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3D Drawing

3D View of Vessel (alter by using the "Save User Specified View®™ command)

History of Revisions

Rev ID Component Type Comp. Description DATE & TIME

C E3.1 Torispherical End Left head 26 Apr. 2005 09:26
C E3.2 Torispherical End Right head 26 Apr. 2005 09:26
C EB.1 Expansion Bellows 26 Apr. 2005 09:26
C F.1 WN - Flange Left flange 26 Apr. 2005 09:26
C F.2 WN - Flange Right flangel 26 Apr. 2005 09:26
C F.3 WN - Flange Right flange2 26 Apr. 2005 09:26
C GO.1 | Groups of Nozzles/Op Groups of Nozzles 26 Apr. 2005 09:26
C LC.1 Loc.Loads on Cyl.Sh Nozzle loads on Nozzle E 26 Apr. 2005 09:26
C LC.2 Loc.Loads on Cyl.Sh Nozzle loads on Nozzle D 26 Apr. 2005 09:26
C N.1 Nozzle,Plate Body , Nozzle F 26 Apr. 2005 09:26
C N.2 Nozzle,Plate Body Nozzle C 26 Apr. 2005 09:26
C N.3 Nozzle,Plate Body , Nozzle E 26 Apr. 2005 09:26
C N.4 Nozzle,Plate Body Nozzle D 26 Apr. 2005 09:26
C N.5 Nozzle,Plate Body , Nozzle | inspection 26 Apr. 2005 09:26
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Rev 1D Component Type Comp. Description DATE & TIME
C Si1.1 Cylindrical Shell Main Shell 26 Apr. 2005 09:26
C S1.2 Cylindrical Shell Right Channel 26 Apr. 2005 09:26
C S1.3 Cylindrical Shell 26 Apr. 2005 09:26
c SR.1 | Stiff. Ring Stiff ring 26 Apr. 2005 09:26
C SS.1 Saddle Support Left Saddle 26 Apr. 2005 09:26
C SS.2* | Saddle Support Right Saddle 26 Apr. 2005 09:26
C T.1 Tubesheet Left tubesheet 26 Apr. 2005 10:20
C T.2 Tubesheet Right Tubesheet 26 Apr. 2005 10:27
C TB.3 Tube Bundle Tube bundle 26 Apr. 2005 09:26
A  First lIssue RJo 13 Sep. 2002 10:04
B 030103_rjo RJo 30 Oct. 2002 11:16
C 030103_rjo RJo 19 Jan. 2003 13:53
Design Data & Process Information
DESIGN DATA
Process Card no.: 1 Shell Side
Design Code & Specifications.....:EN13445
Internal Design Pressure (MPa)...:0.8
External Design Pressure (MPa)...:0.05
Operating Pressure (MPa).........:
Maximum Design Temperature ("C)..:100
Minimum Design Temperature ("C)..:15
Operating Temperature ("C).......:
Corrosion Allowance (Mm).........:0
Content of vessel . ... ... ... .....:
Specific density of oper.liqg.....:1
Normal Liquid Level NLL (mm).....:1650
Process Card no.: 2 Tube Side
Design Code & Specifications...._:EN13445
Internal Design Pressure (MPa)...:0.4
External Design Pressure (MPa)...:0.05
Operating Pressure (MPa).........:
Maximum Design Temperature ("C)..:100
Minimum Design Temperature ("C)..:15
Operating Temperature ("C).......:
Corrosion Allowance (mm).........:
Content of vessel . ... ... .. ... ....:
Specific density of oper.liq.....:1
Operating Liquid Level (mm)......:1650
Dimensions of Components
ID Comp. Type Component Dimensions
E3.1 Torispherical End De= 908, wt= 4, h=234.08, R= 726.4, r= 139.832
E3.2 Torispherical End De= 907.8, wt= 4, h=234.03, R= 726.24, r= 139.801
EB.1 Expansion Bellows Di= 908, e= 3, L= 258.7, w= 97, g= 110(mm), N=2
F.1 WN - Flange OD= 1045, ID= 899.8, thk= 38, h= 85, g1= 12
F.2 WN - Flange OD= 1045, ID= 900, thk= 38, h= 85, g1= 12
F.3 WN - Flange OD= 1045, ID= 900, thk= 38, h= 85, g1= 12
N.1 Nozzle,Plate Body , ND300 do=323.9,wt=3,L =183,ho=150,PAD OD=443.9
N.2 Nozzle,Plate Body ND250 do=273,wt=4.19,L.=173.9,ho=150
N.3 Nozzle,Plate Body , ND300 do=323.9,wt=3,L =183,ho=150,PAD OD=483.9
N.4 Nozzle,Plate Body ND250 do=273,wt=4.19,L.=173.9,ho=150
N.5 Nozzle,Plate Body , ND200 do=219.1,wt=3.2,L=166.7,ho=150,PAD OD=299.1
S1.1 Cylindrical Shell De= 908, en= 4, L= 3500
S1.2 Cylindrical Shell De= 908, en= 4, L= 350
S1.3 Cylindrical Shell De= 908, en=4, L= 2195
SR-1 | siift. Ring Rib Profile, h= 40, t1= 5, w= 0, 2= 0
SS.1 Saddle Support Angle= 140,H= 200,W= 863, 2 Stiff.pl
Ss.2% Saddle Support Angle= 140,H= 200,W= 863, 2 Stiff.pl
4 Dimensions of Components Page: 3
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ID Comp. Type Component Dimensions
T.1 Tubesheet OD= 1045, thk= 36, N= 484 tubes
T.2 Tubesheet OD= 908, thk= 35, N= 484 tubes
TB.3 Tube Bundle N= 484, De= 25, et= 1, L= 6002

Warning & Error Messages

ID & Comp. Description

Notes/Warnings/Error Messages

S1.1 Cylindrical Shell Main Shell

0.3 mm.

NOTE: PLATE TO SPEC. EN-10028 NORMALLY PERMITS A NEGATIVE TOLERANCE OF

T.1 Tubesheet Left tubesheet

Note: Edge Restrain Factor Z=.0295, for an optimum design this value should be 0.52

F.1 WN - Flange Left flange

Note: For flange pairs having different design cond.(trap a tubesheet), the highest bolt load
values needs to be specified for Wm1 and Wm2.

N.1 Nozzle,Plate Body , Nozzle F

NOTE : Formula 9.5-32 eap > eas, the value of ep used in the calculations is limited to eas

T.2 Tubesheet Right Tubesheet

Note: Edge Restrain Factor Z= .0527, for an optimum design this value should be 0.52

N.3 Nozzle,Plate Body , Nozzle E

NOTE : Formula 9.5-32 eap > eas, the value of ep used in the calculations is limited to eas

NOTE : The width of the pad used in the calculations is limited to Is = 60.1 mm

SR.1 Stiff. Ring Stiff ring

NOTE: METHOD APPLIES TO CYLINDERS THAT ARE CIRCULAR WITHIN 0.5% ON
RADIUS

N.5 Nozzle,Plate Body , Nozzle |

inspection

NOTE : Formula 9.5-32 eap > eas, the value of ep used in the calculations is limited to eas

S1.3 Cylindrical Shell

0.3 mm.

NOTE: PLATE TO SPEC. EN-10028 NORMALLY PERMITS A NEGATIVE TOLERANCE OF

GO.1 Groups of Nozzles/Op
Groups of Nozzles

NOTE: NO GROUPS OF NOZZLES HAVE BEEN IDENTIFIED!

TOTAL No. OF ERRORS/WARNINGS : 0

Nozzle Schedule

ID Service SIZE STANDARD---CLASS--TYPE--FACE--SCHEDULE
N.1 Nozzle F ND300 DIN 2632 PN 10 WN -Raised Face
N.2 Nozzle C ND250 DIN 2632 PN 10 WN -Raised Face
N.3 Nozzle E ND300 DIN 2632 PN 10 WN -Raised Face
N.4 Nozzle D ND250 DIN 2632 PN 10 WN -Raised Face
N.5 Nozzle | inspection ND200 DIN 2632 PN 10 WN -Raised Face

Nozzle Loads

ID Load Desc. Nozzle Loads
LC.1 Loads on N.3 P=-.05/.7MPa,Fz=-1.2/1.2kN,My=-.6/.6kNm,Mx=-.6/.6k
LC.2 Loads on N.4 P=-.05/.4MPa,Fz=-.8/.8kN,My=-.4/.4kNm,Mx=-.4/.4kNm

Maximum Component Utilization - Umax

ID Comp.Type Umax (%) Limited by

S1.1 Cylindrical Shell 69.2% Internal Pressure

T.1 Tubesheet 70.2% Eqvivalent Shell Stress

F.1 WN - Flange 78.0% Bolt Stress

E3.1 Torispherical End 63.0% Internal Pressure

N.1 Nozzle,Plate Body , 96.1% Nozzle Reinforcement

T.2 Tubesheet 70.2% Eqvivalent Shell Stress

S1.2 Cylindrical Shell 37.0% Internal Pressure

8 Maximum Component Utilization - Umax
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ID Comp.Type Umax (%) Limited by
F.2 WN - Flange 78.0% Bolt Stress
F.3 WN - Flange 78.0% Bolt Stress
E3.2 Torispherical End 63.0% Internal Pressure
N.2 Nozzle,Plate Body 72.7% Nozzle Reinforcement
N.3 Nozzle,Plate Body , 96.0% Nozzle Reinforcement
N.4 Nozzle,Plate Body 72.7% Nozzle Reinforcement
SS.1 Saddle Support 56.0% Instability Check
TB.3 Tube Bundle 17.5% External Pressure
SRL - stifr. Ring 80.4% | Max.Stiff.Stress
LC.1 Loc.Loads on Cyl.Sh 93.4% PhiAll AT EDGE OF PAD
LC.2 Loc.Loads on Cyl.Sh 90.2% Total Stress in Shell
N.5 Nozzle,Plate Body , 85.2% Nozzle Reinforcement
EB.1 Expansion Bellows 76.5% In-Plane Squirm
S1.3 Cylindrical Shell 69.4% Internal Pressure
S Groups of Nozzles/Op 0.0% Total Stress in Shell
SS.2* .
Saddle Support 56.0% Instability Check
Component with highest utilization Umax = 96.1% N.1 Nozzle F
Average utilization of all components Umean= 68.2%
Weight & Volume of Vessel
PROCESS CARD NO.: 1 SHELL SIDE
ID No. Wt-UnFinish. Wit-Finished Tot.Volume Test.Lig.Wt Oper.Lig.Wt
S1.1 1 316.0 kg 312.1 kg 2.227 m3 2227.0 kg 2226.6 kg
N.1 1 19.0 kg 19.0 kg 0.012 m3 12.0 kg 12.2 kg
N.3 1 19.0 kg 19.0 kg 0.012 m3 12.0 kg 12.2 kg
Ss.1 1 76.0 kg 76.0 kg 0.000 m3 0.0 kg 0.0 kg
N.5 1 13.0 kg 13.0 kg 0.006 m3 6.0 kg 5.5 kg
EB.1 1 52.0 kg 52.0 kg 0.206 m3 206.0 kg 206.5 kg
S1.3 1 198.0 kg 195.3 kg 1.396 m3 1396.0 kg 1396.4 kg
SS.2* 1 76.0 kg 76.0 kg 0.000 m3 0.0kg 0.0 kg
Total 8 769.0 kg 762.5 kg 3.859 m3 3859.0 kg 3859.4 kg
Empty Weight of Vessel incl. 5% Contingency .....: 801 kg
Total Test Weight of Vessel (Testing with Water) 4660 kg
Total Operating Weight of Vessel _.._._.__._____._._: 4660 kg
PROCESS CARD NO.: 2 TUBE SIDE
ID No. Wt-UnFinish. Wit-Finished Tot.Volume Test.Lig.Wt Oper.Lig.Wt
T.1 1 242.0 kg 175.0 kg 0.000 m3 0.0 kg 0.0 kg
F.1 1 78.0 kg 78.0 kg 0.078 m3 78.0 kg 78.2 kg
E3.1 1 32.0kg 32.0kg 0.118 m3 118.0 kg 119.7 kg
T.2 1 179.0 kg 113.0 kg 0.000 m3 0.0 kg 0.0 kg
S1.2 1 32.0kg 28.2 kg 0.223 m3 223.0 kg 222.7 kg
F.2 1 78.0 kg 78.0 kg 0.078 m3 78.0 kg 78.2 kg
F.3 1 78.0 kg 78.0 kg 0.078 m3 78.0 kg 78.2 kg
E3.2 1 32.0 kg 32.0 kg 0.118 m3 118.0 kg 119.6 kg
N.2 1 18.0 kg 18.0 kg 0.009 m3 9.0 kg 8.5 kg
N.4 1 18.0 kg 18.0 kg 0.009 m3 9.0 kg 8.5 kg
TB.3 1 1848.0 kg 1848.0 kg 1.207 m3 1207.0 kg 1206.9 kg
SR.1 1 5.0 kg 5.0 kg 0.000 m3 0.0 kg 0.0 kg
Total 12 2640.0 kg 2503.2 kg 1.918 m3 1918.0 kg 1920.6 kg
Empty Weight of Vessel incl. 5% Contingency .....: 2628 kg
Total Test Weight of Vessel (Testing with Wate r) 4546 kg
Total Operating Weight of Vessel ...... ... .......: 4549 kg
SUMMATION OF DATA FOR ALL COMPONENTS :
Total : 20 3409 kg 3266 kg 5.777 m3 5777 kg 5780 kg
Empty Weight of Vessel incl. 5% Contingency .....: 3429 kg
Total Test Weight of Vessel (Testing with Water) 9206 kg
Total Operating Weight of Vessel ................: 9209 kg
10 Center of Gravity Page: 5
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Center of Gravity
PROCESS CARD NO.: 1 SHELL SIDE
ID X-Empty Y-Empty Z-Empty X-Test Y-Test Z-Test X-Oper Y-Oper Z-Oper

S1.1 -2 0 1798 0 0 1785 0 0 1785

N.1 572 0 460 511 0 460 511 0 460

N.3 -572 0 5595 -511 0 5595 -511 0 5595

SS.1 521 0 1025 521 0 1025 0 0 1025

N.5 -575 0 250 -520 0 250 -520 0 250

EB.L 0 0 3645 0 0 3645 0 0 3645

S1.3 6 0 4841 0 0 4853 0 0 4853

SS.2* -521 0 5025 521 0 5025 0 0 5025
CENTER OF GRAVITY AT CONDTIONS BELOW I X == ==Y - - Z -
Empty Vessel ... .. it -113 0 2983
Test Condition of Vessel (Testing with Water) -19 0 2997
Operating Condition of Vessel ................: -19 0 2997
PROCESS CARD NO.: 2 TUBE SIDE

ID X-Empty Y-Empty Z-Empty X-Test Y-Test Z-Test X-Oper Y-Oper Z-Oper

T 0 0 17 0 0 17 0 0 35

F.l 0 0 -62 0 0 -62 0 0 -62

E3.1 0 0 -287 0 0 -225 0 0 -365

T.2 0 0 5968 0 0 5968 0 0 5950
S1.2 0 0 6155 0 0 6160 0 0 6160

F.2 0 0 6397 0 0 6397 0 0 6397

F.3 0 0 6520 0 0 6520 0 0 6520

E3.2 0 0 6744 0 0 6682 0 0 6822

N.2 570 0 6175 516 0 6175 516 0 6175

N.4 -570 0 6175 -516 0 6175 -516 0 6175
TB.3 0 0 3035 0 0 3035 0 0 3035
SR.1 0 0 3050 0 0 3050 0 0 3050
CENTER OF GRAVITY AT CONDTIONS BELOW I X=-—= ==Y - -7 -
Empty Vessel ... ... iiii.o..® 0 0 3159
Test Condition of Vessel (Testing with Water) 0 0 3352
Operating Condition of Vessel ._._.._._._.__._._.._.: 0 0 3351
CENTER OF GRAVITY AT CONDTIONS BELOW DX =-—= ==Y - - Z -
Empty Vessel ... .. it -26 0 3118
Test Condition of Vessel (Testing with Water) -10 0 3170
Operating Condition of Vessel ................: -10 0 3170

Page: 6
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EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.1 Main Shell 26 Apr. 2005 09:26 PC# 1

INPUT DATA
COMPONENT ATTACHMENT/LOCATION

GENERAL DESIGN DATA
PRESSURE LOADING: Design Component for Internal and External Pressure
PROCESS CARD: Shell Side : Temp= 100°C, P= .8MPa, c= Omm, Pext= .05MPa

SHELL DATA

CYLINDER FABRICATION: Plate Material

WELD JOINT COEFFICIENT: Testing Group 3  (z=0.85)

DIAMETER INPUT: Base Design on Shell Inside Diameter

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100-C

Rm=530 Rp=260 Rpt=211 ¥=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

INSIDE SHELL DIAMETER (corroded) . ... ecaaaaaaaaaast :Di 900.00 mm

LENGTH OF CYLINDRICAL PART OF SHELL....... ... . ....: :Leyl 3500.00 mm

SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25

AS BUILT WALL THICKNESS (uncorroded)................: zen 4_.00 mm

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm

DATA FOR STIFFENER RINGS

SHELL STIFFENER RINGS: Shell provided with stiffening rings

UNSUPPORTED LENGTH OF SHELL (Fig. 8.5-2)............: L 2000.00 mm

THE WIDTH OF STIFFENER IN CONTACT WITH SHELL........:w 5.00 mm

MODIFIED AREA OF STIFFENER. . . ... ... .o .o Am 200.00 mm2

CALCULATION DATA
7.4.2 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE

Required Minimum Shell Thickness Excl_Allow. emin :

emin =DI *P/ @2*F*2z-P) (7.4-1)
=900*0.8/(2*153.33*0.85-0.8)= 2.77 mm
Required Minimum Shell Thickness Incl_Allow.

emina = emin + ¢ + th =2_77+0+0= 2_.77 mm
Analysis Thickness

ea = en - ¢ - th =4-0-0= 4.00 mm
»7.4.1 Cond.of Applicabilty emin/De=0.0031 <= 0.16« »  OK«
»Internal Pressure emina=2.77 <= en=4[mm] « » (U=69.2%) OK«

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :
Outside Diameter of Shell

De = Di + 2 * (ea + th) =900+2*(4+0)= 908.00 mm
Mean Diameter of Shell

Dm = (De + Di) / 2 =(908+900)/2= 904 .00 mm
MAWP HOT & CORR. (Corroded condition at design temp.)

MAWPHC = 2 * £ * z * ea / Dm =2*153.33*0.85*4/904= 1.15 MPa

MAWP NEW & COLD (Uncorroded condition at ambient temp.)
MAWPNC = 2 * f20 * z * (ea + ¢) / Dm
=2*176.67*0.85*(4+0)/904= 1.33 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)

Ptmax = 2 * ftest * ztest * (ea + ¢c) / Dm
=2*265*1*(4+0)/904= 2.35 MPa

11 S1.1 Cylindrical Shell Main Shell Umax= 69.2% Page: 7
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EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.1 Main Shell 26 Apr. 2005 09:26 PC# 1

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX(C 1.43 * Pd , 1.25 * Pd * f20 /7 T )
=MAX(1.43*0.8,1.25*0.8*176.67/153.33)= 1.15 MPa

»Test Pressure Ptmin=1.15 <= Ptmax=2.35[MPa] « » (U= 49.1%) OK«

MAXIMUM DIAMETER OF UNREINFORCED OPENING IN SHELL
Inside Radius of Shell

ris = Di / 2 (9.5-3) =900/2= 450.00 mm

Length of Shell Contributing to Reinforcement

Is = Sqr(( 2 * ris + ea) * ea) (9.5-2) =Sqgr((2*450+4)*4)= 60.13 mm

Maximum Diameter of Unreinforced Opening in Shell Checked to Rules in Section 9
dmaxl = (ea*Is*(f-0.5*P)/P-ris*1s)/(0.5*ris+0.5%ea) (9.5-7,22,23)
=(4*60.13*(153.33-0.5*0.8)/0.8-450*60.13)/(0.5*450+0.5*4)= 83.35 mm

Maximum diameter of Opening Not Requiring Reinforcement Check

dmax2 = 0.15 * Sqr(( 2 * ris + ea) * ea) (9.5-18)
=0.15*Sqr ((2*450+4)*4)= 9.02 mm

Maximum Diameter of Unreinforced Opening

dmax = MAX( dmaxl, dmax2) =MAX(83.35,9.02)= 83.35 mm

8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

8.5.1.1 Circularity Limits

»The requirements of 8.5.2 and 8.5.3 apply to cylinders that are circular to
within 0.5% on radius (i.-e. 0.005R) measured from the true centre. The tolerance
shall appear on the vessel drawing.

8.4.3 Nominal Elastic Limit Sige:

Sige = Rpt /7 (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Preliminary Calculations

R = Dm / 2 =904/2= 452 .00 mm

Z =Pl *R /L (8.5.2-7) =3.14*452/2000= 0.7100

Delta = 1.28 / Sqr( R * ea) (8.5.3-20) =1.28/Sqr(452*4)= 0.0301

Tmpl = Delta * L =0.0301*2000= 60.21

G = G (8.5.3-22) =-1.2017E-13= -1,2017E-13

N = (COSH( Tmpl) - COS( Tmpl)) / (SINHC Tmpl) + SIN( Tmpl)) (8.5.3-21)
=(COSH(60.21)-C0S(60.21))/(SINH(60.21)+SIN(60.21))= 1.00
B=2*ea™*N/ (Delta * (Am + w * ea)) (8.5.3-18)
=2*4*1/(0.0301*(200+5*4))= 1.21

gamma = Am * 0.85 /7 ((Am + w * ea) * (1 + B )) (8.5.3-16)
=200*0.85/((200+5*4)*(1+1.21))= 0.3500

DETERMINATION OF eps FROM FIGURE 8.5-3 :
eps Is a minimum when n= 4
eps (from fig. 8.5-3) = 0.000174

MEMBRANE YIELD py
py = Sige *ea/ (R* (1 - gamma * G )) (8.5.3-15)
=129.85*4/(452*(1-0.35*-1.2017E-13))= 1.15 MPa

ELASTIC INSTABILITY pe
pm = E * ea * eps / R (8.5.2-5) =193180*4*1.742E-04/452= 0.2978 MPa

11 S1.1 Cylindrical Shell Main Shell Umax= 69.2% Page: 8
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EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.1 Main Shell 26 Apr. 2005 09:26 PC# 1

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax
Value pr/py From Figure 8.5-5 Curve 1

Valuel = == 0.1291

pr = Valuel * py =0.1291*1.15= 0.1483 MPa
Max. Allowable External Pressure

Pmax = pr / S (8.5.2-8) =0.1483/1.5= 0.0989 MPa

»External Pressure Pmax=0.0989 >= Pext=0.05[MPa] « » (U=50.5%) OK«

Maximum unsupported length for given shell thickness Lmax = 3776mm

CALCULATION SUMMARY
7.4.2 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE

Required Minimum Shell Thickness Excl_Allow. emin :

emin =Di *P/ @2*F*2z-P) (7.4-1)
=900*0.8/(2*153.33*0.85-0.8)= 2.77 mm
Required Minimum Shell Thickness Incl_Allow. :

emina = emin + ¢ + th =2_.77+0+0= 2.77 mm
»Internal Pressure emina=2.77 <= en=4[mm] « » (U=69.2%) OK«

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Ptmax = 2 * ftest * ztest * (ea + ¢c) / Dm
=2*265*1*(4+0)/904= 2.35 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3

Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / f )
=MAX(1.43*0.8,1.25*0.8*176.67/153.33)= 1.15 MPa

»Test Pressure Ptmin=1.15 <= Ptmax=2.35[MPa] « » (U= 49.1%) OK«
MAXIMUM DIAMETER OF UNREINFORCED OPENING IN SHELL

Maximum Diameter of Unreinforced Opening
dmax = MAX( dmaxl, dmax2) =MAX(83.35,9.02)= 83.35 mm

8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

Max. Allowable External Pressure
Pmax = pr / S (8.5.2-8) =0.1483/1.5= 0.0989 MPa

»External Pressure Pmax=0.0989 >= Pext=0.05[MPa] « » (U=50.5%) OK«

Maximum unsupported length for given shell thickness Lmax = 3776mm

Volume:2.23 m3  Weight:315.3 kg (SG=7.93)

11 S1.1 Cylindrical Shell Main Shell Umax= 69.2% Page: 9




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow

Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.4.2 CYLINDRICAL SHELL

S1.2 Right Channel 26 Apr. 2005 09:26 ConnID:T.2 PC# 2

INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: T.2 Tubesheet Right Tubesheet S1.3

Location: Along z-axis z1l= 5985

GENERAL DESIGN DATA

PRESSURE LOADING: Design Component for Internal and External Pressure
PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm, Pext= .05MPa

SHELL DATA

CYLINDER FABRICATION: Plate Material

WELD JOINT COEFFICIENT: Testing Group 3  (z=0.85)
DIAMETER INPUT: Base Design on Shell Inside Diameter
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp= 260 Rpt=211 =153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

INSIDE SHELL DIAMETER (corroded)......... - ....oo-...1
LENGTH OF CYLINDRICAL PART OF SHELL.......cc.oooo...1

:Di 900.00 mm
cLcyl 350.00 mm

SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
AS BUILT WALL THICKNESS (uncorroded)................: zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.1000 mm
DATA FOR STIFFENER RINGS
SHELL STIFFENER RINGS: Shell without stiffening rings
UNSUPPORTED LENGTH OF SHELL (Fig. 8.5-2)............: L 350.00 mm
CALCULATION DATA
7.4.2 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE
Required Minimum Shell Thickness Excl_Allow. emin :
emin =DI *P/ @2*FfF*2z-P) (7.4-1)
=900*0.4/(2*153.33*0.85-0.4)= 1.38 mm
Required Minimum Shell Thickness Incl_Allow.
emina = emin + ¢ + th =1.38+0+0.1= 1.48 mm
Analysis Thickness
ea = en - ¢ - th =4-0-0.1= 3.90 mm
»7.4.1 Cond.of Applicabilty emin/De=0.0015 <= 0.16« »  OK«
»Internal Pressure emina=1.48 <= en=4[mm] « » (U= 37%) OK«
MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :
Outside Diameter of Shell
De = Di + 2 * (ea + th) =900+2*(3.9+0.1)= 908.00 mm
Mean Diameter of Shell
Dm = (De + Di) / 2 =(908+900)/2= 904.00 mm
MAWP HOT & CORR. (Corroded condition at design temp.)
MAWPHC = 2 * £ * z * ea / Dm =2*153.33*0.85*3.9/904= 1.12 MPa
MAWP NEW & COLD (Uncorroded condition at ambient temp.)
MAWPNC = 2 * f20 * z * (ea + ¢) / Dm
=2*176.67*0.85*(3.9+0)/904= 1.30 MPa
MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Ptmax = 2 * ftest * ztest * (ea + ¢c) / Dm
=2*265*1*(3.9+0)/904= 2.29 MPa

12 S1.2 Cylindrical Shell Right Channel Umax= 37% Page: 10




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.2 Right Channel 26 Apr. 2005 09:26 ConnID:T.2 PC# 2

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX(C 1.43 * Pd , 1.25 * Pd * f20 /7 T )
=MAX(1.43*0.4,1.25*0.4*176.67/153.33)= 0.5761 MPa

»Test Pressure Ptmin=0.5761 <= Ptmax=2.29[MPa] « » (U= 25.1%) OK«

MAXIMUM DIAMETER OF UNREINFORCED OPENING IN SHELL

Inside Radius of Shell

ris = Di / 2 (9.5-3) =900/2= 450.00 mm

Length of Shell Contributing to Reinforcement

Is = Sqr(( 2 * ris + ea) * ea) (9.5-2) =Sqr((2*450+3.9)*3.9)= 59.37 mm
Maximum Diameter of Unreinforced Opening in Shell Checked to Rules in Section 9
dmaxl = (ea*Is*(f-0.5*P)/P-ris*1s)/(0.5*ris+0.5%ea) (9.5-7,22,23)
=(3.9*%59.37*(153.33-0.5*0.4)/0.4-450*59.37)/(0.5*450+0.5*3.9)=  272.87 mm
Maximum diameter of Opening Not Requiring Reinforcement Check

dmax2 = 0.15 * Sqr(( 2 * ris + ea) * ea) (9.5-18)
=0.15*Sqr ((2*450+3.9)*3.9)= 8.91 mm

Maximum Diameter of Unreinforced Opening

dmax = MAX( dmaxl, dmax2) =MAX(272.87,8.91)= 272.87 mm

8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE
8.5.1.1 Circularity Limits

»The requirements of 8.5.2 and 8.5.3 apply to cylinders that are circular to
within 0.5% on radius (i.-e. 0.005R) measured from the true centre. The tolerance
shall appear on the vessel drawing.

8.4.3 Nominal Elastic Limit Sige:

Sige = Rpt / (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Preliminary Calculations

R = Dm / 2 =904/2= 452.00 mm

Z =PI *R /L (8.5.2-7) =3.14*452/350= 4.06
Delta = 1.28 / Sqr( R * ea) (8.5.3-20) =1.28/Sqr(452*3.9)=0.0305

gamma = O for No Stiffeners

DETERMINATION OF eps FROM FIGURE 8.5-3 :
eps is a minimum when n= 10
eps (from fig. 8.5-3) = 0.001034

MEMBRANE YIELD py
py = Sige *ea/ (R* (1 - gamma * G )) (8.5.3-15)
=129.85*3.9/(452*(1-0*0))= 1.12 MPa

ELASTIC INSTABILITY pe
pm = E * ea * eps / R (8.5.2-5) =193180*3.9*0.001/452= 1.72 MPa

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax

Value pr/py From Figure 8.5-5 Curve 1

Valuel = == 0.6874

pr = Valuel * py =0.6874*1.12= 0.7701 MPa
Max. Allowable External Pressure

Pmax = pr /7 S (8.5.2-8) =0.7701/1.5= 0.5134 MPa

12 S1.2 Cylindrical Shell Right Channel Umax= 37% Page: 11




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.2 Right Channel 26 Apr. 2005 09:26 ConnID:T.2 PC# 2

»External Pressure Pmax=0.5134 >= Pext=0.05[MPa] « » (U= 9.7%) OK«

Maximum unsupported length for given shell thickness Lmax = 3632mm

CALCULATION SUMMARY
7.4.2 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE

Required Minimum Shell Thickness Excl_Allow. emin :

emin =Di *P/ @@ *Ff*z - P) (7.4-1)
=900*0.4/(2*153.33*0.85-0.4)= 1.38 mm
Required Minimum Shell Thickness Incl._Allow. :

emina = emin + ¢ + th =1.38+0+0.1= 1.48 mm
»Internal Pressure emina=1.48 <= en=4[mm] « » (U= 37%) OK«

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Ptmax = 2 * ftest * ztest * (ea + ¢c) / Dm
=2*265*1*(3.9+0)/904= 2.29 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin
NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / )
=MAX(1.43*0.4,1.25%0.4*176.67/153.33)= 0.5761 MPa

»Test Pressure Ptmin=0.5761 <= Ptmax=2.29[MPa] « » (U= 25.1%) OK«

MAXIMUM DIAMETER OF UNREINFORCED OPENING IN SHELL

Maximum Diameter of Unreinforced Opening
dmax = MAX( dmaxl, dmax2) =MAX(272.87,8.91)= 272.87 mm

8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

Max. Allowable External Pressure
Pmax = pr / S (8.5.2-8) =0.7701/1.5= 0.5134 MPa

»External Pressure Pmax=0.5134 >= Pext=0.05[MPa] « » (U= 9.7%) OK«

Maximum unsupported length for given shell thickness Lmax = 3632mm

Volume:0.22 m3  Weight:31.5 kg (SG=7.93)

12 S1.2 Cylindrical Shell Right Channel Umax= 37% Page: 12




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.3 26 Apr. 2005 09:26 ConnID:EB.1  PC# 1

INPUT DATA
COMPONENT ATTACHMENT/LOCATION
Attachment: EB.1 Expansion Bellows S1.1

Location: Along z-axis zl= 3755

GENERAL DESIGN DATA
PRESSURE LOADING: Design Component for Internal and External Pressure
PROCESS CARD: Shell Side : Temp= 100°C, P= _.8MPa, c= Omm, Pext= .05MPa

SHELL DATA

CYLINDER FABRICATION: Plate Material

WELD JOINT COEFFICIENT: Testing Group 3  (z=0.85)

DIAMETER INPUT: Base Design on Shell Outside Diameter

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp= 260 Rpt=211 f=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

OUTSIDE DIAMETER OF SHELL. ... ...t :De 908.00 mm
LENGTH OF CYLINDRICAL PART OF SHELL.................: :Leyl 2195.00 mm
SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
AS BUILT WALL THICKNESS (uncorroded)................: zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm
DATA FOR STIFFENER RINGS
SHELL STIFFENER RINGS: Shell provided with stiffening rings
UNSUPPORTED LENGTH OF SHELL (Fig. 8.5-2)............: L 2000.00 mm
THE WIDTH OF STIFFENER IN CONTACT WITH SHELL........:w 5.00 mm
MODIFIED AREA OF STIFFENER. . ... ... ..o .cccccceaaaa...2AM 200.00 mm2
CALCULATION DATA
7.4.2 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE
Required Minimum Shell Thickness Excl.Allow. emin :
emin =De *P/ @2 *Ff*z + P) (7.4-2)
=908*0.8/(2*153.33*0.85+0.8)= 2.78 mm
Required Minimum Shell Thickness Incl_Allow.
emina = emin + ¢ + th =2_.78+0+0= 2.78 mm
Analysis Thickness
ea = en - ¢ - th =4-0-0= 4.00 mm
»7.4.1 Cond.of Applicabilty emin/De=0.0031 <= 0.16« » OK«
»Internal Pressure emina=2.78 <= en=4[mm] « » (U= 69.4%) OK«
MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :
Inside Diameter of Shell
Di = De - 2 * ea =908-2*4= 900.00 mm
Mean Diameter of Shell

= (Pe + Di) / 2 =(908+900)/2= 904.00 mm
MAWP HOT & CORR. (Corroded condition at design temp.)
MAWPHC = 2 * ¥ * z * ea / Dm =2*153.33*0.85*4/904= 1.15 MPa

MAWP NEW & COLD (Uncorroded condition at ambient temp.)
MAWPNC = 2 * 20 * z * (ea + c) / Dm
=2*176.67*0.85*(4+0)/904= 1.33 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)

Ptmax = 2 * ftest * ztest * (ea + c) / Dm
=2*265*1*(4+0)/904= 2.35 MPa

13 S1.3 Cylindrical Shell Umax= 69.4% Page: 13




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.3 26 Apr. 2005 09:26 ConnID:EB.1  PC# 1

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3

Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / f )
=MAX(1.43*0.8,1.25%0.8*176.67/153.33)= 1.15 MPa

»Test Pressure Ptmin=1.15 <= Ptmax=2.35[MPa] « » (U= 49.1%) OK«

MAXIMUM DIAMETER OF UNREINFORCED OPENING IN SHELL
Inside Radius of Shell

ris = Di / 2 (9.5-3) =900/2= 450.00 mm

Length of Shell Contributing to Reinforcement

Is = Sqr(( 2 * ris + ea) * ea) (9.5-2) =Sqgr((2*450+4)*4)= 60.13 mm

Maximum Diameter of Unreinforced Opening in Shell Checked to Rules in Section 9
dmaxl = (ea*Is*(f-0.5*P)/P-ris*1s)/(0.5*ris+0.5%ea) (9.5-7,22,23)
=(4*60.13*(153.33-0.5*0.8)/0.8-450*60.13)/(0.5*450+0.5*4)= 83.35 mm

Maximum diameter of Opening Not Requiring Reinforcement Check

dmax2 = 0.15 * Sqr(( 2 * ris + ea) * ea) (9.5-18)
=0.15*Sqr ((2*450+4)*4)= 9.02 mm

Maximum Diameter of Unreinforced Opening

dmax = MAX( dmaxl, dmax2) =MAX(83.35,9.02)= 83.35 mm

8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

8.5.1.1 Circularity Limits

»The requirements of 8.5.2 and 8.5.3 apply to cylinders that are circular to
within 0.5% on radius (i.-e. 0.005R) measured from the true centre. The tolerance
shall appear on the vessel drawing.

8.4.3 Nominal Elastic Limit Sige:

Sige = Rpt /7 (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Preliminary Calculations

R = Dm / 2 =904/2= 452 .00 mm

Z =Pl *R /L (8.5.2-7) =3.14*452/2000= 0.7100

Delta = 1.28 / Sqr( R * ea) (8.5.3-20) =1.28/Sqr(452*4)= 0.0301

Tmpl = Delta * L =0.0301*2000= 60.21

G = G (8.5.3-22) =-1.2017E-13= -1,2017E-13

N = (COSH( Tmpl) - COS( Tmpl)) / (SINHC Tmpl) + SIN( Tmpl)) (8.5.3-21)
=(COSH(60.21)-C0S(60.21))/(SINH(60.21)+SIN(60.21))= 1.00
B=2*ea™*N/ (Delta * (Am + w * ea)) (8.5.3-18)
=2*4*1/(0.0301*(200+5*4))= 1.21

gamma = Am * 0.85 /7 ((Am + w * ea) * (1 + B )) (8.5.3-16)
=200*0.85/((200+5*4)*(1+1.21))= 0.3500

DETERMINATION OF eps FROM FIGURE 8.5-3 :
eps Is a minimum when n= 4
eps (from fig. 8.5-3) = 0.000174

MEMBRANE YIELD py
py = Sige *ea/ (R* (1 - gamma * G )) (8.5.3-15)
=129.85*4/(452*(1-0.35*-1.2017E-13))= 1.15 MPa

ELASTIC INSTABILITY pe
pm = E * ea * eps / R (8.5.2-5) =193180*4*1.742E-04/452= 0.2978 MPa

13 S1.3 Cylindrical Shell Umax= 69.4% Page: 14




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.4.2 CYLINDRICAL SHELL
S1.3 26 Apr. 2005 09:26 ConnID:EB.1  PC# 1

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax
Value pr/py From Figure 8.5-5 Curve 1

Valuel = == 0.1291

pr = Valuel * py =0.1291*1.15= 0.1483 MPa
Max. Allowable External Pressure

Pmax = pr / S (8.5.2-8) =0.1483/1.5= 0.0989 MPa

»External Pressure Pmax=0.0989 >= Pext=0.05[MPa] « » (U=50.5%) OK«

Maximum unsupported length for given shell thickness Lmax = 3776mm

CALCULATION SUMMARY
7.4.2 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE

Required Minimum Shell Thickness Excl_Allow. emin :

emin =De *P/ (2*Ff*2z+ P) (7.4-2)
=908*0.8/(2*153.33*0.85+0.8)= 2.78 mm
Required Minimum Shell Thickness Incl_Allow. :

emina = emin + ¢ + th =2_.78+0+0= 2.78 mm
»Internal Pressure emina=2.78 <= en=4[mm] « » (U=69.4%) OK«

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Ptmax = 2 * ftest * ztest * (ea + ¢c) / Dm
=2*265*1*(4+0)/904= 2.35 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3

Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / f )
=MAX(1.43*0.8,1.25*0.8*176.67/153.33)= 1.15 MPa

»Test Pressure Ptmin=1.15 <= Ptmax=2.35[MPa] « » (U= 49.1%) OK«
MAXIMUM DIAMETER OF UNREINFORCED OPENING IN SHELL

Maximum Diameter of Unreinforced Opening
dmax = MAX( dmaxl, dmax2) =MAX(83.35,9.02)= 83.35 mm

8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

Max. Allowable External Pressure
Pmax = pr / S (8.5.2-8) =0.1483/1.5= 0.0989 MPa

»External Pressure Pmax=0.0989 >= Pext=0.05[MPa] « » (U=50.5%) OK«

Maximum unsupported length for given shell thickness Lmax = 3776mm

Volume:1.4 m3  Weight:197.7 kg (SG=7.93)
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Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.5 DOMED ENDS

E3.1 Left head 26 Apr. 2005 09:26 ConnID:F.1  PC#2

INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: F.1 WN - Flange Left flange T.1

Location: Along z-axis zl= -124

GENERAL DESIGN DATA
PRESSURE LOADING: Design Component for Internal and External Pressure
PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm, Pext= .05MPa

DIMENSIONS OF END

eart

r
Torispherical End

Type of Torispherical End: Dished End KORBBOGEN EN 28013-28014/SMS 482
WELD JOINT COEFFICIENT: Testing Group 3  (z=0.85)

OUTSIDE DIAMETER OF CYLINDRICAL FLANGE OF END.......:De 908.00 mm
LENGTH OF CYLINDRICAL FLANGE OF END.................:Lcyl 35.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 1.00 mm
AS BUILT THICKNESS OF HEAD/END (uncorroded).........:en 4_.00 mm
MATERIAL DATA FOR END

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C

Rm=530 Rp=260 Rpt=211 f=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93
SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
Material & Delivery Form: Cold Spun Seamless Austenitic Stainless Steel

NOZZLES IN KNUCKLE REGION TO SECTION 7.7

Nozzles In Knuckle Region: NO

CALCULATION DATA
7.5.3 - TORISPHERICAL ENDS UNDER INTERNAL PRESSURE
7.5.3.2 Required Minimum End Thickness

Required Thickness of End to Limit Membrane Stress in Central Part

es=P*R/ @2*F*2z-0.5%*P) (7.5-1)

=0.4*726.4/(2*153.33*0.85-0.5*0.4)= 1.12 mm

fb = Rpt /7 (1.5 * 1.3) * 1.6 (7.5-5) =211/(1.5*1.3)*1.6= 173.13 N/mm2

Required Thickness of Knuckle to Avoid Plastic Buckling

eb = (0.75*R+0.2*Di)*((P/(111*fb)*(Di/r)~0.825)"(0.667) (7.5-3)

=(0.75*726.4+0.2*900)*((0.4/(111*173.13)*(900/139.83)"0.825)"(0.667)

= 1.52 mm

7.5.3.5 Formulas for Calculation of Factor Beta

Y = MINC emin /7 R, 0.04) (7.5-9) =MIN(1.5/726.4,0.04)= 0.0021

Z = LOG( 1 7/ Y) (7.5-10) =LOG(1/0.0021)= 2.69

X =r / Di (7.5-11) =139.83/905.01= 0.1545

N=1.006 -1/ (6-2+ (90 *Y) ™4 (7.5-12)

=1.006-1/(6.2+(90*0.0021)"4)= 0.8447

BetaOl = N*(-0.1833*Z73+1.0383*Z"2-1.2943*Z+0.837) (7.5-15)

=0.8447*(-0.1833*2.69"3+1.0383*2.69"2-1.2943*2_.69+0.837)= 1.

Beta02 = MAX( 0.5, 0.95 * (0.56 - 1.94 * Y - 82.5 * Y ~ 2)) (7.5-17)

=MAX(0.5,0.95*(0.56-1.94*0.0021-82.5*0.0021"2))= 0.5279

beta = 10 * ((0.2 - X) * BetaO1l + (X - 0.1) * Beta02) (7.5-16)
14 E3.1 Torispherical End Left head Umax= 63% Page: 16




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.5 DOMED ENDS

E3.1 Left head 26 Apr. 2005 09:26 ConnID:F.1  PC# 2
=10*((0.2-0.1545)*1.1+(0.1545-0.1)*0.5279)= 0.7870

Required Thickness of Knuckle to Avoid Axisymmetric Yielding

ey = beta * P * (0.75 * R + 0.2 *Di) / F (7.5-2)
=0.787*0.4*(0.75*726.4+0.2*900)/153.33= 1.49 mm

Required Minimum End Thickness Excl.Allow. emin :

emin = emin =1.52= 1.52 mm
Required Minimum End Thickness Incl_Allow.

emina = emin + ¢ + th =1.52+0+1= 2.52 mm
»Internal Pressure emina=2.52 <= en=4[mm] « » (U= 63%) OK«
Analysis Thickness

ea = en - ¢ - th =4-0-1= 3.00 mm
Inside Diameter of Shell

Di = De - 2 * (en - ¢) =908-2*(4-0)= 900.00 mm
Mean Diameter of Shell

Dm = (De + Di) / 2 =(908+900)/2= 904 .00 mm

7.5.3.4 - Required Minimum Thickness of Straight Cylindrical Flange

LIim = 0.2 * SQR(C Di * emin) =0.2*SQR(900*1.52)= 7.40 mm

Since Lcyl > Llim, Required Thickness of Straight Cylindrical Flange to 7.4.2
Minimum Thickness of Straight Flange Excl. Allow.

ecyl =P *Di/ @@*F*z-P) (7.4-1)
=0.4*900/(2*153.33*0.85-0.4)= 1.38 mm

7.5.3.1 Conditions of Applicability - Torispherical Ends

»Geometry Check r=139.83 <= 0.2 * Di=180[mm] « »  OK«
»Geometry Check r=139.83 >= 0.06 * Di=54[mm] « »  OK«
»Geometry Check r=139.83 >= 2*e[mm] « »  OK«
»Geometry Check e=1.52 <= 0.08*De=72.64[mm] « »  OK«
»Geometry Check ea=3 >= 0.001*De=0.908[mm] « »  OK«
»Geometry Check R=726.4 <= De=908[mm] « »  OK«

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :NEW & COLD

Ps=2*f*z*ea/ (R+0.5*ea) (7.5-6)
=2*176.67*0.85*3/(726.4+0.5*3)= 1.24 MPa

Py = F*ea/ (beta* (0.75 * R + 0.2 * Di)) (7.5-7)
=176.67*3/(0.7306*(0.75*726.4+0.2*900))= 1.00 MPa

PB = 111*fb*(ea/(0.75*R+0.2*Di))"1.5*(r/Di)"0.825 (7.5-8)
=111*213.33*(3/(0.75*726.4+0.2*900))"1.5*(139.83/900)"0.825= 1.36 MPa
Pmax (is the least of Ps, Py and Pb) = Pmax =1.= 1.00 MPa

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :HOT & CORR

Ps=2*f*z*ea/ (R+0.5* ea) (7.5-6)
=2*153.33*0.85*3/(726.4+0.5*3)= 1.07 MPa

Py = f *ea / ( beta * ( 0.75 * R + 0.2 * Di)) (7.5-7)
=153.33*3/(0.7306*(0.75*726.4+0.2*900))= 0.8687 MPa

PB = 111*fb*(ea/(0.75*R+0.2*Di))"1.5*(r/Di)"0.825 (7.5-8)
=111*173.13*(3/(0.75*726.4+0.2*900))"1.5*(139.83/900)"0.825= 1.10 MPa
Pmax (is the least of Ps, Py and Pb) = Pmax =0.8687= 0.8687 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)

Ps=2*f*z*ea/ (R+0.5*ea) (7.5-6)
=2*265*1*3/(726.4+0.5*3)= 2.18 MPa

Py = F*ea/ (beta* (0.75 *R + 0.2 * Di)) (7.5-7)
=265*3/(0.7306*(0.75*726.4+0.2*900))= 1.50 MPa

PB = 111*fb*(ea/(0.75*R+0.2*Di))"1.5*(r/Di)"0.825 (7.5-8)
=111*304.76*(3/(0.75*726.4+0.2*900))"1.5*(139.83/900)"0.825= 1.94 MPa
Pmax (is the least of Ps, Py and Pb) = Pmax =1.5= 1.50 MPa
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EN13445 - 7.5 DOMED ENDS
E3.1 Left head 26 Apr. 2005 09:26 ConnID:F.1 PC#2

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin
NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / )
=MAX(1.43*0.4,1.25*%0.4*176.67/153.33)= 0.5761 MPa

»Test Pressure Ptmin=0.5761 <= Ptmax=1.5[MPa] « » (U= 38.3%) OK«

Maximum diameter of Opening Not Requiring Reinforcement Check, dmax

ris = R (9.5-4) =726.4= 726.40 mm

Length of Shell Contributing to Reinforcement

Is = Sqr(( 2 * ris + ea) * ea) (9.5-2) =Sqr((2*726.4+3)*3)= 66.09 mm

Maximum Diameter of Unreinforced Opening in Shell Checked to Rules in Section 9
dmaxl = (ea*Is*(f-0.5*P)/P-ris*1s)/(0.5*ris+0.5%ea) (9.5-7,22,23)
=(3*66.09*(153.33-0.5*0.4)/0.4-726 .4*66.09)/(0.5*726.4+0.5*3)= 76.48 mm
Maximum diameter of Opening Not Requiring Reinforcement Check

dmax2 = 0.15 * Sqr(( 2 * ris + ea) * ea) (9.5-18)
=0.15*Sqr((2*726.4+3)*3)= 9.91 mm

Maximum Diameter of Unreinforced Opening

dmax = MAX( dmaxl, dmax2) =MAX(76.48,9.91)= 76.48 mm

8.7 - SPHERICAL SHELL UNDER EXTERNAL PRESSURE

8.4_.3 Nominal Elastic Limit Sige:

Sige = Rpt /7 (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Mean Radius R:

Rmean = R + ea / 2 =726.4+3/2= 727.90 mm
MEMBRANE YIELD py

py = 2 * Sige * ea / Rmean (8.7.1-1) =2*129.85*3/727.9= 1.07 MPa
ELASTIC INSTABILITY pm

pm=1.21 *E * ea ™ 2 / Rmean ™ 2 (8.7.1-2)
=1.21*193180*3"2/727 .9"2= 3.97 MPa
Value pr/py From Figure 8.5-5 Curve 2

Valuel = == 0.4931

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax

pr = Valuel * py =0.4931*1.07= 0.5278 MPa

Pmax = pr / S =0.5278/1.5= 0.3519 MPa

»External Pressure Pmax=0.3519 >= Pext=0.05[MPa] « » (U= 14.2%) OK«

8.7.2 - Permissible Shape Deviations

»The method of 8.7.1 applies to dished ends that are spherical to within 1% on
radius and in which the radius of curvature based on an arc length of
2.4*Sgr(ea*Rmax) does not exceed the nominal value by more than 30%.

CALCULATION SUMMARY
7.5.3 - TORISPHERICAL ENDS UNDER INTERNAL PRESSURE
7.5.3.2 Required Minimum End Thickness

Required Minimum End Thickness Excl.Allow. emin :
emin = emin =1.52= 1.52 mm

Required Minimum End Thickness Incl.Allow.
emina = emin + ¢ + th =1.52+0+1= 2.52 mm
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EN13445 - 7.5 DOMED ENDS
E3.1 Left head 26 Apr. 2005 09:26 ConnID:F.1 PC#2

»Internal Pressure emina=2.52 <= en=4[mm] « » (U= 63%) OK«

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :NEW & COLD
Pmax (is the least of Ps, Py and Pb) = Pmax =1.= 1.00 MPa

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :HOT & CORR
Pmax (is the least of Ps, Py and Pb) = Pmax =0.8687= 0.8687 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Pmax (is the least of Ps, Py and Pb) = Pmax =1.5= 1.50 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * f20 /7 )
=MAX(1.43*0.4,1.25*0.4*176.67/153.33)= 0.5761 MPa

»Test Pressure Ptmin=0.5761 <= Ptmax=1.5[MPa] « » (U= 38.3%) OK«

Maximum diameter of Opening Not Requiring Reinforcement Check, dmax

Maximum Diameter of Unreinforced Opening
dmax = MAX( dmax1l, dmax2) =MAX(76.48,9.91)= 76.48 mm

8.7 - SPHERICAL SHELL UNDER EXTERNAL PRESSURE
»External Pressure Pmax=0.3519 >= Pext=0.05[MPa] « » (U= 14.2%) OK«

Volume:0.12 m3  Weight:31.5 kg (SG=7.93)
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Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-04 Operator :BOO Rev.:C

EN13445 - 7.5 DOMED ENDS

E3.2 Right head 26 Apr. 2005 09:26 ConnID:F.3  PC# 2

INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: F.3 WN - Flange Right flange2 F.2

Location: Along z-axis z1= 6581

GENERAL DESIGN DATA
PRESSURE LOADING: Design Component for Internal and External Pressure
PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm, Pext= .05MPa

DIMENSIONS OF END

eart

r
Torispherical End

Type of Torispherical End: Dished End KORBBOGEN EN 28013-28014/SMS 482
WELD JOINT COEFFICIENT: Testing Group 3  (z=0.85)

OUTSIDE DIAMETER OF CYLINDRICAL FLANGE OF END.......:De 907.80 mm
LENGTH OF CYLINDRICAL FLANGE OF END.................:Lcyl 35.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 1.00 mm
AS BUILT THICKNESS OF HEAD/END (uncorroded).........:en 4_.00 mm
MATERIAL DATA FOR END

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C

Rm=530 Rp=260 Rpt=211 f=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93
SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
Material & Delivery Form: Cold Spun Seamless Austenitic Stainless Steel

NOZZLES IN KNUCKLE REGION TO SECTION 7.7

Nozzles In Knuckle Region: NO

CALCULATION DATA
7.5.3 - TORISPHERICAL ENDS UNDER INTERNAL PRESSURE
7.5.3.2 Required Minimum End Thickness

Required Thickness of End to Limit Membrane Stress in Central Part

es=P*R/ @2*FfF*2z-0.5%*P) (7.5-1)

=0.4*726.24/(2*153.33*0.85-0.5*0.4)= 1.12 mm

fb = Rpt /7 (1.5 * 1.3) * 1.6 (7.5-5) =211/(1.5*1.3)*1.6= 173.13 N/mm2

Required Thickness of Knuckle to Avoid Plastic Buckling

eb = (0.75*R+0.2*Di)*((P/(111*fb)*(Di/r)~0.825)"(0.667) (7.5-3)

=(0.75*726.24+0.2*899.8)*((0.4/(111*173.13)*(899.8/139.8)"0.825)"(0.667)

= 1.52 mm

7.5.3.5 Formulas for Calculation of Factor Beta

Y = MINC emin /7 R, 0.04) (7.5-9) =MIN(1.5/726.24,0.04)=  0.0021

Z = LOG( 1 7/ Y) (7.5-10) =L0OG(1/0.0021)= 2.69

X =r / Di (7.5-11) =139.8/904.81= 0.1545

N=1.006 -1/ (6-2+ (90 *Y) ™4 (7.5-12)

=1.006-1/(6.2+(90*0.0021)"4)= 0.8447

BetaOl = N*(-0.1833*Z73+1.0383*Z"2-1.2943*Z+0.837) (7.5-15)

=0.8447*(-0.1833*2.69"3+1.0383*2.69"2-1.2943*2_.69+0.837)= 1.

Beta02 = MAX( 0.5, 0.95 * (0.56 - 1.94 * Y - 82.5 * Y ~ 2)) (7.5-17)

=MAX(0.5,0.95*(0.56-1.94*0.0021-82.5*0.0021"2))= 0.5279

beta = 10 * ((0.2 - X) * BetaO1l + (X - 0.1) * Beta02) (7.5-16)
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=10*((0.2-0.1545)*1.1+(0.1545-0.1)*0.5279)= 0.7870

Required Thickness of Knuckle to Avoid Axisymmetric Yielding

ey = beta * P * (0.75 * R + 0.2 *Di) / F (7.5-2)
=0.787*0.4*(0.75*726.24+0.2*899.8)/153.33= 1.49 mm

Required Minimum End Thickness Excl.Allow. emin :

emin = emin =1.52= 1.52 mm
Required Minimum End Thickness Incl.Allow. :

emina = emin + ¢ + th =1.52+0+1= 2.52 mm
»Internal Pressure emina=2.52 <= en=4[mm] « » (U= 63%) OK«
Analysis Thickness

ea = en - ¢ - th =4-0-1= 3.00 mm
Inside Diameter of Shell

Di = De - 2 * (en - ¢) =907.8-2*(4-0)= 899.80 mm
Mean Diameter of Shell

Dm = (De + Di) / 2 =(907.8+899.8)/2= 903.80 mm

7.5.3.4 - Required Minimum Thickness of Straight Cylindrical Flange

LIim = 0.2 * SQR( Di * emin) =0.2*SQR(899.8*1.52)= 7.40 mm

Since Lcyl > Llim, Required Thickness of Straight Cylindrical Flange to 7.4.2
Minimum Thickness of Straight Flange Excl. Allow.

ecyl =P *Di/ @@*F*z-P) (7.4-1)
=0.4*899.8/(2*153.33*0.85-0.4)= 1.38 mm

7.5.3.1 Conditions of Applicability - Torispherical Ends

»Geometry Check r=139.8 <= 0.2 * Di=179.96[mm] « »  OK«
»Geometry Check r=139.8 >= 0.06 * Di=53.99[mm] « »  OK«
»Geometry Check r=139.8 >= 2*e=3.04[mm] « »  OK«
»Geometry Check e=1.52 <= 0.08*De=72.62[mm] « »  OK«
»Geometry Check ea=3 >= 0.001*De=0.9078[mm] « »  OK«
»Geometry Check R=726.24 <= De=907.8[mm] « »  OK«

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :NEW & COLD

Ps=2*f*z*ea/ (R+0.5*ea) (7.5-6)
=2*176.67*0.85*3/(726.24+0.5*3)= 1.24 MPa

Py = F*ea/ (beta* (0.75* R + 0.2 * Di)) (7.5-7)
=176.67*3/(0.7305*(0.75*726.24+0.2*899.8))= 1.00 MPa

PB = 111*fb*(ea/(0.75*R+0.2*Di))"1.5*(r/Di)"0.825 (7.5-8)
=111*213.33*(3/(0.75*726.24+0.2*899.8))"1.5*(139.8/899.8)"0.825= 1.36 MPa
Pmax (is the least of Ps, Py and Pb) = Pmax =1.= 1.00 MPa

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :HOT & CORR

Ps=2*f*z*ea/ (R+0.5* ea) (7.5-6)
=2*153.33*0.85*3/(726.24+0.5*3)= 1.07 MPa

Py = f *ea / ( beta * ( 0.75 * R + 0.2 * Di)) (7.5-7)
=153.33*3/(0.7305*(0.75*726.24+0.2*899.8))= 0.8689 MPa

PB = 111*fb*(ea/(0.75*R+0.2*Di))"1.5*(r/Di)"0.825 (7.5-8)
=111*173.13*(3/(0.75*726.24+0.2*899.8))"1.5*(139.8/899.8)"0.825= 1.10 MPa
Pmax (is the least of Ps, Py and Pb) = Pmax =0.8689= 0.8689 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)

Ps=2*f*z*ea/ (R+0.5*ea) (7.5-6)
=2*265*1*3/(726.24+0.5*3)= 2.18 MPa

Py = F*ea/ (beta* (0.75 * R + 0.2 * Di)) (7.5-7)
=265*3/(0.7305*(0.75*726.24+0.2*899.8))= 1.50 MPa

PB = 111*fb*(ea/(0.75*R+0.2*Di))"1.5*(r/Di)"0.825 (7.5-8)
=111*304.76*(3/(0.75*726.24+0.2*899.8))"1.5*(139.8/899.8)"0.825= 1.94 MPa
Pmax (is the least of Ps, Py and Pb) = Pmax =1.5= 1.50 MPa
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EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin
NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / )
=MAX(1.43*0.4,1.25*%0.4*176.67/153.33)= 0.5761 MPa

»Test Pressure Ptmin=0.5761 <= Ptmax=1.5[MPa] « » (U= 38.3%) OK«

Maximum diameter of Opening Not Requiring Reinforcement Check, dmax

ris = R (9.5-4) =726.24= 726.24 mm

Length of Shell Contributing to Reinforcement

Is = Sqr(( 2 * ris + ea) * ea) (9.5-2) =Sqr((2*726.24+3)*3)= 66.08 mm
Maximum Diameter of Unreinforced Opening in Shell Checked to Rules in Section 9
dmaxl = (ea*Is*(f-0.5*P)/P-ris*1s)/(0.5*ris+0.5%ea) (9.5-7,22,23)
=(3*66.08*(153.33-0.5*0.4)/0.4-726.24*66.08)/(0.5*726.24+0.5*3)= 76.52 mm
Maximum diameter of Opening Not Requiring Reinforcement Check

dmax2 = 0.15 * Sqr(( 2 * ris + ea) * ea) (9.5-18)
=0.15*Sqr((2*726.24+3)*3)= 9.91 mm

Maximum Diameter of Unreinforced Opening

dmax = MAX( dmaxl, dmax2) =MAX(76.52,9.91)= 76.52 mm

8.7 - SPHERICAL SHELL UNDER EXTERNAL PRESSURE

8.4_.3 Nominal Elastic Limit Sige:

Sige = Rpt /7 (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Mean Radius R:

Rmean = R + ea / 2 =726.24+3/2= 727.74 mm
MEMBRANE YIELD py

py = 2 * Sige * ea / Rmean (8.7.1-1) =2*129.85*3/727.74= 1.07 MPa
ELASTIC INSTABILITY pm

pm=1.21 *E * ea ™ 2 / Rmean ™ 2 (8.7.1-2)
=1.21*193180*3"N2/727 . 74"2= 3.97 MPa
Value pr/py From Figure 8.5-5 Curve 2

Valuel = == 0.4932

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax

pr = Valuel * py =0.4932*1.07= 0.5280 MPa
Pmax = pr / S =0.528/1.5= 0.3520 MPa

»External Pressure Pmax=0.352 >= Pext=0.05[MPa] « » (U= 14.2%) OK«

8.7.2 - Permissible Shape Deviations

»The method of 8.7.1 applies to dished ends that are spherical to within 1% on
radius and in which the radius of curvature based on an arc length of
2.4*Sgr(ea*Rmax) does not exceed the nominal value by more than 30%.

CALCULATION SUMMARY
7.5.3 - TORISPHERICAL ENDS UNDER INTERNAL PRESSURE
7.5.3.2 Required Minimum End Thickness

Required Minimum End Thickness Excl.Allow. emin :
emin = emin =1.52= 1.52 mm

Required Minimum End Thickness Incl.Allow.
emina = emin + ¢ + th =1.52+0+1= 2.52 mm
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»Internal Pressure emina=2.52 <= en=4[mm] « » (U= 63%) OK«

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :NEW & COLD
Pmax (is the least of Ps, Py and Pb) = Pmax =1.= 1.00 MPa

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :HOT & CORR
Pmax (is the least of Ps, Py and Pb) = Pmax =0.8689= 0.8689 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Pmax (is the least of Ps, Py and Pb) = Pmax =1.5= 1.50 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin

NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3
Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * f20 /7 )
=MAX(1.43*0.4,1.25*0.4*176.67/153.33)= 0.5761 MPa

»Test Pressure Ptmin=0.5761 <= Ptmax=1.5[MPa] « » (U= 38.3%) OK«

Maximum diameter of Opening Not Requiring Reinforcement Check, dmax

Maximum Diameter of Unreinforced Opening
dmax = MAX( dmax1l, dmax2) =MAX(76.52,9.91)= 76.52 mm

8.7 - SPHERICAL SHELL UNDER EXTERNAL PRESSURE
»External Pressure Pmax=0.352 >= Pext=0.05[MPa] « » (U= 14.2%) OK«

Volume:0.12 m3  Weight:31.5 kg (SG=7.93)
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EN13445 - 9.5 ISOLATED OPENINGS IN SHELLS
N.1 Nozzle F 26 Apr. 2005 09:26 ConnlD:S1.1  PC#1

INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.1 Cylindrical Shell Main Shell

AL %
| I Phi
Radial to =hel

Orientation & Location of Nozzle: Radial to Shell
z-location of nozzle along axis of attacment........:z 460.00 mm
Angle of Rotation of nozzle axis projected in the x-y plane:Phi 0.00 Degr.

GENERAL DESIGN DATA

aie

Type of Opening: Nozzle With Standard ANSI or DIN Flange Attachment
PROCESS CARD: Shell Side : Temp= 100°C, P= _8MPa, c= Omm

SHELL DATA (S1.1)

Shell Type: Cylindrical Shell

OUTSIDE DIAMETER OF SHELL...........................:De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:Zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fs=153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE MATERIAL DATA

Delivery Form: Plate Body
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fb=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DIMENSIONAL DATA

Die

Attachment: Set In Flush Nozzle

Nozzle Diameter: Base Design on Nozzle 0D

WELD JOINT COEFFICIENT: Testing Group 3 (z=0.85)

Shape of Nozzle/Opening: Circular

OUTSIDE NOZZLE DIAMETER. - ..o oo iei i e iiaaaaaaaa..---deb 323.90 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............:enb 3.00 mm
Size of Flange and Nozzle: ND300

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm
NOZZLE STANDOUT MEASURED FROM VESSEL OD.............:ho 150.00 mm
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EN13445 - 9.5 ISOLATED OPENINGS IN SHELLS
N.1 Nozzle F 26 Apr. 2005 09:26 ConnlD:S1.1  PC#1

NOZZLE LOCATION/ARRANGEMENT

Nozzle Weld Intersect: Nozzle Does NOT Intersect with a Welded Shell Seam

ANGLE PhiC(OBLIQUE IN TRANSVERSE.CROSS SECT.)Fig.9.5-2:PhiC 0.00 Degr.
ANGLE PhiL(OBLIQUE IN LONG.CROSS SECT.)Fig.9.5-1....:PhilL 0.00 Degr.
FLANGE DATA

A: Flange Standard: DIN Flanges

E: Pressure Class: DIN 2632 :Class PN 10

C: Flange Type: WN Welding Neck

D: Facing Sketch/ANSI facing (Table 3.8.3(2)): la Raised Face

WELDING DATA

Nozzle to Shell Welding Area: Include Area of Nozzle to Shell Weld as Min.Required

DATA FOR REINFORCEMENT PAD

A1

Type of Pad: Single Pad
THICKNESS OF THE REINFORCEMENT PAD..................:Zeap 5.00 mm

WIDTH OF THE REINFORCEMENT PAD......ceeuuceeeeeeoo..Zlp 60.00 mm
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 fp=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

LIMITS OF REINFORCEMENT

Reduction of Limits of Reinforcement: No Reduction Required

CALCULATION DATA
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0= 4.00 mm
Nozzle Analysis Thickness eab

eab = enb - ¢ - NegDev =3-0-0= 3.00 mm
Reinf.Pad Analysis Thickness ep

ep = MIN( eap, eas) =MIN(5,4)= 4.00 mm
Reduction of Nozzle Material Strength Due To Nozzle Longitudinal Weld

fb = fb * z =153.33*0.85= 130.33 N/mm2
Inside Radius of Curvature

ris = De / 2 - eas (9.5-3) =908/2-4= 450.00 mm
dib = deb - 2 * eab =323.9-2*3= 317.90 mm

Min.Nozzle Thk.Based on Internal Pressure ebp
ebp =P *deb / (2 * fb * z + P)

=0.8*323.9/(2*153.33*0.85+0.8)= 0.9900 mm
Allowable Stresses

fob = Min( fs, fb) (9.5-8) =Min(153.33,130.33)= 130.33 N/mm2
fop = Min( fs, fp) (9.5-9) =Min(153.33,153.33)= 153.33 N/mm2
GEOMETRIC LIMITATIONS

»Check Max.Thk.of Pad eap=5 <= 1.5*eas=6[mm] « »  OK«
»Check Max.Diameter of Nozzle dib/(2*ris)=0.3532 <= _5[mm] «» OK«
»Min.Nozzle Thk. ebp=0.99 <= eab=3[mm] « » (U= 33%) OK«

»Check Thk. of Outward N.Weld mo=2.1 >= _7*MIN(eas,eab)=2_1«» OK«

Calculation of Stress Loaded Areas Effective as Reinforcement
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9.5.3 Area of Shell Afs
Limit of Reinforcement Along Shell

Iso = SQr(( 2 * ris + eas) * eas) (9.5-2) =Sqr((2*450+4)*4)= 60.13 mm
Set In Nozzle
Afs = eas * Is (9.5-20) =4*60.13= 240.53 mm2

9.5.5 Area of Reinforcement Pad Afp

Limit of Reinforcement Along Pad

Ip = Min( Ip, Is ) (9.5-31) =Min(60,60.13)= 60.00 mm
ep = Min( ep, eas) (9.5-32) =Min(4,4)= 4.00 mm
Afp = ep * Ip (9.5-33) =4*60= 240.00 mm2
9.5.7 Area of Nozzle Afb

Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN( Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((323.9-3)*3,)150)= 31.03 mm
Set In Nozzle

Afb = eb * (Ibo + Ibi + eas) (9.5-41) =3*(31.03+0+4)= 105.08 mm2
9.5.2.4 Area of Welds Afw

Afw = mo N 2 =2.172= 4.41 mm2

Calculation of Pressure Loaded Areas

9.5.7 In the Nozzle Apb
Apb = 0.5 * dib * (Ibo + eas) (9.5-45) =0.5*317.9*(31.03+4)= 5567.61 mm2

Cyl_Shell in the Longitudinal Section Aps

ApsL = ris * (Is + a) (9.5-23) =450*(60.13+161.95)= 99937.43 mm2
Cyl_Shell in the Transverse Cross Section Aps

ApsT = 0.5 *ris 2 * (Is + a ) / (0.5 * eas + ris) (9.5-25)
=0.5*450"2*(60.13+165.63)/(0.5*4+450)= 50572.41 mm2

Aps = MAX( ApsL ApsT) =MAX(99937.43,50572.41)= 99937.43 mm2

9.5.2 Reinforcement Rules

Pressure Area Required pA(req.)

pAReqL = P * (ApsL + Apb) (9.5-7) =0.8*(99937.43+5567.61)= 84.40 kN
PAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.8*(50572.41+5567.61+0.5*0)= 44 .91 kN

pAReq = MAX( pAReqL, pAReqT) =MAX(84.4,44.91)= 84.40 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Fs-0.5*P)+Afp*(Fop-0.5*P)+Afb*(Fob-0.5*P) (9.5-7)
=(240.53+4.41)*(153.33-0.5*0.8)+240*(153.33-0.5*0.8)+105.08*(130.33-0.5*0.8
)= =  87.82 kN

»Nozzle Reinforcement pAAval=87.82 >= pARe(q=84.4[kN] «  » (U= 96.1%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afp*fop+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)

=+4.41)*153.33+240*153.33+105.08*130. 33/( (99937 . 43+5567 . 61+0 . 5*0)+0 . 5* (240 .
53+4.41+105.08+240))= =0.8322 MPa
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Max.Allowable Test Pressure Ptmax

Ptmax = == 1.48 MPa
CALCULATION SUMMARY

Limit of Reinforcement Along Shell

Iso = SQr(( 2 * ris + eas) * eas) (9.5-2) =Sqr((2*450+4)*4)= 60.13 mm
Limit of Reinforcement Along Pad

Ip = Min(C Ip, Is ) (9.5-31) =Min(60,60.13)= 60.00 mm
Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((323.9-3)*3,)150)= 31.03 mm
Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.8*(99937.43+5567.61)= 84.40 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.8*(50572.41+5567.61+0.5*0)= 44 .91 kN

pAReq = MAX( pARegL, pAReqT) =MAX(84.4,44.91)= 84.40 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Ffs-0.5*P)+Afp*(fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(240.53+4.41)*(153.33-0.5*0.8)+240*(153.33-0.5*0.8)+105.08*(130-.33-0.5*0.8
)= = 87.82 kN

»Nozzle Reinforcement pAAval=87.82 >= pAReq=84.4[kN] « ~ » (U= 96.1%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*Fs+Afp*Fop+Afb*Fob/((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)

=+4_41)*153.33+240*153.33+105.08*130.33/((99937.43+5567.61+0.5*0)+0.5*(240.
53+4.41+105.08+240))= =0.8322 MPa

Volume:0.01 m3  Weight:18.1 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: S1.2 Cylindrical Shell Right Channel T.2

AL %
| I Phi
Radial to =hel

Orientation & Location of Nozzle: Radial to Shell
z-location of nozzle along axis of attacment........:z 6175.00 mm

Angle of Rotation of nozzle axis projected in the x-y plane:Phi 0.00 Degr.

GENERAL DESIGN DATA

aie

Type of Opening: Nozzle With Standard ANSI or DIN Flange Attachment
PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm

SHELL DATA (S1.2)

Shell Type: Cylindrical Shell

OUTSIDE DIAMETER OF SHELL...........................:De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:Zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.1000 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fs=153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE MATERIAL DATA

Delivery Form: Plate Body
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fb=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DIMENSIONAL DATA

4L

Attachment: Protruding Nozzle

Nozzle Diameter: Base Design on Nozzle 0D

WELD JOINT COEFFICIENT: Testing Group 3 (z=0.85)

Shape of Nozzle/Opening: Circular

OUTSIDE NOZZLE DIAMETER. - ..o oo iei i e iiaaaaaaaa..---deb 273.00 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............:enb 4.19 mm
Size of Flange and Nozzle: ND250

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm
NOZZLE STANDOUT MEASURED FROM VESSEL OD.............:ho 150.00 mm
PROTRUDING MEASURED FROM SHELL ris (corroded).......:Ibi 10.00 mm
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NOZZLE LOCATION/ARRANGEMENT

Nozzle Weld Intersect: Nozzle Does NOT Intersect with a Welded Shell Seam

ANGLE PhiC(OBLIQUE IN TRANSVERSE.CROSS SECT.)Fig.9.5-2:PhiC 0.00 Degr.
ANGLE PhiL(OBLIQUE IN LONG.CROSS SECT.)Fig.9.5-1....:PhilL 0.00 Degr.
FLANGE DATA

A: Flange Standard: DIN Flanges

E: Pressure Class: DIN 2632 :Class PN 10

C: Flange Type: WN Welding Neck

D: Facing Sketch/ANSI facing (Table 3.8.3(2)): la Raised Face

WELDING DATA

Nozzle to Shell Welding Area: Include Area of Nozzle to Shell Weld as Min.Required

DATA FOR REINFORCEMENT PAD

e

Type of Pad: No Pad

LIMITS OF REINFORCEMENT

Reduction of Limits of Reinforcement: Reduce Is or/and Ib

MAX.LENGTH OF NOZZLE AVAILABLE AS REINFORCEMENT.....:Iblim 150.00 mm
MAX.LENGTH OF SHELL AVAILABLE AS REINFORCEMENT......:Islim 23.50 mm

CALCULATION DATA
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0.1= 3.90 mm
Nozzle Analysis Thickness eab

eab = enb - ¢ - NegDev =4.19-0-0= 4.19 mm
Reduction of Nozzle Material Strength Due To Nozzle Longitudinal Weld

fb = fb * z =153.33*0.85= 130.33 N/mm2
Inside Radius of Curvature

ris = De / 2 - eas (9.5-3) =908/2-3.9= 450.10 mm
dib = deb - 2 * eab =273-2*4_19= 264.62 mm

Min_Nozzle Thk.Based on Internal Pressure ebp
ebp =P *deb /7 (2 * fb * z + P)

=0.4*273/(2*153.33*0.85+0.4)= 0.4200 mm
Allowable Stresses

fob = Min( fs, fb) (9.5-8) =Min(153.33,130.33)= 130.33 N/mm2
GEOMETRIC LIMITATIONS

»Check Max.Diameter of Nozzle dib/(2*ris)=0.294 <= 1[mm] «» OK«
»Min.Nozzle Thk. ebp=0.42 <= eab=4.19[mm] « » (U= 10%) OK«

»Check Thk. of Outward N.Weld mo=2.8 >= _7*MIN(eas,eab)=2_73«» OK«
»Check Thk. of Innward N_Weld mi-c_0=2_.8 >= _7*MIN(eas,eab)=2_73«»  OK«

Calculation of Stress Loaded Areas Effective as Reinforcement

9.5.3 Area of Shell Afs
Limit of Reinforcement Along Shell

Iso = Sqr(( 2 * ris + eas) * eas) (9.5-2)
=Sqr((2*450.1+3.9)*3.9)= 59.38 mm

Is = Min( Iso, Islim) (9.5-19) =Min(59.38,23.5)= 23.50 mm
Set In Nozzle

Afs = eas * Is (9.5-20) =3.9*23.5= 91.65 mm2
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9.5.7 Area of Nozzle Afb

Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((273-4.19)*4.19,)150)= 33.56 mm

Ibo = Min( Ibo Iblim) (9.5-19) =Min(33.56,150)= 33.56 mm
Limit of Reinforcement Along Nozzle (inside shell)

Ibi = Min( Ibi, 0.5 * Ibo) =Min(10,0.5*33.56)= 10.00 mm

Set In Nozzle

Afb = eb * (Ibo + Ibi + eas) (9.5-41) =4.19*(33.56+10+3.9)=  198.86 mm2

9.5.2.4 Area of Welds Afw
Afw = mo ~ 2 + (mi - ¢) N 2 =2.8"2+(2.8-0)"2= 15.68 mm2

Calculation of Pressure Loaded Areas

9.5.7 In the Nozzle Apb
Apb = 0.5 * dib * (lbo + eas) (9.5-45) =0.5*264.62*(33.56+3.9)= 4956.41 mm2

Cyl_Shell in the Longitudinal Section Aps

ApsL = ris * (Is + a) (9.-5-23) =450.1*(23.5+136.5)= 72016.00 mm2
Cyl.Shell in the Transverse Cross Section Aps

ApsT = 0.5 *ris 2 * (Is+a ) / (0.5 * eas + ris) (9.5-25)
=0.5*450.1"2*(23.5+138.66)/(0.5*3.9+450.1)= 36337.66 mm2

Aps = MAX( ApsL ApsT) =MAX(72016.,36337.66)= 72016.00 mm2

9.5.2 Reinforcement Rules

Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.4*(72016.+4956.41)= 30.79 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.4*(36337.66+4956.41+0.5*0)= 16.52 kN

pAReq = MAX( pARegL, pAReqT) =MAX(30.79,16.52)= 30.79 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Ffs-0.5*P)+Afp*(fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(91.65+15.68)*(153.33-0.5*0.4)+0*(0-0.5*0.4)+198.86*(130.33-0.5*0.4)
= 42.31 kN

»Nozzle Reinforcement pAAval=42.31 >= pAReq=30.79[kN] «  » (U= 72.7%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)
=+15.68)*153.33+198.86*130.33/((72016.+4956 .41+0.5*0)+0.5*(91.65+15.68+198.
86+0))= =0.5494 MPa

Max.Allowable Test Pressure Ptmax

Ptmax = == 1.05 MPa
CALCULATION SUMMARY

Limit of Reinforcement Along Shell

Iso = Sqr(( 2 * ris + eas) * eas) (9.5-2)
=Sqr((2*450.1+3.9)*3.9)= 59.38 mm

Is = Min( Iso, Islim) (9.5-19) =Min(59.38,23.5)= 23.50 mm
Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((273-4.19)*4.19,)150)= 33.56 mm

Limit of Reinforcement Along Nozzle (inside shell)

Ibi = Min(C Ibi, 0.5 * Ibo) =Min(10,0.5*33.56)= 10.00 mm
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Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.4*(72016.+4956.41)= 30.79 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.4*(36337.66+4956.41+0.5*0)= 16.52 kN
pAReq = MAX( pARegL, pAReqT) =MAX(30.79,16.52)= 30.79 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Fs-0.5*P)+Afp*(Fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(91.65+15.68)*(153.33-0.5*0.4)+0*(0-0.5%0.4)+198_86*(130.33-0.5*0.4)
= 42 .31 kN

»Nozzle Reinforcement pAAval=42.31 >= pAReq=30.79[kN] «  » (U=72.7%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)
=+15.68)*153.33+198.86*130.33/((72016.+4956.41+0.5*0)+0.5*(91.65+15.68+198.
86+0))= =0.5494 MPa

Volume:0.01 m3  Weight:17.4 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: S1.3 Cylindrical Shell EB.1

AL %
| I Phi
Radial to =hel

Orientation & Location of Nozzle: Radial to Shell
z-location of nozzle along axis of attacment........:z 5595.00 mm

Angle of Rotation of nozzle axis projected in the x-y plane:Phi 180.00 Degr.

GENERAL DESIGN DATA

aie

Type of Opening: Nozzle With Standard ANSI or DIN Flange Attachment
PROCESS CARD: Shell Side : Temp= 100°C, P= _8MPa, c= Omm

SHELL DATA (S1.3)

Shell Type: Cylindrical Shell

OUTSIDE DIAMETER OF SHELL...........................:De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:Zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fs=153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE MATERIAL DATA

Delivery Form: Plate Body
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fb=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DIMENSIONAL DATA

Die

Attachment: Set In Flush Nozzle

Nozzle Diameter: Base Design on Nozzle 0D

WELD JOINT COEFFICIENT: Testing Group 3 (z=0.85)

Shape of Nozzle/Opening: Circular

OUTSIDE NOZZLE DIAMETER. - ..o oo iei i e iiaaaaaaaa..---deb 323.90 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............:enb 3.00 mm
Size of Flange and Nozzle: ND300

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm
NOZZLE STANDOUT MEASURED FROM VESSEL OD.............:ho 150.00 mm
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NOZZLE LOCATION/ARRANGEMENT

Nozzle Weld Intersect: Nozzle Does NOT Intersect with a Welded Shell Seam

ANGLE PhiC(OBLIQUE IN TRANSVERSE.CROSS SECT.)Fig.9.5-2:PhiC 0.00 Degr.
ANGLE PhiL(OBLIQUE IN LONG.CROSS SECT.)Fig.9.5-1....:PhilL 0.00 Degr.
FLANGE DATA

A: Flange Standard: DIN Flanges

E: Pressure Class: DIN 2632 :Class PN 10

C: Flange Type: WN Welding Neck

D: Facing Sketch/ANSI facing (Table 3.8.3(2)): la Raised Face

WELDING DATA

Nozzle to Shell Welding Area: Include Area of Nozzle to Shell Weld as Min.Required

DATA FOR REINFORCEMENT PAD

A1

Type of Pad: Single Pad
THICKNESS OF THE REINFORCEMENT PAD..................:Zeap 6.00 mm

WIDTH OF THE REINFORCEMENT PAD......ceeuuceeeeeeoo..Zlp 80.00 mm
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 fp=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

LIMITS OF REINFORCEMENT

Reduction of Limits of Reinforcement: No Reduction Required

CALCULATION DATA
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0= 4.00 mm
Nozzle Analysis Thickness eab

eab = enb - ¢ - NegDev =3-0-0= 3.00 mm
Reinf.Pad Analysis Thickness ep

ep = MIN( eap, eas) =MIN(6,4)= 4.00 mm
Reduction of Nozzle Material Strength Due To Nozzle Longitudinal Weld

fb = fb * z =153.33*0.85= 130.33 N/mm2
Inside Radius of Curvature

ris = De / 2 - eas (9.5-3) =908/2-4= 450.00 mm
dib = deb - 2 * eab =323.9-2*3= 317.90 mm

Min.Nozzle Thk.Based on Internal Pressure ebp
ebp =P *deb / (2 * fb * z + P)

=0.8*323.9/(2*153.33*0.85+0.8)= 0.9900 mm
Allowable Stresses

fob = Min( fs, fb) (9.5-8) =Min(153.33,130.33)= 130.33 N/mm2
fop = Min( fs, fp) (9.5-9) =Min(153.33,153.33)= 153.33 N/mm2
GEOMETRIC LIMITATIONS

»Check Max.Thk.of Pad eap=6 <= 1.5*eas=6[mm] « »  OK«
»Check Max.Diameter of Nozzle dib/(2*ris)=0.3532 <= _5[mm] «» OK«
»Min.Nozzle Thk. ebp=0.99 <= eab=3[mm] « » (U= 33%) OK«

»Check Thk. of Outward N.Weld mo=2.1 >= _7*MIN(eas,eab)=2_1«» OK«

Calculation of Stress Loaded Areas Effective as Reinforcement
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9.5.3 Area of Shell Afs
Limit of Reinforcement Along Shell

Iso = SQr(( 2 * ris + eas) * eas) (9.5-2) =Sqr((2*450+4)*4)= 60.13 mm
Set In Nozzle
Afs = eas * Is (9.5-20) =4*60.13= 240.53 mm2

9.5.5 Area of Reinforcement Pad Afp

Limit of Reinforcement Along Pad

Ip = Min( Ip, Is ) (9.5-31) =Min(80,60.13)= 60.13 mm
ep = Min( ep, eas) (9.5-32) =Min(4,4)= 4.00 mm
Afp = ep * Ip (9.5-33) =4*60.13= 240.53 mm2
9.5.7 Area of Nozzle Afb

Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN( Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((323.9-3)*3,)150)= 31.03 mm
Set In Nozzle

Afb = eb * (Ibo + Ibi + eas) (9.5-41) =3*(31.03+0+4)= 105.08 mm2
9.5.2.4 Area of Welds Afw

Afw = mo N 2 =2.172= 4.41 mm2

Calculation of Pressure Loaded Areas

9.5.7 In the Nozzle Apb
Apb = 0.5 * dib * (Ibo + eas) (9.5-45) =0.5*317.9*(31.03+4)= 5567.61 mm2

Cyl_Shell in the Longitudinal Section Aps

ApsL = ris * (Is + a) (9.5-23) =450*(60.13+161.95)= 99937.43 mm2
Cyl_Shell in the Transverse Cross Section Aps

ApsT = 0.5 *ris 2 * (Is + a ) / (0.5 * eas + ris) (9.5-25)
=0.5*450"2*(60.13+165.63)/(0.5*4+450)= 50572.41 mm2

Aps = MAX( ApsL ApsT) =MAX(99937.43,50572.41)= 99937.43 mm2

9.5.2 Reinforcement Rules

Pressure Area Required pA(req.)

pAReqL = P * (ApsL + Apb) (9.5-7) =0.8*(99937.43+5567.61)= 84.40 kN
PAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.8*(50572.41+5567.61+0.5*0)= 44 .91 kN

pAReq = MAX( pAReqL, pAReqT) =MAX(84.4,44.91)= 84.40 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Fs-0.5*P)+Afp*(Fop-0.5*P)+Afb*(Fob-0.5*P) (9.5-7)
=(240.53+4.41)*(153.33-0.5*0.8)+240.53*(153.33-0.5*0.8)+105.08*(130.33-0.5*
0.8)= =  87.90 kN

»Nozzle Reinforcement pAAval=87.9 >= pAReq=84.4[kN] «  » (U= 96%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afp*fop+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)

=+4.41)*153.33+240.53*153.33+105.08*130.33/( (99937 . 43+5567 . 61+0 . 5*0)+0 . 5* (2
40.53+4.41+105.08+240.53))= =0.8330 MPa

18 N.3 Nozzle,Plate Body , Nozzle E Umax= 96% Page: 34




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-01 Operator :BOO Rev.:C

EN13445 - 9.5 ISOLATED OPENINGS IN SHELLS

N.3 Nozzle E 26 Apr. 2005 09:26 ConnlD:S1.3 PC#1

Max.Allowable Test Pressure Ptmax

Ptmax = == 1.48 MPa
CALCULATION SUMMARY

Limit of Reinforcement Along Shell

Iso = SQr(( 2 * ris + eas) * eas) (9.5-2) =Sqr((2*450+4)*4)= 60.13 mm
Limit of Reinforcement Along Pad

Ip = Min(C Ip, Is ) (9.5-31) =Min(80,60.13)= 60.13 mm
Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((323.9-3)*3,)150)= 31.03 mm
Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.8*(99937.43+5567.61)= 84.40 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.8*(50572.41+5567.61+0.5*0)= 44 .91 kN

pAReq = MAX( pARegL, pAReqT) =MAX(84.4,44.91)= 84.40 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Ffs-0.5*P)+Afp*(fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(240.53+4.41)*(153.33-0.5*0.8)+240.53*(153.33-0.5*0.8)+105.08*(130.33-0.5*
0.8)= = 87.90 kN

»Nozzle Reinforcement pAAval=87.9 >= pAReq=84.4[kN] «  » (U= 96%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*Fs+Afp*Fop+Afb*Fob/((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)

=+4_.41)*153.33+240.53*153.33+105.08*130.33/((99937 .43+5567 .61+0.5*0)+0.5*(2
40.53+4.41+105.08+240.53))= =0.8330 MPa

Volume:0.01 m3  Weight:18.1 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: S1.2 Cylindrical Shell Right Channel T.2

AL %
| I Phi
Radial to =hel

Orientation & Location of Nozzle: Radial to Shell
z-location of nozzle along axis of attacment........:z 6175.00 mm

Angle of Rotation of nozzle axis projected in the x-y plane:Phi 180.00 Degr.

GENERAL DESIGN DATA

aie

Type of Opening: Nozzle With Standard ANSI or DIN Flange Attachment
PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm

SHELL DATA (S1.2)

Shell Type: Cylindrical Shell

OUTSIDE DIAMETER OF SHELL...........................:De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:Zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.1000 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fs=153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE MATERIAL DATA

Delivery Form: Plate Body
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fb=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DIMENSIONAL DATA

4L

Attachment: Protruding Nozzle

Nozzle Diameter: Base Design on Nozzle 0D

WELD JOINT COEFFICIENT: Testing Group 3 (z=0.85)

Shape of Nozzle/Opening: Circular

OUTSIDE NOZZLE DIAMETER. - ..o oo iei i e iiaaaaaaaa..---deb 273.00 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............:enb 4.19 mm
Size of Flange and Nozzle: ND250

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm
NOZZLE STANDOUT MEASURED FROM VESSEL OD.............:ho 150.00 mm
PROTRUDING MEASURED FROM SHELL ris (corroded).......:Ibi 10.00 mm
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NOZZLE LOCATION/ARRANGEMENT

Nozzle Weld Intersect: Nozzle Does NOT Intersect with a Welded Shell Seam

ANGLE PhiC(OBLIQUE IN TRANSVERSE.CROSS SECT.)Fig.9.5-2:PhiC 0.00 Degr.
ANGLE PhiL(OBLIQUE IN LONG.CROSS SECT.)Fig.9.5-1....:PhilL 0.00 Degr.
FLANGE DATA

A: Flange Standard: DIN Flanges

E: Pressure Class: DIN 2632 :Class PN 10

C: Flange Type: WN Welding Neck

D: Facing Sketch/ANSI facing (Table 3.8.3(2)): la Raised Face

WELDING DATA

Nozzle to Shell Welding Area: Include Area of Nozzle to Shell Weld as Min.Required

DATA FOR REINFORCEMENT PAD

e

Type of Pad: No Pad

LIMITS OF REINFORCEMENT

Reduction of Limits of Reinforcement: Reduce Is or/and Ib

MAX.LENGTH OF NOZZLE AVAILABLE AS REINFORCEMENT.....:Iblim 150.00 mm
MAX.LENGTH OF SHELL AVAILABLE AS REINFORCEMENT......:Islim 23.50 mm

CALCULATION DATA
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0.1= 3.90 mm
Nozzle Analysis Thickness eab

eab = enb - ¢ - NegDev =4.19-0-0= 4.19 mm
Reduction of Nozzle Material Strength Due To Nozzle Longitudinal Weld

fb = fb * z =153.33*0.85= 130.33 N/mm2
Inside Radius of Curvature

ris = De / 2 - eas (9.5-3) =908/2-3.9= 450.10 mm
dib = deb - 2 * eab =273-2*4_19= 264.62 mm

Min_Nozzle Thk.Based on Internal Pressure ebp
ebp =P *deb /7 (2 * fb * z + P)

=0.4*273/(2*153.33*0.85+0.4)= 0.4200 mm
Allowable Stresses

fob = Min( fs, fb) (9.5-8) =Min(153.33,130.33)= 130.33 N/mm2
GEOMETRIC LIMITATIONS

»Check Max.Diameter of Nozzle dib/(2*ris)=0.294 <= 1[mm] «» OK«
»Min.Nozzle Thk. ebp=0.42 <= eab=4.19[mm] « » (U= 10%) OK«

»Check Thk. of Outward N.Weld mo=2.8 >= _7*MIN(eas,eab)=2_73«» OK«
»Check Thk. of Innward N_Weld mi-c_0=2_.8 >= _7*MIN(eas,eab)=2_73«»  OK«

Calculation of Stress Loaded Areas Effective as Reinforcement

9.5.3 Area of Shell Afs
Limit of Reinforcement Along Shell

Iso = Sqr(( 2 * ris + eas) * eas) (9.5-2)
=Sqr((2*450.1+3.9)*3.9)= 59.38 mm

Is = Min( Iso, Islim) (9.5-19) =Min(59.38,23.5)= 23.50 mm
Set In Nozzle

Afs = eas * Is (9.5-20) =3.9*23.5= 91.65 mm2
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9.5.7 Area of Nozzle Afb

Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((273-4.19)*4.19,)150)= 33.56 mm

Ibo = Min( Ibo Iblim) (9.5-19) =Min(33.56,150)= 33.56 mm
Limit of Reinforcement Along Nozzle (inside shell)

Ibi = Min( Ibi, 0.5 * Ibo) =Min(10,0.5*33.56)= 10.00 mm

Set In Nozzle

Afb = eb * (Ibo + Ibi + eas) (9.5-41) =4.19*(33.56+10+3.9)=  198.86 mm2

9.5.2.4 Area of Welds Afw
Afw = mo ~ 2 + (mi - ¢) N 2 =2.8"2+(2.8-0)"2= 15.68 mm2

Calculation of Pressure Loaded Areas

9.5.7 In the Nozzle Apb
Apb = 0.5 * dib * (lbo + eas) (9.5-45) =0.5*264.62*(33.56+3.9)= 4956.41 mm2

Cyl_Shell in the Longitudinal Section Aps

ApsL = ris * (Is + a) (9.-5-23) =450.1*(23.5+136.5)= 72016.00 mm2
Cyl.Shell in the Transverse Cross Section Aps

ApsT = 0.5 *ris 2 * (Is+a ) / (0.5 * eas + ris) (9.5-25)
=0.5*450.1"2*(23.5+138.66)/(0.5*3.9+450.1)= 36337.66 mm2

Aps = MAX( ApsL ApsT) =MAX(72016.,36337.66)= 72016.00 mm2

9.5.2 Reinforcement Rules

Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.4*(72016.+4956.41)= 30.79 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.4*(36337.66+4956.41+0.5*0)= 16.52 kN

pAReq = MAX( pARegL, pAReqT) =MAX(30.79,16.52)= 30.79 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Ffs-0.5*P)+Afp*(fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(91.65+15.68)*(153.33-0.5*0.4)+0*(0-0.5*0.4)+198.86*(130.33-0.5*0.4)
= 42.31 kN

»Nozzle Reinforcement pAAval=42.31 >= pAReq=30.79[kN] «  » (U= 72.7%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)
=+15.68)*153.33+198.86*130.33/((72016.+4956 .41+0.5*0)+0.5*(91.65+15.68+198.
86+0))= =0.5494 MPa

Max.Allowable Test Pressure Ptmax

Ptmax = == 1.05 MPa
CALCULATION SUMMARY

Limit of Reinforcement Along Shell

Iso = Sqr(( 2 * ris + eas) * eas) (9.5-2)
=Sqr((2*450.1+3.9)*3.9)= 59.38 mm

Is = Min( Iso, Islim) (9.5-19) =Min(59.38,23.5)= 23.50 mm
Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((273-4.19)*4.19,)150)= 33.56 mm

Limit of Reinforcement Along Nozzle (inside shell)

Ibi = Min(C Ibi, 0.5 * Ibo) =Min(10,0.5*33.56)= 10.00 mm
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Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.4*(72016.+4956.41)= 30.79 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.4*(36337.66+4956.41+0.5*0)= 16.52 kN
pAReq = MAX( pARegL, pAReqT) =MAX(30.79,16.52)= 30.79 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Fs-0.5*P)+Afp*(Fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(91.65+15.68)*(153.33-0.5*0.4)+0*(0-0.5%0.4)+198_86*(130.33-0.5*0.4)
= 42 .31 kN

»Nozzle Reinforcement pAAval=42.31 >= pAReq=30.79[kN] «  » (U=72.7%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)
=+15.68)*153.33+198.86*130.33/((72016.+4956.41+0.5*0)+0.5*(91.65+15.68+198.
86+0))= =0.5494 MPa

Volume:0.01 m3  Weight:17.4 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.1 Cylindrical Shell Main Shell

AL %
| I Phi
Radial to =hel

Orientation & Location of Nozzle: Radial to Shell
z-location of nozzle along axis of attacment........:z 250.00 mm
Angle of Rotation of nozzle axis projected in the x-y plane:Phi 180.00 Degr.

GENERAL DESIGN DATA

aie

Type of Opening: Nozzle With Standard ANSI or DIN Flange Attachment
PROCESS CARD: Shell Side : Temp= 100°C, P= _8MPa, c= Omm

SHELL DATA (S1.1)

Shell Type: Cylindrical Shell

OUTSIDE DIAMETER OF SHELL...........................:De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:Zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fs=153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE MATERIAL DATA

Delivery Form: Plate Body
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 fb=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DIMENSIONAL DATA

Die

Attachment: Set In Flush Nozzle

Nozzle Diameter: Base Design on Nozzle 0D

WELD JOINT COEFFICIENT: Testing Group 3 (z=0.85)

Shape of Nozzle/Opening: Circular

OUTSIDE NOZZLE DIAMETER. - ..o oo iei i e iiaaaaaaaa..---deb 219.10 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............:enb 3.20 mm
Size of Flange and Nozzle: ND200

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm
NOZZLE STANDOUT MEASURED FROM VESSEL OD.............:ho 150.00 mm
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NOZZLE LOCATION/ARRANGEMENT

Nozzle Weld Intersect: Nozzle Does NOT Intersect with a Welded Shell Seam

ANGLE PhiC(OBLIQUE IN TRANSVERSE.CROSS SECT.)Fig.9.5-2:PhiC 0.00 Degr.
ANGLE PhiL(OBLIQUE IN LONG.CROSS SECT.)Fig.9.5-1....:PhilL 0.00 Degr.
FLANGE DATA

A: Flange Standard: DIN Flanges

E: Pressure Class: DIN 2632 :Class PN 10

C: Flange Type: WN Welding Neck

D: Facing Sketch/ANSI facing (Table 3.8.3(2)): la Raised Face

WELDING DATA

Nozzle to Shell Welding Area: Include Area of Nozzle to Shell Weld as Min.Required

DATA FOR REINFORCEMENT PAD

A1

Type of Pad: Single Pad
THICKNESS OF THE REINFORCEMENT PAD..................:Zeap 5.00 mm

WIDTH OF THE REINFORCEMENT PAD......ceeuuceeeeeeoo..Zlp 40.00 mm
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 fp=153.33 F20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

LIMITS OF REINFORCEMENT

Reduction of Limits of Reinforcement: No Reduction Required

CALCULATION DATA
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0= 4.00 mm
Nozzle Analysis Thickness eab

eab = enb - ¢ - NegDev =3.2-0-0= 3.20 mm
Reinf.Pad Analysis Thickness ep

ep = MIN( eap, eas) =MIN(5,4)= 4.00 mm
Reduction of Nozzle Material Strength Due To Nozzle Longitudinal Weld

fb = fb * z =153.33*0.85= 130.33 N/mm2
Inside Radius of Curvature

ris = De / 2 - eas (9.5-3) =908/2-4= 450.00 mm
dib = deb - 2 * eab =219.1-2*3.2= 212.70 mm

Min.Nozzle Thk.Based on Internal Pressure ebp
ebp =P *deb / (2 * fb * z + P)

=0.8*219.1/(2*153.33*0.85+0.8)= 0.6700 mm
Allowable Stresses

fob = Min( fs, fb) (9.5-8) =Min(153.33,130.33)= 130.33 N/mm2
fop = Min( fs, fp) (9.5-9) =Min(153.33,153.33)= 153.33 N/mm2
GEOMETRIC LIMITATIONS

»Check Max.Thk.of Pad eap=5 <= 1.5*eas=6[mm] « »  OK«
»Check Max.Diameter of Nozzle dib/(2*ris)=0.2363 <= _5[mm] «» OK«
»Min.Nozzle Thk. ebp=0.67 <= eab=3.2[mm] « » (U=20.9%) OK«

»Check Thk. of Outward N.Weld mo=2.3 >= _7*MIN(eas,eab)=2.24«»  OK«

Calculation of Stress Loaded Areas Effective as Reinforcement
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9.5.3 Area of Shell Afs
Limit of Reinforcement Along Shell

Iso = SQr(( 2 * ris + eas) * eas) (9.5-2) =Sqr((2*450+4)*4)= 60.13 mm
Set In Nozzle
Afs = eas * Is (9.5-20) =4*60.13= 240.53 mm2

9.5.5 Area of Reinforcement Pad Afp

Limit of Reinforcement Along Pad

Ip = Min( Ip, Is ) (9.5-31) =Min(40,60.13)= 40.00 mm
ep = Min( ep, eas) (9.5-32) =Min(4,4)= 4.00 mm
Afp = ep * Ip (9.5-33) =4*40= 160.00 mm2
9.5.7 Area of Nozzle Afb

Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN( Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((219.1-3.2)*3.2,)150)= 26.28 mm
Set In Nozzle

Afb = eb * (Ibo + Ibi + eas) (9.5-41) =3.2*(26.28+0+4)= 96.91 mm2
9.5.2.4 Area of Welds Afw

Afw = mo N 2 =2.3"2= 5.29 mm2

Calculation of Pressure Loaded Areas

9.5.7 In the Nozzle Apb
Apb = 0.5 * dib * (Ibo + eas) (9.5-45) =0.5*212.7*(26.28+4)= 3220.77 mm2

Cyl_Shell in the Longitudinal Section Aps

ApsL = ris * (Is + a) (9.5-23) =450*(60.13+109.55)= 76357.43 mm2
Cyl_Shell in the Transverse Cross Section Aps

ApsT = 0.5 *ris 2 * (Is + a ) / (0.5 * eas + ris) (9.5-25)
=0.5*450"2*(60.13+110.65)/(0.5*4+450)= 38256.62 mm2

Aps = MAX( ApsL ApsT) =MAX(76357.43,38256.62)= 76357 .43 mm2

9.5.2 Reinforcement Rules

Pressure Area Required pA(req.)

pAReqL = P * (ApsL + Apb) (9.5-7) =0.8*(76357.43+3220.77)= 63.66 kN
PAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.8*(38256.62+3220.77+0.5*0)= 33.18 kN
pAReq = MAX( pAReqL, pAReqT) =MAX(63.66,33.18)= 63.66 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Fs-0.5*P)+Afp*(Fop-0.5*P)+Afb*(Fob-0.5*P) (9.5-7)
=(240.53+5.29)*(153.33-0.5*0.8)+160*(153.33-0.5*0.8)+96.91*(130.33-0.5*0.8)
= 74.65 kN

»Nozzle Reinforcement pAAval=74.65 >= pARe(q=63.66[kN] « » (U= 85.2%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*fs+Afp*fop+Afb*fob/ ((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)

=+5.29)*153.33+160*153.33+96.91*130.33/( (76357 .43+3220.77+0.5*0)+0.5%(240.5
3+5.29+96.91+160))= =0.9377 MPa
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Visual Vessel Design by OhmTech Ver:9.44-01 Operator :BOO Rev.:C

EN13445 - 9.5 ISOLATED OPENINGS IN SHELLS

N.5 Nozzle | inspection 26 Apr. 2005 09:26 ConniD:S1.1  PC#1
Max.Allowable Test Pressure Ptmax

Ptmax = == 1.67 MPa
CALCULATION SUMMARY

Limit of Reinforcement Along Shell

Iso = SQr(( 2 * ris + eas) * eas) (9.5-2) =Sqr((2*450+4)*4)= 60.13 mm
Limit of Reinforcement Along Pad

Ip = Min(C Ip, Is ) (9.5-31) =Min(40,60.13)= 40.00 mm
Limit of Reinforcement Along Nozzle (outside shell)

Ibo = MIN(C Sgr(( deb - eb) * eb), ho) (9.5-39)
=MIN(Sqr((219.1-3.2)*3.2,)150)= 26.28 mm
Pressure Area Required pA(req.)

pARegL = P * (ApsL + Apb) (9.5-7) =0.8*(76357.43+3220.77)= 63.66 kN
pAReqT = P * (ApsT + Apb + 0.5 * Apphi) (9.5-7)
=0.8*(38256.62+3220.77+0.5*0)= 33.18 kN

pAReq = MAX( pARegL, pAReqT) =MAX(63.66,33.18)= 63.66 kN

Pressure Area Available pA(aval.)

pAAval = (Afs+Afw)*(Ffs-0.5*P)+Afp*(fop-0.5*P)+Afb*(fob-0.5*P) (9.5-7)
=(240.53+5.29)*(153.33-0.5*0.8)+160*(153.33-0.5*0.8)+96.91*(130.33-0.5*0.8)
= 74.65 kN

»Nozzle Reinforcement pAAval=74.65 >= pAReq=63.66[kN] « » (U= 85.2%) OK«

Maximum Allowable Pressure Pmax

Pmax =(Afs+Afw)*Fs+Afp*Fop+Afb*Fob/((Aps+Apb+0.5*Apphi)+0.5*(Afs+Afw+Afb+Afp)) (10)

=+5_29)*153.33+160*153.33+96.91*130.33/((76357.43+3220.77+0.5*0)+0.5*(240.5
3+5.29+96.91+160))= =0.9377 MPa

Volume:0.01 m3  Weight:12.1 kg (SG=7.93)
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Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-02 Operator :BOO Rev.:C

EN13445 - 11.5 NARROW FACE GASKETED FLANGES

F.1 Left flange 26 Apr. 2005 09:26 ConnID:T.1 PC#2

INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: T.1 Tubesheet Left tubesheet S1.1

Location: Along z-axis zl= -1

GENERAL DESIGN DATA

PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm

B: Pressure loading: Flange under internal pressure

BOLT LOAD FROM 2nd. FLANGE - (Oper.Cond.)...........:Wml* 0.00 kN
BOLT LOAD FROM 2nd. FLANGE - (Bolting Up.Cond.).....:Wm2* 0.00 kN
EXTERNAL LOADS ON FLANGE: NO

TYPE OF FLANGE AND GASKET FACING
A: Flange Standard: User Specified Flanges

g0

(al

il

D: Flange Facing (Sketch/Description): la Raised Face

SHELL/NOZZLE DATA

SHELL/NOZZLE SIZE & COMMENT: S1.1

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp=260 Rpt=211 fs=153.33 Fs20=176.67 ftest=265 E=193180(N/mn2) ro=7.93

OUTSIDE DIAMETER OF SHELL/NOZZLE ...................: :Do 907.80 mm
WALL THICKNESS OF NOZZLE/SHELL(uncorroded)..........:sl 4.00 mm
FLANGE DATA

REVERSE FLANGE: No (The bolts are located on the outside)
DESIGN METHOD: A) INTEGRAL FLANGE METHOD

OUTSIDE DIAMETER OF FLANGE. ... ... .. oo ZA 1045.00 mm
THICKNESS OF FLANGE(uncorroded)...... ... oao....z€ 38.00 mm
CORROSION ALLOWANCE FOR FLANGE FACE.................:cF 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 SF0=153.33 SFA=176.67 ftest=265 E=193180(N/mm2) ro=7.93

DATA FOR FLANGE HUB

LENGTH OF HUB. .. .. ... ocieiiiaaaaaaaaaaaaaaaaaann.2zh 85.00 mm
THICKNESS OF HUB AT BACK OF FLANGE corroded.........:gl 12.00 mm
THICKNESS OF HUB AT SMALL END corroded.........1g0 4.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 SHO0=153.33 SHA=176.67 ftest=265 E=193180(N/mm2) ro=7.93
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Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-02 Operator :BOO Rev.:C

EN13445 - 11.5 NARROW FACE GASKETED FLANGES
F.1 Left flange 26 Apr. 2005 09:26 ConnID:T.1 PC#2

BOLTING DATA

BOLTING TORQUE CALCULATION: YES
NOMINAL BOLTING SIZE & COMMENT: M20x2.5

EFFECTIVE BOLT AREA per bolt. ... ... ... .............-Ae 225.20 mm2
DIAMETER OF BOLT HOLES IN FLANGE..... ... _............zd 23.00 mm
NUMBER OF BOLTS. .ot ie i it c i cicca e acaeaaaaaaaaIN 28.00
BOLT-CIRCLE DIAMETER. - < o i i e i e c e e e ceeeeaaaaaaat C 995.00 mm
5.6 -2 DIN 267 THK<=30mm 100"C

Rm=500 Rp=300 Rpt=250 Sb=83.33 Sa=100 ftest=150 (N/mm2)

BOLTING-UP METHOD: Wrench, Operator Feel eps= 0.3+0.5* p

FRICTION COEFFICIENT: Normal/Average Conditions p=0.20

GASKET DATA

Table H-1 Gasket factors m & y Facing:

Asbestos 3.2 mm thick m=2.0 Y=11.0 2 1la,1b,1c,1d,4,5
OUTSIDE DIAMETER OF GASKET . . ... ccccicaeaaaaaaa..--:60 970.00 mm
GREATER VALUE OF INSIDE DIAMETER OF GASKET/FLANGE FACE:Al 900.00 mm
CALCULATION DATA

Bolt Outside Diameter db

db = Sqr( 4 * Ae / Pl) =Sqr(4*225.2/3.14)= 16.93 mm
Large Diameter Stress Correction Factor K

k (D < 1000 mm) = 1 =1= 1.00
GASKET DETAILS

b = MIN VALUE(2.52 * Sqgr(bo), bo ) = == 10.54 mm
FLANGE LOADS

H=0.785*G ™~ 2 * p (11.5-5) =0.785%948.92"2*0._4= 282.74 kN
HG =2 *Pl *b*G*m=*p (11.5-6)
=2*3.14*10.54*948.92*2*0.4= 50.27 kN

HD = 0.785 * B ~ 2 * p =0.785*899.8"2*0.4= 254_23 kN
HT = H - HD (11.5-11) =282.74-254_.23= 28.51 kN
MOMENT ARMS

hG = (C - G) /7 2 (11.5-14) =(995-948.92)/2= 23.04 mm
hD = (C - B - gl) / 2 (11.5-12) =(995-899.8-12)/2= 41.60 mm
hT = (@2 *C-B -06) /74 (11.5-15) =(2*995-899.8-948.92)/4= 35.32 mm
BOLT LOADS

Operating condition

Wop = H + HG (11.5-8) =282.74+50.27= 333.01 kN
Bolting up condition

Wamb = PI * b * G * y (11.5-7) =3.14*10.54*948.92*11= 345.63 kN
BOLTING AREA

Aml = Wop / Sb =3.3301E05/83.33= 3996.31 mm2
Am2 = Wamb / Sa =3.4563E05/100= 3456.30 mm2
Required Bolting Area Am

Am (Largest value of Aml and Am2)= Am =3996.31= 3996.31 mm2
Available Bolting Area Ab

Ab (num.bolts*root area) = n * Ae =28*225_2= 6305.60 mm2
»Bolting Area Check Ab=6305.6 >= Am[mm2] « » (U= 63.3%) OK«
W=0.5* (Ab + Am) * Sa (11.5-16) =0.5*(6305.6+3996.31)*100= 515.10 kN
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Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-02 Operator :BOO Rev.:C

EN13445 - 11.5 NARROW FACE GASKETED FLANGES

F.1 Left flange 26 Apr. 2005 09:26 ConnID:T.1 PC# 2

FLANGE MOMENTS

Mop = HD * hD + HT * hT + HG * hG (11.5-18)
=254 .23*41.6+28.51*35.32+50.27*23.04= 12741.30 Nm

Mamb = W * hG (11.5-17) =515.1*23.04= 11868.79 Nm

Bolt Spacing

Bspc = C * Pl / n =995*3.14/28= 111.64 mm

Bolt Pitch Correction Factor

CF=Sgr(Bspc /7 (2 *db+6 *e / (m+ 0.5))) (11.5-20)
=Sqr(111.64/(2*16.93+6*38/(2+0.5)))= 1.00

Mo = Mop * CF / B (11.5-27) =12741.3*1/899.8= 14.16 Nm

Ma = Mamb * CF / B (11.5-26) =11868.79*1/899.8= 13.19 Nm
SHAPE CONSTANTS

K=A/B (11.5-21) =1045/899.8= 1.16

lo = SQR( B * go) (11.5-22) =SQR(899.8*4)= 59.99

h/7lo= 1.417 K=A/B= 1.161 gl/go= 3.000
VALUES FROM FIGURES 11.5-4 to 8

BetaT = 1.854 BetaZ = 6.734 BetaY = 13.044 BetaU = 14_.333
BetaF= 0.629 BetaV = 0.062 phi = 1.000

lamda = (e*BetaF+l10)/(BetaT*lo)+e”"3*BetaV/(BetaU*lo*go”2)
=(38*0.6292+59.99)/(1.854*59.99)+38"3*0.0618/ (14 .333*59.99*4"2)= 1.00
OPERATING CONDITION

M = Mo =14.16= 14.16 Nm

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M /7 (lamda * g1 ~ 2) (11.5-29) =1*14.16/(1.*12"2)= 98.25 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * 10) (11.5-30)
=(1-333*38*0.6292+59.99)*14 .16/ (1.*38"2*59_99)= 15.00 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e”2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.044*14.16/38"2-15_.*(1.16"2+1)/(1.16"2-1)= 26.88 N/mm2

11.5.4.2 Stress Limits

»Hub Stress k*SigH=98.25 <= 1.5 * MIN(f;fH)=211[N/mm2] (11.5-39)«» (U= 46.5%) OK«
»Radial Stress k*SigR=15. <= f[N/mm2] (11.5-40)« » (U=10.6%) OK«
»Tangential Stress k*SigTeta=26.88 <= f=140.67[N/mm2] (11.5-41)«» (U= 19.1%) OK«

»Radial+Hub Stress 0.5*k*(SigH+SigR)=56.62 <= f=140.67[N/mm2] (11.5-42)«» (U= 40.2%) OK«

»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=62.56 <= f=140.67[N/mm2] (11.5-43)«» (U=
44.4%) OK«

BOLTING UP CONDITION

M = Ma =13.19= 13.19 Nm

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*13.19/(1.*12"2)= 91.52 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * l0) (11.5-30)
=(1.333*38*0.6292+59.99)*13.19/(1.*38"2*59.99)= 13.98 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.044*13.19/38"2-13.98*(1.16"2+1)/(1.16"2-1)= 25.04 N/mm2
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EN13445 - 11.5 NARROW FACE GASKETED FLANGES
F.1 Left flange 26 Apr. 2005 09:26 ConnID:T.1 PC#2

11.5.4.2 Stress Limits

»Hub Stress k*SigH=91.52 <= 1.5 * MIN(f;fH)=260[N/mm2] (11.5-39)«» (U= 35.1%) OK«
»Radial Stress k*SigR=13.98 <= f=173.33[N/mm2] (11.5-40)« » (U= 8%) OK«
»Tangential Stress k*SigTeta=25.04 <= f=173.33[N/mm2] (11.5-41)«» (U= 14.4%) OK«

»Radial+Hub Stress 0.5*k*(SigH+SigR)=52.75 <= f=173.33[N/mm2] (11.5-42)«» (U= 30.4%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=58.28 <= f=173.33[N/mm2] (11.5-43)«» (U=
33.6%) OK«

BOLTING-UP TORQUE - EN13445 ANNEX G.8

kB = 1.2 * p * dBO (G.8-5) =1.2*0.2*20= 4.80 mm
Required Minimum Total Pre-Load(Max. of operating and bolting up cond.)
FbOnom (Max. of Wop and Wamb) = FbOreq =345.63= 345.63 kN

epsn =eps * (1 +3 /7 SQR(nNn)) 7 4 (G.6-16)
=0.4*(1+3/SQR(28)) /4= 0.1567

Nominal Total Pre-Load

FbOnom = FbOreq /7 (1 - epsn) (G.6-21) =345.63/(1-0.1567)= 409.85 kN
Nominal Total Pre-Load per Bolt

Fbnom = FbOnom / n =409.85/28= 14.64 kN

Bolt Stress at Nominal Pre-Load
SigBolt = FbOnom /7 (n * Ae) =409.85/(28*225.2)= 65.00 N/mm2

»Bolt Stress SigBolt=65. <= SB=83.33[mm] « » (U= 78%) OK«

Nominal Torque Per Bolt
Mtnom = kB * FbOnom / n =4.8*409.85/28= 70.26 Nm

CALCULATION SUMMARY

BOLTING AREA
»Bolting Area Check Ab=6305.6 >= Am[mm2] « » (U= 63.3%) OK«

OPERATING CONDITION

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*14_16/(1.*12"2)= 98.25 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e » 2 * 10) (11.5-30)
=(1.333*38*0.6292+59.99)*14.16/(1-.*38"2*59.99)= 15.00 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.044*14.16/38"2-15_.*(1.167"2+1)/(1.16"2-1)= 26.88 N/mm2
11.5.4.2 Stress Limits

»Hub Stress k*SigH=98.25 <= 1.5 * MIN(f;fH)=211[N/mm2] (11.5-39)«» (U= 46.5%) OK«

»Radial Stress k*SigR=15. <= f[N/mm2] (11.5-40)« » (U= 10.6%) OK«

»Tangential Stress k*SigTeta=26.88 <= f=140.67[N/mm2] (11.5-41)«» (U= 19.1%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=56.62 <= f=140.67[N/mm2] (11.5-42)«» (U= 40.2%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=62.56 <= f=140.67[N/mm2] (11.5-43)«» (U=
44.4%) OK«
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BOLTING UP CONDITION

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm

Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*13.19/(1.*1272)= 91.52 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * 10) (11.5-30)
=(1.333*38*0.6292+59.99)*13.19/(1.*38"2*59.99)= 13.98 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.044*13.19/38"2-13.98*(1.16"2+1)/(1.16"2-1)= 25.04 N/mm2
11.5.4.2 Stress Limits

»Hub Stress k*SigH=91.52 <= 1.5 * MIN(f;fH)=260[N/mm2] (11.5-39)«» (U= 35.1%) OK«
»Radial Stress k*SigR=13.98 <= f=173.33[N/mm2] (11.5-40)« » (U= 8%) OK«

»Tangential Stress k*SigTeta=25.04 <= f=173.33[N/mm2] (11.5-41)«» (U= 14.4%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=52.75 <= f=173.33[N/mm2] (11.5-42)«» (U= 30.4%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=58.28 <= f=173.33[N/mm2] (11.5-43)«» (U=
33.6%) OK«

»Bolt Stress SigBolt=65. <= SB=83.33[mm] « » (U= 78%) OK«

Volume:0.08 m3  Weight:78 kg (SG=7.93)
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Sample File Cooler
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Visual Vessel Design by OhmTech Ver:9.44-02 Operator :BOO Rev.:C

EN13445 - 11.5 NARROW FACE GASKETED FLANGES

F.2 Right flangel 26 Apr. 2005 09:26 ConnID:S1.2 PC#2

INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: S1.2 Cylindrical Shell Right Channel T.2

Location: Along z-axis z1l= 6335

GENERAL DESIGN DATA

PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm

B: Pressure loading: Flange under internal pressure

BOLT LOAD FROM 2nd. FLANGE - (Oper.Cond.)...........:Wml* 0.00 kN
BOLT LOAD FROM 2nd. FLANGE - (Bolting Up.Cond.).....:Wm2* 0.00 kN
EXTERNAL LOADS ON FLANGE: NO

TYPE OF FLANGE AND GASKET FACING
A: Flange Standard: User Specified Flanges

g0

(al

il

D: Flange Facing (Sketch/Description): la Raised Face

SHELL/NOZZLE DATA

SHELL/NOZZLE SIZE & COMMENT: S1.2

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp=260 Rpt=211 fs=153.33 Fs20=176.67 ftest=265 E=193180(N/mn2) ro=7.93

OUTSIDE DIAMETER OF SHELL/NOZZLE ...................: :Do 908.00 mm
WALL THICKNESS OF NOZZLE/SHELL(uncorroded)..........:sl 4.00 mm
FLANGE DATA

REVERSE FLANGE: No (The bolts are located on the outside)
DESIGN METHOD: A) INTEGRAL FLANGE METHOD

OUTSIDE DIAMETER OF FLANGE. ... ... .. oo ZA 1045.00 mm
THICKNESS OF FLANGE(uncorroded)...... ... oao....z€ 38.00 mm
CORROSION ALLOWANCE FOR FLANGE FACE.................:cF 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 SF0=153.33 SFA=176.67 ftest=265 E=193180(N/mm2) ro=7.93

DATA FOR FLANGE HUB

LENGTH OF HUB. .. .. ... ocieiiiaaaaaaaaaaaaaaaaaann.2zh 85.00 mm
THICKNESS OF HUB AT BACK OF FLANGE corroded.........:gl 12.00 mm
THICKNESS OF HUB AT SMALL END corroded.........1g0 4.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 SHO0=153.33 SHA=176.67 ftest=265 E=193180(N/mm2) ro=7.93
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BOLTING DATA

BOLTING TORQUE CALCULATION: YES
NOMINAL BOLTING SIZE & COMMENT: M20x2.5

EFFECTIVE BOLT AREA per bolt. ... ... ... .............-Ae 225.20 mm2
DIAMETER OF BOLT HOLES IN FLANGE..... ... _............zd 23.00 mm
NUMBER OF BOLTS. .ot ie i it c i cicca e acaeaaaaaaaaIN 28.00
BOLT-CIRCLE DIAMETER. - < o i i e i e c e e e ceeeeaaaaaaat C 995.00 mm
5.6 -2 DIN 267 THK<=30mm 100"C

Rm=500 Rp=300 Rpt=250 Sb=83.33 Sa=100 ftest=150 (N/mm2)

BOLTING-UP METHOD: Wrench, Operator Feel eps= 0.3+0.5* p

FRICTION COEFFICIENT: Normal/Average Conditions p=0.20

GASKET DATA

Table H-1 Gasket factors m & y Facing:

Asbestos 3.2 mm thick m=2.0 Y=11.0 2 1la,1b,1c,1d,4,5
OUTSIDE DIAMETER OF GASKET . . ... ccccicaeaaaaaaa..--:60 970.00 mm
GREATER VALUE OF INSIDE DIAMETER OF GASKET/FLANGE FACE:Al 900.00 mm
CALCULATION DATA

Bolt Outside Diameter db

db = Sqr( 4 * Ae / Pl) =Sqr(4*225.2/3.14)= 16.93 mm
Large Diameter Stress Correction Factor K

k (D < 1000 mm) = 1 =1= 1.00
GASKET DETAILS

b = MIN VALUE(2.52 * Sqgr(bo), bo ) = == 10.54 mm
FLANGE LOADS

H=0.785*G ™~ 2 * p (11.5-5) =0.785%948.92"2*0._4= 282.74 kN
HG =2 *Pl *b*G*m=*p (11.5-6)
=2*3.14*10.54*948.92*2*0.4= 50.27 kN

HD = 0.785 * B ~ 2 * p =0.785*900"2*0.4= 254_.34 kN
HT = H - HD (11.5-11) =282.74-254_.34= 28.40 kN
MOMENT ARMS

hG = (C - G) /7 2 (11.5-14) =(995-948.92)/2= 23.04 mm
hD = (C - B - gl) /7 2 (11.5-12) =(995-900-12)/2= 41.50 mm
hT = (@2 *C-B -06) /74 (11.5-15) =(2*995-900-948.92)/4= 35.27 mm
BOLT LOADS

Operating condition

Wop = H + HG (11.5-8) =282.74+50.27= 333.01 kN
Bolting up condition

Wamb = PI * b * G * y (11.5-7) =3.14*10.54*948.92*11= 345.63 kN
BOLTING AREA

Aml = Wop / Sb =3.3301E05/83.33= 3996.31 mm2
Am2 = Wamb / Sa =3.4563E05/100= 3456.30 mm2
Required Bolting Area Am

Am (Largest value of Aml and Am2)= Am =3996.31= 3996.31 mm2
Available Bolting Area Ab

Ab (num.bolts*root area) = n * Ae =28*225_2= 6305.60 mm2
»Bolting Area Check Ab=6305.6 >= Am[mm2] « » (U= 63.3%) OK«
W=0.5* (Ab + Am) * Sa (11.5-16) =0.5*(6305.6+3996.31)*100= 515.10 kN
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FLANGE MOMENTS

Mop = HD * hD + HT * hT + HG * hG (11.5-18)
=254 .34*41 .5+28.4*35.27+50.27*23.04= 12715.16 Nm

Mamb = W * hG (11.5-17) =515.1*23.04= 11868.79 Nm

Bolt Spacing

Bspc = C * Pl / n =995*3.14/28= 111.64 mm

Bolt Pitch Correction Factor

CF=Sgr(Bspc /7 (2 *db+6 *e / (m+ 0.5))) (11.5-20)
=Sqr(111.64/(2*16.93+6*38/(2+0.5)))= 1.00

Mo = Mop * CF / B (11.5-27) =12715.16*1/900= 14.13 Nm

Ma = Mamb * CF / B (11.5-26) =11868.79*1/900= 13.19 Nm
SHAPE CONSTANTS

K=A/7B (11.5-21) =1045/900= 1.16

lo = SQR( B * go) (11.5-22) =SQR(900*4)= 60.00

h/7lo= 1.417 K=A/B= 1.161 gl/go= 3.000
VALUES FROM FIGURES 11.5-4 to 8

BetaT = 1.854 BetaZ = 6.744 BetaY = 13.063 BetaU = 14_.354
BetaF= 0.629 BetaV = 0.062 phi = 1.000

lamda = (e*BetaF+l10)/(BetaT*lo)+e”"3*BetaV/(BetaU*lo*go”2)
=(38*0.6293+60)/(1-854*60)+38"3*0.0618/ (14 .354*60*4"2)= 1.00
OPERATING CONDITION

M = Mo =14.13= 14.13 Nm

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M /7 (lamda * g1 ™ 2) (11.5-29) =1*14.13/(1.*12"2)= 98.06 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * 10) (11.5-30)
=(1-333*38*0.6293+60)*14.13/(1-*38"2*60)= 14.97 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e”2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.063*14.13/38"2-14.97*(1.16"2+1)/(1.16"2-1)= 26.82 N/mm2

11.5.4.2 Stress Limits

»Hub Stress k*SigH=98.06 <= 1.5 * MIN(f;fH)=211[N/mm2] (11.5-39)«» (U= 46.4%) OK«

»Radial Stress k*SigR=14.97 <= =140.67[N/mm2] (11.5-40)« » (U= 10.6%) OK«

»Tangential Stress k*SigTeta=26.82 <= f=140.67[N/mm2] (11.5-41)«» (U= 19%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=56.52 <= f=140.67[N/mm2] (11.5-42)«» (U= 40.1%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=62.44 <= f=140.67[N/mm2] (11.5-43)«» (U=
44.3%) OK«

BOLTING UP CONDITION

M = Ma =13.19= 13.19 Nm

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*13.19/(1.*12"2)= 91.53 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * l0) (11.5-30)
=(1.333*38*0.6293+60)*13.19/(1.*38"2*60)= 13.98 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.063*13.19/38"2-13.98*(1.16"2+1)/(1.16"2-1)= 25.04 N/mm2
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11.5.4.2 Stress Limits

»Hub Stress k*SigH=91.53 <= 1.5 * MIN(f;fH)=260[N/mm2] (11.5-39)«» (U= 35.2%) OK«
»Radial Stress k*SigR=13.98 <= f=173.33[N/mm2] (11.5-40)« » (U= 8%) OK«
»Tangential Stress k*SigTeta=25.04 <= f=173.33[N/mm2] (11.5-41)«» (U= 14.4%) OK«

»Radial+Hub Stress 0.5*k*(SigH+SigR)=52.75 <= f=173.33[N/mm2] (11.5-42)«» (U= 30.4%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=58.28 <= f=173.33[N/mm2] (11.5-43)«» (U=
33.6%) OK«

BOLTING-UP TORQUE - EN13445 ANNEX G.8

kB = 1.2 * p * dBO (G.8-5) =1.2*0.2*20= 4.80 mm
Required Minimum Total Pre-Load(Max. of operating and bolting up cond.)
FbOnom (Max. of Wop and Wamb) = FbOreq =345.63= 345.63 kN

epsn =eps * (1 +3 /7 SQR(nNn)) 7 4 (G.6-16)
=0.4*(1+3/SQR(28)) /4= 0.1567

Nominal Total Pre-Load

FbOnom = FbOreq /7 (1 - epsn) (G.6-21) =345.63/(1-0.1567)= 409.85 kN
Nominal Total Pre-Load per Bolt

Fbnom = FbOnom / n =409.85/28= 14.64 kN

Bolt Stress at Nominal Pre-Load
SigBolt = FbOnom /7 (n * Ae) =409.85/(28*225.2)= 65.00 N/mm2

»Bolt Stress SigBolt=65. <= SB=83.33[mm] « » (U= 78%) OK«

Nominal Torque Per Bolt
Mtnom = kB * FbOnom / n =4.8*409.85/28= 70.26 Nm

CALCULATION SUMMARY

BOLTING AREA
»Bolting Area Check Ab=6305.6 >= Am[mm2] « » (U= 63.3%) OK«

OPERATING CONDITION

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*14_13/(1.*12"2)= 98.06 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e » 2 * 10) (11.5-30)
=(1.333*38*0.6293+60)*14.13/(1-.*38"2*60)= 14.97 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.063*14.13/38"2-14_.97*(1.16"2+1)/(1.16"2-1)= 26.82 N/mm2
11.5.4.2 Stress Limits

»Hub Stress k*SigH=98.06 <= 1.5 * MIN(f;fH)=211[N/mm2] (11.5-39)«» (U= 46.4%) OK«

»Radial Stress k*SigR=14.97 <= f=140.67[N/mm2] (11.5-40)« » (U= 10.6%) OK«

»Tangential Stress k*SigTeta=26.82 <= f=140.67[N/mm2] (11.5-41)«» (U= 19%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=56.52 <= f=140.67[N/mm2] (11.5-42)«» (U= 40.1%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=62.44 <= f=140.67[N/mm2] (11.5-43)«» (U=
44.3%) OK«
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BOLTING UP CONDITION

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ~ 2) (11.5-29) =1*13.19/(1.*1272)= 91.53 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e » 2 * 10) (11.5-30)
=(1.333*38*0.6293+60)*13.19/(1.*38"2*60)= 13.98 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e"2-Sigr*(K"2+1)/(K~2-1) (11.5-31)
=13.063*13.19/3872-13.98*(1.16"2+1)/(1.16"2-1)= 25.04 N/mm2

11.5.4.2 Stress Limits

»Hub Stress k*SigH=91.53 <= 1.5 * MIN(f;fH)=260[N/mm2] (11.5-39)«» (U= 35.2%) OK«

»Radial Stress k*SigR=13.98 <= f=173.33[N/mm2] (11.5-40)« » (U= 8%) OK«

»Tangential Stress k*SigTeta=25.04 <= f=173.33[N/mmz2] (11.5-41)«» (U= 14.4%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=52.75 <= f=173.33[N/mm2] (11.5-42)«» (U= 30.4%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=58.28 <= f=173.33[N/mm2] (11.5-43)«» (U=
33.6%) OK«

»Bolt Stress SigBolt=65. <= SB=83.33[mm] « » (U= 78%) OK«

Volume:0.08 m3  Weight:78 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: F.2 WN - Flange Right flangel S1.2

Location: Along z-axis z1l= 6458

GENERAL DESIGN DATA

PROCESS CARD: Tube Side : Temp= 100°C, P= .4MPa, c= Omm

B: Pressure loading: Flange under internal pressure

BOLT LOAD FROM 2nd. FLANGE - (Oper.Cond.)...........:Wml* 0.00 kN
BOLT LOAD FROM 2nd. FLANGE - (Bolting Up.Cond.).....:Wm2* 0.00 kN
EXTERNAL LOADS ON FLANGE: NO

TYPE OF FLANGE AND GASKET FACING
A: Flange Standard: User Specified Flanges

g0

(al

il

D: Flange Facing (Sketch/Description): la Raised Face

SHELL/NOZZLE DATA

SHELL/NOZZLE SIZE & COMMENT: S1.2

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp=260 Rpt=211 fs=153.33 Fs20=176.67 ftest=265 E=193180(N/mn2) ro=7.93

OUTSIDE DIAMETER OF SHELL/NOZZLE ...................: :Do 908.00 mm
WALL THICKNESS OF NOZZLE/SHELL(uncorroded)..........:sl 4.00 mm
FLANGE DATA

REVERSE FLANGE: No (The bolts are located on the outside)
DESIGN METHOD: A) INTEGRAL FLANGE METHOD

OUTSIDE DIAMETER OF FLANGE. ... ... .. oo ZA 1045.00 mm
THICKNESS OF FLANGE(uncorroded)...... ... oao....z€ 38.00 mm
CORROSION ALLOWANCE FOR FLANGE FACE.................:cF 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 SF0=153.33 SFA=176.67 ftest=265 E=193180(N/mm2) ro=7.93

DATA FOR FLANGE HUB

LENGTH OF HUB. .. .. ... ocieiiiaaaaaaaaaaaaaaaaaann.2zh 85.00 mm
THICKNESS OF HUB AT BACK OF FLANGE corroded.........:gl 12.00 mm
THICKNESS OF HUB AT SMALL END corroded.........1g0 4.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 SHO0=153.33 SHA=176.67 ftest=265 E=193180(N/mm2) ro=7.93
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BOLTING DATA

BOLTING TORQUE CALCULATION: YES
NOMINAL BOLTING SIZE & COMMENT: M20x2.5

EFFECTIVE BOLT AREA per bolt. ... ... ... .............-Ae 225.20 mm2
DIAMETER OF BOLT HOLES IN FLANGE..... ... _............zd 23.00 mm
NUMBER OF BOLTS. .ot ie i it c i cicca e acaeaaaaaaaaIN 28.00
BOLT-CIRCLE DIAMETER. - < o i i e i e c e e e ceeeeaaaaaaat C 995.00 mm
5.6 -2 DIN 267 THK<=30mm 100"C

Rm=500 Rp=300 Rpt=250 Sb=83.33 Sa=100 ftest=150 (N/mm2)

BOLTING-UP METHOD: Wrench, Operator Feel eps= 0.3+0.5* p

FRICTION COEFFICIENT: Normal/Average Conditions p=0.20

GASKET DATA

Table H-1 Gasket factors m & y Facing:

Asbestos 3.2 mm thick m=2.0 Y=11.0 2 1la,1b,1c,1d,4,5
OUTSIDE DIAMETER OF GASKET . . ... ccccicaeaaaaaaa..--:60 970.00 mm
GREATER VALUE OF INSIDE DIAMETER OF GASKET/FLANGE FACE:Al 900.00 mm
CALCULATION DATA

Bolt Outside Diameter db

db = Sqr( 4 * Ae / Pl) =Sqr(4*225.2/3.14)= 16.93 mm
Large Diameter Stress Correction Factor K

k (D < 1000 mm) = 1 =1= 1.00
GASKET DETAILS

b = MIN VALUE(2.52 * Sqgr(bo), bo ) = == 10.54 mm
FLANGE LOADS

H=0.785*G ™~ 2 * p (11.5-5) =0.785%948.92"2*0._4= 282.74 kN
HG =2 *Pl *b*G*m=*p (11.5-6)
=2*3.14*10.54*948.92*2*0.4= 50.27 kN

HD = 0.785 * B ~ 2 * p =0.785*900"2*0.4= 254_.34 kN
HT = H - HD (11.5-11) =282.74-254_.34= 28.40 kN
MOMENT ARMS

hG = (C - G) /7 2 (11.5-14) =(995-948.92)/2= 23.04 mm
hD = (C - B - gl) /7 2 (11.5-12) =(995-900-12)/2= 41.50 mm
hT = (@2 *C-B -06) /74 (11.5-15) =(2*995-900-948.92)/4= 35.27 mm
BOLT LOADS

Operating condition

Wop = H + HG (11.5-8) =282.74+50.27= 333.01 kN
Bolting up condition

Wamb = PI * b * G * y (11.5-7) =3.14*10.54*948.92*11= 345.63 kN
BOLTING AREA

Aml = Wop / Sb =3.3301E05/83.33= 3996.31 mm2
Am2 = Wamb / Sa =3.4563E05/100= 3456.30 mm2
Required Bolting Area Am

Am (Largest value of Aml and Am2)= Am =3996.31= 3996.31 mm2
Available Bolting Area Ab

Ab (num.bolts*root area) = n * Ae =28*225_2= 6305.60 mm2
»Bolting Area Check Ab=6305.6 >= Am[mm2] « » (U= 63.3%) OK«
W=0.5* (Ab + Am) * Sa (11.5-16) =0.5*(6305.6+3996.31)*100= 515.10 kN
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FLANGE MOMENTS

Mop = HD * hD + HT * hT + HG * hG (11.5-18)
=254 .34*41 .5+28.4*35.27+50.27*23.04= 12715.16 Nm

Mamb = W * hG (11.5-17) =515.1*23.04= 11868.79 Nm

Bolt Spacing

Bspc = C * Pl / n =995*3.14/28= 111.64 mm

Bolt Pitch Correction Factor

CF=Sgr(Bspc /7 (2 *db+6 *e / (m+ 0.5))) (11.5-20)
=Sqr(111.64/(2*16.93+6*38/(2+0.5)))= 1.00

Mo = Mop * CF / B (11.5-27) =12715.16*1/900= 14.13 Nm

Ma = Mamb * CF / B (11.5-26) =11868.79*1/900= 13.19 Nm
SHAPE CONSTANTS

K=A/7B (11.5-21) =1045/900= 1.16

lo = SQR( B * go) (11.5-22) =SQR(900*4)= 60.00

h/7lo= 1.417 K=A/B= 1.161 gl/go= 3.000
VALUES FROM FIGURES 11.5-4 to 8

BetaT = 1.854 BetaZ = 6.744 BetaY = 13.063 BetaU = 14_.354
BetaF= 0.629 BetaV = 0.062 phi = 1.000

lamda = (e*BetaF+l10)/(BetaT*lo)+e”"3*BetaV/(BetaU*lo*go”2)
=(38*0.6293+60)/(1-854*60)+38"3*0.0618/ (14 .354*60*4"2)= 1.00
OPERATING CONDITION

M = Mo =14.13= 14.13 Nm

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M /7 (lamda * g1 ™ 2) (11.5-29) =1*14.13/(1.*12"2)= 98.06 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * 10) (11.5-30)
=(1-333*38*0.6293+60)*14.13/(1-*38"2*60)= 14.97 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e”2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.063*14.13/38"2-14.97*(1.16"2+1)/(1.16"2-1)= 26.82 N/mm2

11.5.4.2 Stress Limits

»Hub Stress k*SigH=98.06 <= 1.5 * MIN(f;fH)=211[N/mm2] (11.5-39)«» (U= 46.4%) OK«

»Radial Stress k*SigR=14.97 <= =140.67[N/mm2] (11.5-40)« » (U= 10.6%) OK«

»Tangential Stress k*SigTeta=26.82 <= f=140.67[N/mm2] (11.5-41)«» (U= 19%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=56.52 <= f=140.67[N/mm2] (11.5-42)«» (U= 40.1%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=62.44 <= f=140.67[N/mm2] (11.5-43)«» (U=
44.3%) OK«

BOLTING UP CONDITION

M = Ma =13.19= 13.19 Nm

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*13.19/(1.*12"2)= 91.53 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e ~ 2 * l0) (11.5-30)
=(1.333*38*0.6293+60)*13.19/(1.*38"2*60)= 13.98 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.063*13.19/38"2-13.98*(1.16"2+1)/(1.16"2-1)= 25.04 N/mm2
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11.5.4.2 Stress Limits

»Hub Stress k*SigH=91.53 <= 1.5 * MIN(f;fH)=260[N/mm2] (11.5-39)«» (U= 35.2%) OK«
»Radial Stress k*SigR=13.98 <= f=173.33[N/mm2] (11.5-40)« » (U= 8%) OK«
»Tangential Stress k*SigTeta=25.04 <= f=173.33[N/mm2] (11.5-41)«» (U= 14.4%) OK«

»Radial+Hub Stress 0.5*k*(SigH+SigR)=52.75 <= f=173.33[N/mm2] (11.5-42)«» (U= 30.4%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=58.28 <= f=173.33[N/mm2] (11.5-43)«» (U=
33.6%) OK«

BOLTING-UP TORQUE - EN13445 ANNEX G.8

kB = 1.2 * p * dBO (G.8-5) =1.2*0.2*20= 4.80 mm
Required Minimum Total Pre-Load(Max. of operating and bolting up cond.)
FbOnom (Max. of Wop and Wamb) = FbOreq =345.63= 345.63 kN

epsn =eps * (1 +3 /7 SQR(nNn)) 7 4 (G.6-16)
=0.4*(1+3/SQR(28)) /4= 0.1567

Nominal Total Pre-Load

FbOnom = FbOreq /7 (1 - epsn) (G.6-21) =345.63/(1-0.1567)= 409.85 kN
Nominal Total Pre-Load per Bolt

Fbnom = FbOnom / n =409.85/28= 14.64 kN

Bolt Stress at Nominal Pre-Load
SigBolt = FbOnom /7 (n * Ae) =409.85/(28*225.2)= 65.00 N/mm2

»Bolt Stress SigBolt=65. <= SB=83.33[mm] « » (U= 78%) OK«

Nominal Torque Per Bolt
Mtnom = kB * FbOnom / n =4.8*409.85/28= 70.26 Nm

CALCULATION SUMMARY

BOLTING AREA
»Bolting Area Check Ab=6305.6 >= Am[mm2] « » (U= 63.3%) OK«

OPERATING CONDITION

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ™ 2) (11.5-29) =1*14_13/(1.*12"2)= 98.06 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e » 2 * 10) (11.5-30)
=(1.333*38*0.6293+60)*14.13/(1-.*38"2*60)= 14.97 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e™2-Sigr*(K"2+1)/(K"2-1) (11.5-31)
=13.063*14.13/38"2-14_.97*(1.16"2+1)/(1.16"2-1)= 26.82 N/mm2
11.5.4.2 Stress Limits

»Hub Stress k*SigH=98.06 <= 1.5 * MIN(f;fH)=211[N/mm2] (11.5-39)«» (U= 46.4%) OK«

»Radial Stress k*SigR=14.97 <= f=140.67[N/mm2] (11.5-40)« » (U= 10.6%) OK«

»Tangential Stress k*SigTeta=26.82 <= f=140.67[N/mm2] (11.5-41)«» (U= 19%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=56.52 <= f=140.67[N/mm2] (11.5-42)«» (U= 40.1%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=62.44 <= f=140.67[N/mm2] (11.5-43)«» (U=
44.3%) OK«
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BOLTING UP CONDITION

11.5.4.1 Flange Stresses with Flange Thickness e= 38 mm
Longitudinal Hub Stress

SigH = phi * M / (lamda * g1 ~ 2) (11.5-29) =1*13.19/(1.*1272)= 91.53 N/mm2
Radial Flange Stress

Sigr = (1.333 * e * BetaF + 10) * M /7 (lamda * e » 2 * 10) (11.5-30)
=(1.333*38*0.6293+60)*13.19/(1.*38"2*60)= 13.98 N/mm2
Tangential Flange Stress

SigTeta = BetaY*M/e"2-Sigr*(K"2+1)/(K~2-1) (11.5-31)
=13.063*13.19/3872-13.98*(1.16"2+1)/(1.16"2-1)= 25.04 N/mm2

11.5.4.2 Stress Limits

»Hub Stress k*SigH=91.53 <= 1.5 * MIN(f;fH)=260[N/mm2] (11.5-39)«» (U= 35.2%) OK«

»Radial Stress k*SigR=13.98 <= f=173.33[N/mm2] (11.5-40)« » (U= 8%) OK«

»Tangential Stress k*SigTeta=25.04 <= f=173.33[N/mmz2] (11.5-41)«» (U= 14.4%) OK«
»Radial+Hub Stress 0.5*k*(SigH+SigR)=52.75 <= f=173.33[N/mm2] (11.5-42)«» (U= 30.4%) OK«
»Tangential+Hub Stress 0.5*k*(SigH+SigTeta)=58.28 <= f=173.33[N/mm2] (11.5-43)«» (U=
33.6%) OK«

»Bolt Stress SigBolt=65. <= SB=83.33[mm] « » (U= 78%) OK«

Volume:0.08 m3  Weight:78 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.1 Cylindrical Shell Main Shell
Location: Along z-axis zo= 35

GENERAL DESIGN DATA

FIZED TUBESHEET
Type of Heat Exchanger: 13.5 Fixed Tubesheet Heat Exchangers

Configuration Type:
b Tubesheet integral with shell and gasketed with channel (extended flange)

LOAD CASES

Table LOAD CASES:

Description ID Pt Only(Ps=0&dT=0) Ps Only(Pt=0&dT=0 ) Ps+Pt(dT=0)
Shell-Side Pressure (MPa) Ps 0 8 .8
Tube-Side Pressure (MPa) Pt 4 0 4
Shell-Side Corr.Allow.(mm) cs 0 0 0
Tube-Side Corr.Allow. (mm) ct 0 0 0
Allowable Stress M Factor Mf 1 1 1
Thermal Stress Factor MdT 0 0 0
Mean Shell Temperature('C) Tsm 15 15 15
Mean Tube Temperature (‘'C) Ttm 100 100 100

Table LOAD CASES Continued

Description dT Only(Pt=0&Ps=0) Pt+dT(Ps=0) Ps+dT(Pt=0) Ps+Pt+dT
Shell-Side Pressure (MPa) 0] 0 8 8
Tube-Side Pressure (MPa) 0 4 0 4
Shell-Side Corr.Allow.(mm) 0 0 0 0
Tube-Side Corr.Allow. (mm) 0 0 0 0
Allowable Stress M Factor 1 1 1 1
Thermal Stress Factor 1 1 1 1
Mean Shell Temperature('C) 15 15 15 15
Mean Tube Temperature ('C) 100 100 100 100

DATA FOR TUBESHEET
EN 10028-2:2003, 1.0473 P355GH plate and strip, HT:N THK<=16mm 100"C
Rm=510 Rp=355 Rpt=323 f=212.5 f20=212.5 ftest=338.1 E=206067(N/mm2) ro=7.85

OUTSIDE DIAMETER OF TUBESHEET . ... . ..ot A 1045.00 mm

AS BUILT THICKNESS OF TUBESHEET (uncorroded)........:en 36.00 mm
ELASTIC MODULUS OF TUBESHEET at design temp.........:E 1,9318E05 N/mm2
POISSON®"S RATIO FOR TUBESHEET MATERIAL..............:IV 0.3000
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DATA FOR TUBES AND TUBES LAYOUT

Tube Layout: Triangular Pattern

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp= 260 Rpt=211 ft=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

ELASTIC MODULUS OF TUBES at mean metal temp.........: tEt 1,9318E05 N/mm2
NOMINAL OUTSIDE DIAMETER OF TUBES...................Idt 25.00 mm
TUBE SIZE & COMMENT: S1.1

NOMINAL THICKNESS OF TUBES. .. ... cicoiiiiaaaaa---..eL 1.00 mm
TUBE PITCH (Spacing between centers)................Ip 32.00 mm
DIAMETER OF TUBEHOLE IN TUBESHEET...................:dh 25.10 mm
DIAMETER OF OUTER TUBE LIMIT CIRCLE.................:Do 850.00 mm
NUMBER OF TUBEHOLES IN TUBESHEET....................INt 484 .00 piec
TOTAL UNPERFORATED AREA OF TUBESHEET(Fig.13.7.3-5)..:S 27000.00 mm2
EFFECTIVE DEPTH OF TUBE-SIDE PASS PARTITION GROOVE..:hg 0.00 mm
THERMAL EXPANSION COEF.OF TUBES at mean metal temp..:atm 1,65E-05 mm/mmC
BUCKLING LENGTH (Fig-13.9.3-1). ... .-z 1tbk 1690.00 mm
TUBE LENGTH BETWEEN INNER FACES OF TUBESHEETS.......:L 5930.00 mm
POISSON®S RATIO FOR TUBE MATERIAL. ... ... ..........IVL 0.3000

DATA FOR TUBE TO TUBESHEET JOINT

Tube to Tubesheet Joint: Welded Only
TUBE TO TUBESHEET WELD THROAT THICKNESS.............:at 1.00 mm

SHELL DATA
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 fs=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

INSIDE DIAMETER OF SHELL(corroded)..................: :Ds 900.00 mm
THICKNESS OF SHELL (uncorroded).....................:€es 4.00 mm
ELASTIC MODULUS OF SHELL MATERIAL at mean metal temp:Es 1,9318E05 N/mm2
POISSON®S RATIO FOR SHELL MATERIAL..................IVS 0.3000

THERMAL EXPANSION COEF.OF SHELL at mean metal temp..:asm 1,65E-05 mm/mmC

DATA FOR SHELL ADJACENT TO TUBESHEET

Shell Adjacent to Tubesheet:
Similar Shell Thickness and Material Adjacent to Tubesheet

CHANNEL DATA

EN 10028-2:2003, 1.0473 P355GH plate and strip, HT:N THK<=16mm 100°C
Rm=510 Rp=355 Rpt=323 fc=212.5 f20=212.5 ftest=338.1 E=206067(N/mm2) ro=7.85

INSIDE DIAMETER OF CHANNEL(corroded)................: :Dc 900.00 mm
THICKNESS OF CHANNEL (uncorroded)...................ZeC 4.00 mm
ELASTIC MODULUS OF CHANNEL at design temp...........:Ec 1,9318E05 N/mm2
POISSON®S RATIO FOR CHANNEL MATERIAL................IVC 0.3000

FLANGE DATA

Include Flange Calculation for Flanged Extension of Tubesheet: NO
Gasket Type for Flange: Narrow Face Gasket
DIAMETER OF CHANNEL GASKET LOAD REACTION............:GcC 935.00 mm

DATA FOR EXPANSION BELLOW

Expansion Bellow: Fixed Tubesheet Including Expansion Bellow
Bellow Data: User Specified Data

INSIDE DIAMETER OF EXP.BELLOW CONVOLUTION(Fig.13.5.3-1):Dj 900.00 mm
HEIGHT OF EXPANSION BELLOWS(Ref.clause 14)..........: twj 158.00 mm
AXTAL RIGIDITY OF EXPANSION BELLOW. ... .............. :Kj 3750.00 N/mm

CALCULATION DATA

LOAD CASE: Pt Only(Ps=0&dT=0)
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PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=32/Sqr (1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)
Estar = Estar * E =0.2298*193180= 44392.29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar
Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*36"3)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( ¥ , ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0*2572-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= -2.20 N/mm2
Sigtcr = PIN2*Et/1tbk"2*(dt"2+(dt-2*et)”2) /16 (13.9.3-6)
=3.1472*193180/1690"2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

Tftbk = (O*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*-2.2+(211-Abs(1-.1*-2.2))/Sqr (1+(((1+0.089)*211-Abs(1.1*-2.2))/48.15)"
2))/1.1= = 37.08 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm

Tubesheet Drilling Coefficients
xs =1 - Nt * (dt /7 De) ™ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 - Nt * ((dt - 2 *et) / De) ™2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = PlI *et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks / (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (P1 * De ~ 2) (13.5.4-10)
=8*484*2456.23/(3.14*917 .5"2)= 3.60 N/mm3

J=1/7 (1 + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100

Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ™~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell
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ks = 2*Es*(es)”"2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+0)/(3.6"0.25*2_0019E08"0.75)= 0.0295

Fq (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*0= 0.00 mm
Tmpl =J *Kst/ (1 +J * Kst * Fq)
=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78
Tmp3 = xt + 2 * vt * (1 - xt) + 17/ (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11
Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-900"2) /900" 2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0-0.0031*321.11*0.4+0.0031*3.6/2*0=-_.3962 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.3962= -72.67 N/mm2

»Tubesheet Bending Stress Sigma=72.67 <= 1.5 * f=318.75[N/mm2] (13.5.5-3)«» (U= 22.7%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.3962= -10.69 N/mm2

»Tubesheet Shear Stress Tau=10.69 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 6.2%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6407-0.4*0.6958)--0.3962*3.97)/(0.6958-0.6407)= 23.43 N/mm2

»Tube Axial Stress Sigto=23.43 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 15.2%)0OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6407-0.4*0.6958)--0.3962*-0.5497)/(0.6958-0.6407)= -8.99 N/mm2

»Tube Buckling Stress Sigti=8.99 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 24.2%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0*25)/(2*1)= 4.60 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0.4+0)/2= -.2 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.99-4.6,-8.99--0.2,4.6--0.2,23.43-4.6,23.43--0.2= 23.63 N/mm2
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»Eqvivalent Tube Stress Sigteq=23.63 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 15.4%) OK«
13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds A2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0.4+-0.3962)/(4*4*(900+4))= 0.2134 N/mm2

13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0*900/(2*4)= 0.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0/2= 0.00 N/mm2
Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(0.2134-0,0.2134-0,0-0)= 0.2134 N/mm2

»Eqvivalent Shell Stress Sigseq=0.2134 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=.1%) OK«
11 = HinF*2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))=  60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*-0.3962/60.8= -85.71 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--85.71+0,0+-85.71)= 85.71 N/mm2

»Eqvivalent Shell Stress Sigseq1=85.71 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 18.6%) OK«

LOAD CASE: Ps Only(Pt=0&dT=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=32/5qr(1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)

Estar = Estar * E =0.2298*193180= 44392 .29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)
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13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*3673)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( ¥ , ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)”"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0.8*25"2-0*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 5.21 N/mm2
Sigtcr = PIN2*Et/1tbk A2*(dt 2+(dt-2*%et)"2)/16 (13.9.3-6)
=3.1472*193180/1690"2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)”2))/x
(13.9.3-7)
=(1.1*5.21+(211-Abs(1.1*5.21))/Sqr(1+(((1+0.089)*211-Abs(1.1*5.21))/48_15)"
2))/1.1= = 44.41 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm

Tubesheet Drilling Coefficients
xs =1 - Nt * (dt / De) ~ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 - Nt * ((dt - 2 * et) / De) ™ 2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = Pl * et * (dt - et) * Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =Pl *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De ™ 2) (13.5.4-10)
=8*484*2456 .23/ (3.14*917 .572)= 3.60 N/mm3

J=1/7 @ + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell

ks = 2*Es*(es)"2.5/((12*(1-vs™2))"0.75*(Ds+es)™0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) /7 (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+0)/(3.6"0.25*2_0019E08"0.75)= 0.0295

Fq (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*0= 0.00 mm
Tmpl = J *Kst /7 (1 + 3 * Kst * Fq)
=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 * vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78
Tmp3 = xt + 2 * vt * (1 - xt) +1 /7 (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11
Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.11*0+0.0031*3.6/2*0=-_.316 MPa
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13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1 / (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447

Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.316= -57.97 N/mm2

»Tubesheet Bending Stress Sigma=57.97 <= 1.5 * f=318.75[N/mm2] (13.5.5-3)«» (U= 18.1%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.316= -8.53 N/mm2

»Tubesheet Shear Stress Tau=8.53 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 5%)0K«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xS) (13.5.6-1)
=((0.8*0.6407-0*0.6958)--0.316*3.97)/(0.6958-0.6407)= 32.00 N/mm2

»Tube Axial Stress Sigto=32. <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 20.8%) OK«

For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6407-0*0.6958)--0.316*-0.5497)/(0.6958-0.6407)= 6.14 N/mm2

»Tube Axial Stress Sigti=6.14 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 4%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0*(25-2*1)-0.8*25)/(2*1)= -10.00 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0+0.8)/2= -.4 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(6.14--10,6.14--0.4,-10--0.4,32.--10,32.--0.4= 42_.00 N/mm2

»Eqvivalent Tube Stress Sigteq=42. <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 27.3%) OK«
13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)

=900"2*(0+-0.316)/(4*4*(900+4))= -17.70 N/mm2

Permissible buckling stress for shell

fsbk = K * es *Es / (4 * (Ds + es)) (13.5.7-3)

=1*4*193180/ (4*(900+4))= 213.69 N/mm2
»Compressive Stress in Shell Sigsm=17.7 <= fsbk=213.69[N/mm2] (13.5.7-2)«» (U= 8.2%) OK«
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2

Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)

=MAX(-17.7-90,-17.7--0.4,90--0.4)= 107.70 N/mm2
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»Eqvivalent Shell Stress Sigseq=107.7 <= fs=153.33[N/mm2] (13.5.7-7)«» (U= 70.2%) OK«
11 = HinF*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))=  60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) 2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*-0.316/60.8= -68.37 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--68.37+0.8,0+-68.37)= 69.17 N/mm2

»Eqvivalent Shell Stress Sigseq1=69.17 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 15%) OK«

LOAD CASE: Ps+Pt(dT=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/(P1*Do"2)) (13.7.7-4)
=32/Sqr (1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)
Estar = Estar * E =0.2298*193180= 44392.29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*36"3)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( f , ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MIN( fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt 2-(dt-2*et)"2) (13.9.3-5)
=(0.8%25"2-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 3.00 N/mm2
Sigtcr = PIN2*EL/1tbkA2*(dt"2+(dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690/2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*3.+(211-Abs(1.1*3.))/Sqr (1+(((1+0.089)*211-Abs(1.1*3.))/48.15)"2)) /1.
1= = 42.27 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm
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Tubesheet Drilling Coefficients
Xs =1 - Nt * (dt / De) ™ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 - Nt * ((dt - 2 *et) / De) N2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = Pl *et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (PI * De ™ 2) (13.5.4-10)
=8*484*2456.23/(3.14*917 .5"2)= 3.60 N/mm3

J=1/7 (1 + Ks 7/ Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ™~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell

ks = 2*Es*(es)”™2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) /7 (Kw ~ 0.25 * Dstar ™~ 0.75) (13.5.4-17)
=(68452.76+0)/(3.6"0.25*2_0019E08"0.75)= 0.0295

Fg (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*0= 0.00 mm
Tmpl =J *Kst /7 (1 +J * Kst * Fq)
=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78
Tmp3 = xt + 2 * vt * (1 - xt) +1 7/ (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11
Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.11*0.4+0.0031*3.6/2*0=-_.7122 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.7122= -130.64 N/mm2

»Tubesheet Bending Stress Sigma=130.64 <= 1.5 * f=318.75[N/mm2] (13.5.5-3)«» (U= 40.9%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.7122= -19.22 N/mm2

»Tubesheet Shear Stress Tau=19.22 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 11.3%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6407-0.4*0.6958)--0.7122*3.97)/(0.6958-0.6407)= 55.43 N/mm2
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»Tube Axial Stress Sigto=55.43 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 36.1%)0OK«

For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xS) (13.5.6-2)
=((0.8*0.6407-0.4*0.6958)--0.7122*-0.5497)/(0.6958-0.6407)= -2.85 N/mm2

»Tube Buckling Stress Sigti=2.85 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 6.7%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0.8*25)/(2*1)= -5.40 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0.4+0.8)/2= -.6 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-2.85--5.4,-2.85--0.6,-5.4--0.6,55.43--5.4,55.43--0.6= 60.83 N/mm2

»Eqvivalent Tube Stress Sigteq=60.83 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 39.6%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)

=90072*(0.4+-0.7122)/ (4*4*(900+4))= -17.48 N/mm2

Permissible buckling stress for shell

fsbk = K * es *Es /7 (4 * (Ds + es)) (13.5.7-3)

=1*4*193180/ (4*(900+4))= 213.69 N/mm2
»Compressive Stress in Shell Sigsm=17.48 <= fshk=213.69[N/mmz2] (13.5.7-2)«»(U= 8.1%) OK«
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2

Mean radial stress in shell

Sigsr = - Ps /7 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)

=MAX(-17.48-90,-17.48--0.4,90--0.4)= 107.48 N/mm2

»Eqvivalent Shell Stress Sigseq=107.48 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=70%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))=  60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*-0.7122/60.8= -154.08 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--154.08+0.8,0+-154.08)= 154.88 N/mm2

»Eqvivalent Shell Stress Sigseq1=154.88 <= 3*fs=459.99[N/mm2] (13.5.7-12)«»(U= 33.6%) OK«

LOAD CASE: dT Only(Pt=0&Ps=0)
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PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=32/Sqr (1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)

Estar = Estar * E =0.2298*193180= 44392 .29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*3673)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MINC ¥, ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MIN(C fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0*2572-0*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 0.00 N/mm2
Sigtcr = PIN2*Et/1tbk"2*(dt 2+ (dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690M2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*0+(211-Abs(1.1*0))/Sar (1+(((1+0.089)*211-Abs(1.1*0))/48.15)"2))/1.1

= 39.34 N/mm2

Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm

Tubesheet Drilling Coefficients
xs = 1 - Nt * (dt / De) ~ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 -Nt™>* ((dt - 2*et) /De) ~2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = Pl *et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3_7007E05/(484*2456._.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De ™ 2) (13.5.4-10)
=8*484*2456.23/(3.14*917 .5"2)= 3.60 N/mm3

J=1/7 A + Ks / Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ™~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell

ks = 2*Es*(es)”2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
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=2*193180*(4)"2.5/((12*(1-0.372))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) /7 (Kw ~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452_.76+0)/(3-.670.25*2_0019E08"0.75)= 0.0295

Fq (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl =J *Kst /7 (1 +J * Kst * Fq)
=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78
Tmp3 = xt + 2 * vt * (1 - xt) + 17/ (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11
Tmp4 = (1-3)/(*I*Kst)*((Dj+2*wj)2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-900"2) /900" 2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0-0.0031*321.11*0+0.0031*3.6/2*8.32=0.0461 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1 / (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*0.0461= 8.46 N/mm2

»Tubesheet Bending Stress Sigma=8.46 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 1.7%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*0.0461= 1.24 N/mm2

»Tubesheet Shear Stress Tau=1.24 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= .7%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6407-0*0.6958)-0.0461*3.97)/(0.6958-0.6407)= -3.32 N/mm2

»Tube Buckling Stress Sigto=3.32 <= ftbk=39.34[N/mm2] (13.5.6-5)«» (U= 8.4%) OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6407-0*0.6958)-0.0461*-0.5497)/(0.6958-0.6407)= 0.4594 N/mm2

»Tube Axial Stress Sigti=0.4594 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= .2%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * etb) (13.5.6-8)
=(0*(25-2*1)-0*25)/(2*1)= 0.00 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0+0)/2= 0.00 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(0.4594-0,0.4594-0,0-0,-3.32-0,-3.32-0= 3.32 N/mm2
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»Eqvivalent Tube Stress Sigteq=3.32 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U=1.4%) OK«
13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds A2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0+0.0461)/(4*4*(900+4))= 2.58 N/mm2

13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0*900/(2*4)= 0.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0/2= 0.00 N/mm2
Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(2.58-0,2.58-0,0-0)= 2.58 N/mm2

»Eqvivalent Shell Stress Sigseq=2.58 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U=1.1%) OK«
11 = HinF*2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))=  60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) 2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*0.0461/60.8= 9.98 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0-9.98+0,0+9.98)= 9.98 N/mm2

»Eqvivalent Shell Stress Sigseq1=9.98 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 2.1%) OK«

LOAD CASE: Pt+dT(Ps=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=32/Sqr (1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)

Estar = Estar * E =0.2298*193180= 44392 .29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)
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13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*3673)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( ¥ , ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)”"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0*2572-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= -2.20 N/mm2
Sigtcr = PIN2*Et/1tbk A2* (dt 2+(dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690"2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)”2))/x
(13.9.3-7)
=(1.1*-2.2+(211-Abs(1.1*-2_2))/Sqr(1+(((1+0.089)*211-Abs(1.1*-2.2))/48_15)"
2))/1.1= = 37.08 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm

Tubesheet Drilling Coefficients
xs =1 - Nt * (dt / De) ~ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 - Nt * ((dt - 2 * et) / De) ™ 2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = Pl * et * (dt - et) * Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =Pl *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De ™ 2) (13.5.4-10)
=8*484*2456 .23/ (3.14*917 .572)= 3.60 N/mm3

J=1/7 @ + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell

ks = 2*Es*(es)"2.5/((12*(1-vs™2))"0.75*(Ds+es)™0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) /7 (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+0)/(3.6"0.25*2_0019E08"0.75)= 0.0295

Fq (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl = J *Kst /7 (1 + 3 * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 * vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) +1 /7 (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11

Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0-0.0031*321.11*0.4+0.0031*3.6/2*8_32=-_.3501 MPa

24 T.1 Tubesheet Left tubesheet Umax= 70.2% Page: 72




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44D-02 Operator :BOO Rev.:C

EN13445 - 13.5 Fixed Tubesheet Heat Exchangers

T.1 Left tubesheet 26 Apr. 2005 10:20 ConnID:S1.1  PC#2

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1 / (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447

Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.3501= -64.21 N/mm2

»Tubesheet Bending Stress Sigma=64.21 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 13.4%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.3501= -9.45 N/mm2

»Tubesheet Shear Stress Tau=9.45 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 5.5%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6407-0.4*0.6958)--0.3501*3.97)/(0.6958-0.6407)= 20.12 N/mm2

»Tube Axial Stress Sigto=20.12 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 13.1%)0K«

For the iInner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6407-0.4*0.6958)--0.3501*-0.5497)/(0.6958-0.6407)= -8.53 N/mm2

»Tube Buckling Stress Sigti=8.53 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 23%)0OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0*25)/(2*1)= 4.60 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0.4+0)/2= -.2 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.53-4.6,-8.53--0.2,4.6--0.2,20.12-4.6,20.12--0.2= 20.32 N/mm2

»Eqvivalent Tube Stress Sigteq=20.32 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 8.8%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)

=900"2*(0.4+-0.3501)/ (4*4*(900+4))= 2.80 N/mm2
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0*900/(2*4)= 0.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0/2= 0.00 N/mm2
Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)

=MAX(2.8-0,2.8-0,0-0)= 2.80 N/mm2
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»Eqvivalent Shell Stress Sigseq=2.8 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U= 1.2%) OK«
11 = HinF*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))= 60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) 2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*-0.3501/60.8= -75.73 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--75.73+0,0+-75.73)= 75.73 N/mm2

»Eqvivalent Shell Stress Sigseq1=75.73 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 16.4%) OK«

LOAD CASE: Ps+dT(Pt=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/(P1*Do"2)) (13.7.7-4)
=32/Sqr (1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)
Estar = Estar * E =0.2298*193180= 44392.29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*36"3)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( f , ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MIN( fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt 2-(dt-2*et)"2) (13.9.3-5)
=(0.8%*25"2-0*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 5.21 N/mm2
Sigtcr = PIN2*Et/1tbk A2*(dt"2+(dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690/2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*5.21+(211-Abs(1.1*5.21))/Sqr (1+(((1+0.089)*211-Abs(1.1*5.21))/48_15)"
2))/1.1= = 44.41 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm
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Tubesheet Drilling Coefficients
Xs =1 - Nt * (dt / De) ™ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 - Nt * ((dt - 2 *et) / De) N2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = Pl *et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (PI * De ™ 2) (13.5.4-10)
=8*484*2456.23/(3.14*917 .5"2)= 3.60 N/mm3

J=1/7 (1 + Ks 7/ Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ™~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell

ks = 2*Es*(es)”™2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) /7 (Kw ~ 0.25 * Dstar ™~ 0.75) (13.5.4-17)
=(68452.76+0)/(3.6"0.25*2_0019E08"0.75)= 0.0295

Fg (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl =J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) +1 7/ (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11

Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.11*0+0.0031*3.6/2*8.32=-_.2699 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.2699= -49.51 N/mm2

»Tubesheet Bending Stress Sigma=49.51 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 10.3%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.2699= -7.28 N/mm2

»Tubesheet Shear Stress Tau=7.28 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 4.2%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6407-0*0.6958)--0.2699*3.97)/(0.6958-0.6407)= 28.68 N/mm2
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»Tube Axial Stress Sigto=28.68 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 18.7%)0OK«

For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xS) (13.5.6-2)
=((0.8*0.6407-0*0.6958)--0.2699*-0.5497)/(0.6958-0.6407)= 6.60 N/mm2

»Tube Axial Stress Sigti=6.6 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 4.3%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0*(25-2*1)-0.8*25)/(2*1)= -10.00 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0+0.8)/2= -.4 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(6.6--10,6.6--0.4,-10--0.4,28.68--10,28.68--0.4= 38.68 N/mm2

»Eqvivalent Tube Stress Sigteq=38.68 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 16.8%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)

=90072*(0+-0.2699)/ (4*4*(900+4))= -15.11 N/mm2

Permissible buckling stress for shell

fsbk = K * es *Es /7 (4 * (Ds + es)) (13.5.7-3)

=1*4*193180/ (4*(900+4))= 213.69 N/mm2
»Compressive Stress in Shell Sigsm=15.11 <= fsbk=213.69[N/mm2] (13.5.7-2)«»(U= 7%) OK«
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2

Mean radial stress in shell

Sigsr = - Ps /7 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)

=MAX(-15.11-90,-15.11--0.4,90--0.4)= 105.11 N/mm2

»Eqvivalent Shell Stress Sigseq=105.11 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U= 45.7%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))=  60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*-0.2699/60.8= -58.39 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--58.39+0.8,0+-58.39)= 59.19 N/mm2

»Eqvivalent Shell Stress Sigseq1=59.19 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 12.8%) OK«

LOAD CASE: Ps+Pt+dT
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PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =36-0-0= 36.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(32-25)/32= 0.2188

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/36= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/212.5)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=32/Sqr (1-4*MIN(27000,4*850*32)/(3.14*850"2))= 32.79 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.79-25)/32.79=0.2376

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-1a) = 0.2298(e/p=1.13)
Estar = Estar * E =0.2298*193180= 44392.29 N/mm2
vstar from figure 13.7.8-1b) = 0.3713(e/p=1.13)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(44392.29*3673)/(12*(1-0.3713"2))= 2,0019E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MINC ¥, ft) (13.8.2-1) =MIN(212.5,153.33)= 153.33 N/mm2

ftj = MIN(C fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0.8*25"2-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 3.00 N/mm2
Sigtcr = PIN2*Et/1tbk"2*(dt 2+ (dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690M2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)
=(1.1*3.+(211-Abs(1.1*3.))/Sqr(1+(((1+0.089)*211-Abs(1.1*3.))/48.15)"2))/1.
1= = 42 .27 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Gc) / 2 (13.5.4-2) =(900+935)/2= 917.50 mm

Tubesheet Drilling Coefficients
xs = 1 - Nt * (dt / De) ~ 2 (13.5.4-5) =1-484*(25/917.5)"2=0.6407

xt =1 -Nt™>* ((dt - 2*et) /De) ~2 (13.5.4-6)
=1-484*((25-2*1)/917 .5)"2= 0.6958

Axial Rigidites

Kt = Pl *et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3_7007E05/(484*2456._.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De ™ 2) (13.5.4-10)
=8*484*2456.23/(3.14*917 .5"2)= 3.60 N/mm3

J=1/7 A + Ks / Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ™~ 0.25 * De / 2 (13.5.4-12)
=(3.6/2.0019E08)"0.25*917 .5/2= 5.31

Bending Rigidity for Shell

ks = 2*Es*(es)”2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
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=2*193180*(4)"2.5/((12*(1-0.372))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) /7 (Kw ~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452_.76+0)/(3-.670.25*2_0019E08"0.75)= 0.0295

Fq (from figure 13.5.4-1) = 3.9672
H (from figure 13.5.5-1) = 3.7265
Fi (from figure 13.5.6-1) = -.5497

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl =J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.97)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6407+2*0.3*(1-0.6407)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) + 17/ (J * Kst)
=0.6958+2*0.3*(1-0.6958)+1/(0.01*0.3113)= 321.11

Tmp4 = (1-3)/(*I*Kst)*((Dj+2*wj)2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-900"2) /900" 2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.11*0.4+0.0031*3.6/2*8.32=-.6661 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1 / (6 * H) (13.5.5-2) =1/(6*3.73)= 0.0447
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.6661= -122.18 N/mm2

»Tubesheet Bending Stress Sigma=122.18 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 25.5%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.6661= -17.97 N/mm2

»Tubesheet Shear Stress Tau=17.97 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 10.5%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6407-0.4*0.6958)--0.6661*3.97)/(0.6958-0.6407)= 52.12 N/mm2

»Tube Axial Stress Sigto=52.12 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 33.9%)0K«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6407-0.4*0.6958)--0.6661*-0.5497)/(0.6958-0.6407)= -2.39 N/mm2

»Tube Buckling Stress Sigti=2.39 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 5.6%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0.8*25)/(2*1)= -5.40 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0.4+0.8)/2= -.6 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-2.39--5.4,-2.39--0.6,-5.4--0.6,52.12--5.4,52_.12--0.6= 57.52 N/mm2
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»Eqvivalent Tube Stress Sigteq=57.52 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 25%) OK«
13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds A2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900"2*(0.4+-0.6661)/(4*4*(900+4))= -14.90 N/mm2
Permissible buckling stress for shell

fsbk = K * es *Es /7 (4 * (Ds + es)) (13.5.7-3)
=1*4*193180/ (4*(900+4))= 213.69 N/mm2

»Compressive Stress in Shell Sigsm=14.9 <= fsbk=213.69[N/mmz2] (13.5.7-2)«» (U= 6.9%) OK«
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds /7 (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-14.9-90,-14.9--0.4,90--0.4)= 104.90 N/mm2

»Equivalent Shell Stress Sigseq=104.9 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U= 45.6%) OK«
11 = HinF*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.51*(2*2.14/(5.31*0.0295)+(1-(1-0.3713)/(5.31*0.0295)))=  60.80

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) 2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+0)*(917.5/(2*4))"2*-0.6661/60.8= -144_.10 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--144.1+0.8,0+-144_1)= 144 .90 N/mm2

»Eqvivalent Shell Stress Sigseql1=144.9 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 31.5%) OK«

CALCULATION SUMMARY

LOAD CASE: Pt Only(Ps=0&dT=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.3962= -72.67 N/mm2

»Tubesheet Bending Stress Sigma=72.67 <= 1.5 * f=318.75[N/mm2] (13.5.5-3)«» (U= 22.7%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.3962= -10.69 N/mm2

»Tubesheet Shear Stress Tau=10.69 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 6.2%) OK«

13.5.6 TUBE DESIGN
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13.5.6.1 Axial Membrane Stress

For the outer most tube

Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6407-0.4*0.6958)--0.3962*3.97)/(0.6958-0.6407)= 23.43 N/mm2

»Tube Axial Stress Sigto=23.43 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 15.2%)0OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6407-0.4*0.6958)--0.3962*-0.5497)/(0.6958-0.6407)= -8.99 N/mm2

»Tube Buckling Stress Sigti=8.99 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 24.2%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.99-4.6,-8.99--0.2,4.6--0.2,23.43-4.6,23.43--0.2= 23.63 N/mm2

»Equivalent Tube Stress Sigteq=23.63 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 15.4%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0.4+-0.3962)/(4*4*(900+4))= 0.2134 N/mm2

»Compressive Stress in Shell Sigsm=0 <= fsbk=1000[N/mm2] (13.5.7-2)«» (U= 0%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(0.2134-0,0.2134-0,0-0)= 0.2134 N/mm2

»Eqvivalent Shell Stress Sigseq=0.2134 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=.1%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--85.71+0,0+-85.71)= 85.71 N/mm2

»Eqvivalent Shell Stress Sigseq1=85.71 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 18.6%) OK«

LOAD CASE: Ps Only(Pt=0&dT=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5%0.0447/0.2376*(917.5/(36-0))"2*-0.316= -57.97 N/mm2

»Tubesheet Bending Stress Sigma=57.97 <= 1.5 * f=318.75[N/mm2] (13.5.5-3)«» (U= 18.1%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.316= -8.53 N/mm2
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»Tubesheet Shear Stress Tau=8.53 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 5%)O0K«
13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6407-0*0.6958)--0.316*3.97)/(0.6958-0.6407)= 32.00 N/mm2

»Tube Axial Stress Sigto=32. <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 20.8%) OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6407-0*0.6958)--0.316*-0.5497)/(0.6958-0.6407)= 6.14 N/mm2

»Tube Axial Stress Sigti=6.14 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 4%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(6.14--10,6.14--0.4,-10--0.4,32.--10,32.--0.4= 42.00 N/mm2

»Eqvivalent Tube Stress Sigteq=42. <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 27.3%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900M2*(0+-0.316)/(4*4*(900+4))= -17.70 N/mm2

»Compressive Stress in Shell Sigsm=17.7 <= fsbk=213.69[N/mm2] (13.5.7-2)«» (U= 8.2%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-17.7-90,-17.7--0.4,90--0.4)= 107.70 N/mm2

»Eqvivalent Shell Stress Sigseq=107.7 <= fs=153.33[N/mm2] (13.5.7-7)«» (U= 70.2%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--68.37+0.8,0+-68.37)= 69.17 N/mm2

»Eqvivalent Shell Stress Sigseq1=69.17 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 15%) OK«

LOAD CASE: Ps+Pt(dT=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.7122= -130.64 N/mm2
»Tubesheet Bending Stress Sigma=130.64 <= 1.5 * f=318.75[N/mm2] (13.5.5-3)«» (U= 40.9%)
OK«
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13.5.5.2 Shear Stress in Tubesheet (Tau)

Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.7122= -19.22 N/mm2

»Tubesheet Shear Stress Tau=19.22 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 11.3%) OK«
13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6407-0.4*0.6958)--0.7122*3.97)/(0.6958-0.6407)= 55.43 N/mm2

»Tube Axial Stress Sigto=55.43 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 36.1%)0OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6407-0.4*0.6958)--0.7122*-0.5497)/(0.6958-0.6407)= -2.85 N/mm2

»Tube Buckling Stress Sigti=2.85 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 6.7%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-2.85--5.4,-2.85--0.6,-5.4--0.6,55.43--5.4,55_.43--0.6= 60.83 N/mm2

»Eqvivalent Tube Stress Sigteq=60.83 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 39.6%) OK«

13.5.7 SHELL DESIGN

13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds * 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0.4+-0.7122)/ (4*4*(900+4))= -17.48 N/mm2

»Compressive Stress in Shell Sigsm=17.48 <= fshk=213.69[N/mm2] (13.5.7-2)«»(U= 8.1%) OK«

13.5.7.1.2 Eqvivalent Stress
Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-17.48-90,-17.48--0.4,90--0.4)= 107.48 N/mm2

»Eqvivalent Shell Stress Sigseq=107.48 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=70%) OK«
13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--154.08+0.8,0+-154.08)= 154.88 N/mm2

»Eqvivalent Shell Stress Sigseq1=154.88 <= 3*fs=459.99[N/mm2] (13.5.7-12)«»(U= 33.6%) OK«

LOAD CASE: dT Only(Pt=0&Ps=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*0.0461= 8.46 N/mm2
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»Tubesheet Bending Stress Sigma=8.46 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 1.7%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*0.0461= 1.24 N/mm2

»Tubesheet Shear Stress Tau=1.24 <= 0.8 * f=170[N/mmz2] (13.5.5-8)«» (U=.7%) OK«

13.5.6 TUBE DESIGN

13.5.6.1 Axial Membrane Stress

For the outer most tube

Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6407-0*0.6958)-0.0461*3.97)/(0.6958-0.6407)= -3.32 N/mm2

»Tube Buckling Stress Sigto=3.32 <= ftbk=39.34[N/mm2] (13.5.6-5)«» (U= 8.4%) OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xs) (13.5.6-2)
=((0*0.6407-0*0.6958)-0.0461*-0.5497)/(0.6958-0.6407)= 0.4594 N/mm2

»Tube Axial Stress Sigti=0.4594 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= .2%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(0.4594-0,0.4594-0,0-0,-3.32-0,-3.32-0= 3.32 N/mm2

»Eqvivalent Tube Stress Sigteq=3.32 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U=1.4%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900M2*(0+0.0461)/ (4*4*(900+4))= 2.58 N/mm2

»Compressive Stress in Shell Sigsm=0 <= fsbk=1000[N/mm2] (13.5.7-2)«» (U= 0%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(2.58-0,2.58-0,0-0)= 2.58 N/mm2

»Eqvivalent Shell Stress Sigseq=2.58 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U=1.1%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0-9.98+0,0+9.98)= 9.98 N/mm2

»Eqvivalent Shell Stress Sigseq1=9.98 <= 3*fs=459.99[N/mmz2] (13.5.7-12)«» (U= 2.1%) OK«

LOAD CASE: Pt+dT(Ps=0)

13.5.4.4 Effective Pressure Pe
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13.5.5.1 Bending Stress in Tubesheet (Sigma)

Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0447/0.2376*(917.5/(36-0))"2*-0.3501= -64.21 N/mm2

»Tubesheet Bending Stress Sigma=64.21 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 13.4%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do /7 (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.3501= -9.45 N/mm2

»Tubesheet Shear Stress Tau=9.45 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 5.5%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xS) (13.5.6-1)
=((0*0.6407-0.4*0.6958)--0.3501*3.97)/(0.6958-0.6407)= 20.12 N/mm2

»Tube Axial Stress Sigto=20.12 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 13.1%)0OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6407-0.4*0.6958)--0.3501*-0.5497)/(0.6958-0.6407)= -8.53 N/mm2

»Tube Buckling Stress Sigti=8.53 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 23%)0OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.53-4.6,-8.53--0.2,4.6--0.2,20.12-4.6,20.12--0.2= 20.32 N/mm2

»Eqvivalent Tube Stress Sigteq=20.32 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 8.8%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900M2*(0.4+-0.3501)/(4*4*(900+4))= 2.80 N/mm2

»Compressive Stress in Shell Sigsm=0 <= fsbk=1000[N/mm2] (13.5.7-2)«» (U= 0%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(2.8-0,2.8-0,0-0)= 2.80 N/mm2

»Eqvivalent Shell Stress Sigseq=2.8 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U= 1.2%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqgvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--75.73+0,0+-75.73)= 75.73 N/mm2

»Eqvivalent Shell Stress Sigseq1=75.73 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 16.4%) OK«
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LOAD CASE: Ps+dT(Pt=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5%*0.0447/0.2376*(917.5/(36-0))"2*-0.2699= -49.51 N/mm2
»Tubesheet Bending Stress Sigma=49.51 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 10.3%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.2699= -7.28 N/mm2

»Tubesheet Shear Stress Tau=7.28 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 4.2%) OK«
13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - Xxs) (13.5.6-1)
=((0.8*0.6407-0*0.6958)--0.2699*3.97)/(0.6958-0.6407)= 28.68 N/mm2

»Tube Axial Stress Sigto=28.68 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 18.7%)0OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6407-0*0.6958)--0.2699*-0.5497)/(0.6958-0.6407)= 6.60 N/mm2

»Tube Axial Stress Sigti=6.6 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 4.3%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(6.6--10,6.6--0.4,-10--0.4,28.68--10,28.68--0.4= 38.68 N/mm2

»Eqvivalent Tube Stress Sigteq=38.68 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 16.8%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0+-0.2699)/ (4*4*(900+4))= -15.11 N/mm2

»Compressive Stress in Shell Sigsm=15.11 <= fshk=213.69[N/mm2] (13.5.7-2)«»(U= 7%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-15.11-90,-15.11--0.4,90--0.4)= 105.11 N/mm2

»Eqvivalent Shell Stress Sigseq=105.11 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U= 45.7%) OK«
13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--58.39+0.8,0+-58.39)= 59.19 N/mm2
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»Equivalent Shell Stress Sigseq1=59.19 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 12.8%) OK«

LOAD CASE: Ps+Pt+dT
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)

=1.5%0.0447/0.2376*(917.5/(36-0))"2*-0.6661= -122.18 N/mm2

»Tubesheet Bending Stress Sigma=122.18 <= 2.25 * f=478.13[N/mm2] (13.5.5-4)«» (U= 25.5%)
OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2188*36)*-0.6661= -17.97 N/mm2

»Tubesheet Shear Stress Tau=17.97 <= 0.8 * f=170[N/mm2] (13.5.5-8)«» (U= 10.5%) OK«

13.5.6 TUBE DESIGN

13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6407-0.4*0.6958)--0.6661*3.97)/(0.6958-0.6407)= 52.12 N/mm2

»Tube Axial Stress Sigto=52.12 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 33.9%)0K«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xS) (13.5.6-2)
=((0.8*0.6407-0.4*0.6958)--0.6661*-0.5497)/(0.6958-0.6407)= -2.39 N/mm2

»Tube Buckling Stress Sigti=2.39 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 5.6%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-2.39--5.4,-2.39--0.6,-5.4--0.6,52.12--5.4,52_.12--0.6= 57.52 N/mm2

»Eqvivalent Tube Stress Sigteq=57.52 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 25%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds A2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0.4+-0.6661)/(4*4*(900+4))= -14.90 N/mm2

»Compressive Stress in Shell Sigsm=14.9 <= fsbk=213.69[N/mm2] (13.5.7-2)«» (U= 6.9%) OK«

13.5.7.1.2 Eqvivalent Stress
Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-14.9-90,-14.9--0.4,90--0.4)= 104.90 N/mm2

»Eqvivalent Shell Stress Sigseq=104.9 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U= 45.6%) OK«

24 T.1 Tubesheet Left tubesheet Umax= 70.2% Page: 86




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44D-02 Operator :BOO Rev.:C

EN13445 - 13.5 Fixed Tubesheet Heat Exchangers
T.1 Left tubesheet 26 Apr. 2005 10:20 ConnID:S1.1  PC#2

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--144.1+0.8,0+-144_1)= 144.90 N/mm2

»Eqvivalent Shell Stress Sigseq1=144.9 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 31.5%) OK«

Volume:0 m3  Weight:242 kg (SG=7.85)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.3 Cylindrical Shell EB.1
Location: Along z-axis z1l= 5950

GENERAL DESIGN DATA

FIZED TUBESHEET
Type of Heat Exchanger: 13.5 Fixed Tubesheet Heat Exchangers

Configuration Type: a Tubesheet integral with shell and channel

LOAD CASES

Table LOAD CASES:

Description ID Pt Only(Ps=0&dT=0) Ps Only(Pt=0&dT=0) Ps+Pt(dT=0)
Shell-Side Pressure (MPa) Ps 0 8 .8
Tube-Side Pressure (MPa) Pt 4 0 4
Shell-Side Corr.Allow.(mm) cs 0 0 0
Tube-Side Corr.Allow. (mm) ct 0 0 0
Allowable Stress M Factor Mf 1 1 1
Thermal Stress Factor MdT 0 0 0
Mean Shell Temperature('C) Tsm 15 15 15
Mean Tube Temperature (‘'C) Ttm 100 100 100

Table LOAD CASES Continued

Description dT Only(Pt=0&Ps=0) Pt+dT(Ps=0) Ps+dT(Pt=0) Ps+Pt+dT
Shell-Side Pressure (MPa) 0 0 8 8
Tube-Side Pressure (MPa) 0 4 0 4
Shell-Side Corr.Allow.(mm) 0 0 0 0
Tube-Side Corr.Allow. (mm) 0 0 0 0
Allowable Stress M Factor 1 1 1 1
Thermal Stress Factor 1 1 1 1
Mean Shell Temperature('C) 15 15 15 15
Mean Tube Temperature ('C) 100 100 100 100

DATA FOR TUBESHEET
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 f=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

OUTSIDE DIAMETER OF TUBESHEET. ... ... ... o o..." A 908.00 mm

AS BUILT THICKNESS OF TUBESHEET (uncorroded)........:en 35.00 mm
ELASTIC MODULUS OF TUBESHEET at design temp.........:E 1,9318E05 N/mm2
POISSON"S RATIO FOR TUBESHEET MATERIAL..............IV 0.3000

DATA FOR TUBES AND TUBES LAYOUT

Tube Layout: Square Pattern

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100-"C

Rm=530 Rp=260 Rpt=211 ft=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93
ELASTIC MODULUS OF TUBES at mean metal temp.........:Et 1,9318E05 N/mm2
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NOMINAL OUTSIDE DIAMETER OF TUBES...................Idt 25.00 mm
TUBE SIZE & COMMENT: S1.1

NOMINAL THICKNESS OF TUBES. ... .. ciieiiiicaaaa---.. €L 1.00 mm
TUBE PITCH (Spacing between centers)................Ip 31.25 mm
DIAMETER OF TUBEHOLE IN TUBESHEET...................zdh 25.10 mm
DIAMETER OF OUTER TUBE LIMIT CIRCLE.................:Do 850.00 mm
NUMBER OF TUBEHOLES IN TUBESHEET....................:INt 484 .00 piec
TOTAL UNPERFORATED AREA OF TUBESHEET(Fig.-13.7.3-5)..:S 54000.00 mm2
EFFECTIVE DEPTH OF TUBE-SIDE PASS PARTITION GROOVE. . :hg 0.00 mm
THERMAL EXPANSION COEF.OF TUBES at mean metal temp..:atm 1,65E-05 mm/mmC
BUCKLING LENGTH (Fig-13.9.3-1). .. ..oz 1tbk 1690.00 mm
TUBE LENGTH BETWEEN INNER FACES OF TUBESHEETS.......:L 5930.00 mm
POISSON®"S RATIO FOR TUBE MATERIAL...................-vt 0.3000

DATA FOR TUBE TO TUBESHEET JOINT

Tube to Tubesheet Joint: Welded Only
TUBE TO TUBESHEET WELD THROAT THICKNESS.............:at 1.00 mm

SHELL DATA
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 fs=153.33 f20=176.67 ftest=265 E=193180(N/mn2) ro=7.93

INSIDE DIAMETER OF SHELL(corroded)..................: :Ds 900.00 mm
THICKNESS OF SHELL (uncorroded).........o--ococ....--Z€S 4.00 mm
ELASTIC MODULUS OF SHELL MATERIAL at mean metal temp:Es 1,9318E05 N/mm2
POISSON®S RATIO FOR SHELL MATERIAL..................IVS 0.3000

THERMAL EXPANSION COEF.OF SHELL at mean metal temp..:asm 1,65E-05 mm/mmC

DATA FOR SHELL ADJACENT TO TUBESHEET

Shell Adjacent to Tubesheet:
Similar Shell Thickness and Material Adjacent to Tubesheet

CHANNEL DATA
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C
Rm=530 Rp=260 Rpt=211 fc=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

INSIDE DIAMETER OF CHANNEL(corroded)................: :Dc 900.00 mm
THICKNESS OF CHANNEL (uncorroded)...................:€eC 4_.00 mm
ELASTIC MODULUS OF CHANNEL at design temp...........:Ec 1,9318E05 N/mm2
POISSON®S RATIO FOR CHANNEL MATERIAL................IVC 0.3000

DATA FOR EXPANSION BELLOW

Expansion Bellow: Fixed Tubesheet Including Expansion Bellow
Bellow Data: User Specified Data

INSIDE DIAMETER OF EXP.BELLOW CONVOLUTION(Fig.13.5.3-1):Dj 900.00 mm
HEIGHT OF EXPANSION BELLOWS(Ref.clause 14)..........: twj 158.00 mm
AXTAL RIGIDITY OF EXPANSION BELLOW..................:K] 3750.00 N/mm

CALCULATION DATA

LOAD CASE: Pt Only(Ps=0&dT=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
= (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending

Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
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=MAX(25-2*1*(193180/193180)*(153.33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/(P1*Do"2)) (13.7.7-4)
=31.25/5qr(1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)

Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( ¥ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)”2) (13.9.3-5)
=(0*25"2-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= -2.20 N/mm2
Sigtcr = PIN2*Et/1tbkA2*(dt 2+ (dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690/2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (X*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)*2))/x
(13.9.3-7)
=(1.1%-2.2+(211-Abs(1.1*-2.2))/Sqr(1+(((1+0.089)*211-Abs(1.1*-2.2))/48.15)"

2))/1.1= = 37.08 N/mm2
Effective Tubesheet Diameter De
De = (Ds + Dc) /7 2 (13.5.4-1) =(900+900)/2= 900.00 mm

Tubesheet Drilling Coefficients
Xxs =1 - Nt * (dt / De) » 2 (13.5.4-5) =1-484*(25/900)"2= 0.6265

xt =1 - Nt * ((dt - 2 *et) / De) N2 (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt = PI *et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks = Pl *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks / (Nt * Kt) (13.5.4-9) =3_7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (P1 * De ~ 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 (1 + Ks 7/ Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08

Bending Rigidity for Shell

ks = 2*Es*(es)”™2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Bending Rigidity for Shell

kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))N0.75*(Dc+ec)”0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2.301E08"0.75)= 0.0527

Fq (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815
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13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*0= 0.00 mm
Tmpl = J *Kst /7 (1 + 3 * Kst * Fq)
=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78
Tmp3 = xt + 2 * vt * (1 - xt) +1 7/ (J * Kst)
=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10
Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0-0.0031*321.1*0.4+0.0031*3.74/2*0=-.3964 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/ (35-0))"2*-0.3964= -74.78 N/mm2

»Tubesheet Bending Stress Sigma=74.78 <= 2 * f=306.66[N/mm2] (13.5.5-5)«» (U= 24.3%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.3964= -12.03 N/mm2

»Tubesheet Shear Stress Tau=12.03 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=9.8%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6265-0.4*0.6839)--0.3964*3.75)/(0.6839-0.6265)= 21.17 N/mm2

»Tube Axial Stress Sigto=21.17 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 13.8%)0OK«

For the iInner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6265-0.4*0.6839)--0.3964*-0.5815)/(0.6839-0.6265)= -8.79 N/mm2

»Tube Buckling Stress Sigti=8.79 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 23.7%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0*25)/(2*1)= 4.60 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) /7 2 (13.5.6-9) =-(0.4+0)/2= -.2 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.79-4.6,-8.79--0.2,4.6--0.2,21.17-4.6,21.17--0.2= 21.37 N/mm2

»Eqvivalent Tube Stress Sigteq=21.37 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 13.9%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900"2*(0.4+-0.3964)/(4*4*(900+4))= 0.1991 N/mm2
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13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0*900/(2*4)= 0.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0/2= 0.00 N/mm2
Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(0.1991-0,0-.1991-0,0-0)= 0-.1991 N/mm2

»Eqvivalent Shell Stress Sigseq=0.1991 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=.1%) OK«

11 = HinF*2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5-08*0.0527)))= 33.06

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+68452.76)*(900/(2*4))"2*-0.3964/33.06=  -75.87 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--75.87+0,0+-75.87)= 75.87 N/mm2

»Equivalent Shell Stress Sigseq1=75.87 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 16.4%) OK«
13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigcm = Dc * 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=900M"2*0.4/(4*4*(900+4))= 22.40 N/mm2

Axial bending stress in channel

Sigcb = kc / (ks + kc) * (De / (2 *ec)) 2 *Pe / I1 (13.5.8-2)
=68452.76/(68452.76+68452_.76)*(900/ (2*4))"2*-0.3964/33.06=  -75.87 N/mm2
Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(22.4+-75.87+0.4,22_.4--75.87)= 98.27 N/mm2

»Eqvivalent Shell Stress Sigceq1=98.27 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 21.3%) OK«

LOAD CASE: Ps Only(Pt=0&dT=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=31.25/Sqr(1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390
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13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)
Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( £ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0.8%*25"2-0*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 5.21 N/mm2
Sigtcr = PIN2*Et/1tbk 2*(dt 2+(dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690"2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*5.21+(211-Abs(1.1*5.21))/Sqr (1+(((1+0.089)*211-Abs(1.1*5.21))/48.15)"
2))/1.1= = 4441 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Dc) / 2 (13.5.4-1) =(900+900)/2= 900.00 mm

Tubesheet Drilling Coefficients
Xs =1 - Nt * (dt /7 De) ™ 2 (13.5.4-5) =1-484*(25/900)"2= 0.6265

xt =1 - Nt * ((dt - 2 *et) / De) ™ 2 (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt =Pl *et * (dt - et) *Et /7 L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De N 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 @A + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08

Bending Rigidity for Shell

ks = 2*Es*(es)"2.5/((12*(1-vs™2))N0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Bending Rigidity for Shell

kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))N0.75*(Dc+ec)”0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2_.301E08"0.75)= 0.0527

Fq (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*0= 0.00 mm

Tmpl = J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) +1 /7 (J * Kst)
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=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10
Tmp4 = (1-3)7(2*3*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2

=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85
Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.1*0+0.0031*3.74/2*0=-_.3162 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.3162= -59.65 N/mm2

»Tubesheet Bending Stress Sigma=59.65 <= 2 * f=306.66[N/mm2] (13.5.5-5)«» (U= 19.4%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.3162= -9.60 N/mm2

»Tubesheet Shear Stress Tau=9.6 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U= 7.8%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0*0.6839)--0.3162*3.75)/(0.6839-0.6265)= 29.43 N/mm2

»Tube Axial Stress Sigto=29.43 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 19.1%)0K«
For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)

=((0.8*0.6265-0*0.6839)--0.3162*-0.5815)/(0.6839-0.6265)= 5.53 N/mm2
»Tube Axial Stress Sigti=5.53 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 3.6%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0*(25-2*1)-0.8*25)/(2*1)= -10.00 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0+0.8)/2= -.4 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(5.53--10,5.53--0.4,-10--0.4,29.43--10,29.43--0.4= 39.43 N/mm2

»Equivalent Tube Stress Sigteq=39.43 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 25.7%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900"2*(0+-0.3162)/(4*4*(900+4))= -17.71 N/mm2
Permissible buckling stress for shell

fsbk = K * es *Es / (4 * (Ds + es)) (13.5.7-3)
=1*4*193180/ (4*(900+4))= 213.69 N/mm2

»Compressive Stress in Shell Sigsm=17.71 <= fshk=213.69[N/mm2] (13.5.7-2)«»(U= 8.2%) OK«
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13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-17.71-90,-17.71--0.4,90--0.4)= 107.71 N/mm2

»Eqvivalent Shell Stress Sigseq=107.71 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=70.2%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5.08*0.0527)))=  33.06

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De /7 (2 *es)) 2 *Pe / 11 (13.5.7-9)
=68452.76/(68452.76+68452_.76)*(900/(2*4))"2*-0.3162/33.06=  -60.52 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--60.52+0.8,0+-60.52)= 61.32 N/mm2

»Eqvivalent Shell Stress Sigseq1=61.32 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 13.3%) OK«
13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigcm = Dc * 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=900"2*0/ (4*4*(900+4))= 0.00 N/mm2

Axial bending stress in channel

Sigcb = kc / (ks + kc) * (De / (2 *ec)) 2 *Pe / 11 (13.5.8-2)
=68452.76/(68452.76+68452.76)*(900/(2*4))"2*-0.3162/33.06= -60.52 N/mm2
Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcem - Sigcb ) (13.5.8-3)
=MAX(0+-60.52+0,0--60.52)= 60.52 N/mm2

»Eqvivalent Shell Stress Sigceq1=60.52 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 13.1%) OK«

LOAD CASE: Ps+Pt(dT=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/(P1*Do"2)) (13.7.7-4)
=31.25/Sqr(1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390
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13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)
Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( £ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0.8%*25"2-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 3.00 N/mm2
Sigtcr = PIN2*Et/1tbk 2*(dt 2+(dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690"2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*3_+(211-Abs(1.1*3.))/5qr (1+(((1+0.089)*211-Abs(1.1*3.))/48.15)"2))/1.
1= = 42 .27 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Dc) / 2 (13.5.4-1) =(900+900)/2= 900.00 mm

Tubesheet Drilling Coefficients
Xs =1 - Nt * (dt /7 De) ™ 2 (13.5.4-5) =1-484*(25/900)"2= 0.6265

xt =1 - Nt * ((dt - 2 *et) / De) ™ 2 (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt =Pl *et * (dt - et) *Et /7 L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De N 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 @A + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08

Bending Rigidity for Shell

ks = 2*Es*(es)"2.5/((12*(1-vs™2))N0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Bending Rigidity for Shell

kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))N0.75*(Dc+ec)”0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2_.301E08"0.75)= 0.0527

Fq (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*0= 0.00 mm

Tmpl = J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) +1 /7 (J * Kst)
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=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10
Tmp4 = (1-3)7(2*3*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2

=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072)/900"2= 130.85
Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.1*0.4+0.0031*3.74/2*0=-_.7127 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.7127= -134.42 N/mm2

»Tubesheet Bending Stress Sigma=134.42 <= 2 * {=306.66[N/mm2] (13.5.5-5)«»(U= 43.8%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.7127= -21.64 N/mm2

»Tubesheet Shear Stress Tau=21.64 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=17.6%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0.4*0.6839)--0.7127*3.75)/(0.6839-0.6265)= 50.60 N/mm2

»Tube Axial Stress Sigto=50.6 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 33%) OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6265-0.4*0.6839)--0.7127*-0.5815)/(0.6839-0.6265)= -3.26 N/mm2

»Tube Buckling Stress Sigti=3.26 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 7.7%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0.8*25)/(2*1)= -5.40 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0.4+0.8)/2= -.6 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-3.26--5.4,-3.26--0.6,-5.4--0.6,50.6--5.4,50.6--0.6= 56.00 N/mm2

»Equivalent Tube Stress Sigteq=56. <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 36.5%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0.4+-0.7127)/(4*4*(900+4))= -17.51 N/mm2
Permissible buckling stress for shell

fsbk = K * es *Es / (4 * (Ds + es)) (13.5.7-3)
=1*4*193180/ (4*(900+4))= 213.69 N/mm2

»Compressive Stress in Shell Sigsm=17.51 <= fshk=213.69[N/mmz2] (13.5.7-2)«»(U= 8.1%) OK«
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13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-17.51-90,-17.51--0.4,90--0.4)= 107.51 N/mm2

»Eqvivalent Shell Stress Sigseq=107.51 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=70.1%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5.08*0.0527)))=  33.06

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De /7 (2 *es)) 2 *Pe / 11 (13.5.7-9)
=68452.76/(68452.76+68452_.76)*(900/(2*4))"2*-0.7127/33.06= -136.40 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--136.4+0.8,0+-136.4)= 137.20 N/mm2

»Eqvivalent Shell Stress Sigseq1=137.2 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 29.8%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigcm = Dc * 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=90072*0.4/(4*4*(900+4))= 22.40 N/mm2

Axial bending stress in channel

Sigcb = kc / (ks + kc) * (De / (2 *ec)) 2 *Pe / 11 (13.5.8-2)
=68452.76/(68452.76+68452_.76)*(900/(2*4))"2*-0.7127/33.06= -136.40 N/mm2
Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcem - Sigcb ) (13.5.8-3)
=MAX(22.4+-136.4+0.4,22.4--136.4)= 158.80 N/mm2

»Eqvivalent Shell Stress Sigceq1=158.8 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 34.5%) OK«

LOAD CASE: dT Only(Pt=0&Ps=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/(P1*Do"2)) (13.7.7-4)
=31.25/Sqr(1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390
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13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)
Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( £ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0*2572-0*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 0.00 N/mm2
Sigtcr = PIN2*Et/1tbk 2*(dt 2+(dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690"2* (25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)
=(1.1*0+(211-Abs(1.1*0))/Sqr(1+(((1+0.089)*211-Abs(1.1*0))/48.15)~2))/1.1

= 39.34 N/mm2

Effective Tubesheet Diameter De

De = (Ds + Dc) / 2 (13.5.4-1) =(900+900)/2= 900.00 mm

Tubesheet Drilling Coefficients
Xs =1 - Nt * (dt /7 De) ™ 2 (13.5.4-5) =1-484*(25/900)"2= 0.6265

xt =1 - Nt * ((dt - 2 *et) / De) ™ 2 (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt =Pl *et * (dt - et) *Et /7 L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =PI *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (Pl * De N 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 @A + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08

Bending Rigidity for Shell

ks = 2*Es*(es)"2.5/((12*(1-vs™2))N0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Bending Rigidity for Shell

kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))N0.75*(Dc+ec)”0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2_.301E08"0.75)= 0.0527

Fq (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm

Tmpl = J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) +1 /7 (J * Kst)
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=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10
Tmp4 = (1-J)7(2*I*Kst)*((Dj+2*wj) 2-Ds~2)/Ds 2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-900"2) /900" 2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0-0.0031*321.1*0+0.0031*3.74/2*8.32=0.0480 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*0.048= 9.05 N/mm2

»Tubesheet Bending Stress Sigma=9.05 <= 3 * f=459.99[N/mm2] (13.5.5-6)«» (U= 1.9%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*0.048= 1.46 N/mm2

»Tubesheet Shear Stress Tau=1.46 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U= 1.1%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6265-0*0.6839)-0.048*3.75)/(0.6839-0.6265)= -3.14 N/mm2

»Tube Buckling Stress Sigto=3.14 <= ftbk=39.34[N/mm2] (13.5.6-5)«» (U= 7.9%) OK«
For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)

=((0*0.6265-0*0.6839)-0.048*-0.5815)/(0.6839-0.6265)= 0.4863 N/mm2
»Tube Axial Stress Sigti=0.4863 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= .3%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0*(25-2*1)-0*25)/(2*1)= 0.00 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0+0)/2= 0.00 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(0.4863-0,0.4863-0,0-0,-3.14-0,-3.14-0= 3.14 N/mm2

»Eqvivalent Tube Stress Sigteq=3.14 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U=1.3%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)

=90012*(0+0.048)/ (4*4*(900+4))= 2.69 N/mm2
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0*900/(2*4)= 0.00 N/mm2

Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0/2= 0.00 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)

=MAX(2.69-0,2.69-0,0-0)= 2.69 N/mm2
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»Eqvivalent Shell Stress Sigseq=2.69 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U=1.1%) OK«
11 = HinF*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5.08*0.0527)))=  33.06

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) 2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+68452.76)*(900/ (2*4))”"2*0.048/33.06= 9.18 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0-9.18+0,0+9.18)= 9.18 N/mm2

»Eqvivalent Shell Stress Sigseq1=9.18 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 1.9%) OK«
13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigecm = Dc * 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=900"2*0/ (4*4*(900+4))= 0.00 N/mm2

Axial bending stress in channel

Sigecb = kc / (ks + kc) * (De / (2 *ec)) "2 *Pe / I1 (13.5.8-2)
=68452.76/(68452.76+68452.76)*(900/(2*4))"2*0.048/33.06= 9.18 N/mm2

Maximum eqvivalent stress in the channel at its junction with tubesheet

Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(0+9.18+0,0-9.18)= 9.18 N/mm2

»Eqvivalent Shell Stress Sigceq1=9.18 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 1.9%) OK«

LOAD CASE: Pt+dT(Ps=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153.33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/(P1*Do"2)) (13.7.7-4)
=31.25/Sqr (1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)
Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar
Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm
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13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( £ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2

13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0*2572-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= -2.20 N/mm2
Sigtcr = PIN2*Et/1tbk"2*(dt 2+ (dt-2*et)"2)/16 (13.9.3-6)
=3.147"2*193180/1690"2*(25"2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)
=(1.1*-2.2+(211-Abs(1.1*-2.2))/Sqr(1+(((1+0.089)*211-Abs(1.1*-2.2))/48_15)"
2))/1.1= = 37.08 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Dc) /7 2 (13.5.4-1) =(900+900)/2= 900-00 mm

Tubesheet Drilling Coefficients
Xxs =1 - Nt * (dt / De) ™ 2 (13.5.4-5) =1-484*(25/900)"2= 0.6265

xt =1 -Nt™* ((dt -2 *et) /De) ~2 (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt = Pl et * (dt - et) *Et / L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks = Pl *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks / (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt / (Pl * De ~ 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 (1 + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08

Bending Rigidity for Shell

ks = 2*Es*(es)”™2.5/((12*(1-vs™2))"0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Bending Rigidity for Shell

kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))N0.75*(Dc+ec)™0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2.301E08"0.75)= 0.0527

Fg (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl = J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) +1 /7 (J * Kst)
=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10

Tmp4 = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)2-900"2)/900"2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0-0.0031*321.1*0.4+0.0031*3.74/2*8.32=-_.3485 MPa
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13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1 / (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455

Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/ (35-0))"2*-0.3485= -65.73 N/mm2

»Tubesheet Bending Stress Sigma=65.73 <= 3 * f=459.99[N/mmz2] (13.5.5-6)«» (U= 14.2%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.3485= -10.58 N/mm2

»Tubesheet Shear Stress Tau=10.58 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=8.6%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xS) (13.5.6-1)
=((0*0.6265-0.4*0.6839)--0.3485*3.75)/(0.6839-0.6265)= 18.03 N/mm2

»Tube Axial Stress Sigto=18.03 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 11.7%)OK«

For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - Xxs) (13.5.6-2)

=((0*0.6265-0.4*0.6839)--0.3485*-0.5815)/(0.6839-0.6265)=  -8.30 N/mm2
»Tube Buckling Stress Sigti=8.3 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 22.3%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0*25)/(2*1)= 4.60 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) /7 2 (13.5.6-9) =-(0.4+0)/2= -.2 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.3-4.6,-8.3--0.2,4.6--0.2,18.03-4.6,18.03--0.2= 18.23 N/mm2

»Eqvivalent Tube Stress Sigteq=18.23 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 7.9%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)

=90072*(0.4+-0.3485)/(4*4*(900+4))= 2.89 N/mm2
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0*900/(2*4)= 0.00 N/mm2

Mean radial stress in shell

Sigsr = - Ps / 2 (13.5.7-6) =-0/2= 0.00 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)

=MAX(2.89-0,2.89-0,0-0)= 2.89 N/mm2

»Eqvivalent Shell Stress Sigseq=2.89 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U=1.2%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5.08*0.0527)))=  33.06
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13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+68452.76)*(900/(2*4))"2*-0.3485/33.06= -66.69 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--66.69+0,0+-66.69)= 66.69 N/mm2

»Eqvivalent Shell Stress Sigseq1=66.69 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 14.4%) OK«
13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigcm = Dc 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=900M"2*0.4/(4*4*(900+4))= 22.40 N/mm2

Axial bending stress in channel

Sigcb = kc / (ks + kc) * (De / (2 *ec)) 2 *Pe / I1 (13.5.8-2)
=68452.76/(68452.76+68452_.76)*(900/(2*4))"2*-0.3485/33.06= -66.69 N/mm2

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigem - Sigcb ) (13.5.8-3)
=MAX(22.4+-66.69+0.4,22_.4--66.69)= 89.09 N/mm2

»Eqvivalent Shell Stress Sigceq1=89.09 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 19.3%) OK«

LOAD CASE: Ps+dT(Pt=0)
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153-33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=31.25/Sqr(1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)
Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( ¥ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2
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13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes

Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0.8%*25"2-0*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 5.21 N/mm2
Sigtcr = PIN2*Et/1tbk"2*(dt 2+ (dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690M2* (25"M2+(25-2*1)"2)/16= 48.15 N/mm2

bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890

ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)

=(1.1*5.21+(211-Abs(1.1*5.21))/Sqr (1+(((1+0.089)*211-Abs(1.1*5.21))/48.15)"
2))/1.1= = 4441 N/mm2
Effective Tubesheet Diameter De

De = (Ds + Dc) / 2 (13.5.4-1) =(900+900)/2= 900.00 mm

Tubesheet Drilling Coefficients
Xxs =1 - Nt * (dt / De) ™ 2 (13.5.4-5) =1-484*(25/900)"2= 0.6265

xt =1 - Nt * ((dt - 2 *et) / De) ™ 2 (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt =Pl *et * (dt - et) *Et /7 L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =Pl *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (PlI * De ™ 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 @ + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08

Bending Rigidity for Shell

ks = 2*Es*(es)™2.5/((12*(1-vs"2))"N0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452_.76 N/mm2
Bending Rigidity for Shell

kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))N0.75*(Dc+ec)”0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

Z = (ks + kc) / (Kw ™~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2.301E08"0.75)= 0.0527

Fq (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl = J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) + 17/ (J * Kst)
=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10

Tmpd = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072) /900" 2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.1*0+0.0031*3.74/2*8.32=-.2683 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.2683= -50.60 N/mm2

25 T.2 Tubesheet Right Tubesheet Umax= 70.2% Page: 105




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44D-02 Operator :BOO Rev.:C

EN13445 - 13.5 Fixed Tubesheet Heat Exchangers
T.2 Right Tubesheet 26 Apr. 2005 10:27 ConnID:S1.3  PC# 2

»Tubesheet Bending Stress Sigma=50.6 <= 3 * f=459.99[N/mm2] (13.5.5-6)«» (U= 11%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.2683= -8.14 N/mm2

»Tubesheet Shear Stress Tau=8.14 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U= 6.6%) OK«

13.5.6 TUBE DESIGN

13.5.6.1 Axial Membrane Stress

For the outer most tube

Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0*0.6839)--0.2683*3.75)/(0.6839-0.6265)= 26.29 N/mm2

»Tube Axial Stress Sigto=26.29 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 17.1%)OK«
For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xs) (13.5.6-2)

=((0.8*0.6265-0*0.6839)--0.2683*-0.5815)/(0.6839-0.6265)= 6.02 N/mm2
»Tube Axial Stress Sigti=6.02 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 3.9%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0*(25-2*1)-0.8*25)/(2*1)= -10.00 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0+0.8)/2= -.4 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(6.02--10,6.02--0.4,-10--0.4,26.29--10,26.29--0.4= 36.29 N/mm2

»Eqvivalent Tube Stress Sigteq=36.29 <= 1.5*{t=230.[N/mm2] (13.5.6-11)«» (U= 15.7%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900M"2*(0+-0.2683)/(4*4*(900+4))= -15.02 N/mm2
Permissible buckling stress for shell

fsbk = K *es *Es /7 (4 * (Ds + es)) (13.5.7-3)
=1*4*193180/ (4*(900+4))= 213.69 N/mm2

»Compressive Stress in Shell Sigsm=15.02 <= fshk=213.69[N/mmz2] (13.5.7-2)«»(U= 7%) OK«
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps /7 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-15.02-90,-15.02--0.4,90--0.4)= 105.02 N/mm2

»Eqvivalent Shell Stress Sigseq=105.02 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U= 45.6%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5.08*0.0527)))=  33.06
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13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+68452.76)*(900/(2*4))"2*-0.2683/33.06=  -51.34 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--51.34+0.8,0+-51.34)= 52.14 N/mm2

»Eqvivalent Shell Stress Sigseq1=52.14 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 11.3%) OK«
13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigcm = Dc 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=900"2*0/ (4*4*(900+4))= 0.00 N/mm2

Axial bending stress in channel

Sigcb = kc / (ks + kc) * (De / (2 *ec)) "2 *Pe / I1 (13.5.8-2)
=68452.76/(68452.76+68452_.76)*(900/ (2*4))"2*-0.2683/33.06=  -51.34 N/mm2
Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigem - Sigcb ) (13.5.8-3)
=MAX(0+-51.34+0,0--51.34)= 51.34 N/mm2

»Eqvivalent Shell Stress Sigceql1=51.34 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 11.1%) OK«

LOAD CASE: Ps+Pt+dT
PRELIMINARY CALCULATIONS

Tubesheet Analysis Thickness ea
ea = en - ct - cs =35-0-0= 35.00 mm

13.7.6 Determination of the Basic Ligament Efficiency (my) for Shear
my = (p - dt) / p (13.7.6-1) =(31.25-25)/31.25= 0.2000

13.7.7 Determination of the Effective Ligament Efficiency (Mystar) for Bending
Tube Expansion Depth Ratio

ro = Itx / ea (13.7.7-3) =0/35= 0.00

Effective Tube Hole Diameter (dstar)

dstar = MAX(dt-2*et*(Et/E)*(ft/f)*ro,dt-2*et) (13.7.7-2)
=MAX(25-2*1*(193180/193180)*(153-33/153.33)*0,25-2*1)= 25.00 mm
Effective Pitch Diameter (pstar)

pstar = p/Sqr(1-4*MIN(S,4*Do*p)/ (P1*Do"2)) (13.7.7-4)
=31.25/Sqr(1-4*MIN(54000,4*850*31.25)/(3.14*850"2))= 32.85 mm

Mystar = (pstar - dstar) / pstar (13.7.7-1) =(32.85-25)/32.85=0.2390

13.7.8 Determination of the Effective Elastic Constants Estar and vstar

Estar/E from figure 13.7.8-2a) = 0.3011(e/p=1.12)

Estar = Estar * E =0.3011*193180= 58171.98 N/mm2
vstar from figure 13.7.8-2b) = 0.3110(e/p=1.12)

13.7.9 Determination of the Effective Bending Rigidity of the Tubesheet Dstar

Dstar = (Estar * ea ~ 3) /7 (12 * (1 - vstar ™ 2)) (13.7.9-1)
=(58171.98*35"3)/(12*(1-0.311"2))= 2,301E08 Nmm

13.8 Maximum Permissible Tube to Tubesheet Joint Stress

fmin = MIN( ¥ , ft) (13.8.2-1) =MIN(153.33,153.33)= 153.33 N/mm2

ftj = MINC fmin * at / et, ft) (13.8.3-1)
=MIN(153.33*1/1,153.33)= 153.33 N/mm2
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13.9 Maximum Permissible Longitudinal Compressive Stress for Tubes
Sigtp = (Ps*dt"2-Pt*(dt-2*et)"2)/(dt"2-(dt-2*et)"2) (13.9.3-5)
=(0.8%*25"2-0.4*(25-2*1)"2)/ (25"2-(25-2*1)"2)= 3.00 N/mm2
Sigtcr = PIN2*Et/1tbk"2*(dt 2+ (dt-2*et)"2)/16 (13.9.3-6)
=3.1472*193180/1690M2* (25"M2+(25-2*1)"2)/16= 48.15 N/mm2
bo = 0.206*Sqr(Sigtcr/Rpt)*(1-0.2*Sqr(Sigtcr/Rpt)) (13.9.3-3)
=0.206*Sqr(48.15/211)*(1-0.2*Sqr(48.15/211))= 0.0890
ftbk = (x*Sigtp+(Rpt-Abs(x*Sigtp))/Sqr(1+(((1+bo)*Rpt-Abs(x*Sigtp))/Sigtcr)"2))/x
(13.9.3-7)
=(1.1*3.+(211-Abs(1.1*3.))/Sqr(1+(((1+0.089)*211-Abs(1.1*3. ))/48 15)72))/1.
1= 42 .27 N/mm2
Effective Tubesheet Diameter De

= (Ds + Dc) / 2 (13.5.4-1) =(900+900)/2= 900.00 mm

Tubesheet Drilling Coefficients
Xxs =1 - Nt * (dt / De) ™~ 2 (13.5.4- 5) =1-484*(25/900)"2= 0.6265

xt =1 - Nt * ((dt - 2 * et) / De) © (13.5.4-6)
=1-484*((25-2*1)/900)"2= 0.6839

Axial Rigidites

Kt =Pl *et * (dt - et) *Et /7 L (13.5.4-7)
=3.14*1*(25-1)*193180/5930= 2456.23 N/mm

Ks =Pl *es * (Ds +es) *Es / L (13.5.4-8)
=3.14*4*(900+4)*193180/5930= 3,7007E05 N/mm

Kst = Ks /7 (Nt * Kt) (13.5.4-9) =3.7007E05/(484*2456.23)= 0.3113

Kw = 8 * Nt * Kt /7 (PlI * De ™ 2) (13.5.4-10)
=8*484*2456.23/(3.14*900"2)= 3.74 N/mm3

J=1/7 @ + Ks /7 Kj) (13.5.4-11) =1/(1+3.7007E05/3750)= 0.0100
Tube Bundle to Tubesheet Rigidity Ratio

X = (Kw / Dstar) ~ 0.25 * De / 2 (13.5.4-12)
=(3.74/2.301E08)"0.25*900/2= 5.08
Bending Rigidity for Shell
ks = 2*Es*(es)™2.5/((12*(1-vs"2))"N0.75*(Ds+es)”0.5) (13.5.4-13)
=2*193180*(4)~2.5/((12*(1-0.372))"0_75*(900+4)"0.5)= 68452_76 N/mm2
Bending Rigidity for Shell
kc = 2*Ec*(ec)”2.5/((12*(1-vcn2))"0.75*(Dc+ec)0.5) (13.5.4-15)
=2*193180*(4)"2.5/((12*(1-0.3"2))"0.75*(900+4)"0.5)= 68452.76 N/mm2
Tubesheet Edge Restraint Factor Due to Shell and Channel

= (ks + kc) / (Kw ~ 0.25 * Dstar ™ 0.75) (13.5.4-17)
=(68452.76+68452.76)/(3.74"0.25*2.301E08"0.75)= 0.0527

Fq (from figure 13.5.4-1) = 3.7532
H (from figure 13.5.5-1) = 3.6668
Fi (from figure 13.5.6-1) = -.5815

13.5.4.4 Effective Pressure Pe

Gamma = (atm * (Ttm - 20) - asm * (Tsm - 20)) * L * MdT (13.5.4-19)
=(1.65E-05*(100-20)-1.65E-05*(15-20))*5930*1= 8.32 mm
Tmpl = J *Kst /7 (1 +J * Kst * Fq)

=0.01*0.3113/(1+0.01*0.3113*3.75)= 0.0031

Tmp2 = xs + 2 *vt * (1 - xs) + 2 * vs / Kst
=0.6265+2*0.3*(1-0.6265)+2*0.3/0.3113= 2.78

Tmp3 = xt + 2 * vt * (1 - xt) + 17/ (J * Kst)
=0.6839+2*0.3*(1-0.6839)+1/(0.01*0.3113)= 321.10

Tmpd = (1-3)/(2*I*Kst)*((Dj+2*wj)"2-Ds"2)/Ds"2
=(1-0.01)/(2*0.01*0.3113)*((900+2*158)"2-90072) /900" 2= 130.85

Pe = Tmpl*(Tmp2-Tmp4)*Ps-Tmpl*Tmp3*Pt+Tmpl*Kw/2*Gamma
=0.0031*(2.78-130.85)*0.8-0.0031*321.1*0.4+0.0031*3.74/2*8.32=-.6647 MPa

13.5.5.1 Bending Stress in Tubesheet (Sigma)

Fm =1/ (6 * H) (13.5.5-2) =1/(6*3.67)= 0.0455
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.6647= -125.37 N/mm2
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»Tubesheet Bending Stress Sigma=125.37 <= 3 * f=459.99[N/mm2] (13.5.5-6)«»(U= 27.2%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.6647= -20.18 N/mm2

»Tubesheet Shear Stress Tau=20.18 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=16.4%) OK«

13.5.6 TUBE DESIGN

13.5.6.1 Axial Membrane Stress

For the outer most tube

Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0.4*0.6839)--0.6647*3.75)/(0.6839-0.6265)= 47 .46 N/mm2

»Tube Axial Stress Sigto=47.46 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 30.9%)0K«
For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xs) (13.5.6-2)

=((0.8*0.6265-0.4*0.6839)--0.6647*-0.5815)/(0.6839-0.6265)=  -2.77 N/mm2
»Tube Buckling Stress Sigti=2.77 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 6.5%) OK«

13.5.6.2 Eqvivalent Stress

Mean circumferential stress in tube

Sigtteta = (Pt * (dt - 2 * et) - Ps * dt) /7 (2 * et) (13.5.6-8)
=(0.4*(25-2*1)-0.8*25)/(2*1)= -5.40 N/mm2

Mean radial stress in tube

Sigtr = - (Pt + Ps) / 2 (13.5.6-9) =-(0.4+0.8)/2= -.6 N/mm2

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-2.77--5.4,-2.77--0.6,-5.4--0.6,47.46--5.4,47_.46--0.6= 52.86 N/mm2

»Eqvivalent Tube Stress Sigteq=52.86 <= 1.5*{t=230.[N/mm2] (13.5.6-11)«» (U= 22.9%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900M"2*(0.4+-0.6647)/(4*4*(900+4))= -14.82 N/mm2
Permissible buckling stress for shell

fsbk = K *es *Es /7 (4 * (Ds + es)) (13.5.7-3)
=1*4*193180/ (4*(900+4))= 213.69 N/mm2

»Compressive Stress in Shell Sigsm=14.82 <= fshk=213.69[N/mmz2] (13.5.7-2)«»(U= 6.9%) OK«
13.5.7.1.2 Eqvivalent Stress

Mean circumferential stress in shell

Sigsteta = Ps * Ds / (2 * es) (13.5.7-5) =0.8*900/(2*4)= 90.00 N/mm2
Mean radial stress in shell

Sigsr = - Ps /7 2 (13.5.7-6) =-0.8/2= -.4 N/mm2

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-14.82-90,-14.82--0.4,90--0.4)= 104.82 N/mm2

»Eqvivalent Shell Stress Sigseq=104.82 <= 1.5*s=230.[N/mm2] (13.5.7-8)«» (U= 45.5%) OK«
11 = Hinf*(2*Fqinf/(X*2)+(1-(1-vstar)/(X*2)))
=2.4*(2*2.06/(5.08*0.0527)+(1-(1-0.311)/(5.08*0.0527)))=  33.06
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13.5.7.2 Shell Design At Its Junction With The Tubesheet

Axial bending stress in shell

Sigsb = ks / (ks + kc) * (De / (2 *es)) "2 *Pe / I1 (13.5.7-9)
=68452.76/(68452.76+68452_.76)*(900/(2*4))"2*-0.6647/33.06= -127.22 N/mm2
Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--127.22+0.8,0+-127.22)= 128.02 N/mm2

»Eqvivalent Shell Stress Sigseq1=128.02 <= 3*fs=459.99[N/mm2] (13.5.7-12)«»(U= 27.8%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Axial membrane stress in channel

Sigem = Dc ~ 2 * Pt/ (4 * ec * (Dc + ec)) (13.5.8-1)
=9001"2*0.4/(4*4*(900+4))= 22.40 N/mm2

Axial bending stress in channel

Sigcb = kc / (ks + kc) * (De / (2 *ec)) "2 *Pe / I1 (13.5.8-2)

=68452.76/(68452.76+68452_.76)*(900/ (2*4))"2*-0.6647/33.06= -127.22 N/mm2
Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigem - Sigcb ) (13.5.8-3)
=MAX(22.4+-127.22+0.4,22_4--127.22)= 149.62 N/mm2

»Eqvivalent Shell Stress Sigceq1=149.62 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 32.5%) OK«

CALCULATION SUMMARY

LOAD CASE: Pt Only(Ps=0&dT=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/ (35-0))"2*-0.3964= -74.78 N/mm2

»Tubesheet Bending Stress Sigma=74.78 <= 2 * f=306.66[N/mm2] (13.5.5-5)«» (U= 24.3%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.3964= -12.03 N/mm2

»Tubesheet Shear Stress Tau=12.03 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=9.8%) OK«
13.5.6 TUBE DESIGN

13.5.6.1 Axial Membrane Stress

For the outer most tube

Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6265-0.4*0.6839)--0.3964*3.75)/(0.6839-0.6265)= 21.17 N/mm2

»Tube Axial Stress Sigto=21.17 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 13.8%)0K«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6265-0.4*0.6839)--0.3964*-0.5815)/(0.6839-0.6265)= -8.79 N/mm2

»Tube Buckling Stress Sigti=8.79 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 23.7%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.79-4.6,-8.79--0.2,4.6--0.2,21.17-4.6,21.17--0.2= 21.37 N/mm2
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»Eqvivalent Tube Stress Sigteq=21.37 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 13.9%) OK«
13.5.7 SHELL DESIGN

13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress

Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900"2*(0.4+-0.3964)/ (4*4*(900+4))= 0.1991 N/mm2

»Compressive Stress in Shell Sigsm=0 <= fsbk=1000[N/mm2] (13.5.7-2)«» (U= 0%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(0.1991-0,0.1991-0,0-0)= 0.1991 N/mm2

»Eqvivalent Shell Stress Sigseq=0.1991 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=.1%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--75.87+0,0+-75.87)= 75.87 N/mm2

»Eqvivalent Shell Stress Sigseq1=75.87 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 16.4%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(22.4+-75.87+0.4,22_4--75.87)= 98.27 N/mm2

»Eqvivalent Shell Stress Sigceq1=98.27 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 21.3%) OK«

LOAD CASE: Ps Only(Pt=0&dT=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/ (35-0))"2*-0.3162= -59.65 N/mm2

»Tubesheet Bending Stress Sigma=59.65 <= 2 * f=306.66[N/mm2] (13.5.5-5)«» (U= 19.4%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.3162= -9.60 N/mm2

»Tubesheet Shear Stress Tau=9.6 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U= 7.8%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xS) (13.5.6-1)
—((O 8*0.6265-0*0.6839)--0.3162*3.75)/(0.6839-0.6265)= 29.43 N/mm2

»Tube Axial Stress Sigto=29.43 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 19.1%)0K«

For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xs) (13.5.6-2)
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=((0.8*0.6265-0*0.6839)--0.3162*-0.5815)/(0.6839-0.6265)= 5.53 N/mm2
»Tube Axial Stress Sigti=5.53 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 3.6%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(5.53--10,5.53--0.4,-10--0.4,29.43--10,29.43--0.4= 39.43 N/mm2

»Eqvivalent Tube Stress Sigteq=39.43 <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 25.7%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=9007"2*(0+-0.3162)/(4*4*(900+4))= -17.71 N/mm2

»Compressive Stress in Shell Sigsm=17.71 <= fshk=213.69[N/mm2] (13.5.7-2)«»(U= 8.2%) OK«

13.5.7.1.2 Eqvivalent Stress
Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-17.71-90,-17.71--0.4,90--0.4)= 107.71 N/mm2

»Eqvivalent Shell Stress Sigseq=107.71 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=70.2%) OK«
13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--60.52+0.8,0+-60.52)= 61.32 N/mm2

»Eqvivalent Shell Stress Sigseq1=61.32 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 13.3%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(0+-60.52+0,0--60.52)= 60.52 N/mm2

»Eqvivalent Shell Stress Sigceq1=60.52 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 13.1%) OK«

LOAD CASE: Ps+Pt(dT=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.7127= -134.42 N/mm2

»Tubesheet Bending Stress Sigma=134.42 <= 2 * f=306.66[N/mm2] (13.5.5-5)«»(U= 43.8%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.7127= -21.64 N/mm2

»Tubesheet Shear Stress Tau=21.64 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=17.6%) OK«
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13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0.4*0.6839)--0.7127*3.75)/(0.6839-0.6265)= 50.60 N/mm2

»Tube Axial Stress Sigto=50.6 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 33%) OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0.8*0.6265-0.4*0.6839)--0.7127*-0.5815)/(0.6839-0.6265)= -3.26 N/mm2

»Tube Buckling Stress Sigti=3.26 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 7.7%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-3.26--5.4,-3.26--0.6,-5.4--0.6,50.6--5.4,50.6--0.6= 56.00 N/mm2

»Eqvivalent Tube Stress Sigteq=56. <= ft=153.33[N/mm2] (13.5.6-10)«» (U= 36.5%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds A2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=9007"2*(0.4+-0.7127)/(4*4*(900+4))= -17.51 N/mm2

»Compressive Stress in Shell Sigsm=17.51 <= fshk=213.69[N/mmz2] (13.5.7-2)«»(U= 8.1%) OK«

13.5.7.1.2 Eqvivalent Stress
Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-17.51-90,-17.51--0.4,90--0.4)= 107.51 N/mm2

»Eqvivalent Shell Stress Sigseq=107.51 <= fs=153.33[N/mm2] (13.5.7-7)«» (U=70.1%) OK«
13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--136.4+0.8,0+-136.4)= 137.20 N/mm2

»Eqvivalent Shell Stress Sigseq1=137.2 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 29.8%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(22.4+-136.4+0.4,22_4--136.4)= 158.80 N/mm2

»Eqvivalent Shell Stress Sigceq1=158.8 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 34.5%) OK«

LOAD CASE: dT Only(Pt=0&Ps=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*0.048= 9.05 N/mm2
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»Tubesheet Bending Stress Sigma=9.05 <= 3 * f=459.99[N/mm2] (13.5.5-6)«» (U= 1.9%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*0.048= 1.46 N/mm2

»Tubesheet Shear Stress Tau=1.46 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U= 1.1%) OK«

13.5.6 TUBE DESIGN

13.5.6.1 Axial Membrane Stress

For the outer most tube

Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0*0.6265-0*0.6839)-0.048*3_.75)/(0.6839-0.6265)= -3.14 N/mm2

»Tube Buckling Stress Sigto=3.14 <= ftbk=39.34[N/mm2] (13.5.6-5)«» (U= 7.9%) OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xs) (13.5.6-2)
=((0*0.6265-0*0.6839)-0.048*-0.5815)/(0.6839-0.6265)=  0.4863 N/mm2

»Tube Axial Stress Sigti=0.4863 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= .3%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(0.4863-0,0.4863-0,0-0,-3.14-0,-3.14-0= 3.14 N/mm2

»Eqvivalent Tube Stress Sigteq=3.14 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U=1.3%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=9001"2*(0+0.048)/(4*4*(900+4))= 2.69 N/mm2

»Compressive Stress in Shell Sigsm=0 <= fsbk=1000[N/mm2] (13.5.7-2)«» (U= 0%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(2.69-0,2.69-0,0-0)= 2.69 N/mm2

»Eqvivalent Shell Stress Sigseq=2.69 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U=1.1%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0-9.18+0,0+9.18)= 9.18 N/mm2

»Eqvivalent Shell Stress Sigseq1=9.18 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 1.9%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(0+9.18+0,0-9.18)= 9.18 N/mm2
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»Eqvivalent Shell Stress Sigceq1=9.18 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 1.9%) OK«

LOAD CASE: Pt+dT(Ps=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.3485= -65.73 N/mm2

»Tubesheet Bending Stress Sigma=65.73 <= 3 * f=459.99[N/mm2] (13.5.5-6)«» (U= 14.2%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.3485= -10.58 N/mm2

»Tubesheet Shear Stress Tau=10.58 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=8.6%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xS) (13.5.6-1)
=((0*0.6265-0.4*0.6839)--0.3485*3.75)/(0.6839-0.6265)= 18.03 N/mm2

»Tube Axial Stress Sigto=18.03 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 11.7%)0OK«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
=((0*0.6265-0.4*0.6839)--0.3485*-0.5815)/(0.6839-0.6265)= -8.30 N/mm2

»Tube Buckling Stress Sigti=8.3 <= ftbk=37.08[N/mm2] (13.5.6-6)«» (U= 22.3%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-8.3-4.6,-8.3--0.2,4.6--0.2,18.03-4.6,18.03--0.2= 18.23 N/mm2

»Eqvivalent Tube Stress Sigteq=18.23 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 7.9%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=9007"2*(0.4+-0.3485)/(4*4*(900+4))= 2.89 N/mm2

»Compressive Stress in Shell Sigsm=0 <= fsbk=1000[N/mm2] (13.5.7-2)«» (U= 0%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell

Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(2.89-0,2.89-0,0-0)= 2.89 N/mm2

»Eqvivalent Shell Stress Sigseq=2.89 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U=1.2%) OK«
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13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--66.69+0,0+-66.69)= 66.69 N/mm2

»Eqvivalent Shell Stress Sigseq1=66.69 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 14.4%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(22.4+-66.69+0.4,22_.4--66.69)= 89.09 N/mm2

»Eqvivalent Shell Stress Sigceq1=89.09 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 19.3%) OK«

LOAD CASE: Ps+dT(Pt=0)
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) N 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/(35-0))"2*-0.2683= -50.60 N/mm2

»Tubesheet Bending Stress Sigma=50.6 <= 3 * f=459.99[N/mm?2] (13.5.5-6)«» (U= 11%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.2683= -8.14 N/mm2

»Tubesheet Shear Stress Tau=8.14 <= 0.8 * =122.66[N/mm2] (13.5.5-8)«» (U= 6.6%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0*0.6839)--0.2683*3.75)/(0.6839-0.6265)= 26.29 N/mm2

»Tube Axial Stress Sigto=26.29 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 17.1%)0K«

For the inner most tube

Sigti = ((Ps * xs - Pt * xt) - Pe * Fi) / (Xt - xs) (13.5.6-2)
—((O 8*0.6265-0*0.6839)--0.2683*-0.5815)/(0.6839-0.6265)= 6.02 N/mm2

»Tube Axial Stress Sigti=6.02 <= ftj=153.33[N/mm2] (13.5.6-4)«» (U= 3.9%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(6.02--10,6.02--0.4,-10--0.4,26.29--10,26.29--0.4= 36.29 N/mm2

»Eqvivalent Tube Stress Sigteq=36.29 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 15.7%) OK«

13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds ~ 2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=90072*(0+-0.2683)/(4*4*(900+4))= -15.02 N/mm2
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»Compressive Stress in Shell Sigsm=15.02 <= fshk=213.69[N/mmz2] (13.5.7-2)«»(U= 7%) OK«

13.5.7.1.2 Eqvivalent Stress
Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-15.02-90,-15.02--0.4,90--0.4)= 105.02 N/mm2

»Eqvivalent Shell Stress Sigseq=105.02 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U= 45.6%) OK«
13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet
Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--51.34+0.8,0+-51.34)= 52.14 N/mm2

»Equivalent Shell Stress Sigseq1=52.14 <= 3*fs=459.99[N/mm2] (13.5.7-12)«» (U= 11.3%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(0+-51.34+0,0--51.34)= 51.34 N/mm2

»Eqvivalent Shell Stress Sigceql=51.34 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 11.1%) OK«

LOAD CASE: Ps+Pt+dT
13.5.4.4 Effective Pressure Pe

13.5.5.1 Bending Stress in Tubesheet (Sigma)
Sigma = 1.5 * Fm / Mystar * (De /7 (ea - hg)) ~ 2 * Pe (13.5.5-1)
=1.5*0.0455/0.239*(900/ (35-0))"2*-0.6647= -125.37 N/mm2

»Tubesheet Bending Stress Sigma=125.37 <= 3 * f=459.99[N/mmz2] (13.5.5-6)«»(U= 27.2%) OK«

13.5.5.2 Shear Stress in Tubesheet (Tau)
Tau = 0.25 * Do / (my * ea) * Pe (13.5.5-7)
=0.25*850/(0.2*35)*-0.6647= -20.18 N/mm2

»Tubesheet Shear Stress Tau=20.18 <= 0.8 * f=122.66[N/mm2] (13.5.5-8)«» (U=16.4%) OK«

13.5.6 TUBE DESIGN
13.5.6.1 Axial Membrane Stress

For the outer most tube
Sigto = ((Ps * xs - Pt * xt) - Pe * Fq) / (Xt - xs) (13.5.6-1)
=((0.8*0.6265-0.4*0.6839)--0.6647*3.75)/(0.6839-0.6265)= 47 .46 N/mm2

»Tube Axial Stress Sigto=47.46 <= ftj=153.33[N/mm2] (13.5.6-3)«» (U= 30.9%)0OK«

For the inner most tube
Sigti = ((Ps * xs - Pt * xt) - Pe * FiI) / (Xt - xS) (13.5.6-2)
=((0.8*0.6265-0.4*0.6839)--0.6647*-0.5815)/(0.6839-0.6265)= -2.77 N/mm2

»Tube Buckling Stress Sigti=2.77 <= ftbk=42.27[N/mm2] (13.5.6-6)«» (U= 6.5%) OK«

13.5.6.2 Eqvivalent Stress

Maximum eqvivalent stress in the tubes

Sigteq = MAX(Sigti-Sigtteta,Sigti-Sigtr,Sigtteta-Sigtr,Sigto-Sigtteta,Sigto-Sigtr
(13.5.6-7)

=MAX(-2.77--5.4,-2.77--0.6,-5.4--0.6,47.46--5.4,47 .46--0.6= 52.86 N/mm2
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»Eqvivalent Tube Stress Sigteq=52.86 <= 1.5*ft=230.[N/mm2] (13.5.6-11)«» (U= 22.9%) OK«
13.5.7 SHELL DESIGN
13.5.7.1 Shell Design Far From Tubesheet

Axial membrane stress
Sigsm = Ds A2 * (Pt + Pe) / (4 * es * (Ds + es)) (13.5.7-1)
=900"2*(0.4+-0.6647)/(4*4*(900+4))= -14.82 N/mm2

»Compressive Stress in Shell Sigsm=14.82 <= fsbk=213.69[N/mm2] (13.5.7-2)«»(U= 6.9%) OK«

13.5.7.1.2 Eqvivalent Stress

Maximum eqvivalent stress in the shell
Sigseq = MAX(Sigsm-Sigsteta,Sigsm-Sigsr,Sigsteta-Sigsr) (13.5.7-4)
=MAX(-14.82-90,-14.82--0.4,90--0.4)= 104.82 N/mm2

»Eqvivalent Shell Stress Sigseq=104.82 <= 1.5*fs=230.[N/mm2] (13.5.7-8)«» (U= 45.5%) OK«

13.5.7.2 Shell Design At Its Junction With The Tubesheet

Maximum eqvivalent stress in the shell at its junction with tubesheet

Sigseql = MAX( Sigsm - Sigsb + Ps, Sigsm + Sigsb ) (13.5.7-11)
=MAX(0--127.22+0.8,0+-127.22)= 128.02 N/mm2

»Eqvivalent Shell Stress Sigseq1=128.02 <= 3*fs=459.99[N/mm2] (13.5.7-12)«»(U= 27.8%) OK«

13.5.8 CHANNEL DESIGN AT JUNCTION WITH TUBESHEET

Maximum eqvivalent stress in the channel at its junction with tubesheet
Sigceql = MAX( Sigcm + Sigcb + Pt, Sigcm - Sigcb ) (13.5.8-3)
=MAX(22.4+-127.22+0.4,22.4--127.22)= 149.62 N/mm2

»Eqvivalent Shell Stress Sigceq1=149.62 <= 3*fc=459.99[N/mm2] (13.5.8-4)«» (U= 32.5%) OK«

Volume:0 m3  Weight:179 kg (SG=7.93)

25 T.2 Tubesheet Right Tubesheet Umax= 70.2% Page: 118




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-01T Operator :BOO

EN13445 - 14.5 U-SHAPED UNREINFORCED EXPANSION BELLOWS

EB.1 26 Apr. 2005 09:26 ConnlD:S1.1  PC#1

INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.1 Cylindrical Shell Main Shell
Location: Along z-axis z1= 3535

GENERAL DESIGN DATA

PRESSURE LOADING: Design Component for Internal and External Pressure
PROCESS CARD: Shell Side : Temp= 100°C, P= _.8MPa, c= Omm, Pext= .05MPa

DATA FOR BELLOW

U-Shaped Convolutions: Unwelded
Bellow Fabrication: As-formed Bellow (with cold work)

BELLOW INSIDE DIAMETER. . . .- ..o oo iii i i e eeeaaa . 2DI
CONVOLUTION HEIGHT - - - oo oo i e cee e a2 IW
CONVOLUTION PITCH. - . oo i i i i cee e eeaaa-220
NUMBER OF CONVOLUTIONS. ... ... ...t N
NUMBER OF PLIES. ... i i e eee e e aaaaat np
NOMINAL THICKNESS OF ONE PLY . ... i i i i e e e aa ot ep
LENGTH OF END TAGENT . . oo i i i i i i e i eee e e LT

DISTANCE BETWEEN CLOSEST STIFF.RINGS ADJACENT TO BELLOW:L

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C

908.00 mm
97.00 mm
110.00 mm

3.00 mm
19.37 mm
1500.00 mm

Rm=530 Rp=260 Rpt=211 f=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s

BELLOW ATTACHMENT
7

Bellow Attachment Weld: Outside Lap Joint/Fillet Weld

Bellow Attachment Variants: General Design

FATIGUE LOADS
FATIGUE EVALUATION: YES

Description ID Units Load Case 1 Load Case 2
Pressure Range............. dP MPa 8] .4
Axial Displacement Range..: dq mm 3811
Specified Number of Cycles: Nspe 10000 | 50000

1.25

26 EB.1 Expansion Bellows Umax= 76.5% Page: 119




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-01T Operator :BOO Rev.:C

EN13445 - 14.5 U-SHAPED UNREINFORCED EXPANSION BELLOWS
EB.1 26 Apr. 2005 09:26 ConnlD:S1.1  PC#1

MODULUS OF ELASTICITY OF BELLOW MATERIAL(at room temp.):Eo 2,0E05 N/mm2

CALCULATION DATA

14.5.2 Determination of intermediate factors
Bellow nominal thickness e

e =np * ep (14.5.2-1) =1*3= 3.00 mm

Mean diameter of bellows convolution Dm

Dm = Di + w + e (14.5.2-3) =908+97+3= 1008.00 mm
Thickness of one ply, corrected for thinning eps

eps = ep * Sqr( Di / Dm) (14.5.2-4) =3*Sqr(908/1008)= 2.85 mm

Bellow thickness, corrected for thinning es

es = np * eps (14.5.2-5) =1*2.85= 2.85 mm

Factor considering the stiff._effect of the attach.weld and the end convolution k
k = MINC Lt /7 (1.5 * Sgr( Di * ep)), 1) (14.5.2-6)
=MIN(19.37/(1.5*Sqr(908*3,))1)= 0.2474

Cross sectional area of one convolution A

A=(pl -2)/2*qg+2*w) *es (14.5.2-7)
=((8.14-2)/2*110+2*97)*2.85= 731.15 mm2
Coefficient C1

Cl=q 7 (2 *w (14.5.2-8) =110/(2*97)= 0.5670

Coefficient C2

C2 =q9q /7 (2-2 * sqr( Dm * eps)) (14.5.2-9)
=110/(2.2*Sqr(1008*2.85))= 0.9333

Factor Cp from fig.14.5.2-1 Cp =0.5603

Factor Cf from fig.14.5.2-2 Cf =1.3626

Factor Cd from fig.14.5.2-3 Cd =2.0015

14.4 Conditions of Applicability
»Limit length of cylindrical end tangent Ltlim

Ltlim = 0.5 * Sqr( e * Di) =0.5*Sqr(3*908)= 26.10 mm
»14_.4_1_3 Geometry Check Lt=19.37 <= Ltlim=26_1« » OK«
»14_.4_.3 Max. Temp. Check Temp=100 <= 500« »  OK«

»14_4_5 Manufacture - Requirements for heat treatment
MaxStrain = 100 * LOG(( Di + 2 * e + 2 *w) /7 (Di + 2 * ¢e))
=100*LOG((908+2*3+2*97)/(908+2*3))= 19.25

14.5.1.2 Conditions of Applicability

»a) Convolutions shall consist of a sidewall and two tori of same radius (at the
crest and root of the convolution), in the neutral position, so that the
convolution profile presents a smooth geometrical shape as shown in Figure 14.1-1.
However a variation of 10 % between the crest convolution radius ric and the root
convolution radius rir is permitted.

»b) The torus radius shall be such that: ri >= 3*ep, where ri = (ric+rir)/2

»c) The off-set angle of the sidewalls, alfa, in the neutral position shall be
such as: -15<= = alfa <=15 degrees
»d) The number of plies: np=1 <= 5« » OK«

»e) Convolution height w: w=97 <= Di/3=302.67« » OK«

14.5.3 Pressure Static Strength
14.5.3.1 End tangent

Circumferential membrane stress due to pressure Sigt
Sigt = 0.5*P*(Di+e)"2*Lt*E*k/(e*(Di+e)*Lt*E) (14.5.3-1)
=0.5*0.8*(908+3)"2*19.37*193180*0.2474/(3*(908+3)*19.37*193180)= 30.05 N/mm2

»End Tangent Circ.Mem.Stress SigT=30.05 <= f=153.33[N/mm2] «» (U= 19.6%) OK«

14.5.3.3 Bellows convolutions

a) Circumfererential membrane strength

- for end convolutions SigE

SiIg = 0.5 * P * (g *Dm + Lt * (Di +e)) / (A +es * Lt) (14.5.3-3)
=0.5*0.8*(110*1008+19.37*(908+3))/(731.15+2.85*19._37)= 65.38 N/mm2
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»End Convolutions Circ.Mem.Stress SigE=65.38 <= f=153.33[N/mm2] «» (U= 42.6%) OK«
- for intermediate convolutions Sigl
Sigl = 0.5*P *q *Dm / A (14.5.3-4) =0.5*0.8*110*1008/731.15= 60.66 N/mm2

»Intermediate Conv.Circ.Mem.Stress Sigl=60.66 <= f=153.33[N/mm2] «» (U= 39.5%) OK«

b) meridional membrane stress Sigm

Sigm = 0.5 * P *w / es (14.5.3-5) =0.5*0.8*97/2.85= 13.63 N/mm2

c) meridional bending stress Sigm

Sigh=05*P *Cp* W/ eps) 2/ np (14.5.3-6)
=0.5*0.8*0.5603*(97/2.85)"2/1= 260.09 N/mm2

»Meridional membr.+bending Stress Sigm+Sigh=273.72 <= Kf*f=459.99[N/mm2] «»(U= 59.5%)
OK«

14.5.7 Axial Rigidity

Theoretical rigidity of a bellow comprising N convolutions K

K = 0.5*P1/(1-v"*2)*E*np/N*Dm*(eps/w)"3/CF (14.5.7-1)
=0.5*3.14/(1-0.3"2)*193180*1/2*1008*(2.85/97)"3/1.36= 3119.51 N/mm

14.5.4 Squirm Due to Internal Pressure
14.5.4.1 Column Squirm

Effective Proof Stress at design temp. Res

Res = 2.3 * Rpt =2.3*211= 485.30 N/mm2
Transition Point Factor Cz

Cz=Sqgr( 4.72 * N *K*q ™2/ (Res * Di * A)) (14.5.4-3)
=Sqr(4.72*2*3119.51*110"2/(485.3*908*731.15))= 1.05

When N*q/Di < Cz
Allowable internal pressure to avoid column squirm Psc

Psc = 0.87*A*Res/(Di*q)*(1-0.73*N*q/(Cz*Di)) (14.5.4-2)
=0.87*731.15*485.3/(908*110)*(1-0.73*2*110/(1.05*908))= 2.57 MPa
»Column Squirm P=0.8 <= Psc=2.57[MPa] « » (U= 31.1%) OK«

14.5.4.2 In-Plane Squirm

Allowable internal pressure to avoid in-plane squirm Psi

Psi =1.4*np/Cp > (eps /7 w) ~2 * Res (14.5.4-4)
=1.4*1/0.5603*(2.85/97)"2*485.3= 1.04 MPa
»In-Plane Squirm P=0.8 <= Psi=1.04[MPa] « » (U= 76.5%) OK«

14.5.5 Instability due to external pressure
14.5.5.1 External Pressure Loading
14.5.3.1 End tangent

Vacuum check assuming that only the internal ply resists the pressure
Circumferential membrane stress due to pressure Sigt

Sigt = 0.5*Pext*(Di+ep™2)*Lt*E*k/ (ep*(Di+ep)*Lt*E) (14.5.3-1)
=0.5*0.05*(908+372)*19.37*193180*0.2474/(3*(908+3)*19.37*193180)
= 1.88 N/mm2

»End Tangent Circ.Mem.Stress(Pext) SigT=1.88 <= f=153.33[N/mm2] «» (U= 1.2%) OK«

14.5.3.3 Bellows convolutions

a) Circumfererential membrane strength

- for end convolutions SigE

SigE = 0.5*Pext*(q*Dm+Lt*(Di+ep))/ (A+ep*Lt) (14.5.3-3)
=0.5*0.05*(110*1008+19.37*(908+3))/(731.15+3*19._37)= 4.07 N/mm2
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»End Convolutions Circ.Mem.Stress(Pext) SigE=4.07 <= f=153.33[N/mm2] «» (U=2.6%) OK«

- for intermediate convolutions Sigl
Sigl = 0.5 * Pext *q *Dm / A (14.5.3-4)
=0.5*0.05*110*1008/731.15= 3.79 N/mm2

»Intermediate Conv.Circ.Mem.Stress(Pext) Sigl=3.79 <= f=153.33[N/mm2] «» (U= 2.4%) OK«

b) meridional membrane stress Sigm
Sigm = 0.5 * Pext * w / es (14.5.3-5) =0.5*0.05*97/2.85= 0.8517 N/mm2

c) meridional bending stress Sigm

Sigh = 0.5 * Pext * Cp * (W / eps) 2/ np (14.5.3-6)
=0.5*0.05*0.5603*(97/2.85)"2/1= 16.26 N/mm2
»Meridional membr.+bending Stress(Pext) Sigm+Sigh=17.11 <= Kf*f=459.99[N/mm2] «» (U=

3.7%) OK«

8.5.2.2 Cylindrical Shell Under External Pressure
Preliminary Calculations

8.4.3 Nominal Elastic Limit Sige:

Sige = Rpt /7 (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Ixx = es*((2*w-q)"3/48+0._4*gq*(w-0.2*q)"2)
=2.85*((2*97-110)"3/48+0.4*110*(97-0.2*110)"2)= 7,3987E05 mm4

eeg = (12 * @A -v™r2)*Ixx/7q ™~@/Z7 3
=(12*(1-0.372)*7.3987E05/110)™N(1/3)= 41.88 mm

Deq = Di + np * eeq =908+1*41.88= 949.88 mm

R = Deq / 2 =949.88/2= 474 .94 mm

Z =Pl *R /L (8.5.2-7) =3.14*474.94/1500= 0.9947

Delta = 1.28 /7 Sqr( R * eeq) (8.5.3-20) =1.28/Sqr(474.94*41.88)=0.0091

gamma = 0 for No Stiffeners

DETERMINATION OF eps FROM FIGURE 8.5-3 :
eps is a minimum when n=3
eps (from fig. 8.5-3) =0.007928

MEMBRANE YIELD py
py = Sige *eeq/ (R* (1 - gamma * G )) (8.5.3-15)
=129.85%41.88/(474.94*(1-0*0))= 11.45 MPa

ELASTIC INSTABILITY pe
pm = E * eeq * eps / R (8.5.2-5) =193180*41.88*0.0079/474.94= 135.05 MPa

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax
Value pr/py From Figure 8.5-5 Curve 1

Valuel = == 0.9585

pr = Valuel * py =0.9585*11.45= 10.97 MPa
Max. Allowable External Pressure

Pmax = pr / S (8.5.2-8) =10.97/1.5= 7.32 MPa

»External Pressure Pmax=7.32 >= Pext=0.05[MPa] « » (U=.6%) OK«

14.5.6 Fatigue Evaluation

LOAD CASE NO: 1 - LOAD CASE 1

Load Data:

dP=_8(MPa), dg=3.8(mm), Nspe=10000Q0),

b) meridional membrane stress Sigm

Sigm = 0.5 * dP * w / es (14.5.3-5) =0.5*0.8*97/2.85= 13.63 N/mm2

c) meridional bending stress Sigm
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Sigh = 0.5*dP *Cp * (W / eps) ~ 2/ np (14.5.3-6)
=0.5*0.8*0.5603*(97/2.85)"2/1= 260.09 N/mm2

14.5.6.1 Calculation of stresses due to displacement range dq
a) Meridional membrane stress Sigmm

Signm = 0.5 * E *eps ~2 *dq / (w”™ 3 * CF) (14.5.6-1)
=0.5*193180*2.85"2*3.8/(97"3*1.36)= 2.39 N/mm2

b) Meridional bending stress Sigmb

Sigmb =5 *E *eps *dg/ (83 *w "™ 2 *Cd) (14.5.6-2)
=5*193180*2.85*3.8/(3*97"2*2.)= 184.98 N/mm2

14.5.6.2 Calculation of the total stress due to cyclic loading

Total stress range Sigeq

Sigeq = 0.7 * (Sigm + Sigb) + (Sigmm + Sigmb) (14.5.6-3)
=0.7*(13.63+260.09)+(2.39+184.98)= 378.98 N/mm2

14.5.6.3 Calculation of the allowable number of cycles

Allowable number of cycles for annealed bellows(without cold work) Nalw

Nalw = (33607 / (Eo / E * Sigeq - 279)) N 2 (14.5.6-6)
=(33607/(200000/193180*378.98-279))"2= 87897.49 Cycles

»Fatigue Damage:LOAD CASE 1 Nspe=10000 <= Nalw=87897.49[Cycles] «» (U= 11.3%) OK«

LOAD CASE NO: 2 - LOAD CASE 2
Load Data:

dP=_4(MPa), dg=1(mm), Nspe=50000(),
b) meridional membrane stress Sigm

Sigm = 0.5 * dP * w / es (14.5.3-5) =0.5*0.4*97/2.85= 6.81 N/mm2

c) meridional bending stress Sigm

Sigh =0.5*dP *Cp * (W / eps) ~ 2/ np (14.5.3-6)
=0.5*0.4*0.5603*(97/2.85)"2/1= 130.05 N/mm2

14.5.6.1 Calculation of stresses due to displacement range dq
a) Meridional membrane stress Sigmm

Sigmm = 0.5 * E *eps "2 *dq/ (w”™ 3 * CFH) (14.5.6-1)
=0.5*193180*2.85"2*1/(97"3*1.36)= 0.6297 N/mm2

b) Meridional bending stress Sigmb

Sigmb =5 *E *eps *dq/ (3*w "™ 2 * Cd) (14.5.6-2)
=5*193180*2.85*1/(3*97"2*2_)= 48.68 N/mm2

14.5.6.2 Calculation of the total stress due to cyclic loading

Total stress range Sigeq

Sigeq = 0.7 * (Sigm + Sigb) + (Sigmm + Sigmb) (14.5.6-3)
=0.7*(6.81+130.05)+(0.6297+48.68)= 145.11 N/mm2

14.5.6.3 Calculation of the allowable number of cycles

Allowable number of cycles for annealed bellows(without cold work) Nalw
Nalw (since Eo/E*Sigeq < 279) = 1 000 000 =1000000= 1,0E06 Cycles

»Fatigue Damage:LOAD CASE 2 Nspe=50000 <= Nalw=1.0E06[Cycles] «» (U= 5%) OK«
The Total Fatigue Damage Index Due to Cumulative Effect of the Cycles D

»Total Fatigue Damage D=0.1638 <= 1.0=1« » (U= 16.3%) OK«

CALCULATION SUMMARY

26 EB.1 Expansion Bellows Umax= 76.5% Page: 123




Company Name Company Address

Sample File Cooler
Fixed tubesheet including expansion bellow
Visual Vessel Design by OhmTech Ver:9.44-01T Operator :BOO Rev.:C

EN13445 - 14.5 U-SHAPED UNREINFORCED EXPANSION BELLOWS
EB.1 26 Apr. 2005 09:26 ConnlD:S1.1  PC#1

14.5.3 Pressure Static Strength

14.5.3.1 End tangent

Circumferential membrane stress due to pressure Sigt

Sigt = 0.5*P*(Di+e)"2*Lt*E*k/(e*(Di+e)*Lt*E) (14.5.3-1)
=0.5*0.8*(908+3)"2*19.37*193180*0.2474/(3*(908+3)*19.37*193180)= 30.05 N/mm2

»End Tangent Circ.Mem.Stress SigT=30.05 <= f=153.33[N/mm2] «» (U= 19.6%) OK«

14.5.3.3 Bellows convolutions

a) Circumfererential membrane strength

- for end convolutions SigE

SigE = 0.5*P * (g *Dm + Lt * (Di +e)) /7 (A + es * Lt) (14.5.3-3)
=0.5*0.8*(110*1008+19.37*(908+3))/(731.15+2.85*%19_37)= 65.38 N/mm2

»End Convolutions Circ.Mem.Stress SigE=65.38 <= f=153.33[N/mm2] «» (U= 42.6%) OK«
- for intermediate convolutions Sigl
Sigl = 0.5*P *q *Dm / A (14.5.3-4) =0.5*0.8*110*1008/731.15= 60.66 N/mm2

»Intermediate Conv.Circ.Mem.Stress Sigl=60.66 <= f=153.33[N/mm2] «» (U= 39.5%) OK«
»Meridional membr.+bending Stress Sigm+Sigh=273.72 <= Kf*f=459.99[N/mm2] «»(U= 59.5%)
OK«

Theoretical rigidity of a bellow comprising N convolutions K
K = 0.5*P1/(1-v"2)*E*np/N*Dm*(eps/w)"3/CF (14.5.7-1)
=0.5*3.14/(1-0.372)*193180*1/2*1008*(2.85/97)"3/1.36= 3119.51 N/mm

14.5.4 Squirm Due to Internal Pressure
»Column Squirm P=0.8 <= Psc=2.57[MPa] « » (U= 31.1%) OK«
»In-Plane Squirm P=0.8 <= Psi=1.04[MPa] « » (U= 76.5%) OK«

14.5.5 Instability due to external pressure

14.5.5.1 External Pressure Loading

»End Tangent Circ.Mem.Stress(Pext) SigT=1.88 <= f=153.33[N/mm2] «» (U= 1.2%) OK«
»Intermediate Conv.Circ.Mem.Stress(Pext) Sigl=3.79 <= f=153.33[N/mm2] «» (U= 2.4%) OK«
»Meridional membr.+bending Stress(Pext) Sigm+Sigh=17.11 <= Kf*f=459.99[N/mm2] «» (U=
3.7%) OK«

8.5.2.2 Cylindrical Shell Under External Pressure
Max. Allowable External Pressure
Pmax = pr / S (8.5.2-8) =10.97/1.5= 7.32 MPa

»External Pressure Pmax=7.32 >= Pext=0.05[MPa] « » (U= .6%) OK«

14.5.6 Fatigue Evaluation

LOAD CASE NO: 1-LOAD CASE 1
»Fatigue Damage:LOAD CASE 1 Nspe=10000 <= Nalw=87897.49[Cycles] «» (U= 11.3%) OK«

LOAD CASE NO: 2 - LOAD CASE 2
»Fatigue Damage:LOAD CASE 2 Nspe=50000 <= Nalw=1.0E06[Cycles] «» (U= 5%) OK«
»Total Fatigue Damage D=0.1638 <= 1.0=1« » (U= 16.3%) OK«
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: T.1 Tubesheet Left tubesheet S1.1

Location: Along z-axis zo= 35

GENERAL DESIGN DATA

DESIGN PRESSURE. ... ....ccooeeiiiaaaaaaaaaaaaaaaaa.iP 0.4500 MPa
EXTERNAL DESIGN PRESSURE. .. .....cccoeiiiinnaaaaanan.st :Pext  0.8500 MPa
CORROSION ALLOWANCE FOR TUBES. . ......cceeeiuunaoanns.t :c 0.00 mm
TUBE BUNDLE DATA

U-TUBES - CHECK THINNING OF TUBES DUE TO BENDING: NO
EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp= 260 Rpt=211 =153.33 20=176.67 ftest=265 E= 193180(N/mm2) ro=7.93

NOMINAL THICKNESS OF TUBES. .- it iiiiiceaanl et 1.00 mm
TUBE PITCH (Spacing between centers)................Ip 32.00 mm
NOMINAL OUTSIDE DIAMETER OF TUBES...................:dt 25.00 mm
DIAMETER OF OUTER TUBE LIMIT CIRCLE.................:Do 850.00 mm
NUMBER OF TUBEHOLES IN TUBESHEET....................:INt 484 .00 piec
TUBE LENGTH BETWEEN INNER FACES OF TUBESHEETS.......:L 5930.00 mm
AS BUILT THICKNESS OF TUBESHEET (uncorroded)........:en 36.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE. ... .....cco...l 12.50 %
SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
DATA FOR BAFFLE PLATES

BAFFLE PLATES: Included

NUMBER OF EQVISPACED BAFFLE PLATES..................:INb 6.00
OUTSIDE DIAMETER OF BAFFLE PLATES...................:Db 894.00 mm
THICKNESS OF BAFFLE PLATES. .. .. .cccicecaaaaaaaaaa---2€b 4.00 mm
BAFFLE CUT(IN % OF DIAMETER) .- - - cccccicccccnnnann...:CUt 25.00 %
DISTANCE BETWEEN TUBESHEET AND FIRST BAFFLE PLATE...:Sb 844.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 f=153.33 F20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

CALCULATION DATA
SECT. 7.4 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE

Required Minimum Tube Thickness Excl._Allow. emin :
emin =De *P/ (2 *Ff *2z+ P) (7.4-2)
=25*0.45/(2*153.33*1+0.45)= 0.0366 mm

Required Minimum Tube Thickness Incl._Allow. :
emina = (emin + ¢ + th) * (1 + thbend / 100)
=(0.0366+0+0.125)*(1+0/100)= 0.1616 mm

Analysis Thickness
ea =en / (1 + thbend /7 100) - c - th
=1/(1+0/100)-0-0.125= 0.8750 mm

»Internal Pressure emina=0.1616 <= en=1[mm] « » (U= 16.1%) OK«

MAXIMUM ALLOWABLE WORKING PRESSURE MAWP :

Inside Diameter of Tube

Di = De - 2 * ea =25-2*0.875= 23.25 mm
Mean Diameter of Tube

= (De + Di) / 2 =(25+23.25)/2= 24.13 mm
MAWP HOT & CORR. (Corroded condition at design temp.)
MAWPHC = 2 * ¥ * z * ea / Dm =2*153.33*1*0.875/24.125= 11.12 MPa

(Uncorroded condition at ambient temp.)

MAWP NEW & COLD
=2*f20 *z * (ea + ¢c) / Dm

MAWPNC
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=2*176.67*1*(0.875+0)/24.125= 12.82 MPa

MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)
Ptmax = 2 * ftest * (ea + ¢c) / Dm
=2*265*(0.875+0)/24 .125= 19.22 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin
NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3

Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / f )
=MAX(1.43*0.45,1.25*0.45*176.67/153.33)= 0.6481 MPa

»Test Pressure Ptmin=0.6481 <= Ptmax=19.22[MPa] « » (U= 3.3%) OK«

SECT. 8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

Nominal Elastic Limit S:

S = Rpt / (1.3 * s) (8.4.3-1) =211/(1.3*1.25)= 129.85 N/mm2
Preliminary Calculations

R =Dm / 2 =24.125/2= 12.06 mm

Z =PI *R /L (8.5.2-7) =3.14*12.06/5930= 0.0064

Delta = 1.28 / Sqr( R * ea) (8.5.3-20) =1.28/Sqr(12.06*0.875)=0.3940

gamma = O for No Stiffeners

DETERMINATION OF eps FROM FIGURE 8.5-3 :

eps Is a minimum when n=2
eps (from fig. 8.5-3) =0.001446

MEMBRANE YIELD py
py=S*ea/ (R* (@ - gamma * G )) (8.5.3-15)
=129.85*0.875/(12.06*(1-0*0))= 9.42 MPa

ELASTIC INSTABILITY pe
pm = E * ea * eps / R (8.5.2-5) =193180*0.875*0.0014/12.06= 20.26 MPa

MAX. ALLOWABLE EXTERNAL PRESSURE Pmax
Value pr/py From Figure 8.5-5 Curve 1

Valuel = == 0.7719

pr = Valuel * py =0.7719*9.42= 7.27 MPa
Max. Allowable External Pressure

Pmax = pr / k =7.27/1.5= 4.85 MPa

»External Pressure Pmax=4.85 >= Pext=0.85[MPa] « » (U= 17.5%) OK«

CALCULATION SUMMARY
SECT. 7.4 - CYLINDRICAL SHELLS UNDER INTERNAL PRESSURE

Required Minimum Tube Thickness Excl_Allow. emin :
emin =De *P/ @2 *F*z + P) (7.4-2)
=25*0.45/(2*153.33*1+0.45)= 0.0366 mm

Required Minimum Tube Thickness Incl._Allow. :
emina = (emin + ¢ + th) * (1 + thbend / 100)

=(0.0366+0+0.125)*(1+0/100)= 0.1616 mm
»Internal Pressure emina=0.1616 <= en=1[mm] « » (U=16.1%) OK«
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MAX TEST PRESSURE (Uncorroded cond.at ambient temp.)

Ptmax = 2 * ftest * (ea + ¢c) / Dm
=2*265*(0.875+0)/24 .125= 19.22 MPa

EN13445-5;10.2.3.3 REQUIRED MIN.HYDROSTATIC TEST PRESSURE:Ptmin
NEW AT AMBIENT TEMP. FOR TEST GROUPS 1, 2 and 3

Ptmin = MAX( 1.43 * Pd , 1.25 * Pd * 20 / f )
=MAX(1.43*0.45,1.25*0.45*176.67/153_33)= 0.6481 MPa

»Test Pressure Ptmin=0.6481 <= Ptmax=19.22[MPa] « » (U= 3.3%) OK«

SECT. 8.5 - CYLINDRICAL SHELL UNDER EXTERNAL PRESSURE

Max. Allowable External Pressure
Pmax = pr / k =7.27/1.5= 4.85 MPa

»External Pressure Pmax=4.85 >= Pext=0.85[MPa] « » (U= 17.5%) OK«

Volume:1.21 m3  Weight:1847.5 kg (SG=7.929999 )
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.1 Cylindrical Shell Main Shell

z-location of Centroid of Stiffener....... ... .......:z 3050.00 mm
GENERAL DESIGN DATA
CALCULATION TEMPERATURE. . ..o i i i i iiecaaaaaaa--Temp 100.00 °C
INTERNAL CORROSION ALLOWANCE. .. ... cciccceieecacaaaaaatC 0.00 mm
EXTERNAL DESIGN PRESSURE. . .....cccuecccacaueaa----..-Pext 0.0500 MPa
DATA FOR SHELL
AS BUILT WALL THICKNESS (uncorroded)................:zen 4.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm
OUTSIDE DIAMETER OF SHELL ... ... ... ccccooooo-..--2De 908.00 mm
UNSUPPORTED LENGTH OF SHELL (Fig- 8.5-2)............:L 2000.00 mm
DATA FOR STIFFENING RING
STIFFENER LOCATION: External Stiffener
TYPE OF FORMING: Cold Bent Stiffener
LIGHT/HEAVY TYPE: Light Stiffener
DISTANCE BETWEEN HEAVY STIFFENERS (Table 8.5-1).....:LH 4000.00 mm
DISTANCE BETWEEN LIGHT STIFFENERS (Table 8.5-1).....:Ls 2000.00 mm
EN 10272, 1.4301 X5CrNil8-10 bar THK<=250mm 100°C
Rm=500 Rp=225 Rpt=190 fst=150 f20=166.67 ftest=250 E= 193180(N/mm2) ro=7.93
SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
GEOMETRY & DIMENSIONS OF STIFFENER
b rl
Stiffener Geometry: Rib Profile
TOTAL HEIGHT OF STIFFENER. .. . . ... .. cceeeaaceaa---zh 40.00 mm
THICKNESS OF STIFFENER IN CONTACT WITH SHELL........:tl 5.00 mm
CALCULATION DATA
8.4.3 Nominal Elastic Limit Sige:
Siges = Rpt /7 (1.3 * s) (8.4.3-2) =190/(1.3*1.25)= 116.92 N/mm2
Analysis Thickness
ea = en - ¢ - th =4-0-0= 4.00 mm
Calculated Stiffener Properties
CROSS SECTIONAL AREA OF STIFFENER...................:As 200.00 mm2
WIDTH OF STIFFENER IN CONTACT WITH SHELL............:wi 5.00 mm
RADIUS TO THE PART OF THE STIFF.FURTHEST FROM SHELL.:RFf 494 .00 mm
RADIUS OF CENTROID OF RING STIFFENER CROSS SECTION..:Rs 474.00 mm
SECOND MOMENT OF AREA ABOUT AX1S THROUGH CENTROID...:Is 2.67 cm4d
SECT. 8.5.3.6 - DESIGN OF LIGHT STIFFENERS
Cold Bent Stiffener (high residual stress) Sf=1.33
8.4.4 Minimum Safety Factor for Design Condition S= 1.5
Shell Radius
R = (De - ea) / 2 =(908-4)/2= 452 _.00 mm
Delta = 1.28 /7 Sqr( R * ea) (8.5.3-20) =1.28/Sqr(452*4)= 0.0301 mm(-1)
DL = Delta * L =0.0301*2000= 60.21
= (COSH( DL) - COS( DL)) / (SINH(C DL) + SIN( DL)) (8.5.3-21)
=(COSH(60.21)-C0S(60.21))/(SINH(60.21)+SIN(60.21))= 1.00
Modified Area of Stiffener
Am = (R~ 2/ Rs N 2) * As (8.5.3-17) =(452"2/474"2)*200= 181.87 mm2
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Calculation Details for Max.Stresses when n= 3

8.5.3.6.3 Determination of Le(effective length acting with stiffener)

Le =yl *Sgr( R *ea) /7 Sgr(y3 * x + Sgr( 1 +y2 * x "™ 2)) (8.5.3-34)
=1.56*Sqr(452*4)/Sqr(0.6819*0.0796+Sqr(1+1.2*0.0796"2))= 64.48 mm

Cross Sectional Area of Stiffener and Effective Length of Shell

Ae = As + ea * Le (8.5.3-30/54) =200+4*64.48= 457.92 mm2
Parameter in Calculation of Overall Collapse

Xe = (ea™2*Le*0.5+As*(ea/2+lamda*(R-Rs)))/Ae (8.5.3-27/53)
=(472*64 .48*0.5+200* (4/2+-1*(452-474))) /457 .92= 11.61 mm

Second Moment of Area of the Composite Cross-Section of Stiffener and Shell

le = ea"3*Le/3+Is+As*(ea/2+1amda*(R-Rs))"2-Ae*Xe2 (8.5.3-27/53)
=47"3*64.48/3+2_.67+200*(4/2+-1*(452-474))"2-457.92*11.61"2= 81532.61 mm4

beta = 1/(n"2-1+0.5*(P1*R/LH)"2)*(n"2*(LH/P1/R)"N2+1)"2 (8.5.3-25)

=1/(3"2-1+0.5*(3.14*452/4000)"2)*(3"2*(4000/3.14/452)"2+1)"2=2,3651E-05
Theoretical Elastic Instability Pressure of a Stiffener

pg =E *ea*beta/R+(n"~"2-1)*E*le/R"™3/Ls (8.5.3-24)
=193180*4*2_.3651E-05/452+(3"2-1)*193180*81532.61/452"3/2000=0.7227 MPa

dmean = Max( Xe, lamda * (R - RF) - Xe + 0.5 * ea) (8.5.3-49)
=Max(11.61,-1*(452-494)-11.61+0.5*4)= 32.39 mm

Pressure Causing Circumferential Yield in a Stiffener

Pys = Siges*ea*Rf/(R"2*0.85)*(1+An/(wi*ea+2*N*ea/Delta)) (8.5.3-47)
=116.92*4*494/(45272*0.85)*(1+181.87/(5*4+2*1*4/0.0301))= 2.18 MPa

PSST = Pext * S * S =0.05*1.33*1.5= 0.0998 MPa

8.5.3.6.4 Maximum Stresses in the Stiffener

Sigs = PSSf*Siges/Pys+E*dmean*0.005*(n"2-1)*PSSf/(R*(pg-PSST)) (8.5.3-46)
=0.0998*116.92/2.18+193180*32.39*0.005*(372-1)*0.0998/(452*(0.7227-0.0998))
= 94.03 N/mm2

Calculation summary for each n from n=2 to n=6

n= 2 n= 3 n= 4 n=5 n= 6

Le (34) mm = 65.5171 64 .4805 62.9976 61.0643 58.7086
Ae (30) mm2 =  462.07 457.92 451 .99 444 26 434.83
Xe (27) mm = 11.522 11.609 11.735 11.904 12.119
le (26) cm4 = 8.192 8.153 8.097 8.021 7.926
dmean(49) mm =  32.478 32.391 32.265 32.096 31.881
pg/H(24) MPa =  .778 .723 1.277 2.015 2.902
Pys (47) MPa = 2.177 2.177 2.177 2.177 2.177
Pmax MPa =  .3898 .3622 .6403 1.0102 1.4547
Sigs(46)N/mm2=  35.9897 94.0298 92.9666 91.0702 90.2335
Check of Maximum Stiffener Stress

n= 2 n= 3 n= 4 n=>5 n= 6

0<=Sigs<=Siges U= 31% U= 81% U= 80% U= 78% U= 78%

»Max.Stiff.Stress Sigs=94.03 <= Siges=116.92(8.5.3-46)« » (U= 80.4%) OK«
Check of Elastic Instability

n= 2 n= 3 n= 4 n= 5 n=6

Pext<=pg/Sf*k U= 13% U= 14% U= 8% U= 5% U= 4%
»Elastic Instability PSSf=0.0998 <= pg=0.7227(8.5.3-31)« » (U= 13.8%) OK«
8.5.3.8 Stiffener Tripping

8.5.3.8.2 For a flat bar stiffener

Values of SigX (Sigi/E)(d/ew)”2 (from Table 8.5- 4) =1.14
Sige = SigX * E / (h /7 t1) ~ 2 =1.14*193180/(40/5)"2= 3441.02 N/mm2
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»Tripping Check Sige/4=860.25 > Pext*Siges/Pys=2.69(8.5.3-64)«» (U= .3%) OK«

CALCULATION SUMMARY

SECT. 8.5.3.6 - DESIGN OF LIGHT STIFFENERS

Sigs = PSSf*Siges/Pys+E*dmean*0.005*(n"2-1)*PSSf/(R*(pg-PSST)) (8.5.3-46)
=0.0998*116. ?2/% -18+193180*32.39*0.005*(372-1)*0.0998/(452*(0.7227-0.0998))

= 94._.03 N/mm

Check of Maximum Stiffener Stress

n= 2 n= 3 n= 4 n=5 n= 6

0<=Sigs<=Siges U= 31% U= 81% U= 80% U= 78% U= 78%
»Max.Stiff.Stress Sigs=94.03 <= Siges=116.92(8.5.3-46)« » (U= 80.4%) OK«

Check of Elastic Instability
n= 2 n= 3 n= 4 n= 35 n= 6

Pext<=pg/ST*k U= 13% U= 14% U= 8% U= 5% U= 4%
»Elastic Instability PSSf=0.0998 <= pg=0.7227(8.5.3-31)« » (U= 13.8%) OK«
8.5.3.8 Stiffener Tripping

»Tripping Check Sige/4=860.25 > Pext*Siges/Pys=2.69(8.5.3-64)«» (U= .3%) OK«

Volume:0 m3  Weight:4.7 kg (SG=7.93)
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION
Attachment: S1.1 Cylindrical Shell Main Shell
z-location of Centroid of Saddle/Ring Support.......:z 1025.00 mm

GENERAL DESIGN DATA

PROCESS CARD: Shell Side : Temp= 100°C, P= .8MPa, c= Omm
Type of Saddle Support: Type A - Vessel Symmetrically on Two Saddles

b L -

v Ve Wiﬂ
F1 J Fg: F1
SHELL DATA

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp= 260 Rpt=211 fs=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

OUTSIDE DIAMETER OF SHELL. ... ..ot :De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:Zen 4_.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm
MAXTMUM ALLOWABLE EXTERNAL PRESSURE.................:Pmax 0.0989 MPa
SAFETY FACTOR (1.0 carbon and 1.25 austenitic steels):s 1.25
SADDLE LOCATION/END DATA

DIST.FROM SADDLE SUPPORT TO ADJACENT END OF CYL.PART:al 990.00 mm
LENGTH OF CYLINDRICAL PART OF SHELL (TAN/TAN).......: L 3500.00 mm
End ID:

DEPTH OF VESSEL END. . ... oo ioiiiiiiiiiceceaeeeeeeetHI 0.00 mm
SADDLE GEOMETRY

INCLUDED ANGLE OF SADDLE SUPPORT (degrees)..........:Delta 140.00 degr.
AXIAL WIDTH OF SADDLE OF SADDLE SUPPORT.............:bl 180.00 mm
HEIGHT FROM SHELL OD TO BOTTOM OF SADDLE BASE PLATE.:Hs 200.00 mm
THICKNESS OF SADDLE WEB/CENTER PLATE................:ew 8.00 mm
THICKNESS OF BASE PLATE. .. iiiiieeaaaaaaaaaa---2€b 10.00 mm
THICKNESS OF STIFFENER PLATES.......................:est 8.00 mm
NUMBER OF EQVISPACED STIFFENER PLATES...............InO 2.00

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 =153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

DATA FOR REINFORCEMENT PLATE

Saddle Reinforcement Wrapper Plate: Included

INCLUDED ANGLE OF SADDLE REINFORCEMENT PLATE(degr.).:Delta2 180.00 degr .
AXIAL WIDTH OF SADDLE REINFORCEMENT/WRAPPER PLATE...:b2 220.00 mm
THICKNESS OF SADDLE REINFORCEMENT/WRAPPER PLATE.....:e2 5.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C

Rm=530 Rp=260 Rpt=211 f2=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93
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SADDLE LOADS
EMPTY WEIGHT OF VESSEL. ... ... . iiieiaaaaa-.Wemp 3406.13 kg
OPERATING WEIGHT OF VESSEL. ... ... .. ... ... .........-ZWop 9124 .96 kg
HYDROTEST WEIGHT OF VESSEL. ... ... .. oo ....-Wtest 18250.00 kg
LOAD CASES
Table SADDLE LOADS:
Description ID Hydrotest(site) Oper.Cond.

Reaction at Support(kN) Fi 93.99 47

Shear Force at Saddle(kN) Qi 40.82 20.41

Bend.Moment at Saddle(kNm) Mi 24.11 12.31

Bend.Moment betw.Saddles(kNm) Mij -8.6 -4.55

Internal pressure(MPa) Pi .75 4

External pressure(MPa) Pe 0 .05

Corrosion Allowance(mm) c 0 0

Test Condition (Yes/No) Te Yes No

Temperature D=Design/A=Ambient T A D
CALCULATION DATA
16.8.3 CONDITIONS OF APPLICABILITY
»a) en/Di=0.0044 >= 0.001« » OK«
»a) en/Di=0.0044 <= 0.05« » OK«
»a) Delta=140 >= 60[Degr] « »  OK«
»a) Delta=140 <= 180[Degr] « »  OK«
»b) e2=5 >= en=4[mm] « »  OK«
»b) a2=158.48 >= 0.1*Di=90[mm] « »  OK«

»Cc) The saddles are loaded vertically downwards

»d) IFf welding is not possible, care should be taken to ensure that the vessel is

uniformly supported.

»e) IFf axial displacements are to be expected, one saddle shall be fixed to
thefoundation while the other saddle shall be free to move in the axial
direction.»f) Required minimum distance from saddle to any other local load Lmin

60 mm

LOAD CASE NO: 1 - HYDROTEST(SITE)

LOAD DATA

Reaction at Support(kN):Fi= 93.99 Shear Force at Saddle(kN):Qi= 40.82

Bend.Moment at Saddle(kNm):Mi= 24.11 Bend.Moment betw.Saddles(kNm) :Mij=-8.6

Internal pressure(MPa):Pi=.75
Corrosion Allowance(mm):c=0
Temperature D=Design/A=Ambient:T=A =

K11 = 5 / (0.10472 * Delta * (Di / ea) ~ (1 / 3))

External pressure(MPa):Pe=0
Test Condition (Yes/No):Te=Yes

(16.8

=5/(0.10472*140*(900/4)"(1/3))= 0.0561

Limit on axial width of reinforcement pad - blim
blim = K11 * Di + 1.5 * bl (16.8-32) =0.0561*900+1.5*180=

b2 = 220 mm is smaller than blim

CALCULATION 1, ea = ea, b=b2, Delta=Delta2
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas
ea = en - ¢ - th =4-0-0=
Shell Inside Diamater Di

Di = De - 2 * ea =908-2*4=
Mean Shell Diameter D

D = De - ea =908-4=

Mean Shell Radius R

320.47 mm

-33)

4.00 mm
900.00 mm
904.00 mm
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R =D/ 2 =904/2= 452 _.00 mm
Allowable Global Shear Force Qmax when L/R <= 8.7*SQR(Di/ea)
Qtmp = 0.75 * P * R *ea *E * (ea/R) ~1.25/ 1.5

=0.75*3.14*452*4*193180*(4/452)"1 .25/1 .5= 1489.13 kN
Qmax = Qtmp*Sqr(R/L*(1+42*(R/L)"3*(ea/R)"*1.5)) (16.8-30)
=1489.13*Sqr(452/3500* (1+42*(452/3500)"3*(4/452)~1.5))=  535.16 kN

16.14.6 COMPRESSIVE STRESS LIMITS

K=1.21*E * ea / (Sige * D) (16.14-15)
=1.21*193180*4/(208*904)= 4.97

alfa = 0.83 7 Sqr( 1 + 0.005 * D / ea) (16.14-16)
=0.83/Sqr(1+0.005*904/4)= 0.5687

delta = (1 - 0.4123 /7 (alfa * K) ~0.6) / S (16.14-19)
=(1-0.4123/(0.5687*4.97)"0.6)/1.05= 0.7419

Maximum Allowable Compressive Stress

Sigcall = Sige * delta (16.14-20) =208*0.7419= 154.32 N/mm2

16.14.4 PERMISSIBLE INDIVIDUAL LOADS
Maximum Tensile Force Ftmax
Ftmax = PI * D * ea * f (16.14-1) =3.14*904*4*153_.33= 1741.83 kN

Maximum Compressive Force Fcmax
Fcmax = Pl * D * ea * Sigcall (16.14-2) =3.14*904*4*154.32= 1753.10 kN

Maximum Bending Moment Mmax
Mmax = Pl / 4 * D ~ 2 * ea * Sigcall (16.14-3)
=3.14/4*%904"2*4*154 _32= 396.20 kNm

Parameters gamma and beta

gamma = 2.83 * (al / Di) * Sqr( ea / Di) (16.8-15)
=2.83*(990/900)*Sqr (4/900)= 0.2075

beta = 0.91 * bl / Sqr( Di * ea) (16.8-16) =0.91*220/Sqr(900*4)= 3.34
Values for factors K3 to K11 from fig.16.8-7 to 16.8-12

K3 = 0.250 K4 = 0.310 K5 = 0.700 K6 =  0.000

K7 = 0.099 K8 =  0.512 K9 =  0.853 KI10=  0.263

Ratio vl at location 2

vl2 = -0.23 * K6 * K8 / (K5 * K3)

=-0.23*0*0.5124/(0.7*0.25)= 0.00
Ratio vl at location 3

vl3 = -0.53 * K4 / (K7 * K9 * K10 * Sin( 0.5 * Delta))
=-0.53*0.3102/(0.0991*0.8529*0.263*Sin(0.5*180))= -7.40
Ratio v2 at location 2 when P=0

v212 = -4 * Mi / (P1 * Di ~ 2 * ea * K2 * fs)
=-4*24_11/(3.14*900"2*4*1 .05*265)= -.0341
Ratio v2 at location 3 when P=0

v213 = 0 =0= 0.00
Ratio v2 at location 2 when P<>0

v222 = (P*Di/(4*ea)-4*Mi/(P1*Di"2*ea))*1/(K2*fs)

=(0.75*%900/ (4*4)-4*24_.11/(3.14*9007"2*4))*1/(1.05*265)= 0.1176
Ratio v2 at location 3 when P<>0

v223 = (P *Di / (2 *ea)) * 1/ (K2 * fs)

=(0.75*900/(2*4))*1/(1.05*265)= 0.3032
16.6.5 Bending Stress Limit

K1 at location 2 (from figure 16.6-1)= 1.479

Sigball2= K1 * K2 * fs (16.6-6) =1.48*1.05*265= 411.61
K1 at location 3 (from figure 16.6-1)= 0.129

Sigball3= K1 * K2 * fs (16.6-6) =0.1293*1.05*265= 35.97
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Maximum Allowable Saddle Load at Location 2, F2max

F2max = 0.7 * Sigball2 * Sqr( Di * ea) * ea / (K3 * K5)
=0.7*411.61*Sqr(900*4)*4/(0.25*0.7)=

Maximum Allowable Saddle Load at Location 3, F3max
F3max = 0.9*Sigball3*Sqr(Di*ea)*ea/ (K7*K9*K10)
=0.9*35_97*Sqr(900%4)*4/(0.0991*0.8529*0.263)=

»Max.Saddle Forces Fi=93990 <= Min( F2max, F3max)=3.4952E05«» (U= 26.8%) OK«

Eqvivalent Global Axial Force Feq

Feq = Fi * Pl /7 4 * Sqr( Di / ea) * K6 * K8
=93.99*3.14/4*Sqr(900/4)*0*0.5124=

3,9514E05 N

(16.8-25)

(16.8-26)

3,4952E05 N

(16.8-29)

0.00 N

Instability Check

Inst = Pext/Pmax+Mi/Mmax+Feq/Fmax+(Qi/Qmax)”2

=0/0.0989+24.11/396.2+0/1.7531E06+(40.82/535.16) 2=
»Instability Check Inst_0=0.0667 <= 1.0=1(16.8-28)«

CALCULATION 2, ea = ec, b=b1, Delta=Delta

PRELIMINARY CALCULATIONS

Combined Analysis Thickness ec, ea
Sqgr((en-c-th)"2+e2"2*MIN(1, (F2/Fs)"2))

—Sqr((4 0- 0)A2+5A2*MIN(1 (153.33/153.33)"2))=

Shell Inside Diamater D

Di = De -2 * (en - c - th) =908-2*(4-0-0)=

Mean Diameter D

D = Di + ea =900+6.4=
Mean Shell Radius R
R=D/ 2 =906.4/2=

Parameters gamma and beta

gamma = 2.83 * (al / Di) * Sqr( ea / Di)
=2.83*(990/900)*Sqr(6.4/900)=

beta = 0.91 * bl / Sqr( Di
=0.91*180/Sqr(900*6.4)=

* ea)

Values for factors K3 to K11 from fig.16.8-7 to 16.8-12

K3 = 0.250 K4 = 0.493 K5
K7 = 0.425 K8 = 0.813 K9

Ratio vl at location 2

vl2 = -0.23 * K6 * K8 / (K5 * K3)
=-0.23*0.0709*0.8125/(0.8513*0.25)=

Ratio vl at location 3

0.851 K6 =
0.878 Ki10=

(16.8-28)

0.0667

» (U= 6.6%) OK«

6.40 mm
900.00 mm
906.40 mm

453.20 mm

(16.8-15)

0.2626

(16.8-16)

2.16

0.071
0.396

-.0623

vl3 = -0.53 * K4 / (K7 * K9 * K10 * Sin( 0.5 * Delta))

=-0.53*0.4931/(0.4249*0.8778*0.3961*Sin(0.5*140))=

Ratio v2 at location 2 when P=0
v212 = -4 * Mi / (P1 * Di ~ 2 * ea * K2 * fs)

=-4*24.11/(3.14*900"2*6 . 4*1 .05*265) =

Ratio v2 at location 3 when P=0

v213 = 0 =0=

Ratio v2 at location 2 when P<>0
v222 = (P*Di/(4*ea)-4*Mi/(P1*Di"2*ea))*1/(K2*fs)
=(0.75*900/(4*6.4)-4*24.11/(3.14*900"2*6.4))*1/(1.05*265)=0.0734
Ratio v2 at location 3 when P<>0
v223 = (P *Di / (2 *ea)) * 1/ (K2 * fs)
=(0.75*900/(2*6.4))*1/(1.05*265)=

-1.88

-.0213
0.00

0.1894
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16.6.5 Bending Stress Limit
K1 at location 2 (from figure 16.6-1)= 1.460
Sigball2= K1 * K2 * fs (16.6-6) =1.46*1.05*265= 406.11

K1 at location 3 (from figure 16.6-1)= 0.445
Sigball3= K1 * K2 * fs (16.6-6) =0.4454*1.05*265= 123.94

Maximum Allowable Saddle Load at Location 2, F2max
F2max = 0.7 * Sigball2 * Sqr( Di * ea) * ea / (K3 * K5) (16.8-25)
=0.7%406.11*Sqr(900*6.4)*6.4/(0.25*0.8513)= 6,4924E05 N

Maximum Allowable Saddle Load at Location 3, F3max
F3max = 0.9*Sigball3*Sqr(Di*ea)*ea/ (K7*K9*K10) (16.8-26)
=0.9*123.94*Sqr(900%6.4)*6.4/(0.4249*0.8778*0.3961)= 3,6698E05 N

»Max.Saddle Forces(ea=ec) Fi=93990 <= Min( F2max, F3max)=3.6698E05«» (U= 25.6%) OK«

LOAD CASE NO: 2 - OPER.COND.

LOAD DATA

Reaction at Support(kN):Fi= 47 Shear Force at Saddle(kN):Qi= 20.41
Bend.Moment at Saddle(kNm):Mi= 12.31 Bend.Moment betw.Saddles(kNm) :Mij=-4_55
Internal pressure(MPa):Pi=.4 External pressure(MPa):Pe=.05

Corrosion Allowance(mm):c=0 Test Condition (Yes/No):Te=No
Temperature D=Design/A=Ambient:T=D =

K11 = 5 / (0.10472 * Delta * (Di /7 ea) ~ (1 7/ 3)) (16.8-33)
=5/(0.10472*140*(900/4)"(1/3))= 0.0561

Limit on axial width of reinforcement pad - blim

blim = K11 * Di + 1.5 * bl (16.8-32) =0.0561*900+1.5*180= 320.47 mm

b2 = 220 mm is smaller than blim

CALCULATION 1, ea = ea, b=bh2, Delta=Delta2
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

ea = en - ¢ - th =4-0-0= 4.00 mm
Shell Inside Diamater Di

Di = De - 2 * ea =908-2*4= 900.00 mm
Mean Shell Diameter D

D = De - ea =908-4= 904.00 mm
Mean Shell Radius R

R =D/ 2 =904/2= 452 .00 mm

Allowable Global Shear Force Qmax when L/R <= 8.7*SQR(Di/ea)
Qtmp = 0.75 * Pl *R *ea*E * (ea/R) ~1.25/ 1.5

=0.75*3.14*452*4*193180*(4/452)"1.25/1.5= 1489.13 kN
Qmax = Qtmp*Sqr(R/L*(1+42*(R/L)"3*(ea/R)"N1.5)) (16.8-30)
=1489.13*Sqr(452/3500*(1+42*(452/3500)"3*(4/452)"1.5))= 535.16 kN

16.14.6 COMPRESSIVE STRESS LIMITS

K=1.21 *E * ea /7 (Sige * D) (16.14-15)
=1.21*193180*4/(168.8*904)= 6.13

alfa = 0.83 7 Sqr( 1 + 0.005 * D / ea) (16.14-16)
=0.83/Sqr(1+0.005*904/4)= 0.5687

delta = (1 - 0.4123 /7 (alfa * K) ~0.6) /7 S (16.14-19)
=(1-0.4123/(0.5687*6.13)"0.6)/1.5= 0.5367

Maximum Allowable Compressive Stress

Sigcall = Sige * delta (16.14-20) =168.8*0.5367= 90.60 N/mm2
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16.14.4 PERMISSIBLE INDIVIDUAL LOADS

Maximum Tensile Force Ftmax
Ftmax = Pl * D * ea * f (16.14-1) =3.14*904*4*153.33= 1741.83 kN

Maximum Compressive Force Fcmax
Fcmax = Pl * D * ea * Sigcall (16.14-2) =3.14*904*4*90.595= 1029.16 kN

Maximum Bending Moment Mmax
Mmax = Pl / 4 * D ~ 2 * ea * Sigcall (16.14-3)
=3.14/4*904"2*4*90.595= 232.59 kNm

Parameters gamma and beta

gamma = 2.83 * (al / Di) * Sqr( ea / Di) (16.8-15)
=2.83*(990/900)*Sqr (4/900)= 0.2075

beta = 0.91 * bl / Sqr( Di * ea) (16.8-16) =0.91*220/Sqr(900*4)= 3.34
Values for factors K3 to K11 from fig.16.8-7 to 16.8-12

K3 = 0.250 K4 = 0.310 K5 = 0.700 K6 = 0.000

K7 = 0.099 K8 = 0.512 K9 = 0.853 K10= 0.263

Ratio vl at location 2

vl2 = -0.23 * K6 * K8 / (K5 * K3)

=-0.23*0*0.5124/(0.7*0.25)= 0.00
Ratio vl at location 3

vl3 = -0.53 * K4 / (K7 * K9 * K10 * Sin( 0.5 * Delta))
=-0.53*0.3102/(0.0991*0.8529*0.263*Sin(0.5*180))= -7.40
Ratio v2 at location 2 when P=0

v212 = -4 * Mi / (P1 * Di ~ 2 * ea * K2 * fs)
=-4*12.31/(3.14*900"2*4*1.25*153.33)= -.0252
Ratio v2 at location 3 when P=0

v213 = 0 =0= 0.00
Ratio v2 at location 2 when P<>0

v222 = (P*Di/(4*ea)-4*Mi/(P1*Di"2*ea))*1/(K2*fs)
=(0.4*900/(4*4)-4*12_.31/(3-14*900"2*4))*1/(1.25*153.33)=0.0922
Ratio v2 at location 3 when P<>0

v223 = (P *Di / (2 *ea)) * 1/ (K2 * fs)

=(0.4*%900/(2*4))*1/(1.25*153.33)= 0.2348
16.6.5 Bending Stress Limit

K1 at location 2 (from figure 16.6-1)= 1.487

Sigball2= K1 * K2 * fs (16.6-6) =1.49*1.25*153.33= 285.05
K1 at location 3 (from figure 16.6-1)= 0.129

Sigball3= K1 * K2 * fs (16.6-6) =0.1293*1.25*153.33= 24.77

Maximum Allowable Saddle Load at Location 2, F2max
F2max = 0.7 * Sigball2 * Sqr( Di * ea) * ea / (K3 * K5) (16.8-25)
=0.7%285.05*Sqr(900*4)*4/(0.25*0.7)= 2,7365E05 N

Maximum Allowable Saddle Load at Location 3, F3max
F3max = 0.9*Sigbal13*Sqr(Di*ea)*ea/ (K7*K9*K10) (16.8-26)
=0.9%24.77*Sqr(900*4)*4/(0.0991*0.8529*0.263)= 2,4075E05 N

»Max.Saddle Forces Fi=47000 <= Min( F2max, F3max)=2.4075E05«» (U= 19.5%) OK«

Eqvivalent Global Axial Force Feq
Feq = Fi * Pl / 4 * Sqr( Di / ea) * K6 * K8 (16.8-29)
=47*3.14/4*Sqr(900/4)*0*0.5124= 0.00 N
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Instability Check
Inst = Pext/Pmax+Mi/Mmax+Feq/Fmax+(Qi/Qmax)”2 (16.8-28)

=0.05/0.0989+12.31/232.59+0/1.0292E06+(20.41/535.16)"2= 0.5600
sInstability Check Inst_0=0.56 <= 1.0=1(16.8-28)«  » (U= 56%) OKx

CALCULATION 2, ea = ec, b=b1, Delta=Delta
PRELIMINARY CALCULATIONS

Combined Analysis Thickness ec, ea
ea = Sgr((en-c-th)"2+e272*MIN(1, (F2/fs)"2))
=Sqr((4-0-0)"2+5"2*MIN(1, (153.33/153.33)"2))= 6.40 mm

Shell Inside Diamater Di

Di = De - 2 * (en - ¢ - th) =908-2*(4-0-0)= 900.00 mm
Mean Diameter D

D = Di + ea =900+6.4= 906.40 mm
Mean Shell Radius R

R=D/ 2 =906.4/2= 453.20 mm

Parameters gamma and beta

gamma = 2.83 * (al / Di) * Sqr( ea / Di) (16.8-15)
=2.83*(990/900)*Sqr (6.4/900)= 0.2626

beta = 0.91 * bl /7 Sqr( Di * ea) (16.8-16)
=0.91*180/Sqr (900*6.4)= 2.16

Values for factors K3 to K11 from fig.16.8-7 to 16.8-12

K3 = 0.250 K4 = 0.493 K5 = 0.851 K6 = 0.071

K7 = 0.425 K8 = 0.813 K9 = 0.878 K10= 0.396

Ratio vl at location 2

vl2 = -0.23 * K6 * K8 / (K5 * K3)
=-0.23*0.0709*0.8125/(0.8513*0.25)= -.0623
Ratio vl at location 3

vl3 = -0.53 * K4 / (K7 * K9 * K10 * Sin( 0.5 * Delta))
=-0.53*0.4931/(0.4249*0.8778*0.3961*Sin(0.5*140))= -1.88
Ratio v2 at location 2 when P=0

v212 = -4 * Mi / (P1 * Di ~ 2 * ea * K2 * fs)
=-4*12_.31/(3.14*900"2*6.4*1.25*153.33)= -.0158
Ratio v2 at location 3 when P=0

v213 = 0 =0= 0.00
Ratio v2 at location 2 when P<>0

v222 = (P*Di/(4*ea)-4*Mi/(P1*Di"2*ea))*1/(K2*fs)
=(0.4*900/(4*6.4)-4*12_.31/(3.14*900"2*6.4))*1/(1.25*153.33)=0.0576
Ratio v2 at location 3 when P<>0

v223 = (P *Di /7 (2 *ea)) * 1/ (K2 * fs)

=(0.4*%900/(2*6.4))*1/(1-.25*153.33)= 0.1467
16.6.5 Bending Stress Limit

K1 at location 2 (from figure 16.6-1)= 1.467

Sigball2= K1 * K2 * fs (16.6-6) =1.47*1.25*153.33= 281.12
K1 at location 3 (from figure 16.6-1)= 0.445

Sigball3= K1 * K2 * fs (16.6-6) =0.4454*1_25*153.33= 85.37

Maximum Allowable Saddle Load at Location 2, F2max
F2max = 0.7 * Sigball2 * Sqr( Di * ea) * ea / (K3 * K5) (16.8-25)
=0.7%281.12*Sqr(900*6.4)*6_.4/(0.25*0.8513)= 4,4943E05 N

Maximum Allowable Saddle Load at Location 3, F3max
F3max = 0.9*Sigbal13*Sqr(Di*ea)*ea/(K7*K9*K10) (16.8-26)
=0.9%85.37*Sqr(900%6.4)*6.4/(0.4249*0_8778*0.3961)= 2,5278E05 N
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»Max.Saddle Forces(ea=ec) Fi=47000 <= Min( F2max, F3max)=2.5278E05«» (U= 18.5%) OK«

CALCULATION SUMMARY
LOAD CASE NO: 1 - HYDROTEST(SITE)
Reaction at Support(kN):Fi= 93.99 Shear Force at Saddle(kN):Qi= 40.82

Bend.Moment at Saddle(kNm):Mi= 24.11 Bend.Moment betw.Saddles(kNm):Mij=-8.6
Internal pressure(MPa):Pi=.75 External pressure(MPa):Pe=0

Corrosion Allowance(mm):c=0 Test Condition (Yes/No):Te=Yes
Temperature D=Design/A=Ambient:T=A i=

CALCULATION 1, ea = ea, b=b2, Delta=Delta2
»Max.Saddle Forces Fi=93990 <= Min( F2max, F3max)=3.4952E05«» (U= 26.8%) OK«

Instability Check
»Instability Check Inst_0=0.0667 <= 1.0=1(16.8-28)« » (U= 6.6%) OK«

CALCULATION 2, ea = ec, b=b1, Delta=Delta
»Max.Saddle Forces(ea=ec) Fi=93990 <= Min( F2max, F3max)=3.6698E05«» (U= 25.6%) OK«

LOAD CASE NO: 2 - OPER.COND.

Reaction at Support(kN):Fi= 47 Shear Force at Saddle(kN):Qi= 20.41
Bend.Moment at Saddle(kNm):Mi= 12.31 Bend.Moment betw.Saddles(kNm) :Mij=-4_55
Internal pressure(MPa):Pi=.4 External pressure(MPa):Pe=.05

Corrosion Allowance(mm):c=0 Test Condition (Yes/No):Te=No

Temperature D=Design/A=Ambient:T=D =

CALCULATION 1, ea = ea, b=b2, Delta=Delta2
»Max.Saddle Forces Fi=47000 <= Min( F2max, F3max)=2.4075E05«» (U= 19.5%) OK«

Instability Check
»Instability Check Inst_0=0.56 <= 1.0=1(16.8-28)« » (U= 56%) OK«

CALCULATION 2, ea = ec, b=b1, Delta=Delta
»Max.Saddle Forces(ea=ec) Fi=47000 <= Min( F2max, F3max)=2.5278E05«» (U= 18.5%) OK«

Volume:0 m3  Weight:75.8 kg (SG=7.93)
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EN13445 - 9.6 MULTIPLE OPENINGS

GO.1 Groups of Nozzles 26 Apr. 2005 09:26
SUMMARY OF CALCULATION RESULTS :

No. of Nozzles Considered : 4

No. of Permutations ......: 2

No. of Nozzle Pairs Classified as Groups ...............- 0

No. of Nozzle Groups Requiring Additional Reinforcement : O

Nozzles on Component :S1.1 Cylindrical Shell Main Shell

NOMENCLATURE :

Distance(mm); Lb = Center Dist.between the pair of Nozzles

Distance(mm); s = Dist.between 0D of Nozzles = Lb-al-a2 ; Iso = Isol+lso2
Pres_Area(N); pAreqg.= Pressure Area Required, pAaval = Pressure Area Available
Status (---); N/A = Not a Group, OK = Sufficient Reinf., ADD = Add reinf.

No. Nozzl Nozz2 ---s-—-- —--1lsOo-- —--- Lb-- Grp.-pAreq.-- -pAaval-- -U- -STS-

1 N.1 N.5 1159 120 1435 No ---N/A--- ——- N/A--- N/A N/A

EN13445 - 9.6 MULTIPLE OPENINGS
GO.1  Groups of Nozzles 26 Apr. 2005 09:26

Nozzles on Component :S1.2 Cylindrical Shell Right Channel

NOMENCLATURE :

Distance(mm); Lb = Center Dist.between the pair of Nozzles

Distance(nm); s = Dist.between 0D of Nozzles = Lb-al-a2 ; Iso = Isol+lso2
Pres.Area(N); pAreq.= Pressure Area Required, pAaval = Pressure Area Available
Status (---); N/A = Not a Group, OK = Sufficient Reinf., ADD = Add reinf.

No. Nozzl Nozz2 ---s--- --1S0-- —--- Lb-- Grp.-pAreq.-- -pAaval-- -U- -STS-
2 N.2 N.4 1143 119 1420 No ---N/A--- ——- N/A--- N/A N/A
INPUT DATA

Extent of Nozzle Interaction Check
Select Extent of Nozzle Interaction Check:
Check All Components. ==> No. of Nozzles/Permutations : 4/ 2

NO GROUPS OF NOZZLES HAVE BEEN IDENTIFIED!

CALCULATION SUMMARY
NO GROUPS OF NOZZLES HAVE BEEN IDENTIFIED!
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: N.3 Nozzle,Plate Body , Nozzle E S1.3
DATA FOR SHELL

OUTSIDE DIAMETER OF SHELL... ... ..o oaeueaaao...-De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:zen 4.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.00 mm
INTERNAL CORROSION ALLOWANCE. ...... . ccucicaaauan.-.:C 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 =153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DATA

OUTSIDE NOZZLE DIAMETER. . ... .. ... ... .. -.-.-.--------2deb 323.90 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............Zenb 3.00 mm
MAXIMUM PERMISSIBLE PRESSURE. . ... .......ccccccoo....2Pmax 0.8330 MPa

Size of Flange and Nozzle: ND300

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp=260 Rpt=211 fb=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

DATA FOR REINFORCEMENT PAD

is

Type of Pad: Nozzle With Single Pad

THICKNESS OF THE REINFORCEMENT PAD..................:eap 6.00 mm
WIDTH OF THE REINFORCEMENT PAD. ... ..cccececaaaaaa---zlp 80.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100-C

Rm=530 Rp=260 Rpt=211 fp=153.33 f20=176.67 Ftest=265 E=193180(N/mm2) ro=7.93

LOAD INPUT

External Nozzle Loads: User Specified Loads
FACTOR C4: C4 = 1.0 Rigid Attachment

Load Description ID Units Min.Value Max.Value
Pressure............... P MPa -0.05 0.7
Radial Load...........: Fz kN -1.2 1.2
Longitudinal Moment...: My kNm -0.6 0.6
Circumferential Moment: Mx kNm -0.6 0.6
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EN13445 - LOCAL LOADS ON NOZZLES IN CYLINDRICAL SHELLS
LC.1 Nozzle loads on Nozzle E 26 Apr. 2005 09:26 ConnID:N.3 PC#1

CALCULATION DATA
PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0= 4.00 mm
Nozzle Analysis Thickness eb

eb = enb - ¢ - NegDev =3-0-0= 3.00 mm
Mean diameter of shell

D = De - ea =908-4= 904.00 mm
Mean radius of shell

R =D/ 2 =904/2= 452.00 mm
Total Moment

MB = Sqr( Mx ~ 2 + My ~ 2) =Sqr(0.672+0.6"2)= 0.8485 kNm
16.5.3 CONDITIONS OF APPLICABILITY

»a) ea/D=0.0044 >= 0.001« »  OK«

»a) ea/D=0.0044 <= 0.1« » OK«

»b) LamdaC=3.38 <= 10« » OK«

»c) Dist.to any other local load shall not be less than SQR(D*ec)= 95.1 mm
»d) Nozzle thickness shall be maintained over a distance of SQR(d*eb)= 31 mm

LOAD CASE 1, STRESSES AT OUTER DIAMETER OF NOZZLE

Mean Diameter of Nozzle

d = deb - eb =323.9-3= 320.90 mm
Combined Analysis Thickness

ec —ea +eap *Min(fp /7 1)

=4+6*Min(153.33/153.33,1)= 10.00 mm
LamdaC = d /7 Sqr( D * ec) =320.9/Sqr(904*10)= 3.38
Ratiol = eb / ec =3/10= 0.3000
Ratio2 = D / ec =904/10= 90.40
VALUES FOR C1, C2 AND C3 FROM FIGURES16.5-2 to 16.5-4

Cl = 3.819 C2 = 5.863 C3 = 15.223

16.5.5 MAXIMUM ALLOWABLE INDIVIDUAL LOADS

Permissible Pressure Pmax:

Pmax (from nozzle calculation) = Pmax (16.5-2) =0.833= 0.8330 MPa
Allowable Axial Load Fzmax:

Fzmax = f * ec ~ 2 * Max( C1 , 1.81) (16.5-3)
=153.33*10"2*Max(3-82,1.81)= 58.55 kN
Allowable Circumferential Moment Mxmax:

Mxmax = f *ec 2 *d / 4 * Max( C2 , 4.90) (16.5-5)
=153.33*1072*320.9/4*Max(5-86,4.90)= 7.21 kNm
Allowable Longitudinal Moment Mxmax:

Mymax = f *ec ~2 *d / 4 * Max( C3 , 4.90) (16.5-7)
=153.33*1072*320.9/4*Max(15.22,4.90)= 18.73 kNm

16.5.6 COMBINATIONS OF EXTERNAL LOADS AND INTERNAL PRESSURE

PhiP = P /7 Pmax (16.5-9) =0.7/0.833= 0.8403

Phiz = Fz / Fzmax (16.5-10) =1.2/58.55= 0.0205

PhiB = Sqr(( Mx /7 Mxmax) ~ 2 + (My /7 Mymax) ~ 2) (16.5-11)
=Sqr((0.6/7.21)"2+(0.6/18.73)"2)= 0.0892

MaxAll = MAX(Abs(PhiP/C4+PhiZ),Abs(PhiZz),Abs(PhiP/C4-0.2*PhiZ) (16.5-15)
=MAX(Abs(0.8403/1+0.0205,)Abs(0.0205,)Abs(0-.8403/1-0.2*0.0205)=0.8608

PhiAll = Sqr( MaxAll ~ 2 + PhiB » 2) (16.5-15)
=Sqr(0.8608"2+0.0892"2)= 0.8654
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16.5.6.4 Check of Individual Load Ratio Limits

»PhiP AT NOZZLE OD PhiP=0.8403 <= 1.0 =1(16.5-12)« » (U= 84%) OK«
»PhiZ AT NOZZLE OD PhizZ=0.0205 <= 1.0=1(16.5-13)« » (U= 2%) OK«
»PhiB AT NOZZLE OD PhiB=0.0892 <= 1.0=1(16.5-14)« » (U= 8.9%) OK«
»PhiAll AT NOZZLE OD PhiAll=0.8654 <= 1.0=1(16.5-15)«  » (U= 86.5%) OK«

LOAD CASE 2, STRESSES AT OUTER EDGE OF PAD

Diameter at Edge of Reinforcement Pad

d = deb + 2 * Ip =323.9+2*80= 483.90 mm
Combined Analysis Thickness

ec = ea =4= 4.00 mm
LamdaC = d /7 Sqr( D * ec) =483.9/Sqr(904*4)= 8.05
Ratiol = MAX( eb / ec , 0.5) =MAX(3/4,0.5)= 0.7500
Ratio2 = D / ec =904/4= 226.00
VALUES FOR C1, C2 AND C3 FROM FIGURES16.5-2 to 16.5-4

Cl = 7.865 C2 = 8.508 C3 = 48.784

16.5.5 MAXIMUM ALLOWABLE INDIVIDUAL LOADS

Permissible Pressure Pmax:

Pmax (from nozzle calculation) = Pmax (16.5-2) =0.833= 0.8330 MPa
Allowable Axial Load Fzmax:

Fzmax = £ * ec ~ 2 * Max( C1 , 1.81) (16.5-3)
=153.33*4"2*Max(7.86,1.81)= 19.29 kN
Allowable Circumferential Moment Mxmax:

Mxmax = f *ec ~2 *d / 4 * Max( C2 , 4.90) (16.5-5)
=153.33*472*483.9/4*Max(8.51,4.90)= 2.53 kNm
Allowable Longitudinal Moment Mxmax:

Mymax = f * ec 2 *d / 4 * Max( C3 , 4.90) (16.5-7)
=153.33*472*483.9/4*Max(48.78,4.90)= 14.48 kNm

16.5.6 COMBINATIONS OF EXTERNAL LOADS AND INTERNAL PRESSURE

PhiP = P / Pmax (16.5-9) =0.7/0.833= 0.8403

Phiz = Fz / Fzmax (16.5-10) =1.2/19.29= 0.0622

PhiB = Sqr(( Mx /7 Mxmax) ~ 2 + (My / Mymax) ™ 2) (16.5-11)
=Sqr((0.6/2.53)"2+(0.6/14.48)"2)= 0.2412

MaxAll = MAX(Abs(PhiP/C4+PhiZ),Abs(PhiZ),Abs(PhiP/C4-0.2*Phiz) (16.5-15)
=MAX(Abs (0.8403/1+0.0622,)Abs(0.0622,)Abs(0.8403/1-0.2*0.0622)=0.9025

PhiAll = Sgr( MaxAll ~ 2 + PhiB ~ 2) (16.5-15)
=Sqr(0.9025"2+0.2412"2)= 0.9342

16.5.6.4 Check of Individual Load Ratio Limits

»PhiP AT EDGE OF PAD PhiP=0.8403 <= 1.0 =1(16.5-12)«  » (U= 84%) OK«
»PhiZ AT EDGE OF PAD PhizZ=0.0622 <= 1.0=1(16.5-13)« » (U= 6.2%) OK«
»PhiB AT EDGE OF PAD PhiB=0.2412 <= 1.0=1(16.5-14)« » (U= 24.1%) OK«
»PhiAll AT EDGE OF PAD PhiAll=0.9342 <= 1.0=1(16.5-15)«  » (U= 93.4%) OK«

16.5.7 STRESS RANGES AND THEIR COMBINATIONS
16.5.7.1 LOAD RANGES

DeltaP = Max( Pmax , 0) - Min( Pmin , 0) (16.5-16)
=Max(0.7,0)-Min(-0.05,0)= 0.7500 MPa

DeltaFz = Max( Fzmax , 0) - Min( Fzmin , 0) (16.5-17)
=Max(1.2,0)-Min(-1.2,0)= 2.40 kN
DeltaMx = Max( Mxmax , 0) - Min( Mxmin , 0) (16.5-18)
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=Max(0.6,0)-Min(-0.6,0)= 1.20 kNm
DeltaMy = Max( Mymax , 0) - Min( Mymin , 0) (16.5-19)
=Max(0.6,0)-Min(-0.6,0)= 1.20 kNm

16.5.7.2 EQVIVALENT SHELL THICKNESS

eeq = eatMin(eap*1p/Sqr(D*(ea+eap)) ,eap)*Min(fp/fl) (16.5-20)
=4+Min(6*80/Sqr (904*(4+6,))6)*Min(153.33/153.33,1)= 9.05 mm

16.5.7.3 STRESSES

VALUES FOR C1, C2 AND C3 FROM FIGURES16.5-2 to 16.5-4

Cl = 7.865 C2 = 8.508 C3 = 48.784

Tmpl = Sqr( d * eb /7 (D * eeq))

=Sqr(320.9*3/(904*9.05))= 0.3431

Tmp2 = (2+2*d/D*Tmpl+1.25*d/D*Sqr(D/eeq))/ (1+eb/eeq*Tmpl)
=(2+2*320.9/904*0.3431+1.25*320.9/904*Sqr (904/9.05))/(1+3/9.05*0.3431)

= 6.00

Stresses due to Pressure Range

SigP = DeltaP * D /7 (2 * eeq) * Tmp2 (16.5-21)
=0.75*904/(2*9.05)*6.= 224 .66 N/mm2
Stresses due to Axial Load Range

SigFz = 2.25 / C1 * (DeltaFz / eeq ™ 2) (16.5-22)
=2.25/7.86*(2.4/9.05"2)= 8.39 N/mm2
Stresses due to Circumferential Moment Range

SigMx = 2.25 / C2 * (4 * DeltaMx /7 (eeq ™ 2 * d)) (16.5-23)
=2.25/8.51*(4*1.2/(9.05"2*320.9))= 48.31 N/mm2
Stresses due to Longitudinal Moment Range

SigMy = 2.25 / C3 * (4 * DeltaMy / (eeq ™ 2 * d)) (16.5-24)
=2.25/48.78*(4*1.2/(9.05"2*320.9))= 8.43 N/mm2
Total Stress Intensity due to Load Range

SigTot = Abs(SigT+Sqr((SigP+SigFz)"2+SigMx"2+SigMy”~2)) (16.5-25)
=Abs(0+Sqr((224.66+8.39)"2+48.31"2+8.43"2))= 238.15 N/mm2

»Total Stress in Shell SigTot=238.15 <= 3*f=459.99[N/mm2] «» (U= 51.7%) OK«

16.5.8 NOZZLE LONGITUDINAL STRESSES

Maximum Longitudinal Stresses in Nozzle
SigLong = P*d/(4*eb)+4*MB/ (P1*d"2*eb)+Fz/(P1*d*eb) (16.5-26)
=0.7*320.9/(4*3)+4*0.8485/(3.14*320.9"2*3)+1200/(3.14*320.9*3)= 22.61 N/mm2

»Nozzle Long.Stress SigLong=22.61 <= fb=153.33[N/mm2] « » (U= 14.7%) OK«

16.14.6 COMPRESSIVE STRESS LIMITS

K=1.21*E * ea / (Sige * D) (16.14-15)
=1.21*193180*3/(135.04*320.9)= 16.18

alfa = 0.83 /7 Sqr( 1 + 0.005 * D / ea) (16.14-16)
=0.83/Sqr(1+0.005*320.9/3)= 0.6700

delta = (1 - 0.4123 / (alfa * K) ~0.6) /7 S (16.14-19)
=(1-0.4123/(0.67*16.18)"0.6)/1.5= 0.6009

Maximum Allowable Compressive Stress

Sigcall = Sige * delta (16.14-20) =135.04*0.6009= 81.14 N/mm2

16.14.4 PERMISSIBLE INDIVIDUAL LOADS
Maximum Tensile Force Ftmax
Ftmax = Pl * D * ea * T (16.14-1) =3.14*320.9*3*153.33= 463.73 kN

Maximum Compressive Force Fcmax
Fcmax = PI * D * ea * Sigcall (16.14-2) =3.14*320.9*3*81.144= 245.41 kN

Maximum Bending Moment Mmax
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Mmax = Pl / 4 * D ~ 2 * ea * Sigcall (16.14-3)
=3.14/4*320.972*3*81.144= 19.69 kNm
Longitudinal Stability Check (P=0)

LongStab = MB / Mmax + Abs( Fzmin) / Fcmax (16.5-27)
=0.8485/19.69+Abs(-1.2)/245_41= 0.0431

»Nozzle Long.Stability LongStab=0.0431 <= 1.0=1« » (U= 4.3%) OK«

CALCULATION SUMMARY

LOAD CASE 1, STRESSES AT OUTER DIAMETER OF NOZZLE

16.5.6.4 Check of Individual Load Ratio Limits

»PhiP AT NOZZLE OD PhiP=0.8403 <= 1.0 =1(16.5-12)« » (U= 84%) OK«
»PhiZ AT NOZZLE OD Phiz=0.0205 <= 1.0=1(16.5-13)« » (U= 2%) OK«
»PhiB AT NOZZLE OD PhiB=0.0892 <= 1.0=1(16.5-14)« » (U= 8.9%) OK«
»PhiAll AT NOZZLE OD PhiAll=0.8654 <= 1.0=1(16.5-15)«  » (U= 86.5%) OK«

LOAD CASE 2, STRESSES AT OUTER EDGE OF PAD

16.5.6.4 Check of Individual Load Ratio Limits

»PhiP AT EDGE OF PAD PhiP=0.8403 <= 1.0 =1(16.5-12)«  » (U= 84%) OK«
»PhiZ AT EDGE OF PAD PhiZ=0.0622 <= 1.0=1(16.5-13)« » (U= 6.2%) OK«
»PhiB AT EDGE OF PAD PhiB=0.2412 <= 1.0=1(16.5-14)« » (U= 24.1%) OK«
»PhiAll AT EDGE OF PAD PhiAll=0.9342 <= 1.0=1(16.5-15)«  » (U= 93.4%) OK«

16.5.7 STRESS RANGES AND THEIR COMBINATIONS
»Total Stress in Shell SigTot=238.15 <= 3*f=459.99[N/mm2] «» (U= 51.7%) OK«

16.5.8 NOZZLE LONGITUDINAL STRESSES
»Nozzle Long.Stress Siglong=22.61 <= fb=153.33[N/mm2] « » (U= 14.7%) OK«
»Nozzle Long.Stability LongStab=0.0431 <= 1.0=1« » (U= 4.3%) OK«
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INPUT DATA

COMPONENT ATTACHMENT/LOCATION

Attachment: N.4 Nozzle,Plate Body Nozzle D S1.2
DATA FOR SHELL

OUTSIDE DIAMETER OF SHELL... ... ..o oaeueaaao...-De 908.00 mm
AS BUILT WALL THICKNESS (uncorroded)................:zen 4.00 mm
NEGATIVE TOLERANCE/THINNING ALLOWANCE...............:th 0.1000 mm
INTERNAL CORROSION ALLOWANCE. ...... . ccucicaaauan.-.:C 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100°C
Rm=530 Rp=260 Rpt=211 =153.33 20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

NOZZLE DATA

OUTSIDE NOZZLE DIAMETER. . ... .. ... ... .. -.-.-.--------2deb 273.00 mm
AS BUILT NOZZLE THICKNESS (uncorroded)..............Zenb 4.19 mm
MAXIMUM PERMISSIBLE PRESSURE. . ... ... .ccccccceaa....2Pmax 0.5494 MPa

Size of Flange and Nozzle: ND250

Comment (Optional):

NEGATIVE TOLERANCE/THINNING ALLOWANCE...............: 0.00 mm

EN 10028-7, 1.4436 X3CrNiMoN17-13- THK<=75mm 100"C

Rm=530 Rp=260 Rpt=211 fb=153.33 f20=176.67 ftest=265 E=193180(N/mm2) ro=7.93

DATA FOR REINFORCEMENT PAD

e

Type of Pad: Nozzle WithOut Pad

LOAD INPUT

External Nozzle Loads: User Specified Loads
FACTOR C4: C4 = 1.0 Rigid Attachment

Load Description ID Units Min.Value Max.Value
Pressure............... P MPa -.05 4
Radial Load...........: Fz kN -.8 .8
Longitudinal Moment...: My kNm -4 4
Circumferential Moment: Mx kNm -0.4 0.4

CALCULATION DATA
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PRELIMINARY CALCULATIONS

Shell Analysis Thickness eas

eas = en - ¢ - th =4-0-0.1= 3.90 mm
Nozzle Analysis Thickness eb
eb = enb - ¢ - NegDev =4.19-0-0= 4.19 mm
Mean diameter of shell
D = De - ea =908-3.9= 904.10 mm
Mean radius of shell
R =D/ 2 =904.1/2= 452 .05 mm
Total Moment
MB = Sgr( Mx ~ 2 + My ~ 2) =Sqr(0.472+0.4"2)= 0.5657 KkNm
16.5.3 CONDITIONS OF APPLICABILITY
»a) ea/D=0.0043 >= 0.001« » OK«
»a) ea/D=0.0043 <= 0.1« » OK«
»b) LamdaC=4.53 <= 10« » OK«
»c) Dist.to any other local load shall not be less than SQR(D*ec)= 59.4 mm
»d) Nozzle thickness shall be maintained over a distance of SQR(d*eb)= 33.6 mm
LOAD CASE 1, STRESSES AT OUTER DIAMETER OF NOZZLE
Mean Diameter of Nozzle
d = deb - eb =273-4.19= 268.81 mm
Combined Analysis Thickness
ec = ea =3.9= 3.90 mm
LamdaC = d /7 Sqr( D * ec) =268.81/5qr(904.1*3.9)= 4_53
Ratiol = eb / ec =4.19/3.9= 1.07
Ratio2 = D / ec =904.1/3.9= 231.82
VALUES FOR C1, C2 AND C3 FROM FIGURES16.5-2 to 16.5-4
C1 = 4.886 C2 = 6.520 C3 = 26.462
16.5.5 MAXIMUM ALLOWABLE INDIVIDUAL LOADS
Permissible Pressure Pmax:
Pmax (from nozzle calculation) = Pmax (16.5-2) =0.5494= 0.5494 MPa
Allowable Axial Load Fzmax:
Fzmax = f * ec ~ 2 * Max( C1 , 1.81) (16.5-3)
=153.33*3.9"2*Max(4.89,1.81)= 11.40 kN
Allowable Circumferential Moment Mxmax:
Mxmax = F * ec ~2 *d/ 4 * Max( C2 , 4.90) (16.5-5)
=153.33*3.97"2*268.81/4*Max(6.52,4.90)= 1.02 kNm
Allowable Longitudinal Moment Mxmax:
Mymax = f *ec 2 *d / 4 * Max( C3 , 4.90) (16.5-7)
=153.33*3.972*268.81/4*Max(26.46,4.90)= 4.15 kNm
16.5.6 COMBINATIONS OF EXTERNAL LOADS AND INTERNAL PRESSURE
PhiP = P / Pmax (16.5-9) =0.4/0.5494= 0.7280
PhizZ = Fz / Fzmax (16.5-10) =0.8/11.4= 0.0702
PhiB = Sqr(( Mx / Mxmax) ~ 2 + (My / Mymax) ™ 2) (16.5-11)
=Sqr((0.4/1.02)"2+(0.4/4.15)"2)= 0.4032
MaxAll = MAX(Abs(PhiP/C4+PhiZ),Abs(PhiZ),Abs(PhiP/C4-0.2*PhiZ) (16.5-15)
=MAX(Abs(0.728/1+0.0702,)Abs(0.0702,)Abs(0.728/1-0.2*0.0702)=0.7982
PhiAll = Sgr( MaxAll ~ 2 + PhiB ~ 2) (16.5-15)
=Sqr(0.7982"2+0.4032"2)= 0.8943
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16.5.6.4 Check of Individual Load Ratio Limits

»PhiP AT NOZZLE OD PhiP=0.728 <= 1.0 =1(16.5-12)« » (U=72.8%) OK«
»PhiZ AT NOZZLE OD Phiz=0.0702 <= 1.0=1(16.5-13)« » (U= 7%) OK«
»PhiB AT NOZZLE OD PhiB=0.4032 <= 1.0=1(16.5-14)« » (U= 40.3%) OK«
»PhiAll AT NOZZLE OD PhiAll=0.8943 <= 1.0=1(16.5-15)«  » (U= 89.4%) OK«

16.5.7 STRESS RANGES AND THEIR COMBINATIONS
16.5.7.1 LOAD RANGES

DeltaP = Max( Pmax , 0) - Min( Pmin , 0) (16.5-16)
=Max(0.4,0)-Min(-0.05,0)= 0.4500 MPa

DeltaFz = Max( Fzmax , 0) - Min( Fzmin , 0) (16.5-17)
=Max(0.8,0)-Min(-0.8,0)= 1.60 kN

DeltaMx = Max( Mxmax , 0) - Min( Mxmin , 0) (16.5-18)
=Max(0.4,0)-Min(-0.4,0)= 0.8000 kNm

DeltaMy = Max( Mymax , 0) - Min( Mymin , 0) (16.5-19)
=Max(0.4,0)-Min(-0.4,0)= 0.8000 KkNm

16.5.7.2 EQVIVALENT SHELL THICKNESS
eeq = ec =3.9= 3.90 mm

16.5.7.3 STRESSES

VALUES FOR C1, C2 AND C3 FROM FIGURES16.5-2 to 16.5-4

C1 = 4.886 C2 = 6.520 C3 = 26.462

Tmpl = Sqr( d * eb /7 (D * eeq))

=Sqr(268.81*4.19/(904.1*3.9))= 0.5652

Tmp2 = (2+2*d/D*Tmpl+1.25*d/D*Sqr(D/eeq))/(1+eb/eeq*Tmpl)
=(2+2*268.81/904.1*0.5652+1.25*268.81/904 .1*Sqr(904.1/3.9))/(1+4.19/3.9*0.5

652)= = 4.97
Stresses due to Pressure Range

SigP = DeltaP * D /7 (2 * eeq) * Tmp2 (16.5-21)
=0.45*904.1/(2*3.9)*4_97= 259.46 N/mm2
Stresses due to Axial Load Range

SigFz = 2.25 / C1 * (DeltaFz / eeq ™ 2) (16.5-22)
=2.25/4.89*(1.6/3.9"2)= 48.44 N/mm2
Stresses due to Circumferential Moment Range

SigMx = 2.25 /7 C2 * (4 * DeltaMx / (eeq ™ 2 * d)) (16.5-23)
=2.25/6.52*(4*0.8/(3.9"2*268.81))= 270.11 N/mm2
Stresses due to Longitudinal Moment Range

SigMy = 2.25 / C3 * (4 * DeltaMy / (eeq ™ 2 * d)) (16.5-24)
=2.25/26.46*(4*0.8/(3.9"2*268.81))= 66.55 N/mm2
Total Stress Intensity due to Load Range

SigTot = Abs(SigT+Sqr((SigP+SigFz)"2+SigMx"2+SigMy”~2)) (16.5-25)
=Abs(0+Sqr((259.46+48.44)"2+270.1172+66 .55"2) )= 414.96 N/mm2

»Total Stress in Shell SigTot=414.96 <= 3*f=459.99[N/mm2] «» (U= 90.2%) OK«

16.5.8 NOZZLE LONGITUDINAL STRESSES

Maximum Longitudinal Stresses in Nozzle

SigLong = P*d/(4*eb)+4*MB/(P1*d"2*eb)+Fz/(P1*d*eb) (16.5-26)
=0.4*268.81/(4*4.19)+4*0.5657/(3.14*268.81"2*4_.19)+800/(3.14*268.81*4.19)
= 9.02 N/mm2

»Nozzle Long.Stress SigLong=9.02 <= fb=153.33[N/mm2] «  » (U=5.8%) OK«
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16.14.6 COMPRESSIVE STRESS LIMITS

K=1.21*E* ea/ (Sige * D) (16.14-15)
=1.21*193180*4.19/(135.04*268.81)= 26.98

alfa = 0.83 7/ Sqr( 1 + 0.005 * D / ea) (16.14-16)
=0.83/5qr(1+0.005*268.81/4.19)= 0.7222

delta = (1 - 0.4123 /7 (alfa * K) ~0.6) / S (16.14-19)
=(1-0.4123/(0.7222*26.98)"0.6)/1.5= 0.6204

Maximum Allowable Compressive Stress

Sigcall = Sige * delta (16.14-20) =135.04*0.6204= 83.78 N/mm2

16.14.4 PERMISSIBLE INDIVIDUAL LOADS

Maximum Tensile Force Ftmax
Ftmax = Pl * D * ea * T (16.14-1) =3.14*268.81*4.19*153.33= 542 .55 kN

Maximum Compressive Force Fcmax

Fcmax = PI * D * ea * Sigcall (16.14-2)
=3.14*268.81*4.19*83.778= 296.44 kN

Maximum Bending Moment Mmax

Mmax = Pl / 4 * D ~ 2 * ea * Sigcall (16.14-3)
=3.14/4*268.81"2*4_.19*83.778= 19.92 kNm
Longitudinal Stability Check (P=0)

LongStab = MB / Mmax + Abs( Fzmin) / Fcmax (16.5-27)
=0.5657/19.92+Abs(-0.8)/296.44= 0.0284

»Nozzle Long.Stability LongStab=0.0284 <= 1.0=1« » (U= 2.8%) OK«

CALCULATION SUMMARY

LOAD CASE 1, STRESSES AT OUTER DIAMETER OF NOZZLE

16.5.6.4 Check of Individual Load Ratio Limits

»PhiP AT NOZZLE OD PhiP=0.728 <= 1.0 =1(16.5-12)« » (U= 72.8%) OK«
»PhiZ AT NOZZLE OD Phiz=0.0702 <= 1.0=1(16.5-13)« » (U= 7%) OK«
»PhiB AT NOZZLE OD PhiB=0.4032 <= 1.0=1(16.5-14)« » (U= 40.3%) OK«
»PhiAll AT NOZZLE OD PhiAll=0.8943 <= 1.0=1(16.5-15)«  » (U= 89.4%) OK«

16.5.7 STRESS RANGES AND THEIR COMBINATIONS
»Total Stress in Shell SigTot=414.96 <= 3*f=459.99[N/mm2] «» (U= 90.2%) OK«

16.5.8 NOZZLE LONGITUDINAL STRESSES
»Nozzle Long.Stress SigLong=9.02 <= fb=153.33[N/mm2] «  » (U=5.8%) OK«
»Nozzle Long.Stability LongStab=0.0284 <= 1.0=1« » (U= 2.8%) OK«
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