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(Version ASME-CP19 FO1-00 rev.02)

D

Pressure vessel calculation for COMPABLOC Heat Exchangers

| - GENERAL DATA

Pressure vessel code

Code edition
Calculation form version
Standard version

Heat Exchanger type

ASME Boiler and Pressure Vessel
Code, section VIII, Division 1 in Sl units (1)

Edition 2019
ASME VIII-1.CP19-0
ASME

WHE_type = "CP40-V-200Plates"
Side A

Design pressure

P design = 1-04-MPa/FV

=10.4-bar/FV

P.design

Test pressure

Max. design temperature

Min. design temperature

General drawing

Material specification

Allowable stress

p.deSign =151 pSI/FV

p..test = See Appendix 2

TrmaxA = 120-°0 Tppu = 248-°F

=0-° Tonin = 32-°F

min
Dwg_n ="DWG-CP21-24561-01"

ASME section Il, Edition 2019 (Sl units)

Side B

P design, = 1-04-MPa/FV
P design. = 10.4-bar/FV
P design. = 151.psi/FV

p..test.= See Appendix 2

TmaxB = 120‘°C1 Tmaxp = 248-°F

=07 Tmin. =32-°F

ASME section Il, Part D, Edition 2019 (Sl units)

(1) Sl units are used for calculation. US customary units are converted from Sl units for information.
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Il - Considered loads (UG 22)

LOADS Yes/No REMARKS

Internal design pressure Yes

External design pressure Yes Appendix 3 ( Sheet 33t0 41)
Weight of the vessel No

Weight of the contents No

Additional pressure due to static of liquids Yes

Static reaction from weight of attached equipments No

Internal attachments No

Vessel support attachment No

Cyclic and dynamic reactions due to pressure No

Cyclic and dynamic reactions due to thermal variations No

Cyclic and dynamic reactions from equipment No

Mechanical loadings No

Wind reaction No

Snow reaction No

Seismic reaction No

Impact reactions No

Differential thermal expansion No

Temperature gradients No

Deflagration loads No

Nozzles loads calculations Yes FEA-CP21-24561-01
Test pressure checking with 90% yield stress No
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lil - CALCULATION PARTS SIDEA :

1- BOLT LOADS CALCULATION. (Appendix 2 )

Design pressure P design = 1.04-MPa P design = 10.4-bar
Additional pressure due to static height of liquid : Pstat = 0-02-MPa Pstat = 0-2-bar
Calculation pressure P= P design * Pstat Pp =1.06-MPg [Pp =10.6-baf Pp =153.7-psi
according to UG-98 (b) :
Gasket material : Matgkt = "Graphite PSM"
Gasket factor S m gkt = 2 | ( Characteristic gasket values are based on the
Min desian seafing stress - _ 26.MP | manufacturer's seal recommendation for the

9 g ' Ygkt=26:-MPa | oo habloc design and ASME table 2.5.1 )
Gasket width : Ngkt =14-mm

. . . Ngkt
by = Basic gasket seating width  : bg = T =7-mm (Fromtable 2.5.2 fig.(a) )
b = effective gasket seating width :
b= |Po I bo=6-mm b = 6.61438-mm

Cb' /bo-mm otherwise

With Cb conversion factor = 2.5 for S| calculation.

gkt

Sketch of gasket : d
Load reaction on line of gasket ( fig 2.5.2)
Short gasket span : Sgkt =399.7-mm

Sgkt =15.7362-in
Long gasket span : Lgkt = 1190.7~mn‘|

Lgkt:46.878~in 5

gkt

Short gasket span on line : d:= Sgkt —(2-b) = 386.5~mn1
Long gasket span on line : D= Lgy - (2.b) = 1177.5~mn1
Gasket perimeter : Pg :=(d + D)-2=3127.9-mm

d=15.2:in

D =46.4-in

Pg: 123.1-in

Alfa Laval Vicarb Page No 4 of 41
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1.1 OPERATING LOAD
(Appendix 2 § 2.5, equation 1 adapted for rectangular gaskets )

W1 i= (D-d-Pa) + (2:b-Pg-mgys-Pa) W1 = 570083.7-N

1.2 INITIAL LOAD
(Appendix 2 § 2.5, equation 2 adapted for rectangular gaskets )

Wpnp = Pgb-ygyt W0 = 537914.4-N

2- REQUIRED BOLT AREA (Appendix 2 § 2.5(d))

Bolt material : Maty.oq = "SA 193 gr B7"

Allowable bolt stress
W

. m1
Atdesign temperature,  Sb,_ (= 172-MPa Ay = — _3314.4.mm>
trod m1 b
trod
Wm2
2
Atroomtemperature,  Sa =172-MPa Ao = =3127.4-mm
trod m2 a

trod

Required bolt area :
) 2
Am = max(Am 1, Amo) Am = 3314.4-mm
Actual boltarea ( Ab)
Diameter of threaded rods, dirog = 24-mm
2
Root area, Strog =317-mm
Number of threaded rods, Nirog = 32
Bolting area provided, Ab := Ny Strod Ab = 10144~mm2
To have adequate number and size, Ab shallbe greaterthan 1* A
( With corrective factor according mechanical strength test RGE-CP90-322 )
1.Ay =3314.4.mm>  (1=true, O=faise) Ab> 1A =1
Alfa Laval Vicarb Page No 5 of 41 Doc No: NDC-CP21-24561-01
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3. STUD BOLTTHREAD LENGTH  According to UG-43 (g)

Nominal diameter of bolt : dirog = 24-mm dirog = 0.9449:in
Allowable stress of bolt at design temperature : Sbtrod =172-MPa

Allowable stress of girder at design temperature : Sbgird er=118-MPa

. Sbtrod
Lthreadmin := Min| 1.5-dyqq, max 0'75'dtrod'r » Atrod Lthreadmin = 26-2-mm
girder
Lthreadmin = 1.033-in

Thread length Lthread = 36-mn] Linreaq = 1:417-in

Validated criterion : Lthreadmin < I-thread =1

4- PANEL CALCULATION

UNSTAYED FLAT HEAD CALCULATION WITHOUT OPENING: (UG 34)
Flange design bolt load calculation : (Appendix 2, § 2.5)
Under operating conditions : (equation 4)

W1 = Wi

Under gasket seating conditions : (equation 5)

(Am + Ab)Saroq
2

W2 .=

Bolt load used on each thread rod:

max(W1,W2)
Fp == —————=36170'N

Ntrod

(1=true, O=false)

W1 = 570083.7-N

W2 = 1157425.9-N

Fp, = 36170-N
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IV - CALCULATION PARTS SIDE B :

1- BOLT LOADS CALCULATION. (Appendix 2 )

Design pressure

P design = 1.04-MPa P design = 10.4-bar

Additional pressure due to static height of liquid : Pstat = 0-02-MPa Pstat = 0-2-bar

Calculation pressure
according to UG-98 (b)

Gasket material

Gasket factor

Min design seating stress :
Gasket width
by = Basic gasket seating width

b = effective gasket seating width :

b= |by if by<6-mm

Cb' /bo-mm otherwise

P= P design T Pstat Pg=1.06-MPq |Pg=10.6-bal Ppg =153.7-psi

Matgkt = "Graphite PSM"

Mgkt = 2 | ( Characteristic gasket values are based on the
_ 96.MP I manufacturer's seal recommendation for the
Ygkt = <o-Mra | Compabloc design and ASME table 2.5.1 )
Ngkt =14-mm
N

bg = %kt =7-mm (Fromtable 2.5.2 fig.(a) )

b =6.61438-mm

With Cb conversion factor = 2.5 for Sl calculation.

Sketch of gasket : d
Load reaction on line of gasket ( fig 2.5.2)
Nrk'
Short gasket span : S e =399.7-mm
gkt A
T ert

Sgkt = 15.7362-in
Long gasket span : Lgkt = 1190.7~mn‘|

Lgkt:46.878~|n 5’“1
Short gasket span on ine : d:= Sgyt - (2b) = 386.5-mn| d=15.2:in
Long gasket span on line : D= Lyt~ (2.0) =1 177.5.mn1 D = 46.4-in
Gasket perimeter Pg = (d + D)-2=3127.9-mm Pg =123.1-in

Alfa Laval Vicarb Page No 7 of 41 Doc No: NDC-CP21-24561-01

Bolt-Panel

Rev. no: 00




1.1 OPERATING LOAD
(Appendix 2 § 2.5, equation 1 adapted for rectangular gaskets )

1.2 INITIAL LOAD
(Appendix 2 § 2.5, equation 2 adapted for rectangular gaskets )

2- REQUIRED BOLT AREA (Appendix 2 § 2.5(d))

W1 := (D-d-Pg) + (2:b-Pg-mgy-Pg) W1 = 570083.7-N

Wpnp = Pgb-ygyt W0 = 537914.4-N

Bolt-Panel

Bolt material : Maty.oq = "SA 193 gr B7"
Allowable bolt stress
: W1 2
At design temperature, Sb. =172-MPa Aq= = 3314.4403-mm
trod m1 b
trod
Wm2 2
Atroomtemperature,  Sa =172-MPa Ao = = 3127.4092-mm
trod m2 a
trod
Required bolt area :
) 2
Am = max(Am 1, Amo) A, = 3314.4-mm
Actual boltarea ( Ab)
Diameter of threaded rods, dirog = 24-mm
2
Root area, Strog =317-mm
Number of threaded rods, Nirog = 32
Bolting area provided, Ab := Ny Strod Ab = 10144~mm2
To have adequate number and size, Ab shallbe greaterthan 1* A
( With corrective factor according mechanical strength test RGE-CP90-322 )
1.Ay =3314.4.mm>  (1=true, O=faise) Ab> 1A =1
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3. STUD BOLTTHREAD LENGTH  According to UG-43 (g)

Nominal diameter of bolt
Allowable stress of bolt at design temperature

Allowable stress of girder at design temperature

Sbtrod

Lthreadmin = min(1 5-dirog: max(0.75~dtrod~8b—
girder

Thread length

Validated criterion :

4- PANEL CALCULATION

UNSTAYED FLAT HEAD CALCULATION WITHOUT OPE
Flange design bolt load calculation : (Appendix 2, § 2.5)
Under operating conditions : (equation 4)

W1b := Wy q

Under gasket seating conditions : (equation 5)
(Am + Ab)Sayroq
2

W2b :=

Bolt load used on each thread rod:

max(W1b , W2b)

dtrod =24-mm

Sbirog = 172-MPa

dirog = 0-945-in

Sbgirger = 118-MPa

) dtrod]]

Lthread = 36-mm

=26.2-mm

I-threadmin

Lthreadmin = 1-033-in

Lthread =1.417-in

Lthreadmin < Lthread =

NING: (UG 34 equation 5)

(1=true, O=false)

IW1b = 570083.7-N

IW2b = 1157425.9-N

Fp:= =36170-N Fb:36170-ﬂ
N
trod
Alfa Laval Vicarb Page No 9 of 41 Doc No: NDC-CP21-24561-01
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D
V - PANELS AND HEADS CALCULATION

Alfalaval Compabloc ® has a design that differ from these covered in ASME VIl div.1 and the following
calculation way is defined :
-Use of the chapter UG-16 for these designs with the alternative of using Mandatory Appendix 46
-Use of the chapter 4.12 of Div.2 as allowed by Mandatory Appendix 46, and if the design by rule
is not possible, move to next option.
-Use of part 5 of Div.2 by using a FEA calculation.
Indeed, the design of the Compabloc (panels and heads) corresponds directly to the chapter 4.12 of Div.2:
“Design rules for non circular vessels”.
But in the “scope” in the paragraph 4.12.1.2 and in the “General design requirement” in the paragraph
4.12.2.8, for vessel other than described in 4.12 and for “Bolted full side or end plates...” “Part 5 shall be
used”.
Moreover, for openings in kind of vessel, the Part 5 is referenced again in the paragraph 4.12.2.9 (b) : “rules
for specific designs are not provided and the design shall be in accordance with Part 5.

Specific FEA calculation : FEA "FEA-CP21-24561-01"

calculation =

This document shows that the design of those parts fulfils the requirements of the division 1 of the
section VITASME Code with the following parameters:

1- PANELS DATA

Side A
Calculation pressure side A : Pa =1.06-MP3 P = 10.6-baf Pp = 154-psi
Design Temperature side A : TmaxA = 120.°(:1 TimaxA = 248-°F
Panel Aa minimal thickness : Thag = 64.mﬂ Thpg =2.5197:in
Panel Ab minimal thickness : ThAb = 54.mﬂ ThAb =2.126-in
Side B
Calculation pressure side B : Pg = 1.06-MP3 Pg = 10.6-baf Pg = 154 -psi
Design Temperature side B : TmaxB =1 20.°q TmaxB = 248-°F
Panel Ba minimal thickness : Thgy = 64.mﬂ Thgy =2.5197:in
Panel Bb minimal thickness : Tth = 54.mﬂ Tth =2.126-in
Alfa Laval Vicarb Page No 10 of 41 Doc No: NDC-CP21-24561-01
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2- SQUARE HEAD CALCULATION

UNSTAYED STEEL SQUARE HEAD, INSERTED AT THE EXTREMITY OF LATERAL PANELS.
Square head material : Matyoqq = "SA 516 gr 60N"
Allowable head stress ( Section Il partD ):

At design temperature, Shead = 118-MPa

As described above, the head calculation is
donein:

Specific FEA calculation : FEA = "FEA-CP21-24561-01"

calculation

VI - LOCKINGS CALCULATION

1- STRENGTH OF LOCKING HEAD / PANEL

1.1 Data
Sshear = Load carried by clamp | Strength section of the square head tongues
Calculation pressure Max. : Pmax = 1.06-MPa Pmax = 10.6-bar
Load carried by clamp : Whead = dheadz'Pmax = 254506-N
W
Load perlink : Pry = —29 _ 63626.N
Mating height in compressed gasket condition ‘hp p =4-mm hy = 0.157-in
Panel locking length size : f=2350.5-m f=13.799-in
Head locking length value : Phead = 370-mn Phead = 14.967-in
Head locking height value hlocking_head =15-mmn hlocking_head =0.591-in
Head square size : dhead = 490-mn dhead = 19-291-in
Alfa Laval Vicarb Page No 11 of 41 Doc No: NDC-CP21-24561-01
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Sketch of Locking :

hlocking_head =minii/(g ) !
Nf- A i

! \ dhead
\\ ~Bearing h.b_h
\ Max. Shear or
\\j‘/ ) _‘_‘} ! thead
A i
’ \ dhead
Beariég hb _h fl - L
N}\ sh Jﬁkmg_head | e
. ear I T T T
aﬁ&‘\% ,/’ ) | :’!\‘_g_l
|
|
|
Phead - ——-—- T — T I
| \ Bearing h.b g
i N I 7\\ locking 'irder f
- L N
b | C[{J Max. Shear =Y
|
1.2 CRITERIA DESIGN STRESS UG23 (f) and (g)
Maximum shear stress :
Strength section of the square head tongues :
. 2
Sht = 4 Niocking_head Mn(f- Phead) Sht = 21030-mm
w
h
Locking Shear stress : Sshear = _ead =12.1-MPa
Siocking_head = min(Spanelﬁshead) Siocking_head = 118-MPa
Sshearshallbe lower than 0.8x Slocking_head
0.8-S|ocking_head = 94-4-MPa Sshear < 0-8-Sjocking_head =
(1=true, O=false)
Maximum bearing stress :
P il P 45.4 MPa|
b h= = b_h =™
- mln(f, bhead>hb_h =
Pb_h shall be lower than 1.6x SIOCking_head
1.6-S|ocking_head = 188.8-MPa Pb_h < 1.6-Siocking_head = 1
(1=true, O=false)
Alfa Laval Vicarb Page No 12 of 41 Doc No: NDC-CP21-24561-01
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2- STRENGTH OF LOCKING GIRDER / PANEL

2.1 Data
Sshear_girder = Load (per unitlength) carried by clamp / Strength length of the girder tongues
Calculation pressure Max. : Pmax = 1-06-MPa
Calculation pressure Min. : Prmin = 1.06-MPa
Girder material : Matgirder ="SA 516 gr 60N"
Allowable girder stress ( Section Il partD) :
At max. design Sbgirder =118-MPa
temperature,
Square size of girder : dgol = 59.5-mnm deol = 2.343-in
Mating height in compressed gasket condition : hy g= 4.mm hy 9= 0.157-in
Sketch of girder:
with : Qirder locking length value hlocking_girder = 15-mrr1 hlocking_girder =0.591-in
Dhead = 490-mm Dhead = 19-291-in
dgol = 99.5-mn dgol = 2-343-in
- hgirder
i 4>T7
] \[:::::::‘:Péf 1 ‘f*ﬂ‘ =
J EoN S
o - Lo
I Il \
=
! <
1 — .
5 S—=
I Il \
I -— Il \
\ } Il \
bij\ = Y Mj‘ }
) £ o
A ‘[:::::::‘:*g - _
B
1S .
calculated section
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2.2 CRITERIADESIGN STRESS UG23 (f) and (g)

Load (per unit length) carried by clamp :

. N
ngrder = (Dhead - 2'dcol)'maX(PA’ PB) + 2'dcol'”“n(PA» PB) ngrder = 5194'%
Strength length of the girder tongues : Sgt = 2'hlocking_girder Sgt =30-mm Sgt =1.181-in

Siocking_girder = rT‘in(spanel g Sbgirder)

Maximum shear stress :

ngrder
shear_girder'= — o

S =17.3-MPa
gt

S shall be lower than 0.8x Slocking girder

shear_girder

Siocking_girder = 118-MPa

Maximum bearing stress :

0'S'Slocking_girder = 94.4-MPa

Sshear_girder < 0-8-Sjocking_girder = 1

(1=true, O=false)

p, . —Jrder Pp o = 64.9-MP
bg~ o bg~ "™ %
b_g
Pb_g shall be lower than 1.6x Slocking_girder 1 'G'Slocking_girder = 188.8-MPa
Pp_g < 1:6-Siocking_girder = 1
(1=true, O=false)
Alfa Laval Vicarb Page No 14 of 41 Doc No: NDC-CP21-24561-01
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3- MAXIMUM BOLT SPACING: ( By, ) according to App 2-5 (d) equation (3)
Only applicable for Lethal service |

with : Nominal bolt diameter : dtrod =24-mm

Panel thickness (Machined at min value) : |Thpg =64-m

Thgg = 64-mﬂ

Gasket factor side A & B Mgkt.A = 2

Head bolt spacing * |Bs.head = 110-mrr1
Column bolt spacing " Bs.col = 98-32:mm
Column/head bolt spacing : Bsch = 116.8-mrr1

6-min(ThAa,ThAb,ThBa , Tth)

B
max(mgkt_A, mgkt.B) +0.5

smax = 2-Gtrod +

The maximum head bolt spacing B the maximum column bolt spacing B

dirog = 0-9449-in

Mgkt.B = 2

B head = 4-3307-in

Bg ol = 3-8709-in
Bg c.p = 4.6:in
Bsmax = 177.6:mn]

(1=true, O=false)

s.head’ s.col
and the column/head bolt spacing Bg.c.h shallnotexceed By o Bsmax > Bs.head = 1
Bsmax > Bs.col = 1
Bsmax > Bs.ch =1
[+]
Alfa Laval Vicarb Page No 15 of 41 Doc No: NDC-CP21-24561-01
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VIl - PIPE_.CHECKING :
Calculation pipe checking is done on the paragraph "Analytical calculation for nozzle" :

See Specific FEA calculation : FEAcalculation = "FEA-CP21-24561-01"

VIl - WELDING NECK AND BLIND FLANGE CHECKING :

The Welding neck flange or Long Welding neck flange must be define according to the Pressure-Temperature
ratings for groups materials :

-ASME B16.5 Table 2 Ed.2013 (Nominal diameter <= DN600 (24")

-ASME B16.47a Table 2 Ed.2017 (Nominal diameter > DN600 (24")

Check of flange design
Side A: Side B :
Design temperature : Tmaxa = 120-°C Trnaxg = 120-°C
Calculation pressure : P = 1.06-MPa P = 10.6-bar Pg=1.06-MPa Pg=10.6-bar

PRESSURE TEMPERATURE RATING

ASME B16.5 Ed.2013

Table 2-1.1 Table 2-2.3
PressureTemperature Ratings for Group 1.1 Materials PressureTemperature Ratings for Group 2.3
Temp.,°C 150 300 400 600 Temp.,’C 150 300 400 600
-29to 38 19.6 51.1 68.1 102.1 -25t0 38 15.5 41.4 55.2 82.7
50 19.2 50.1 66.8 100.2 50 15.3 40 53.4 80
100 17.7 46.6 62.1 93.2 100 13.3 34.8 46.4 69.6
150 15.8 45.1 60.1 90.2 150 12 314 419 62.8
200 13.8 43.8 58.4 87.6 200 11.2 29.2 38.9 58.3
250 121 419 55.9 83.9 250 10.5 27.5 36.6 54.9
300 10.2 39.8 53.1 79.6 300 10 26.1 34.8 52.1
325 9.3 38.7 51.6 77.4 325 9.3 25.5 34 51
350 8.4 37.6 50.1 75.1 350 8.4 25.1 334 50.1
375 7.4 36.4 48.5 72.7 375 7.4 24.8 33 495
400 6.5 34.7 46.3 69.4 400 6.5 24.3 32.4 48.6
425 5.5 28.8 38.4 57.5 425 5.5 23.9 31.8 47.7
450 4.6 23 30.7 46 450 4.6 23.4 31.2 46.8
475 3.7 17.4 23.2 34.9 A182F316L
500 2.8 11.8 15.7 235
538 1.4 5.9 7.9 11.8
A350 Gr. LF2
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(Version ASME-CP19 F02-00 rev.03) W

o
[+
VII-NOZZLE CALCULATION Itemopening ="Al-A2-B1-B2"
A- GENERAL DATA Acc. to section VIII Div.2. Ed 2019
Connection standard (DN-PN) Dim, 1o = "DN150 CI150"
Calculation pressure P =1.06-MP. P =10.6-ba P =153.7-psi
Design temperature T hax = 120-°C T 1hax = 248-°F
Axial load at the flange : Fp =776 Fp = 174-1bf
Moment load at the flange : My =750-N- My = 6638-1bf -in
M, = 750-N- M, = 6638:1bf in
Bending moment on the flange : Mg = 1061-N- Mg = My2 + MZ2 = 9388:1bf-in
Outside diameter of flange : A =280-m A =11.0236-in
Inside diameter of flange : B =155.1'm B = 6.1063-in
Bolt circle diameter : C=2413m C =951
Thick. of hub at back of flange g = 18.45m g) = 0.7264-in
Minimum Thick. of hub flange . go = 0.2598-in
Real hub length : h,=52.8m h,=2.0787-in
Small thickness of hub (pipe) . go = 0.2598-in
Flange thickness in corroded condition ; t = 0.9409-in
Alfa Laval Vicarb Page No 17 of 41 Doc No: NDC-CP21-24561-01
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Geometrical validation :

Integral Type Flanges with a Hub and a weld (geometric criteria Figure 4.16.2)
g1~ &0 1
Slope := u Slope = 0.2244 Slope < — =1
h, 3

If slope < 1/3: the Figure 4.16.2 (a) is used wihout more condition
If slope > 1/3: the Figure 4.16.2 (b) is used with the following condtion

Length of tube part of flange hy =10.3-mm
Minimal hatf of gap for the weld gap = 0.5-mm
1.5gy = 9.9-mm hy + gap > 1.5¢g; = 1
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B- BOLT LOADS CALCULATION. (§ 4.16.6)

Calculation pressure

P =1.06-MPa

External pressure Poyt = 0.103MPa

Considered gasket

Gasket factor Mgy = 2

Min design seating stress : Yokt = 26-MPa

Sketch of gasket :

Gasket outer diameter : ngt: 215.9-mm
Gasket inner diameter : dgkt: 168-mm
Gasket width : Ngkt = 24.-mm

b() = Basic gasket seating width:
( Fromtable 4.16.3 fig.(1a) )

N gkt

bO = T bO = 12-mm

b = effective gasket seating width :
Cy =254 conversion factor for Sl calculation.

b:= bO if bO < 6-mm

bO b =8.7-mm
O'S'Cul' —-mm otherwise
Cul

Gasket load reaction diameter:
G:= ngt_ (2'b)
Operating load

2
W= 0.785G P + 2~b-7r~G-mgkt-P

WOCX

Initial load

2
(= 0.785-G™-Poy + 2b-m-Grmgye Py

Wgs = ﬂ'b'G'ygkt =31778.5224-1bf
Required bolt Area

Bolt material
Allowable bolt stress

At room temperature,
At design temprature,

Total required bolt area:

4-Mg

W, +F,+
0 A G Wgs

Am = max s
Sho Sbg

Matgkt = "Graphite PSM"

( From table 4.16.1 or gasket manufacturers )

20gki

[
@dghd

| Hg

| &H

T

G =198.5-mm

W, = 55825.5-N

W 5424.6-N

oext

Wy = 141357.9-N

Maty, 4 = "SA 193 gr B7"

Spg = 172-MPa

So = 172-MPa

Am = 821.8~mm2

Alfa Laval Vicarb
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Actual boltarea ( Ab)

Diameter of bolts,
Root area,
Number of bolts,

Bolting area provided,

To have adequate number and size,

dtrod =20-mm

_ 2
Strod =220-mm
Nrog =8

Ab = Nirod Strod

Ab = 1760-mm”

Abshallbe greaterthan A

A, = 821.8mm’ (1=true, O=false) ~ Ab> Ay, =1
Bolt load for gasket conditions:
(Am + Ab)Sbg
Wyi=—""""" W, =222039-N
g 2 g
C- FLANGE DESIGN PROCEDURE. (§4.16.7)
C1 Moment arms for flange loads under operating conditions, in acc. with Table 4.16.6

Radial distance from bolt-circle to point of action of Hydrostatic end force:

C—B—gl
hpy= ———
2
C-G
hey = ——
SERD

hD =33.9-mm

hG =21.4-mm

Radial distance from bolt-circle to point of action of Hydrostatic differences:

1(C-B
hpi=—- +h
T, 5 G

C.2 Forces

Total hydrostatic end force for internal pressure:

H:= 0.785G2‘P

Hydrostatic end force on area inside of flange for internal pressure:

2
Hpy:= 0.785-B™-P
Hydrostatic difference:

Bolt Load at Operating Conditions:

HT::H—HD

Hg= W, - H

Total hydrostatic end force for external pressure:

2
Heyq = 0.785G"-P yq

Hydrostatic end force on area inside of flange for external pressure:

2
Hpext = 0.785:B7-Poyy
Hydrostatic difference:

Bolt Load at Operating Conditions:

Hrext = Hext = Hpext

HGext =W H

oext — “lext

hT =32.3-mm

H = 7367.7291-1bf H=32773-N

Hpy = 4500.0019-1bf ~ Hpy = 20017-N
Hp =2867.7272:Ibf  Hp = 12756N

Hg =5182.3437-1bf Hg=23052N

Hoy = 715.9208:Ibf  Hgy = 3185:N

Hpeyt = 437.2643:1bf gy = 1945:N
Hext = 278.6565:1bf  Hrpgyq = 1240N

HGext = 503.5674-Ibf Hegoyq = 2240N
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C3 Calculation of Flange Stress Factors, Table 4.16.4 and 4.16.5.

A
=— K = 1.8053
B
2
1 K -log(K>
= ——| 0.66845 + 5.71690- Y =3.4576
K- 2
K -1
KZ-(l + 8.55246~10g(K>) -1
T:= T =1.5822
(1.04720 + 1.9448-1(2)-(1( - 1)
Kz-(l + 8.55246~10g(K)) -1
U= U = 3.7995
1.36136(1(2 - 1)(1{ - 1)
K2 +1
Z:= Z = 1.8853
K21
h0 = 'B-go h0 =32.0-mm
Numerical decrease of hub length "h" for the F factor calculation in conservative way:
hr
h:= |h if — <2 h,=52.8-mm
h
(6]
2-h,, otherwise h =52.8-mm
h
(6]
X l X, =2.7955
LA, g~
F = 0.897697 ~ 0.297012-In(X) + 9.5257-10" 3~ln(Xh)
2 2 F = 0.6233
+0.123586-(In(Xg))” + 0.0358580-(In(X}, )" ~ 0.194422-In(X)-In(Xy,) ...
3 3
+-0.0181259-(In( X)) + 0.0129360~(ln(Xh) )
2 2
+-0.0377693(In(X,))-(In(Xy))” + 0.0273791-(In(X,)) " In(X,)
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0227914 0.344410
vie |[0.500244 + T2 1 187071.X), -~ 4 2.49189-X,” . | if 0.1 <X, <0.5
Xq <2
g
X X,
h 0.1 h
+0.873446— ¢ 21803 1.06082:X;,” — 1.49970-—— ...
X 3 X
g X g
g
Xh
+0.719413-—
2
Xg
0.135977  0.0461919  0.560718  0.0529829
0.0144868 — - + + if 0.5 <X, <2
Xq X ng X2
, 0244313 0113929 0.00928265  0.0266293  0.217008
Xy X 3 3 2 2
g h Xg X, XgXp Xg Xp
"ERROR"  otherwise V'=0.0648

0.0927779 — 0.0336633«Xg + 0.964176-Xg2

+ (0.0566286-Xh + 0.347074~Xh2 - 4.18699-Xh3>
f:= max| 1, f=1.0000

1 —5.96093-10 3'Xg +1.62904-X;, ...

+ (3.49329~Xh2 + 1.39052«Xh3)

Nozzle

U-gy -h
de —2 © d = 81661-mm°
A\
F 1
e =— e =19.4816 —
h0 m
te+ 1 t3
L= + — L =1.0935
T d
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C.4 Calculation of the Flange Moments of Inertia Table 4.16.7

0.0874-L~g02~h0~B
I:=

\Y%
Gan = 0.5~(g0 + gl)
Ag = 0.5(A - B)

AA = AR if t> Gan

(h+1) if t<Gyyg

Bpi= |t if t2 Gy = 0.0239

Gavg if t<GaVg

Co= |hif 2 Gyyy

AR ~ Gayg if 1< Gyyg

DDG = Gan if t2> Gan

t if t<GaVg

4
. 301 Bp 1 (BB

I= 318589.9-mm4

Gan =12.5-mm

AR = 62.5-mm
AA = 62.5-mm
BB =23.9-mm

CC = 52.8-mm

DDG =12.5-mm

IP = 247788.6-mm4
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C5 Moments

External moment

h
I
M. = 4Mg- . +Fs-h
oe E(0.3846-1P+1j C-2hp AP

Bolt Spacing Equations Table 4.16.11

Bolt circle diameter : C =9.5in

Angle between 2 bolts : o=

Bolt spacing :

BS = C~sin(gj BS =3.6355-in
2

Nota : The bolt spacing used is the chord length between adjacent bolt locations

M, = 5874.5-1bf -in

M = 663726-N-m]

Maximum bolt spacing according to Appendix 2 §2.5(d) eq.3 of Section Vil Div.1 :

MANDATORY only for lethal.service.

B = 2-d + =3.8331-in B =97.4-m B.<B =1
smax trod g 405 | smax 111 S smax
. BS
with : By = max| 1, =1.2021
2dtr0d +t
otherwise  Bolt spacing correction factor : B..:= 1 for non lethal service

SC
Moment acting on the flange due to hydrostatic end force for internal pressure
Moint = Fs'[(HD'hD + Hphp + HG'hG)'Bsc + Moe]
With Fs = 1.0 for non-split rings (non split loose type flanges)

Moment acting on the flange due to bolting up condition for internal pressure

W (C - G)-B..-F
Mgint:: g( 2> =

Moment acting on the flange due to hydrostatic end force for external pressure
Moext = |Fs'[HDext'(hD - hG) + HText'(hT - hG) + Moe]|

Fs = 1.0 for non-splitrings (non split loose type flanges)

Moment acting on the flange due to bolting up condition for external pressure

Mgext = Wg'hG'Fs Mgext =42095.1-in"1bf

Maximal moments :

M = 19888.5-in-Ibf

oext’

Mo = max(M

oint)

M gin = 2247103-N-mn{
M 19888.5-in-1bf

oint =

[Mging = 4756111-N-mn|
M gin¢ = 42095.1-in"Ibf

[Mex( = 701388-N-mnj

M 6207.8-in-1bf

oext

[Mgex( = 4756110.7-N-minj

Mg = maX(Mgext’Mgint) =42095.1-in"1bf

M, =2.2% 106-N~mu4

Mg =4.8x 106-N~mr4
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C.6 Calculation of Flange stresses in Operating and Bolting Up conditions, Table 4.16.8

Longitudinal Hub Stress in Flange

SH.o*

£M,

f-Mg

Radial Stress in Flange

SR.0 =

SR.g =

Tangential Stress in Flange

STo:

Stg'

(133-te+1):M,

L-tZ-B

(l.33~t~e + l)~M

g

L-t2~B

Y-M,
> - Z'SR.O
t™-B
Y-M
g
> - Z-SR.g
t™-B

Sp o = 38.9-MPa

Sy g = 824-MPa

SR = 37.6:MPa

Sp.g = 79.5-MPa

ST o = 16.9-MPa

St g = 35.7-MPa

Cc7 Allowable flange design stresses at Operating and Bolting Up condition

Longitudinal
Hub Stress

Radial Hub
Stress

Tangential
Hub Stress

Combined Hub
Stress 1

Stress values
SH.o = 38.9-MPa

Sy g = 824-MPa
SR = 37.6:MPa
Sg.g = 79-5MPa
ST o = 16.9-MPa
St g = 35.7-MPa

SH.o + sR.o

SH.g + sR.g

=38.2-MPa

Criteria evaluation

Allowable Stresses (1=true, O=false)

min(1.5-Sg,,2.5-Sy,) = 138.4-MPa Spy , < min(1.5-S¢,,2.5-S ) = 1

min(l.5~ng,2.5-Sng) = 172.5-MPa Sy , < min(l.S'ng»2~5'Sng) =1

= 80.9-MPa

Sfo =92.3-MPa SR.o < Sfo =1

ng: 115-MPa SR.gSng: 1

Sfo =92.3-MPa ST.o < Sfo =1

ng: 115-MPa ST.gSng: 1
SH.o + sR.o

Sfo =92.3-MPa f < Sfo =1
SH.g + sR.g

ng:IIS-MPa f Sng:I
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CombinedHub  SH.o * ST.o SH.o * ST.0

Stress 2 =27.9-MPa Sfo = 92.3-MPa > <Sgy =1
St1o+ S
H. T. = .
—£ € _591.MPa Sgg = 115-MPa SHg* STg
——— <Sp =1
2 g
Cc38 Flange rigidity criterion
Modulus of Elasticity at operating temperature: Eyo = 28800000-MPa
Modulus of Elasticity at gasket seating condition Eyg = 29400000-MPa
Rigidity index factor: Kgr =103
52.14V-M,
Jo = Jo =0.0006
2
52.14~V‘Mg
J, = J,=0.0012
g 2 g
(1=true, O=false)
J,shall be smaller or equal than 1.0 Jos10=1
Jgshall be smalle or equal than 1.0 Jg <10=
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(Version ASME-CP19 F03-00 rev.02) Edition 2019 W
(G 2 ]
[
APPENDIX 1
(IMPACT TEST REQUIREMENTS UG 20 (f) )
Minimum design metal temperature : Tinin = 0-°C
PARTS METAL IMPACT TEST
FLAT HEADS SA516 gr 60 Normalized EXEMPTED

nominal thick : 70 mm

Governing Thick : 17.5 mm
(1/4 nominal thickness)

ACCORDING TO FIG. UCS 66M
CURVE D

LONGITUDINAL GIRDER
nominal thick : 70 mm
type : CP40

SA516 gr 60 Normalized
Governing Thick : 17.5 mm
(1/4 nominal thickness)

EXEMPTED
ACCORDING TO FIG. UCS 66M
CURVE D

PANEL Aa
nominal thick : 80 mm

SA516 gr 60 Normalized
Governing Thick : 20 mm
(1/4 nominal thickness)

EXEMPTED
ACCORDING TO FIG. UCS 66M
CURVE D

PANEL Ab
nominal thick : 70 mm

SA516 gr 60 Normalized
Governing Thick : 17.5 mm
(1/4 nominal thickness)

EXEMPTED
ACCORDING TO FIG. UCS 66M
CURVE D

PANEL Ba
nominal thick : 80 mm

SA516 gr 60 Normalized
Governing Thick : 20 mm
(1/4 nominal thickness)

EXEMPTED
ACCORDING TO FIG. UCS 66M
CURVE D

PANEL Bb
nominal thick : 70 mm

SA516 gr 60 Normalized
Governing Thick : 17.5 mm
(1/4 nominal thickness)

EXEMPTED
ACCORDING TO FIG. UCS 66M
CURVE D

Plate governing thick =

plate without nozzles : %2 nominal thickness (UCS 66 (a)(3))
plate with nozzles  : the larger of ¥4 panel nominal thickness and nozzle pipe
thickness (UCS 66 (a)(1)(c))
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IMPACT TEST EXEMPTION

E:{Efgﬁr?r? SA193 grB7 ACCORDING TO FIG. UCS 66M
NOTE (c)
ABOVE -55°F (-48°C)

NUTS SA194gr7 IMPACT TEST EXEMPTION
ACCORDING TO FIG. UCS 66M
NOTE (c)
ABOVE -55°F (-48°C)

NON CODE SA240 type 3161
EXCHANGE PLATE Governing Thick : 1 mm EXEMPTED PER UHA51

Weld metal + Heat affected
zone
(Note:

Mandatory in all cases

NOT REQUIRED ACCORDING TO
UCS 67 (a) WHEN IMPACT TEST IS

WELDS if MDMT <- 29°C ) NOT REQUIRED ON BASE METAL
Impact test on production NOT REQUIRED PER UG 84
test plate
NOZZLE FLANGE SA182 F 316L NOT REQUIRED ACC. TO UHA51
ASME B16-5
SA312 TP 316L EXEMPTED PER UHA 51
NOZZEE PIPE Nominal thick :7.11 mm (sch.40
NPS 6
s)
LININGS SA240 type 316L EXEMPTED PER UHA51
Thickness = 3 mm
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(VersionASME-CP19 F04-00 rev.02)

D

Edition 2019

APPENDIX 2

W
o T

TEST PRESSURE CALCULATION ACCORDING TO ASME VIII Div.1 CODE UG-99 (b)
Test pressure = 1.3 x Design pressure x Lowest ratio ( S at test temperature / S at design temperature )

According to the configuration of hydrostatic test carry out on exchanger (Manometer on the top of the CP),
we use for the definition of test pressure the design pressure without the pressure static head of liquid.

Design pressure Side A :

P.designA = 1.04-MPa

P.designA =10.4-bar

Bolting Side A (Tie rod)

Bolting Side B (Tie rod)

Panels side A

Panels side B

Head

Columns

Design pressure Side B

P.designB = 1.04-MPa

P.designB =10.4-bar

Ratio
Mat o4 ="SA 193 gr B7" —
Allowable stress at test temperature : Say, 4= 172-MPa
. © Sagrod
Allowable stress at design temperature Sbtrod = 172-MPa =1
Sbtrod
Mat, 4 = "SA 193 gr B7" Ratio
Allowable stress at test temperature : Sa = 172-MPa
. trod.B Satro iB
Allowable stress at design temperature Sbtrod B = 172-MPa — =1
Sbtrod.B
Bolting ratio is not included in the test pressure calculation.
Matpanel ="SA 516 gr 60N"
Allowable stress at test temperature : S =118-MP
i “panel ) Sapanel
Allowable stress at design temperature pranel = 118-MPa —_— =
pranel
Matpanel ="SA 516 gr 60N"
Allowable stress at test temperature : S = 118-MPa
anel.B
_ P Sapanel.B
Allowable stress at design temperature pranel B = 118-MPa — =1
pranel.B
Matpoaq = "SA 516 gr 60N"
Allowable stress at test temperature : Say, ad = 118-MPa
. © Sapead
Allowable stress at design temperature Sbhead =118-MPa =1
Sbhead
Mat ., 1umns = ' SA 516 gr 60N"
Allowable stress at test temperature : Sacol =118-MPa S
a
Allowable stress at design temperature sbco1 = 118-MPa col =1
Sb
col
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Pipe A1
Allowable stress at test temperature :

Allowable stress at design temperature

Flange A1
Allowable stress at test temperature :

Allowable stress at design temperature

Pipe A2
Allowable stress at test temperature :

Allowable stress at design temperature

Flange A2
Allowable stress at test temperature :

Allowable stress at design temperature

Matp; a1 = "SA 312 TP 316L"

SaPlpeAl =115-MPa

MatFlangeAl ="SA 182 F 316L"

SaFlangeAl =115-MPa

SbFlangeAl =92.3-MPa

Matp; 2 = "SA 312 TP 316L"

SaPlpeAZ =115-MPa

MatFlangeAZ ="SA 182 F 316L"

SaFlangeAZ =115-MPa

SbFlangeAZ =92.3-MPa

SapipeAl

SaplangeAl

SaplangeA2

SbPipeAl

=1.2459
Sbg langeAl

S%PipeA2

SbPipeA2

=1.2459
Sbg langeA2
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Pipe B1
Allowable stress at test temperature :

Allowable stress at design temperature

Flange B1
Allowable stress at test temperature :

Allowable stress at design temperature

Pipe B2
Allowable stress at test temperature :

Allowable stress at design temperature

Flange B2
Allowable stress at test temperature :

Allowable stress at design temperature

Matpinep] = "SA 312 TP 316L"
SaPipeBl = 115-MPa
Sbpipep1 = 115-MPa
MatgjangeR] = "SA 182 F 316L"

SaFlangeBl =115-MPa
SbFlangeBl =92.3-MPa

Matpjepp = "SA 312 TP 316L"
SaPlpeBZ =115-MPa

MatFlangeB2 ="SA 182 F 316L"

SaFlangeB2 =115-MPa

SbFlangeB2 =92.3-MPa

SaplangeB1

SaplangeB?2

SapipeB1

SbPipeBl

=1.2459
Sbg langeB1

S%PipeB2 _

SbPipeBZ

=1.2459
Sbg langeB2
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Plates or Linings
Allowable stress at test temperature :

Allowable stress at design temperature

Linings side A
Allowable stress at test temperature :

Allowable stress at design temperature

Linings side B
Allowable stress at test temperature :

Allowable stress at design temperature

LoweStratio. A= 1

Nota : If Test pressure calculated below is greater than

Matplates ="SA 240 type 316L"
Saplates =115-MPa Sa 1.
ates
Sb jates = 92.3-MPa —P 12459
P Sbylates
Matlinings.A ="SA 240 type 316L"
Say; - =115-MPa
linings.A Salinings A
Sblinines. A = 92.3-MPa ————— =1.2459
& Sblinings.A
Matlinings.B ="SA 240 type 316L"
Say; =115-MPa
linings.B Salinings B
Sblinines. B = 92-3-MPa —————— =1.2459
& Sblinings.B

Lowest 0.8 = |

1.3-Lowest,, o check the calculation done

P design

with 90% of yield constraints according to ASME Vil div.1 CODE UG-99(c)

CoefmaXA =13

Adopted Test Pressure

Testyressure.A = CoefmaxA P designA

ITestpressure. A = 1-36-MPd
|TeStpressure.A = l3.6-bal1
Testyressure. A = 197-psi

CoefmaXB =13

Testyressure.B = C0fmaxB P designB
(Testpressure.B = 1-36°MPg
|TeStpressure.B = l3.6-bal1
Testyressure.B = 197-Psi
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(VersionASME-CP19 F05-00 rev.02) Edition 2019 W

APPENDIX 3

FULL VACUUM CALCULATION NOTE

1. SQUARE HEADS

Since these parts are unstayed flat heads designed previously at P = 1.06-MPa (for internal pressure), no
new calculation is necessary for full vacuum ( 15 psi, 1.03 bar, 0.103MPa ).

2, STEEL PANELS (applicable if analytical calculation done)

Since these parts are unstayed flat heads designed previously at P = 1.06-MPa (for internal pressure on side
Aand on side B ), no new calculation is necessary for full vacuum ( 15 psi, 1.03 bar 0.103MPa ).

3. NOZZLES PIPES LINING
Calculations according to ASME VIII Edition 2019, UG 28
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3.1.1 - Pipe size :

tem & Itempening = "A1-A2-B1-B2" Pipe material  : Mat,;, = "SA 312 TP 316L"
Nominal diameter : Np;, = "NPS 6"
External diameter: D, = 168.3-mm
(in corroded condition)
E
Length of pipe L =165-mm 1
i
Thickness of pipe : t = 6.6-mm | ' i
. e n
(in corroded condition) 5
— L -—
Step 1 - Ratio determination :
L D,
— =0.9804 — =255
(6] tn
Step 2, 3 - Factor A determination according to ASME Il Part D - Subpart 3, Fig.G
A =0.011134
Step 4, 5 - Factor B determination according to ASME Il Part D - Subpart 3, Fig = "HA-4"
B = 82-MPa
Step 6 - Calculation of Maximun allowable external pressure.
DO
- For pipe having value of — > 10
tn
Valueof p
a
B
P, =4 P, =4.3-MPa
a DO a
3 —_—
tIl
DO
- For pipe having value of — < 10
tn
Value of P
2.167
P,=|———-00833|B P, =0.1-MPa
. D,
T ( P, value can not be lower than 0 MPa )
n
Alfa Laval Vicarb Page No 34 of 41 Doc No: NDC-CP21-24561-01
Appendix3-Full Vacuum Rev. no: 00




Value of Py

Allowable stress (Pipe) Sy = 115-MPa (ASME Il part D - Table 1-A)
Yield strength value (Pipe) sy = 139-MPa (ASME Il part D - Table Y-1)
S = min(2-S),09-S,) S = 125.1-MPa
28 |
Py= D—0~ 1 - D_O P,y =9.4-MPa
Wl

- Result of the calculation:

D,
ext = P, if t_ >10
n

P Pyt = 4.3-MPa

min(Pal ’Paz) otherwise

External pressure Poxt shall be upper or equal than required external working pressure PuGos.f

P UGas.£ = 0.103-MPa (1=true, O=false) Pext 2P uGos.f = |

Pyt = 4.3-MPa
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4. PANEL LINING SIDEA
Calculation of panels linings in full vacuum condition according to ASME VIl Div.1, Appendix 17.
Lining material : Matlining ="SA 240 type 316L"
Lining thickness

Thhmng =3-mm

Maximum allowable stress at design Temperature : Slining =92.3-MPa
Thickness limitations (Appendix 17, App. 17-4) : Th,ir, == 0.8mm (1=true, O=false)
The nominal thickness Thlining shall be not less than Thin Thlining >Th . =1

Lining attachment :
Lining composed of one sheet attached to side panels by spot welds symmetrically spaced on a
rectangular pitch (Appendix 17, Fig. 17-4)

spot weld A @d1
_—

&

KD
D)

&
S
lining /
(*) We use the unfavorable length P3
instead of (P3) to be more conservative
pp = 85-mm pp = 50-mm p3 =98.6mm p:= max(pl ,p2,p3) p =98.6-mm

Maximum allowable working pressure App. 17-5 (b)(2)

Calculation of maximum allowable working pressure P according to UG-47 equation (2) :

2
_ Thlining 'Slining'c.lining

Pe :
fv 2
p
C.lining =21
p =98.6-mm  maximumpitch =greaterof  p,,p,,p;

P, =0.179:-MPa

with :
Thhmng =3-mm

Shmng =92.3-MPa

External pressure Pg, shall be upper than required external working pressure P UG28.f

P yGog.f = 0-103-MPa (1=true, O=false) Pr 2P ygogr=1
Ps, = 0.179-MPa
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Spot welds verification :

pp =85-mm
pp = 50-mm
.-"fr
Considered an area : Sty = 2P2Pg Sgy = 8500-mm”
Design pressure : P = Pucos s p g = 0.103-MPa
Load due to pressure on this area : Fe = S P gy Fg = 875.5N

Strength section of spot/screw welds supporting this area

1 spotweld with a diameter of dy = 6:mm

Allowable stress at design Temperature Slining =92.3-MPa |Slining = 92.3~MPa|
2
. dpm ]
Tension area of spot weld Sti= St =28.3-mm
4
Shear area in lining around the 5 ]
screw head / spot weld Sg = “‘dl'Thlining = 56.5-mm S = 56.5-mm
Remark: in conservative way, in both case, the minimal diameter d1 is choosen for
the shear calculation.
. . . StyD fy
tension stress in spot/screw weld section o= =31-MPa o =31-MPa
. St
o< Slining =1
N Sty'P fy
Shear stress on lining : T:= = 15.5-MPa T=15.5-MPa
S
S
T<0.8 Shnlng =1
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Screw verification :
Load by screw : Fg, = 875.5-N

. . _ Lfilet
Filet shear surface in 1 screw : Sfﬁlet = ﬂ‘dﬁlet'_

2
) Sfﬁlet = 106-mm

with :  Diameter of thread pitch dfijer = 9-mm

Length screwed in the panel Lijet = 7-5'mm

F
Actual shear stress in filets : Shgjet = v Shet = 8.3:MPa
Sf, ¢
filet
Shg; et Value shallbe smaller than 0.8xS¢ .. and 0.8x Spanel according to UG-23(f)
Allowable stress value of panel S = 118-MPa Sh <0.8S =1
1 filet 1
pane (1=true, O=false) re pane
Allowable stress value of screw D Sgerew = 92.3-MPa Shgjer < 0.8-Sgerow = |
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5. PANEL LINING SIDE B
Calculation of panels linings in full vacuum condition according to ASME VIl Div.1, Appendix 17.
Lining material : Matlining ="SA 240 type 316L"
Lining thickness

Thhmng =3-mm

Maximum allowable stress at design Temperature : Slining =92.3-MPa
Thickness limitations (Appendix 17, App. 17-4) : Th,ir, == 0.8mm (1=true, O=false)
The nominal thickness Thlining shall be not less than Thin Thlining >Th . =1

Lining attachment :
Lining composed of one sheet attached to side panels by spot welds symmetrically spaced on a
rectangular pitch (Appendix 17, Fig. 17-4)

spot weld A @d1
_—

&

KD
D)

&
S
lining /
(*) We use the unfavorable length P3
instead of (P3) to be more conservative
pp = 85-mm pp = 50-mm p3 =98.6mm p:= max(pl ,p2,p3) p =98.6-mm

Maximum allowable working pressure App. 17-5 (b)(2)

Calculation of maximum allowable working pressure P according to UG-47 equation (2) :

2
_ Thlining 'Slining'c.lining

Pe :
fv 2
p
C.lining =21
p =98.6-mm  maximum pitch =greaterof  p,.2p,,ps3

P, =0.179:-MPa

with :

Thhmng =3-mm

Shmng =92.3-MPa
External pressure Pg, shall be upper than required external working pressure P UG28.f
P yGg.f = 0-103-MPa (1=true, 0=false) Py, 2 P yGog.£ = |

P, =0.179:-MPa
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Spot welds verification :

py = 85:mm pd1

py = 50-mm ? - e
— shotweld o

P2

¢
%P2

&

Y &

&4

Considered an area : Sgy = 2Py P

Load due to pressure on this area :

Strength section of spot/screw welds supporting this area :

screw head / spot weld

Remark: in conservative way, in both case, the minimal diameter d1 is choosen for
the shear calculation.

F

Sg, = 8500-mm’

Design pressure : P = Pugos s p g = 0.103-MPa

FfV = SfV'p.fV FfV =875.5'N

1 spotweld with a diameter of : dy = 6:mm
Allowable stress at design Temperature Slining =92.3-MPa |Slining = 92.3~MPa|
2
. dpm b
Tension area of spot weld Sti= St =282743-mm
4
Shear area in lining around the Sg = “‘dl'Thlining — 56.5487-mm- Sg = 56.5487-mm”

Appendix3-Full Vacuum

. . . fv
tension stress in spot/screw weld section o:= — =31-MPa o =31-MPa
. St
o< Slining =1
Fpy
Shear stress on lining : T:= — =15.5-MPa T=15.5-MPa
S
S
T<0.8 Shnlng =1
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Screw verification :
Load by screw : Fg, = 875.5-N

. . _ Lfilet
Filet shear surface in 1 screw : Sfﬁlet = ﬂ‘dﬁlet'_

2
) Sfﬁlet = 106-mm

with :  Diameter of thread pitch dfijer = 9-mm

Length screwed in the panel Lijet = 7-5'mm

F
Actual shear stress in filets : Shgjet = v Shgjet = 8-3-MPa
Stfilet
Shg; et Value shallbe smaller than 0.8xS¢. .. and 0.8x Spanel according to UG-23(f)
Allowable stress value of panel : Spanel =118-MPa Shyjet < o,g.spanel =1
(1=true, O=false)
Allowable stress value of screw D Sgerew = 92.3-MPa Shgjer < 0.8-Sgerow = 1
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