,9

37200 46200 10 849,6 1113,5 1959,4

46200 57000 8 718,6 2218,4 4177,7

57000 80000 6 587,4 9000,9 13178,7
mm mm mm kg/m kg kg

Mass of oscillation� ................� ..... ................� = 13860.0 kg
Additional mass at top: .. ................� ..... ................� = 2273.0 kg
Total mass of oscillation: ...............� ..... ................� � M = 16133.0 kg

Reduced mass per meter.

�
�

��
� dn

M
m

2�
� M/(0.2568*H)

� m = 785.�

With elasticity and mass of oscillation kno�

�
�
�

�
M
C

n *
2
1

1 �
0.4159 Hz
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4 Static windload (d ynamic response):
Acc. to EN 1991-1-4: 200 5 section 6.2 shal� ys be calculated with dyn amic respons, by determin ing of the value
of cscd . The s d per meter shell wi� be (with safety factor):

Fw(z) = � f * qmax(z) * b(z) * Cf * cscd kN/m

Partial factor � f = 1.50

Wind pressure q(z):�
With basic wind speed of 29.0 m/s the 10 minute m ean wind speed in height Zref acc to.� x EN 1991-
1-4(wind chosen by user) is then:
Height to base of chimney zfod = 0.00
Reference height zref = 48000.00 mm

V(zref) = 29.0 � t * ln(zref/z0)
Terrain parameters: z0 = 0.01 m

kt = 0.17
Mean wind pressure acc. to. EN 1991-1-4: 2005

qm(z) = ½ * 1,25 * Vz2

Max wind pressure acc. to . EN 1991-1-4: 2005
qmax(z) = ((1+2*kpIv(z))*qm(z)

Special for z = zref V = 56.38
qmax(zref)= 1.987 kN/m2

Width cross to wind, b(z) :

From To b(z)

0 80000 2500

mm mm mm

Pressure coefficient, Cf:
Acc. to. EN 1991-1-4: 20 05 section 7.9.2: Cf = � � * Cfo

Reduction for free flow o ver top:
Slendernessratio � = 22.40
for 1 � H/D � 10 � = 0,6+ 0,1*log( � )
for 10<H/D � 100 � = 0,7+ 0,125*log( � /10)
for 100<H/D � = 1
H = 80.00 m og D = 2.50 0 m => � = 0.787�

Pressure for a infinite cyl inder: Cfo iht. EN 1991-1-4: 2005, Figu re 7.28
Reynold number: Re = Vp * D/15*10-6

For instence in 80.00 m h eight:
b(z) = 2.500 m and V(z) = 59.01 m/s => Re = 9834917.39
Replacement roughness: k = 0.2000 mm
Pressure for a infinite cyl inder: Cf0 = 0.8010
Pressure coefficient: Cf = 0.6308
Increasing factor for oute r ladder: Fl = 1.0000
Axis distance to neighbou r chimneys:

a � �
a/d - ratio a/d > 30
Increasing factor Fs = 1.0000

Structural factor, cscd:

Construction factor cscd = � �refvzI

RB

71

I*k*21 22
vp

�

��

Reference height zt = 200 m
Reference length scale Lt = 300 m
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Turbulence length scale L(zref) =

�

��
�

�
��
�

�

t

ref
t z

z
L

Where � = 0.4397

L(zref) = 160.1675

Background response B2 =

� � � � � � � �
2 22

2
3

1

1

�
�
�

�
�
�
�

�
��

�
�

�
�
�
�

�
��

�
�

�
�
�
�

�
�

refref refref zL
h

zL
b

zL
h

zL
b

B2 = 0.5715�

Non-dimensional frequen cy fL(z,n1) =
� �
� �refm

ref

zv

zLn1

fL(z, n1) = 1.5964

Non-dimensional power s pectral density function SL(z, n1)=
� �
� � � � 3/5

1

1

,2,101

,8,6

nzf

nzf

L

L

�
SL(z, n1)= 0.0940

Horizontal constant � y = � �refm

y

zv

bnc1 (cy=11.5)

� y = 0.2866

Vertical constant � z = � �refm

z

zv

hnc1 (cz=11.5)

� z = 9.1699
Horizontal response cons tant Gy = 0,5 [EN 1991-1-4: 2 005 Annex C, Table C.1]
Vertical response constan t Gz = 5/18 [EN 1991-1-4: 2005 Annex C, Table C.1 ]
Size reduction fact�

frequency-turbulence inte raction Ks =

� � � �
2

22 2
1

1

�
�

�
�
�

���� zzyy zzyy GGG G ��
�

��

Ks = 0.2808�

Reference mass per unit o f area µref =

� � � �

� �� �

��
h b

h b

dydzzy

dydzzyzy

0 0

2

0 0

2

,

,,

�

��

µref = 785.3192
Where:

µ Structure mass per unit of area
� Deflection mode s hape

Aerodynamic dampin� � a =
� �
ref

refmf

n

zvc

�

�

12

� a = 0.1344
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Structural damping acc. t o EN 1991-1-4: 2005 Ann ex F, Table F2

Chimney type � s

Unlined welded steel stac k without insulation 0,012
Unlined welded steel stac k with external insulation 0,020
Steel stack with one liner with external insul� h/b<18

� � �
� � �

0,020
0,040
0,014

Steel stack with two or m ore liner with external ins ulation h/b<18
� � �
� � �

0,020
0,040
0,025

Steel stack with internal b rick liner 0,070
Steel stack with external gunite 0,030
Coupled chimneys withou t liners� e) 0,015
Guyed Chimney witho liner and insulation 0,040
Chimney with oscillation damper Variable

� s = 0.1650

Factor for turbulen� sonance with the chimney R2 = � � � � � �11

2

,
2

nKnzRsrefv
as��

�
�

R2 = 0.4348�

Zero-upcrossing frequenc y v =
22

2

1
RB

R
n

�
v = 0.2734

Peak-factor kp = � �
� �vT

vT
ln2

577,0
ln2 �

where
T Averagi� r the reference wind veloc ity, T=600 sec.

kp = 3.3816

Topography factor (hills a nd ensharpments) ct = 1

Turbulence intensity Iv = � � � �0/ln
11

zzzcreft

Iv = 0.1180

Structural factor cscd = 0.9861�

Discrete ancillaries:

From height To h eight Discrete comp onents Cf Area Weight

20000 21000 1x(Platform 1200) 2,000 1287602 500

78500 79500 1x(Platform 800) 2,000 915602 400

mm mm - - mm2 kg

Linear ancillaries:

From height To heig ht Linear com ponents Cf Area Weight

0 20000 Outside ladder with backs upport 2,000 201022 42

20000 80000 SF ladder 2,000 40000 10

mm mm - - mm2 kg/m
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Calculation of wind load variation over the chimne y height� he following table:

Fw,ch(z) = 1.4791* qmax(z) * b(z) * Cf kN/m

Static windload from disc rete ancillaries:

Fw,1(z) = 1.4791* qmax(z) * b1(z) * Cf,1 kN/m

Static windload from Lin ear ancillaries:

Fw,2(z) = 1.4791* qmax(z) * b2(z) * Cf,2 kN/m

Total static windload:

Fw,Tot(z) = Fw,ch(z) +Fw,1(z) +Fw,2(z) kN/m

Plate Height =z � f * Cd qmax(z) b(z) Cf(z) Fw,ch(z) Fw,1(z) Fw,2(z) Fw,Tot(z)

1 2500 1,479 1,047 2500 0,616 2,385 0,000 0,623 3,008

2 5000 1,479 1,244 2500 0,619 2,850 0,000 0,740 3,589

3 7500 1,479 1,366 2500 0,622 3,139 0,000 0,812 3,951

4 10000 1,479 1,455 2500 0,623 3,351 0,000 0,865 4,216

5 12500 1,479 1,526 2500 0,624 3,520 0,000 0,908 4,428

6 15000 1,479 1,586 2500 0,624 3,662 0,000 0,943 4,604

7 17500 1,479 1,636 2500 0,625 3,783 0,000 0,973 4,756

8 20000 1,479 1,681 2500 0,626 3,889 0,000 1,000 4,889

9 21000 1,479 1,697 2500 0,626 3,929 6,466 0,201 10,595

9 22500 1,479 1,721 2500 0,626 3,985 0,000 0,204 4,188

10 25000 1,479 1,757 2500 0,627 4,071 0,000 0,208 4,279

11 27500 1,479 1,790 2500 0,627 4,149 0,000 0,212 4,361

12 30000 1,479 1,820 2500 0,627 4,221 0,000 0,215 4,437

13 31800 1,479 1,840 2500 0,627 4,270 0,000 0,218 4,488

14 33600 1,479 1,860 2500 0,628 4,316 0,000 0,220 4,536

15 35400 1,479 1,878 2500 0,628 4,361 0,000 0,222 4,583

16 37200 1,479 1,895 2500 0,628 4,403 0,000 0,224 4,627

17 39000 1,479 1,912 2500 0,628 4,443 0,000 0,226 4,669

18 40800 1,479 1,929 2500 0,628 4,482 0,000 0,228 4,710

19 42600 1,479 1,944 2500 0,629 4,519 0,000 0,230 4,749

20 44400 1,479 1,959 2500 0,629 4,554 0,000 0,232 4,786

21 46200 1,479 1,973 2500 0,629 4,589 0,000 0,234 4,822

22 48000 1,479 1,987 2500 0,629 4,622 0,000 0,235 4,857

23 49800 1,479 2,000 2500 0,629 4,654 0,000 0,237 4,891

24 51600 1,479 2,013 2500 0,629 4,685 0,000 0,238 4,923

25 53400 1,479 2,026 2500 0,629 4,715 0,000 0,240 4,955

26 55200 1,479 2,038 2500 0,630 4,744 0,000 0,241 4,986

27 57000 1,479 2,050 2500 0,630 4,773 0,000 0,243 5,015

28 58800 1,479 2,061 2500 0,630 4,800 0,000 0,244 5,044

29 60600 1,479 2,072 2500 0,630 4,827 0,000 0,245 5,072

30 62400 1,479 2,083 2500 0,630 4,853 0,000 0,247 5,100
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31 64200 1,479 2,094 2500 0,630 4,878 0,000 0,248 5,126

32 66000 1,479 2,104 2500 0,630 4,903 0,000 0,249 5,152

33 67800 1,479 2,114 2500 0,630 4,927 0,000 0,250 5,177

34 69600 1,479 2,124 2500 0,630 4,951 0,000 0,251 5,202

35 71400 1,479 2,134 2500 0,630 4,974 0,000 0,252 5,226

36 73200 1,479 2,143 2500 0,631 4,996 0,000 0,254 5,250

37 75000 1,479 2,152 2500 0,631 5,018 0,000 0,255 5,273

38 76800 1,479 2,161 2500 0,631 5,040 0,000 0,256 5,295

39 78500 1,479 2,169 2500 0,631 5,060 0,000 0,257 5,316

39 78600 1,479 2,170 2500 0,631 5,061 5,877 0,257 11,194

40 79500 1,479 2,174 2500 0,631 5,071 5,888 0,257 11,217

40 80000 1,479 2,176 2500 0,631 5,077 0,000 0,257 5,334

- mm - kN/m2 mm - kN/m kN/m k N/m kN/m

4.1 Data for cross-s ection, cutting forces , static

For each plate-section cal culation are carried out as :

� �tA (area)** tD � �

� �tW )resistance of(mom **
4

2 tDm
�

�

N(z) = Normal force z meter above base, incl. � f = 1.20
Q(z) = Shear force z meter above base, incl. � f = 1.50
M(z ) = Bending mom ent z me � cl. � f = 1.50

Where t = corroded thickness of p late
Dm( z) = mea� r at considered height z.

II. order moment M" = (1 + � 2/8) * M =� 1993-3-2: 2006]

where � ������������� = 0.4485

Plate Height =z t A(t) W(t) N(z) Q(z) M(z) M"(z)

1 0 17,5 136,483 84,704 693,97 387,42 16418,60 16831,44

2 2500 15,5 120,982 75,145 657,36 379,90 15459,45 15848,17

3 5000 15,5 120,982 75,145 624,66 370,93 14520,92 14886,04

4 7500 15,5 120,982 75,145 591,96 361,05 13605,94 13948,06

5 10000 13,5 105,456 65,554 559,26 350,51 12716,49 13036,24

6 12500 13,5 105,456 65,554 530,47 339,44 11854,06 12152,12

7 15000 13,5 105,456 65,554 501,67 327,93 11019,85 11296,94

8 17500 13,5 105,456 65,554 472,88 316,04 10214,89 10471,74

9 20000 13,5 105,456 65,554 444,09 303,82 9440,07 9677,44

9 21000 13,5 105,456 65,554 427,07 293,22 9141,56 9371,42

10 22500 13,5 105,456 65,554 410,36 286,94 8706,44 8925,36

11 25000 13,5 105,456 65,554 382,51 276,24 8002,46 8203,68

12 27500 13,5 105,456 65,554 354,66 265,34 7325,49 7509,68

13 30000 11,5 89,905 55,932 326,81 254,25 6676,00 6843,87

14 31800 11,5 89,905 55,932 309,58 246,17 6225,63 6382,17

15 33600 11,5 89,905 55,932 292,35 238,00 5789,87 5935,46

16 35400 11,5 89,905 55,932 275,12 229,75 5368,89 5503,89
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17 37200 9,5 74,329 46,279 257,89 221,43 4962,83 5087,61

18 39000 9,5 74,329 46,279 243,49 213,02 4571,82 4686,78

19 40800 9,5 74,329 46,279 229,08 204,54 4196,02 4301,52

20 42600 9,5 74,329 46,279 214,68 196,00 3835,53 3931,97

21 44400 9,5 74,329 46,279 200,27 187,38 3490,49 3578,26

22 46200 7,5 58,728 36,595 185,86 178,70 3161,02 3240,50

23 48000 7,5 58,728 36,595 174,29 169,96 2847,22 2918,82

24 49800 7,5 58,728 36,595 162,71 161,15 2549,22 2613,32

25 51600 7,5 58,728 36,595 151,14 152,29 2267,12 2324,13

26 53400 7,5 58,728 36,595 139,56 143,37 2001,02 2051,34

27 55200 7,5 58,728 36,595 127,98 134,40 1751,03 1795,06

28 57000 5,5 43,102 26,879 116,41 125,37 1517,24 1555,39

29 58800 5,5 43,102 26,879 107,67 116,29 1299,74 1332,42

30 60600 5,5 43,102 26,879 98,93 107,16 1098,63 1126,25

31 62400 5,5 43,102 26,879 90,18 97,98 914,00 936,98

32 64200 5,5 43,102 26,879 81,44 88,76 745,94 764,69

33 66000 5,5 43,102 26,879 72,70 79,48 594,52 609,47

34 67800 5,5 43,102 26,879 63,96 70,16 459,84 471,41

35 69600 5,5 43,102 26,879 55,22 60,80 341,98 350,58

36 71400 5,5 43,102 26,879 46,47 51,39 241,01 247,07

37 73200 5,5 43,102 26,879 37,73 41,94 157,01 160,96

38 75000 5,5 43,102 26,879 28,99 32,45 90,06 92,32

39 76800 5,5 43,102 26,879 20,25 22,92 40,22 41,23

39 78500 5,5 43,102 26,879 11,99 13,88 8,94 9,17

40 78600 5,5 43,102 26,879 11,04 12,76 7,61 7,80

40 79500 5,5 43,102 26,879 2,43 2,67 0,67 0,68
Factor: x 103 x 106

- mm mm mm2 mm3 kN kN kNm kNm
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4.2 Stresses in she ll under static load
Normal- and bending stre sses, incl. safety factor :

� d = N(z) � z) / W(t)
Allowabl� ds ..............� �wRd.
Allowabl� : ..............� xRd.

Shear stresses:
� = Q(z)/ � *r*tcorr

Allowabl� (shear) ........� xRd

Interaction check f� bined membrane stresses: = 1)()(225,1��
xRdxRd�
�

�
�

Plate Height =z t d wRd xRd � xRd Interaction

1 0 17,5 203,8 5,7 295,7 232,7 99,7 0.851<=1

2 2500 15,5 216,3 6,3 295,7 227,8 89,8 0.942<=1

3 5000 15,5 203,3 6,1 295,7 227,8 89,8 0.872<=1

4 7500 15,5 190,5 6,0 295,7 227,8 89,8 0.804<=1

5 10000 13,5 204,2 6,6 304,3 215,6 76,5 0.942<=1

6 12500 13,5 190,4 6,4 304,3 215,6 76,5 0.863<=1

7 15000 13,5 177,1 6,2 304,3 215,6 76,5 0.788<=1

8 17500 13,5 164,2 6,0 304,3 215,6 76,5 0.718<=1

9 20000 13,5 151,8 5,8 304,3 215,6 76,5 0.651<=1

9 21000 13,5 147,0 5,6 - 215,6 76,5 0.625<=1

10 22500 13,5 140,0 5,4 304,3 215,6 76,5 0.588<=1

11 25000 13,5 128,8 5,2 304,3 215,6 76,5 0.530<=1

12 27500 13,5 117,9 5,0 304,3 215,6 76,5 0.475<=1

13 30000 11,5 126,0 5,7 223,8 153,3 61,4 0.791<=1

14 31800 11,5 117,5 5,5 223,8 153,3 61,4 0.725<=1

15 33600 11,5 109,4 5,3 223,8 153,3 61,4 0.663<=1

16 35400 11,5 101,5 5,1 223,8 153,3 61,4 0.604<=1

0 17 37200 9,5 113,4 6,0 223,8 141,8 49,2 0.771<=1

18 39000 9,5 104,5 5,7 223,8 141,8 49,2 0.697<=1

19 40800 9,5 96,0 5,5 223,8 141,8 49,2 0.627<=1

20 42600 9,5 87,9 5,3 223,8 141,8 49,2 0.561<=1

21 44400 9,5 80,0 5,0 223,8 141,8 49,2 0.499<=1

22 46200 7,5 91,7 6,1 223,8 131,0 36,6 0.668<=1

23 48000 7,5 82,7 5,8 223,8 131,0 36,6 0.588<=1

24 49800 7,5 74,2 5,5 223,8 131,0 36,6 0.514<=1

25 51600 7,5 66,1 5,2 223,8 131,0 36,6 0.445<=1

26 53400 7,5 58,4 4,9 223,8 131,0 36,6 0.382<=1

27 55200 7,5 51,2 4,6 223,8 131,0 36,6 0.325<=1

28 57000 5,5 60,6 5,8 223,8 112,3 24,9 0.517<=1

29 58800 5,5 52,1 5,4 223,8 112,3 24,9 0.430<=1

30 60600 5,5 44,2 5,0 223,8 112,3 24,9 0.352<=1

31 62400 5,5 37,0 4,5 223,8 112,3 24,9 0.283<=1

32 64200 5,5 30,3 4,1 223,8 112,3 24,9 0.222<=1

33 66000 5,5 24,4 3,7 223,8 112,3 24,9 0.170<=1
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34 67800 5,5 19,0 3,3 223,8 125,2 24,9 0.112<=1

35 69600 5,5 14,3 2,8 223,8 125,2 24,9 0.079<=1

36 71400 5,5 10,3 2,4 223,8 125,2 24,9 0.053<=1

37 73200 5,5 6,9 1,9 223,8 125,2 24,9 0.033<=1

38 75000 5,5 4,1 1,5 223,8 125,2 24,9 0.018<=1

39 76800 5,5 2,0 1,1 223,8 125,2 24,9 0.008<=1

39 78500 5,5 0,6 0,6 - 125,2 24,9 0.002<=1

40 78600 5,5 0,5 0,6 223,8 125,2 24,9 0.002<=1

40 79500 5,5 0,1 0,1 - 125,2 24,9 0.000<=1

40 80000 5,5 0,0 0,0 - 110,4 24,9 0.000<=1
- mm mm N/mm2 N/mm2 N/mm2 N/mm2 N/mm2 -
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5 Wind-excited osci llations:

At the r� n a free wind flow a von K arman vortex shedding w ill cause a cross-to-wind a ction on the
chimney.
If the frequency of vortex -shedding is equal to the n atural frequency of the ch imney a case of resonance will occur.

Critical wind speed acc. t o EN 1991-1-4: 2005 Ann ex E, section E.1.2:

Vr = n1 * d / St m/s

Where: n1 = natural frequency a cc. to page 11
n1 = 0.4159 Hz
d = 2.500 m
St = St� rl for a cylinder:
St = 0.1800

Strouhals number for cyli nder is varying acc. to axi s distance to neighbor chi mneys, a:
a � �

a / d - ratio a/d > 15

Vr = 5.78 m/s

Calculation of cutting for ces
Maximum forces of in� a per meter:

w(h) = m(h) * (2 * � * f)2 * �(n,p) * max y N/m

Oscillating mass, m(h) is calculated as mass of shel l + 5% + liner(s): Identic al with g(x) in the table at page 13.
Assumed curve of deflect ion, �(n,p): (See point 4)

�(n,p) = (4*p*n + 2*n2 - 4*n3/3 + n4/3) / (1 + 4*p)
n = h/H rel. coordina t measur�

p = 0 for fixed base

Maximum oscillation am plitude of the chimney, m ax y:
Acc. to (E.1.5.2.1) the res ult is:

max y/d = Kw * K * Clat * 1/S2 * 1/Sc
Operating length factor, K w:

max y/d = 0.0088 (assum ed) =>
� L/d = 6.0000
� Factor � = (L/d) / = 6.0000 / 32.00

= 0.1875
Kw = 3 * � * [1 - � + �2/3]
= 0.4636

Coefficient of oscillation form, K
� � (n,p) = (4*p*n + 2*n2 - 4*n3/3 + n4/3) / (1 + 4*p)

K =
� �
� ��

�
dn

dn
2pn,

pn,
*

4
1

�

�

�
=>

K = 0.1234

Transverse force coefficie nt, Clat
Reynolds number Re = 2/3 * d * Vcrit * 10-5= 9.628 * 10-5 =>
Fig. E.2 and table E.3: Clat = 0.2000

Axis distance a � �
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Increasing factor = 1.0000 =>
Clat = 0.2000

Scruton number, Sc = 2 * �m * � / g * d2
Reduced mass per unit len gth: �m =� g/m
Logarithmic damping dec rement:

� � = 0.2000
Density of air g = 1.25 kg/m3

Scruton number Sc = 40.2083
� max y/d = 0.4636 * � 1234 * 0.2000 / 0.18002 / 40.2083

= 0.0088
Maximum forces of in� a per meter:

w(h) = m(h) * (2 * � * f )2 * �(n,p) * max y :
w(h) = 0.1500 * m(h) * �(n,p) N/m

Calculation of wind load variation over the chimne y height� he following table.

5.1 Maximum force s of inertia per meter:

Plate From height To height t Factor M(h) � (n,p) W(h)
1 0 2500 17.5 0.1500 1371.467 0.00048 0.0001
2 2500 5000 15.5 0.1500 1241.311 0.00426 0.0008
3 5000 7500 15.5 0.1500 1241.311 0.01158 0.0022
4 7500 10000 15.5 0.1500 1241.311 0.02223 0.0041
5 10000 12500 13.5 0.1500 1110.945 0.03597 0.0060
6 12500 15000 13.5 0.1500 1110.945 0.05260 0.0088
7 15000 17500 13.5 0.1500 1110.945 0.07191 0.0120
8 17500 20000 13.5 0.1500 1110.945 0.09370 0.0156
9 20000 21000 13.5 0.1500 1110.945 0.11033 0.0184

10 21000 22500 13.5 0.1500 1110.945 0.12286 0.0205
11 22500 25000 13.5 0.1500 1110.945 0.14397 0.0240
12 25000 27500 13.5 0.1500 1110.945 0.17209 0.0287
13 27500 30000 13.5 0.1500 1110.945 0.20198 0.0337
14 30000 31800 11.5 0.1500 980.367 0.22896 0.0337
15 31800 33600 11.5 0.1500 980.367 0.25240 0.0371
16 33600 35400 11.5 0.1500 980.367 0.27655 0.0407
17 35400 37200 11.5 0.1500 980.367 0.30135 0.0443
18 37200 39000 9.5 0.1500 849.578 0.32675 0.0416
19 39000 40800 9.5 0.1500 849.578 0.35271 0.0449
20 40800 42600 9.5 0.1500 849.578 0.37918 0.0483
21 42600 44400 9.5 0.1500 849.578 0.40611 0.0517
22 44400 46200 9.5 0.1500 849.578 0.43347 0.0552
23 46200 48000 7.5 0.1500 718.578 0.46120 0.0497
24 48000 49800 7.5 0.1500 718.578 0.48928 0.0527
25 49800 51600 7.5 0.1500 718.578 0.51766 0.0558
26 51600 53400 7.5 0.1500 718.578 0.54632 0.0589
27 53400 55200 7.5 0.1500 718.578 0.57522 0.0620
28 55200 57000 7.5 0.1500 718.578 0.60432 0.0651
29 57000 58800 5.5 0.1500 587.367 0.63361 0.0558
30 58800 60600 5.5 0.1500 587.367 0.66305 0.0584
31 60600 62400 5.5 0.1500 587.367 0.69262 0.0610
32 62400 64200 5.5 0.1500 587.367 0.72230 0.0636
33 64200 66000 5.5 0.1500 587.367 0.75207 0.0663
34 66000 67800 5.5 0.1500 587.367 0.78191 0.0689
35 67800 69600 5.5 0.1500 587.367 0.81180 0.0715
36 69600 71400 5.5 0.1500 587.367 0.84173 0.0742
37 71400 73200 5.5 0.1500 587.367 0.87170 0.0768
38 73200 75000 5.5 0.1500 587.367 0.90168 0.0794
39 75000 76800 5.5 0.1500 587.367 0.93167 0.0821
40 76800 78500 5.5 0.1500 587.367 0.96083 0.0846
41 78500 78600 5.5 0.1500 587.367 0.97583 0.0860
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42 78600 79500 5.5 0.1500 587.367 0.98417 0.0867
43 79500 80000 5.5 0.1500 587.367 0.99583 0.0877
44 80000 80000 5.5 0.1500 587.367 1.00000 0.0881

- mm mm mm - kg/m - kN/m

5.2 Data for cross-s ection, cutting forces , dynamic

Plate Height t W(t) M(h)
1 0 17.5 84.7045 182.21
2 2500 15.5 75.1449 173.81
3 5000 15.5 75.1449 165.40
4 7500 15.5 75.1449 157.01
5 10000 13.5 65.5542 148.63
6 12500 13.5 65.5542 140.29
7 15000 13.5 65.5542 131.99
8 17500 13.5 65.5542 123.76
9 20000 13.5 65.5542 115.61

10 21000 13.5 65.5542 112.38
11 22500 13.5 65.5542 107.57
12 25000 13.5 65.5542 99.67
13 27500 13.5 65.5542 91.94
14 30000 11.5 55.9323 84.40
15 31800 11.5 55.9323 79.10
16 33600 11.5 55.9323 73.91
17 35400 11.5 55.9323 68.86
18 37200 9.5 46.2793 63.93
19 39000 9.5 46.2793 59.15
20 40800 9.5 46.2793 54.51
21 42600 9.5 46.2793 50.02
22 44400 9.5 46.2793 45.69
23 46200 7.5 36.5950 41.54
24 48000 7.5 36.5950 37.55
25 49800 7.5 36.5950 33.74
26 51600 7.5 36.5950 30.09
27 53400 7.5 36.5950 26.64
28 55200 7.5 36.5950 23.37
29 57000 5.5 26.8794 20.32
30 58800 5.5 26.8794 17.46
31 60600 5.5 26.8794 14.79
32 62400 5.5 26.8794 12.30
33 64200 5.5 26.8794 10.03
34 66000 5.5 26.8794 7.96
35 67800 5.5 26.8794 6.11
36 69600 5.5 26.8794 4.49
37 71400 5.5 26.8794 3.10
38 73200 5.5 26.8794 1.96
39 75000 5.5 26.8794 1.07
40 76800 5.5 26.8794 0.44
41 78500 5.5 26.8794 0.10
42 78600 5.5 26.8794 0.09
43 79500 5.5 26.8794 0.01
44 80000 5.5 26.8794 0.00

Factor * 106

- m mm mm3 kNm

Where W(t) = �/4 * Dm2 * t
� M(h) = Dynamic mome nt h met�
� t = Plate thickness.
� Dm = Mean diameter.
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5.3 Stresses in she ll, Dynamic
Bending stresses; �� = +/- M(h) / W(t)
must be smaller than allow able stress amplitude in b utt weld (� a,R,w) or allowable stre� basic material (�a,R):

Plate Height t � � � � a,R,w � a,R

1 0 17.5 2.2 49.1 -
2 2500 15.5 2.3 49.1 -
3 5000 15.5 2.2 49.1 -
4 7500 15.5 2.1 49.1 -
5 10000 13.5 2.3 49.1 -
6 12500 13.5 2.1 49.1 -
7 15000 13.5 2.0 49.1 -
8 17500 13.5 1.9 49.1 -
9 20000 13.5 1.8 49.1 -

10 21000 13.5 1.7 - 76.4
11 22500 13.5 1.6 49.1 -
12 25000 13.5 1.5 49.1 -
13 27500 13.5 1.4 49.1 -
14 30000 11.5 1.5 49.1 -
15 31800 11.5 1.4 49.1 -
16 33600 11.5 1.3 49.1 -
17 35400 11.5 1.2 49.1 -
18 37200 9.5 1.4 49.1 -
19 39000 9.5 1.3 49.1 -
20 40800 9.5 1.2 49.1 -
21 42600 9.5 1.1 49.1 -
22 44400 9.5 1.0 49.1 -
23 46200 7.5 1.1 49.1 -
24 48000 7.5 1.0 49.1 -
25 49800 7.5 0.9 49.1 -
26 51600 7.5 0.8 49.1 -
27 53400 7.5 0.7 49.1 -
28 55200 7.5 0.6 49.1 -
29 57000 5.5 0.8 49.1 -
30 58800 5.5 0.6 49.1 -
31 60600 5.5 0.6 49.1 -
32 62400 5.5 0.5 49.1 -
33 64200 5.5 0.4 49.1 -
34 66000 5.5 0.3 49.1 -
35 67800 5.5 0.2 49.1 -
36 69600 5.5 0.2 49.1 -
37 71400 5.5 0.1 49.1 -
38 73200 5.5 0.1 49.1 -
39 75000 5.5 0.0 49.1 -
40 76800 5.5 0.0 49.1 -
41 78500 5.5 0.0 - 76.4
42 78600 5.5 0.0 49.1 -
43 79500 5.5 0.0 - 76.4
44 80000 5.5 0.0 - 76.4

- m mm N/mm2 N/mm2 N/mm2

5.4 Load alternating number

Fatigue life expectancy: . ................� ..... ................� ears
Natural frequency: .......... ................� ..... ................� = 0.4159
Critical wind speed: ....... ................� ..... ................� = 5.78 m/s
Reference wind speed (20 % of Vm(H)) ...............� ................� = 8.85 m/s
Load alternating number ................� ..... ................� = 2*T*f*� 0*(Vcr/V) 2 *exp(-(Vcr/V)2)

N = 66670000
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6 Reinforcement in foundation
Anchor basket:

Number of anchor s ..............� ..... ................�
Size of anchors ..... ................� ..... ................�
Quality of anchors ...............� ..... ................� N ISO 898-1
Diameter of ancho r basket .........� ................� 2680 mm
Area of anchors ... ................� ..... ................� 1470.0mm2

The bolts are calculated t o transfe� e tension side to the found ation whereas the pressur e is supposed to
be transferred by the grou t between the foundation and the base plate. Total a rea n * � g with diameter
Dc and width:

��
Dc
Asn

t
*
*

�
7.682 mm

Moment of resistance: �� tDcWc **
4

2�
43335600 mm3

6.1 Maximum force s in shell per bolt, sta tic:

T ension P,t,st,d = 4 *Mst,d/n/D - N,k/n� 172
P ressure P,p,st,d = 4 *Mst,d/n/D + N,k/n = 586 716

6.2 Maximum force and stress in bolt, sta tic:
Anchor force Pb,t,st,d =P,t,st,d = 5 55172

� t,d = Pb,t,st,d/As = 377.7 N/mm2 < 576.0 N/mm2

6.3 Maximum force s in shell per bolt, dyn amic:

T ension P,t,dy,d = 4 *Mst,d/n/D - N,k/n = -120 26
P ressure P,p,dy,d = 4 *Mst,d/n/D - N,k/n � 18

6.4 Maximum force and stress in bolt, dy namic:
Anchor force Pb,t,dy,d = P,t,dy,d = -12 026 N

� p,dy = N,k/(n*As) = 10.7 N/m m2

� t,dy = P,t, m2

�� dy = � p,dy + � p,dy = 2.5 � 2
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7 Baseplate
Between each anchor, a f in is mounted to reinforce the base plate. The base p late between two fins is c onsidered a
continuous� ed to a vertical force from the anc e is divided upon fin and shell wi�
line dependent factor.

Distribution of forces betw een fin and shell

Tension static F in: Pr,t,st,d =f * Pb,st,d = 0.7403 * Pb,s t,d
S hell: Pm,t,st,d = ( 1 - f) * � Pb

Pressure static F in: Pr,t,st,d =f * P,p,st,d = 0.7403 * P,p ,st,d
S hell: Pm,t,st,d = ( 1 - f) * � P,p,st,d

Dynamic �� F in: Pr, ��,dy,d =f * �� dy = 0.7403 * �� dy

S hell: Pm, ��,dy,d � 1 - f) * � dy = 0.2597 * �� dy

Resulting forces
S tatic: Pr,t,st,d =� 10979 N

Pm,t,st,d = 144193 N

Dynamic �� F in: Pr, ��,dy,d =2 773 N
S hell: Pm, ��,dy,d � 73 N

Hole in base plate ................� ..... ................� = 56 mm
Width of Baseplat e ..............� ..... ................� = 180
Distance between anchors/fins .............� ................� = � * Dc / n =>

l =191.4 mm
Thicknes� plate ..........� .. ................� =50 - 0.0 mm
Baseplate material ...............� ..... ................� =S355J2
Moment o� nce at h� ........ ................� = 1/6 * 124.0 * t2 =>

Wf = 51667 mm3

7.1 Stress in basep late, static:
Bending moment in base plate ...........� .. ........ Mf,st,d = 1/8 * Pr,t ,st,d * l =9.8302 kNm =>

� st,d = � .3 N/mm2 < 319.0 N/mm2

7.2 Baseplate, dyna mic:

Bending moment in base plate ...........� .. ........ Mf,dy,d = 1/8 * Pr� ��,dy,d * l =9.8302 kNm =>
���������������� ����� ����������������� ����� �������� �� ,dy,d = Mf,dy,d / Wf = 0. 0 N/mm2 < 34.384 N/mm2

Notch case: 71

7.3 Fins at base
The fins are calculated fo r the reduced fin force Pr:

Fin dimensions
Fin thickness ........ ................� ..... ................� mm
Fin width ............ ................� ..... ................� 65 mm
Fin heig ................� ..... ................� 00 mm
Fin radi ................� ..... ................� mm
Fin mate� ................� ..... ................� 355J2

The fin itself has to be ab le to take up the tension a nd pressure without� ing. It does not matter if t he fin should
buckle a little under press ure because that will just transfer the forces directly in to the shell through th e baseplate.
The part of the fin that wi ll be subjected to the high est stresses is the part wh ere the � baseplate.

Stress area of fin . ................� ..... ................� = ft*(fw-fr) =>
Afin = 1725 mm2
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Stress in fin static: � ,st,d = Pr,p.st,d / Afin = 251.8N /mm2 � 338.1 � 2

Stress in fin dynamic: � � ,dy,d = Pr,��. N/mm2 � 34.384 N/mm2

Notch case: 71

7.4 Fillet weld betw een fin and base plate :
a1 = 8 mm =>
Aw = 2 * a1 * 115 =1840 mm2

Stresses in fillet w� tic:
� st,d = Pr,p,st,d / Aw =236 .0N/mm2 < 241.2 N/mm2

Filletweld, dynamic:
� � ,dy,d = Pr,��. /mm2 � 19.648 N/mm2

Notch case: 36*

7.5 Fillet weld betw een shell and base pla te:

a2 = 3 mm => Aw = 2 * a 2 * � * D / n = 1071 mm2/bolt
Stresses in fillet w� tic:

� st,d = Pm,p,st,d / Aw = 1 42.3 N/mm2 < 241.2 N/mm2

Filletweld, dynamic:
� � ,dy,d = Pr,��. /mm2 � 21.831 N/mm2

Notch case: 45

7.6 Fillet weld betw een fin and shell:
a3 = 5 mm => Aw = 2 * a 3 * 350 = 3500mm2 =>
Ww = 1/6 � 2 =204167 mm3

Stresses in fillet w� tic:
� ,d = Pr,p,st.d / Aw = 124. 1 N/mm2

� ,d = 90 * Pr,p,st,d / Ww = 181.2 N/mm2

�� 2 = � 2 + � 2 =>
�� ,d = 228.2 N/mm2 < 241.2 N/mm2

Fillet weld, dynamic:
��� ,d = 2.9 N/mm2 < 19.648 N/mm2

Notch case: 36*

7.7 Ring over fins:
In order t� izontal load of the shell b ecause of the eccentricity of the anchors, a pl 15x1 35 mm ring is
welded on top of the fins.

Number of fins............� ................� ..... ................� pcs
Distance between anchor s/fins ..........� .. ................� � * Dc / n =>

l =191.4 mm
Heigth of fin ............� ................� ..... ................� 0 mm
Distance shell – bolt ........ ................� ..... ................� mm
Ring size........� ................� ..... ................� 5mm

Pr,p,st,d = 41 0979 N

Po,d= Pr,p,st,d*e/h = 92 470 N

k = 12-31,592/n2-39,904/n4 = 11.98�
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Bending moment in reinf orcement ring

Mring = Po,d * l /k = 13 77367 KNm

Wring= 1/6*t*b2 = 30375 mm3

� = Mring/Wring =� .3 N/mm2 <= 319.0N/mm2
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8 Reinforcement at flue gas inlet(s), acce ss door(s) etc.
At flue gas inlets, access doors etc. it is necessary t o reinforce the shell. The dimensions of the reinforc ements are
determined, so that the m oment of resistance� reinforced section at min imum is equal to a :� in the
unweakened cylinder.
Flat-iron frames are name d type 1 and welded circu lar frames type 2.
i = 0 means reinforcemen t at access door.

8.1 Assumptions:

No Type Height Shel l: t Width: B P rojection Reinfo r.thickn.: T Rein for.: H

2 2 6000,0 16,0 800,0 100,0 40,0 222,1

3 1 7000,0 16,0 2100,0 100,0 40,0 671,8

- - mm mm mm mm m m mm

Moment of inertia for par t of shell:

Im = � � � � � �
��
�

�
��
�

�

�
�

u

u
u

�
�

2
3 sin*2

cosusin-u-*t*Rm

Moment of inertia for rein forcement:
Iv = 2 * (1/12 * T * H3 + T * H� 2 + 1/12 * B * T3 + B * T * e22)

Moment of resistance for reinforced section:
Wf = (Im+Am*(etot-ema)

2+Iv+Av(etot-ever)
2)/(proj+dia-etot)

8.2 Data of cross se ctions

i u ema ever etot Im x 106 Iv x 106 Wf

2 0,360 1091,834 2488,945 1284,209 72277,508 73,049 77716064

3 0,983 768,271 2264,116 1342,079 31846,474 2020,993 85847152
- rad mm mm mm mm4 mm4 mm3

8.3 Calculation of s hell opposite reinforc ement.

� = MI / WI,shell

� I,shell � = �I/e tot

i etot �I x 106 WI shell � � xS.R.d

3 1342,079 107988,926 80463904,000 181,552 225,874
- Mm mm4 mm3 N/mm2 N/mm2
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8.4 Calculation of s hell at bottom reinforc ement

� = MIII /WIII,shell
� till = 0,9* � xS,R,d

i � 0,9* � xS,R,d Flange

1 189,942 211,239 No

3 175,082 211,239 No
- N/mm2 N/mm2

8.5 Calculation of c olumn:

BR = 0,78*(r*t)½
Ar = bR*t+b r*tr
Ir = 1/12*t r*br3

Sk = Hrein�
Nst = � I*AR
Npl,d = AR*fyd
Nki,d = � 2*E*Ir/Sk 2* � m

�� =
dki,

dpl,

N

N
=> �

dNpl
Nst

,* �
<= 1

i br Ar I r x 106 Sk Nst Npl,d Nki,d Nst/(Npl,d* )

1 116,6 6535,9 1,021 165,0 1200,5 2085,3 74023,7 1,0 0,5 0,576

3 110,0 28630,0 1010,496 3570,0 4871,9 9134,3 156505,0 0,9 0,5 0,603
- mm mm mm4 mm kN kN kN factor factor

8.6 Calculation of B uckling:

�e = 2
2

2

)(*
)1(12

*
b

tE r

�

�

�
�� = �e*0,43

� =
��
kyf ,

� =
51,0

1
2 � �

� p,R,d = �*fy,k/�m

Allowabl� I/ � p,R,d < 1

i �e �� � � � p,R,d Proof

1 327116,2 140660,0 0,0 1,0 319,0 0,576

3 672,9 289,4 1,1 0,6 191,3 0,889
- N/mm2 N/mm2 - - N/mm2 -
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9 Flange in shell No . 1
Outer flange with fin rein forcement.

9.1 Assumptions:

Height above base to flan ge z = 22.50 m
Static moment, II-order Ms = 8925.36 kNm
Number of bolts n = 52 pcs.
Size of bolts bd = M 24
Holes in flange for bolts d = 26.0 mm
Area of bolts As = 353 mm2

Quality of bolts = 10.9.
Preload moment,
MoS2 oiled� Mt = 800 Nm (Garnitu re)
Thickness of flange t = 30.0 mm
Diameter of flange Di = 2504 mm

Da = 2784 mm
Diameter for bolts in flan ge Dc = 2634 m m
Distance, bolts - shell b = 65 mm
Width of flange B = 140 mm
Flange material Flmat = S355J2

Distance between bolts lc = 159,1 mm

a 3

a 3

a 4
a 4

5 2 * M24

a 3
3

Bolt for ce
Pb

Flange

M = 1/8 * Pb * t

Fin

30

14

75 65 ø 2504

The tota � As is assumed to be equa l to a ring with diameter D c and width:
t = n * As / � / Dc = 2.3889 mm

Moment of resistance is t hen: Wc = � /4 * Dc2 * t = 12087426 mm3

9.2 Stress in bolts, static:

� st,d = � .04 N/mm2 < 720
Max. force in bolt,� Pb,st,d = Pm,t,st,d = 2347 09 N

9.3 Bolt, dynamic:

� � dy,d = Pm,t,dy,d/As = 0.0 N/mm2 < 27.3
Max. force in bolt,� ic Pb,dy,d= Pm,t,d y,d = 0 N
Notch case: 50*
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9.4 Flange:
Between two bolts, a fin i s mounted to reinforce the flange. The flange� med to be a continuous be am submitted
to a loa � rce in the bolts. This force is divided upon fin and s hell wit� ndent factor:

Fin: Pr = f * pb= 0,744781855 * Pb
Shell: Pm = (1 - f) * Pb = 0,255218145 * Pb

With force in bolt� :

Static: Pr = 188253,89 N
Pm = 64509,91 N

Dynamic: Pr = 0,00 N
Pm = 0,00 N

Moment of resistance at h ole:

Wf = 1/ � - d) * t� 16800 mm3

Stresses in flange, static:

Moment: Mf = 1/8 * Pr * lc = 3744693,45 Nm =>
� f = Mf / Wf = 222,90 N/mm2 < 328.6

Stresses in flange, dynam ic:

Moment: Mf = 1/8 * Pr * lc = 0,00 kNm =>
� f = Mf / Wf = 0,00 N/mm2 < 34.4

9.5 Fin welds

The welds are calculated for the reduced force of th e bolts:

Static: Pr = 188253,89 N
Pm = 64509,91 N

Dynamic: Pr = 0,00 N
Pm = 0,00 N

Fin dimensions: T 8 mm
B 125 mm
H 400 mm
R 50 mm

9.6 Fillet weld betw een fin and flange:

a1 = 4 mm

Aw = 2 * a1 *(1 25-50) 600 mm2

Stresses in fillet w� tic:

� = Pr / Aw = 313,76 N/mm2 < 338.1
Stresses in fillet w� amic:

� = Pr / Aw = 0,00 N/mm2 < 21.8
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9.7 Fillet weld betw een shell and flange:

a2 = 4 mm

Aw = 2 * a2 * � * D / n� 1345,57 mm2/bolt
Stresses in fillet w� tic:

� = Pm / Aw = 47,94 N/mm2 < 241.2
Stresses in fillet w� amic:

� = Pm / Aw = 0,00 N/mm2 < 24.6

9.8 Fillet weld betw een fin and shell

a3 = 3 mm

Aw = 2 * a3 * Lw 2100 mm2

Ww = 1/6 * 2 * a3 * Lw2 122500 mm3

Stresses in fillet w� tic:

� = = Pr / Aw = 89,64 N/mm2

� = = b * Pr / Ww = 99,89 N/mm2

�� 2 = s2 + t2 =>

�� = 134,22 N/mm2 < 241.2
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10 Flange in shell No . 2
Outer flange without fin r einforcement.

10.1 Assumptions:

Height above base to flan ge z = 44.40 m
Static moment, II-order Ms = 3578.26 kNm
Number of bolts n = 76 pcs.
Size of bolts bd = M 24
Holes in flange for bolts d = 26.0 mm
Area of bolts As = 353 mm2

Quality of bolts = 10.9.
Preload moment,
MoS2 oiled� Mt = 800 Nm (Garnitu re)
Thickness of flange t = 36.0 mm
Diameter of flange Di = 2504 mm

Da = 2704 mm
Diameter for bolts in flan ge Dc = 2584 m m
Distance, bolts - shell b = 40 mm
Width of flange B = 100 mm
Flange material Flmat = S355J2

Distance between bolts lc = 106.8 mm

76 * M24

a 3

10

40

b1 /3 2/3*b1

b1
B

b2

60 40
N

P b Pm

ø 2504

10.2 Max. force in sh ell per bolt static:
Tension: Pm,t,st,d= 4 * Mst,d / n / D – N,k/n = 72576 N (sta tic)
Pressure: Pm,p,st,d= 4 * Mst,d / n / D + N,k/n = 77846 N� atic)

With an assumed stress d istribution as shown in sk etch above the bolt force will be:

Static: Pb,t,st,d )
5,1*

1(,,,
bB

b
dsttPm

�
�� = 145152 N (sta tic)

10.3 Max. force in sh ell per bolt dynamic:
Tension: Pm,t,dy,d= 4 * Mdy� / D – N, tatic)
Pressure: Pm,p,dy,d= 4 * Mdy,d / n / D + N,k/n = 3595 N (st atic)
� force: Pm,�,dy,d= Pm,t,dy,d+ P m,p,dy,d = 1920 N (static )
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With an assumed stress d istribution as shown in sk etch above the bolt force will be:

Dynamic: Pb,t,dy,d )
5,1*

1(,,,
bB

b
ddytPm

�
�� = 0 N (dynamic)

10.4 Stresses in Bol ts:

Static: � b,st,d = Pb,t,st,d / As = 411.2 N/mm2 < 720 N/mm2

Dynamic: � � b,dy,d = Pb,t,dy,d / As = 0.0 N/mm2 < 27.3 N/mm2

Notch case: 50*

10.5 Stresses in Flan ge:
Moment per� Mf = b * Pm,t,d
Moment of resistance per bolt Wf = 1/6 * ( Dc* � /n – 26) * 40.02 =>

Wf = 21550 mm3

Statical stresses: � f ,st,d= Mf,st,d / Wf =>
� f,st,d = 134.7 N/mm2 < 328.6 N/mm2

Dynamic stresses: � � f ,dy,d= Mf,dy,d / Wf =>
� � f,dy,d = 0.0 N 2 < 34.4 N/� 2

Notch case: 63

10.6 Fillet weld betw een shell and flange:

a = 3 mm => Aw = 2 * a * D * � / n = 828 mm2/bolt
Stress in fillet weld, sta tic: � st,d = Pm,p,st,d / Aw = 87.8 N/mm2 < 241.2 N/mm2

Dy namic: � � st,d = Pm,�,dy,d /� .4 N/mm2 < 21.8 N/mm2

Notch case: 45
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11 Flange in shell No . 3
Outer flange without fin r einforcement.

11.1 Assumptions:

Height above base to flan ge z = 66.00 m
Static moment, II-order Ms = 609.47 kNm
Number of bolts n = 64 pcs.
Size of bolts bd = M 20
Holes in flange for bolts d = 22.0 mm
Area of bolts As = 245 mm2

Quality of bolts = 10.9.
Preload moment,
MoS2 oiled� Mt = 450 Nm (Garnitu re)
Thickness of flange t = 30.0 mm
Diameter of flange Di = 2504 mm

Da = 2704 mm
Diameter for bolts in flan ge Dc = 2584 m m
Distance, bolts - shell b = 40 mm
Width of flange B = 100 mm
Flange material Flmat = S355J2

Distance between bolts lc = 126.8 mm

64 * M20

a3

6

30

b1/3 2/3*b1

b1
B

b2

60 40
N

Pb Pm

ø2504

11.2 Max. force in sh ell per bolt static:
Tension: Pm,t,st,d= 4 * Mst,d / n / D – N,k/n = 14101 N (sta tic)
Pressure: Pm,p,st,d= 4 * Mst,d / n / D + N,k/n = 16373 N� atic)

With an assumed stress d istribution as shown in sk etch above the bolt force will be:

Static: Pb,t,st,d )
5,1*

1(,,,
bB

b
dsttPm

�
�� = 28202 N (stati c)

11.3 Max. force in sh ell per bolt dynamic:
Tension: Pm,t,dy,d= 4 * Mdy� / D – N, tic)
Pressure: Pm,p,dy,d= 4 * Mdy,d / n / D + N,k/n = 1335 N (st atic)
� force: Pm,�,dy,d= Pm,t,dy,d+ P m,p,dy,d = 398 N (static)

With an assumed stress d istribution as shown in sk etch above the bolt force will be:

Dynamic: Pb,t,dy,d )
5,1*

1(,,,
bB

b
ddytPm

�
�� = 0 N (dynamic)
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11.4 Stresses in Bol ts:

Static: � b,st,d = Pb,t,st,d / As = 115.1 N/mm2 < 720 N/mm2

Dynamic: � � b,dy,d = Pb,t,dy,d / As = 0.0 N/mm2 < 27.3 N/mm2

Notch case: 50*

11.5 Stresses in Flan ge:

Moment per� Mf = b * Pm,t,d
Moment of resistance per bolt Wf = 1/6 * ( Dc* � /n – 22 � 2 =>

Wf = 15726 mm3

Statical stresses: � f ,st,d= Mf,st,d / Wf =>
� f,st,d = 35.9 N/mm2 < 328.6 N/mm2

Dynamic stresses: � � f ,dy,d= Mf,dy,d / Wf =>
� � f,dy,d = 0.0 N 2 < 34.4 N/� 2

Notch case: 63

11.6 Fillet weld betw een shell and flange:

a = 4 mm => Aw = 2 * a * D * � / n = 983 mm2/bolt
Stress in fillet weld, sta tic: � st,d = Pm,p,st,d / Aw = 14.4 N/mm2 < 241.2 N/mm2

Dy namic: � � st,d = Pm,�,dy,d /� .2 N/mm2 < 21.8 N/mm2

Notch case: 45
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12 Shell reinforcemen t
Acc. to EN13084-1:2007 a bending moment per m eter will arise in the shell due to uneven pressure di stribution:

Mst,d(h) = +- cM * qst,d(z) * b2 kNm

Where � qst,d(z) = Wind pres sure acc to part 4 [kN/m2]
b = diameter o f the chimney shell [m]

The factor cM is dependent on Reynold s No.

Reynolds No. cM

>1 E7 0.095
�1 E7 0.125

Reynolds No. at top of ch imney: ..........� ................� 17
cM ...............� ..... ................� ..... ................�

Moment of resistance per meter shell:
W(t) = 1/6 * 1000 * t2 mm3

Stress in shell:
� m,d = Mst,d / W N/mm2

If � m > Fyd reinforcement is n ecessary.

i t z qst,d(z) Mst,d(z) W(t) md Fyd Reinforce�

1 17,5 2,500 1,047 0,818 51041,7 24,0 328,6 No

2 15,5 5,000 1,244 0,972 40041,7 36,4 328,6 No

3 15,5 7,500 1,366 1,067 40041,7 40,0 328,6 No

4 15,5 10,000 1,455 1,137 40041,7 42,6 328,6 No

5 13,5 12,500 1,526 1,192 30375,0 58,9 338,1 No

6 13,5 15,000 1,586 1,239 30375,0 61,2 338,1 No

7 13,5 17,500 1,636 1,278 30375,0 63,1 338,1 No

8 13,5 20,000 1,681 1,313 30375,0 64,9 338,1 No

9 13,5 21,000 1,697 1,326 30375,0 65,5 338,1 No

10 13,5 22,500 1,721 1,344 30375,0 66,4 338,1 No

11 13,5 25,000 1,757 1,373 30375,0 67,8 338,1 No

12 13,5 27,500 1,790 1,398 30375,0 69,0 338,1 No

13 13,5 30,000 1,820 1,422 30375,0 70,2 338,1 No

14 11,5 31,800 1,840 1,438 22041,7 97,8 223,8 No

15 11,5 33,600 1,860 1,453 22041,7 98,9 223,8 No

16 11,5 35,400 1,878 1,467 22041,7 99,8 223,8 No

17 11,5 37,200 1,896 1,481 22041,7 100,8 223,8 No

18 9,5 39,000 1,912 1,494 15041,7 149,0 223,8 No

19 9,5 40,800 1,928 1,507 15041,7 150,2 223,8 No

20 9,5 42,600 1,944 1,519 15041,7 151,5 223,8 No

21 9,5 44,400 1,959 1,530 15041,7 152,6 223,8 No

22 9,5 46,200 1,973 1,542 15041,7 153,7 223,8 No

23 7,5 48,000 1,987 1,552 9375,0 248,4 223,8 Yes

24 7,5 49,800 2,000 1,563 9375,0 250,1 223,8 Yes
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25 7,5 51,600 2,013 1,573 9375,0 251,7 223,8 Yes

26 7,5 53,400 2,026 1,583 9375,0 253,2 223,8 Yes

27 7,5 55,200 2,038 1,592 9375,0 254,8 223,8 Yes

28 7,5 57,000 2,050 1,601 9375,0 256,2 223,8 Yes

29 5,5 58,800 2,061 1,610 5041,7 479,1 223,8 Yes

30 5,5 60,600 2,072 1,619 5041,7 481,7 223,8 Yes

31 5,5 62,400 2,083 1,628 5041,7 484,2 223,8 Yes

32 5,5 64,200 2,094 1,636 5041,7 486,7 223,8 Yes

33 5,5 66,000 2,104 1,644 5041,7 489,1 223,8 Yes

34 5,5 67,800 2,114 1,652 5041,7 491,4 223,8 Yes

35 5,5 69,600 2,124 1,659 5041,7 493,7 223,8 Yes

36 5,5 71,400 2,133 1,667 5041,7 495,9 223,8 Yes

37 5,5 73,200 2,143 1,674 5041,7 498,1 223,8 Yes

38 5,5 75,000 2,152 1,681 5041,7 500,2 223,8 Yes

39 5,5 76,800 2,161 1,688 5041,7 502,3 223,8 Yes

40 5,5 78,500 2,169 1,695 5041,7 504,2 223,8 Yes

41 5,5 78,600 2,170 1,695 5041,7 504,3 223,8 Yes

42 5,5 79,500 2,174 1,698 5041,7 505,3 223,8 Yes

43 5,5 80,000 2,176 1,700 5041,7 505,9 223,8 Yes
- mm m kN/m2 kNm mm3 N/mm2 N/mm2 -

In addition to the static in fluence a resonance instan ce may occur in connectio n with the wind passage, which may
cause chimney oscillation s. For a circular cylinder w ith plate thickness t and d iameter D the ovalling fre quency is acc.
to "Dynamic wind influen ce on structures" (H. Rusc heweyh):

fr
42

3

*)1(*
*

*492.0
bv

Et

s �
�

�
Hz

The corresponding � l wind speed:

Vcr sm
S

bfr
/

2*
*

�

where: S = 0.1800 (Strouha l-number)
D = 2500 mm

� b = 2.500 m

In case of critical wind sp eed (Vcr) below the 10 m in. mean wind speed � = 29.0 * Kt * ln(z/zo), th e chimney is to
be supplied with reinforce ments with intervals of m in.:

a D *8 � (acc.CICIND)

Plate Shell: t Height fr Vcr Vlim
Shell

reinforcements

1 17,5 2500 7,5 51,9 55,30 Yes 20,00

2 15,5 5000 6,6 45,9 55,30 Yes 20,00

3 15,5 7500 6,6 45,9 55,30 Yes 20,00

4 15,5 10000 6,6 45,9 55,30 Yes 20,00
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5 13,5 12500 5,8 40 55,30 Yes 20,00

6 13,5 15000 5,8 40 55,30 Yes 20,00

7 13,5 17500 5,8 40 55,30 Yes 20,00

8 13,5 20000 5,8 40 55,30 Yes 20,00

9 13,5 21000 5,8 40 55,30 Yes 20,00

10 13,5 22500 5,8 40 55,30 Yes 20,00

11 13,5 25000 5,8 40 55,30 Yes 20,00

12 13,5 27500 5,8 40 55,30 Yes 20,00

13 13,5 30000 5,8 40 55,30 Yes 20,00

14 11,5 31800 4,9 34,1 55,30 Yes 20,00

15 11,5 33600 4,9 34,1 55,30 Yes 20,00

16 11,5 35400 4,9 34,1 55,30 Yes 20,00

17 11,5 37200 4,9 34,1 55,30 Yes 20,00

18 9,5 39000 4,1 28,2 55,30 Yes 20,00

19 9,5 40800 4,1 28,2 55,30 Yes 20,00

20 9,5 42600 4,1 28,2 55,30 Yes 20,00

21 9,5 44400 4,1 28,2 55,30 Yes 20,00

22 9,5 46200 4,1 28,2 55,30 Yes 20,00

23 7,5 48000 3,2 22,2 55,30 Yes 20,00

24 7,5 49800 3,2 22,2 55,30 Yes 20,00

25 7,5 51600 3,2 22,2 55,30 Yes 20,00

26 7,5 53400 3,2 22,2 55,30 Yes 20,00

27 7,5 55200 3,2 22,2 55,30 Yes 20,00

28 7,5 57000 3,2 22,2 55,30 Yes 20,00

29 5,5 58800 2,3 16,3 55,30 Yes 20,00

30 5,5 60600 2,3 16,3 55,30 Yes 20,00

31 5,5 62400 2,3 16,3 55,30 Yes 20,00

32 5,5 64200 2,3 16,3 55,30 Yes 20,00

33 5,5 66000 2,3 16,3 55,30 Yes 20,00

34 5,5 67800 2,3 16,3 55,30 Yes 20,00

35 5,5 69600 2,3 16,3 55,30 Yes 20,00

36 5,5 71400 2,3 16,3 55,30 Yes 20,00

37 5,5 73200 2,3 16,3 55,30 Yes 20,00

38 5,5 75000 2,3 16,3 55,30 Yes 20,00

39 5,5 76800 2,3 16,3 55,30 Yes 20,00

40 5,5 78500 2,3 16,3 55,30 Yes 20,00

41 5,5 78600 2,3 16,3 55,30 Yes 20,00

42 5,5 79500 2,3 16,3 55,30 Yes 20,00

43 5,5 80000 2,3 16,3 55,30 Yes 20,00

- mm m Hz m/s m/s - m
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12.1 Suggestions fo r reinforcements:
The reinforcements must be designed for th� ng moment:

M(z) = cM * q(z) * b2 Nm =>
M = 2.5504 * a kNm

If reinforcements are prof iles or flange reinforceme nts, an effective part of 15 x shell plate thickness is included as
reinforcement.

Profile Shell diameter Shell part W Max. M Max. a a
25.0*140 2500 13.5*202.5 142772,9688 46,9111 18,39 7,50

36.0*100 2500 9.5*142.5 91733,43 75 30,1410 11,82 7,50

30.0*100 2500 5.5*82.5 63197,593 75 20,7649 8,14 7,50

10.0*60 2500 7.5*112.5 11732,086 91 3,9666 1,56 1,56

10.0*100 2500 7.5*112.5 28947,390 63 9,7870 3,84 3,84

12.0*110 2500 7.5*112.5 39938,449 22 13,5030 5,29 5,29

15.0*50 2500 7.5*112.5 12143,009 77 4,1055 1,61 1,61

15.0*90 2500 7.5*112.5 33712,777 34 11,3981 4,47 4,47

30.0*100 2500 7.5*112.5 71304,132 81 23,4285 9,19 9,19

30.0*140 2500 7.5*112.5 129776,46 88 42,6408 16,72 15,00

10.0*60 2500 5.5*82.5 10390,708 01 3,5130 1,38 1,38

10.0*100 2500 5.5*82.5 25622,406 25 8,6628 3,40 3,40

12.0*110 2500 5.5*82.5 35232,828 13 11,9121 4,67 4,67

15.0*50 2500 5.5*82.5 10577,988 28 3,5764 1,40 1,40

15.0*90 2500 5.5*82.5 29585,275 39 10,0026 3,92 3,92

30.0*100 2500 5.5*82.5 63197,593 75 20,7649 8,14 8,14

30.0*140 2500 5.5*82.5 117111,29 69 38,4794 15,09 15,00

UNP50 2500 7.5*112.5 13021,269 53 4,4024 1,73 1,73

UNP65 2500 7.5*112.5 18908,789 06 6,3930 2,51 2,51

UNP80 2500 7.5*112.5 25213,580 08 8,5246 3,34 3,34

UNP100 2500 7.5*112.5 34868,554 69 11,7889 4,62 4,62

UNP120 2500 7.5*112.5 49429,167 97 16,7118 6,55 6,55

UNP140 2500 7.5*112.5 63721,726 56 21,5440 8,45 8,45

UNP160 2500 7.5*112.5 81720,945 31 27,6295 10,83 10,83

UNP50 2500 5.5*82.5 13021,269 53 4,4024 1,73 1,73

UNP65 2500 5.5*82.5 18908,789 06 6,3930 2,51 2,51

UNP80 2500 5.5*82.5 25213,580 08 8,5246 3,34 3,34

UNP100 2500 5.5*82.5 34868,554 69 11,7889 4,62 4,62

UNP120 2500 5.5*82.5 49429,167 97 16,7118 6,55 6,55

UNP140 2500 5.5*82.5 63721,726 56 21,5440 8,45 8,45

UNP160 2500 5.5*82.5 81720,945 31 27,6295 10,83 10,83
mm mm mm3 kNm m m

Disk - - - - - 16,14
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13 Deflection of shell
With a horizontal unit for ce P=1 placed h mm abov e base t� r static� eplacement load:

�� x)(x)*dx/EI((x)*MMu 10

Where M0(x) = S� c bending moment.
Ms = Acc to part
Md = Maximum dynam ic bending moment � dynamic ”destruction”
M1(x) = x + h – H for x > H - h

= 0 for x < H - h
x = Distance from ch imney top.

With a linear moment var iation between x1 and x2 the result becomes:

EI(x)

))(x)*M(xM)(x )*M(x(M)(x)*M(x M)(x)*M(x(M
*

)-x(x

u 2
112021 102120 1110

3
32 �� �

�

No x1 x2 Shell: t Ms Md u stat u dyn

1 0 2500 18,0 11220,959 110,43 0 0

2 2500 5000 16,0 10565,447 105,34 1,51 0

3 5000 7500 16,0 9924,025 100,24 6,11 0,01

4 7500 10000 16,0 9298,706 95,16 13,78 0,01

5 10000 12500 14,0 8690,829 90,08 24,32 0,03

6 12500 15000 14,0 8101,415 85,02 37,74 0,04

7 15000 17500 14,0 7531,291 79,99 54 0,06

8 17500 20000 14,0 6981,16 75 72,93 0,08

9 20000 21000 14,0 6451,627 70,07 94,31 0,1

10 21000 22500 14,0 6247,611 68,11 103,51 0,11

11 22500 25000 14,0 5950,237 65,2 117,97 0,13

12 25000 27500 14,0 5469,121 60,41 143,72 0,16

13 27500 30000 14,0 5006,455 55,72 171,41 0,19

14 30000 31800 12,0 4562,578 51,15 200,86 0,23

15 31800 33600 12,0 4254,779 47,94 223,13 0,25

16 33600 35400 12,0 3956,97 44,8 246,31 0,28

17 35400 37200 12,0 3669,258 41,73 270,33 0,31

18 37200 39000 10,0 3391,743 38,75 295,14 0,34

19 39000 40800 10,0 3124,52 35,85 320,73 0,37

20 40800 42600 10,0 2867,682 33,04 347,12 0,4

21 42600 44400 10,0 2621,315 30,32 374,23 0,44

22 44400 46200 10,0 2385,505 27,69 402,02 0,47

23 46200 48000 8,0 2160,333 25,18 430,41 0,51

24 48000 49800 8,0 1945,878 22,76 459,42 0,55

25 49800 51600 8,0 1742,215 20,45 489,05 0,59

26 51600 53400 8,0 1549,418 18,24 519,23 0,63

27 53400 55200 8,0 1367,559 16,14 549,9 0,67

28 55200 57000 8,0 1196,705 14,17 581,01 0,71

29 57000 58800 6,0 1036,924 12,31 612,5 0,75



3 0 58800 60600 6.0 888 , 28

31 60600 62400 6,0 750.836

32 62400 64200 6.0 6 24,655

33 64200 66000 6,0 509.795

34 66000 67800 6 , 0 406,314

35 67800 69600 6 , 0 3 14 ,27

36 69600 7 1400 6 , 0 233,718

37 7 1 400 73200 6.0 164 , 712

38 73200 75000 6 , 0 107.304

39 75000 76800 6.0 6 1 , 546

40 76800 78500 6,0 27 ,4 89

41 7 8500 78600 6,0 6 , III

42 78600 79500 6 , 0 5,201

43 79500 80000 6,0 0,456

- mm mm mm kNm

Max . deflect i on at chimney top und er dynamic l oad : '
(To lal syslem c himn ey / damper):
Y m a . \ = 1 3 min
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Steel con
N o. 1 in chimne y s

Lilleb"lIsvej 62 · DK-6715 [,blerg N
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St e eleon AlS

Sfeelcon
No . 1 i n c hi m n eys

10 .5 8 644.37 0 , 8

8 , 96 676,61 0,84

7 , 46 709.18 0,89

6 , 08 742 0,93

4.82 775,05 0,98

3 ,7 808 , 26 1 , 0 3

2,72 841 , 61 1,07

1. 88 875.06 1 , 12

1 , 1 9 9 08 .58 1 , 17

0,65 942.14 1,22

0 , 27 975 , 73 1 , 27

0.06 1007,47 1 ,3 1

0,05 1009 ,3 4 1 , 3 1

0,01 102 6,14 1 ,3 4

kNm mm mm
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