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EQUIPMENT: CONDENSER PAGE 2
ITEM NO. : 117-EE-485 REV. 5
;I\IRELS “7 :1;_\'2 COLTD. |DOCUMENTNO. : PRUIS742/17 DATE | 28-Feb10
INDEX PRPD. [ CHKD. | APPD.
KK | kK [ Rcs
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16-19 |TUBE SHEET DESIGN (UHX-13) 0
50 |MISCELLANEOUS PARTS (RCB-(2.5,4.41,4.42,4.51,4.52, 0

4.71,6.31,6.4,9.131))

21 |NOZZLE NECK & REINFORCEMENT-N1 (UG-36, UG-37, UG-45)| 0
22 |NOZZLE NECK & REINFORCEMENT-N2 (UG-36, UG-37, UG-45)| 0
23 |NOZZLE NECK & REINFORCEMENT - N3,N4 (UG-36, UG-37, UG-45) | 0
24  |NOZZLE NECK & REINFORCEMENT-N5,N6,N7 (UG-36, UG-37, UG-45)| 0
25  |NOZZLE NECK & REINFORCEMENT-N8,NS (UG-36, UG-37, UG-45)| 0
26 _|FLANGE RATING CHECK (UG-44, ASME B16.5) 0
27  |POST FORMING HEAT TREATMENT (UCS-79) 0
28 |IMPACT TEST REQUIREMENTS (UG-20() 0
29 |IMPACT TEST REQUIREMENTS (UCS-66). 0
30 |PWHT REQUIREMENTS (UW-2, UCS-56, UCS-68) 0
31 |TEST PRESSURE (UG-99,UG-100) 0
32 |WIND LOAD CALCULATIONS (IS:875) 0
33 |SEISMIC LOAD CALCULATIONS (IS:1893) 0
34 |SUPPORT DESIGN (ZICK ANALYSIS) 0
35 |SUPPORT DESIGN (ZICK ANALYSIS) - Contd.. 0
36 |SUPPORT DESIGN (ZICK ANALYSIS) - Contd.. 0
37  |CALCULATIONS FOR Ixx & Zxx FOR SADDLES 0
38 |EXTERNAL LOADS ON NOZZLES 0
39  |LOCAL LOAD ANALYSIS FOR NOZZLE N1 (WRC 297) 0
40 |LOCAL LOAD ANALYSIS FOR NOZZLE N1 (WRC 297) 0
41 |LOCAL LOAD ANALYSIS FOR NOZZLE N2 (WRC 297) 0
42 |LOCAL LOAD ANALYSIS FOR NOZZLE N2 (WRC 297) 0
43 |LOCAL LOAD ANALYSIS FOR NOZZLE N3,N4 (WRC 297) 0
44 |LOCAL LOAD ANALYSIS FOR NOZZLE N3,N4 (WRC 297) 0
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EQUIPMENT: CONDENSER PAGE 4
' ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
PNEUMATIC CO.LTD. PRPD. | GHKD. | APPD
APPLICABLE STANDARDS / REFERENCES - . :
KK KK RCS
SR. NO. DESCRIPTION EDITION
1 ASME SEC I} |MATERIAL SPECIFICATIONS PARTS A, C&D ED-2007 + ADD-2009
2 ASME SECV |NONDESTRUCTIVE EXAMINATION ED-2007 + ADD-2009
3 ASME SEC VIII |RULES FOR CONSTRUCTION OF PRESSURE ED-2007 + ADD-2009
DIV 1 VESSELS
4 ASME SEC [X [WELDING & BRAZING QUALIFICATIONS ED-2007 + ADD-2009
STANDARDS FOR THE TUBULAR EXCHANGER -
EMA INTH -
> T MANUFACTURERS ASSOCIATION N EDITION - 2007
5 ASME B16.5 PIPE FLANGES AND FLANGED FITTINGS ED-2003
(UPTO 24" NPS)
- ASME B16.14 FORGED STEEL FITTINGS, SOCKET WELDED & ED-2001
THREADED
METALLIC GASKETS FOR PIPE FLANGES -
E . ED- -
8 ASME B16.20 RING JOINT, SPIRAL WOUND & JACKETED D-1998 (R-2004)
8 IS:875 (PART 3) |[CODE FOR WIND LOADS 1987
10 1S:1893 (PART 4) |CODE FOR SEISMIC LOADS 2005
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EQUIPMENT: CONDENSER PAGE 5
ITEM NO. : 117-EE-485 REV.
KIRLOSKAR EV 0
DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
PNEUMATIC CO.LTD. . T
DESIGN DATA . - -
KK KK RCS
DESCRIPTION UNIT SHELL SIDE CHANNEL SIDE REMARKS

CONFIGURATION

HORIZONTAL - BEM

ASME SEC VIII DIV. 1-ED 2007,

DESIGN CODE - ADD 2009, TEMA - NINTH ED
: TEMA CLASS - R
CODE STAMP - NO o
_ BAR (g)
INTERNAL DESIGN PRESSURE RGICHE @) T30 00
EXTERNAL DESIGN PRESSURE BAR (29)
KGICMZ (g) 1.055 1.055
DESIGN TEMPERATURE FOR °C 130 80
INTERNAL PRESSURE DESIGN °F 266 176
DESIGN TEMPERATURE FOR °C 130 80
EXTERNAL PRESSURE DESIGN °F 266 176
°C -45 45
MDMT °F -49 49
CORROSION ALLOWANCE MM 3 3
RADIOGRAPHY ( SHELL / D'END ) - 100% 100%
FORSHELL | 1.00 | 1.00 | 1.00 | 1.00 |[LONG/CIRC.JOINT
JOINT EFFICIENCY = ORHEAD : 55
INTERNAL OPERATING PRESSURE KGICM? (a) 19.680 5.000
EXTERNAL OPERATING PRESSURE | KG/CM? (g) - .
OPERATING TEMPERATURE (IN/OUT °C 80.02 | 47.06 | 33.00 | 43.00
FLUID - PROPYLENE VAPOR| COOLING WATER
DENSITY KG/Mm® 464.3 995.4
HYDROTEST PRESSURE (AT TOP) BAR@) NA. - _
KGICMZ (g) 21.320
PNEUMATIC TEST PRESSURE BAR (29 N.A.
KGICMZ (g) 23.320
TEST TEMPERATURE (MIN.) °C 20 _
SEISMIC CODE - 1S:1893 (PART 4)
WIND CODE - 1S:875 (PART 3)
PWHT - NO NO
FLANGE RATING - 300#% 150#
EMPTY WEIGHT We KG 4250
TEST WEIGHT Ww KG 4922 FOR DETAILS,
TUBE BUNDLE WEIGHT Wt KG 2640 REFER DRGS.
OPERATING WEIGHT Wo KG 5325
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EQUIPMENT: CONDENSER PAGE 6
[TEM NO. : 117-EE-485 REV. 0
KIRLOSKAR : .
DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. SRPD.[CHKD. | APPD
EVALUATION OF MATERIALS X : i
KK KK | RCS
MATERIALS OF CONSTRUCTION & ALLOWABLE STRESSES :
DESIGN TEMP. ALLOWABLE STRESS (1) | RATIO
DESCRIPTION MATERIAL SPEC. T S Sa =Sa/S | REMARKS
°F PSI |kaicm?| PSI |keicm?| (2)
MAIN SHELL SA 516 GR 70 266.00 20000 | 1406.2 | 20000 | 1406.2| 1.00
PIPE SA 333GR6 266.00 17100 | 1202.3 | 17100 | 1202.3| 1.00
FITTINGS SA 420 GR WPL6 266.00 17100 | 1202.3 | 17100 | 1202.3| 1.00
L
Q
&5 | DISHEDEND
=
Ll |NOZZLE FLANGE | SA 350 GR LF2 CL1 266.00 20000 | 1406.2 | 20000 | 1406.2 | 1.00
wn
BOLTING FOR SA 320 GR L7
BODY FLANGE|  SA 194 GR 7 266.00 25000 | 1757.8 | 25000 | 1757.8| 1.00 N
BOLTING FOR SA 320 GR LY
NOZZLE FLANGE|  SA 194 GR 7 266.00 25000 | 1757.8 | 25000 | 1757.8| 1.00
GASKET FOR BODY FLANGE |SS316 JACKETED GRAPHITE FILLED| m = 3.75 |y (psi)= 9000 | 632.8
NOZZLE FLANGE - - KGICM3
CHANNEL SHELL| SA516 GR70 176.00 20000 | 1406.2 | 20000 | 1406.2| 1.00
PIPE SA 333 GR6 176.00 17100 | 1202.3 | 17100 | 1202.3( 1.00
FITTINGS SA 420 GR WPL6 176.00 17100 | 1202.3 | 17100 | 1202.3| "1.00
L
O| DISHED END SA 516 GR 70 176.00 20000 | 1406.2 | 20000 | 1406.2| 1.00
w
-
W | GIRTH FLANGE |SA 350 GR LF2 CL1 176.00 20000 | 1406.2 | 20000 | 1406.2| 1.00
P
<L INOZZLE FLANGE | SA 350 GR LF2 CL1 176.00 20000 | 1406.2 | 20000 | 1406.2 | 1.00
[&]
[BOLTING FOR- SA320GR L7 - I — 1 - 1 - - T 1
BODY FLANGE!  SA 194 GR 7 176.00 25000 | 1757.8 | 25000 | 1757.8| 1.00
BOLTING FOR SA 320 GR L7
NOZZLE FLANGE|  SA 194 GR 7 176.00 25000 | 1757.8 | 25000 | 1757.8| 1.00
GASKET FOR BODY FLANGE|SS316 JACKETED GRAPHITE FILLED| m=3.75 |y (psi)= 9000 | 632.8
NOZZLE FLANGE - - KGICM3
SA 234 GR 1 )
TUBES (SEAMLESS) 266.00 15700 | 1103.9 | 15700 | 1103.9| 1.00
TUBE SHEET SA 350 GR LF2 CL1 266.00 20000 | 1406.2 | 20000 | 1406.2 | 1.00
g .
& |SUPPORTS(3) SA 516 GR 70 266.00 20000 | 1406.2 | 20000 | 1406.2| 1.00
=
ANCHOR BOLTS(3) IS 1367 - - - 17000 | 1195.3| -

REF. NEXT PAGE FOR NOTES.
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EQUIPMENT: CONDENSER PAGE 7

ITEM NO. : 117-EE485 REV. 0

KIRLOSKAR

PNEUMATIC CO.LTD. DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10

PRPD.|CHKD.| APPD.

EVALUATION OF MATERIALS - Contd..

KK KK | RCS

NOTES :
1. S = ALLOWABLE STRESS AT DESIGN TEMPERATURE
Sa=ALLOWABLE STRESS AT AMBIENT TEMPERATURE

2. RATIO OF ALLOWABLE STRESSES AT AMBIENT TEMPERATURE TO ALLOWABLE STRESS
AT DESIGN TEMPERATURE. :
- AS PRESSURE TEST IS TO BE CARRIED OUT AT AMBIENT TEMPERATURE, Sh = Sa
WHERE, Sh = ALLOWABLE STRESS AT TEST TEMPERATURE.
ACCORDINGLY,
(Sh/Syn= (Sa/S)yn= 1.00 FOR SHELL SIDE
(Sh/S)un= (Sa/Sjwn=1.00 FOR CHANNEL SIDE

3. SUPPORTS & ANCHOR BOLTS ARE OUTSIDE CODE LIMIT.
ALLOWABLE STRESS = TENSILLE STRENGTH/3.5
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EQUIPMENT: CONDENSER

PAGE 8
ITEM NO. : 117-EE-485 REV. 0
g&'ﬁ;ﬁg COLTD. DOCUMENTNO. : PRyIS742/17 DATE | 28-Feb-10
ik DESIGN PRESSURE CALCULATIONS PRPD. [ CHKD. [ APPD.
(UG-21) KK | KK | RCS
FOR SHELL SIDE
INTERNAL DESIGN PRESSURE P KG/CM(g) 21.200
EXTERNAL PRESSURE FOR CHANNEL SIDE Pec - 1.055
MAXIMUM STATIC HEAD (SAME AS ID) H MM 600.00
SPECIFIC GRAVITY OF CONTENT P - 0.464
FOR MAIN SHELL
DESIGN PRESSURE INCLUDING STATIC HEAD Ps KGICM(g) 21.228
=P +H*p/10000) _
CORRECTED FOR VACUUM ON CHANNEL SIDE Ps KGICM¥(g) 22.283
= P + Pec+ H * p / 10000)
FOR CHANNEL SIDE
INTERNAL DESIGN PRESSURE P KGICM¥(g) 16.400
EXTERNAL PRESSURE FOR SHELL SIDE Pes - 1.055
MAXIMUM STATIC HEAD (SAME AS ID) H MM 600.00
SPECIFIC GRAVITY OF CONTENT P - 0.995
DESIGN PRESSURE INCLUDING STATIC HEAD Pt KGICM(g) 16.460
= Pt+H * p/10000)
CORRECTED FOR VACUUM ON SHELL SIDE Pt KGICM(g) 17.515

= Pt + Pes + H * p / 10000)

CONCLUSION

PRESSURE VALUES IN BOLD ABOVE ARE USED IN FURTHER CALCULATIONS

} © "TUBE SHEET TUBE SHEET
| — e |
| =
-
1

FLANGE -2
ELEVATION

FLANGE-1

SIDE VIEW
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EQUIPMENT: CONDENSER PAGE )
ITEM NO. : 117-EE-485 REV. 0
ELRELSN?AK_ﬁz COLTD. |DOCUMENT NO.: PRU/ST42/17_ DATE | 28-Feb-10
Sabig MAIN SHELL DESIGN PRPD. [ CHKD. | APPD.
(UG-16,UG-27,UG-28,RCB-3.13) KK | KK | RCS
DESIGN INPUT
INTERNAL DESIGN PRESSURE Ps KGICM?(g) 21228
EXTERNAL DESIGN PRESSURE Pe KG/CM?(g) 1.055
DESIGN TEMPERATURE FOR INTERNAL PERSSURE T °c 130
DESIGN TEMPERATURE FOR EXTERNAL PERSSURE T °c 130
INSIDE DIAMETER Di MM 600.00
MATERIAL - - SA 516 GR 70
ALLOWABLE STRESS AT DESIGN TEMPERATURE S KG/CM? 1408.2
JOINT EFFICIENCY FOR LONGITUDINAL JOINT E - 1.00
JOINT EFFICIENCY FOR CIRCUMFERENTIAL JOINT Ec - 1.00
CORROSION ALLOWANCE c MM - 3

DESIGN UNDER INTERNAL PRESSURE

AS PER UG-27(c)(1) OF ASME SEC. VIII DIV 1,
REQUIRED SHELL THICKNESS

FOR REINFORCEMENT CALCN.

PROVIDED SHELL THICKNESS ts

_  Ps(Di+2C) WITHE=1.0
US1=—SE-06Ps) *C trs= 7.62 MM
21.228 x (600 +2 x3) ‘3
2x(1406.2 x 1 - 0.6 x 21.228) CHECK FOR APPLICABILITY
= 7.62 MM OF UG-27(c)(1) & (2),
AS PER UG-27(c)(2) OF ASME SEC. VIl DIV.1,
REQUIRED SHELL THICKNESS PARAMETER |~ VALUE
trs, = Ps(Di+2C) (Di2 + CY2 151.50
(2(2SEc + 0.4Ps)) [0.385 xS xE 541.39
21.228 x (600 +2 x3) .3 1.25xS x Ec 1757.75
2%(2x1408.2 x 1 + 0.4 x 21.228) P -
= 528 MM CHECK WHETHER,
AS PER UG-16(b) OF ASME SEC. VIil DIV.1, ts<(Dil2 + C)12 YES
REQUIRED SHELL THICKNESS. Ps<0.385xSxE YES
trs;= 15+C Ps<1.25xSxEc YES
= 450 MM UG-27(c)(1)&(2) IS APPLICABLE
DESIGN UNDER EXTERNAL-PRESSURE - S - '
AS PER UG-28(c) OF ASME SEC. VIIl DIV. 1,
ASSUMED SHELL THICKNESS trs, MM 8.20
MAXIMUM DESIGN LENGTH (T/S OUTSIDE TO OUTSIDE) L MM 5594.00
OD OF VESSEL = Di + 2*s Do MM 624
GEOMETRIC RATIO ' L/Do - 8.965
GEOMETRIC RATIO Do/(trs4-C) - 120.00
FROM FIG G OF ASME SEC Il D SUBPART 3 A - 9.946E-05
FROM APPLICABLE CHART- CS-2 B PSI 1431.79
MAXIMUM ALLOWABLE EXTERNAL PRESSURE Pa PSI 15.91
' =4*B [ 3*(Dol(trs,-C)) KG/ICM? 1.119
AS Pa > Pe, DESIGN IS SAFE. '
MINIMUM SHELL THICKNESS AS PER TEMA RCB-3.13
REQUIRED SHELL THICKNESS INCLUDING 'C' trss MM 9.50
CONCLUSION:
REQUIRED THICKNESS=MAX. OF trs;,irs,,trs; irs, irss trs MM 9.50
MM 12.00




EQUIPMENT: CONDENSER PAGE 10
KIRLOSKAR ITEMNO. : 117-EE-485 REV. 0
PNEUMATIC CO.LTD DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
" ) CHANNEL SHELL DESIGN _ PRPD. | CHKD. | APPD.
(UG-16,UG-27,UG-28,RCB-3.13) KK KK RCS
DESIGN INPUT
INTERNAL DESIGN PRESSURE : Pt KG/CM*(g) 16.460
EXTERNAL DESIGN PRESSURE Pe KG/CM?(g) 1.055
DESIGN TEMPERATURE FOR INTERNAL PERSSURE T °c 80
DESIGN TEMPERATURE FOR EXTERNAL PERSSURE T °c 80
INSIDE DIAMETER Di MM 600.00
MATERIAL - - SA516 GR70
ALLOWABLE STRESS AT DESIGN TEMPERATURE S KG/CM? 1406.2
JOINT EFFICIENCY FOR LONGITUDINAL JOINT E - 1.00
JOINT EFFICIENCY FOR CIRCUMFERENTIAL JOINT Ec - 1.00
CORROSION ALLOWANCE c MM 3

DESIGN UNDER INTERNAL PRESSURE

AS PER UG 27(c)(1) OF ASME SEC. VIl DIV.1,
REQUIRED CHANNEL SHELL THICKNESS FOR REINFORCEMENT CALCN.
_ PH(DI+20) WITHE = 1.0
e = —E-oepty) T tres= 657 MM
1646 (600+2x3) .
2X(1406.2 x 1 - 0.6 x 16.46) CHECK FOR APPLICABILITY
= 657 MM | OF UG-27(c)(1) & (2),
AS PER UG-27(c)(2) OF ASME SEC. VIl DIV.1,
REQUIRED CHANNEL SHELL THICKNESS PARAMETER | VALUE
e, o PLDI+20) . Dz + )2 15150
2= ~3(2SEc + 0.4PY) 0.385 xS xE 541.39
16.46 x (600+2x3) +3 1.25xSxEc 1757.75
2X(2x1406.2 x 1 + 0.4 x 16.46)
= 477 MM - CHECK WHETHER,
AS PER UG-16(b) OF ASME SEC. VIiI DIV.1, <(DV2 + O)2 YES
REQUIRED CHANNEL SHELL THICKNESS Pi<0.385xSxE | YES
frs;= 2.5+C Bt<1.25xSxEC YES
= 550 MM UG-27(c)(1)&(2) IS APPLICABLE

DESIGN UNDER EXTERNAL PRESSURE

! | (T T

AS PER UG-28(c) OF ASME SEC. VIII DIV. 1,

ASSUMED CHANNEL SHELL THICKNESS trcsy MM 470
MAXIMUM DESIGN LENGTH L MM 394.00
OD OF VESSEL = Di + 2*tcs Do MM 620
GEOMETRIC RATIO L/Do - 0.635
GEOMETRIC RATIO Dol(tres,-C) - 364.71
FROM FIG G OF ASME SEC Il D SUBPART 3 A - 3.186E-04
FROM APPLICABLE CHART- CS-2 B PSI 459560
MAXIMUM ALLOWABLE EXTERNAL PRESSURE Pa PSI 16.80
=4*B / 3*(Dol(trcs,-C)) KG/CM? 1.181

AS Pa > Pe, DESIGN IS SAFE.
MINIMUM CHANNEL SHELL THICKNESS AS PER TEMA RCB-3.13

REQUIRED CHANNEL SHELL THICKNESS INCLUDING ‘'C' trcsg MM 9.50
CONCLUSION:
REQUIRED THICKNESS=MAX. OF trcs,,trcs,,tresa,tresy, tress trcs MM 9.50

PROVIDED CHANNEL SHELL THICKNESS tes MM 10.00
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PROVIDED SF ON DISHED END SF

EQUIPMENT: CONDENSER PAGE 11
ITEM NO. : 117-EE-485 REV. 0
L(IRELL?SEQR LTD DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
N C co. ' CHANNEL D'END DESIGN PRPD. | CHKD. | APPD.
(1-4,UG-32,UG-33,RCB-3.2) KK KK RCS
DESIGN INPUT
INTERNAL DESIGN PRESSURE Pt KG/CM?(g) 16.460
EXTERNAL DESIGN PRESSURE ) Pe KG/CM?(g) 1.055
DESIGN TEMPERATURE FOR INTERNAL PRESSURE T °c 80
DESIGN TEMPERATURE FOR EXTERNAL PRESSURE T °c 80
INSIDE DIAMETER Di MM 600.00
TYPE OF DISHED END - - 2:1 ELLIPSOIDAL]
MATERIAL - - SA 516 GR 70
ALLOWABLE STRESS AT DESIGN TEMPERATURE S KG/CM? 1406.2
JOINT EFFICIENCY FOR LONGITUDINAL JOINT E - 1.00
JOINT EFFICIENCY FOR SHELL TO DISHED END JOINT Ec - 1.00
CORROSION ALLOWANCE _ c MM 3
FACTOR FROM TABLE 1-4.1 K - 1
INSIDE DEPTH OF D'END =Di / 4 hig MM 150.00
DESIGN UNDER INTERNAL PRESSURE
AS PER 1-4(c) OF ASME SEC. VIl DIV.1,
trh, = PtDI+20)K ' FOR REINFORCEMENT CALCN.
(2SE-02Pt) AS PER UG-37(a),
_16.46x (600+2x3)x 1 . 3 K1= 0.9 (TABLEUG-37)
2x1408.2x1-0.2x16.46 trh = K1(Di+2C)Pt/(2S-0.2Pt)+C
= 655 MM = 620 MM
AS PER UG-32(b) & (f) OF ASME SEC. VIIl DIV 1,
_ Pt(Di2+C)
tthe = s-02PEc *C
_16.46x(600/2+3) . 3
-2x1406.2 - 0.2 X 16.46
= 478 MM
AS PER UG-16(b) OF ASME SEC. VIII DIV.1,
REQUIRED CHANNEL DISHED END THICKNESS
trhy= 25+C
= 550 MM
REQUIREMENT OF TAPER TRANSITION & SF
AS PER UG-32(]) & UW-13(b)(3) OF ASME SEC. VIII DIV.1,
PROVIDED MIN. DISHED END THICKNESS th (MIN) MM 8.00
PROVIDED NOM. DISHED END THICKNESS th (NOM) MM 10.00
PROVIDED CHANNEL SHELL THICKNESS tes MM 10.00
DIFFERENCE IN THICKNESS = th (NOM) - tcs t, MM 0.00
MIN. OF {(MIN. OF th(NOM) & tcs)/4 , 3} t4a MM 2.50
CHECK WHETHER TAPER TRANSITION (1:3 MIN) IS REQUIRED ON D'END NO
MIN. REQD. SF ON DISHED END =MIN OF (3*th(NOM),38) SFg MM 30.00
MM 40.00
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EQUIPMENT: CONDENSER PAGE 12
ITEM NO. : 117-EE-485 REV. 0
g&"ﬁnﬁmg COLTD, [DOCUMENTNO.: PRYS74217 DATE | 28Feb-10
fakind CHANNEL D'END DESIGN - Contd.. PRPD. | CHKD. | APPD.
(1-4,UG-32,UG-33,RCB-3.2) KK | kK | Rcs
PERCENTAGE THINNING
%THINNING = {th(NOM) - th(MIN)} / th(NOM) x 100 % 20.00%
DESIGN UNDER EXTERNAL PRESSURE
AS PER UG-33(a)(1)(a) OF ASME SEC. VIl DIV. 1,
EQUIVALENT INTERNAL DESIGN PRESSURE = 1.67 * Pe P KG/CMA(g) 1.7619
tth, =P DI+200K
(2SE-02P)
_176185x(B00+2x3)x1 .
2 x1406.2 x 1 - 0.2 x 1.76185
= 338 MM
AS PER UG-33(d) OF ASME SEC. VIl DIV. 1, .
ASSUMED MINIMUM THICKNESS | ths (MIN) MM 470
ASSUMED NOMINAL THICKNESS ths (NOM) MM 10.00
OD OF DISHED END = Di + 2*ths(NOM) Do MM 620
ACTOR FROM TABLE UG-33.1 Ko - 0.9
QUIVALENT OUTSIDE RADIUS = Ko * Do Ro MM 558.0
ACTOR A = 0.125 / {Ro / (ths(MIN) - C)} A - 3.808E-04
ROM APPLICABLE CHART CS-2 B PSI 5493.83
AXIMUM ALLOWABLE EXTERNAL PRESSURE Pa PSI 16.74
=B /{Ro/ (ths(MIN) - C)} KG/CM? 1177
AS Pa > Pe, DESIGN IS SAFE.
CHANNEL DISHED END NOMINAL THICKNESS AS PER TEMA RCB-3.2
REQUIRED DISHED END NOM THICKNESS INCLUDING 'C' trhe MM 9.50
CONCLUSION: ,
REQUIRED MIN. THICKNESS = MAX. OF trh to trhs trh (MIN) MM 6.55
PROVIDED MIN. DISHED END THICKNESS th (MIN) MM 800
PROVIDED NOM. DISHED END THICKNESS th (NOM) MM 10.00
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KIRLOSKAR
PNEUMATIC CO.LTD.

EQUIPMENT: CONDENSER PAGE 13
ITEM NO. : 117-EE-485 REV. 0
DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
CHANNEL SHELL FLANGE DESIGN PRPD. | CHKD. | APPD.
(APPENDIX 2) KK KK RCS

AS PER APPENDIX 2 OF ASME SECTION VIII DIV. 1 - INTEGRAL TYPE FLANGE

Component Mark/No. |

CHANNEL FLANGE - 1,2

[Location:

[ CHANNEL SHELL

DESIGN CONDITIONS

Int. Design Press, P (kg/cmz) 16.460 ALLOWABLE STRESSES (kg/cmz)
Design Temperature(°C) 80 Flange Bolting
Flange material SA 350 GR LF2 CL1|Design temp., Sfo 1406.2 |Design temp.,Sb|1757.80
Bolting material SA320GR L7 |Atm.Temp.,Sfa 1406.2 |Atm.temp.,.Sa  |1757.80
Corr. Allowance (mm) 3.0
GASKET AND FACING DETAILS
Gasket Material *% Gasket 1.D Gi (mm) 636.00 |y (kg/cm?) 632.8
Facing Sketch 1aOR 1b Gasket 0.D. Go (mm) 662.00 |m 3.75
FLANGE DIMENSIONS
B (Flange 1.D) (mm) | 600.00 |C (Bolt_cir.Dia) (mm) [ 694.00 |A(Flange OD)(mm)[ 742.00
OTHER DIMENSIONS (TABLE 2-5.2) LOAD AND BOLT CALCULATIONS
N (mm) 13.00 go = Hub thk (mm) 10.00 |am1=Wm1/Sb (mm?) |4689.29
bo (mm) 6.50 h = Hub length (mm) 30.00 |Am2=Wm2/Sa (mm? |8150.75
b (mm) 6.42 Wm1 =Hp + H (kg) 82428.33| Am=Max(Am1,Am2)}| 8150.75
G (mm) 649.15 Wm2=( bnG+0.5R,)y (kg) | 143273.85{n = 'No. of Bolts 40
Nmin=AbSa/(2rny G) 5.91 Hp=(bnG+R,/2)2mP (kg) |27951.60|a = Bolt size M20
R, = Rib Area (mm®) 19080.00 H = G*nP/4 (kq) 54476.73|Root area(mm®) | 217.05
g1 = Hub thk at back (mm) 15.00 W= Ab * Sa (kg) 152612.20|Ab (mm?) 8682.00
MOMENT CALCULATIONS
LOAD | LEVER ARM | MOMENT
OPERATING
Hp = nB*P/4 (kg) 47475.00 hp =(C - B - g1)/2 (mm) 38.00 |Mp=Hp*hp(kg-m)|[1804.05
Hg = Wm1 - H (kg) 27951.60 hg =(C-G)/2 (mm) 22.42 |Mg=Hg*hg(kg-m)| 626.80
Hy = H - Hp (ko) 7001.73 hy =(hp+hg+g1/2)/2 (mm) | 33.21 |M=H:"hi{kg-m) | 232.54
f1=Correction Factor(RCB-11.23) 1.00 Mo = (Mp + Mg + M;)*f1 (kg-m) 2663.40
GASKET SEATING
Hg =W (kg) 152612.20 hg =(C-G)/2 (mm) | 22.42 [Mo"=Hgs*hg(kg.m)[3422.26
f1=Correction-Factor(RCB-11.23)|- -- - 400~ - |- - - - .. -Mo'=Mo"*f1 (kg-m)|-- - —3422.26- - - -
FLANGE THICKNESS (mm) SHAPE CONSTANTS _
THK. 60.000 K=A/B | 1.2244 |ho=(B*qo)"?| 65.1306 |Y 8.7055 |T 1.8290
STEP 5.000 1J 10.6653 [Z 5.0083 |f 1.0000 |F 0.8434
NET THK. 55.000 \' 0.2778 |e 0.0129 |d 122516.45|L 2.2941
STRESS CALCULATIONS (kg/cm?)
OPERATING ALLOWABLE GASKET SEATING ALLOWABLE
Sy = f*Mo/(L*g1°*B) 11330.41 2108.30 Sy = f*MoY/(L*g1°*B) [1708.48 2109.30
Sk = (1.33**e + 1)*Mo/(L*¢*B)| 123.32 1406.20 Sg = (1.33t'e + 1)*MoY(L*t*B) | 158.46 1406.20
1Sy = (Y*Mo)/(£*B) - Z*Si 792.72 1406.20 St = (Y*Mo')/(t**B) - 2*Sx|1018.58 1406.20
(Sy+Sgr)/2 ' 726.87 1406.20 (Su+SR)/2 933.97 1406.20
(Sp+S7)/2 1061.56 1406.20 (Sp+Sp)/2 1364.03 1406.20
RESULT ~ O.K. O.K.
RIGIDITY CHECK (OPERATING) RIGIDITY CHECK (GASKET SEATING)
Mod.of Elasticity, E (kg/cm?) |2033975 Rigidity Index J Modulus of Elasticity, E (MPa) | 2061233 | Rigidity Index J
Rigidity Factor, K 0.30 0.864 <1, OK Rigidity Factor, K| 0.30 1.095 > 1,NOTOK

** 55316 JACKETED GRAPHITE FILLED
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EQUIPMENT: CONDENSER PAGE 14
ITEM NO. : 117-EE-485 REV. 0
DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
CHANNEL SHELL FLANGE DESIGN - Contd.. PRPD. | CHKD. | APPD.
(APPENDIX 2) KK KK RCS

AS PER APPENDIX 2 OF ASME SECTION VI DIV. 1 - INTEGRAL TYPE FLANGE

Component Mark/No. |

CHANNEL FLANGE - 1,2 [Location:

DESIGN CONDITION

S

[ CHANNEL SHELL

Ext. Design Press, P (kg/cm?) 1.055 ALLOWABLE STRESSES (kg/cm®)
Design Temperature(°C) 80 Flange Bolting
Flange material SA 350 GR LF2 CL1|Design temp., Sfo 1406.2 |Design temp.,Sb| 1757.8
Bolting material SA 320 GRL7 |Atm.Temp.,Sfa 1406.2 |Atm.temp.,Sa | 1757.8
Corr.Allowance (mm) 3 :

GASKET AND FACING DETAILS
Gasket Material *% Gasket 1.D Gi (mm) 636.00 |y (kg/cm?) 632.8
Facing Sketch 1a OR 1b Gasket 0.D. Go (mm) 662.00 |m 3.75

FLANGE DIMENSIONS

B (Flange 1.D) (mm)

600

|C (Bolt cir.Dia) (mm)

[ 694.00 [A(Flange OD)(mm)] 742.00

OTHER DIMENSIONS (TABLE 2-5.2) LOAD AND BOLT CALCULATIONS
N (mm) 13.00 go = Hub thk (mm) 10.00 |Am1=Wm1/Sb (mm?) | 300.56
bo (mm) 6.50 h = Hub length (mm) 30.00 |Am2=Wm2/Sa (mm?) |8150.75
b (mm) 6.42 Wm1 = Hp + H (kg) 5283.23|Am=Max(Am1,Am2)| 8150.75
G (mm) 649.15 Wm2=( brG+0.5R,)y (kg)|143273.85\n = 'No. of Bolts | 40
Nmin=AbSa/(2ny G) 5.91 Hp=(brG+RA/2)2mP (kg) |1791.55|a = size of Bolt (mm)| M20
Ra = Rib Area (mm*) 18080.00 H = G*rP/4 (kq) 3491.67|Balt root area(mm?) | 217.05
g1 = Hub thk at back (mm) 15.00 W = Ab * Sa (kg) 152612.20| Ab (mm*) 8682.00
MOMENT CALCULATIONS
LOAD | LEVER ARM | MOMENT
OPERATING
Hp = nB*P/4 (kg) 3042.90 hp =(C - B -g1)/2 (mm) 38.00 |Mp=Hp*hp(kg-m)[ 115.63
Hg = Wm1 - H (kg) 1791.55 hg =(C-G)/2 (mm) 22.42 |Mg=Hg"hg(kg-m)| 40.17
Hy = H-Hp(kg) 448.77 hy =(hp+hg+g1/2)/2 (mm) | 33.21 |M=Hr*h(kg-m) | 14.90
f1=Correction Factor(RCB-11.23) 1.00 Mo={Hp*(hp-hg)+Hr*(hr-hg)}*f1 (kg-m) 52.24
GASKET SEATING
Hg = W (kg) 152612.20 hg =(C-G)/2 (mm) | 22.42 [Mo'=Hg*hg(kg.m)[3422.26
f1=Correction-Factor(RCB-11:23)| - - -—--4.00- - - - |-~ - - oMo' 1 (kg-m)| - — - 342226 -
FLANGE THICKNESS (mm) SHAPE CONSTANTS
THK. 60.000 K=A/B | 12244 |ho=(B*q0)"?| 65.1306 |Y 9.7055 [T 1.8290
STEP 5.000 U 10.6653 |Z 5.0083 |f 1.0000 |F 0.8434
NET THK. 55.000 \' 0.2778 |e 0.0129 |d 122516.45|L 2.2941
STRESS CALCULATIONS (kg/cm?)

OPERATING ALLOWABLE GASKET SEATING ALLOWABLE
Sy = F*Mo/(L*g1**B) 26.09 2108.30 Sy = f*Mo'/(L*g1**B) [1709.48 2109.30
Sg = (1.33*t*e + 1)*Mo/(L***B)| 2.42 1406.20 Sg = (1.33*t%e + 1)*Mo¥(L*?*B) | 158.46 1406.20
St = (Y*Mo)/(t*B) - Z*Sg 15.55 1406.20 St = (Y*Mo')Y/(t**B) - 2*Sg| 1018.58 1406.20
(S +Sgr)/2 14.26 1406.20 (Su+SRr)/2 933.97 1406.20
(Sy+Sp/2 20.82 1406.20 (Sp+Sy)/2 1364.03 1406.20

RESULT O.K. O.K.
RIGIDITY CHECK (OPERATING) RIGIDITY CHECK (GASKET SEATING)

Mod.of Elasticity, E (kg/cm?) [2033975 Rigidity Index J  |Modulus of Elasticity, E (MPa) | 2061233| Rigidity Index J
Rigidity Factor, K, 0.30 0.017 <1, OK Rigidity Factor, K, 0.30 1.095 >1,NOT OK

** 55316 JACKETED GRAPHITE FILLED
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EQUIPMENT: CONDENSER

KIRLOSKAR ITEM NO. : 117-EE-485

PNEUMATIC CO.LTD.

DOCUMENT NO. : PRJ/S742/17

PAGE 15
REV. 0
DATE 28-Feb-10

TUBE DESIGN
(1-1,UG-28,RCB-3.13)

PRPD. | CHKD. | APPD.
KK KK RCS

DESIGN INPUT
INTERNAL DESIGN PRESSURE Pt KG/CM(g) 16.460
EXTERNAL DESIGN PRESSURE = Ps Pe KG/CM?(g) 21.228
DESIGN TEMPERATURE T °c 130
OUTSIDE DIAMETER Do . MM 20.00
MATERIAL - SA 334 GR 1 (SEAMLESS)

_||ALLOWABLE STRESS AT DESIGN TEMPERATURE ) KG/ICM? 1103.9
JOINT EFFICIENCY FOR LONGITUDINAL JOINT E - 1.00
CORROSION ALLOWANCE C MM 0
DESIGN UNDER INTERNAL PRESSURE
AS PER 1-1(a)(1) OF ASME SEC. VIII DIV.1,

REQUIRED TUBE THICKNESS

it = Pt * Do
(2(SE + 0.4Pt))
16.46 x 20 +0
2x(1103.9x 1 + 0.4 x 16.46)
= 015 MM

DESIGN UNDER EXTERNAL PRESSURE

AS PER UG-28(c) OF ASME SEC. VIII DIV. 1,

ASSUMED TUBE THICKNESS trt, MM 1.00

MAXIMUM DESIGN LENGTH L MM 5600.00

OD OF TUBE Do MM 20.00

GEOMETRIC RATIO /Do - 280.000

GEOMETRIC RATIO Dol(trt,-C) - 20.00

FROM FIG G OF ASME SEC Il D SUBPART 3 A - 2.750E-03

FROM APPLICABLE CHART- CS-2 B PSI 15900.00
(IMAXIMUM ALLOWABLE EXTERNAL PRESSURE - Pa PSI-- - - 1060.00 -

=4*B / 3*(Dol(trt,-C)) KG/CM? 74.527
AS Pa > Pe, DESIGN IS SAFE.

CONCLUSION:

REQUIRED THICKNESS = MAXIMUM OF trt, & trt, trt MM 1.00

PROVIDED TUBE THICKNESS (AVG) tt MM 2.00
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EQUIPMENT: CONDENSER PAGE 16
ITEM NO. : 117-EE-485 REV. 0
g:‘JRELL?h?AK'ﬁg CO.LTD DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
’ ' TUBE SHEET DESIGN PRPD. | CHKD. | APPD.
(UHX-13) KK KK RCS

DESIGN INPUT
OUTSIDE DIAMETER A MM 742.00
BOLT CIRCLE DIAMETER C MM 694.00
CHANNEL SHELL INSIDE DIAMETER (CORRODED) D¢ MM 606.00
MAIN SHELL INSIDE DIAMETER (CORRODED) Dg MM 606.00
TUBESHEET MATERIAL SA 350 GRLF2 CL1
DESIGN TEMPERATURE T °C 130.00
MODULUS OF ELASTICITYAT T E KG/CM? 2001687.0
ALLOWABLE STRESSATT S KG/CM? 1406.2
YIELD STRENGTHATT Sy KG/CIM? 2264.6
POISSON'S RATIO v - 0.30
TUBE MATERIAL - - SA 334 GR 1 (SEAMLESS)
DESIGN TEMPERATURE Tt °C 130.00
MODULUS OF ELASTICITY AT Tt (EtratT) Et KG/CM? 2001687.0
ALLOWABLE STRESS AT Tt (Styat ) St KG/CM? 1103.9
YIELD STRENGTH AT Tt Syt KG/CM? 1887.1
POISSON'S RATIO vt - 0.30
CHANNEL SHELL MATERIAL - - SA 516 GR 70
DESIGN TEMPERATURE Tc °C 80.00
MODULUS OF ELASTICITY AT Tc " Ec KG/CM? 2033975.0
ALLOWABLE STRESS AT Tc Sc KG/CM? 14086.2
YIELD STRENGTH AT Tc Sy,c KG/CM? 2477.2
POISSON'S RATIO ve - 0.30
MAIN SHELL MATERIAL - - SA 516 GR70
DESIGN TEMPERATURE Ts °C 130.00
MODULUS OF ELASTICITY AT Ts Es KG/CM? 2001687.0
ALLOWABLE STRESS AT Ts Ss - KG/CM? 14086.2
YIELD STRENGTH AT Ts Sy,s KG/CM? 2391.1
POISSONSRATIO vs - 0.30
CHANNEL GASKET LOAD REACTION DIAMETER Gce MM 649.15
MAIN SHELL GASKET LOAD REACTION DIAMETER Gs MM N.A.
TUBE SHEET THICKNESS INCLUDING GROOVES h MM 46.00
PASS PARTITION GROOVE DEPTH (FIG UHX-11.1(c)) hg MM 5.00
INTERNAL DESIGN PRESSURE INCL. STATIC SHELL SIDE  Ps KG/CM? (@) 22.283

HEAD & CORRECTED FOR VACUUM CHANNEL SIDE Pt - KG/CM? (9) 17.515
CHANNEL SIDE CORROSION ALLOWANCE Cac MM 3.00
SHELL SIDE CORROSION ALLOWANCE Cas MM 3.00
TUBESHEET CORROSION ALLOWANCE CHANNEL SIDE  Catt MM 3.00

SHELL SIDE Cats MM 3.00

CHANNEL SHELL THICKNESS (CORRODED) tc MM 7.00
MAIN SHELL THICKNESS (CORRODED) ts MM 9.00
NOMINAL TUBE WALL THICKNESS tt MM 2.00
CHANNEL FLANGE DESIGN BOLT LOAD FOR GASKET SEAT. We KG 152612.20
SHELL FLANGE DESIGN BOLT LOAD FOR GASKET SEAT. Ws KG 0.00
MAXIMUM FLANGE DESIGN BOLT LOAD = MAX OF Wc & Ws W KG 152612.20
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EQUIPMENT: CONDENSER PAGE 17
ITEM NO. : 117-EE-485 REV. 0]
g:“RLO“?:\(_ﬁg ™ DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
EU IC CO.LTD. TUBE SHEET DESIGN - Contd.. PRPD. | CHKD. | APPD.
(UHX-13) KK KK RCS
RADIAL CHANNEL DIMENSION = Gc/2 ac MM 324.58
RADIUS TO OUTERMOST TUBE HOLE CENTRE (FIG UHX-11.1(a)) ro MM 285.40
TUBE NOMINAL OUTSIDE DIAMETER dt MM 20.00
EQUIVALENT-DIA OF OTL CIRCLE =2ro + dt Do MM 590.80
EQUIVALENT RADIUS OF OTL CIRCLE = Do/2 ap MM 295.40
RADIAL SHELL DIMENSION = Ds/2 ' ag MM 303.00
TUBE LENGTH BETWEEN OUTER TUBESHEET FACE Lt MM 5584.00
TUBE LENGTH BETWEEN INNER TUBESHEET FACE = Lt-2h’ L MM 5502.00
NUMBER OF TUBES Nt NOS 394
TUBE PITCH o} MM 25.00
TUBE PATTERN (S = SQUARE, T = TRIANGULAR) - - T
EXPANDED LENGTH OF TUBE IN TUBESHEET Itx MM 31.00
TUBE EXPANSION DEPTH RATIO = [tx/h _ p - 0.6739
MEAN SHELL METAL TEMPERATURE Ts.m °c 43.16
MEAN TUBE METAL TEMPERATURE Ttm °c 49.89
AMBIENT TEMPERATURE Ta °c 20.00
MEAN COEFFICIENT OF THERMAL EXPANSION FOR SHELL AT Ts.m os.m MM/MM/C 0.00001173
MEAN COEFFICIENT OF THERMAL EXPANSION FOR TUBEAT Tt.m  ot.m MM/MM/°C 0.00001178
UNTUBED AREA CALCULATIONS
CENTER TO CENTER DISTANCE BETWEEN ADJACENT TUBE Uiy U Ups Us Us
ROWS OF UNTUBED LANES (MM), NOT TO EXCEED 4p 39.00 38.00 36.00 Q.00 0.00
Lt L Lis Lis Lis
LENGTH OF UNTUBED LANE 580.80 571.74 57174 0.00 0.00
TOTAL AREA OF UNTUBED LANES = U, *Li4 + Uo*Lis + ... A MM2 59080.00
STEP-1 (UHX-13.5.1) ‘
B = 0.2000 p* = 0.3664 Ps = 1.0257
d* = 17.88 MM hg' = 2.00 (CASE 1,23) P = 1.0988
p* = 2823 MM hg' = 0.00 (CASE 4557 XS = 0.5485
xt = 0.7110
|[STEP-2 (UHX-135.2) -~ - S -
Kg = 63262.02 KG/M Bs = 0.0244 Bc = 0.0000
Kt = 41146 KG/MM Ks = 65302.21 ke 0.0000
Ks.t = 0.39 As = 9107.96 Ac = 0.0000
BELLOW USED? NO (YES/NO) & =  0.4332 & =  0.0000
J = 1.00E+00 mostLLOW D, = MM
K, = KG/MM '
STEP-3 (UHX-13.5.3)
hip =  1.6000
E*E = 0.3847  (FIG UHX-11.3) FROM FIG UHX-13.2; FOR Xa
E* = 770021.8 KG/CM? Zd = 0.0292
v* = 0.3096 (FeuHx-113) Zv = Zw = 0.0731
Xa = 3.7525 Zm = 0.4032
STEP-4 {UHX-13.5.4)
: K = 12559 Q = -0.0556
F = - 1.2256 Qz = 2.4553
] = 1.6050 Qz = 5.0214 U = 10.0428
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EQUIPMENT: CONDENSER

PAGE 18

PNEUMATIC CO.LTD.

ITEM NO. : 117-EE-485 REV. 0
DOCUMENT NO. : PRJ/8742/17 DATE 28-Feb-10
TUBE SHEET DESIGN - Contd.. PRPD. | CHKD. | APPD.

RESULT

-0.9292

0.4600

2020.1
YES

OK

81.9
YES
OK

-3.8318
3.0406
103.2:
-84.4
103.2
"YES

OK

(UHX-13) KK KK RCS

STEP-5 (UHX-13.5.5)

y = 0.0000 (cAsE1.23 os =  1401.87 MMm? we = 0.00 MM?

y = 04426 (casE45eD) og* = -1372.62 MM? oc* = 3633.31 MM?

vo = -0.0759
STEP-6,7,8,9 (UHX-13.5.6,7,8,9)
LOADING CASE 1 2 3 4 5 6 7
SHELL SIDE PRESSURE Ps keicMyg 0.000 22283 22283 0.000 0.000 22283 22283
TUBE SIDE PRESSURE Pt keicwmig 17.515 0.000 17.515 0.000 17.515 0.000 17.515
Ps' Ps' kaicMig 0.000 51.330 51.330 0.000 0.000 51.330 51.330
Pt Pt  keicmig 60.374 0.000 60.374 0.000 60.374 0.000 60.374
Pw Pw keicmig 21221 21221 21221 21221 21.221 21.221 21.221
Py Py KkeicMig) 0.000 0.000 0.000 26.172 26.172 26.172 26.172
Prim Prim keicMmig 7.324 3.520 10.844 0.000 7.324 3520 10.844
EFFECTIVE PRESSURE Pe «keicmyg -6.136 14.665 4.438 9137 -1.091 19.711 9.483

-1505.83 -1305.16 -1691.53 -1119.46 -1505.83 -1305.16 -1691.53

-0.3364 3.1084 -0.2073 -0.4644

0.1700 1.6700 0.1000 0.2300

1387.2 -1626.9 1760.4 1948.0
YES YES YES YES
OK OK OK . OK

168.7 -201 363.9 1751
YES YES YES YES
OK OK OK OK

0.4615 -12.7493 0.1107 -0.4654
1.2346 25.4099 1.4122 1.4770
259 -1622 618 25.7
-69.4  93.9 961 -87.6
69.4 1622 961 87.6
YES YES YES YES
OK OK OK OK

Q, KG
Qs - 0.5069 -0.2595
FROM FIG. UHX-13.3-1 & 2 Fm - 0.2800 0.1300
BENDING STRESS INT/S c KG/ICM? -1700.3 1886.6
CHECK WHETHER to1<1.5S8 - YES YES
CHECK WHETHER 161538 - -
RESULT - OK OK
AVG.SHEAR STRESS IN T/S T KG/CM2 -113.3 270.8
CHECK WHETHER 1 71<0.8S - YES YES
RESULT - OK OK
COEFFICIENT Ft,min - -2.6593 0.3132
' Ft,max 6.5687 1.2465
AXIAL TUBE STRESS oty KG/CM?> -177.0 46.9
ot, KG/ICM® 1714 -37.3
MAX OF I oty 1 & I ot,5 | otmax KG/ICM® 177.0 46.9
CHECKWHETHER stmax<St -~ YES YES
CHECK WHETHER ot,max < 2*St - - -
RESULT - OK OK
AS AXIAL TUBE STRESS IS NOT NEGATIVE, TUBE DESIGN IS ACCEPTABLE.
UNSUPPORTED TUBE SPAN L MM
FACTOR k -
DESIGN LENGTH =] x k It MM
rt MM
RATIO =1t/ 1t Ft -
Ct -
FACTOR OF SAFETY Fs -
MAX. ALL. BUCK. STRESS Stb  KG/CM?
MIN OF ot,; & ct,, ot,min  KG/CM?
CHECK WHETHER | stmin | < Stb -
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TOTAL AXIAL STRESS = lgs,ml + las,bl oS KG/CM? 1844

IALLOW. LONG. COMP. STRESS  Ss,b

=MIN OF Ss &B

EQUIPMENT: CONDENSER PAGE 19
ITEMNO. : 117-EE-485 REV. 0
gll\lRELl.(l)l\?mg ™ DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
. CO.LTD. TUBE SHEET DESIGN - Contd.. PRPD. | CHKD. | APPD.
(UHX-13) KK KK RCS
STEP-10,11 (UHX-13.5.10,11)
IAXIAL SHELL MEMBRANE STRESS gsm KG/CM? 176.8 2459 359.1 142.0 2552 3243 4375
IAXIAL SHELL BENDING STRESS  gsb KG/CM?2 -7.6 11545 11432 85 2.8  1159.3 1148.0
JOINT EFF. FOR MAIN SHELL C/S  Es,w - 1.00 1.00 1.00 1.00 1.00 1.00 1.00

14004 1502.3 150.4 258.0
KG/ICM? 11646 11646 11646 11646 11646

CHECK WHETHER | ss,m | < Ss*Esw - YES YES  YES - -
CHECK WHETHER | as,m | < 2Ss - - - - YES  YES
CHECK WHETHER os < 1.5Ss - YES YES  YES - -
CHECK WHETHER s < 3Ss - - - - YES  YES
CHECK WHETHER | ssm 1<Ssb (IFessm<0) N.A. NA. NA. NA. NA.
RESULT - OK OK oK OK OK
AS STRESSES ARE WITHIN THE LIMIT, SHELL DESIGN IS ACCEPTABLE
MINIMUM LENGTH OF SHELL WHICH SHALL HAVE UNIFORM - MM
THICKNESS = 1.8 * (Ds * ts) "2
TUBESHEET FLANGED EXTENSION (UHX-9)
GASKET LOAD REACTION DIAMETER = G G MM
GASKET MOMENT ARM (REFER PAGE - 13) He MM
TOTAL DEPTH OF STEPS IN TUBESHEET Sd MM
THICKNESS REQUIRED FOR OPERATING CONDITION
BOLT LOAD (REFER PAGE - 13) Wm1 KG
ALLOWABLE STRESS AT DESIGN TEMPERATURE ) KG/MM?
REQUIRED THICKNESS = (1.9*Wm1*Hg / SG)'? hr1 MM
THICKNESS REQUIRED FOR GASKET SEATING
BOLT LOAD (REFER PAGE - 13) w KG
ALLOWABLE STRESS AT AMBIENT TEMPERATURE Sa KG/MM?
REQUIRED THICKNESS = (1.9*W*Hg / SaG)"? hr1 MM
REQUIRED THICKNESS FOR FLANGED EXT..=MAX-OF hr1 & hr2  -hr-- MM- -
PROVIDED THICKNESS = h - Sd hf MM
ALLOWABLE LONGITUDINAL COMPRESSIVE STRESS FOR MAIN SHELL
AS PER UG-28(b), _
A FACTOR = 0.125 / [(Dg+2*ts)/2ts] A -
FROM APPLICABLE CHART- CS-2 B PSI
KG/CM?
ALLOWABLE LONGITUDINAL COMPRESSIVE STRESS Ss,b KGICM?

1483.6 1585.5
1164.6 1164.6

YES YES
YES YES
N.A. N.A.

OK OK

132.93

649.15
22.42
13.00

82428.33
14.062
18.61

152612.20
14.062
'26.69

26.69 -
33.00

3.61E-03

16563.46
1164.6
1164.6
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EQUIPMENT: CONDENSER PAGE 20
ITEM NO. : 117-EE485 REV. 0
gll\lRELL?Ijmg CO.LTD DOCUMENT NO. : PRJ/9742117 DATE 28-Feb-10
) ) MISCELLANEOUS PARTS PRPD. | CHKD. | APPD.
(RCB-(2.5,4.41,4.42,4.51,4.52, 4.71,6.31,6.4,9.131)) KK KK RCS |

TRANSVERSE BAFFLES & SPACING (RCB-4.41,RCB-4.51,RCB-4.52)

DESCRIPTION UNIT VALUE REQUIRED PROVIDED
NOMINAL SHELL ID MM 600.00 - -
TUBE OD MM 20.00 - -
BAFFLE SPACING (MIN) MM - 120.00 500.00
UNSUPPORTED TUBE LENGTH (MAX) MM - 1524.00 )
BAFFLE THICKNESS (TEMA) MM - 4.80 5.00
BAFFLE THICKNESS (7.6.3.1 OF API 660) MM - N.A. :
LONGITUDINAL BAFFLES (RCB-4.42)

REQUIRED BAFFLE THICKNESS

AS PER TEMA | MM - 6.00 N.A.
TIE RODS (RCB-4.71)

DIAMETER OF TIE RODS MM - 9.50 10.00
NUMBER OF TIE RODS NOS - - 6 6
TUBE PITCH (RCB-2.5) :

TUBE PITCH MM - | 2500 | 25.00
GASKET (RCB-6.31,RCB-6.4)

WIDTH OF PERIPHERAL RING GASKET MM - 12.70 13.00
WIDTH OF PASS PARTITION MM - © 950 10.00
PASS PARTITION PLATE (RCB-9.131,RCB-9.132)

AS PER RCB-9.132 .
PRESSURE DROP ACROSS PLATE q KG/CM¥(g) 0.700
DESIGN TEMPERATURE T °c 80
MATERIAL - - SA 516 GR 70
ALLOWABLE STRESS AT DESIGN TEMPERATURE S KG/CM? 1406.2
CORROSION ALLOWANCE ¢ oomm 3|
ATTACHMENT Three Sides fixed, One Side simply supported
DIMENASION ‘a' a MM 600.00
DIMENASION "b' b MM 489.00
RATIO = alb - - 1.23

A VALUE FROM TABLE RCB-8.132 FOR RATIO 'a/b' B - 0.4137
REQUIRED THICKNESS = b*{(q*B) / (1.5*S)}'? trpp; MM 5.73
REQUIRED THICKNESS AS PER TABLE RCB-9.131 trpp2 MM 9.50
REQUIRED THICKNESS = MAX OF trpp; & trpp, trpp MM 9.50

PROVIDED THICKNESS

ipp MM 10.00
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EQUIPMENT: CONDENSER PAGE 21
KIRLOSKAR ITEMNO. : 117-E.E-485 REV. 0
PNEUMATIC CO.LTD. DOCUMENT NO. : PRJ/9742/17 PDATE 28-Feb-10
NOZZLE NECK & REINFORCEMENT-N1 PRPD. | CHKD. | APPD.
(UG-36, UG-37, UG-45) KK KK RCS

DESIGN INPUT NOZZLE NECK CALCULATIONS (mm)

- |Nozzle Mark N1 AS PER UG-45 OF ASME SEC. VIII DIV.1,

- [Nozzle Size 150 NB tm P*(dof2)/(S*E+0.4P)+C 4.48

- |Nozzle Location MAIN SHELL (As per 1-1(a)(1)) )

P_|Design Pressure (Kg/cm?(g)) 21.228 t; |Smis. Shell Thickness 7.62

T |Design Temperature (°C) 130 Sw | Std Wall Thickness 711

do [Nozzle Outside Dia. (mm) 168.3 t, 10.875*"Sw+ C 922

C |Corrosion Allowance (mm) 3 ty [Minimum oft; & t, 7.62

- |Nozzle Material SA 333 GR6 ty 1.5+ C (As per UG-16(b)) 4.50

S |Allowable Stress (Kg/cmz) 1202.3 Min.Reqd thk = Max of (frn,ta,t,) 7.62

E |Joint Efficiency 1.00 tn |Provided thk(Min)=tn,-Neg.Tol.(mm) 9.60

t |Shell Thickness (mm) 12.00 Provided pipe Sch. SCH 80

tn, |Provided thk (Nom) (mm) 10.97
Finished Opening Size (mm)
d do - 2*tn + 2*C 186.10

As per clause UG-36(c)(3)(a), finished openings upto the size 60 mm are exempted from reinforcement
calculations. Accordingly this nozzle is not exmepted from reinforcement calculations.

DESIGN INPUT REINFORCEMENT CALCULATIONS
tn |Nozzle Wall Thickness (mm) 6.60 AS PER UG-37 OF ASME SEC VIII DIV 1,
r Required Shell Thk (mm) 4.62 Required Area (mm?)
(As per UG-37(a)) ’ A |d*tr*F+2*tn*tr*F*(1-fr1) | 724.8
t |Specified Shell thk. {mm) 9.00 Area Available in Shell (mm?)
trn |Reqd. thk. of Nozzle (mm) 1.48 Ala|d*(E1*t-F*tr)-2*tn*(E1*t-F*tr)*(1-fr1) . 671.6
h [Inside Proj. of Nozzle (mm) . 0 A1b | 2*(t+tn)*(E1*t-F*tr)-2*tn*(E1*-F*tr)*(1-fr1) 128.4
ti |Thk.of Inside Proj. of Nozzle (mm) 0.00 A1 |Maximum of (A1a,A1b) 671.6
E1 |For Opening in Solid Plate 1.00 Area Available in Nozzle Outward Projection (mm?)
F |Correction Factor 1.00 A2a|5*(tn-trn)*fr2*t 197.1
fr1 |Strength Red.Factor = Sn / Sv 0.85 A2b|2*(tn-tm)*(2.5*tn+te)*fr2 144.5
fr2 |Strength Red.Factor = Sn / Sv 0.85 A2 |Minimum of (A2a,A2b) 144.5
fr3 |Strenght Red.Factor=Min(Sn/Sv or Sp/Sv) | 0.85 |Area Available in Nozzle Inward Projection (mm?)
“fr4 |Strength Red.Factor=Sp/Sv | - 1000~ |ASF|5*ttitf2 7 T 0 |
A3b|5*ti *ti * fr2 0.0

FILLET SIZE CALCULATIONS (UW-16) (mm) A3c|2*h*ti*fr2 : 0.0
Applicable Fig.[UW-16.1(c) Fillet Size(Nozzle)| A3 |Minimum of {A3a,A3b,A3c) 0.0

tmin|Min of tny, t & 19 10.97 | Regd. |Provided|Area Available in Nozzle Welds (mm?)

tc |Min of 0.7*tmin, 6 6.00 8.49 9.00 |leg|Nozzle Outward Weld Leg Size (mm) 9.0

tmin|Min of te, t & 19 0.00 |Fillet Size(RF Pad)| leg, |Nozzle Inward Weld Leg Size (mm) 0.0

tf |[tmin/2 0.00 0.00 | 0.00 |legs|RF Pad Outer Weld Leg Size (mm) 0.0

A41|For Outward Weld = (leg,)**fr3 (mm?) 69.3

All dimensions for reinforcement calculations are A43|For Inward Weld=(leg,)**fr2 (mm?) 0.0

in corroded condition. A42|For RF Pad Weld=(leg,)**fr4 (mm?) 0.0
Area Available in RF Pad (mm?)

CONCLUSION : Dpm|Max.of (d+2*tn+2*t-2*legs,2*d-2*legs) (mm) 310.2
Check whether YES Dp |Diameter of RF Pad (mm) 0
Atp> A te [Thickness of RF Pad (mm) "0
Whether Nozzle is YES LA5 [(Min of Dp & Dpm-d-2*tn)*te*fr4 (mm? 0.0
properly reinforced? Provided Area (mm?)

Atp [A1+A2+A3+A41+A42+A43+A5 | 885.4
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EQUIPMENT: CONDENSER PAGE 22
ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
PNEUMATIC CO.LTD. NOZZLE NECK & REINFORCEMENT-N2 PRPD. | CHKD. | APPD.
(UG-36, UG-37, UG-45) KK KK RCS

DESIGN INPUT NOZZLE NECK CALCULATIONS (mm)

- |Nozzle Mark N2 AS PER UG-45 OF ASME SEC. VIII DIV.1,

- |Nozzle Size 100 NB trn P*(do/2)/(S*E+0.4P)+C 400

- [Nozzle Location MAIN SHELL (As per 1-1(a)(1)) '

P_|Design Pressure (Ka/em?(g)) 21.228 t; |Smis. Shell Thickness 7.62

T |Design Temperature (°C) 130 Sw |Std Wall Thickness 8.02

do |Nozzle Outside Dia. (mm) 114.3 t; |0.875*Sw+C 8.27

C |Corrosion Allowance (mm) 3 ta |Minimumoft, &t, 7.62

- |Nozzle Material SA333GR 6 ty |1.5 + C (As per UG-16(b)) 4.50

S |Allowable Stress (Kg/cm?) 1202.3 Min.Reqd thk = Max of (trn,ta,ts) 7.62

E |Joint Efficiency 1.00 tn |Provided thk(Min)=tn,-Neg.Tol.(mm) 9.74

t | Shell Thickness (mm) 12.00 Provided pipe Sch. SCH120

tn, |Provided thk (Nom) (mm) 11.13
Finished Opening Size (mm)
d do - 2*n + 2C 100.82

As per clause UG-36(c)(3)(a), finished openings upto the size 60 mm are exempted from reinforcement
calculations. Accordingly this nozzle is not exmepted from reinforcement calculations.

DESIGN INPUT REINFORCEMENT CALCULATIONS
tn |Nozzle Wall Thickness (mm) B8.74 -|AS PER UG-37 OF ASME SEC VIII DIV 1,
i |Required Shell Thk (mm) 462 Required Area (mm?)
(As per UG-37(a)) ] A |d*rF+2*tn*trF*(1-fr1) | 474.4
t |Specified Shell thk. (mm) 9.00 Area Available in Shell (mm?)
trn |Reqd. thk. of Nozzle (mm) 1.00 Ala|d*(E1t-F*tr)-2*n*(E1*t-F*tr)*(1-fr1) 433.4
h |Inside Proj. of Nozzle (mm) 0 A1Db | 2*(t+tn)*(E1*t-F*tr)-2*tn*(E1*t-F*tr)*(1-fr1) 1294
ti | Thk.of Inside Proj. of Nozzle (mm) 0.00 A1 |Maximum of (A1a,A1b) 433.4
E1 |For Opening in Solid Plate 1.00 Area Available in Nozzle Outward Projection (mm?)
F |Correction Factor 1.00 A2a|5*(tn-trn)*fr2*t 220.7
fr1 |Strength Red.Factor = Sn/ Sv 0.85 A2b|2*(tn-trn)*(2.5*tn+te)*fr2 165.3
fr2 |Strength Red.Factor = Sn/ Sv 0.85 A2 [Minimum of (A2a,A2b) 165.3
fr3 |Strenght Red.Factor=Min(Sn/Sv or Sp/Sv) | 0.85 |Area Available in Nozzle Inward Projection (mm?)
fr4 | Strength Red.Factor= Sp/ Sv | T71000 C [A3a|Srtrtitfr o o T 1 0.0
: A3b|5 *ti*ti *fr2 0.0

FILLET SIZE CALCULATIONS (UW-16) (mm) A3c|2*h*ti* {2 0.0
Applicable Fig.|UW—16.1(c) Fillet Size(Nozzle)| A3 |Minimum of (A3a,A3b,A3c) 0.0

tmin|Min of tny, t & 19 11.13 | Reqd. |Provided|Area Available in Nozzle Welds (mm?)

tc [Min of 0.7*tmin, 6 6.00 8.49 9.00 |legs|Nozzle Outward Weld Leg Size (mm) 9.0

tmin|{Min of te, t & 19 0.00 |Fillet Size(RF Pad)| leg, |Nozzle Inward Weld Leg Size (mm) 0.0

tf |tmin/2 0.00 0.00 [ 0.00 |legs|RF Pad Outer Weld Leg Size (mm) 0.0

A41|For Outward Weld = (leg,)**fr3 (mm?) 69.3

All dimensions for reinforcement calculations are A43|For Inward Weld=(leg,)**fr2 (mm?) 0.0

in corroded condition. A42 |For RF Pad Weld=(leg,)**fr4 (mm?) 0.0
Area Available in RF Pad (mm?)

CONCLUSION : Dpm|Max.of (d+2*tn+2*t-2*leg,,2*d-2*leg;) (mMm) 201.6
Check whether \ YES Dp |Diameter of RF Pad (mm) 0
Atp> A te |Thickness of RF Pad (mm) 0
Whether Nozzle is YES A5 |(Min of Dp & Dpm-d-2*tn)*te*fr4 (mm?) 0.0
properiy reinforced? Provided Area (mm?) i

Atp |A1+A2+A3+A41+A42+A43+A5 | 668.0

.
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EQUIPMENT: CONDENSER PAGE 23

KIRLOSKAR ITEM NO. : 117-E'E-485 REV. 0

NEUMATIC CO.LTD. DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
P ' NOZZLE NECK & REINFORCEMENT - N3,N4 PRPD. | CHKD. | APPD.

(UG-36, UG-37, UG45) KK KK RCS

DESIGN INPUT NOZZLE NECK CALCULATIONS (mm)

- |Nozzle Mark N3,N4 AS PER UG-45 OF ASME SEC. VIII DIV.1,

- |Nozzle Size 100 NB tn P*(do/2)/(S*E+0.4P)+C 378

- |Nozzle Location CHANNEL SHELL (As per 1-1(a)(1)) '

P |Design Pressure (Kg/cmz(g)) 16.460 t; |Smls. Channel Thickness 6.57

T |Design Temperature (°C) 80 Sw | Std Wall Thickness 6.02

do [Nozzle Outside Dia. (mm) 114.3 t, |0.875*Sw + C 8.27

C |Corrosion Allowance (mm) 3 ta [Minimumoft; &t, 6.57

- |Nozzle Material SA 333 GR6 t¢ |2.5 + C (As per UG-16(b)) 5.50

S |Allowable Stress (Kg/cm?) 1202.3 Min.Reqd thk = Max of (trn,ts,t,) 6.57

E |Joint Efficiency 1.00 tn |Provided thk(Min)=tn,-Neg.Tol.(mm) 7.49

t |Channel Thickness (mm) 10.00 Provided pipe Sch. SCH 80

tny [Provided thk (Nom) (mm) 8.56
Finished Opening Size (mm)
d do - 2% 4 2%C 105.32

As per clause UG-36(c)(3)(a), finished openings upto the size 89 mm are exempted from reinforcement
calculations. Accordingly this nozzle is not exmepted from reinforcement calculations.

DESIGN INPUT , REINFORCEMENT CALCULATIONS
tn |Nozzle Wall Thickness (mm) 449 AS PER UG-37 OF ASME SEC VIII DIV 1,
i |Required Channel Thk. (mm) 3.57 Required Area (mm?)
(As per UG-37(a)) ‘ A [d*trF+2*tn*tr F*(1-fr1) | 380.8
t |Specified Channel thk. (mm) 7.00 Area Available in Channel (mm?)
trn |Reqd. thk. of Nozzle (mm) 0.78 Ala|d*(E1*t-F*tr)-2*tn*(E1*t-F*tr)*(1-fr1) 356.6
h [Inside Proj. of Nozzle (mm) 0 A1b|2*(t+tn)*(E1T*-F*r)-2*tn*(E1*t-F*tr)*(1-fr1) 74.3
ti |Thk.of Inside Proj. of Nozzle (mm) 0.00 A1 [Maximum of (A1a,A1b) 356.6
E1 |For Opening in Solid Plate 1.00 Area Available in Nozzle Outward Projection (mm?)
F |Correction Factor 1.00 A2a|5*(tn-trn)*fr2*t 111.1
fr1 |Strength Red.Factor = Sn/ Sv 0.85 A2b [2*(tn-trn)*(2.5*tn+te)*fr2 71.2
fr2 |Strength Red.Factor = Sn/ Sv 0.85 A2 |Minimum of (A2a,A2b) 71.2
fr3 [Strenght Red.Factor=Min(Sn/Sv or Sp/Sv) | 0.85 |Area Available in Nozzle Inward Projection (mm?)
fr4 |Strength Red.Factor=Sp/Sv. | 100  [A3als*t*ti*f2 ] 0.0
A3b|5 *ti *ti * fr2 0.0

FILLET SIZE CALCULATIONS (UW-16) (mm) A3c|2*h*ti*fr2 0.0
Applicable Fig.[UW-16.1(c) Fillet Size(Nozzle)| A3 [Minimum of (A3a,A3b,A3c) 0.0

tmin|Min of tny, t & 19 8.56 Reqd. |Provided|Area Available in Nozzle Welds (mm?)

tc |Min of 0.7*tmin, 6 5.99 8.47 9.00 |leg(|Nozzle Outward Weld Leg Size (mm) 8.0

tmin|{Min of te, t & 19 0.00 |Fillet Size(RF Pad)| leg, |Nozzle Inward Weld Leg Size (mm) 0.0

tf |tmin/2 0.00 0.00 | 0.00 |legs;|RF Pad Outer Weld Leg Size (mm) 0.0

A41|For Outward Weld = (leg,)**fr3 (mm?) 69.3

All dimensions for reinforcement calculations are A43|[For Inward Weld=(leg,)**fr2 (mm?) 0.0

in corroded condition. A42|For RF Pad Weld=(leg,)**fr4 (mm?) 0.0
Area Available in RF Pad (mm?)

CONCLUSION : Dpm|Max.of (d+2*tn+2*-2*leg;,2*d-2*leg;) (mm) 210.6
Check whether YES Dp |Diameter of RF Pad (mm) 0
Atp> A te [Thickness of RF Pad (mm) 0
Whether Nozzle is VES A5 |(Min of Dp & Dpm-d-2*tn)*te*fr4 (mm? 0.0
properly reinforced? Provided Area (mm®)

Atp [A1+A2+A3+A41+A42+A43+A5 | 497.1

A
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EQUIPMENT: CONDENSER PAGE 24
ITEM NO. : 117-EE-485 REV. 0
L(LIRELL?;A:\(’GE CO.LTD  |DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
i : NOZZLE NECK & REINFORCEMENT-N5,N6,N7 PRPD. | CHKD. | APPD.
(UG-36, UG-37, UG-45) KK KK RCS

DESIGN INPUT NOZZLE NECK CALCULATIONS (mm)

- Nozzle Mark N5,N6,N7 AS PER UG-45 OF ASME SEC. Vil DIV.1,

- |Nozzle Size 40 NB i P*(do/2)/(S*E+0.4P)+C 3.42

- [Nozzle Location MAIN SHELL (As per 1-1(a)(1))

P Design Pressure (Kg/cmz(g)) 21.228 t1 |Smis. Shell Thickness 7.62

T |Design Temperature (°C) 130 Sw |Std Wall Thickness 3.68
do |Nozzle Outside Dia. (mm) 48.3 t, 10.875*Sw+C 6.22

C |Corrosion Allowance {mm) 3 ts |Minimumoft; &t, 6.22

- |Nozzle Material SA 333GR 6 ts [1.5+ C (As per UG-16(b)) 4.50

S |Allowable Stress (Kg/cmz) 1202.3 Min.Reqd thk = Max of (trn,ts,t4) 6.22

E |Joint Efficiency 1.00 tn |Provided thk(Min)=tn,-Neg.Tol.(mm) 6.25

t |Shell Thickness (mm) 12.00 Provided pipe Sch. SCH 160

tn,; |Provided thk (Nom) {mm) 7.14
FILLET SIZE CALCULATIONS (UW-16) (mm) g ‘Finished Opening Size (mm) 41 81
Applicable Fig.|UW—1 6.1(c) Fillet Size do-2*n+2*C '

tmin|Min of tn,, t & 19 7.14 | Reqd. |Provided

tc |Min of 0.7*tmin, 6 5.00 7.07 8.00

As per clause UG-36(c)(3)(a), finished openings upto the size 60 mm are exempted from reinforcement
calculations. Accordingly this nozzle is exmepted from reinforcement calculations.
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EQUIPMENT: CONDENSER PAGE 25
KIRLOSKAR ITEM NO. : 117-EE-485 REV. 0
DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
PNEUMATIC CO.LTD. NOZZLE NECK & REINFORCEMENT-N8,N9 PRPD. | CHKD. | APPD.
(UG-36, UG-37, UG-45) KK KK RCS

DESIGN INPUT NOZZLE NECK CALCULATIONS (mm)

- |Nozzle Mark N8,N9 AS PER UG-45 OF ASME SEC. VIII DIV 1,

- |Nozzle Size 40 NB m P*(do/2)/(S*E+0.4P)+C 333

- [Nozzle Location CHANNEL SHELL (As per 1-1(a)(1))

P |Design Pressure (Kg/cm?(g)) 16.460 ty |Smis. Channel Thickness 6.57

T |Design Temperature (°C) 80 Sw |Std Wall Thickness 3.68

do |Nozzle Outside Dia. (mm) 48.3 t; 10.875*Sw+C 6.22

C [Corrosion Allowance (mm) 3 ts |Minimum oft; & t5 6.22

- |Nozzle Material SA 333 GR6 ty [2.5+ C (As per UG-16(b)) 5.50

S |Allowable Stress (Kg/cm?) 1202.3 Min.Reqd thk = Max of (trn,ts,t,) 6.22

E |Joint Efficiency 1.00 tn |Provided thk(Min)=tn;-Neg.Tol.(mm) 6.25

t |Channel Thickness (mm) 10.00 Provided pipe Sch. SCH 160

tny |Provided thk (Nom) (mm) 7.14
FILLET SIZE CALCULATIONS (UW-16) {(mm) q Finished Opening Size (mm) 41.81
Applicable Fig.|UW-1 6.1(c) Fillet Size do-2%n+ 2*C '

tmin|Min of tn4, t & 19 7.14 | Reqd. |Provided

tc |Min of 0.7*tmin, 6 5.00 7.07 8.00

As per clause UG-36(c)(3)(a), finished openings upto the size 83 mm are exempted from reinforcement
calculations. Accordingly this nozzle is exmepted from reinforcement calculations.
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EQUIPMENT: CONDENSER PAGE 26
ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
PNEUMATIC CO.LTD. FLANGE RATING CHECK - PRPD. [ CHKD.| APPD. |
(UG-44, ASME B16.5) KK KK RCS
FLANGE RATING CHECK :
AS PER UG-44, FLANGES AS PER ASME B16.5 ARE ACCEPTABLE
DESCRIPTION UNIT VALUE FOR
SHELL SIDE [CHANNEL SIDE
STANDARD FOR FLANGES - ASME B16.5 | ASMEB16.5
SELECTED RATING - 300# 150#
MATERIAL - SA 350 GR LF2 CL1[SA 350 GRLF2 CL1
\MATERIAL GROUP - 1.1 1.1
IDESIGN TEMPERATURE °F 266 176
\ALLOWABLE PRESSURE FOR SELECTED RATING KGICM?(g) 46.650 18.702
DESIGN PRESSURE INCL. STATIC HEAD (MAX.) KG/CM(g) 21.228 16.460
CONCLUSION SAFE SAFE




EQUIPMENT: CONDENSER PAGE 27
ITEM NO. : 117-EE-485 REV. 0
g:‘lRELUol\f:\('ﬁz CO.LTD DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
: ) POST FORMING HEAT TREATMENT PRPD. | CHKD. | APPD.
(UCS-78) KK KK RCS

Lk

/—1,:

AS PER UCS-79(d), AFTER COLD FORMING, HEAT TREATMENT IS REQUIRED WHEN
THE RESULTING EXTREME FIBER ELONGATION IS MORE THAN 5% AND ANY OF
FOLLOWING CONDITION EXIST :

SR. NO CONDITION APPLICABLE
1 LETHAL SERVICE NO
2 WHETHER MATERIAL REQUIRES IMPACT TESTING YES
3 PART THICKNESS EXCEEDS 5/8" (16 MM) BEFORE COLD FORMING NO
4 REDUCTION IN THK BY FORMING 1S MORE THAN 10% (REF. PAGE 12) YES
5 THE FORMING TEMPERATURE IS BETWEEN 250 - 950 °F (121 - 482 °C) NO
PERCENTAGE EXTREME FIBER ELONGATION :
CYLINDRICAL SHELLS :
' THICKNESS ID AFTER FINAL C/L ORIGINAL |EXT.FIB.| SR
PART MATERIAL { FORMING RADIUS (Rf)| RADIUS (Ro) |ELONG.| REQD.
MM MM MM MM " % |(Yes/No)
MAIN
SHELL SA 516 GR 70 12.00 600.00 306 - INFINITY 1.96 NO
C:I'::ELEL SA 516 GR 70 10.00 600.00 305 INFINITY 1.64 NO

FORMING IS NOT REQUIRED FOR ABOVE PARTS.

- SINCE EXTREME FIBER ELONGATION IS LESS THAN 5%, STRESS RELIEVING AFTER

- % EXTREME FIBER ELONGATION FOR CYLINDRICAL SHELL = 50*t/Rf * (1-Rf /Ro)

DISHED ENDS : :
THICKNESS|INSIDE KNUCKLE| FINAL C/L ORIGINAL ([EXT.FIB., SR
PART MATERIAL t (NOM) RADIUS RADIUS (Rf)| RADIUS (Ro) |ELONG.|REQD.
’ B A O L ' 1 % |(YesNo)||
C';'?‘;NNDEL SA 516 GR 70 10.00 102.00 107.00 INFINITY 7.01 | YES

FORMING IS REQUIRED FOR ABOVE PARTS.

D'ENDS SHALL BE STRESS RELIEVED.

- % EXTREME FIBER ELONGATION FOR DISHED END = 75*t/Rf * (1-Rf/Ro)
- FOR 2:1 ELLIPSOIDAL DISHED END, INSIDE KNUCKLE RADIUS = 0.17*DISHED END ID

- SINCE EXTREME FlBER ELONGATION IS MORE THAN 5%, STRESS RELIEVING AFTER
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KIRLOSKAR
PNEUMATIC CO.LTD.

EQUIPMENT: CONDENSER ‘ PAGE 28
ITEMNO. : 117-EE-485 REV. 0
DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
IMPACT TEST REQUIREMENTS PRPD. | CHKD. | APPD.
(UG-20(f)) KK KK RCS

AS PER UG-20(f), IMPACT TESING AS PER UG-84 IS NOT REQUIRED FOR PRESSURE

VESSEL MATERIAL WHICH SATISFY ALL OF THE FOLLOWING:

(UG-22)

CONDITION
SR. NO CONDITION SATISIFIED?
MATERIAL IS LIMITED TO P NO. 1, GR. NO. 1 &2
1 THK IS LESS THAN 13 MM FOR MATERIAL LISTED IN CURVE-A YES
THK IS LESS THAN 25 MM FOR MATERIAL LISTED IN CURVE-B,C,D
2 THE VESSEL IS HYDRAULICALLY TESTED AS PER UG-99(b) OR (c) OR 274 YES **
3 DESIGN TEMPERATURE IS NO WARMER THAN 345 °C NOR NO
COLDER THAN -29 °C
4 THE THERMAL OR MECHANICAL SHOCK LOADINGS ARE NOT CONTROLLING YES
DESIGN REQUIREMENTS (UG-22)
T 5 CYCLICAL LOADING IS NOT A CONTROLLING DESIGN REQUIREMENT YES

AS ALL ABOVE CONDITIONS ARE NOT SATISFIED, REQUIREMENTS OF UCS-66

NEED TO BE CHECKED.

** FOR SHELL SIDE, PNEUMATIC TEST WILL BE CARRIED OUT IN LIEU OF

HYDROSTATIC TEST AS PERMITTED BY UG-100(a).
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EQUIPMENT: CONDENSER PAGE 29
ITEM NO. : 117-EE-485 REV. 0
gﬁﬁfﬁg CO.LTD. |DOCUMENT NO. : PRUIS742/17 DATE | 28-Feb-10
L1D. IMPACT TEST REQUIREMENTS PRPD. | CHKD.|APPD.
(UCS-66) KK | KK | RCS
SHELL SIDE
APPLICABLE | MAX.THK | MAXIMUM | APPLICABLE
DESCRIPTION CURVE EXEMPTED | THKINJOB | CLAUSE
MM MM
MDMT (°C / °F) 45 -49 - - - -
PLATES SA 516 GR 70 D 15.10 12.00 UCS-66(a)
PIPES SA 333 GR 6 B NOT 1113 UCS-66(a)
EXEMPTED :
AS PER CLAUSE UCS-66(c) OF ASME SEC VIl DIV 1,
IMPACT TESTING IS NOT REQUIRED FOR ASME B16.5
FORGINGS (STD FLANGES){SA 350 GRLF2 CL1|, |\ \ oo OF FERRITIC STEEL FOR MDMT WARMER
THAN -20 °F. HENCE. NOT EXEMPTED.
AS PER NOTE (c) OF FIG UCS-66 OF ASME SEC VIl DIV 1,
BOLTS SA320GRL7 |BOLT SIZES UPTO 64 MM ARE EXEMPTED FROM IMPACT
TESTING FOR MDMT WARMER THAN -48 °C.
. AS PER NOTE (c) OF FIG UCS-66 OF ASME SEC VIl DIV 1,
NUTS SA194GR7 |NUTS ARE EXEMPTED FROM IMPACT TESTING FOR MDMT

WARMER THAN -48 °C.

HENCE, IMPACT TESTING IS REQUIRED FOR PIPES AND FORGINGS ONLY. HOWEVER,
IMPACT TESTING SHALL BE CARRIED OUT FOR ALL MATERIAL IN LINE WITH DATA SHEET.

CHANNEL SIDE

APPLICABLE | MAX.THK | MAXIMUM [ APPLICABLE
DESCRIPTION CURVE EXEMPTED | THKINJOB | CLAUSE
MM MM
MDMT (°C / °F) 45/ 49 - - - -
lpLaTES | SA516GR70 D 15.10 10.00 UCS-66(a)
PIPES SA 333 GR6 B NOT 8.56 UCS-66(a)
EXEMPTED B
AS PER CLAUSE UCS-66(c) OF ASME SEC VIII DIV 1,
igggs'ﬁgg.ﬁsggg'f”e'zs' S 350 GR L2 oL MPACT TESTING IS NOT REQUIRED FOR ASME B16.5
FLANGES) FLANGES OF FERRITIC STEEL FOR MDMT WARMER
THAN -20 °F. HENCE, NOT EXEMPTED.
AS PER NOTE (c) OF FIG UCS-66 OF ASME SEC VIII DIV 1,
BOLTS SA 320 GRL7 |BOLT SIZES UPTO 64 MM ARE EXEMPTED FROM IMPACT
TESTING FOR MDMT WARMER THAN -48 °C.
AS PER NOTE (c) OF FIG UCS-66 OF ASME SEC VIII DIV 1,
NUTS SA194GR7 |NUTS ARE EXEMPTED FROM IMPACT TESTING FOR MDMT

WARMER THAN -48 °C.

IMPACT TESTING SHALL

HENCE, IMPACT TESTING IS REQUIRED FOR PIPES AND FORGINGS ONLY. HOWEVER,
BE CARRIED CUT FOR ALL MATERIAL IN LINE WITH DATA SHEET.




b

KIRLOSKAR
PNEUMATIC CO.LTD.

EQUIPMENT: CONDENSER PAGE 30

ITEM NO. : 117-EE-485 REV. 0

DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
PWHT REQUIREMENTS PRPD. | CHKD. | APPD.
{UW-2, UCS-56, UCS-68) KK KK RCS

POST WELD HEAT TREATMENT IS REQUIRED WHEN ANY OF FOLLOWING CONDITION

EXIST:
APPLICABLE
.NO DE IPTION APPLICABLE MA
SR CLAUSE SCR CABL REMARKS
1 UW-2(a) LETHAL SERVICE NO
UNFIRED STEAM BOILER WITH DESIGN
2 UW-2(e) PRESSURE EXCEEDING 50 PSI NO
IF MDMT IS COLDER THAN -55°F (-48°C)
3 UCS-68(b) |AND THE COINCIDENT RATIO DEFINED NO
IN FIG UCS-66.1 IS 0.35 OR GREATER
4 UCS-56 MATERIAL OVER 1-1/4" (32 MM) NOMINAL NO

THICKNESS AS DEFINED IN UW-40(f)

HENCE, PWHT IS NOT REQUIRED.
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=1.3*P* (Sh/S)Mm

EQUIPMENT: CONDENSER PAGE 31
ITEM NO. : 117-EE485 REV. 0

g&fjﬁﬁg CO.LTD. |[DOCUMENTNO.: PRY/S742/17 DATE | 28-Feb-10

ik TEST PRESSURE PRPD. | CHKD. | APPD.
(UG-99,UG-100) KK | Kk [ Rcs

FOR SHELL SIDE

DESIGN PRESSURE P KG/CM?(g) 21.200

MINIMUM STRESS RATIO  (REF. PAGE NO. 7) (SWS)u - 1.000

AS PER UG-100(b) OF ASME SEC. VIl DIV.1,

PNEUMATIC TEST PRESSURE AT THE TOP . Pht KG/CMA(g) 23.320

=1.1* P * (Sh/Shu BAR (g)

FOR CHANNEL SIDE

DESIGN PRESSURE P KG/CM¥(g) 16.400

MINIMUM STRESS RATIO  (REF. PAGE NO. 7) (Sh/S)h - 1.000

AS PER UG-99(b) OF ASME SEC. VIl DIV.1, :

HYDROSTATIC TEST PRESSURE AT THE TOP Pht KG/CM(g) 21.320

BAR (g)
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EQUIPMENT: CONDENSER PAGE 32
KIRLOSKAR ITEM NO. : 117-EE-485 REV. 0
DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. WIND LOAD CALCULATIONS PRPD. [ CHKD. [ APPD.
(1S:875) KK | KK | RCS
AS PER 1S:875 PART 3
DESCRIPTION sYmBOL UNIT VALUE
BASIC WIND SPEED Vb M/SEC 50
PROBABILITY FACTOR (RISK CO-EFFICIENT) K1 - 1.00
TERRAIN, HT. & STRCT. SIZE FACTOR K2 - 1.00
TOPOGRAPHY FACTOR K3 - 1.00
INSULATION THICKNESS Ti MM 0
OUTSIDE DIAMETER INCLUDING INSULATION THK. D M 0.624
WIND RESISTING DIAMETER=12*D  ** Do M 0.749
WIND RESISTING HEIGHT H M 0.862
DISTANCE FROM EQUIPMENT C.L. TO SUPPORT BOTTOM B M 0.550
OVERALL LENGTH L M 6.522
FORCE COEFFICIENT cf - 0.7
DESIGN WIND SPEED = K1 * K2 * K3 * Vb Vz M/SEC 50.00
— AR e\/2 N/M? 1500.00
WIND PRESSURE = 0.6 * Vz Pz, o 15300
MINIMUM WIND PRESSURE TO BE CONSIDERED (as per client)| Pz KGIM? -
DESIGN WIND PRESSURE = MAX OF Pz, & Pz, Pz KGIM? 153.00
WIND RESISTING AREA FOR TRANSVERSE FORCE=L*H Afr M2 5622
WIND RESISTING AREA FOR LONGITUDINAL FORCE=H*Do Af, M2 0.645
WIND TRANSVERSE FORCE AT BASE = Cf * Pz * Afy Frv KG 602.11
WIND TRANSVERSE MOMENT AT BASE = Fry * B My KG.M 33116
WIND LONGITUDINAL FORCE AT BASE = Cf * Pz * Af, Fiw KG 69.13
WIND LONGITUDINAL MOMENT AT BASE = F,,y * B Mew KG.M 38.02
** TO TAKE CARE OF EXTERNALS.
WIND LOAD FOR VARIOUS CONDITIONS:
T unr [LOPERATNG [ TEST [ EWem |
TRANS.| LONG. [TRANS| LONG. [TRANS, LONG.
WIND LOAD KG 60211 | 69.13 |198.70| 22.81 | 602.11| 69.13
WIND MOMENT KG-M | 331.16 | 38.02 | 109.28| 12.55 | 331.16| 38.02
NOTES :

1. DURING TEST CONDITION, WIND LOADS SHALL BE CONSIDERED AS 33% OF THE

VALUES DURING OPERATING CONDITION. ACCORDINGLY, ABOVE VALUES DURING

TEST ARE REDUCED.
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NOTES :

TEST ARE REDUCED. -

1. DURING TEST CONDITION, SEISMIC LOADS SHALL BE CONSIDERED AS 0% OF THE
FULL VALUES DURING THAT CONDITION. ACCORDINGLY, ABOVE VALUES DURING

EQUIPMENT: CONDENSER PAGE 33
KIRLOSKAR ITEM NO. : 117-EE485 REV. 0
DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. SEISMIC LOAD CALCULATIONS PRPD. | CHKD. [ APPD.
(15:1893) KK | KK | RCS
AS PER 1S:1893
DESCRIPTION SYMBOL UNIT VALUE

OPERATING WEIGHT Wo KG 5325
EMPTY WEIGHT We KG 4250
TEST WEIGHT Wh KG 4922
SEISMIC ZONE _ - - Vv
SEISMIC ZONE FACTOR Z - 0.36
SPECTRAL ACCELERATION Salg (NOTE-3) - 2.50
DAMPING ] % 2.00
MULTIPLYING FACTOR FROM TABLE-3, PART-1 Mr - 1.40
RESPONSE REDUCTION FACTOR FROM TABLE-9 R - 3.00
IMPORTANCE FACTOR FROM TABLE-2 | - 1.75
HORIZONTAL SEISMIC CO-EFF. = (Z/2) * (Sa/g) * M / (R/l) Ah1 - 0.3675
HORIZONTAL SEISMIC CO-EFF. AS PER CLIENT SPEC. Ah2 - -
HORIZONTAL SEISMIC CO-EFF. = MAX OF Ah1 & Ah2 Ah - 0.3675
DISTANCE FROM EQUIPMENT C.L. TO SUPPORT BOTTOM B M 0.550
SEISMIC LOAD FOR VARIOUS CONDITIONS:

DESCRIPTION UNIT OPERATING TEST EMPTY
W = WEIGHT KG 5325 4922 4250
Fe = SEIS. FORCEATBASE=Ah*W |- KG 1956.94 0.00 1561.88
Me = SEIS. MOMENT AT BASE = Fe*B KG-M 1076.32 0.00 859.03

2. SEISMIC FORCES WILL BE SAME IN BOTH TRANSEVERSE & LONGITUDINAL DIRECTIONS.
3. AS FUNDAMENTAL TIME PERIOD IS NOT CALCULATED, MAXIMUM POSSIBLE VALUE OF
"| Salg ISCONSIDERED RESULTING IN CONSERVATIVE DESIGN.
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EQUIPMENT: CONDENSER PAGE 34
ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. PRPD.|CHKD.| APPD
SUPPORT DESIGN (ZICK ANALYSIS) . . :
KK KK | RCS
DESIGN INPUT
T.L. TO T.L. LENGTH MM 6202.00
T.L. TO SUPPORT DISTANCE (MAX OF A1 & A2) MM 1134.00
DISTANCE BETWEEN TWO SUPPORTS MM 4000.00
DISHED END OUTSIDE HEIGHT MM 160.00
INSIDE DIAMETER (CORRODED) MM 606.00
INSIDE RADIUS (CORRODED) MM 303.00
CORROSION ALLOWANCE MM 3.00
SHELL THICKNESS (CORRODED) MM 9.00
D'END THICKNESS (CORRODED) MM 5.00
JOINT EFFICIENCY FOR LONGITUDINAL JOINT - 1.00
YIELD STRENGTH KG/MM? 23.91
NO OF SUPPORTS NOS 2
CONTACT ANGLE Deg 120.00
SUPPORT HEIGHT MM 550.00
SADDLE WIDTH MM 134.00

. o
ELEVATION
SUPPORT DESIGN
W |sYMBOL UNIT | OPERATING| _TEST | EMPTY
INTERNAL PRESSURE P |keremig 21.228 23.320 0.000
EXTERNAL PRESSURE Pe  |Ka/CM(g) 1.055 0.000 1.055
ALLOWABLE STRESS S |kGMM?__ 14.062 24.046 14.062
WEIGHT W | KG | 5325.00 4922.00 4250.00
TRANSEVERSE LOAD (MAX OF WIND/SEIS) | Fr | KG | 1956.94 198.70 1561.88
LONGITUDINAL LOAD (MAX OF WIND/SEIS) | F. | KG | 1956.94 22.81 1561.88
CG LOCATION FROM FIXED SUPPORT I, | MM | 2000.00 2000.00 2000.00
Ls- 1, I, | MM | 2000.00 2000.00 2000.00
Q; = W* (MAX OF [; &1,) /Ls + F"B/ Ls Q, | KG | 2931.58 2464.14 2339.76
Q, = W* (MAX OF [, &1,)/Ls +3* F/'B/2a Q, | KG | 554549 2753.72 4425.98
Q = MAX OF Q; & O, Q | KG | 554549 2753.72 4425.98
LONGITUDINAL BENDING MOMENT |
AT SUPPORTS N M, |KG-MM| 1292097.76 | 641617.04 | 103125173
= QU2*(B*A*H+6*A%3*R2+3H?)/(3*L+4*H)
ATMID-SPAN | M, |KG-MM| 2052387.49 | 1019154.15 | 1638055.74
= Q/a* (3112 6*R2-6H2-12*A'L16*AHV(3*L +4°H)
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EQUIPMENT: CONDENSER PAGE 35
ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR
DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. SRPD.[CRKD. APPD
SUPPORT DESIGN (ZICK ANALYSIS) - Contd.. : i :
KK KK | RCS
CALCULATIONS FOR STRESSES :
WHETHER STIFFENERS PROVIDED NO
LONG. BENDING STRESS AT SADDLE
S KG/MM? 4.668 2.318 3.726
= M,/(K,*R**ts) K= 0.335 !
LONG. BENDING STRESS AT SADDLE
S KG/MM? -2.593 -1.288 -2.070
= -M,/(K;*R?*ts) K;= 0.603 2
LONG. BENDING STRESS AT SADDLE S. KoM NA. NA. NA.
= M/(m*R**ts)
LONG. BENDING STRESS AT MID SPAN S, |k 0.791 0.393 0.631
= M,/(n*R?*ts)
TANGENTIAL SHEAR(Shell stiff.in saddle plane) Ss  |KGMM? NA. NA. NA.
= Q*((L-2*A)/(L+4/3*H))/(n*R*ts)
TANGENTIAL SHEAR ’ :
S 2 . . .
= KAQU LA H)IR ) K= 1471 | o0 [KGMM) 1480 0.5 1165
TANGENTIAL SHEAR IN SHELL
S 2 N.A. N.A. N.A.
= K5*Q/(R*ts) K= 0.880 7 |KGMM
TANGENTIAL SHEAR IN HEAD
S 2 N.A. N.A. A.
= K*Q/(R*th) Ks= 0.880 s [KG/MM NA
CIRC. BENDING AT HORN OF SADDLE So KM 4728 2 348 3773
Ks= 0.053
CIRC. BENDING AT HORN OF SADDLE S |k NA. NA. NA.
Ks = 0.053
ADDITIONAL STRESS IN HEAD
S 2 N.A. N.A. A.
= K,*Q/(R*th) Ke= 0401 1 |KGMM NA
CIRCUMFERENTIAL COMPRESSION
18 2 2. . .
=-K5*Q/(ts*(b+1.56"SQRT(R"s)) Ks= o760 | 2 [KOMM) 2173 1079 1735
CIRCUMFERENTIAL STRESS
: S 2 N.A. N.A. A.
Ke= 0340  Kg= 0.053 R NA
CIRCUMFERENTIAL COMPRESSION IN STIFF.
S 2 N.A. N.A. N.A.
1 Ke= 0340 _ Ke= 0053 | " KGMMT  NA- e I
PRESSURE STRESSES -
=P*(R+ts)/(2*ts) ox  |KG/MM? 3.680 4.042 0.000
=P*(R+ts)/ts Gy |KG/MM? 7.359 8.084 0.000
=P*(R+ts)/ts on  |KG/MM? 7.359 8.084 0.000
=Pe* (R+1s)/(2*1s) Ge |KG/MM? 0.183 0.000 0.183
ALLOWABLE LIMITS FOR STRESSES :

STRESS SYMBOL ALLOW. LIMIT | UNIT | OPERATING TEST EMPTY
TENSION S1, Ss, Sytoy SE KG/MM? 14.062 24.046 14.062
COMPRESSION Ss, 83, Sy-ce SE KG/MM? 14.062 24.046 14.062
TANG. SHEAR Ss, S¢, Sy, S 0.8*S KG/MM? 11.250 19.236 11.250
CIRC. BENDING Sa, Sio MIN OF 1.5S & 0.9*Sy |KG/MM? 21.093 24.046 21.093
ADD. STRESS IN D'EN Sy + op 1.25*S*E KG/MM? 17.578 30.057 17.578
CIRC.COMP.STRESS Sz 1.5*S KG/MM? 21.093 36.068 21.093

Sy3, Si4 NOT APPLICABLE

AS ALL THE STRESSES ARE WITHIN THE ALLOWARLE LIMITS, DESIGN IS SAFE.
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EQUIPMENT: CONDENSER PAGE 36
ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. SRPD.|CHKD. APFD
SUPPORT DESIGN (ZICK ANALYSIS) - Contd.. : ; -
KK | KK | RCS
DESIGN OF SADDLE <
SYMBOL| UNIT | OPERATING TEST EMPTY
TRANSVERSE WIND FORCE AT BASE Frw KG 602.11 198.70 602.11
TRANSEVERS WIND MOMENT AT BASE Mmw | KG-M 331.16 109.28 331.16
TRANSVERSE SEISMIC FORCE AT BASE Frs KG 1956.94 0.00 1561.88
TRANSVERSE SEISMIC MOMENT AT BASE M |KG-M| 1076.32 0.00 859.03
DISTANCE BETWEEN BOLT & VESSEL C.L. Ls MM 190.00 190.00 190.00
SIZE OF ANCHOR BOLT - - M24 M24 M24
ROOT AREA OF ONE BOLT Ab | MMm? 312.75 312.75 312.75
NO OF BOLTS PER SUPPORT Nz | NOS 2 2 2
BOLT ALLOWABLE STRESS FOR TENSION St |Keicmy 11953 1195.3 1195.3
BOLT ALLOWABLE STRESS FOR SHEAR Ss  |KGI/ICM? 796.9 796.9 796.9
SADDLE ALLOWABLE STRESS S |Keicm?y  1406.2 1406.2 1406.2
||MI OF ONE SADDLE SUPPORT @ LONG.AXIS | Ixx | MM* | 2.290E+08 | 2.290E+08 | 2.290E+08
SECTION MODULUS OF ONE SADDLE SUPP. | Zxx | Mm® | 8.180E+05 | 8.180E+05 | 8.180E+05
(REFER NEXT PAGE FOR CALCULATIONS OF Ixx & Zxx)
MAXIMUM SHEAR FORCE AT BASE Fr KG 1956.94 198.70 1561.88
MAXIMUM BENDING MOMENT AT BASE Mr | KG-M| 1076.32 109.28 859.03
BENDING STRESS IN SADD.AT BASE=M/Zxx Sb |Ke/icm?  131.584 13.360 105.020
AS Sb<S, DESIGN IS SAFE °
DESIGN OF ANCHOR BOLTS
TENSILE LOAD DUE TO WIND LOADING Tb, KG 919,54 1885.82 38204
My / Lg - WI2
TENSILE LOAD DUE TO SEISMIC LOADING Th, KG 3002.32 2461.00 396,22
My /Lg - WI2
MAXIMUM TENSILE LOAD=MAX OF Tb, & Tb, Tb KG 3002.32 -1885.82 2396.22
REQUIRED ROOT AREA OF ONE BOLT
FOR TENSION = Tb/N*Ng/2)/S; — — 7| A R/l I’Vl; A28 T UNAC | 100 |
FOR SHEAR = F /(N * Ng) / (Sg) 61.39 6.23 49.00
: AS Ab > Ar, DESIGN IS SAFE
(-) SIGN INDICATES INDICATES THAT THERE IS NO TENSILE LOAD IN THE ANCHOR BOLTS.
CALCULATIOS FOR BEARING STRESS
LENGTH OF BASE PLATE a MM 560.00 560.00 560.00
WIDTH OF BASE PLATE b MM 150.00 150.00 150.00
BEARING STRESS = Q / (a*b) Ps  |KG/ICM? 6.60 3.28 527
ALLOWABLE BEARING STRESS Pea  |KG/ICM? 52.73 52.73 52.73
AS ALLOWABLE BEARING STRESS > ACTUAL BEARING STRESS, DESIGN IS SAFE
CALCULATIOS FOR BASE PLATE
REQUIRED BASE PLATE THICKNESS 1 tr MM 8.90 6.7 795
= [(6*Q*b) / (8*a*S)]
PROVIDED BASE PLATE THICKNESS tb MM 16.00 16.00 16.00

AS PROVIDED THICKNESS > REQURIED THICKNESS, DESIGN IS SAFE
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PLAN FOR SADDLE

EQUIPMENT: CONDENSER PAGE
ITEM NO. : 117-EE-485 REV. 0
KIRLOSKAR DOCUMENT NO. : PRJ/9742/17 DATE | 28-Feb-10
PNEUMATIC CO.LTD. PRPD.|CHKD.| APPD
_ CALCULATIONS FOR Ixx & Zxx FOR SADDLES : ' '
KK | KK | RCS
CALCULATIONS FOR Ixx & Zxx
WEB PLATE THICKNESS . tw MM 12.00
WEB PLATE LENGTH lw MM 560.00
GUSSET PLATE THICKNESS tg MM 12.00
GUSSET PLATE WIDTH (MARKED AS 2) wg MM 122.00
GUSSET PLATE DISTANCE FROM X-X AXIS Ly MM 135.00
MOMENT OF INERTIA @ X-X AXIS FOR
WEB PLATE (MARKED AS 1) = tw*w’/12 [5x4 MM 1.756E+08
GUSSET PLATE (MARKED AS 2) = wg*tg®/12 Ixx; MM* 1.757E+04
GUSSET PLATE PAIR (MARKED AS 3) = (wg*tg*/12 + wg*tg*,%)*2 13¢5 MM 5.340E+07
TOTAL FOR CROSS SECTION = Ixx + Ixx, + Ixxg Ixx MM 2.290E+08
SECTION MODULUS = Ixx/ (lwi2) Zxx M3 8.180E+05
CROSS SECTIONAL AREA = tw*lw + 3*wg*tg A MM? 11112.00
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KIRLOSKAR
PNEUMATIC CO.LTD.

EQUIPMENT: CONDENSER
ITEM NO. : 117-EE-485
DOCUMENT NO. : PRJ/9742/17

PAGE 38

REV. 0

DATE 28-Feb-10

EXTERNAL LOADS ON NOZZLES

PRPD. | CHKD. | APPD.

KK KK RCS

EXTERNAL LOADS ON NOZZLES SHALL BE AS FOLLOWS:

DESCRIPTION SYMBOL UNIT VALUE FOR NOZZLE
NOZZLE MARK - - N1 N2 | N3,N4
INOZZLE SIZE - - 150 NB| 100 NB| 100 NB
FLANGE RATING - - 300# | 300# | 150#
RADIAL LOAD (AXIAL LOAD) Fa KG 405.0 | 270.0 | 270.0
CIRCUMFERENTIAL SHEAR LOAD Fe KG 600.0 | 400.0 | 400.0
LONGITUDINAL SHEAR LOAD FL KG 600.0 | 400.0 | 400.0
CIRCUMFERENTIAL MOMENT Mc KGM | 2700 [ 1200 | 1200
LONGITUDINAL MOMENT M, KG-M | 360.0 | 160.0 | 160.0
TORSIONAL MOMENT My KG-M | 450.0 | 200.0 | 200.0

NOTES :

LIMIT AS 3*S.

1. ABOVE LOADS ARE AS PER EIL STD.

2. TWO CASES ARE ANALYSED FOR EXTERNAL LOADS AS EXPLAINED BELOW:
(A) CONSIDERING 100% OF ABOVE LOADS WITH COMBINED STRESS ALLOWABLE

(B) WITH NO INTERNAL / EXTERNAL PRESSURE & CONSIDERING 50% OF ABOVE
LOADS WITH COMBINED STRESS ALLOWABLE LIMIT AS 1.5*S
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EQUIPMENT: CONDENSER PAGE 39
\ ITEM NO. : 117-EE485 REV. 0
g?t_cr)gKAR PNEUMATIC DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
) ) LOCAL LOAD ANALYSIS FOR NOZZLE N1 PRPD.|CHKD.| APPD.
(WRC 297) KK KK | RCS

LOCAL LOAD ANALYSIS FOR EXTERNAL LOADINGS ON CYLINDRICAL SHELL (AS PER WRC 297,

FOR NOZZLE : N1 NOZZLE SIZE : 150 NB LOADING CASE (A)
STRESSES AT THE EDGE OF ATTACHMENT :
RADIAL LOAD KG F»  405.0 [PAD THICKNESS MM  Tp 0.00
CIRC. SHEAR LOAD KG Fc  600.0 [Te=SQRT (T2 + Tp?) MM  Te  9.00
LONG. SHEAR LOAD KG F.  600.0 [NOZZLE OUTSIDE DIA. MM d 168.30
CIRC. MOMENT KG-M Mg  270.0 |[NOZZLE THICKNESS MM t 6.60
LONG. MOMENT KG-M M, 360.0 |FACTOR = (d/D)(D/Te)'? - A 2262
JITORSIONAL MOMENT KG-M My  450.0 [RATIO - dt 2550
INTERNAL DESIGN PRESS. KG/CM%q) Pr 21.228|RATIO - Tet 1.36
SHELL MEAN DIA (CORR.) MM D 615.00|SHELL ALLOWABLE STRESS kg/cmM? S  1408.2
SHELL THK (CORRODED) MM T 9.00 |NOZZLE ALLOWABLE STRESS ka/cM2  Sn 1202.3
VALUES FOR FACTORS m,, n,, m, & ng:
LOAD My ne Mg Mo
dt | FIG [VALUE| dt [ FIG [VALUE| dit | FIG [VALUE| dit | FIG |[VALUE
20.00] 4 |0.0760] 2000| 9 |0.0560] 20.00| 14 |0.0370] 20.00 | 19 |0.1100
F. [3000| 5 [01200| 30.00[ 10 [0.0470| 30.00 | 15 |0.0400| 30.00| 20 [0.1200
2550 | - |0.1002| 2550 | - |0.0510] 2550 | - |0.0387| 25.50| - |0.1155
10.00 | 23 |0.2500| 20.00| 28 |0.1000] 10.00| 32 |0.0850| 20.00| 37 |0.1000
Mc [30.00] 24 [0.2500] 30.00| 29 [0.0820] 30.00| 33 |0.0900] 30.00| 38 |0.1250
2550 - |0.2500] 2550 - |0.0901| 2550 - |0.0889| 2550 - |0.1138
10.00 | 41 |0.1150| 20.00 | 46 |0.0540[ 10.00 | 50 |0.0430] 20.00| 55 |0.1600
M, [30.00| 42 |0.1100| 30.00 | 47 |0.0480| 30.00| 51 |0.0360| 30.00| 56 |0.1750
2550 | - |0.1111]2550| - [0.0507] 2550 - [0.0376| 2550 - 10.1683
STRESS CALCULATIONS:
EQ. o, (KG/ICMT) EQ. o, (KG/CM?
LOAD | PART NO. MEMBRANErBENDlNG TOTAL| NO. |memsrane|BENDING|TOTAL
£ |VESSEL[ 1 255 | 300.7 | 3262 | 2 57.8 | 116.0 | 173.7
A INOzzLE] 5 116 | 4169 4285 7 578 [ 0.0 | 57.8
M. IVESSEL[ 3 [178.412970.9(3149.3] 4 [2253[1056.2[12815
© [NozzlE] 6 | 183.9 [4530.7|47146] 8 | 225.3| 0.0 | 2253
~ [y [vesseL] 3 | 133.8[1760.7[1894.6] 4 4443 [5853(10397] ~
' [NOZZLE| 6 | 2452 |25282[2773.4] 8 | 444.3| 0.0 | 4443
SHEAR STRESS DUE TO My | 153.3 [SHEAR STRESSDUETOF, | 34.4
SHEAR STRESS DUE TO F. 34.4 |TOTAL SHEAR STRESS t(KG/CM?) | 222.1
COMBINED STRESS CALCULATIONS:
STRESS (KG/CM*
PART PLANE SURFACE —mEERANE | BENDING TOTAL
OUTER 6112 2061.4 2267.6
VESSEL LONGITUDINAL—RRER 5112 206714 27676
TRANSVERSE — OBTER 469.1 3271.5 34096
INNER 469.1 32715 3499.6
_ OUTER 633.1 2945.0 3220.0
NOZZLE LONGITUDINAL —RRER 533.1 2045.0 3220.0
TRANSVERSE _OUTER 4656 49476 5153.2
INNER 4656 4947 6 51532
[MAXIMUM COMBINED STRESS INSHELL | 34996 < 3°S,SAFE__ (Absolute values)]
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EQUIPMENT: CONDENSER PAGE 40
ITEM NO. : 117-EE-485 REV. 0
ggt?; KAR PNEUMATIC |, sMENT NO. : PRUIS742/17 DATE | 28-Feb-10
Skt LOCAL LOAD ANALYSIS FOR NOZZLE N1 PRPD.[ CHKD.[APPD.
(WRC 297) KK | KK | RCS

LOCAL LOAD ANALYSIS FOR EXTERNAL LOADINGS ON CYLINDRICAL SHELL (AS PER WRC 297

FOR NOZZLE : N1
STRESSES AT THE EDGE OF ATTACHMENT :

NOZZLE SIZE : 150 NB LOADING CASE (B)

RADIAL LOAD KG Fa  202.5 [PAD THICKNESS MM  Tp 0.00
CIRC. SHEAR LOAD KG Fc  300.0 [Te = SQRT (T2 + Tp?) MM Te  9.00
LONG. SHEAR LOAD KG FL  300.0 [NOZZLE OUTSIDE DIA. MM d 168.30
CIRC. MOMENT KG-M Mc  135.0 INOZZLE THICKNESS MM t 6.60
LONG. MOMENT KG-M M,  180.0 |[FACTOR = (d/D)(D/Te)"? - A 2.262
TORSIONAL MOMENT KG-M My 225.0 |RATIO - dt  25.50
INTERNAL DESIGN PRESS. KG/CM%g) Pr  0.000 |RATIO - Telt 1.36
SHELL MEAN DIA (CORR.) MM D 615.00|SHELL ALLOWABLE STRESS kg/icm? S 1406.2
SHELL THK (CORRODED) MM T 9.00 |[NOZZLE ALLOWABLE STRESS kg/cM? Sn 1202.3
VALUES FOR FACTORS m, n,, my & ng,:
LOAD mr nr me nG
dn FIG [VALUE[ dit FIG [VALUE| di FIG [VALUE] dt [ FIG [VALUE
2000] 4 [0.0760[20.00] 9 [0.0560] 20.00| 14 [0.0370] 20.00] 19 [0.1100
Fa [30.00] 5 [0.1200] 3000 10 [0.0470{ 30.00] 15 [0.0400{ 30.00 [ 20 [0.1200
2550 - |0.1002]/2550| - [0.0510] 2550 - [0.0387| 25.50 - [0.1155
10.00 | 23 |0.2500] 20.00| 28 [0.1000] 10.00| 32 [0.0850| 20.00 [ 37 [0.1000
Mc [30.00] 24 [02500]3000] 29 [0.0820] 30.00 [ 33 [0.0200] 30.00| 38 [0.1250
2550 | - |0.2500[2550] - |[0.0901] 2550 - [0.0889[ 2550 - [0.1138
10.00 | 41 [0.1150]/ 20.00| 46 [0.0540] 10.00| 50 [0.0430] 20.00| 55 |0.1600
M. [ 30.00] 42 [0.1100] 30.00 | 47 [0.0480| 30.00| 51 [0.0360[ 30.00| 56 |0.1750
L 2550 - [0.4111] 2550 - [0.0507[ 2550 - [0.0376] 2550 - [0.1683
STRESS CALCULATIONS: i —
EQ. o, (KG/CM?) EQ. o (KG/CM
LOAD | PART NO. MEMERANErBENDlNG TOTAL| NO. [memsrane|BENDING T)OTAL
. |VESSEL| 1 12.8 | 150.3| 163.1| 2 28.9 | 58.0 | 86.9
A INozzLe| B 58 | 2084|2142 7 28.9 | 0.0 | 28.9
M. LVESSEL| 3 892 |1485.4/15747] 4 | 112.7] 528.1[ 6407
¢ [NozzLE| 6 92.0 |2265.3|2357.3| 8 1127 0.0 | 112.7
M- | m |VESSEL 3 | 669 | 8804|9473 4 |2222)297.7)5198 ) ..
L [NozzLe[ 6 | 122.6 |1264.1]1386.7] 8 | 222.2| 0.0 | 2222
SHEAR STRESSDUE TOM; | 76.6 |SHEARSTRESSDUETOF, | 17.2
SHEAR STRESS DUE TO F, 17.2 [TOTAL SHEAR STRESS «KG/cM3 | 111.0
COMBINED STRESS CALCULATIONS: - )
STRESS (KG/CM?)
PART PLANE SURFACE —mEWBRANE | BENDING TOTAL
OUTER 305.6 1030.7 , 11338
VESSEL LONGITUDINAL—RRER 3056 1030.7 11338
TRANSVERSE|__OUTER 2345 1635.8 17498
INNER 2345 1635.8 1749.8
OUTER 316.6 14725 1610.0
NOZILE LONGITUDINAL—INNER 3166 14725 1670.0
TRANSVERSE|__OUTER 232.8 24738 2576.6
| H INNER 232.8 24738 2576.6
[MAXIMUM COMBINED STRESSINSHELL | 1749.8 < 1.5°S, SAFE_(Absolute values)|
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LOCAL LOAD ANALYSIS FOR EXTERNAL LOADINGS ON CYLINDRICAL SHELL (AS PER WRC 297!

FOR NOZZLE : N2
STRESSES AT THE EDGE OF ATTACHMENT :

NOZZLE SIZE : 100 NB LOADING CASE (A)

RADIAL LOAD KG Fa  270.0 [PAD THICKNESS MM  Tp 0.0
CIRC. SHEAR LOAD KG Fc  400.0 |Te = SQRT (T? + Tp?) MM Te 8.00
LONG. SHEAR LOAD KG F.  400.0 [NOZZLE OUTSIDE DIA. MM d 114.30
CIRC. MOMENT KG-M Mc  120.0 [NOZZLE THICKNESS MM t 6.74
LONG. MOMENT KG-M M, 160.0 [FACTOR = (d/D)(D/Te)"? - A 1.536
TORSIONAL MOMENT KG-M My 200.0 |RATIO - dt  16.96
INTERNAL DESIGN PRESS. KG/CM%g) Pr 21.228|RATIO - Tet 1.34
SHELL MEAN DIA (CORR.) MM D 615.00|SHELL ALLOWABLE STRESS kg/cM® S  1408.2
SHELL THK (CORRODED) MM T 9.00 (NOZZLE ALLOWABLE STRESS ka/cM? Sn 1202.3
VALUES FOR FACTORS m,, n,, m, & n,:
LOAD m; Nr Mg Ng
dt | FIG [VALUE| dt | FIG |[VALUE| dt | FIG |[VALUE| dt | FIG |[VALUE
10.00| 3 |0.1400] 10.00| 8 |0.1100] 10.00| 13 |0.0480| 10.00| 18 |0.1100
Fa [20.00] 4 [0.0960[20.00] 9 [0.0700] 20.00 | 14 [0.0520] 20.00 | 19 |0.1200
1696 - (0.1094| 16.96| - [00822] 16.96| - [0.0508] 16.96| - |[0.4170
10.00 | 23 [0.2650[ 10.00| 27 |0.1450| 10.00 | 32 |0.0960] 10.00 | 36 |0.0370
Mc [30.00] 24 [0.2700[ 20.00] 28 |0.1050] 30.00| 33 [0.1000[ 20.00| 37 |0.0860
16.96 | - |0.2667| 16.96| - |0.1172[16.96| - |0.0974| 16.96| - |0.0711
10.00 | 41 [0.1500| 10.00] 45 [0.0920] 10.00| 50 [0.0550] 10.00 | 54 [0.1400
M. | 30.00| 42 |0.1600] 20.00| 46 |0.0740| 30.00| 51 |0.0540| 20.00| 55 |0.1700
16.96 | - |0.1535/16.96| - |0.0795| 16.96| - |0.0547] 16.96| - |0.1609
STRESS CALCULATIONS: ~ ~
EQ. o, (KG/CM EQ. o (KG/CM
LOAD | PART NO. MEMBRATEr(BENDING 'IZOTAL NQO. |MeEmBRANE I(BENDING '|20TAL
F, [VESSEL[ 1 274 | 2187|2461 2 39.0 [ 101.6 | 1406
NOZZLE| 5 112 [ 2436|2548 7 39.0 | 0.0 | 39.0
M. IVESSEL| 3 [151.8[2074.4[22262] 4 922 | 757.4 | 8496
¢ [NOzzlE[ 6 | 173.5|2887.6/3061.1] 8 922 | 0.0 [ 922
B FM |vesseL] 3 [ 137.3[1591.5[1728.8] 4 | 278.0 [ 566.7 | 844.7-| -
L INOozzLE| 6 | 231.4(2103.8]23352| 8 | 278.0| 0.0 | 278.0
SHEAR STRESS DUE TO My | 144.6 [SHEAR STRESS DUE TOF, | 33.1
SHEAR STRESS DUE TO F; 33.1 |TOTAL SHEAR STRESS t(KG/ICM?) | 210.7
COMBINED STRESS CALCULATIONS: —
STRESS (KG/CM?)
PART PLANE SURFACE  miEWERANE | BENDING TOTAL
OUTER 465.0 1810.2 2017.9
VESSEL LONGITUDINAL—INER 465.0 1810.2 2017.9
TRANSVERSE L__OQJTER 367.3 22831 2501.7
INNER 367.3 22931 2501.7
OUTER 4938 23474 2608.4
NOZZLE LONGITUDINAL—IRER 4938 2347 4 26004
TRANSVERSE — OQUTER 370.4 3131.2 3329.8
INNER 370.4 3131.2 3329.8
[MAXIMUM COMBINED STRESS INSHELL | 2501.7 < 3*S, SAFE__ (Absolute values)]
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FOR NOZZLE : N2
STRESSES AT THE EDGE OF ATTACHMENT :

NOZZLE SIZE :

100 NB

LOCAL LOAD ANALYSIS FOR EXTERNAL LOADINGS ON CYLINDRICAL SHELL (AS PER WRC 297,
LOADING CASE (B)

RADIAL LOAD KG  Fa  135.0 |PAD THICKNESS MM Tp  0.00
CIRC. SHEAR LOAD KG Fe 2000 |Te=SQRT (T2 + Tp?) MM Te  9.00
LONG. SHEAR LOAD KG F._ 2000 |NOZZLE OUTSIDE DIA. MM  d  114.30
CIRC. MOMENT KG-M Mg  80.0 |NOZZLE THICKNESS MMt 674
LONG. MOMENT KG-M M, 80.0 |FACTOR = (d/D)(D/Te)*? - A 1.536
TORSIONAL MOMENT KG-M M;  100.0 |RATIO ; dt  16.96
INTERNAL DESIGN PRESS. KG/CM¥q) Pr  0.000 |RATIO - Tet 134
SHELL MEAN DIA (CORR.) MM D  615.00|SHELL ALLOWABLE STRESS KkgicM? S 14062
SHELL THK (CORRODED) MM T  9.00 [NOZZLE ALLOWABLE STRESS ka/oM? Sn 12023
VALUES FOR FACTORS m, n,, m, & ng:
LOAD m - Nr My Ng
at | FIG VALUE| a& | FIG VALUE| dk | FIG [VALUE| d% | FIG [VALUE
70.00| 3 [0.1400[ 10.00] 8 [0.1100] 10.00 | 13 |0.0480] 10.00 | 18 [0.1100
Fn [2000] 4 10.0960] 20.00| © [0.0700] 20.00| 14 10.0520] 20.00| 19 |0.1200
16.95 | - ]0.1094| 16.95 | - |0.0822| 16.96 | - |0.0508] 16.95 | - ]0.1170
70.00] 23 |0.2650] 10.00 | 27 |0.1450] 10.00] 32 |0.0860] 10.00 | 36 ]0.0370
Mc [30.00| 24 |0.2700] 20.00 | 28 |0.1050| 30.00 | 33 |0.1000] 20.00 | 37 |0.0860
16.96 | - |0.2667| 16.96 | - [|0.4172] 16.96 | - [0.0974] 16.96 | - 0.0711
10.00 | 41 |0.1500] 10.00 | 45 [0.0820] 10.00| 50 [0.0550] 10.00 | 54 [0.1400
M, [30.00| 42 [0.1600] 20.00 | 46 [0.0740] 30.00 | 51 |0.0540] 20.00 | 55 |0.1700
16.96 | - |0.1535] 16.96 | - 100795 16.96| - [00547] 1696 | - 0.1609
STRESS CALCULATIONS: _ _
EQ. 5. (KG/CM EQ. o (KG/CM
LOAD | PART NO. MEMBRT«Er (BENDING '|ZOTAL NO. [Memerane (BENDING '|20TAL
;. [VESSEL[ 1 [ 437 [ 084234 2 [ 195 | 508 [ 703
NOZZLE] 5 | 56 | 12181274 7 | 195 | 00 | 195
W [VESSEL[ 3 | 750 [10372[A1131] 4 | 461 [Gr87 4248
NOZZLE| 6 | 86.8 |1443.8|15306] B8 | 461 | 00 | 46.1
11— cT o ’/%M"W N MESSEL ”77773”'7"" CT 68-7777 - 795?7 - 7'86474/7 "7774‘*'” . "1 39;07 "283'377 '74227:4
L [NozziE| 6 | 115.7|1051.9|1167.6] 8 | 139.0| 0.0 |139.0
SHEAR STRESSDUE TO M, | 72.3 |SHEARSTRESSDUETOF, | 165
SHEAR STRESS DUE TO F¢ 16.5 |TOTAL SHEAR STRESS 1(KG/CM?) | 105.4
COMBINED STRESS CALCULATIONS: _
STRESS (KG/CM?)
PART PLANE SURFACE  —EMBRANE | BENDING TOTAL
OUTER 232.5 905.1 1009.0
VESSEL LONGITUDINAL —JRER 2325 905.1 1009.0
TrANSVERSEL__OUTER 183.7 1146.6 1250.9
INNER 183.7 1146.6 1250.9
n OUTER 2460 1173.7 1304.7
NOZZLE LONGITUDINAL—IRRER 246.9 1737 13047
T RANSVERSE|__OUTER 1852 1565.6 1664.9
INNER 1852 15656 1664.9
[MAXIMUM COMBINED STRESSINSHELL | 12508 < 15°S, SAFE (Absolute valuss)]
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DOCUMENT NO. : PRJ/3742/17 DATE | 28-Feb-10
LOCAL LOAD ANALYSIS FOR NOZZLE N3,N4 | PRPD.|CHKD.| APPD.
(WRC 297) KK | KK | RCS

LOCAL LOAD ANALYSIS FOR EXTERNAL LOADINGS ON CYLINDRICAL SHELL (AS PER WRC 297,
FOR NOZZLE : N3,N4

STRESSES AT THE EDGE OF ATTACHMENT :

NOZZLE SIZE : 100 NB LOADING CASE (A}

RADIAL LOAD KG Fa  270.0 [PAD THICKNESS MM  Tp 0.00
CIRC. SHEAR LOAD KG Fc  400.0 |Te=SQRT (T? + Tp? MM Te 7.00
LONG. SHEAR LOAD KG F.  400.0 [NOZZLE OUTSIDE DIA. MM d 114.30
CIRC. MOMENT KG-M Mg  120.0 [NOZZLE THICKNESS MM t 4.49
LONG. MOMENT KG-M M,  160.0 |[FACTOR = (d/D)(D/Te)'? - A 1.745
TORSIONAL MOMENT KG-M My  200.0 |RATIO - dit 2546
INTERNAL DESIGN PRESS. KG/CM¥g) Pr 16.460(RATIO - Tet 156
SHELL MEAN DIA (CORR.) MM D 613.00/SHELL ALLOWABLE STRESS Kkg/cM? S 14086.2
SHELL THK (CORRODED) MM T  7.00 |[NOZZLE ALLOWABLE STRESS kg/cM? Sn  1202.3
VALUES FOR FACTORS m, n,, mg & ng: '
LOAD mr nr me ne
dt [ FIG [VALUE| dt [ FIG [VALUE| dt [ FIG [VALUE| dt | FIG |VALUE
20.00 | 4 ]0.0820] 20.00| 9 |0.0700| 20.00| 14 [0.0460] 20.00 | 19 |0.1450
Fa [30.00] 5 (0.0880| 30.00] 10 |0.0900| 30.00| 15 |0.0520] 30.00| 20 |0.1550
2546 | - |0.0853]2546| - ]00809] 2546 - [0.0493] 2546 | - |0.1505
10.00 | 23 |0.0210| 20.00 | 28 |0.1350| 10.00 | 32 |0.1500] 20.00 | 37 |0.1500
Mc [ 30,00 24 |0.1850] 30.00| 29 [0.1150] 30.00 [ 33 [0.1250] 30.00 | 38 [0.1700
2546 | - |01477| 2546 | - |0.1241] 2546| - |0.1307| 2546 | - |0.1609
10.00 | 41 |0.1600] 20.00| 46 [0.0660| 10.00 | 50 |0.1150] 20.00| 55 |0.2600
M, [30.00| 42 |0.1200| 30.00| 47 [0.0740] 30.00 | 51 |0.0640] 30.00| 56 |0.2800
2546 | - 104291]| 25.46| - |0.0704[ 2546 | - |0.0756] 2546 | - |0.2709
STRESS CALCULATIONS: , i,
EQ. 6, (KG/ICM EQ. oo (KGICM
LOAD | PART NO. MEMBRANEr(EENDING%BTAL NO. [memsranE|BENDING 'IEOTAL
F, |vessell T 446 [ 28193265 2 82.9 | 162.9 | 2458
NOZZLE| 5 16.7 | 360.1] 3769 7 829 | 00 | 829
" . [vEssEL] 3 [2659[1899.3]2165.2] 4 [ 344.8[1680.0{20247
© |NOozZLE] 6 | 2605 [2677.8/2938.3] 8 | 344.8] 0.0 | 344.8
~ - [VESSEL] 3 [ 201.0]2212.6[24137] 4 [ 773.9112956]20695] - -
NOZZLE| 6 | 347.3[3912.2[4259.5] 8 [773.9| 0.0 | 7739
SHEAR STRESSDUE TO My | 217.1 |SHEAR STRESSDUE TOF, | 496
SHEAR STRESS DUE TO F¢ 49.6 |TOTAL SHEAR STRESS t(KG/CM?) | 316.3
COMBINED STRESS CALCULATIONS: ~
STRESS (KG/CM?)
PART PLANE SURFACE | miEBRANE | BENDING TOTAL
OUTER 991.0 2494 6 2908.8
VESSEL LONGITUDINAL—IRRER 991.0 24946 2908.8
TRANSVERSE OUTER 690.7 2181.3 2716.2
INNER 690.7 2181.3 2716.2
} OUTER 1011.4 42723 4662.6
NOZILE LONGITUDINAL—RNER 0114 42723 2662.6
TRANSVERSE — OUTER 677.6 3037.9 33494
INNER 677.6 3037.9 33494
[MAXIMUM COMBINED STRESSINSHELL | 29088 <3'S,SAFE _ (Absolute values)|
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EQUIPMENT: CONDENSER PAGE 44
ITEM NO. : 117-EE-485 REV. 0
?ORII:(_I?SKAR PNEUMATIC DOCUMENT NO. : PRJ/9742/17 DATE 28-Feb-10
’ ' LOCAL LOAD ANALYSIS FOR NOZZLE N3,N4 PRPD.|CHKD.| APPD.
(WRC 297) KK KK RCS
LOCAL LOAD ANALYSIS FOR EXTERNAL LOADINGS ON CYLINDRICAL SHELL (AS PER WRC 297,
FOR NOZZLE : N3,N4 NOZZLE SIZE : 100 NB LOADING CASE (B)
STRESSES AT THE EDGE OF ATTACHMENT :
RADIAL LOAD KG Fa 135.0 |PAD THICKNESS MM Tp 0.00
CIRC. SHEAR LOAD KG Fe 200.0 [Te = SQRT (T? + Tp? MM Te 7.00
LONG. SHEAR LOAD - KG F. 200.0 INOZZLE OUTSIDE DIA. MM d 114.30
CIRC. MOMENT KG-M Mg 60.0 |[NOZZLE THICKNESS MM t 4.49
LONG. MOMENT KG-M M, 80.0 |FACTOR = (d/D)(D/Te)"? - A 1.745
TORSIONAL MOMENT KG-M M;  100.0 |RATIO - dt  25.46
INTERNAL DESIGN PRESS. KG/CM?*(q) Pr 0.000 |RATIO - Telt 1.56
SHELL MEAN DIA (CORR)) MM D 613.00|SHELL ALLOWABLE STRESS kg2 S 1406.2
SHELL THK (CORRODED) MM T 7.00 |[NOZZLE ALLOWABLE STRESS kg/icM*> Sn 1202.3]
VALUES FOR FACTORS m,, n,, my & ng:
LOAD i L Mg Mo

di FIG |VALUE| dit FIG |VALUE| dit FIG |VALUE| d#t FIG |VALUE
20.00 4 10.0820| 20.00 9 |0.0700({ 20.00| 14 10.0460(-20.00( 19 (0.1450
Fa [30.00 5 10.0880] 30.00 | 10 |0.0900| 30.00| 15 |0.0520( 30.00| 20 |0.1550
25.48 - |0.0853| 25.46 - 10.0809| 25.46 - 0.0483| 25.46 - 10.1505
10.00 | 23 |0.0210[ 20.00 | 28 - |0.1350] 10.00 | 32 |0.1500| 20.00 ] 37 [0.1500
Mc [30.00] 24 [0.1850| 30.00{ 29 [0.1150| 30.00| 33 [0.1250| 30.00{ 38 [0.1700
25.46 - 0.1477| 2546 - 0.1241| 25.46 - 0.1307] 25.46 - 10.1609
10.00| 41 (0.1600| 20.00 | 46 |0.0660| 10.00| 50 |0.1150) 20.00] 55 1{0.2600
M. [30.00 | 42 [0.1200[ 30.00 | 47 |0.0740] 30.00 | 51 |0.0640( 30.00 | 56 [0.2800

I 25.48 - 0.1291| 25.46 - 0.0704| 25.46 - 0.0756| 25.46 - 0.2708
STRESS CALCULATIONS:
EQ. T, (KG/CM[) EQ. c (KG/CMZ) J
LOAD | PART NO. MEMBRANEr BENDING| TOTAL! NO. |wvemerane|BENDING| TOTAL
Fo VESSEL 1 22.3 | 141.0 | 163.3 415 81.5 | 122.9

NozzlE| 5 | 84 | 1801 188.4

M, |VESSEL[ 3 | 1329 949.7 10826

NOZZLE[ 6 | 130.2 {1338.9] 1468.1

- [ JvESSE 3 [100.5 [1106:3[1206:8] —
. NOZZLE[ 6 | 173.6 |1956.1]2129.7

415 | 00 | 415
172.4 | 840.0 [1012.4
172.4 | 00 | 1724
—[387.0 [ 647.81034.8] -~
387.0 | 0.0 |387.0

wlnlolal~]n

SHEAR STRESS DUE TOM; | 108.5 |SHEAR STRESS DUE TO F, 24.8
SHEAR STRESS DUE TO F¢ 24.8 |TOTAL SHEAR STRESS t{(KG/CM?) | 158.1

COMBINED STRESS CALCULATIONS:

STRESS (KG/CM?)

PART PLANE SURFACE  iEWBRANE | BENDING TOTAL
OUTER 2955 12473 7454.4

VESSEL LONGITUDINAL—INER 2955 1247.3 1454.4
CANGVERGE|__OUTER 3454 1090.6 13581

. INNER 3454 7090.6 13581
OUTER 505.7 21362 23313

NOZZLE LONGITUDINAL—IRER 505.7 5136.2 23313
A ANGVERGE]__OUTER 338.8 1516.0 1674.7

INNER 338.8 1519.0 16747

WIAXIMUM COMRBINED STRESS IN SHELL r 1454.4 < 1.5*S, SAFE (Absolute values)| J






