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Y YAOCTOBEPEHUE O KAHECTBE U3IOTOBJIEHUA
A[ICOPBEPA 208-40-D-004

ADSORBER 208-40-D-004 FABRICATION QUALITY CERTIFICATE

Apncopbep xnopugHou ounctku 208-40-D-004
Chloride Adsorber 208-40-D-004

(HaumeHosaHue cocyda; Vessel Description)

3aBocKoun _N9 GP-V-078 W3roTOBMEH: aBrycTt 2014 r.
serial # built: August, 2014

(0ama uzzomoerneHus)
(date of manufacturing)

G-PEM HEAVY INDUSTRIES CORPORATION

(HaumeHogaHue u adpec u32omosumerisi; Manufacturer's Name and Address)

Block #38, Daebul National Industrial Complex, 520 Younang-ro, Samho-eup,
Yeongam-gun, Jeonnam, Korea (526-892)

TemnepaTypHbIN KOMNEeHcaTop aacopbepa XFTIOPUAHON OYUCTKKU
Chloride Absorber Expansion Joint

(HaumeHosaHue cocyda; Vessel Description)

3aBoackon Ne 14. MU3roTOBJIEH: mam 2014 r.
serial # MGF-U-14-003 built: May, 2014

(6ama uszomosreHus)
(date of manufacturing)

MEGAFLEXON CO., LTD.

(HaumeHogaHue u adpec u320mosumerisi; Manufacturer's Name and Address)

#92-48, Poongomoo-Dong, Gimpo-Si, Gyeonggi-Do, Korea (415-070)




1. TEXHUYECKAA XAPAKTEPUCTUKA U MAPAMETPbI
TECHNICAL DATA AND PARAMETERS

HaumeHoBaHMe YacTeun cocyna
Vessel Component Description

Koxyx
Shell

Pabouee paenexue, MMa (krc/cm?)
Operating Pressure, MPa (kgf/cm?)

1,318 (13,44)

PacueTHoe gaBnenue, mMa (krc/cm?)
Design Pressure, MPa (kgf/cm?)

1,050 (10,71)

M'mopaBnuyeckoro

MpobHoe UCTbITAHWS 2,685 (27,38)
,u,aBne|-|21/|e, MIa | Hydrostatic Test
(krc/em®) MHeBMaTUYECKOro He NpoBoaMAoCH
Vs teroms, cnbITaHUs OB

9 Pneumatic Test
Paboyas Temnepatypa cpegpl, °C 137.8
Operating Fluid Temperature, °C ’
PacueTHas TemnepaTtypa cTeHku, °C 425
Design Wall Temperature, °C
MuHUManbHO gonycTumas oTpmuaTenbHas

Aoty o pht MUHYyC 35

Temneparypa cteHku, °C Minus 35
Minimum Design Metal Temperature, °C
HanmeHoBaHne paboyen cpeabl KaTtanusartop
Operating Fluid Catalyst

KIitacc onacHoCTu

XapakTepucTtuka | Hazard Class

| no MOCT 12.1.007
| as per GOST 12.1.007

pabouell cpeabl | B3PbIBOOMACHOCTb Ha
Operating Fluid Explosive Hazard Yes
Description MOXapoonacHOCTb Na

Fire Hazard Yes

Mpynna paboyen cpeabl
Operating Fluid Group

1 B cootBeTcTBUM ¢ TP TC 032/2013
1 in compliance with CU TR 032/2013

MpubGaBka Ans KOMMNeHcaLUun Koppo3nm

(3po3un), Mm
Corrosion (Erosion) Allowance, mm

Obevanka, gpetanun 003-1, 003-2 — 3,0

Shell, Parts 003-1, 003-2

Obevanka, getanb 003-3 -0
Shell, Part 003-3

BepxHee gHuwe, getans 003-4 — 3,0
Upper Head, Part 003-4

HwxHee gHuwe, getanb 003-5-0
Lower Head, Part 003-5

BMecTMMOCTb, M°

Capacity, m® 1,49
Macca nycTtoro cocyfa, Kr 2000
Empty Vessel Weight, kg

MakcnumanbHas macca 3anMBaemMoun cpeapbl, kr * L
Maximum Weight of Filled Up Fluid, kg *

PacueTHbIN cpok cnyx0Obl cocyaa, net 20

Designed Vessel Service Life Time, years

* D,J'IFI COCydOB CO CXKWMXEHHbIMU ra3aMu
For vessels with liquified gases




2. CBEAEHUA OB OCHOBHbIX YHACTAX COCYAA

PARAMETERS OF VESSEL MAIN COMPONENTS
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3. JAHHbLIE O WUTYUEPAX, ®JIAHLUAX, KPbILLKAX U KPEMNEXHbIX U3OENTUAX
NOZZLE, FLANGE, HEAD, AND FASTENER DATA

Pa3mepbl (MM) nnu Matepuan
K-Bo, YCINOBHOE Material
HaumeHoBaHue wT 0603HavYeHune no rocTt
Description
Qnty, cTaHaapTy Mapka (TY)
item. Sizes, mm, or Specification Grade Standard
Number
o & 50,8 mm, coptam. 80,
= Tonuw,. 5,54 mm, gnuHa
% g2 MaTpybok 1 2409 M SA106B ASTM
OB Pipe @ 2”, SCH80, 5.54 i A106
2 2 , , 5.54 mm thick,
<£ g % 2409 long
% é :f @ @ 2” mm, HOoM. paen. 20
T2 naxey (c Kr/cM?, C NpUBap. LLEKON ASTM
) S KOHUYeCkon 1 1 KOHTaKTHbIM BbICTYMOM, SA105 2105
= pacToukon) coptameHT 80
Flange (Taper Bored) @ 2", Cl. 300 Ib, WN RF, SCH80
g & 76,2 mm, coptam. 40, ASTM
o MaTpy6ok Tonuw,. 8,5 mm, AnunHa SA105 + A106 +
= Pipe 2 505 mm C276 ASTM
2 3 @ 3”, SCH 40, 8.5 mm thick,
- 3 505 mm long C276
® SZ
D Ps @ 120 mm, Tonw,. 21,05 ASTM
- 8° BobbiLLKa 5 MM, anvHa 155,5 Mm SA105 + A106 +
- =8 Boss @ 120 mm, 21.05 mm thick, 155,5 C276 ASTM
[E (IE E’ mm long C276
— @© @
3 %1 @ 3” MM, HOM. gasr. 20
(O] () / 2 “ o ASTM
S ° | Praney 2| 1 korraxriem sctynow, | SATOS*+ | A106 +
~ ange )
= coptameHT 40 Cc276 ASTM
@ 3", Cl. 300 Ib, WN RF, SCH40 C276
@ 76,2 mm, coptam. 40, ASTM
Tonuw,. 8,5 mm, aAnnHa
S rlarpybok 2 110 Mm sg;g% * AAg)f,\;
= @ 3”, SCH 40, 8.5 mm thick,
£ 2 110 mm long C276
N 82
SRR @ 120 mm, Tonw. 21,05 ASTM
¥ 88 Bobbilka 5 MM, AnvHa 155,5 MM SA105 + A106 +
A S0 Boss @ 120 mm, 21.05 mm thick, 155,5 C276 ASTM
g (':U 2_ mm long C276
v Lo
n xo9
o N @ 3” MM, HoM. aasn. 20
g = kr/cM?, ¢ npyBap. LLENKON ASTM
- brnaney 2 " KOH'I"aKTI-FI)bIM §|;|0Tynom SA105 + AT06 +
Flange ,
= copTameHT 40 C276 ASTM
@ 3", Cl. 300 Ib, WN RF, SCH40 C276




3. JAHHbLIE O WUTYUEPAX, ®JIAHLAX, KPbILLKAX U KPEMEXHbIX U3OENTUAX

(npoponxeHue)
NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)
Pa3mepbl (MM) nnu Matepuan
H K'BO, ycnoBHoe Material
aumMeHoBaHue WwT
Description anty, o6Go3HauyeHue no Mapka rocrt
item. cTaHpapTy Grade (TY)
Sizes, mm, or Specific. Number Standard
@ 76,2 mm, coptam. 40, ASTM
5 MatpyGox p | TOMMSOMM AWMHA | sA105+ | A106 +
S Fipe @ 3", SCH 40, 8.5 mm thick, C276 ASTM
E © % 255 mm long C276
n
= 5% @ 120 mm, Tonwy. 21,05 ASTM
$ 8s BobbiLKa 1 MM, AnvHa 155,5 mm SA105 + A106 +
m sSO Boss @ 120 mm, 21.05 mm thick, 155,5 C276
¥ (I% < mm long ASTM
§ = E ” C276
> ¥§ @;’; , HOM. AaBrn. 2v0 ) ASTM
3 dnaHeL 1 Kr/cm?, ¢ npvBap. LWenKon SA105 + A106 +
Flange N KOHTaKTHbIM BbICTYMOM, C276 ASTM
coptameHT 40
@ 3", Cl. 3%0 Ib, WN RF, SCH40 C276
@ 6”, yANVUHEHHbIN, HOM.
LLTyuep «C», dnaHeL 1 Aaen. 20 kr/cm?, ¢ ASTM
nogaya rasa Flange npuBeap. LWENKOn n SA105 A105
Nozzle C, Gas Inlet KOHTaKTHbIM BbICTYNOM
@ 6", Cl. 300 Ib, LWN RF
@ 6”7, Hom. gaBen. 20
draHey 1 Kr/CM?, C KOHT. BBLICTYNOM SA105 ASTM
Flange o VA
N NPUBaPHON LLENKON A105
@ 6", Cl. 300 Ib, WN RF
@ rNyxou Kr/cM?, C KOHT. BbicTynom | SA182-F321 A182
v Blind Flange @ 6", Cl. 300 Ib, BL RF
Oz <
£33 opanas 1 @ 300 MM SA266.2 | ASTM
Do Lenka @ 300 mm A266
R ° Forging Neck
20
Qo MpoBonou- 1
ol HOE CUTO 321SS
q:,')_ Wire Screen
2 @ 67, 4,5 Mm TonLL,., AaB.
5 lpoknapka 1 20 clow? 316SS
4.5 mm thick, #300
LWnunbkun ¢ i} . SA194-B8M | ASTM
raiikamm 12 | @ 3/4°, pnuHon 180 Mm, | ga194-8M | A193/194
Studs with Nuts @ 3/47, 180 mm long




3. JAHHbLIE O WUTYUEPAX, ®JIAHLAX, KPbILLKAX U KPEMEXHbIX U3OENTUAX

(npoponxeHue)

NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Pa3mepb! (MM) nnu Martepuan
K-Bo, yCroBHoOe Material
HanmeHoBaHue wT o603HaveHue no rocT
Description Qnty, cTaHAapTy MapkKa (Ty)
item. Sizes, mm, or Specification Grade Standard
Number
@ 2”7, Hom. gasn. 20
= dnaxey KI/CM?, YASIMHEHHBIN C
7 Flange 1 KOHT. BbICTYMOM U SA105 ':811(;?
g_t npuBapHOW LLIENKON
[oRe} @ 2", Cl. 300 Ib, LWN RF
O »
Qg CDnaH?u 1 @g , Hom. gasn. 20 SA105 ASTM
N FIyXoi KI/CM?, C KOHT. BbICTYMOM A105
o Blind Flange @ 2", Cl. 300 Ib, BL RF
o Mpoknagka 2", 4,5 MM TONLL,,
Q= Gagket 1 @ 2", 8 mm thick 316SS —-
>
5 Wnunbku ¢ . SA194-B8M | ASTM
3 - @ 5/8”, pnuHom 95 mm,
ravikam 8 5 518", 95 mim long SA194-8M | A193/194
uds with Nuts
1] 22 Hom. gaen. 20
A T dnaneL Kr/CM®, YANTMHEHHbIV C
= § z é Flange 1 KOHT. BbICTYMOM M SA105 ,:811(;?
oo s¢ MPUBAPHOIA LLIENKOIA
gE & @ 2", Cl. 300 Ib, LWN RF
2o X LUnunbkm ¢
EQ ¥ » . SA194-B8M | ASTM
3 N - 8 @ 5/8”, pnuHom 95 Mmm,
2 ankamv 0 5/8°, 95 mm long SA194-8M | A193/194
@ 6”, Hom. gasn. 20
draHey 1 Kr/CM?, C KOHT. BLICTYNOM SA105 ASTM
= Flange N NPUBAPHON LLEKON A105
8 @ 6", Cl. 300 Ib, WN RF
=3 dnaneu @ 6”, Hom. pasn. 20 ASTM
= FNyXON 1 Kr/CM?, C KOHT. BbicTyrom | SA182-F321 A182
£ Blind Flange @ 6", Cl. 300 Ib, BL RF
I c
oS
§_ g KOBVaHaﬂ 1 @ 300 mm SA266-2 ASTM
z 2 LLenka @ 300 mm A266
Q= Forged Neck
Q9 @ 6”, 4,5 MM TONLY,, AaBM.
<3 Ipoknapka 1 20 krlont 31685
N aske @ 6",8 mm thick, #300
> LLinuAbki ¢ ) . SA194-B8M | ASTM
= raitkamu 12| @34, Anmront 135 MM, | ga194-8M | A193/194
g Studs with Nuts ’ mm long
'_
= Wnunekun ¢ ASTM
raiikamu 12 | @ 3/4", anvHoit 130 mm, | SAT94-BSM | A193/194
Studs with Nuts @ 3/47, 130 mm long SA194-8M




3. JAHHbLIE O WUTYUEPAX, ®JIAHLAX, KPbILLKAX U KPEMEXHbIX U3OENTUAX

(npoponxeHue)
NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Pa3mepb! (MM) nnu Martepuan
K-Bo, YCINOBHOE Material
HaumeHoBaHue wT 0603HauYeHune no rocTt
Description
Qnty, cTaHaapTy Mapka (TY)
item. Sizes, mm, or Specification Grade Standard
Number
KoBaHas
¢ @ 680 mm ASTM
® _ A266
'(._D Forging Neck
le) <
%) KoBaHbIn BHyTp. @ 457,2 MM,
S cnaHel 1 Tonu. 110 Mm - SA266-2 AASZ-IE;'E\;/I
8 _ Forged Flange ID 457,2 mm, 110 mm thick
oQ s rnyxon & 18” MM, HOM. AaBn. 20
5L < naHe 1 Kr/CM?, C KOHT. BLICTYMNOM SA105 ASTM
55 ® Y A105
o S 2 Blind Flange @ 18", Cl. 300 Ib, BL RF
225 Tpy6a
2 S o y 1 @ 50,8 mm, coptam. 80 SA106B ASTM
nge Lnondanku @ 2”, SCH80 A106
5 ; g Davit Pipe
[ . .
< I £ KpOHLWTENH 1 22 MM TONLNHOW . ASTM
§ % §~ Brgcket 22 mm thick SA516-70N A516
'_
O @ €
Q. s Y
59 = Tpy6HeliA 1 @ 63,5 v, coptam. 40 | cr106m ASTM
=S o PykaB @ 2-1/2, SCH40 A106
O o N Sleeve Pipe
~ F o
A z @ 18”, 4,5 mm TONLL,,
= lpoknapka 1 naen. 20 kr/ew? 316SS
o3 @ 18", 4.5 mm thick, #300
0
- LU':W'”bKV' C @ 1-1/4”, pnuHon SA194-B8M ASTM
3 ravikamm 12 225mm, SA194-8M | A193/194
Studs with Nuts @ 1-1/4”, 225 mm long
@ 2, Hom. gasn. 20
Wryuep «P», dnaHey 1 Kr/CM?, YASIMHEHHBIN C ASTM
MaHOMeTp Flange KOHT. BbICTYMOM W SA105 A105
Nozzle P, Pressure Gauge npuBapHOW LLIENKON
@ 2", Cl. 300 Ib, LWN RF
BHyTpeHHMEe KOMNOHEHTbI
Internal Components
Hanpasnatowas nnactuHa ASTM
BHyTpeHHero .U.MHMH.D.pa 1 96 x 50 x 6 MM SA516-70 A516
Internal Cylinder Guide Lug
KpoHLWTENH HanpaBnsowen
TeDMONADL 3 Tonuw,. 6 MM SA516-70 ASTM
p p 6 mm thick A516
Thermocouple Guide Bracket




3. OAHHbIE O WTYLUEPAX, ®JIAHLUAX, KPbILWWKAX U KPEMNEXHbIX U3OENMUAX
(npoponxeHue)

NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Pa3mepb! (MM) nnu Martepuan
K-Bo, YCINOBHOE Material
HanmeHoBaHue wT 0603HauYeHune no rocTt
Description Qnty, cTaHpapTy Mapka (Ty)
item. Sizes, mmﬁ:;f)zfcification Grade Standard
MaTtpybok Hanpaensioen 3 Tonu. 6 MM SA312- ASTM
TepMmonapbl 6 mm thick TP316H A312
Thermocouple Guide Pipe
OnopHble 3NeMEHTHI
Supports
MnacTuHLl ocHoBaHuS onop 2 200x352,9x22mm | SA516-70N | ASTM
Support Base Plates ’ A516
MnacTuHbl BepxHue onop 2 200 x 50 X 16 MM SA516-70N | ASTM
Support Top Plates A516
KocbiHkM onop 4 262x337,9x10Mm | SA516-70N | ASTM
Support Gusset Plates A516
Tpyba G 4”, coptam. 80,
TakenaxHble HanpasnawLLmMe 4 py,El,J'IVIHOVI 76%TMTA SA106-B ASTM
Wind Guides Pipe 42 SCH80, 76.5 mm long A106
TopueBble NNacTUHbl TakenaXHbIX ASTM
Wind Guide Cover Plates
YcunutenbHble NnacTuHbI ASTM
TaKkenaxHbIX HaNpaBnsoLLNX 4 @200 x 6 Mm SA516-70 A516
Wind Guide Reinforcement Pads
YeunuTerbHbIe NacTuHbI Onop 2 350 x 250 X 6 MM SA516-70 ASTM
Support Reinforcement Pads A516
3asemrisiowlan kiemma 2 160,5 x 65 x 6 MM sA240-304 | ASTM
Earth Lug ’ A240
KoMMNOHeHTbI y3ra TennoBoro KomrneHcaTopa
Expansion Joint Assembly Components
FodpupoBaHHasi MembpaHa 1 ArvHa 225 MM SB443- ASTM
Bellows 225 mm long NO6625-2 SB443
@ 6”, copr. 80,
EK%F,LHeBaﬂ TPyba 2 TOMLL, 1F2I MM SA106-B ';S,]'\(;IGE
naripe @ 6", SCH80, 11 M thick
@ 6”, Hom. gasn. 20
dnaHey, 2 Kr/CM?, C KOHT. BbICTYNOM SA105 ASME
Flange N NPUBaAPHOW LLENKOM A105
@ 6", Cl. 300 Ib, WN RF
PykaB TONL,. 3 MM i ASME
Sleeve 2 3 mm thick SA240-304 A240




3. JAHHbLIE O WUTYUEPAX, ®JIAHLAX, KPbILLKAX U KPEMEXHbIX U3OENTUAX

(npoponxeHue)
NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)
Pa3mepb! (MM) nnu MaTepuan
K-Bo, yCroBHoOe Material

HaugneH_otl_aaHue wT 0603Ha4eHmne no rocT

escription ﬁ:g, CTaHna pTy MGadea (Ty)
: Sizes, mm, or Specification rade Standard

Number

YnnoTtHeHune Tonw. 3 MM } ASME
Collar 2 3 mm thick SA240-304 A240
KpbiLika Tonuy. 3 MM i ASME
Cover 1 3 mm thick SA240-304 A240
CTshkHast LWNunbka ASME
Faiika ASME
Cdhepuyeckas wanba ans M16 ASME
Spherical Washer 12 for SA36 A36
[epxatenb KpbILKK Tonu. 4,5 MM ASME
Covefl)' Holder P 6 4.5 mm thick SA36 A36
BONT KPbILLKM 6 M8 SA193-B7 ASTM
Cover Bolt A193
ep)xaTenb LUNUNbKK Tonul. 20 mm ASME
ﬁe }Eod Holder 6 20 mm thick SA36 A36




4. OAHHbIE O NPEAOXPAHUTEJbHbIX YCTPOUCTBAX,
OCHOBHOW APMATYPE, KOHTPOJIbHO-U3MEPUTEJIbHbIX MPUBOPAX,

NMPUBOPAX BE3OMNACHOCTU
DATA ON SAFETY RELIEF DEVICES, INSTRUMENTATION, AND SAFETY DEVICES

E s £ © 5 MaTtepwuan kopnyca
3 o g s SE| o C = Shell Material
g° = 5 12¢(8%%
HammeHoBaHue EZ 5= A A
Description o E > o925 exg= roct
T3 o Goc|oBs Mapka
S g = SSE|>BE G (TY)
S o cC5 a8 rade
o o > g2 Standard
x =
MaHomeTp dpupmbl « WIKA», PI-2136,
Hep>xas.
mopaenb 232.50, wkana ot 0 go 600 kla 1 WTyuep «P» 127 cTanb
Pressure Gauge, WIKA, PI-2136, Model Number 232.50, Nozzle P ’ T Stainless T
Scale Range 0 — 600 kPa Steel
MaHudonbg Ha aBa uronbyatbix KnanaHa
12,7 MM ¥ BEHTUNALMOHHBIM KnanaHom H
6,35 MM cupmbl «Parker», LWiTyuep «P» gp:aB-
1 25 41 Talb -—-
WHOMBUOYANbHOrO N3roTOBIEHMS Nozzle P Stainless
Manifold with two needle valves 12.7 mm Valves and 6.35 Steel
mm Vent Valve, Parker, Custom-made
3anopHbI py4yHOM KranaH, NPoeKTHbIN Ne
' LWTyuep «P» -
GA-884, chripmbl «OS Valve Co.», 1 yuep « o5 56 ?:/;1 ga fﬁgg"
ozzle
Block Valve, Tag Number GA-884, OS Valve Co., =
OaTumk ypoBHs doupMmbl « Thermo Fisher
Scientific» LT-4003, Tun «Level Proy,
Mogenb 9740A-X (CBSA3aHHbIN C 4aTYMKOM H
NpuGop YPOBHSA PagnMoaKTUBHOCTM «borbLuany epxas.
NocTaBnaeTcs KNueHTom) 1 obevarka - - Sﬁ:ﬁg; -
Level Transmitter LT-4003, Thermo Fisher Scientific», “Big Shell” Steel
Level Pro Model 9740A-X (associated Nuclear Level
Instrument is supplied by the customer )




YaapHas BA3KoCTb, [hx/cm?
Impact Elasticity, J/sm?

Temnepartypa, °C
Temperature, °C

—|]:| (/)]:| (/)]:|
g8 F 20 o 20 S
23 o 3 o [ )
o O 2T < 2T g
sO So = So = HaumeHoBaHMue anemeHTa
% IS-C': 5 |8 D ® .8 o Vessel Component Description
i T N N
@
o
SA516-70 SA516-70 SA516-70 ""Gap"a
rade
ASME A516 | ASME A516 | ASME A516 cranaapt (TY)
Standard =
=29
7906770-02 7906770-01 7906770-01 S
Homep nnasku (naptuu) -
Heat (Lot) Numb
591737 591737 591737 eat (Lot) Number
PP2-2- PP2-2- PP2-2- H
1°40123-002- | 1'40123-002- | 1°40123-002- omep 1 paTa cepTudukarta
001 001 001 _ (npoTokona)
23.01.2014 | 23.01.2014 | 23.01.2014 Certificate (Report) Number and Date
w w w Npenen Tekyyectu, MMa =
oo oo oo Yield Point, MPa ]
N N N I
T
)
o o o BpemeHHOe conpoTuBneHne 2
CMT' CMT' CMJ'I (npegen npoyHocTu), Mna X
Ultimate Strength, MPa 3 % ?;’
2% |8 z
OTHocuTenbHoe yanuHeHne |3 d |5
N N N i g2 |3 2
—_ -_ _ A5, A) T = S
Elongation A5, % 3 o |4 ;
ED |2 5
, , . OTHOCUTeNbLHOE CyXKeHue sd |9 7
: : : % 2B |8 3
i i i Y, 7 T (] o )
Area Reduction, % N o §
o 8 .g s ¢
1 1 1 w o 20 5
i i i A0 CTapeHwusa _ 9 (% 9 =1
i i i Before Aging 39 -
80X g0
c20QCh 8 IC
i i | nocne crapeHus amg S TS 3
i i | After Aging 38- 1 g =g
=) o s
o XX I
| ! H TMNn obpasua <o T 2
| | | Sample Type E o :
3 3
s =
—
%
2 3
° =
S ©
+ 5
<
w
Q
w
S)
i
(2]
A
=
]

9o 0>} J0 aunjesadwa] je
9 0>} adAredauwal udu

Tun o6pasua
Sample Type

ONI¥NLOVANNYIN ¥O4 A3SN STVINILYIN JISVd 13SSIA NO V.Ivd
VIIA203 MMHIUFOLOIEN UdU XIFWIBHIWNCL ‘XVUVULILVIN XIGHEOHDO 90 JIGHHVT 'S




5. JAHHbIE OB OCHOBHbIX MATEPUAJAX, MPUMEHAEMbIX NMPU U3rOTOBJIEHUU COCY[A (npoaomkeHue)
DATA ON VESSEL BASIC MATERIALS USED FOR MANUFACTURING (Continuation)

[aHHble MexaHW4YeCKUX UCMbITAHUN NOo cepTUdUKATY UM NPOTOKONY 3aBOACKUX

MaTtepuan -
MateF:iaI UcnbITaHUM
Mechanical Test Data as per Certificate or as per Shop Test Report
® c npu Temnepartype =20 °C npu Temnepartype £<0 °C
';: g © o at Temperature of =20 °C at Temperature of t<0 °C
[ ag-N ©
s 5 = § 9 © YpapHas
O ¢ x T © [ 2 o~
2o s s ¢ © sc s 2 BA3KOCTb, [/cm =
na —_ 2 & g = c oS o T Impact Elasticity, L.
o ) @3 S8 | = EZE | = g Jism? X°e 3
TS Es —E 2LCE | oo <= = = & = ds o |
[+ S ES sz 922 | Fa EEs |8 5|0 ¢ 872 g° | Te
Qe o QT ﬁ;—; o= o= oo‘a, > < [ .0 ® k2 [ ﬂg:
23 83 5 3 EES | 22 [ 825 | 93| e8| x |5 | = 85 >5 | 8¢
0 ° s = c= mg_g_ 55 o:rg Om-_g .3 - I <o =% © 0 O 2
23 5 °s | 38 |55 | 589 | 395|258 | 55| 8| 58| g& |si|°c:
@ o o S—>= | F3Z g S o <| @2 = o & C &
© o o T [ - c © [} Qo = c E
T> s ¢ § |58 |258 | & 2|5 E|ce|65|98]| &% =2 | &7
3 S £|% |E&E |3 “|8 <“|S8|ef|cs| fE |&
I o T [ o> od B < P o=
T g |g 32 g = g® | 8 = ©
o c o C - (o) g g
m (o] >
Obevarika, + o
+ —
petans 003-3 o e | o o | 8. g
N © 0 N N o
(nnaknpoBaHHas &~ < W T 8 Jod | 377 543 27 — [ R R — R
* -~ N w = o > TN
cTanb) i O 945 | 8 @ | 982
Shell, Part 003-3 z a< | 3 ? |25
(Clad Steel) * < o
[OHuLEe HUXHee, .\ .
N~
petanb 003-5 s © © S _3I
~— M~ 0 -
nrakMpoBaHHas N © 0 N U SENS
( ‘1 © N <u I 8 -3 z 377 543 27 - —— | | - - - ----
cTanb) 50 w= | 9 2| 88
Bottom Head, Part 003-5 < =21 Q@ o | d°x
(Clad Steel) * % 2 < a ©°

* MexaHu4eckne cBOWCTBA, NPUBEAEHHbIE BbiLLe AS1s NNakMpoBaHHOW CTanu, AaHbl TOMNbKO Ans ctann mapku SA516-70
Mechanical properties, which are shown above for the clad steel, are indicated for Steel Grade SA516-70 only.




5. JAHHbIE OB OCHOBHbIX MATEPUAJAX, MPUMEHAEMbIX NMPU U3rOTOBJIEHUU COCY[A (npoaomkeHue)
DATA ON VESSEL BASIC MATERIALS USED FOR MANUFACTURING (Continuation)
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35 | 588 | 388
83 E 53§ g3 §
o O 2o = 30 =
Jow So = So = HaumeHoBaHue anemeHTa
200 oD PoL Vessel Component Description
SPR V@ K
AN T N N
>
o
SA516-70 SA516-70 SA516-70 'Véap"a
rade
ASME A516 | ASME A516 | ASME A516 CTa;'t”apT (TY) =
andard § s'_a')
2o
ol o]
7906770-02 | 7906770-01 | 7906770-01 Homep nnaskv (napTim) o
591737 591737 591737 Heat (Lot) Number
PP2-2- PP2-2- PP2-2- H
1°40123-002- | 1°40123-002- | 1°40123-002- omep u para ceptudukara
001 001 001 (npoTokona)
23.01.2014 23.01.2014 23.01.2014 Certificate (Report) Number and Date
[dononHuTtenbHbIe AaHHbIE
(ynbTpa3ByKOBOM KOHTPOJIb,
i i i MCnbITaHUA Ha TBEPAOCTb, COCTOSIHNE
! ! ! MCXOOHOW TepMOoOobpaboTku u ap.)
Additional Data (Ultrasonic Test, Hardness Test,
Initial Heat Treatment, etc.)
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(auHaxwrotrodu) vIIA009 UMHIALEO.LOIEN UdU XIGWIBHINULU ‘XVUVULILVIN XIGHFOHOO 90 JIGHHVT 'S



5. JAHHbIE OB OCHOBHbIX MATEPUAIIAX, MPUMEHAEMbIX NMPU U3rOTOBJIEHUU COCY[A (npoaomxeHue)
DATA ON VESSEL BASIC MATERIALS USED FOR MANUFACTURING (Continuation)
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Chemical Analysis, which is shown above for the clad steel, is indicated for Steel Grade SA516-70 only.

* XMuyeckm



mx =4 o 7 m= 4 g m=A =2 =K
X0 O X0 O X0 O
52208 85223 | 528
23 385 . 3d 3 T o 3dJ 3JE
oM O S = S O® o ®d®
°IT o IO V@ ST T ®
sO 0 3 3§ SO O = SO 0T HanmeHoBaHue anemMeHTa
% g % Qg) 8 % g .:g % g % ('_D| Vessel Component Description
2T T X ST I 2T IO
g0 O = a® o 2O O <
= ] = = =)
@ o n 2 o K] orT
SB443- Mapka
Noe6252 | SA10S | SA106-B Grade
ASME CraHpgapT (TY) =
ASME B443 | ASME A105 A106 Standard =8
o=
55
: Homep nnaBku (naptum) =3
518330 7-35245 3102603 Heat (Lot) Number 9
32-081-088 56-7503 KFT2£2)14032 Homep ?nia‘;r:oiiﬁz;d)ukam
23.01.2012 14.02.2013 24.03.2014 Certificate (Report) Number and Date
@)
_|
)
g%
58 HdononHuTtenbHble AaHHble
- T2 g (ynbTpa3ByKOBOM KOHTPOJIb,
w | w § 3 MCNbITaHUA Ha TBEPAOCTb, COCTOAAHNE
E ! ) MCXOOHOW TepMOoOobpaboTku u ap.)
o ] = Additional Data (Ultrasonic Test, Hardness Test,
< 3 Initial Heat Treatment, etc.)
0o
o]
O
0,4 0,19 0,2 P
=
=
0,2 0,19 0,93 s
Q o
2 O
0,15 0,48 0,24 SR
& <
22,1 0,09 0,01 Q g 8
-
T o
BanaHc 0,01 0,02 z|8 @
Balance %’- 3
= o
8,2 0,01 0,002 z|583
2o S
08 &
0,02 0,03 2lag 2
0,18 i
[V
-——- 0,005 0,002 <|s 2
(]
= 0
0,0001 0,001 0,006 » ‘04 §
T 0
0,006 0,013 0,018 g 2
o [
208
Cb-33 Mpoune anemMeHTbI 2 g
Al-0,24 T o Other Elements 14
Ta-0,01 s

(uonenunuod) ONIYNLOVANNYIN ¥OL A3SN STVINILYIN JISVE T3SSIA NO V1va
(auHaxwrotrodu) vITA009 UMHIALFO.LOIEN UdU XIGWIBHINULU ‘XVUVULILVIN XIGHFOHOO 90 JIGHHVT 'S



6. KAPTA UBMEPEHWUI KOPIMYCA COCYOA

VESSEL BODY MEASUREMENT CHART

CTbIKOBbIX cOoeguHeHnn, MM

CmemeHMe KPOMOK CBapHbIX
Weld Joint Edges Deviation. mm
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Obevaika,
getanb 033-1

Shell, Part 003-1
Obeuvaika,
petanb 033-2
Shell, Part 003-2

Obevaika,
pgetanb 033-3

Shell, Part 003-3




Obevanka, getanb 003-1

ueHTpanbHbin wos (LWL-1)
Shell, Part 003-1, Central Weld (LWL-1)

HaumeHoBaHMe anemeHTa U HOMep YepTexa (3CKu3a)
yKaszaHMeM CBapHOro coeuMHeHUs ansi KoToOporo

n3roTaBrinBasriuCb KOHTpPOJibHblIe COeaUHEeHUA
Component Description and Drawing (Sketch) Number with
Indication of Weld Joint for with Test Joint Plates Were Made

Cc

OT4eT 0 NPON3BOACTBEHHbIX
NCNbITAHNUSX MEeXaHNYEeCKNX
CBOWCTB CBapHbIX LWBOB Ne

TAS-024466 ot 23-04-2014

Weld Metal Mechanical Properties
Production Test Report No. TAS-024466
dated 04-23-2014

HOMep U gata QOKyMeHTa
Document Number and Date of Issue

BpemeHHoe conpoTtuBneHune R, Mla
568, 578 Tensile Strength, R, MPa
(2]
> w
68, 54, 49 Benuuuna, xx/cm ) 3
2 I
Value, J/sm S g ]:< g g
3] —
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g: L
¢ V-obpasHbiM Na3om Tun o6pasua =3 -z
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Hardness, HB E)'
T
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<L|T I
BES[E B
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Temperature, °C 20 5 FST
o= nio n <
ev TI S
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2 o
— TeepnocTsb, HB o
Hardness, HB
CootgeT. TpebosaHusim TP OueHka
Meets Requirements of TR Evaluation
Homep u pata goKkyMeHTa Makpo- Unm < =
He npoeoawunock MUKpOMCCenoBaHus mz8 3
Not performed Macro-or Micro Examination Document Number and g R g
Date of Issue 5-‘8 g =]
) (@]
=5 W g
OueHka 5229
_— Evaluation N -

GPW-014

Knenmo cBapwmka
Welder Seal
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Obevanka, getanb 003-3

ueHTpanbHbin wos (LWL-3)
Shell, Part 003-3, Central Weld (LWL-1)

HanmeHoBaHue anemMmeHTa U HOMep 4YepTexa (3cku3a) ¢

YKasaHuem cBapHOro coegauHeHus Ans KOToporo

n3roTaBrinBasiuCb KOHTpPOJibHblIe COeaAUNHEHUA
Component Description and Drawing (Sketch) Number with
Indication of Weld Joint for with Test Joint Plates Were Made

OT4eT 0 NPON3BOACTBEHHbIX
NCNbITAHNUSX MEeXaHNYEeCKNX
CBOWCTB CBapHbIX LWBOB Ne
TAS-030772 ot 27-05-2014

Weld Metal Mechanical Properties
Production Test Report No. TAS-030772
dated 05-27-2014

HOMep U gata QOKyMeHTa
Document Number and Date of Issue
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_— Evaluation N -
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Knenmo cBapwmka
Welder Seal

~

(uonenunuod) S1INSIY LSAL ANV NOILYNINVXI SINIOF a13M

(auHaxwrorodu) UMHIHUTIOD XIGHdVED UMHVYEOTIUDIOUN N UMHVLIGUOUN 191V L1qUAEad "L

~



8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUA

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA

O6o03HauyeHue

CBapHOro wBa
Weld Joint Designation

Homep u paTa
OOKyMeHTa o

npoeeaeHN KOHTpoOnA
Test Document Number and Date of
Issue

MeTop
KOHTpons

Examination

Method

O6bem
KOHTpONA
Scope of
Examination

OnucaHue
aedekroB

Defect
Description

OueHka
Evaluation

cocya

VESSEL

LWL-1, LWL-2

OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-003 ot 04-

03-2014
Kotec Test Report

No. KOST-GP/AN-RT-003
dated 03-04-2014

PIr*

RT *

LWL-3

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-256 ot 10-

06-2014

Kotec Test Report
No. KOST-GP/AN-RT-256
dated 06-19-2014

PIr
RT

LWL-3, CWL-3, CWL-4,

OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-UT-013 ot 10-

06-2014
Kotec Test Report

No. KOST-GP/AN-UT-013
dated 06-10-2014

YI3**

uT

CWL-1

OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-257 ot 12-

06-2014
Kotec Test Report

No. KOST-GP/AN-RT-257
dated 06-12-2014

P/Ir
RT

CWL-2

OTyeT 06 McnbITaHUNAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-004 ot 04-

03-2014
Kotec Test Report

No. KOST-GP/AN-RT-004
dated 03-04-2014

PIr
RT

CWL-3

OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-254 ot 10-

06-2014

Kotec Test Report
No. KOST-GP/AN-RT-254
dated 06-10-2014

P/Ir
RT

100 %

HedekTbl He 0OHapyXeHbl
Defects were not found

CootBeTcTBYeT TpeboBaHMAM TexHU4eckoro pernameHTta 032/2013
Meets the requirements of Technical Regulation 032/2013




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUA

(npoponxeHue)
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

O6bo3HauyeHue

CBapHOro wBa
Weld Joint Designation

Homep n pnata
OOKYyMeHTa o

nposeaeHmMn KOHTponA
Test Document Number and Date of
Issue

MeTop
KOHTpoOns
Method

Examination

O6bem
KOHTpONA
Scope of
Examination

OnucaHue
aedekroB

Defect
Description

OueHka
Evaluation

CNW3, CNWG,

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-UT-014 ot 21-

08-2014

Kotec Test Report
No. KOST-GP/AN-UT-014
dated 08-21-2014

ME

uT

CWL-4

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-253 ot 06-

06-2014

Kotec Test Report
No. KOST-GP/AN-RT-253
dated 06-06-2014

PIr
RT

CNW1

OT14eT 06 ncnbiTaHUsAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-104 ot 27-

03-2014

Kotec Test Report
No. KOST-GP/AN-RT-104
dated 03-27-2014

P/Ir

CNW2, CNW4, CNWS5,
CNW7, CNW8, CNW9,
CNW10, CNW11, CNW13,

OT14eT 06 ncnbiTaHUsAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-UT-012 ot 10-

06-2014

Kotec Test Report
No. KOST-GP/AN-UT-012
dated 06-10-2014

ME

uT

CJW3, CJW3, CIJW4,
CJW5, CJW6

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-255 ot 06-

06-2014
Kotec Test Report
No. KOST-GP/AN-RT-255
dated 06-06-2014

PIr

CJW3, CJw4, CIJWS5,
CJW6

OTyeT 06 McnbITaHUNAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-UT-011 ot 10-

06-2014
Kotec Test Report

No. KOST-GP/AN-UT-011
dated 06-10-2014

ME
ut

100 %

HedekTbl He OBHapYKeHbI
Defects were not found

CootBeTcTBYeT TpeboBaHMAM TexHU4eckoro pernameHTta 032/2013
Meets the requirements of Technical Regulation 032/2013




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUA

(npoponxeHue)

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

O6bo3HauyeHue

CBapHOro wBa
Weld Joint Designation

Homep n pnata
OOKYyMeHTa o

nposeaeHmMn KOHTponA
Test Document Number and Date of
Issue

Examination
Method

MeTop
KOHTpons

O6bem
KOHTpONA
Scope of
Examination

OnucaHue
aedekroB

Defect
Description

OueHka
Evaluation

CJW7, CJWS,

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-203 ot 22-

04-2014

Kotec Test Report
No. KOST-GP/AN-RT-203
dated 04-22-2014

PIr
RT

CNW12, CNW14

OTy4eT 06 McnbITaHUAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-085 ot 23-

03-2014

Kotec Test Report
No. KOST-GP/AN-RT-085
dated 03-23-2014

PIr
RT

CJW11

OTy4eT 06 UcnbITaHUAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-116 ot 28-

03-2014

Kotec Test Report
No. KOST-GP/AN-RT-116
dated 03-28-2014

P/Ir

CNW15

OTty4eT 06 UcnbITaHUAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-UT-191 oT 17-

04-2014

Kotec Test Report
No. KOST-GP/AN-UT-191
dated 04-17-2014

Y3
uT

CJws

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-RT-248 o1 16-

05-2014

Kotec Test Report
No. KOST-GP/AN-RT-248
dated 05-16-2014

PIr
RT

100 %

HedekTbl He 0BHapYKeHbI
Defects were not found

CootBeTtcTBYeT TpeboBaHMAM TexHU4eckoro pernameHTta 032/2013
Meets the requirements of Technical Regulation 032/2013




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

[MnaknpoBka gHULWA
Head Overlay

dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-141 ot 02-
04-2014
Kotec Test Report

No. KOST-GP/AN-PT-141
dated 04-02-2014

® ® ]
O603HaueHune Homep u pata g 5 $.| = 5 58| $ 0.5 &5
CBapHOro LIBa AOKYMEHTa O Cof2 303l SE8EH IS
. . . () =
Weld Joint Designation npoBegEeHNU KOHTPONA % EES 8 e § §| S803 IS
Test Document Number and Date of o o E o o Ouw
Issue x x oo
OTt4yeT 06 ncnbITaHWAX
dupmbl «Kotec Co. LTD» Ne
lMnakunposka obevarkn | KOST-GP/AN-PT-135 ot 26-
Shell Overlay 03-2014
Kotec Test Report
No. KOST-GP/AN-PT-135
dated 03-26-2014
42}
~
&
OT4yeT 06 mcnbITaHMAX §
dupmbl «Kotec Co. LTD» Ne o
lnakvpoBka AHMWA | KOST-GP/AN-PT-136 oT 26- ©
Head Overlay 03-2014 o g
Kotec Test Report % %
No. KOST-GP/AN-PT-136 58
dated 03-26-2014 = 5 Qs
s T ©
5§ 2 £%
OT4eT 06 UcnbITaHUAX <5 S % e
dupmbl «Kotec Co. LTD» Ne e E s 2 C3
MnakupoBska obeyaiikn | KOST-GP/AN-PT-140 ot 02- o S 2 SE
Shell Overlay 04-2014 'gg 100 % o8 z<) g
Kotec Test Report = D To - o
No. KOST-GP/AN-PT-140 &L 2 8 Z 2
dated 04-02-2014 I, ] =2
= > ® 0 I o
2° 14 S 5
OTyet 06 ncnblTaHKAX =0 1 S 8
S<
[
=3
0=
m
'_
o
'_
(0]
m
'_
o
o
(@]

LWL-1, LWL-2

OT4yeT 06 mcnbITaHMAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-004 ot 12-

02-2014

Kotec Test Report
No. KOST-GP/AN-PT-004
dated 02-12-2014




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

CNW-1

dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-088 ot 22-
03-2014

Kotec Test Report
No. KOST-GP/AN-PT-088
dated 03-22-2014

® ® O m
O603HauyeHue Homep n pgaTa gL, SExS 505 S5
CBapHOro LLBa [IOKYyMEHTa O o Q%8s r QaE S £82 Ig
Weld Joint Designati O FED EoE ] 3
eld Joint Designation npoBeaeHUn KOHTpPoOINA s I §§ 8 T3 § E 8o gug;
Test Document Number and Date of g w g w o &’ =]
Issue
OT4eT 06 McnbITaHUAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-017 ot 22-
CWL-2
02-2014
Kotec Test Report
No. KOST-GP/AN-PT-017
dated 02-22-2014
™
o
OT4eT 06 ncnbITaHUAX N
dumpmbl «Kotec Co. LTD» Ne %
KOST-GP/AN-PT-052 ot 11-
- - - ©
CJQ-9, CJw-10, CJW-13 03-2014 e
Kotec Test Report GEJ é
No. KOST-GP/AN-PT-052 T
dated 03-11-2014 =3
o ) 8_.5
s c s oZ
OtyeT 06 ncnbITaHUAX o8 Lo S ¥
]
dupmbl «Kotec Co. LTD» Ne S £ a3 8%
KOST-GP/AN-PT-081 ot 21- €s I3 T2
CNWO012, CNW-14 P i S £ SE
03-2014 '8”&' 100 % (@] g > 3
Kotec Test Report % % g 3 F—J %
No. KOST-GP/AN-PT-081 ® 5 5 B s
dated 03-21-2014 Ca E xS
I @ N
= 2 [ogal T E
oA o T 2
] o) m =
OT14eT 06 McnbITaHUAX = = Se
2L
2
- @
032
m
[
o
[l
[y
m
[
o
o
(@)

CJW-11

OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-109 ot 27-

03-2014

Kotec Test Report
No. KOST-GP/AN-PT-109
dated 03-27-2014




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

o m
O603HauyeHne Homep u para -y .l s B 55| $e.5 gs
CBapHOro LWBa LOKYMEHTa 0 0852 $3¢:8 §zi8 z%

Weld Joint Designation npoBeAeHUN KOHTPONS % l:l-: EZl© l:l-: § E s '8'8 § IS

Test Document Number and Date of g u>j o g u>j 5 9 A Ouw
Issue g
OT4eT 06 McnbITaHUAX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-137 ot 26-
LWL-3 03-2014
Kotec Test Report
No. KOST-GP/AN-PT-137
dated 03-26-2014
™
o
OT4yeT 06 ncnbITaHWAX N
dupmbl «Kotec Co. LTD» Ne S
LWL-3 KOST-GP/AN-PT-138 oT 26- e
03-2014 ==
Kotec Test Report GEJ é
No. KOST-GP/AN-PT-138 T
dated 03-26-2014 58
x 4 8_§
e s o2
OtyeT 06 ncnbITaHUAX 28 Lo S ¥
dupmbl «Kotec Co. LTD» Ne S £ a3 S “c_‘“
KOST-GP/AN-PT-139 ot 02- £ I T2
LWL-3 04-2014 o g st
) 'g‘g 100 % e X @
Kotec Test Report = T 3 'q_g ks
No. KOST-GP/AN-PT-139 ® 5 ol s e
dated 04-02-2014 Ca EL x5
EQ o0 T E
30 g ok
OT4eT 06 McnbITaHNAX =0 = S
dupmbl «Kotec Co. LTD» Ne 02
KOST-GP/AN-PT-156 ot 05- -2
CJwW-7, CJW-8 04-2014 gg
Kotec Test Report E
No. KOST-GP/AN-PT-156 o
dated 04-05-2014 ©
[
3
OT4eT 006 McnbITaHMAX O
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-180 ot 10-
CNW-15 04-2014

Kotec Test Report
No. KOST-GP/AN-PT-180
dated 04-10-2014




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEQVUHEHUHA

(npoponxeHue)

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

CNW-2-1, CNW-3-1,
CNW-4-1, CNW-5-1

dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-289 ot 13-
05-2014
Kotec Test Report

No. KOST-GP/AN-PT-289
dated 05-13-2014

® ® om
O6o3HauyeHue Homep u pata g588,| SE58 2.5 €5
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CNW-4-1, CNW-5-1

OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-290 ot 14-

05-2014

Kotec Test Report
No. KOST-GP/AN-PT-290
dated 05-14-2014




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

CWL-4

dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-337 ot 03-
06-2014
Kotec Test Report

No. KOST-GP/AN-PT-337
dated 06-03-2014
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OT14eT 06 ncnbiTaHUsX
dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-344 ot 13-

06-2014

Kotec Test Report
No. KOST-GP/AN-PT-344
dated 06-13-2014




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)
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8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)

MnaknpoBka obevankn
Shell Overlay

dupmbl «Kotec Co. LTD» Ne
KOST-GP/AN-PT-352 ot 18-
06-2014
Kotec Test Report

No. KOST-GP/AN-PT-352
dated 06-18-2014
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Kotec Test Report
No. KOST-GP/AN-PT-353
dated 07-15-2014




8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOQVUHEHUHA

(npoponxeHue)
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)
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8. OAHHbIE O HEPA3PYLLAIOLWEM KOHTPOJE CBAPHbIX COEOAVUHEHUA

(npogormxeHue)

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation)
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Kotec Test Report
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10.

11.

12.

13.

14.

9. HAHHbIE O APYITUX UCMbITAHUAX U UCCIIEAOBAHUAX
OTHER TEST AND EXAMINATION DATA

cocya

VESSEL

. OT4yeT NnponsBoguTens 0 NpoBepKe NPUroHkn anemeHToB cocyaa Ne FU-969302-

R301-D004 ot 11.06.2014
Manufacturer’s Fit-Up Inspection Report # FU-969302-R301-D004 dated 06.11.2014

. OTyeTbl NponssoauTens 06 MHCNEKUMM LWITYLEPOB (OpueHTauusa n HanpasneHue) Ne

NI-974049-R301-D004 ot 12.06.2014 n ot 20.08.2014

Manufacturer’s Nozzle Inspection Reports (Orientation and Projection) NI-974049-R301-D004 dated 06.12.2014 and
08.20.2014

. OTyeThl npon3BoanTend o BI/I3yaJ'IbHOI7I MHCNEKUMn rmaakoCct 1 HanoJIHEHHOCTU

cBapHbIx WwBoB Ne WT-974049-R301-D004 o1 12.06.2014 n o1 20.08.2014
Manufacturer's Weld Ground Smooth/Flush Inspection Reports # WT-974049-R301-D004 dated 06.12.2014 and 08.20.2014

. OT4yeT NponsBoguTens 0 pasMepHoOM KOHTpone cocyna obedvankm ot 23.04.2014

Manufacturer’'s Vessel Dimension Control Report dated 04.23.2014

. OT4yeTbl NponsBoaUTENS O pa3MepHON MHCNEKLMU NNacTuHbl Kpbiwkn Ne 974049-

D004-001-A1 o1 28.02.2014 n ot 17.03.2014
Manufacturer's Head Plate Inspection Reports # 974049-D004-001-A1 dated 02.28.2014 and 03.17.2014

. OT4yeTbl NponsBoauTENs O pa3mMepHON MHCNeKumm rotoBom Kpbliwkn Ne 974049-D004-

001-A1 ot 31.03.2014 n ot 17.03.2014
Manufacturer's Manufactured Head Inspection Reports # 974049-D004-001-A1 dated 03.31.2014 and 03.17.2014

. OTtyer npom3soanTenAd 00 ncnbiTaHumn YCUIMUTETbHbIX NMacTuH N30bITOYHbIM

AasnerHvem Ne PL-974049-R301-D004 ot 12.06.2014
Manufacturer’'s Pads Leakage Test Report # PL-974049-R301-D004 dated 06.12.2014

. OT4yeT NpounssogmnTensa o6 npoBepke cocyaa B cOope, ero opueHTaumm n Bcex

pa3mepos Ne AD-974049-R301-D004 ot 22.06.2014

Manufacturer's Assembly, Orientation, Overall Dimension Inspection Report, # AD-974049-R301-D004 dated 06.22.2014

. OT4eT npounssogmntensa ob nposepke TBepaocTn metanna Ne HT-974049-R301-D004

ot 16.05.2014

Manufacturer's Hardness Test Report, # HT-974049-R301-D004 dated 05.16.2014

Otyer npomn3soanTend o MO3NTUBHOM VILI,eHTVI(*)VIKaLI,VIVI MCcnoJib3yeMblX MaTepmasrnonB
Ne PI-974049-R301-D004 o1 11.06.2014

Manufacturer’s Positive Material Identification Report, # PI-974049-R301-D004 dated 06.11.2014

OTtyeT hmpmbl «Kostec Co. LTD» 06 ynbTpa3ByKOBOMW MHCMEKLMN BEPXHEN KPbILLKM

cocyaa Ne KOST-GP/AN-MT-002 ot 03.05.2014
Kostec Co. LTD’s Top Head Ultrasound Examination Report, # KOST-GP/AN-MT-002 dated 05.03.2014

OTt4eT dupmbl «Kostec Co. LTD» 06 ynbTpasByKOBOW MHCAEKLUN HMKHEN KPbILLIKA

cocyaa Ne KOST-GP/AN-MT-009 ot 23.04.2014
Kostec Co. LTD’s Bottom Head Ultrasound Examination Report, # KOST-GP/AN-MT-002 dated 04.23.2014

OTyeT NpomsBoAMTENS O BHYTPEHHEN pa3MepPHON MHCNEKUMM obeyankmn n
BHyTpeHHero unnuHapa Ne AD-974049-R301-D-004 ot 12.06.2014

Manufacturer’s Shell and Internal Cylinder Internal Dimension Inspection Report, # AD-974049-R301-D-004 dated 06.12.2014
OtyeTt nponssoanTensa ob nHenekuum dnaHua ¢ KoHM4eckom pactoykon Ne TB-
974049-R301-D004 ot 12.06.2014

Manufacturer’'s Tapered Bored Flange Inspection Report, # TB-974049-R301-D004 dated 06.12.2014



TEMMNEPATYPHbIA KOMNEHCATOP
EXPANSION JOINT

1. OTyeT NnpounssoguTeNnd 0 NPoOBEPOYHON padmepHon nHcnekumm ot 07.05.2014
Manufacturer’s Dimension Check Report dated 05.07.2014

2. OTyeTbl NpoundBoauTensa o6 nHcnekuumn rodopmpoBaHHon anadgparmel ot 02.05.2014
Manufacturer’s Bellows Inspection Report dated 05.02.2014

3. Otyet cbmpmbl «E ITEC» 0 no3nTUBHOM naeHTUUKauMm matepmanoB N3roTOBMEHUS
Ne ITEC-MG-PMI-0430-004 ot 30.04.2014

E ITEC’s Positive Material Identification Report dated 04.30.2014



[myxon dnaHey,
Blind Flange

[OHuLEe HMXKHee
Bottom Head

[Hnwe BepxHee
Top Head

HaumeHoBaHue

ArieMeHTa
Component Description

OTtyeTtbl upmbl «Hyup Dong Dea Hyeung Heat Treatment» o Tepmnyeckon obpabotke

Hyup Dong Dea Hyeung Heat Treatment Reports

Ne HD20140515-01

ot 15-05-2014
# HD20140515-01
dated 05-15-2014

Ne HD20140515-02

ot 15-05-2014
# HD20140515-02
dated 05-15-2014

Ne HT-974049-Antipinsky-02

ot 28-02-2014
# HT-974049-Antipinsky-02
dated 02-28-2014

Homep u pata

AOKYyMeHTa

Document Number and Date
of Issue

OTXuUr ans cHATUSA

HanNps»XeHun
Stress Relief Annealing

OTXuUr ans cHATUSA

HanNps»XeHun
Stress Relief Annealing

OTxUr ANga CHATUSA

HanpsKeHUmn
Stress Relief Annealing

Bug tepmoo6paboTku
Type of Heat Treatment

Temnepatypa
TepMoo6paboTtku, °C

625 625 640 Heat Treatment Temperature,
°C
(9]
120 120 110 HarpeBa 5
Heating Ao
20
20
o =
oF
E
105 105 110 OxnaxpeHus Q
Cooling £
= = = MpoaonKUTenbLHOCTb
(@] (@] (0] BblOepPXKu, 4yac.
Endurance, h
Cnoco6 oxnaxageHus
B neun B neun B neun Cooling Type
In Furnace In Furnace In Furnace

V1va INJWLVINL LVIH
ANLO9GVdIOO0ONdIL O JIGHHVIT "0L



11. AAHHbIE O r’MAPABJINMECKOM (MHEBMATUYECKOM) UCTbITAHUA

HYDRAULIC (PNEUMATIC) TEST DATA

Cocya ycnelHo npoLuern criegyrolme UcnbiTaHusl, NpoBedeHHble 6e3 yCTaHOBMEHHOMO

Ha HeEM TeMnepaTypHOro KoMmneHcaTtopa:
The vessel with no Expansion Joint installed on it has passed the following successful test:

Bua v ycnoBus ncnbitaHui

Type and Conditions of Test

UcnbiTbiBaemas 4yactb

cocypa
Tested Vessel Component

Koxyx
Shell
Mpo6Hoe aaBnexwve, mMMa (krc/cm?)
Test Pressure, MPa (kgflcm?) 2’68 (27’38)
WcnbiTaTensHas cpena ?NO.D.a
i ater
MmapaBnuueckoe | oot Flud _
UCTIbITaHME TemnepaTypa ucnbiTaTensHo cpeabl,
Hydraulic Test °C 16
Test Fluid Temperature, °C
MPOAOIKNTENBHOCTb BbIAEPXKKM, Y (MUH) 11((28)

Endurance, hour (min)

[MHeBMaTU4eckoe

ncnblTaHne
Pneumatic Test

Mpo6Hoe aaenexvie, MMa (krc/cm?)
Test Pressure, MPa (kgf/cmz)

He npoBoaunoch
Was not performed

npOﬂ,OJ'I)KVITeJ'IbHOCTb BblOEPXKN, Y
Endurance, h

MonoxeHwe cocyaa npu UCrbITaHum |

Vessel Position During Test !

"opu3oHTanbLHoe [a
Horizontal Yes

' B HyxHoOI1 rpacbe ykasaTb «[a»
Indicate “Yes” in an appropriate cell




11. AAHHbIE O r’MAPABJIMMECKOM (MHEBMATUYECKOM) UCTbITAHUA

TemnepaTypHbIv

The Expansion Joint has successfully passed the following test performed by its manufacturer:

(npoponxeHue)

HYDRAULIC (PNEUMATIC) TEST DATA (Continuation)

KOMIMEHCAaTOop ycnewHo npowien cnegywuimne ncnbiTaHn4,
npoBeengeHHbIe ero N3aroToBUTENEM:

Bua v ycnoBusi UcnbITaHUiA

Type and Conditions of Test

UcnbiTbiBaemas 4actb

KOMMneHcaTopa
Tested Joint Component

Koxxyx
Housing
Mpo6Hoe AaBneHve, mMa (krc/cm?)
Test Pressure, MPa (kgflcm?) 2’37 (24’2)
WMcnbiTaTenbHasa cpefa E\’)No,ua
i t
rVILI,paBJ'IVI‘-IeCKOG Test Fluid _ ater
UCnbiTaHne TemnepaTtypa ncnbltatesibHoM cpeabl,
Hydraulic Test °C 20
Test Fluid Temperature, °C
MpoaomKNUTENBHOCTL BbIAEPXKKN, Y (MUH) 0,16 (10)

Endurance, hour (min)

[MHeBMaTU4Yeckoe

ncnblTaHne
Pneumatic Test

Mpo6Hoe aaenexvie, MMa (krc/cm?)
Test Pressure, MPa (kgf/cmz)

He npoBogunock
Was not performed

npOﬂ,OJ'I)KVITeJ'IbHOCTb BblOEPXXKN, Y
Endurance, h

MonoxeHwe cocyaa npu UCrbITaHum |

Vessel Position During Test !

"opu3oHTanbLHoe [a
Horizontal Yes

' B HyxHOI rpadbe ykasaTb «[a»
Indicate “Yes” in an appropriate cell




12. 3AKNIOYEHUE
CONCLUSION

Cocyn, n3rotoBneH B MOSIHOM COOTBETCTBMM C TEXHUYECKMMWU YCHOBUSAMM CTaHAaapTta
AmepukaHckoro obuliectBa uHxeHepoB-mexaHukoB ASME Section VI, Division1,
Bbinycka 2010 r., Bkrtovaa gononHeHna 2011 r.

The Vessel has been manufactured in full compliance with requirements of ASME Boiler and Pressure Vessel Code ASME Section
VIII, Division 1, 2010 Edition, including 2011 Additions.

TemnepaTypHbIA KOMMNEHCATOP U3rOTOBSIEH B MOSIHOM COOTBETCTBUN C TEXHUYECKUMMU
yCrnoBnaMun ctaHgapta AMepukaHCcKoro obuectsa nHxeHepos-mexaHnkos ASME B31.3
— 2011 (TexHonornyeckne Tpydbonposoabl).

The Expansion Joint has been manufactured in full compliance with requirements of ASME B31.3 - 2012 (Process Piping).

Cocya n TemnepaTypHbI KOMNEHcaATOp ObINN NOABEPrHYThI HAPY)KHOMY Y BHYTPEHHEMY
OCMOTPY, a TaKxe, KaXAbll OTAEerbHO, MAPaBiINYECKOMY WCMNbITAHUIO MPOOHbLIM
AaBneHneM cornacHo pasgeny 11 HacTosuero nacnopTa.

The Vessel and the Expansion Joint have been subjected to external and internal inspections, as well as, separately from each
other, hydraulic testing under testing pressures as indicated in Section 11 of this passport.

Cocyn 1 KoMneHcaTop Npu3HaHbl roAHbIMU AN paboTbl C yKasaHHbIMU B HACTOALLEM
nacnopTte napameTpamu.

The vessel is found fit for service with the parameters specified in this passport

[‘maBHbIN
Chief Engineer of the manufacturer's Shop (Signature; nodnucs) (Name; pacwucgbposka)

Seal

HavanbHunk OTK
QC manager of the manufacturer (Signature; nodnucs) (Name; pacwudgbposka)

n " 200




CBEAEHUA O MECTOHAXOXAOEHWUN COCYAA
VESSEL LOCATION DATA

HaumeHoBaHue

npeanpudaTusa-enagenbLUa
Owner’s Name

MecToHaxoxaeHue cocyaa [Jata ycTaHOBKU
Vessel Location Date of Installation




13. CBEAEHUA O MECTOHAXOXAEHWUU COCY[LA (npodosmxeHue)

VESSEL LOCATION DATA (continuation)

HaumeHoBaHue

npeanpudaTusa-BnagenbLUa
Owner’s Name

MecToHaxoxaeHue cocyaa
Vessel Location

[ata ycTaHOBKU
Date of Installation




14. OTBETCTBEHHbIE 3A UICTTIPABHOE COCTOAHUE U BE3OIMNACHOE

ODENCTBMUE COCYQOA

PERSONNEL RESPONSIBLE FOR VESSEL SERVICEABLE CONDITIONS AND SAFE OPERATION

Homep n gaTta npukasa

O Ha3Ha4YeHUun
Assignment Order Number & Date

domkHocTb, hamunua, nma n

oT4yeCcTBO
Name and Position

Moanuckb
Signature




14. OTBETCTBEHHbIE 3A NICITPABHOE COCTOAHUE U BE3OINACHOE
OEVWCTBUE COCYOA (npodormxeHue).

PERSONNEL RESPONSIBLE FOR SERVICEABLE CONDITIONS AND SAFE OPERATION OF VESSEL (continuation).

Homep n gaTta npukasa domkHocTb, hamunua, nma n

O Ha3Ha4YeHUun oT4yeCcTBO
Assignment Order Number & Date Name and Position

Moanuckb
Signature




HaTta yctaHOBKM
Date of Installation

uonduosag
9nHedOHBNUEeH

KonunuyecTBO, WIT
Quantity, items, each

YcnoBHoe. npoxon, MM
Nominal Diameter, mm

YcnoBHoOe paBneHue,
MMa (kr/cm

Design Pressure, MPa (kg/sm?)

leualeiN
wendarep

uolnje|jeisuj jo aose|d
MNEOHELIA 013\

Moanuckb
OTBETCTBEHHOroO 3a
ucnpaBHOE COCTOSIHUE
n 6e3onacHoe
AencTBue cocyaa

Signature of Person Responsible
for Vessel Serviceable Conditions
and Safe Operation

V1va SINJWNYLSNI ANV SIATVA A3TIVLSN

‘AdALVINdY MOHHIUEFOHV1OA 90 BMHIT3ED 'S1

~



HaTta yctaHOBKM
Date of Installation

HanmeHoBaHue
Description

KonunuyecTtBO, WIT
Quantity, items, each

YcnoBHoe. npoxon, MM
Nominal Diameter, mm

YcnoBHoOe paBneHue,
MMa (kr/cm

Design Pressure, MPa (kg/sm?)

MaTtepunan
Material

MecTo ycTaHOBKMU
Place of Installation

Moanuckb
OTBETCTBEHHOrO 3a
ucnpaBHOEe COCTOSHUE
n 6e3onacHoe
AencTBue cocyaa

Signature of Personnel Responsible
for Vessel Serviceable Conditions
and Safe Operation

(uopenupuoo) ¥1va SLNIWNYLSNI ANV SIATVA A3 TIVLSNI
‘(6nHaxLr000dL) IdALVINAY NOHHIAU'GOHVLIA 90 BMHIT34GD 'Sl

~



16. APYITME OAHHbBIE Ob YCTAHOBKE COCY[A:
OTHER VESSEL INSTALLATION DATA:

Koppo3noHHOCTbL cpeabl

Operating Fluid Corrosiveness

[MpOTMBOKOPPO3NOHHOE

NOKpbITHE
Corrosion Protection Covering

Tennosas nsonauusa
Thermal Insulation

dyTeposka
Lining

Cxema nogknoyveHns cocyna

B YCTAHOBKY (NIMHUIO)
Sketch of Vessel Connection Within Unit




17. CBEAEHUA O SAMEHE U PEMOHTE OCHOBHBbIX JIEMEHTOB COCYOA U

APMATYPBbI.
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA

Pocnucb
ﬂaTa CBep,eva O 3aMéHe U peMOHTe OTBeTCTBEHHOro fimua,
Date Information on Repair and Replacement NpPoBOAMUBLLEro paGOTbI

Signature




17. CBEAEHUA O SAMEHE U PEMOHTE OCHOBHBbIX JIEMEHTOB COCYOA U

APMATYPbI (npodomxeHue).
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA (continuation)

Pocnucb
ﬂaTa CBep,eva O 3aMéHe U peMOHTe OTBeTCTBEHHOro fimua,
Date Information on Repair and Replacement NpPoBOAMUBLLEro paGOTbI

Signature




17. CBEAEHUA O SAMEHE U PEMOHTE OCHOBHBbIX JIEMEHTOB COCYOA U

APMATYPbI (npodomxeHue).
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA (continuation)

Pocnucb
ﬂaTa CBep,eva O 3aMéHe U peMOHTe OTBeTCTBEHHOro fimua,
Date Information on Repair and Replacement NpPoBOAMUBLLEro paGOTbI

Signature




17. CBEAEHUA O SAMEHE U PEMOHTE OCHOBHBbIX JIEMEHTOB COCYOA U

APMATYPbI (npodomxeHue).
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA (continuation)

Pocnucb
ﬂaTa CBep,eva O 3aMéHe U peMOHTe OTBeTCTBEHHOro fimua,
Date Information on Repair and Replacement NpPoBOAMUBLLEro paGOTbI

Signature




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTtenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, Mla
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBUAEeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTtenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, Mla
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




18. 3AMNMUCDH PE3YJIbTATOB OCBULOETEJIbCTBOBAHUA (npodosmxeHue)

EXAMINATION RESULTS RECORDS (continuation)

OcBugeTenbLcTBOBaHMe
Examination

Oarta
Date

Pe3ynbTathbl
Results

Pa3peweHHoe

pasneHune, MlMa
Allowed Pressure, MPa

Cpok cneayrowiero
ocBuAeTeNbLCTBO-

BaHuUA
Date of Next Examination




19. PETUCTPALIUA COCYOA.
VESSEL REGISTRATION

Cocyp 3apernctpupoBaH 3a Ne
Vessel Registration No.

B
In
(peacucmpupyrowuti opeaH; Registration Body)
B nacnopTte npoHymepoBaHO 1 NPOLLHYPOBaHO CTpaHuL un yepTexen
This passport contains pages and drawings, all numbered and laced
(GomkHOCMB peaucmpupyrowezo uya, position of (modnuce, signature) ®.N.0.; (Name)

person having performed the registration)

" " 200 roga.




20. MPUNOXEHWUA
ATTACHMENTS

Cocyn

Vessel

20.1. YepTexu cocyna c ykazaHMem OCHOBHbIX pa3MepoB
Vessel and Expansion Joint Drawings with Basic Dimensions

20.2. TexHonornyeckas cxema
Process Diagram

20.3. MHCTpYKLUMA NO MOHTaXy M 9KCnslyaTaumm
Installation, Operation, and Maintenance Manual
20.4. PacueTbl Ha npoyHocTb No ASME 1 npoBepoYHbIN

pacyeT no [OCT
ASME Strength Calculations and Checking GOST Calculation

20.5. dopma «U» coeta ASME
ASME U-Form

20.6. KapTbl cBapHbIX LWBOB cocyaa
Vessel Weld Map

20.7. Cneuundomkaumm cBapoYdHbIX NpPoLeayp U AaHHble

no atrecrtauun mn KBaJ'IVICbVIKaLI,I/II/I CBapLiMKOB
WPS’s and PQR’s

20.8. OT4eTbl 0 HepaspyLaLWNX UCTILITAHUSAX

CBaApPHbIX LLIBOB
Weld NDT Reports

20.9. OT4yeTbl 00 UCNbITAHUAX MaTepuanos
MTR’s
20.10. OT4eT 0 Tepmmyeckon obpaboTke

Heat Treatment Report

20.11. OTt4yeT O rmapocTaTn4eCKnX UCNbITaHNAX

Hydrostatic Test Report

20.12. Konua ceptudmkarta B cucteme TP 032/2013
Copy of TR Certificate of Conformity CU TR 032/2913

20.13. CBOAHbIV NUCT 3aBOACKUX U3MEHEHWI
Consolidated List of Production Changes

20.14. KoMnnekToBoyHas BEAOMOCTb
Components List
20.15. PernameHT npoBefeHVs B 3MMHee BpeMs Mnycka

(OCTaHOBKVI) Unn ncnblTaHnAa Ha repMeTn4HOCTb Cocyaa
Vessel Start-Up (Shutdown) and Tightness Testing Procedure at Winter Time



20.1.

20.2.

20.3.

20.4.

20.5.

TeMmnepaTypHbI KOMNEeHcaTop
Expansion Joint

YepTex TeMnepaTypHOro KoMmrneHcatopa C yka3aHUem

OCHOBHbIX pa3mMepoB
Expansion Joint Drawings with Basic Dimensions

PacueT Ha NPOYHOCTb TeMMNepaTypHOro KoMneHcaTtopa
Expansion Joint Strength Calculations
OT14yeTbl O Hepa3pyLwakWwnx UCMNblITaHNAX CBAPHbIX

LLIBOB U KapThbl LLIBOB
Weld NDT Reports and Weld Maps

OTyeTbl 06 ncnbITaHUAX mMmaTtepunanoB
MTR’s

Otyet 0o rmapocTaTn4eCknx NCrnbiTaHNAX
Hydrostatic Test Report



cocya

VESSEL



20.1. YepTexun cocyna ¢ ykazaHMeM OCHOBHbIX pa3mepoB
Vessel and Expansion Joint Drawings with Basic Dimensions
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B 3071714 CUST TITLE BLOCK CHANGE, REV CLOUDS AND TRIANGLES REMOVED GW/BK A 03/01/2014/ 114 0D DIM CHANGED TO 114 4, NUMBER IN CUSTOMER TITLE BLOCK CHANGED|GW/BK
# Date Revision Name
555.4 DAL
A
529.4
13 10
EVERY ROD 63 WIRE 93 ROD 0.51SLOT 3
25 BOTH ENDS < > ]
N )
B
a
o
5 2
e g RF RTN CONTROL
2 n
= A S M CODE STAMPED
WORK (U )
u C
0 [¢] SB BK 30/1/14 ISSUED FOR APPROVAL
REV | DFTR | CKR | APVD DATE DESCRIPTION
Peg. {Pa3pab.iMpob. | Ymb. Jama QOMWCAHUE
3 unp UOP LLC
=F 25 East Algonquin Road
A Honcywell Company Des Plaines, lllinois 60017—-5017, USA [ |
@'PEM HEAVY INDUSTRIES CORP.
MOKPO, KOREA
208—40—-D—004 CHLORIDE ABSORBER
* D
DETAIL OF SCREEN NOZZLE
450 LEMAX™
CUCTEMA YMPABJIEHWUS CYCLEMAX (TM) HA 450 !D/‘—l
CCR REGENERATION SECTION
CEKUMA PETEHEPALMM HPK
CCR™ PLATFORMING PROCESS —
NOTES TEXHOMIOT Y. MPOUECC MNAT®OPMUHTA CCR (TM)
'] M ANUF ACTUR”\]G QTY '] 3AO”AHTMCHLL?HSCEK?AMJS:EG;EANHEEIE':’?&'E(I%?EE;IO&%.SABOE
2. ESTIMATED WEIGHT - 3.6KG MOMHOlyTTMEG)ZTﬂAﬂTEgP(:uggOJ?gTTEA/yEBb\((;)AOi?)l(-)IETEAHF(-)AEC(;E(IYEEH3MHA
TYUMEN, RUSSIA
TIOMEHb, POCCUA
DFTR | CKR | APVD | DATE PROJECT | TYPE/DOCUMENT No. [ sizE | Rev. E
Paspab.|Mpob.| Yymb. | Jama [Tpoekm lmun/goxyMeHm No.lPuaM. Peg.
G| sB | B PECS1974049 -D004-011 A3[ O
TOLERANCES UNLESS NOTED OTHERWISE Scale
GENERAL MACHINING FLATNESS END FITTING END FITTING |
DIMENSIONS DIMENSIONS | .. ALIGNMENT | CONCENTRICITY 1:2 ﬂ _ |
aohnson 0-1500  +3mm X =05 SURFACE = 025 mm S50 005%0/D OLEO}(TSUEBXX(SE/DD) & ...‘ | - I
® 1500-3000  +6mm XX 0.1 OVERALL GAPW;E%EEN . -
screens over 3000 w100 oo o SCREEN  don SURFA(E}TEXTURE e BiLFINGER ‘
ANGLES +0.5° X XXX +0.005 V/ SE[:EEEDNSLTO?
Drawn Date Title :
oW 29/11/13 SCREEN NOZZLE
L |END CAP PLATE 3 PROFILE CUT A240 GR321SS #108 | 1| confoenmiaL an0 pROPRETARY.IT av NDT BE Comep | PP [ e 3
3 |WELD RING 100NB SCH40 PIPE EXPAND TO SUIT SCREEN A312 GR3215S 10 | 1| CRDIVULGEDIN WHOLE OR N PART WITHOUT WRITTEN | |, 116 NOM 0.D. x 555.4 OAL
BJ 2/12/13
2 |WELD RING 100NB SCH40 PIPE EXPAND TO SUIT SCREEN A312 GR321SS 13 1 COPYRIGHT - ALL RIGHTS RESERVED Towerd e Clent C_PEM ENGINEERS
1 |SCREEN 63 WIRE, 93 ROD, 0.51 SLOT _ |TOOL 104, 36 RODS (@ 10 NOM (RS |A555 GR321 S5 5294 | 1 ER 2 — — o
ltem |Description Drq Ref / Raw Mat'l Size Operation Material Cut Size |aty] DRAWN TO AS1100 - 3RD ANGLE PROJECTION - DO NOT SCALE Usf 33 D000839996 _ B
1 ? 3 L ‘ DIMENSIONS IN MILLIMETRES U.N.O. - BREAK ALL SHARP EDGES SI_d —
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Process Diagram
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20.3. MHCTPYKUMA NO MOHTaXYy M 3KCnyaTauuu
Installation, Operation, and Maintenance Manual
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1

‘PEM Heavy Industries Corp.

PyKoOBOACTBO O IKCIIYATANUM
U TEXHUYECKOMY 00CJIy)KUBAHUIO

Crp.: 2132
Oara: 01 okTabpsa 2014 r.

MHCTPYKLUWU NMOJIb3OBATEJA MO OBPALUEHUIO, YCTAHOBKE U SKCIMIJTYATALIUU
PE3EPBYAPOB, PABOTAIOLLNX NP ATMOC®EPHOM U NOBbILLEHHOM OABJIEHUA

MONYYEHME OBOPYLOBAHUA N MPABUNA OBPALLEHWA C HAM

1.1 TMpw nony4eHnn obopynoBaHus ybeantech B OTCYTCTBMU NOBPEXAEHNIA, BO3HUKLLMX MPY TpaHcnopTupoBke. Mo
BO3MOXHOCTW, 3TO HEOBXOAMMO caenatb A0 Pasrpy3ku.

1.2 Y6eguTtecb, 4TO KONMYECTBO 0O0OPYAOBAHMS U 3anacHbIX YacTe COOTBETCTBYET TPAHCMNOPTHOM HaKMagHON.

1.3 Pasrpyska JormKHa OCYLLECTBMATLCS C MCMNOMb30BaHMEM NOABEMHbIX MPOYLUMH (NMPU UX HANMMYUK) UM CNOCODOOM,
aHanorM4HblM UCMosnb30BaBLUEMYCS NPU NOrpy3Ke.

1.4 O6opyaoBaHue, KOTOPOE He YCTaHOBMEHO B pabodee MONOXeHWe, AOMMKHO XPaHUTLCS He MPUYUHSAIOLLMM NOBPEXAEHUN
cnocobom. BepTukanbHoe ob6opyaoBaHue, He MMetoLLee CTOEK, AOMKHO YCTaHaBNMBaTLCS HAOOK MK Ha onopsbl.

MOHTAX

2.1 Bo Bpemsi COOpKM KOHCTPYKLMIA 1 MOHTaxa TpybonpoBOAOB, ANA NpefoTBpaLleHus NoBpexaeHni obopyaoBaHne AOMKHO
ObITb 3aLMLLEHO MaTaMU UMK NNACTUKOM.

2.2 YcrtaHoBka o6opygoBaHus (Npu HeobOXOOMMOCTM — Ha MOHTaXHble Yy3fbl) B 3adaHHOE MONOXeHVWe [OorbKHa
OCYLLECTBMATECA B COOTBETCTBUMM CO CXEMOW COOpkU. BbipaBHMBaHWE OOMKHO BbIMOMHSATHCS MO BepxHeMy dnaHuy
Bubpatopa unM no rnaBHbIM hnaHuam, Mpu HeoOXOAMMOCTVM ANSi HaAfiexallero BblpaBHMBAHWA Ha  OMopbl
yCTaHaBMMBalTCSA PeryrMpoBOYHbIe MPOKNAAKK.

2.3 Bo Bpemsi cOopku TpybonpoBoda wnv Opyrux 371eMEHTOB (OpraHoB yrnpaBfeHus u T. M.) HeobxoaMMO NposiBNATb
OCTOPOXHOCTb, YTOObI HE MOBPEANTE CTHIKOBbIE MOBEPXHOCTM COEAUHEHWI.

2.4 TexHu4eckoe NpoeKkTupoBaHue COOPKN AOMKHO YUNTbIBATb HEOBXOAMMOCTb YCTAHOBKM NPpeoXpaHUTENbHbIX KnamnaHoB,
cpabaTbiBaloLWMX B CrlyYae NpeBbILLIEeHUS AaBneHus.

2.5 Tlepepn BbINOMHEHWEM MOHTaXHbIX UCMbITAHWI, @ TaKKe UCMbITaHWI Ha LIMPKYNAUUIO U AaBNeHneM JOormKHa
OCYLLECTBMATLCS BHYTPEHHSAS o4McTKa. MNpu 9TOM Ans npeaynpexneHns HecHacTHbIX CllyvyaeB BO BPEMS BHYTPEHHUX
OCMOTPOB, 3fIEMEHTbI YNPaBfeHNs CUCTEMbI SMEKTPONUTaHUSA AOMMKHbI OblTb 3aMeHEHbI.

2.6 [na npegynpexneHus HecyacTHbIX Cry4yaeB BO BPEMS BHYTPEHHUX OCMOTPOB, o60opyaoBaHuWe AOSMKHO BblTb CHabxeHo
COOTBETCTBYHOLLEN CUCTEMOM OTKIOYEHUS SMNEKTPONUTaHUS.

2.7 TMocne 3aBepLueHnst cOOPKM JOMKHbI ObITb BbIMOMHEHBI NPOBEPKa 060pyA0BaHUst U BCe HEOOXOANMbIE PETYNIMPOBKM ANst
YyCTPaHEHUS OTKIOHEHWI, KOTOPbIE MOIMN NPON30NTK B pesynbTaTte 1 BO BpeMs CO0pKu.

C6opky Heobx0ANMO BbIMOSHATL B COOTBETCTBUMN C MHCTPYKLMSAMU 1 BCEraa noj Haa3opoM pykoBoanUTENs
cbopkn. Obs3aTENBHO A0MKHBI COOMIOAATLCA NpPaBua TEXHNKM 6Ge30NacHOCTM KOMNaHUN.

TEXHNYECKOE OBCITY>KVBAHVE
[ns Toro 4To6bI Bce 060pyaoBaHne paboTano ¢ MakcMMarnbHON 3pEKTUBHOCTLIO, U C LieNbl0 MaKCUMarnbHOro yBeNMYeHust
Cpoka crnyx0bl ero aNeMeHToB, PeKOMEHAYeTCs BbIMOMHATL NEpUoANYecKoe BHyTpeHHee 0bcnyxuBaHve, Hanpuvep,
OYWCTKY C yAarneHuem OTIOXEHUA, OCMOTP MOBEPXHOCTEN W T. M., @ TaKKe CMa3Ky NOABWKHbIX AeTanen u T. 4.

SATSKKA BONTOBbLIX COEAVHEHWN (npu Hanmu4mm)
B cBA3K ¢ TeM, YTO HOpMATUBHbLIE UCTILITAHWS AaBfIeHMEM B CTPOUTENLCTBE NPOBOAATCSA MPU KOMHATHON TemnepaType, B
npoLiecce 3KcnyaTaunm pekoMeHayeTc Neproanyecki BbINOMHATL 3aTskky 60nToB. MNeprnoanvHOCTb ycTaHaBnMBaeTcs
3KCnyaTaLMoHHON Cryx6oi 3akasunka unu Kakumu-nnbo ApyruMu otTaenamm, HecylyMy 3a 3TO OTBETCTBEHHOCTb.
MpunaratoTcs cnpaBoYHbIe NUCTLI C UHOPMALIMEN O 3aTSHKKE PasfiyHbIX BUAOB U CTEMNEHe.

MPABUITA TEXHUK BESOMNACHOCTU OJ1A SKCMNYATALNOHHOIO OBOPYOOBAHUA
[ns npoekTHOW akcnnyaTaumn obopyaoBaHus HeobxoaMMo NpaBUbHO NPUMEHSTE 3HAYEHUS YKadaHHbIX NapameTpoB:
AaBreHusl, TemnepaTtypbl, NPOAYKTOB B COOTBETCTBUM C MPOrpaMMONi UCNONb30BaHUSI.
5.1 He [OMKXHO CHUMAaTbCS 3aLMUTHOE OrpaXaeHe YypOBHEMEPOB, YCTAHOBMNEHHOE U3rOTOBUTENEM.
5.2 B nokax ycTaHOBIeHa CbeMHas 3aliuTa, npedoTBpaliarollas AOCTyn BHYTpb 060pyAoBaHuWs, coaepallero
TOKCUYHbIE Cpedbl WNW B3pblBOOMACHbIE BELLECTBa, WM OOCTYM K KOTOPOMY HapyllaeT npuMeHsieMble U
nognexatyue cobnioaeHo HopMbl MpeaynpexaeHNs NPOM3BOACTBEHHBIX PUCKOB.
[ns ceegeHus:
a) Co6pacbiBaiiTe faBneHne B 060pyAoBaHUK Nepes BbINOHEHNEM MobbIx onepauuii.
b) O6opynoBaHue JOMKHO BbITb CHABXEHO CUCTEMOW OTKITIOHYEHNS ANEKTPONUTAHMS.
c) [omxkHa BbINOMHATLCS HaAnexallasi o4McTKa U KOHTPOIb Noka3aHWi razoaHanusartopa.

PEMOHTHBIE PABOTbI — MOONOUNKALINA
Mocne ycTaHOBKM COCyAOB Mobble PEMOHTHbIE paboThl U MoaudrKaLumn cocyaos, paboTarolmx noa AaBrneHeMm,
N3MEHSIoLLME UCXOAHYH KOHCTPYKLIMIO, AOSTKHbI BbIMOSHATLCS B COOTBETCTBUM C TpeGoBaHMSIMM HOPMATUBOB AJ1si COCYO0B,
paboTatoLmx Nog AaBneHneM, 6biTb NpeaBapuTesisHO 3akOHHO 0OPMITEHBI MPOMBbILLNEHHBIMU ClyX6amu B MecTe
HaxoXaeHWs MoKynaTens, 1 OCyLEeCTBNSATLCA NOA KOHTPOSIEM Ha3BaHHbIX OpraHn3aunii (eCnm aTo NPUMEHMMO).
Bce rupgpoctaTnyeckune ncnbiTaHUsi COCy0B U3 ayCTEHUTHBIX HEPXKaBEKLLMX CTanel JOMKHbI BbINOMHATLCA BOAON C
copepXxaHneM Xnopuaoe HUxe 50 MUNSMOHHbIX JOMEN.



20.4. PacueTtbl Ha npo4HocTb No ASME n npoBepoyHbin pacyeTt no FOCT
ASME Strength Calculations and Checking GOST Calculation
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Item No. : 208-40-D-004

Rev.5

STRENGTH CALCULATION SHEET
FOR PRESSURE VESSEL
ITEM NO. : 208-40-D-004
DESIGN DATA

CODE | ASME SECTION VIIIDIV.1 2010 ED + 2011 ADD. | TYPE VERTICAL
SIZE D 700mm X 3653 mm CAPACITY 149 M’
ASME CODE STAMP YES UNIT
CONTENTS CATALYST -
FLUID DENSITY 835 g/m?
DESIGN PRESSURE (INT/EXT) 1050 / - kPa (g)
DESIGN TEMPERATURE (INT/EXT) 425 ] - .
OPERATING PRESSURE (INT/EXT) 0344/ - kPa (q)
OPERATING TEMPERATUR (INT/EXT) 137.8/- .
M.AW.P 1318.22 kPa (g)
HYDROSTATIC TEST (SHOP/FIELD) 2685.52 | 2685.52 kPa (q)
CORROSION ALLOWANCE | PRESS. PART 3.0 o

SUPPORT 16 mm
RADIOGRAPHY (HEAD/SHELL/CONE) | SEaMLESS / FULL / FULL ]
JOINT EFFICIENCY  (HEAD/SHELL/CONE) 100/ 100/ 100 %
S.RAFTER COLD FORMING  (HEAD/CONE) YES / NO ]
PW.HT. NO ]
INSULATIONS 50 mm
FIRE PROOFING _ mm
M.D. M. T. -35.00 T
WIND 1.2 kPa
SEISIMC N/A

3/148



Item No. : 208-40-D-004 Rev.5

Settings Summary
COMPRESS 2013 Build 7330
Units: SI
Datum Line Location: —66.00 mm from bottom seam
Design

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Design or Rating: Get Thickness from Pressure
Minimum thickness: 1.5 mm per UG-16(b)
Design for cold shut down only: No

Design for lethal service (full radiography required): No

Design nozzles for: Design P, find nozzle MAWP and MAP
Corrosion weight loss: 100% of theoretical loss
UG-23 Stress Increase: 1.20

Skirt/legs stress increase: 1.0

Minimum nozzle projection: 5mm

Juncture calculations for a. > 30 only: No

Preheat P-No 1 Materials > 1.25" and <= 1.50" thick: No

UG-37(a) shell tr calculation considers longitudinal stress: No

Butt welds are tapered per Figure UCS-66.3(a).
Hydro/Pneumatic Test

Shop Hydrotest Pressure: 1.3 times vessel MAWP
Test liquid specific gravity: 1.00

Maximum stress during test: 90% of yield

Required Marking - UG-116

UG-116(e) Radiography: RT1
UG-116(f) Postweld heat treatment: None

Code CasesWiInterpretations

Use Code Case 2547: No
Use Code Case 2695: No
Apply interpretation VIII-1-83-66: No 5

Apply interpretation VIII-1-86-175: No
Apply interpretation VIII-1-01-37: Yes
No UCS-66.1 MDMT reduction: No
No UCS-68(c) MDMT reduction: _ No
Disallow UG-20(f) exemptions: Yes

UG-22 Loadings

UG-22(a) Internal or External Design Pressure : Yes
UG-22(b) Weight of the vessel and normal contents under operating or test conditions: Yes
UG-22(c) Superimposed static reactions from weight of attached equipment (external loads): Yes
UG-22(d)(2) Vessel supports such as lugs, rings, skirts, saddles and legs: Yes
UG-22(f) Wind reactions: Yes
UG-22(f) Seismic reactions: No
UG-22(j) Test pressure and coincident static head acting during the test: Yes

Note: UG-22(b),(c) and (f) loads only considered when supports are present.

4/148



ltem No. : 208-40-D-004 Rev.5
Nozzle Schedule
Impact .
Nrgzﬁl(e Service Size Materials Normalized (';Iv;; Flange Blind
Tested
NPS 2 Sch 80 SA-106 B NPS 2 Class 300
A CATALYST INLET (XS) DN 50 Nozzle Smis. Pipe No No No WN A105 No
CATALYST NPS 3 Class 300
81 OUTLET 77.93 1D x 21.04 | Nozzle SA-266 2 No No No WN A105 No
CATALYST B NPS 3 Class 300
B2 OUTLET 77.93 1D x 21.04 | Nozzle SA-266 2 No No No WN A105 No
CATALYST NPS 3 Class 300
83 OUTLET 77.93 1D x 21.04 | Nozzle SA-266 2 No No No WN A105 No
CATALYST B NPS 3 Class 300
B4 OUTLET 77.93 1D x 21.04 | Nozzle SA-266 2 No No No WN A105 No
CATALYST NPS 3 Class 300
B85 OUTLET 77.93 1D x 21.04 | Nozzle SA-266 2 No No No WN A105 No
Nozzle SA-105 No No No
c GAS INLET 152.4 D x 26.92 NP?@,?L??S;” No
Pad SA-105 No No No
Nozzle SA-266 2 No No No
D GAS OUTLET | 146.33 ID x 10.97 NPSV\?NC/L"‘}SOSEFOO No
Pad SA-266 2 No No No
NPS 2 Class
E BLANKOFF 50.8 1D x 16.64 | Nozzle SA-105 No No No | NPS 2 Class 300 300
= LWN A105
A105
B NPS 2 Class 300
E THERMOWELL 50.8 1D x 16.64 | Nozzle SA-105 No No No LWN A105 No
Nozzle SA-266 2 No No No App 2 Weld Neck
G INSPECTION 146.33 ID x 10.97 Integral SA-105
Pad SA-266 2 No No No SA-105
Nozzle SA-266 2 No No No App 2 Weld Neck
H MANHOLE 457.2 1D x 10 Integral SA-105
Pad SA-266 2 No No No SA-266 2
NPS 2 Class 300
P Pl 50.8 ID x 16.64 | Nozzle SA-105 No No No LWN A105 No

5/148



Item No. : 208-40-D-004

tni
Req [
Nom t:
Design t:
User t:

Nozzle Summary

Reinforcement
Shell pad
Nozzle| OD t, (Reaty\oian Corr | AJ/A
mark | (mm) | (mm) | (mm) | ' | Nomt | Designt Usert| Width tag | MM (%)
(mm) | (mm) | (mm) | (mm) | (mm)
A 60.33 | 5.54 | 553 |Yes Yes| 40+ 32.54 N/A N/A | 1.42 | 100.0
LN\
B1 120 121.04| 4.8 |Yes Yest 10.2% 10.2 { N/A N/A 0 129.4
B2 120 121.04| 4.8 |Yes Yes} 10.2% 10.2 N/A N/A 0 143.0
B3 120 121.04| 4.8 Yes Yes\y 10.2* 10.2 N/A N/A 0 129.4
B4 120 121.04| 4.8 |Yes Yesz 10.2% 10.2 ; N/A N/A 0 129.4
B5 | 120 |21.04) 4.8 |Yes Yes} 10.2% | 10.2 } N/A | N/A | 0 | 143.0
(R NNy

c 206.25/26.92| 10 |Yes Yes| 10 10 46.88 10 3 152.8
D 168.28 1 10.97 | 9.22 |Yes Yes| 10 10 65.86 10 3 123.6
E 84.07 116.64| 7.8 |Yes Yes| 8.5% N/A N/A | N/A 3 | Exempt
E 84.07 1 16.64| 7.8 |Yes Yes| 8.5* N/A N/A | N/A 3 | Exempt
G 168.27 110.97| 8.5 |Yes Yes 8.5% 8.5 65.86 10 3 140.4
H 477.2 10 8.99 |Yes|Yes| 10 7.69 101.4 10 3 100.0
P 84.07 1 16.64| 7.8 |Yes Yes| 8.5x N/A N/A N/A 3 | Exempt

Nozzle thickness

Nozzle thickness required per UG-45/UG-16

Vessel wall thickness

Required vessel wall thickness due to pressure + corrosion allowance per UG-37
Local vessel wall thickness (near opening)
Area available per UG-37, governing condition

Area required per UG—-37, governing condition
Corrosion allowance on nozzle wall
Head minimum thickness after forming

Rev.5
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Item No. : 208-40-D-004

Thickness Summary

Component Material Diameter | Length  Nominal t | Design t | Total Corrosion | Joint Load
Identifier ateria (mm) | (mm) | (mm) (mm) (mm) E oa
TOP HEAD SA-516 70 7001D | 183.5 8.5% 7.38 3 1.00 | Internal
Straight Flange on TOP HEAD SA-516 70| 700 ID 30 10 7.46 3 1.00 | Internal
SHELL #1 SA-516 70 7001D | 3,295 10 7.57 3 1.00 | Internal
SHELL #2 SA-516 70| 706 ID 262 12 4.58 0 1.00 | Internal
Straight Flange on BTM Head (Torispherical Head) | SA-516 70 | 708 IDr 66 12 4.6 0 1.00 | Internal
BTM Head (Torispherical Head) SA-516 70 | 708 IDt 161.67 | 10.2% 6.01 0 1.00 | Internal
A AAAA

Bolted Cover #G SA-105 | 320 OD 40 40* 30.78 3 1.00 | Internal
Bolted Cover #H SA-105 | 710 OD | 60.8 60.8% 51.15 3 1.00 | Internal

Nominal t: Vessel wall nominal thickness

Design t:  Required vessel thickness due to governing loading + corrosion

Joint E:  Longitudinal seam joint efficiency

* Head minimum thickness after forming

Load

internal:  Circumferential stress due to internal pressure governs

external:  External pressure governs

Wind: Combined longitudinal stress of pressure + weight + wind governs
Seismic:  Combined longitudinal stress of pressure + weight + seismic governs

5

Rev.5
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Iltem No. :

208-40-D-004

Pressure Summary

Pressure Summary for Chamber bounded by BTM Head (Torispherical Head) and TOP HEAD

Rev.5

P T
i R " MAWP MAP | MDMT MDMT Impact
Identifier Design | Design . )
(kPa) | (°C) ( kPa) (kPa) | (°C) Exemption | Tested
TOP HEAD 1,050 42511,318.22 | 3,343.31 -48 Note 1 No
Straight Flange on TOP HEAD 1,050 42511,641.83 3,876.4 —-48 Note 2 No
SHELL #1 1,050 42511,614.87  3,876.4 -48 Note 3 No
SHELL #2 1,050 42512,762.23 14,597.45 | -105 Note 4 No
Straight Flange on BTM Head (Torispherical Head) | 1,050 42512,753.96 14,584.72 | -105 Note 6 No
BTM Head (Torispherical Head) 1,050 42511,802.93 3,020.62 | -105 Note 5 No
Support Lugs 1,050 42511,318.22 N/AT  N/A N/A N/A
CATALYST INLET (A 1,050 42512,386.36 | 5,110.01 | -105 Note 7 No
CATALYST OUTLET (B1) 1,050 425;_2,648.03 4,405.33 | —1054 Note 8 No
CATALYST OUTLET (B2) 1,050 425¢2,643.03 1 4,405.33 —1054 Note 8 No
CATALYST OUTLET (B3) 1,050 425\.2,643.03 | 4,405.33 | —-1054 Note 8 No
CATALYST OUTLET (B4) 1,050 425;:2,643.03 4,405.33 | —1054 Note 8 No
CATALYST OUTLET (B5) 1,050 425p2,643.03 | 4,405.33 | -105 Note 8 No
AAANAANNAN AN
Nozzle | Note 9 No
GAS INLET (C) 1,050 42511,626.29 1 3,876.43 -48
Pad | Note 10 No
Nozzle | Note 11 No
GAS OUTLET (D) 1,050 42511,637.37 13,876.43 -48
Pad | Note 12| No
BLANKOFF (E) 1,050 425| 1,318.4 3,343.26 -48 Note 13 No
THERMOWELL (F) 1,050 4251 1,318.4 1 3,343.26 —48 Note 13 No
Nozzle |Note 14| No
INSPECTION (G) 1,050 4251 1,460.59 3,713.77 —-48
Pad | Note 15 No
Bolted Cover #G 1,050 42513,745.01 17,199.12| -105 Note 16 No
Nozzle |Note 17| No
MANHOLE (H) 1,050 42511,400.24 1 2,993.47 —-48
Pad | Note 18 No
Elange #H 1,050 42512,634.19 4,034 -105 Note 19 No
Elange #H - Flange Hub 1,050 42512,484.83 5,882.35| -105 Note 20 No
Bolted Cover #H 1,050 42511,959.35 3,580.18 -48 Note 21 No
Pl (P) 1,050 4251 1,318.4 1 3,343.26 —-48 Note 13 No
Chamber design MDMT is =35 °C
Chamber rated MDMT is =48 °C @ 1,318.22 kPa
Chamber MAWP hot & corroded is 1,318.22 kPa @ 425 °C
Chamber MAP cold & new is 2,993.47 kPa @ 10 °C
This pressure chamber is not designed for external pressure.
Notes for MDMT Rating:
N%te Exemption Details

. | Straight Flange governs MDMT

Material impact test exemption temperature from Fig UCS-66M Curve B
=-27.75°C

Fig UCS-66.1M MDMT reduction = 33.5 °C, (coincident ratio = 0.4846)
Rated MDMT of —=61.25°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm

Material impact test exemption temperature from Fig UCS-66M Curve B
=-27.75°C

Fig UCS-66.1M MDMT reduction = 32.3 °C, (coincident ratio = 0.4946)
Rated MDMT of -60.05°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm

Material is impact test exempt to =105 °C per UCS-66(b)(3) (coincident
ratio = 0.289)

. | Straight Flange governs MDMT

Material is impact test exempt to =105 °C per UCS-66(b)(3) (coincident

" ratio = 0.2899)

Nozzle is impact test exempt per UCS-66(d) (NPS 4 or smaller pipe).

Nozzle is impact test exempt to =105 °C per UCS-66(b)(3) (coincident
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Nozzle impact test exemption temperature from Fig UCS-66M Curve B
=-27.75°C

" | Fig UCS-66.1M MDMT reduction = 32.8 °C, (coincident ratio = 0.4904)

Rated MDMT of -=60.55°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

Pad impact test exemption temperature from Fig UCS-66M Curve B = —
27.75°C

Fig UCS-66.1M MDMT reduction = 32.8 °C, (coincident ratio = 0.4904)
Rated MDMT of —=60.55°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

Nozzle impact test exemption temperature from Fig UCS-66M Curve B
=-27.75°C

| Fig UCS-66.1M MDMT reduction = 33.3 °C, (coincident ratio = 0.4863)

Rated MDMT of —=61.05°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

Pad impact test exemption temperature from Fig UCS-66M Curve B = —
27.75 °C

Fig UCS-66.1M MDMT reduction = 33.3 °C, (coincident ratio = 0.4863)
Rated MDMT of —=61.05°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

Nozzle impact test exemption temperature from Fig UCS-66M Curve B
=-29°C

Fig UCS-66.1M MDMT reduction = 22.6 °C, (coincident ratio = 0.6068)
Rated MDMT of —=51.6°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 8.5 mm.

Nozzle impact test exemption temperature from Fig UCS-66M Curve B
=-27.75°C

Fig UCS-66.1M MDMT reduction = 27.2 °C, (coincident ratio = 0.5476)
Rated MDMT of —=54.95°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

Pad impact test exemption temperature from Fig UCS-66M Curve B = -
27.75 °C

Fig UCS-66.1M MDMT reduction = 27.2 °C, (coincident ratio = 0.5476)
Rated MDMT of -54.95°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

Nozzle is impact test exempt to =105 °C per UCS-66(b)(3) (coincident
ratio = 0.3198).

Pad impact test exemption temperature from Fig UCS-66M Curve B = -
27.75°C

Fig UCS-66.1M MDMT reduction = 33.1 °C, (coincident ratio = 0.4873)
Rated MDMT of -60.85°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm.

UCS-66(b)(1)(b) has been applied.

is impact test exempt to =105 °C per UCS-66(b)(3) (coincident
ratio = 0.3268)

Material is impact test exempt to =105 °C per UCS-66(b)(3) (coincident
ratio = 0.3193)

20.

Bolted cover impact test exemption temperature from Fig UCS-66M
Curve B=-16.31 °C

Fig UCS-66.1M MDMT reduction = 48.5 °C, (coincident ratio = 0.4098)
Rated MDMT of -64.81°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 15.2 mm

Design notes are available on the Settings Summary page.
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Material is impact test exempt to =105 °C per UCS-66(b)(3)

23. (coincident ratio = 0.3193)

Bolted cover impact test exemption temperature from Fig UCS-66M
Curve B=-16.31 °C

24. | Fig UCS-66.1M MDMT reduction = 48.5 °C, (coincident ratio = UCS-66 governing thickness = 15.2 mm
0.4098)

Rated MDMT of —64.81°C is limited to —48°C by UCS-66(b)(2)

Design notes are available on the Settings Summary page.
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Hydrostatic Test
Shop test pressure determination for Chamber bounded by BTM Head (Torispherical Head) and TOP HEAD based on MAWP per
UG-99(b)
Shop hydrostatic test gauge pressure is 2,685.52 kPa at 10 °C (the chamber MAWP = 1,318.22 kPa)

The shop test is performed with the vessel in the horizontal position.

Local | Test liquid | UG-99 uG-99 Stress | Allowable
dentifier test static (b) (b) during test Stress
pressure head stress pressure test stress excessive?
kPa kPa ratio factor MPa MPa
TOP HEAD 2,693.61 8.09 1.6468 1.30 99.822 235.8 No
Straight Flange on TOP HEAD 2,693.61 8.09 1.6468 1.30 95.617 235.8 No
SHELL #1 2,693.61 8.09 1.6468 1.30 95.617 235.8 No
SHELL #2 2,693.6 8.08 1.6468 1.30 80.576 235.8 No
ﬁggic%m Flange on BTM Head (Torispherical 2,693.65 8.13|  1.6468 130 80.802 2358 No
BTM Head (Torispherical Head) 2,693.65 8.13 1.6468 1.30 84.111 235.8 No
Flange #G - Flange Hub 2,690.9 5.38 1.6448 1.30 19.261 223.2 No
Flange #H - Flange Hub 2,695.92 10.4 1.6448 1.30 62.967 223.2 No
Bolted Cover #G 2,690.9 5.38 1.6448 1.30 51.582 334.8 No
Flange #G 2,690.9 5.38 1.6448 1.30 86.186 334.8 No
Bolted Cover #H 2,695.92 10.4 1.6448 1.30 103.916 334.8 No
Flange #H 2,695.92 10.4 1.6448 1.30 168.88 334.8 No
BLANKOFF (E) 2,693.08 7.56 1.6448 1.30 104.481 351 No
CATALYST INLET (A) (2) 2,690.42 4.91 1.5671 1.30 NI NI NI
CATALYST OUTLET (B1) 2,688.9 3.38 1.6448 1.30 96.338 351 No
CATALYST OUTLET (B2) 2,688.9 3.38 1.6448 1.30 86.236 351 No
CATALYST OUTLET (B3) 2,691.2 5.68 1.6448 1.30 96.42 351 No
CATALYST OUTLET (B4) 2,692.62 7.1 1.6448 1.30 96.471 351 No
CATALYST OUTLET (B5) 2,691.2 5.68 1.6448 1.30 86.31 351 No
GAS INLET (C) 2,690.93 5.41 1.6448 1.30 47.091 337.5 No
GAS OUTLET (D) 2,688.19 2.68 1.6448 1.30 64.832 337.5 No
INSPECTION (G) 2,690.9 5.38 1.6448 1.30 62.662 337.5 No
MANHOLE (H) 2,695.92 10.4 1.6448 1.30 167.527 337.5 No
PI(P) 2,690.43 4.91 1.6448 1.30 108.608 351 No
THERMOWELL (F) 2,690.43 4.91 1.6448 1.30 108.608 351 No

Notes:
P stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.

(1

(2) CATALYST INLET (A) limits the UG—-99(b) stress ratio.

(3) Nl'indicates that test stress was not investigated.

(4) 1.5%0.9+S, used as the basis for the maximum local primary membrane stress at the nozzle intersection Py.
(5)

5) The zero degree angular position is assumed to be up, and the test liquid height is assumed to the top—most flange.

The field test condition has not been investigated for the Chamber bounded by BTM Head (Torispherical Head) and TOP HEAD.

The test temperature of 10 °C is warmer than the minimum recommended temperature of =31 °C so the brittle fracture provision
of UG-99(h) has been met.
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Corroded Hydrostatic Test

Rev.5

The shop test condition has not been investigated for the Chamber bounded by BTM Head (Torispherical Head) and TOP

HEAD.

Field test pressure determination for Chamber bounded by BTM Head (Torispherical Head) and TOP HEAD based on design

P per UG-99(b)
Field hydrostatic test gauge pressure is 2,139.09 kPa at 10 °C (the chamber design P = 1,050 kPa)

The field test is performed with the vessel in the vertical position.

Local Test liquid | UG-99 UG-99 Stress Allowable

Identifier test static (b) (b) during test Stress
pressure head stress pressure test stress | excessive?
kPa kPa ratio factor MPa MPa
TOP HEAD 2,146.24 7.15 1.6468 1.30 123.969 235.8 No
Straight Flange on TOP HEAD 2,146.24 7.15 1.6468 1.30 109.298 235.8 No
SHELL #1 2,178.53 39.44 1.6468 1.30 110.942 235.8 No
SHELL #2 2,181.1 42.01 1.6468 1.30 65.245 235.8 No
agiic%ht Flange on BTM Head (Torispherical| gy 74 42.65 1.6468 1.30 65.446 235.8 No
BTM Head (Torispherical Head) 2,183.23 44.14 1.6468 1.30 68.172 235.8 No
Flange #H - Flange Hub 2,155.08 15.99 1.6448 1.30 72.372 223.2 No
Bolted Cover #G 2,141.05 1.96 1.6448 1.30 47.966 334.8 No
Bolted Cover #H 2,155.08 15.99 1.6448 1.30 91.915 334.8 No
Flange #H 2,155.08 15.99 1.6448 1.30 136.972 334.8 No
BLANKOFF (E) 2,144.77 5.68 1.6448 1.30 133.122 351 No
CATALYST INLET (A) (2) 2,140.69 1.6 1.5671 1.30 NI NI NI
CATALYST OUTLET (B1) 2,184.25 45.16 1.6448 1.30 78.257 351 No
CATALYST OUTLET (B2) 2,184.25 45.16 1.6448 1.30 70.051 351 No
CATALYST OUTLET (B3) 2,184.25 45.16 1.6448 1.30 78.257 351 No
CATALYST OUTLET (B4) 2,184.25 45.16 1.6448 1.30 78.257 351 No
CATALYST OUTLET (B5) 2,184.25 45.16 1.6448 1.30 70.051 351 No
GAS INLET (C) 2,164.85 25.76 1.6448 1.30 44.952 337.5 No
GAS OUTLET (D) 2,151.6 12.5 1.6448 1.30 47.511 337.5 No
INSPECTION (G) 2,144.15 5.06 1.6448 1.30 43.612 337.5 No
MANHOLE (H) 2,155.08 15.99 1.6448 1.30 208.518 337.5 No
PI (P) 2,144.77 5.68 1.6448 1.30 141.858 351 No
THERMOWELL (F) 2,144.77 5.68 1.6448 1.30 141.858 351 No
Notes:
(1) P stresses at nozzle openings have been estimated using the method described in PVP-Vol. 399, pages 77-82.
(2) CATALYST INLET (A) limits the UG-99(b) stress ratio.
(3) NI indicates that test stress was not investigated.
(4) 1.5*0.9*8y used as the basis for the maximum local primary membrane stress at the nozzle intersection P, .

The test temperature of 10 °C is warmer than the minimum recommended temperature of =31 °C so the brittle fracture
provision of UG-99(h) has been met.
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Weight Summary

Weight ( kg) Contributed by Vessel Elements
Surface
Component Metal | Metal  |insulation| . | PiPing | Operating Liquid Test Liquid Area
Newx | Corroded* Insulation Supports Lining Liq‘tjid New | Corroded | New |Corroded e
TOP HEAD 41.4 27.3 8 0 0 0 17.6 17.9163.3 65.9 0.65
SHELL #1 557.3 391.8 89.3 25 0 0/1,080.81 1,099.9/1,312.5/1,335.8 |[7.22
SHELL #2 55.6 55.6 7.2 25| 18.3 0 83.6 83.6100.2 |100.2 0.6
STM Head (Torispherical | 579 57.9 9.2 0| 206 o| 616 61.6/709 |709 068
Support Lugs 43.4 43.4 0 0 0 0 0 00 0 0.78
TOTAL: 755.6 576 113.7 50| 38.9 01,243.6 1,263 (1,546.9 11,572.8 |9.92

* Shells with attached nozzles have weight reduced by material cut out for opening.

Weight ( kg) Contributed by Attachments

Nozzles & Surface Area
Component Body Flanges Flanges Packed | Ladders & Tray |Rings & | Vertical m2

Beds | Platforms Trays Supports | Clips | Loads

New | Corroded | New | Corroded
TOP HEAD 0 0/122.4 98.4 0 0 0 0 0130 0.66
SHELL #1 0 01447.4 421.6 0 0 0 0 0245 1.55
SHELL #2 0 0 0 0 0 0 0 0 00 0
BTM Head (Torispherical Head) 0 0 90.6 90.6 0 0 0 0 00 1.13
TOTAL: 0 0 660.5 610.6 0 0 0 0 0375 3.41

* Nozzle weight includes lining.

Vessel operating weight, Corroded: 3,027 kg

Vessel operating weight, New: 3,237 kg
Vessel empty weight, Corroded: 1,764 kg
Vessel empty weight, New: 1,994 kg
Vessel test weight, New: 3,540 kg
Vessel test weight, Corroded: 3,337 kg
Vessel surface area: 13.33 m2

Vessel center of gravity location — from datum — lift condition

Vessel Lift Weight, New: 1,880 kg

Center of Gravity: 2,285.85 mm

Note: Vessel lift weight includes weight of insulation supports as they are assumed to be shop installed.
Vessel Capacity

Vessel Capacity** (New): 1,487 liters

Vessel Capacity** (Corroded): 1,510 liters
**xThe vessel capacity does not include volume of nozzle, piping or other attachments.
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TOP HEAD
ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric
Component: Ellipsoidal Head

Material Specification: SA-516 70 (II-D Metric p.18, In. 19)
Straight Flange governs MDMT

Internal design pressure: P = 1,050 kPa @ 425 °C
Static liguid head:

Ps= 0.2 kPa (SG=0.835, Hg=25 mm Operating head)
Pi= 8.09 kPa (SG=1, Hg=826 mm Horizontal test head)

Corrosion allowance: Inner C =3 mm Outer C=0 mm
Design MDMT = -35°C No impact test performed
Rated MDMT = -48°C Material is not normalized

Material is produced to fine grain practice
PWHT Is not performed
Do not Optimize MOMT / Find MAWP

Radiography: Category A joints — Seamless No RT

Head to shell seam — Full UW-11(a) Type 1 (Seamless No RT)
Estimated weight*:  new = 41.4 kg corr = 27.3 kg
Capacity*: new = 56.4 liters corr = 58.2 liters
* includes straight flange 5
Inner diameter = 700 mm
Minimum head thickness = 8.5 mm
Head ratio D/2h = 2 (new)
Head ratio D/2h = 1.9831 (corroded)
Straight flange length Lgs = 30 mm
Nominal straight flange thickness tgf = 10 mm
Insulation thkx: 50 mm density: 224 kg/m3 weight: 8.0255 kg
Insulgthn support ring 0 mm individual weight: 0 kg total weight: 0 kg
spacing:

* includes straight flange if applicable
Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 = 1.5mm+3mm=4.5mm
Design thickness due to internal pressure (t) = 7.38 mm

Maximum allowable working pressure (MAWP) = 1,318.22 kPa

Maximum allowable pressure (MAP) = 3,343.31 kPa

K (Corroded)

K = (1/6)*[2+ (D / (2#h))2]
= (1/6)x[2 + (706 / (2x178))?]
= 0.988812

K (New)

K = (1/6)x[2 + (D / (2%h))2]

= (1/6)*[2 + (700 / (2%175))2]
1

Design thickness for internal pressure, (Corroded at 425 °C) Appendix 1-4(c)

t P*D*K / (2%S*E — 0.2%P) + Corrosion
1,050.2%706%0.988812 / (2%83,800*1 — 0.2%1,050.2) + 3

7.38 mm

The head internal pressure design thickness is 7.38 mm.

Maximum allowable working pressure, (Corroded at 425 °C) Appendix 1-4(c)
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2+S*Ext / (KD + 0.2+t) - Pg
2+83,800+1+5.5 / (0.988812+706 +0.2+5.5) - 0.2
1,318.22 kPa

o
Il

The maximum allowable working pressure (MAWP) is 1,318.22 kPa.
Maximum allowable pressure, (New at 10 °C) Appendix 1-4(c)
2#xSxExt / (KD + 0.2%t) - Pg

2%138,000%1%8.5 / (1x700 +0.2%8.5) - 0
3,343.31 kPa

P

The maximum allowable pressure (MAP) is 3,343.31 kPa.

% Extreme fiber elongation — UCS-79(d)

EFE =  (75%t/R)*(1 - R / Ry)
= (75%10 / 124)=(1 - 124 / infinity)
= 6.0484%

The extreme fiber elongation exceeds 5 percent. Heat treatment per UCS—56 may be required. See UCS-79(d)(4) or
(5).
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Straight Flange on TOP HEAD
ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Straight Flange

Material specification: SA-516 70 (II-D Metric p. 18, In. 19)
Material impact test exemption temperature from Fig UCS-66M Curve B = -27.75 °C
Fig UCS-66.1M MDMT reduction = 33.5 °C, (coincident ratio = 0.4846)

Rated MDMT of -61.25°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm

Internal design pressure: P = 1,050 kPa @ 425 °C

Static liquid head:

0.45 kPa (SG = 0.835, Hg = 55 mm,Operating head)
8.09 kPa (SG =1, Hg = 826 mm, Horizontal test head)

Pin
Corrosion allowance Inner C =3 mm Outer C=0mm

Design MDMT = =35 °C No impact test performed
Rated MDMT = -48 °C Material is not normalized
Material | ced to Fine Grain Practice

Radiography: Longitudinal joint — Seamless No RT
Circumferential joint - Full UW=11(a) Type 1 5

Estimated weight New = 5.2 kg corr = 3.7 kg
Capacity New = 11.55 liters corr = 11.74 liters

1D = 700 mm

Length L, = 30 mm

t = 10 mm

Insulation thk: 50 mm density: 224 kg/m3 Weight: 0 kg

Design thickness, (at 425 °C) UG-27(c)(1)

t P*R / (S*E — 0.60%P) + Corrosion
1,050.45+353 / (83,800%1.00 — 0.60%1,050.45) + 3

7.46 mm

Maximum allowable working pressure, (at 425 °C) UG-27(c)(1)

P = SxExt/ (R + 0.60+t) - Py
= 83,800%1.00%7 / (353 + 0.60+7) — 0.45
= 1,641.83 kPa

Maximum allowable pressure, (at 10 °C) UG-27(c)(1)
P S*E*t / (R + 0.60%t)
138,000%1.00%10 / (350 + 0.60%10)
3,876.4 kPa

% Extreme fiber elongation — UCS-79(d)

EFE

(50%t / R)*(1 = R; / Ry)
= (50%10 / 355)*(1 - 355 / infinity)
1.4085%

The extreme fiber elongation does not exceed 5%.
Design thickness = 7.46 mm
The governing condition is due to internal pressure.

The cylinder thickness of 10 mm is adequate.
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Thickness Required Due to Pressure + External Loads

Allowable Stress Rea'd Thk
Condition Pressure Be{r?éfegsg (Zs;wﬁtar)ess Temperature | Corrosion Load une to Reg;?nﬂr]gszili;to
P ( kPa) (°C) C (mm) Tension (?nm)
St Sc (mm)
Operating, Hot & )
Corroded 1,050 83.8 59.56 425 3| Wind 1.83 1.83
Operating, Hot & New 1,050 83.8 62.67 425 0| Wind 1.81 1.81
Hot Shut Down, .
Corroded 0 83.8 59.56 425 3| Wind 0.01 0.02
Hot Shut Down, New 0 83.8 62.67 425 0| Wind 0.01 0.02
Empty, Corroded 0 138 107.23 21 3| Wind 0.01 0.01
Empty, New 0 138 114.02 21 0| Wind 0.01 0.01
Hot Shut Down,
Corroded, Weight & )
Eccentric Moments 0 83.8 59.56 425 3 | Weight 0.02 0.02
Only
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SHELL #1
ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Cylinder

Material specification: SA-516 70 (II-D Metric p. 18, In. 19)
Material impact test exemption temperature from Fig UCS-66M Curve B = -27.75 °C
Fig UCS-66.1M MDMT reduction = 32.3 °C, (coincident ratio = 0.4946)

Rated MDMT of —60.05°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 10 mm

Internal design pressure: P = 1,050 kPa @ 425 °C

Static liquid head:

27.41 kPa (SG = 0.835, Hg = 3,350 mm,Operating head)
8.09 kPa (SG =1, Hg = 826 mm, Horizontal test head)

Pin
Corrosion allowance Inner C =3 mm Outer C=0mm

Design MDMT = =35 °C No impact test performed

Rated MDMT = -48 °C Material is not normalized
Material is produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint - Full UW-11(a) Type 1
Top circumferential joint = Full UW=11(a) Type 1
Bottom circumferential joint Full UW=11(a) Type 1

Estimated weight New = 557.3 kg corr = 391.8 kg
Capacity New = 1,268.06 liters corr = 1,289.89 liters

D = 700 mm

Length L, = 3,295 mm

t = 10 mm

Insulation thk: 50 mm density: 224 kg/m3 Weight: 89.3 kg

Insulation Support Individual Support Total Support
Spacing: 3,457 mm Weight: 25 kg Weight: 25 kg

Design thickness, (at 425 °C) UG-27(c)(1)

t P*R / (S*E - 0.60%P) + Corrosion
1,077.41%353 / (83,800%1.00 — 0.60%1,077.41) + 3

7.57 mm

Maximum allowable working pressure, (at 425 °C) UG-27(c)(1)

P = S*Ext/ (R +0.60%t) - Pq
= 83,800%1.00%7 / (353 + 0.60%7) - 27.41
= 1,614.87 kPa

Maximum allowable pressure, (at 10 °C) UG-27(c)(1)
P SxExt / (R + 0.60%t)
138,000%1.00%10 / (350 + 0.60%10)
3,876.4 kPa

% Extreme fiber elongation — UCS-79(d)

EFE

(50%t / R)*(1 = Ry / Ry)
= (50%10/ 355)«(1 — 355 / infinity)
1.4085%

The extreme fiber elongation does not exceed 5%.

Design thickness = 7.57 mm
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The governing condition is due to internal pressure.
The cylinder thickness of 10 mm is adequate.

Thickness Required Due to Pressure + External Loads

Allowable Stress
Before UG-23 Req'd Thk |
. Req'd Thk Due
. Pressure Stress Increase Temperature | Corrosion . Due to X
Condition P ( kPa) ( MPa) (°C) C (mm) Location | Load Tension to Co(mpre)sswn
(mm) mm
S S.
; Top Wind 1.91 1.67
Operatin, Hot & 1,050 | 83.8 59.56 425 3 :
Bottom | Wind 1.96 1.87
: Top Wind 1.89 1.64
Operaiing, ot & 1,050 | 83.8 62.67 425 0 :
Bottom | Wind 1.94 1.85
Top Wind 0.07 0.24
riot Shut Down. 0 838 59.56 425 3 :
Bottom | Wind 0.12 0.03
Top Wind 0.06 0.24
Hot Sr&“t Down, ol 838 62.67 425 0
ew Bottom | Wind 0.12 0.03
Top Wind 0.04 0.18
Empty, Corroded 0 138 107.23 21 3
Bottom | Wind 0.04 0.02
Top Wind 0.04 0.13
Empty, New 0 138 114.02 21 0
Bottom | Wind 0.04 0.02
CHOt %htét E\’/\?V_Vﬂm Top | Weight 0.01 0.16
O el 0 838 59.56 425 3
Moments Only Bottom | Weight 0.09 0.09

19/148



Item No. : 208-40-D-004 Rev.5

SHELL #2
ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Cylinder
Material specification: SA-516 70 (II-D Metric p. 18, In. 19)
Material is impact test exempt to =105 °C per UCS-66(b)(3) (coincident ratio = 0.289)

Internal design pressure: P = 1,050 kPa @ 425 °C

Static liguid head:

Ps = 29.55kPa (SG =0.835, Hg = 3,612 mm,Operating head)

Piy = 8.09kPa (SG =1, Hg =826 mm, Horizontal test head)

Corrosion allowance Inner C =0 mm Outer C =0 mm

Design MDMT = =35 °C No impact test performed

Rated MDMT = -105 °C Material is not normalized
Material is produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint = Full UW=11(a) Type 1

Top circumferential joint = Full UW=11(a) Type 1
Bottom circumferential joint Full UW=11(a) Type 1

Estimated weight New = 55.6 kg corr = 55.6 kg

Capacity New = 100.88 liters corr = 100.83 liters

ID = 706 mm

Length L, = 262 mm

t = 12mm

Insulation thk: 50 mm density: 224 kg/m3 Weight: 7.2 kg
Insulation Support Individual Support Total Support
Spacing: 350 mm Weight: 25ka Weight: 25ka
Lining/Refractory . 3 I

thickness: 3 mm density: 7,930 ka/m Weight: 13.8 kg

Design thickness, (at 425 °C) UG-27(c)(1)

t = PR/ (S*E - 0.60%P) + Corrosion
= 1,079.55%353 / (83,800%1.00 — 0.60%1,079.55) + 0
= 4.58 mm

Maximum allowable working pressure, (at 425 °C) UG-27(c)(1)

p S*Ext / (R + 0.60%t) - Pg
83,800%1.00%12 / (353 + 0.60%12) - 29.55
2

,762.23 kPa

Maximum allowable pressure, (at 10 °C) UG-27(c)(1)
P SxExt / (R + 0.60%t)
138,000%1.00%12 / (353 + 0.60%12)
4,597.45 kPa

% Extreme fiber elongation — UCS-79(d)

EFE

(50%t / R)*(1 = R; / Ry)
(50%12 / 359)*(1 = 359 / infinity)
1.6713%

The extreme fiber elongation does not exceed 5%.
Design thickness = 4.58 mm

The governing condition is due to internal pressure.
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The cylinder thickness of 12 mm is adequate.

Thickness Required Due to Pressure + External Loads

Allowable Stress Reqa'd Thk
Condition Pressure Berr?::?etajge_ (Zillitar)ess Temperature | Corrosion Load une to Reg;?nﬂr]:szili;to
P ( kPa) (°C) C (mm) Tension (Enm)
S, Se (mm)
Operating, Hot & 1050 838 64.17 425 0 Wind 1.91 1.9
Corroded
Operating, Hot & New 1,050 83.8 64.17 425 0| Wind 1.9 1.9
Hot Shut Down, :
Corroded 0 83.8 64.17 425 0| Wind 0.07 0.06
Hot Shut Down, New 0 83.8 64.17 425 0| Wind 0.07 0.06
Empty, Corroded 0 138 116.36 21 0| Wind 0.01 0
Empty, New 0 138 116.36 21 0| Wind 0.01 0
Hot Shut Down,
Corroded, Weight & )
Eccentric Moments 0 83.8 64.17 425 0 | Weight 0.08 0.08
Only
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BTM Head (Torispherical Head)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: F&D Head

Material Specification: SA-516 70 (II-D Metric p.18, In. 19)

Straight Flange governs MDMT

Internal design pressure: P = 1,050 kPa @ 425 °C
Static liguid head:

P,=31.33 kPa (SG=0.835, Hg=3829.47 mm Operating head)
Pi= 8.13 kPa (SG=1, Hg=830 mm Horizontal test head)

Corrosion allowance: Inner C =0 mm OuterC =0
Design MDMT = -35°C No impact test performed
Rated MDMT = -105°C Material is not normalized

mm

Material is produced to fine grain practice

PWHT is not performed

Do not Optimize MDMT / Find MAWP
Radiography: Category A joints — Seamless No RT
Head to shell seam - Full UW=11(a) Type 1
Estimated weight*:  new = 51.7 kg corr = 51.7 kg
Capacity*: new = 61.8 liters corr = 61.8 liters

* includes straight flange

Inner diameter 708 mm
Crown radius L 637 mm
Knuckle radius r

TRARE
Straight flange length Lgs = Bb mm 5

Minimum head thickness

Nominal straight flange thickness tgf = 12 mm
Insulation thk: 50 mm density: 224 kg/m3
Insulation supportring ¢ individual weight: 0 kg
spacing:
ity: 7,929.9985
Lining/ref thk=: 4 mm denS'Sy
kg/m

* includes straight flange if applicable
Results Summary

The governing condition is internal pressure.

Minimum thickness per UG-16 = 1.5mm+0mm
Design thickness due to internal pressure (t) = 6.01 mm
Maximum allowable working pressure (MAWP) = 1,802.93 kPa
Maximum allowable pressure (MAP) = 3,020.62 kPa

Note: Appendix 1-4 footnote 1 used to determine allowable stress.

M (Corroded)

M = 1/4x[3+ (L/1)1/2]
= {/4x[3 + (637 / 79)1/2]
= 1.459898

M (New)

M = 1/4x[3+ (L /012
= {/4x[3 + (637 / 79)1/2]
= 1.459898

Design thickness for internal pressure, (Corroded at 425 °C) Append
t PxxM / (2%S*E — 0.2%P) + Corrosion
1,081.33%637%1.4599 / (2%83,800%1 — 0.2%1,081.33) + 0
6.01 mm

weight: 9.0832 kg
total weight: 0 kg

weight: 20.5505 kg

=1.5mm

ix 1-4(d)

(Seamless No RT)

Rev.5
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The head internal pressure design thickness is 6.01 mm.
Maximum allowable working pressure, (Corroded at 425 °C) Appendix 1-4(d)

P

2+S*Ext / (LxM + 0.2+t) - Pg
2+83,800%1%10.2 / (637+1.4599 + 0.2+10.2) - 31.33
1,802.93 kPa

The maximum allowable working pressure (MAWP) is 1,802.93 kPa.
Maximum allowable pressure, (New at 10 °C) Appendix 1-4(d)

P

2xSExt / (L*M + 0.2%t) = Pg
2%138,000%1%10.2 / (637+1.4599 + 0.2¢10.2) — 0
3,020.62 kPa

The maximum allowable pressure (MAP) is 3.020.62 kPa.

% Extreme fiber elongation — UCS-79(d)

EFE =  (75%t/R)*(1 = R / Ry)
= (75%12/ 85)*(1 - 85 / infinity)
= 10.5882%

The extreme fiber elongation exceeds 5 percent. Heat treatment per UCS—56 may be required. See UCS-79(d)(4) or

(5).
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Straight Flange on BTM Head (Torispherical Head)
ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Straight Flange
Material specification: SA-516 70 (II-D Metric p. 18, In. 19)
Material is impact test exempt to =105 °C per UCS-66(b)(3) (coincident ratio = 0.2899)

Internal design pressure: P = 1,050 kPa @ 425 °C

Static liquid head:

Ps = 30.09 kPa (SG =0.835, Hg = 3,678 mm,Operating head)

Piy = 8.13kPa (SG =1, Hg =830 mm, Horizontal test head)

Corrosion allowance Inner C =0 mm Outer C =0 mm

Design MDMT = =35 °C No impact test performed

Rated MDMT = -105 °C Material is not normalized
Material is produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint — Seamless No RT

Circumferential joint — Full UW=11(a) Type 1

Estimated weight New = 14 kg corr = 14 kg

Capacity New = 25.4 liters corr = 25.4 liters

1D = 708 mm

LengthL, = 66 mm

t = 12mm

Insulation thk: 50 mm density: 224 kg/m?3 Weight: 0 kg
Lining/Refractory o 3 .

thickness: 4 mm density: 7,930 kg/m Weight: 0 kg

Design thickness, (at 425 °C) UG-27(c)(1)

P+R / (S*E — 0.60%P) + Corrosion
1,080.09%354 / (83,800%1.00 — 0.60%1,080.09) + 0
4.6 mm

t

Maximum allowable working pressure, (at 425 °C) UG-27(c)(1)

P S*Ext / (R + 0.60%t) - Pg
83,800%1.00%12 / (354 + 0.60%12) — 30.09

2,753.96 kPa

Maximum allowable pressure, (at 10 °C) UG-27(c)(1)

P S*Ext / (R + 0.60%t)
138,000%1.00%12 / (354 + 0.60%12)

4,584.72 kPa

% Extreme fiber elongation — UCS-79(d)

(50%t / R)*(1 = Ry / Ry)
(50«12 / 360)*(1 - 360 / infinity)
1.6667%

EFE

The extreme fiber elongation does not exceed 5%.
Design thickness = 4.6 mm

The governing condition is due to internal pressure.
The cylinder thickness of 12 mm is adequate.

Thickness Required Due to Pressure + External Loads
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Allowable Stress Req'd Thk
Before UG-23 Stress . Req'd Thk Due to
. Pressure Temperature | Corrosion Due to N
Condition P (KkPa) Increase ( MPa) (=C) C (mm) Load Tension Corrzﬁqr;s)smn
S, S, (mm)
Operating, Hot & )
Corroded 1,050 83.8 64.14 425 0| Wind 1.91 1.9
Operating, Hot & New 1,050 83.8 64.14 425 0| Wind 1.9 1.9
Hot Shut Down, )
Corroded 0 83.8 64.14 425 0| Wind 0.06 0.06
Hot Shut Down, New 0 83.8 64.14 425 0| Wind 0.06 0.06
Empty, Corroded 0 138 116.32 21 0| Wind 0 0
Empty, New 0 138 116.32 21 0| Wind 0 0
Hot Shut Down,
Corroded, Weight & .
Eccentric Moments 0 83.8 64.14 425 0 | Weight 0.07 0.07
Only
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CATALYST INLET (A)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

{I].I]I]:L

tw(lower) =

Legyy =
Legys =

Phew =

T2460,00

Note: round inside edges per UG-76(c)

Location and Orientation

Located on:

Orientation:

Distance to head center, R:
Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Description:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:
Internal projection, hpg:

Projection available outside vessel to flange face, Lf:
Local vessel minimum thickness:

Liquid static head included:

Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.258)
(UCS-68(c) applies.)

Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

Gasket Description:

PWHT performed:
Circumferential joint radiography:

Reinforcement Calculations for MAWP

Bolted Cover #G
0°

0 mm

No

No

SA-106 B Smls. Pipe (II-D Metric p. 10, In. 40)

NPS 2 Sch 80 (XS) DN 50
49.25 mm

5.54 mm

1.42 mm

90.15 mm

2,460 mm

160 mm

40 mm

0 kPa

1

NPS 2 Class 300 WN A105

SA-193 B8M 2 Bolt <= 19 (II-D Metric p. 342, In. 17)

No
-105°C

0 kPa

2,880 kPa @ 425°C
5,110.01 kPa @ 10°C
7,700.01 kPa @ 10°C

Flexitallic Spiral Wound CGI 316 S.S.

Yes
Full UW-11(a) Type 1

Available reinforcement per UG-39 governs the MAWP of this nozzle.

40 mm
11 mm
0 mm

2,460 mm

Rev.5
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UG-39 Area Calculation Summary (cm?) 'UG-45 Nozzle Wall
For P = 2,386.36 kPa @ 425 °C Thickness Summary (mm)

The opening is adequately reinforced The nozzle passes UG-45

A A A
required | available A1 A Ag | As welds treq tonin
7.8173 | 7.818 16.0755|0.6052 0.056 —-|1.0813 4.84 4.85

UG—-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW=15(b)(1)

UW-16 Weld Sizing Summary

. Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy;) 2.88 7.7 | weld size is adequate

Reinforcement Calculations for MAP

The attached ASME B16.5 flange limits the nozzle MAP.

UG-39 Area Calculation Summary (cm?) UG-45 Nozzle Wall
For P =5,110.01 kPa @ 10 °C Thickness Summary (mm)

The opening is adequately reinforced The nozzle passes UG—-45

A A A
required | available A1 A Az 1 hs | welds treq tmin
8.5691 | 9.0341 5.6368 | 1.0516 1 1.3109 | ——1.0348 3.42 4.85

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

. Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legyu;) 3.88 7.7 | weld size is adequate

27/148



Item No. : 208-40-D-004 Rev.5

CATALYST OUTLET (B1)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Yy (lower) = 10.2 mm
Leggs = 9 mm

Note: Per UW-16(b) minimum inside corner radius r, = min [1/ 4*t, 3 mm] = 2.55 mm

Location and Orientation

Located on: BTM Head (Torispherical Head)

Orientation: 324°

End of nozzle to datum line: -256 mm

Calculated as hillside: Yes

Distance to head center, R: 210 mm

Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification: SA-266 2 (II-D Metric p. 18, In. 8)

Inside diameter, new: 77.93 mm

Wall thickness, tj: 21.04 mm

Minimum wall thickness: 5.49 mm

Corrosion allowance: 0 mm

Opening chord length: 82.53 mm

Projection available outside vessel, Lpr: 32.7 mm

Heavy barrel length, Ly 30 mm

Projection available outside vessel to flange face, Lf: 111.95 mm

Local vessel minimum thickness: 10.2 mm

Liquid static head included: 32.1034 kPa

Longitudinal joint efficiency: 1

ASME B16.5-2009 Flange

Description: NPS 3 Class 300 WN A105

Bolt Material: SA-193 B8M 2 Bolt 19 < t <= 25 (II-D Metric p. 342, In. 15)

Blind included: No

Rated MDMT: -105°C

(UCS-66(b)(3): Coincident ratio = 0.2643)

Liquid static head: 32.1868 kPa

MAWP rating: 2,880 kPa @ 425°C

MAP rating: 5,110.01 kPa @ 10°C

Hydrotest rating: 7,700.01 kPa @ 10°C

Gasket Description: Flexitallic Spiral Wound CGI 316 S.S.

PWHT performed: No

Circumferential joint radiography: Full UW-11(a) Type 1

Reinforcement Calculations for MAWP
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The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (cm?) _UG-45 Nozzle Wall
For P = 2,675.14 kPa @ 425 °C Thickness Summary (mm)

The opening is adequately reinforced The nozzle passes UG-45

A A A
required | avallable | ™1 A A3 | As | welds treq tmin
8.4179 110.8916 |——|10.0813 | —— —-0.8103 4.8 5.49

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW—-15(b)(1)

UW-16 Weld Sizing Summary

. Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy,;) 6 6.3 | weld size is adequate

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary (cm?) _UG-45 Nozzle Wall
For P = 4,405.33 kPa @ 10 °C Thickness Summary (mm)

The opening is adequately reinforced The nozzle passes UG-45

A t t

A A
Ao s | s | welds req

required | available As
8.4192 1 10.8916 |——[10.0813 | ——  —=0.8103 4.8 5.49

min

UG—-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(1)

UW-16 Weld Sizing Summary

. Required weld Actual weld
Weld description throat size (mm) | throat size (mm) Status
Nozzle to shell fillet (Legy;) 6 6.3 | weld size is adequate

Rev.5
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GAS INLET (C)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

tw(lower) =
== t‘?ﬁ.ﬂﬂ il Leg4] =
8.00— — o e—11.00 tw(upper) =
Leggp =
Dp =
10.00 o =
; 10.00
1I][m“J’ e — ____I___ 10.00
= =N

Note: round inside edges per UG-76(c)

Location and Orientation

Located on:

Orientation:

Nozzle center line offset to datum line:
End of nozzle to shell center:

Passes through a Category A joint:

Nozzle

Access opening:

Material specification:

Inside diameter, new:

Nominal wall thickness:

Corrosion allowance:

Projection available outside vessel, Lpr:

Projection available outside vessel to flange face, Lf:

Local vessel minimum thickness:
Liquid static head included:
Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter:

Is split:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:
(UCS-66(b)(3): Coincident ratio = 0.261)
Liguid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

Gasket Description:
PWHT performed:

Reinforcement Calculations for MAWP

SHELL #1
270°
1,803 mm
600 mm
No

No

SA-105 (II-D Metric p. 18, In. 5)
152.4 mm

26.92 mm

3 mm

203.42 mm

240 mm

10 mm

15.9641 kPa

1

SA-105 (II-D Metric p. 18, In. 5)
300.01 mm
No

NPS 6 Class 300 LWN A105

SA-193 B8M 2 Bolt 19 <t <= 25 (II-D Metric p. 342, In. 15)

No
-105°C

15.3408 kPa

2,880 kPa @ 425°C

5,110.01 kPa @ 10°C

7,700.01 kPa @ 10°C

Flexitallic Spiral Wound CGI 316 S.S.
No

10 mm

11 mm

10 mm

8 mm

300.01 mm

10 mm

Rev.5
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The vessel wall thickness governs the MAWP of this nozzle.

UG—37 Area Calculation Summary (cm2) UG—45 Nozzle Wall
For P = 1,642.26 kPa @ 425 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available | A1 | A2 | As | A eige treq tmin
11.0884 |18.9282 | —— | 7.8245 | -—|9.376 | 1.7277 10 26.92

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load | Path 2-2 | Weld load | Path 3-3
w Wi strength Wo_o strength Wa_3 strength

92,921 | 158,619 | 557,204 | 102,753 | 488,287 | 186,687 | 295,441

UW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description slzo (mm) | size (mm) Status
Nozzle to pad fillet (Legsy) 6 7.7 | weld size is adequate
Pad to shell fillet (Legyp) 3.5 5.6 | weld size is adequate
Nozzle to pad groove (Upper) 7 10 | weld size is adequate
Reinforcement Calculations for MAP
The vessel wall thickness governs the MAP of this nozzle.
UG-37 Area Calculation Summary (cm2) UG—45 Nozzle Wall
For P = 3,876.43 kPa @ 10 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG—45
A A A
required | available A A As| As welds treq tmin
15.24 |23.2857 | —— | 12.3735 | —— 9.376 | 1.5361 7.16 26.92

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load | Path 2-2 | Weld load | Path 3-3
w Wi strength Wo_p strength Wa_3 strength

210,312 | 321,342 | 987,542 | 261,767 1 902,662 | 395,652 | 585,770

UW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description size (mm) | size (mm) Status
Nozzle to pad fillet (Legy;) 6 7.7 | weld size is adequate
Pad to shell fillet (Legysp) 5 5.6 | weld size is adequate
Nozzle to pad groove (Upper) 7 10 | weld size is adequate
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GAS OUTLET (D)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

tw(lower) = 10 mm

— _-.-LE'E.EIE . Legsg1 = 11 mm
B8.00— — —= #—11.00 tw(upper) =10 mm
Legqo = 8 mm
Op = 300 mm
10.00 t = 10 mm
10.00 J_r 10.00
L —r i 1 SED £—Q— =—= 10.00
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: SHELL #1
Orientation: 45°
Nozzle center line offset to datum line: 3,153 mm
End of nozzle to shell center: 600 mm
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-266 2 (II-D Metric p. 18, In. 8)
Inside diameter, new: 146.33 mm
Nominal wall thickness: 10.97 mm
Corrosion allowance: 3 mm
Projection available outside vessel, Lpr: 141.45 mm
Projection available outside vessel to flange face, Lf: 240 mm
Local vessel minimum thickness: 10 mm
Liquid static head included: 4.8939 kPa

Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter:

Is split:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:

(UCS-66(b)(3): Coincident ratio = 0.2588)
Liguid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

Gasket Description:

PWHT performed:
Circumferential joint radiography:

Reinforcement Calculations for MAWP

1

SA-266 2 (II-D Metric p. 18, In. 8)
300 mm
No

NPS 6 Class 300 WN A105

SA-193 B8M 2 Bolt 19 <t <= 25 (II-D Metric p. 342, In. 15)

No
-105°C

4.2954 kPa

2,880 kPa @ 425°C

5,110.01 kPa @ 10°C

7,700.01 kPa @ 10°C

Flexitallic Spiral Wound CGI 316 S.S.
No

Full UW=11(a) Type 1

Rev.5
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The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (cm?2) UG-45 Nozzle Wall
For P = 1,642.26 kPa @ 425 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available Ar A As As welds treq timin
10.6634 | 16.841 | ——|2.2626 —-  13.172 | 1.4064 9.22 10.97

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load | Path 2-2 | Weld load | Path 3-3
w Wi strength Wo_o strength Wa_3 strength

89,360 | 141,128 272,702 | 37,430 |398,387 | 150,482 | 269,541

UW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description slzo (mm) | size (mm) Status
Nozzle to pad fillet (Legsy) 5.58 7.7 | weld size is adequate
Pad to shell fillet (Legyp) 3.5 5.6 | weld size is adequate
Nozzle to pad groove (Upper) 5.58 10 | weld size is adequate
Reinforcement Calculations for MAP
The vessel wall thickness governs the MAP of this nozzle.
UG-37 Area Calculation Summary (cm?2) UG—45 Nozzle Wall
For P = 3,876.43 kPa @ 10 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A A2 A As welds treq tmin
14.6329 | 18.09 |-—-|4.4413 —— 12.4384|1.2103 6.22 10.97

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load | Path 2-2 | Weld load | Path 3-3
w Wi strength Wo_p strength Wa_3 strength

201,934 | 249,642 | 516,826 | 108,277 | 736,470 | 279,927 | 524,847

UW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description size (mm) | size (mm) Status
Nozzle to pad fillet (Legy;) 6 7.7 | weld size is adequate
Pad to shell fillet (Legysp) 5 5.6 | weld size is adequate
Nozzle to pad groove (Upper) 7 10 | weld size is adequate
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Rev.5

BLANKOFF (E)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

tw(lower) = 8.5 mm

- - Leggs = 11 mm
—11.00
8.50 B.EI]:L_
7'|’\_

Note: round inside edges per UG-76(c)
Location and Orientation
Located on: TOP HEAD
Orientation: 180°
End of nozzle to datum line: 4,033 mm
Calculated as hillside: Yes
Distance to head center, R: 270 mm
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-105 (II-D Metric p. 18, In. 5)
Inside diameter, new: 50.8 mm
Nominal wall thickness: 16.64 mm
Corrosion allowance: 3 mm
Opening chord length: 66.21 mm
Projection available outside vessel, Lpr: 216.02 mm
Projection available outside vessel to flange face, Lf: 238.38 mm
Local vessel minimum thickness: 8.5 mm
Liguid static head included: 0 kPa

Longitudinal joint efficiency:

ASME B16.5-2009 Flange
Description:

Bolt Material:

Blind included:

Rated MDMT:
(UCS-66(b)(3): Coincident ratio = 0.258)
Liquid static head:

MAWP rating:

MAP rating:

Hydrotest rating:

Gasket Description:
PWHT performed:

Reinforcement Calculations for MAWP

1

NPS 2 Class 300 LWN A105

SA-193 B8M 2 Bolt <= 19 (II-D Metric p. 342, In. 17)
Yes

-105°C

0 kPa

2,880 kPa @ 425°C

5,110.01 kPa @ 10°C

7,700.01 kPa @ 10°C

Flexitallic Spiral Wound CGI 316 S.S.
No

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (cm?)

UG-45 Nozzle Wall
Thickness Summary (mm)
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For P =1,318.4 kPa @ 425 °C

A A A
required available A R | A3 | As welds treq
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 7.8

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld Status

Weld description throat size (mm) | throat size (mm)

Nozzle to shell fillet (Legyu;) 3.85
This opening does not require reinforcement per UG-36(c)(3)(a)

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

7.7 | weld size is adequate

Rev.5

The nozzle passes UG-45

t

min

16.64

UG-45 Nozzle Wall

UG-37 Area Calculation Summary (cm?)
For P = 3,343.26 kPa @ 10 °C

A A A
required available Ar Ao | As | hAs welds teg

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 4.8

UG—-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld Status

Weld description throat size (mm) | throat size (mm)

Nozzle to shell fillet (Legy,) 5.95

This opening does not require reinforcement per UG-36(c)(3)(a)

7.7 | weld size is adequate

Thickness Summary (mm)
The nozzle passes UG-45

tmin

16.64
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THERMOWELL (F)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

a.50

Note: round inside edges per UG-76(c)

Location and Orientation

tw(lower) = 8.5 mm

Legyy =

Located on: TOP HEAD
Orientation: 270°

End of nozzle to datum line: 4,033 mm
Calculated as hillside: Yes
Distance to head center, R: 270 mm
Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification:
Inside diameter, new:

SA-105 (II-D Metric p. 18, In. 5)
50.8 mm

Nominal wall thickness: 16.64 mm
Corrosion allowance: 3 mm
Opening chord length: 66.21 mm
Projection available outside vessel, Lpr: 216.02 mm
Projection available outside vessel to flange face, Lf: 238.38 mm
Local vessel minimum thickness: 8.5 mm
Liguid static head included: 0 kPa

Longitudinal joint efficiency:

ASME B16.5-2009 Flange

Description: NPS 2 Class 300 LWN A105

Bolt Material: SA-193 B8M 2 Bolt <= 19 (II-D Metric p. 342, In. 17)
Blind included: No

Rated MDMT: -105°C

(UCS-66(b)(3): Coincident ratio = 0.258)

Liquid static head: 0 kPa

MAWP rating:
MAP rating:
Hydrotest rating:

1

2,880 kPa @ 425°C
5,110.01 kPa @ 10°C
7,700.01 kPa @ 10°C

9 mm

Rev.5

Gasket Description: Flexitallic Spiral Wound CGI 316 S.S.
PWHT performed: No

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle Wall

UG-37 Area Calculation Summary (cm?) Thickness Summary (mm)
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For P =1,318.4 kPa @ 425 °C

A A A
required available A R | A3 | As welds treq
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 7.8

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld Status

Weld description throat size (mm) | throat size (mm)

Nozzle to shell fillet (Legyu;) 3.85
This opening does not require reinforcement per UG-36(c)(3)(a)

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

6.3 | weld size is adequate

Rev.5

The nozzle passes UG-45

t

min

16.64

UG-45 Nozzle Wall

UG-37 Area Calculation Summary (cm?)
For P = 3,343.26 kPa @ 10 °C

A A A
required available Ar Ao | As | hAs welds teg

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 4.8

UG—-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld Status

Weld description throat size (mm) | throat size (mm)

Nozzle to shell fillet (Legy,) 5.95

This opening does not require reinforcement per UG-36(c)(3)(a)

6.3 | weld size is adequate

Thickness Summary (mm)
The nozzle passes UG-45

tmin

16.64
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INSPECTION (G)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

tw(lower) = 8.5 mm

—3 k—65.86 - Leggs = 11 mm
7.00— p— —= =11.00 tw(upper) = 10 mm
Legqp = 7 mm
Op = 300 mm
10.00/
- L _— te = 10 mm
gt — — "
= :
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: TOP HEAD
Orientation: 0°
End of nozzle to datum line: 4,153 mm
Calculated as hillside: No
Distance to head center, R: 0 mm
Passes through a Category A joint: No
Nozzle
Access opening: No
Material specification: SA-266 2 (II-D Metric p. 18, In. 8)
Inside diameter, new: 146.33 mm
Nominal wall thickness: 10.97 mm
Corrosion allowance: 3 mm
Projection available outside vessel, Lpr: 223.07 mm
Projection available outside vessel to flange face, Lf: 321.63 mm
Local vessel minimum thickness: 8.5 mm
Liguid static head included: 0 kPa
Longitudinal joint efficiency: 1
Reinforcing Pad 5
Material specification: SA-266 2 (II-D Metric p. 18, In. 8)
Diameter: 300 mm
Is split: No

ASME B16.5-2009 Flange

Description: NPS 6 Class 300 WN A105

Bolt Material: SA-193 B8M 2 Bolt 19 <t <= 25 (II-D Metric p. 342, In. 15)
Blind included: No

Rated MDMT: -105°C

(UCS-66(b)(3): Coincident ratio = 0.258)

Liquid static head: 0 kPa

MAWP rating: 2,880 kPa @ 425°C

MAP rating: 5,110.01 kPa @ 10°C

Hydrotest rating: 7,700.01 kPa @ 10°C

Gasket Description: Flexitallic Spiral Wound CGI 316 S.S.
PWHT performed: No

Circumferential joint radiography: Full UW=-11(a) Type 1
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Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (cm?) UG-45 Nozzle Wall
For P = 1,460.59 kPa @ 425 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available A Ao As As welds teq tin
8.3783 | 15.9526 | —— | 1.8239 —— | 13.172 1 0.9568 8.5 10.97

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 | Weld load | path 2-2 | Weld load | Path 3-3
w Wi strength Wo_p strength W3 3 strength

70,210 | 133,683 1 253,352 | 28,370 |373,800 | 141,033 | 225,605

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (mm) | size (mm) Status

Weld description

Nozzle to pad fillet (Leg,;) 5.58 7.7 | weld size is adequate
Pad to shell fillet (Legyus) 2.75 4.9 | weld size is adequate

Nozzle to pad groove (Upper) 5.58 10 | weld size is adequate

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

UG-37 Area Calculation Summary (cm?) _UG-45 Nozzle Wall
For P=3,713.77 kPa @ 10 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG-45

A A TA A Al A A t t

required | available welds req

12.4378 | 17.4616 | —— | 3.8129 | —— | 12.4384 | 1.2103 6.22 10.97

min

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | path 1-1 | Weld load | path 2-2 | Weld load | Path 3-3
W Wiy strength Wo_o strength W33 strength

171,642 | 240,970 1 484,961 | 95,063 |695,980 | 266,712 | 452,493

UW-16 Weld Sizing Summary

Required weld | Actual weld

size (mm) | size (mm) Status

Weld description

Nozzle to pad fillet (Leg,;) 6 7.7 | weld size is adequate
Pad to shell fillet (Legy,) 4.25 4.9 | weld size is adequate

Nozzle to pad groove (Upper) 7 10 | weld size is adequate

Rev.5
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Bolted Cover #G

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Bolted Cover
Attached to: Flange #G
Material specification: SA-105 (II-D Metric p. 18, In. 5)

Bolted cover is impact test exempt to —105 °C per UCS—-66(b)(3) (coincident ratio = 0.214)
Internal design pressure: P = 1,050 kPa @ 425 °C
Static liquid head:

P. = 0kPa (SG = 0.835, H, = 0 mm, Operating head)

S

Py, = 6.26 kPa (8G =1, Hg = 639.21 mm, Horizontal test head)

Corrosion allowance: Inner C =3 mm QOuter C=0 mm
Design MDMT = =35 °C No impact test performed
Rated MDMT = -105 °C Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is performed

Radiography: Category A joints — Seamless No RT

Estimated weight:  New = 24.3 kg corr = 22.5 kg

Head diameter, d =195.4 mm
Cover thickness, t =40 mm

Design thickness, (at 425 °C) UG-34 (c)(2), flange operating

t = d*Sqr(C+P / (S*E) + 1.9*Wxhy / (S*Exd®)) + Corrosion

195.4%Sqr(0.3%1.05 / (83.9%1) + 1.9%55,820.49%37.17 / (83.9%1%195.4%)) + 3
22.59 mm

Design thickness, (at 10 °C) UG-34 (c)(2), gasket seating

t=d*Sar(1.9«W+h / (SxE*d3)) + Corrosion
= 195.4%Sqr(1.9x294,565.4x37.17 / (138*1*195.43)) + 3
=30.78 mm

Maximum allowable working pressure, (at 425 °C )

P = (S*E / O)*((t / d)? = (1.9%Wxhg / (S*Exd?))) - P,

(83.9%1000%1 / 0.3)((37 / 195.4)% - (1.9%199,093.53+37.17 / (83.9%1000%1%195.43))) - 0
3,745.01 kPa

Maximum allowable pressure, (At 10 °C)

P = (S*E / C)x((t/ d)? = (1.9xWhg, / (SxExd?)))

(138%1000%1 / 0.3)*((40 / 195.4)2 — (1.9%382,722.47%37.17 / (138%1000%1%195.45)))
7.199.12 kPa
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MANHOLE (H)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

tw(lower) = 10 mm

— k—101.40 o Lega1 = 11 mm
8.00— — £-11.00 tw(upper) = 10 mm
Leggo = 8 mm
Op = 680 mm
10.00 te = 10 mm
10.00
1“‘““&[4— === ____:E_#___ﬁ 10.00
=
Note: round inside edges per UG-76(c)
Location and Orientation
Located on: SHELL #1
Orientation: 225°
Nozzle center line offset to datum line: 2,953 mm
End of nozzle to shell center: 600 mm
Passes through a Category A joint: No
Nozzle
Access opening: Yes
Material specification: SA-266 2 (II-D Metric p. 18, In. 8)
Inside diameter, new: 457.2 mm
Nominal wall thickness: 10 mm
Corrosion allowance: 3 mm
Projection available outside vessel, Lpr: 130 mm
Projection available outside vessel to flange face, Lf: 240 mm
Local vessel minimum thickness: 10 mm
Liguid static head included: 7.8021 kPa

Longitudinal joint efficiency:

Reinforcing Pad
Material specification:
Diameter:

Is split:

Reinforcement Calculations for MAWP

1

SA-266 2 (II-D Metric p. 18, In. 8)
680 mm
No

Available reinforcement per UG-37 governs the MAWP of this nozzle.

UG-37 Area Calculation Summary (cm?2)
For P = 1,408.05 kPa @ 425 °C
The opening is adequately reinforced

A A
required | available

A A Ay | A A

UG-45 Nozzle Wall
Thickness Summary (mm)
The nozzle passes UG—-45

welds teq trmin

27.7531 1 27.7555 | 4.6722 | 1.0755 | —— 1 20.28 | 1.7277 6.93 10

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | pPath 1-1 | Weld load | Path 2-2 | Weld load | Path 3-3

W Wi strength Wo_p strength

Ws 3 strength

194,601 | 193,437 | 654,521 | 26,341 |1,129,759 | 201,650 | 676,275

Rev.5
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UW-16 Weld Sizing Summary

Required weld | Actual weld

Weld description size (mm) | size (mm) Status
Nozzle to pad fillet (Legyss) 4.9 7.7 | weld size is adequate
Pad to shell fillet (Legup) 3.5 5.6 | weld size is adequate
Nozzle to pad groove (Upper) 4.9 10 | weld size is adequate

Check Large Opening per Appendix 1-7(a)

Area required within 75 percent of the limits of reinforcement
=2 /3%xA = (2/3)%x27.7531 = 18.5021 cm?

Area that is within 75 percent of the limits of reinforcement is:

A4 = larger of 0.2826 or

= (2+limits - d)*(Eq*t = Fxt) — 2xty*(Eqxt — Fxt)*(1 = 1)
= (2+347.4 - 463.2)(1+7 = 1%5.99) — 2x7x(1+7 = 1%5.99)*(1 - 1)

= 2.3361 cm?
As = (Dp -d- Z*tn)*te*fr4
= (680 — 463.2 — 2x7)*10%1
= 20.28 cm?
Area = A1+ Ao+ Ag+ Agq + Ago + Agz + Ag
= 2.3361 + 1.0755+ 0+ 1.0877 + 0 + 0 + 20.28
= 24.7793 cm?

The area replacement requirements of Appendix 1-7(a) are satisfied.

Check Large Opening per Appendix 1-7(b)

1-7(b)(1)(a) Dj=706 mm > 1,500 mm False
1-7(b)(1)(b) d =463.2 mm > 1,000 mm False
1=7(b)(1)(b) d = 463.2 mm > 3.4%(353+7)0-5 = 169.01 mm True
1-7(b)(1)(c) Rn/R=231.6/353=0.6561<0.7 True

The opening is not within the size range defined by 1-7(b)(1)(a) and (b) so it is exempt from the requirements of 1-7(b)(2),
(3) and (4).

R / R =0.6561 does not exceed 0.7 so a U-2(g) analysis is not required per 1=7(b)(1)(c).

Reinforcement Calculations for MAP

Available reinforcement per UG-37 governs the MAP of this nozzle.

UG-37 Area Calculation Summary (cm?2) UG-45 Nozzle Wall
For P = 2,993.47 kPa @ 10 °C Thickness Summary (mm)
The opening is adequately reinforced The nozzle passes UG-45
A A A
required | available Ar Ao 1Al As | elds treq tin
35.1684 1 35.1696 | 10.5516 | 2.4877 | -— | 20.28 | 1.8503 5.02 10

UG-41 Weld Failure Path Analysis Summary (N)
All failure paths are stronger than the applicable weld loads

Weld load | Weld load | Path 1-1 |Weld load | Path 2-2 | Weld load | Path 3-3
w Wi strength Wo_p strength Wa_3 strength
346,082 | 339,729 | 1,286,746 @ 78,633 | 2,088,506 | 367,329 | 1,343,297

UW-16 Weld Sizing Summary

42/148



Item No. : 208-40-D-004 Rev.5

Required weld | Actual weld

Weld description size (mm) | size (mm) Status
Nozzle to pad fillet (Legy;) 6 7.7 | weld size is adequate
Pad to shell fillet (Legsp) 5 5.6 | weld size is adequate
Nozzle to pad groove (Upper) 7 10 | weld size is adequate

Check Large Opening per Appendix 1-7(a)

Area required within 75 percent of the limits of reinforcement
=2 /3%A=(2/3)x35.1684 = 23.4456 cm?2

Area that is within 75 percent of the limits of reinforcement is:

Ay = larger of 0.9232 or

= (2xlimits — d)*(Eqxt — Fxt) — 2xtyx(Eqxt — Fxt)*(1 = f;1)
= (2%342.9 - 457.2)x(1%10 - 1%7.69) = 2x10%(1%10 — 1x7.69)*(1 - 1)

= 5.2755 cm?
As = (Dp -d- 2*tn)*te*fr4
= (680 — 457.2 — 2%x10)x10*1
= 20.28 cm?
Area = A+ Ao+ Az + Agq + Ago + Agz + Ag
= 52755 +2.4877+0+1.2103+ 0+ 0 + 20.28
= 29.2535 cm?

The area replacement requirements of Appendix 1-7(a) are satisfied.

Check Large Opening per Appendix 1-7(b)

1-7(b)(1)(a) Dj =700 mm > 1,500 mm False
1-7(b)(1)(b) d =457.2 mm > 1,000 mm False
1=7(b)(1)(b) d =457.2 mm > 3.4%(350%10)0-5 = 201.15 mm True
1-7(b)(1)(c) Rp /R =1228.6/350=0.6531 <0.7 True

The opening is not within the size range defined by 1-7(b)(1)(a) and (b) so it is exempt from the requirements of 1-7(b)(2),
(3) and (4).

Rp / R =0.6531 does not exceed 0.7 so a U-2(g) analysis is not required per 1-7(b)(1)(c).
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Flange #H

ASME VIII-1, 2010 Edition, A11 Addenda Metric, Appendix 2 Flange Calculations

Flange is attached to: MANHOLE (H)

Flange type: Weld neck integral

Flange material specification: SA-266 2 (II-D Metric p. 18, In. 8)

Bolt material specification: §A§ASS|E8$A2)2 Bolt 25 <t <= 32 (Il-D Metric
Bolt Description: 1.25 in Series 8 Thread

Internal design pressure, P: 1,050 kPa @ 425 °C

Liguid static head acting on flange: 5.9316 kPa

Required flange thickness, t: 71.92 mm

Maximum allowable working .
pressure, MAWP: 2,634.19 kPa @ 425 °C

Maximum allowable pressure, MAP: 4,034 kPa @ 10 °C

Corrosion allowance: Bore = 3 mm Flange = 0 mm

Bolt corrosion (root), Cpgt 0 mm

Design MDMT: -35°C No impact test performed

Rated MDMT: -105°C Flange material is not normalized

Material is not produced to fine

grain practice

PWHT is not performed
Estimated weight: New = 139.12 kg corroded = 135.49 kg

Flange dimensions, new

flange OD A =710 mm
bolt circle C = 628.6 mm

2 raised face OD Rf = 533.4 mm
i gasket OD = 527.1 mm
R | gasket D = 474.7 mm
Ggsket oD | flange ID B = 457.2 mm
Gasket ID } | facing height tf = 2 mm
thicknesst =73 mm
I | bolting  =24-1.25in dia
o ' g hub thickness 91 = 18 mm
B— 4 hub thickness 9p = 10 mm
I 1 hub length h =35 mm
) ] lengthe =108 mm
L2 ‘51 gasket factorm =3
b i = seating stressy = 68.948 MPa
b Gasket thickness T = 4.5 mm
= kg0 Spiral-wound

metal, mineral fiber

gasket description filled Stainless,
Monel, and nickel-
base alloys

Note: this flange is calculated as an integral type.
Determination of Flange MDMT

UCS-66(b)(1)(b) has been applied.
is impact test exempt to =105 °C per UCS-66(b)(3) (coincident ratio = 0.3268)

The rated flange MDMT is =105 °C
Flange calculations for Internal Pressure + Wind

Gasket details from facing sketch 1(a) or (b), Column ||

44/148



Item No. : 208-40-D-004 Rev.5

Gasket width N = 26.2 mm

bg=N/2=13.1 mm
Effective gasket seating width, b = 2.5*b01/2 =9.05 mm

G = OD of contact face — 2*b = 527.1 = 2x¥9.05 = 509.01 mm

hg = (C - G)/2 = (628.6 - 509.01)/2 = 59.8 mm
hp =R+ gy/2 =67.7 +15/2 =75.2 mm
hr=(R+ gy +hg)/2 = (67.7 + 15 + 59.8)/2 = 71.25 mm

= 0xp*3.14*G*m+*P
9.05%3.14%509.013%1.0559

H
= *
=91,614.97 N

p
2
9

= 0.785%G2*P
0.785%509.012%1.0559
2

H
=214,758.15N

Hp = 0.785+B2xP

= 0.785+463.22%1.0559
=177,844.98 N

T

=H - HD
4,758.15 - 177,844.98

T
214,
36,913.17 N

mi =H+Hy
214,758.15 + 91,614.97
306,373.12 N

=

mo = 3.14%bxGry
3.14%9.05+509.01%68.9476
997,007.4 N

=

Required bolt area, A, = greater of A1, App = 76.6929 cm?
A1 =Wni/Sp = 306,373.12/(100%112) = 27.3547 cm?
Ao = Wio/S, = 997,007.4/(100%130) = 76.6929 cm?

Total area for 24— 1.25 in dia bolts, corroded, A, = 143.8449 cm?

W= (A, + Ap)*S,/2
(7,669.2867 + 14,384.49)*130/2
1,433,495.52 N

Mp = Hp*hp = 177,844.98%0.0752 = 13,374 N-m
My = Hyxhp = 36,913.17%0.0712 = 2,630 N-m

Hg = Wy - H = 306,373.12 - 214,758.15 = 91,614.97 N
Mg = Hg*hg = 91,614.97%0.0598 = 5,478.3 N-m
Mg = Mp + My + Mg = 13,374 + 2,630 + 5,478.3 = 21,482.3 N-m

Mg = Wxhg = 1,433,495.52%0.0598 = 85,719.4 N-m
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Hub and Flange Factors

gp = min(gg, ty) =min(7, 7) =7
ho = (B*gg) /2 = (463.2+7)1/2 = 56.94 mm

From FIG. 2-7.1, where K= A/B = 710/463.2 = 1.5328
T=1.6965 7 =2.482 Y =4.7196 U =5.1863

h/ng = 0.6147 gy/gq = 2.1429

F=0.7962 V =0.1849 e =F/hy=0.1398

d = (U/V)*hg*gg?= (5.1863/0.1849)%5.6942+0.72
=78.2411 c¢m3

Stresses at operating conditions — VIlI-1 Appendix 2—7

f=1.0256

L= (tve + 1)/T + t3/d
= (7.3%0.1398 + 1)/1.6965 + 7.33/78.2411
=6.1632

Sy = f*M/(L*g;2+B)

= 1e3%1.0256%21,482.3/(6.1632+152%463.2)
= 34.301 MPa

Sg = (1.83xtxe + 1)*xM/(L*t2+B)

= (1.33%73%0.014 + 1)x1e3%21,482.3/(6.1632+732x463.2)
= 3.329 MPa

St = Y*M,/(t2+B) - Z*Sg
= 163%4.7196%21,482.3/(732+463.2) - 2.482+3.329
=32.811 MPa

Allowable stress Sz, = 83.9 MPa
Allowable stress S, = 83.9 MPa

St does not exceed Sg,

S} does not exceed Min[ 1.5%S¢,, 2.5+, 1 = 125.85 MPa
Sy does not exceed Siq

0.5(Sy + Sg) = 18.815 MPa does not exceed Sy,

0.5(Sy + St) = 33.556 MPa does not exceed Sy,

Stresses at gasket seating — VIlI-1 Appendix 2—-7

Sy = f*Mg/(L*g;+B)

= 1e3%1.0256%85,719.4/(6.1632+152+463.2)
= 136.869 MPa

Sg = (1.83xtxe + 1)xMy/(L*t?*B)

= (1.33%73%0.014 + 1)x1e3%85,719.4/(6.1632x732x463.2)
= 13.284 MPa

St = Y*My/(t2+B) - ZxSg

4.7196+1e3+85,719.4/(732%463.2) — 2.482%13.284
130.925 MPa

Allowable stress S¢, = 138 MPa
Allowable stress S;,4 = 138 MPa

St does not exceed Sy
Sy does not exceed Min[ 1.5%Sy,, 2.5%S,,, 1 = 207 MPa
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Sy does not exceed S¢,
0.5(Sy + Sg) = 75.076 MPa does not exceed Sg,
0.5(Sy + Sy) = 133.897 MPa does not exceed S,

Flange rigidity per VIII-1 Appendix 2—14

J = 52.14xV*M o/ (LxExg2*K*ho)

1e3%52.14+0.1849+85,719.4/(6.1632%202.28E+03*72%0.3%56.94)
0.7921

The flange rigidity index J does not exceed 1; satisfactory.
Flange #H - Flange hub
ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Flange hub
Material specification: SA-266 2 (II-D Metric p. 18, In. 8)
Material is impact test exempt to =105 °C per UCS-66(b)(3) (coincident ratio = 0.3193)

Internal design pressure: P = 1,050 kPa @ 425 °C

Static liquid head:

P = 593kPa (SG=0.835, Hg =725 mm,Operating head)

Pih = 10.41 kPa (SG =1, Hg =1,061.91 mm, Horizontal test head)

Corrosion allowance Inner C =3 mm Outer C=0mm

Design MDMT = -35 °C No impact test performed

Rated MDMT = -105 °C Material is not normalized
Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Longitudinal joint — Seamless No RT

Top circumferential joint = N/A
Bottom circumferential joint Full UW=11(a) Type 1

Estimated weight New = 3.9 kg corr = 2.8 kg

Capacity New = 5.75 liters corr = 5.9 liters
1D = 457.2 mm

Length L, = 35mm

t = 10 mm

Design thickness, (at 425 °C) UG-27(c)(1)
t PxR / (S*E - 0.60%P) + Corrosion

1,055.93%231.6 / (83,900%1.00 — 0.60%1,055.93) + 3
5.94 mm

Maximum allowable working pressure, (at 425 °C) UG-27(c)(1)

P S*Ext / (R + 0.60%t) - Pg
83,900%1.00+7 / (231.6 + 0.60+7) - 5.93

2,484.83 kPa

Maximum allowable pressure, (at 10 °C) UG-27(c)(1)

P S*Ext / (R + 0.60%t)
138,000%1.00%10 / (228.6 + 0.60%10)
5

,882.35 kPa
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Bolted Cover #H

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

Component: Bolted Cover
Attached to: Flange #H
Material specification: SA-105 (II-D Metric p. 18, In. 5)

Bolted cover impact test exemption temperature from Fig UCS-66M Curve B = -16.31 °C
Fig UCS-66.1M MDMT reduction = 48.5 °C, (coincident ratio = 0.4098)

Rated MDMT of —64.81°C is limited to —48°C by UCS-66(b)(2)

UCS-66 governing thickness = 15.2 mm

Internal design pressure: P = 1,050 kPa @ 425 °C
Static liquid head:

P, = 7.8kPa (8G =10.835 Hy = 953.6 mm, Operating head)

S

Py, = 8.61 kPa (SG =1, H, = 879.05 mm, Horizontal test head)

Corrosion allowance: Inner C =3 mm Outer C =0 mm
Design MDMT = =35 °C No impact test performed
Rated MDMT = -48 °C Material is not normalized

Material is not produced to Fine Grain Practice
PWHT is not performed

Radiography: Category A joints — Seamless No RT

Estimated weight:  New = 188.6 kg corr = 179.3 kg

Head diameter, d =509.01 mm
Cover thickness, t=60.8 mm

Design thickness, (at 425 °C) UG-34 (c)(2), flange operating

t = d*Sar(C+P / (S*E) + 1.9xWxh / (SxE*d3)) + Corrosion
=509.01%Sqar(0.3%1.06 / (83.9%1) + 1.94306,915.84%59.8 / (83.9*1*509.013)) +3
=45.38 mm

Design thickness, (at 10 °C) UG-34 (c)(2), gasket seating

t = d*Sar(1.9*W=hg / (SxExd®)) + Corrosion
= 509.01+Sqr(1.9+1,433,495.52+59.8 / (138%1x509.01%)) + 3
=51.15mm

Maximum allowable working pressure, (at 425 °C )

P = (S*E / O)*((t / d)? = (1.9%Wxhg / (S*Exd?))) - P,

(83.9%1000%1 / 0.3)((57.8 / 509.01)2 — (1.9%570,760.3459.8 / (83.9%1000%1%509.01%))) - 7.8021
1,959.35 kPa

Maximum allowable pressure, (At 10 °C)

P = (S*E / C)*((t / d)? - (1.9%Wxhg / (SxExd®)))

(138+1000%1 / 0.3)*((60.8 / 509.01)2 ~ (1.9%1,038,771.09%59.8 / (138+1000+1%509.01°)))
3,580.18 kPa
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Pl (P)

ASME Section VIII Division 1, 2010 Edition, A11 Addenda Metric

a.50

Note: round inside edges per UG-76(c)

Location and Orientation

tw(lower) = 8.5 mm

Legyy =

Located on: TOP HEAD
Orientation: 90°

End of nozzle to datum line: 4,033 mm
Calculated as hillside: Yes
Distance to head center, R: 270 mm
Passes through a Category A joint: No

Nozzle

Access opening: No

Material specification:
Inside diameter, new:

SA-105 (II-D Metric p. 18, In. 5)
50.8 mm

Nominal wall thickness: 16.64 mm
Corrosion allowance: 3 mm
Opening chord length: 66.21 mm
Projection available outside vessel, Lpr: 216.02 mm
Projection available outside vessel to flange face, Lf: 238.38 mm
Local vessel minimum thickness: 8.5 mm
Liguid static head included: 0 kPa

Longitudinal joint efficiency:

ASME B16.5-2009 Flange

Description: NPS 2 Class 300 LWN A105

Bolt Material: SA-193 B8M 2 Bolt <= 19 (II-D Metric p. 342, In. 17)
Blind included: No

Rated MDMT: -105°C

(UCS-66(b)(3): Coincident ratio = 0.258)

Liquid static head: 0 kPa

MAWP rating:
MAP rating:
Hydrotest rating:

1

2,880 kPa @ 425°C
5,110.01 kPa @ 10°C
7,700.01 kPa @ 10°C

9 mm

Rev.5

Gasket Description: Flexitallic Spiral Wound CGI 316 S.S.
PWHT performed: No

Reinforcement Calculations for MAWP

The vessel wall thickness governs the MAWP of this nozzle.

UG-45 Nozzle Wall

UG-37 Area Calculation Summary (cm?) Thickness Summary (mm)
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For P =1,318.4 kPa @ 425 °C

A A A
required available A R | A3 | As welds treq
This nozzle is exempt from area calculations per UG-36(c)(3)(a) 7.8

UG-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld Status

Weld description throat size (mm) | throat size (mm)

Nozzle to shell fillet (Legyu;) 3.85
This opening does not require reinforcement per UG-36(c)(3)(a)

Reinforcement Calculations for MAP

The vessel wall thickness governs the MAP of this nozzle.

6.3 | weld size is adequate

Rev.5

The nozzle passes UG-45

t

min

16.64

UG-45 Nozzle Wall

UG-37 Area Calculation Summary (cm?)
For P = 3,343.26 kPa @ 10 °C

A A A
required available Ar Ao | As | hAs welds teg

This nozzle is exempt from area calculations per UG-36(c)(3)(a) 4.8

UG—-41 Weld Failure Path Analysis Summary

The nozzle is exempt from weld strength calculations per UW-15(b)(2)

UW-16 Weld Sizing Summary

Required weld Actual weld Status

Weld description throat size (mm) | throat size (mm)

Nozzle to shell fillet (Legy,) 5.95

This opening does not require reinforcement per UG-36(c)(3)(a)

6.3 | weld size is adequate

Thickness Summary (mm)
The nozzle passes UG-45

tmin

16.64
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Building Code:

Elevation of base above grade:
Increase effective outer diameter by
Wind Force Coefficient Cf:

Top Deflection Limit:

Vessel Characteristics

Vessel height, h:
Vessel Minimum Diameter
Operating, Corroded
Empty, Corroded
Hydrotest, Corroded, field
Fundamental Frequency, ny

Wind Code

User Defined

131.6535 ft (40.1282 m)
©1.9685 ft (0.6000 m)

0.7000

5 mm per m.

7.3245 ft (2.2325 m)

12.6903 ft (0.8200 m)
1 2.6903 ft (0.8200 m)
1 2.6903 ft (0.8200 m)

Operating, Corroded: 47.9220 Hz
Empty, Corroded: 59.9472 Hz
Hydrotest, Corroded, field: 49.9966 Hz
Damping coefficient, B
Operating, Corroded: 0.0247
Empty, Corroded: 0.0214
Hydrotest, Corroded, field: 0.0264
Wind Deflection Reports:
Operating, Corroded
Empty, Corroded
Hydrotest, Corroded, field
Wind Pressure Table
Wind Deflection Report: Operating, Corroded
Elevation of Effective Elastic Inertia
Component bottom above oD modulus [ (m4)
base (mm) (m) E (MPa) m
TOP HEAD 2,019 1.42 166,500.0 *
SHELL #1 (top) 0 1.42 166,500.0 | 0.0009965
SHELL #1 (bottom) 0 1.42 166,500.0 | 0.0009965
SHELL #2 -1,276 1.43 166,500.0 | 0.001745
BTM Head (Torispherical ~1.538 143 166.500.0 .
Head)
*Moment of Inertia | varies over the length of the component
Wind Deflection Report: Empty, Corroded
Elevation of Effective Elastic Inertia
Component bottom above oD modulus [ (m4)
base (mm) (m) E (MPa) m
TOP HEAD 2,019 1.42 202,280.0 *
SHELL #1 (top) 0 1.42 202,280.0 | 0.0009965
SHELL #1 (bottom) 0 1.42 202,280.0 | 0.0009965
SHELL #2 -1,276 1.43 202,280.0 | 0.001745
BTM Head (Torispherical ~1.538 1.43 202.280.0 R

Head)

*Moment of Inertia | varies over the

length of the component

Wind Deflection Report: Hydrotest, Corroded, field

Elevation of

Effective Elastic

Platform
wind shear

at

Bottom (N)

Platform
wind shear

Bottom (N

Platform

ol O] O ©

at

)

o O] © O

Total wind
shear at

bending
moment at

Bottom (N) | Bottom (N-m)

230.5
2,638.7
2,089.5

567.4

252.7

Total wind
shear at

62.9
4,688
1,831.5
136.4

28.9

bending
moment at

Bottom (N) | Bottom (N-m)

230.5
2,638.7
2,089.5

567.4

252.7

Total wind

62.9
4,688
1,831.5
136.4

28.9

bending

Rev.5

Deflection
at top (mm)

0.04
0.04
0.01
0.01

0.01

Deflection
at top (mm)

0.03
0.03

0
0.01

0.01
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Component b%ttom above oD modulus Inertia wind shear at | shear at moment ft Deflection

ase (mm) (m) E (MPa) | (m4) Bottom (N) | Bottom (N) | Bottom (N-m) | at top (mm)

TOP HEAD 2,019 1.42 203,050.0 * 0 161.3 56 0.03

SHELL #1 (top) 0 1.42 203,050.0 | 0.0009965 0 1,8471 3,812.2 0.03

SHELL #1 (bottom) 0 1.42 203,050.0 | 0.0009965 0 1,462.6 1,282.6 0

SHELL #2 -1,276 1.43 203,050.0 | 0.001745 0 397.2 96 0

E'lg’]d*)*ead (Torispherical 1,538 1.43|  203,050.0 * 0 176.9 20.8 0
*Moment of Inertia | varies over the length of the component

Wind Pressure (WP) table
Wind Force Coefficient Cf: 0.7000

Design Wind Pressures

To Height Z | Wind Pressure | Adjusted by Cf
(m) (kPa) (kPa)
0.00 1.2000 0.8400

22.00 1.2000 0.8400
44.00 1.2000 0.8400

Design Wind Force determined from: F = Pressure * Af , where Af is the projected area.
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Support Lugs

Support material: SA-516-70N

This support is attached to: SHELL #1

Distance from baseplate to datum: 1,604 mm
Local shell outer diameter, new: 720mm
Local shell thickness, new: 10mm
Local shell inner corrosion: 3mm
Local shell outer corrosion: 0mm
Lug allowable stress Sp =138 MPa
Top plate width Wp =50mm
Top plate thickness tg =14.4mm
Base plate width b =339mm
Base plate thickness tp =20.4mm
Base plate load bearing width Lp =100 mm
Shell to center of load bearing area d =239 mm
Gusset height h =262 mm
Gusset thickness tg =8.4mm
Gusset separation Lg =160 mm
Lug length, circumferential direction L =200mm
Lug attachment fillet weld size: 7mm
Pad width, circumferential direction: 250 mm
Pad length, longitudinal direction: 350mm
Pad thickness te =4.4mm
Pad attachment fillet weld size: 4.4mm
Radial/bending lug stiffness ratio: 2

Number of support lugs: 2
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Stresses in Shell at Lug Supports
Lug Loading Stre?;l::n )Shell
Total Shear Moment Lug a
Condition Weight M (N- " ;
(kg) V(N) m)  orfent’ P, Vi M, Ve M. | Primary Plr-lg:]agy Combined
(ka) | (N) (N) (N-m) (N) | (N-m) |Circ (P) ) PH+P,+Q
Wind, operating, 0°11,514 236; 10,070 | 2,406.65 0 0.00 | 81.441| 42.941 99.547
corroded 3,027 14,728 | 2,859 ’
Attack angle = 0° 180° | 1,514 | 2,364 19,617 | 4,688.50 0/ 0.00| 84.874| 48.181| 113.832
Wind, operating, 0° 11,514 014,843 |3,547.58 ” | 83.158| 45561 106.841
corroded 3,027 |4,728 | 2,859 2,364 | 565.02
Attack angle = 90° 180° | 1,514 014,843 3,547.58 | 2,364 | 565.02| 83.158| 45561 106.703
; ; 0°11,619 110,886 |2,601.86 0 0.00| 55.572| 29.123 68.61
Wind, operatln_, nnew 3.237 14,728 | 2.987 2,364
Attack angle = 0
180° 1,619 | 2,364 20,860 | 4,985.53 0 0.00| 58.24| 32.13| 78373
Wind, operating, new 0°11,619 015,873 3,793.70 2‘36; 565'0; 56.909 | 30.627 |  73.602
Attack angle = 90° 8,237 14,728 2.987
180° 1,619 015,873 /3,793.70 | 2,364 | 565.02| 56.909| 30.627 | 73.505
) 0°| 882 236; 3,877 | 926.50 0 0.00| 7.508| 4.316 19.098
Wind, empty, co_rroged 1,764 |4.728 | 2.859 '
Attack angle = 0 _
180°| 882 | 2,364 13,424 |3,208.34 0 0.00| 47 ggg| ~11.969 | -49.311
: 0°| 882 0| 8,650 |2,067.42 ” o -9.225|  7.005 -29.206
Wind, empty, cgrroc{ed 1,764 |4.728 | 2.859 2,364 | 565.02
Attack angle = 90
180°| 882 0| 8,650|2,067.42 2,364 | 565.02| -9.225| -7.005| 29.206
Wind . 0°| 997 236; 4,788 (1,144.45 0 0.00 493 2972 13.79
ind, empty, new ’
Attack angle = 0° 1,994 4,728 2,987 -
180°| 997 | 2,364 14,762 3,528.12 0 0.00| 4y g9y | —7:529| -34.232
Wind, empty, new 0°| 997 0| 9.775|2336.28 | , 50, | 5g5.0p| ~6-267| —4.475) 20512
Attack angle = 90° | 1994 |4.728 | 2,987
180° | 997 0| 9,775/2,336.28 | 2,364 | 565.02| -6.267| -4.475| -20.512
Wind, test, corroded 0° 11,669 165;.) 12,134 2,900.13 0 0.00 | 150.726 | 78.276 | 171.459
Attack angle = 0° 3,337 3,310 2,533
180° 1,669 | 1,655 20,590 |4,921.09 0 0.00 | 155.015| 83.378 | 186.158
Wind, test, corroded 0° /1,669 016,362 |3,910.61 | | sor| ags 5¢ | 152.871 80.827| 178.85
Attack angle = 90° | 337 |3.310 2,533
180° | 1,669 016,362 3,910.61 | 1,655| 395.51 | 152.871| 80.827 | 178.816

Applied Loads (Wind, operating, corroded, Attack angle = 0°, lug orientation = 180°)

Radial load: Pr= 2,364.09N
Circumferential moment: Mg = ON-m
Circumferential shear: Ve = ON
Longitudinal moment: ~ M_ = 4,688.5N-m
Longitudinal shear: Vi =19,617.13N
Torsion moment: My = ON-m
Internal pressure: P = 1,335.19kPa
Mean shell radius: Rm = 356.5mm
Local shell thickness: T= 7 mm
Shell yield stress: Sy = 176 MPa
Design factor: 3

Maximum stresses due to the applied loads at the pad edge (includes pressure)
y=Rmp/T=2356.5/7=50.9267

Cy=125,Co =175 mm

Local circumferential pressure stress = P*R; / T =67.327 MPa

Local longitudinal pressure stress = P*R; / (2xT) =33.66 MPa

Maximum combined stress (P +P,+Q) = 113.83 MPa
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Allowable combined stress (P +P+Q) = +-3*S = +-251.4 MPa
The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P) = 84.87 MPa
Allowable local primary membrane stress (P) = +-1.5*S = +-125.7 MPa

The maximum local primary membrane stress (P ) is within allowable limits.
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Stresses at the pad edge per WRC Bulletin 107

Figure value B Ay Al By B Cy C Dy D)
3C* 1.0724 0.4907 0 0 0 0| -1.014|-1.014 | -1.014|-1.014
4Cx 3.5614 0.4465 | -3.372 | -3.372 | -3.372| -3.372 0 0 0 0
1C 0.0622 0.3959 0 0 0 0 -18.002 | 18.002 | -18.002 | 18.002
2C-1 0.0074 0.3959 | -2.144 | 2144 | -2.144| 2.144 0 0 0 0
3Ax% 1.3144 0.3923 0 0 0 0 0 0 0 0
1A 0.0589 0.43 0 0 0 0 0 0 0 0
3B 2.0029 0.4388 | -20.919 | -20.919 | 20.919 | 20.919 0 0 0 0
1B-1 0.0082 0.4246 | -31.102 | 31.102 | 31.102 | -31.102 0 0 0 0
Pressure stress* 67.327 | 67.327 | 67.327 | 67.327 | 67.327 | 67.327 | 67.327 | 67.327
Total circumferential stress 9.791 | 76.284 |113.832 | 55.916 | 48.312 | 84.316 | 48.312 | 84.316
Primary membrane circumferential stress* | 43.037 | 43.037 | 84.874  84.874 | 66.314 |66.314 | 66.314 | 66.314
3C* 1.2707 0.4465 | -1.207 | -1.207 | -1.207 | -1.207 0 0 0 0
4Cx 3.1156 0.4907 0 0 0 0| -2.951|-2.951 | -2.951 |-2.951
1C-1 0.0135 0.4544 | -3.909 | 3.909 | -3.909 3.909 0 0 0 0
2C 0.03 0.4544 0 0 0 0| -8.681| 8.681 | -8.681| 8.681
4A* 4.9778 0.3923 0 0 0 0 0 0 0 0
2A 0.0234 0.4849 0 0 0 0 0 0 0 0
4B* 1.2276 0.4388 | -15.727 | -15.727 | 15.727 | 15.727 0 0 0 0
2B-1 0.0144 0.4746 | -48.856 | 48.856 | 48.856 | -48.856 0 0 0 0
Pressure stress* 33.66 | 33.66| 33.66 33.66 33.66 | 33.66 | 33.66| 33.66
Total longitudinal stress -36.039 | 69.492 | 93.127 3.234 | 22.029 | 389.39 | 22.029 | 39.39
Primary membrane longitudinal stress* 16.727 | 16.727 | 48.181 | 48.181 30.709 | 30.709 | 30.709 | 30.709
Shear from M; 0 0 0 0 0 0 0 0
Circ shear from V¢ 0 0 0 0 0 0 0 0
Long shear from V| 0 0 0 0| -4.006  —-4.006 4.006 | 4.006
Total Shear stress 0 0 0 0| -4.006  -4.006 4.006 | 4.006
Combined stress (P,+P,+Q) -45.829 | 76.284 | 113.832 | 55.916 | 48.911 | 84.668 | 48.911 | 84.668

Note: » denotes primary stress.

Maximum stresses due to the applied loads at the lug edge (includes pressure)
y=Rm/T=23856.5/11.4=31.2712

Cy =100, Cp = 148.4 mm

Local circumferential pressure stress = PxR; / T =67.327 MPa

Local longitudinal pressure stress = P*R; / (2*T) =33.66 MPa

Maximum combined stress (P +P,+Q) = 105.81 MPa
Allowable combined stress (P +P,+Q) = +-3+S = +-251.4 MPa

The maximum combined stress (P +P,+Q) is within allowable limits.

Maximum local primary membrane stress (P ) = 81.77 MPa
Allowable local primary membrane stress (P|) = +-1.5%S = +-125.7 MPa

The maximum local primary membrane stress (P) is within allowable limits.

Stresses at the lug edge per WRC Bulletin 107

Figure value ) Ay Al By B Cuy Ci Dy D

3C+ 1.2923 0.413 0 0 0 0]-0.752 | -0.752 | -0.752 | -0.752
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4Cx 3.0805 0.3714 | -1.793 | -1.793 | -1.793 | -1.793 0 0 0 0
1C 0.0613 0.3239 0 0 0 0| -6.688 | 6.688  -6.688 | 6.688
2C—1 0.0188 0.3239 | -2.055 2.055 | -2.055 | 2.055 0 0 0 0
3A* 1.197 0.32 0 0 0 0 0 0 0 0
1A 0.069 0.3529 0 0 0 0 0 0 0 0
3B* 2.096 0.365 | -16.237 | -16.237 | 16.237 | 16.237 0 0 0 0
1B-1 0.0152 0.3537 | -26.09 26.09 | 26.09 | -26.09 0 0 0 0
Pressure stress=* 67.327 | 67.327 | 67.327 | 67.327 | 67.327 | 67.327 | 67.327 | 67.327

Total circumferential stress 21.153 | 77.442 1 105.807 | 57.737 | 59.888 | 73.264 | 59.888 | 73.264
Primary membrane circumferential stress* | 49.298 | 49.298 | 81.772 | 81.772 | 66.576 | 66.576 | 66.576 | 66.576
3C 1.5047 0.3714 | -0.876 | -0.876 | -0.876 | -0.876 0 0 0 0
4Cx 2.7989 0.413 0 0 0 0| -1.627 | -1.627 | —-1.627 | -1.627
1C-1 0.0353 0.3789 | -3.854 | 3.854| -3.854| 3.854 0 0 0 0
2C 0.03 0.3789 0 0 0 0-3.275| 8.275|-3.275| 3.275
4A* 2.9471 0.32 0 0 0 0 0 0 0 0
2A 0.0295 0.4076 0 0 0 0 0 0 0 0
4B* 1.1094 0.365 | -11.018 | -11.018 | 11.018 | 11.018 0 0 0 0
2B8-1 0.0254 0.3987 | -38.68 | 38.68| 38.68|-38.68 0 0 0 0
Pressure stress=* 33.66 33.66 33.66 | 33.66 | 33.66 | 33.66 33.66 33.66

Total longitudinal stress -20.767 | 64.301 | 78.628 | 8.977 | 28.758 | 35.308 | 28.758 | 35.308

Primary membrane longitudinal stress* 21.767 | 21.767 | 43.802 | 43.802 | 32.033 | 32.033 | 32.033 | 32.033

Shear from M, 0 0 0 0 0 0 0 0

Circ shear from V. 0 0 0 0 0 0 0 0
Long shear from V| 0 0 0 0| -2.896 | -2.896 | 2.896 | 2.896
Total Shear stress 0 0 0 0|-2.896 | -2.896 | 2.896 | 2.896
Combined stress (P, +P,+Q) -41.92 | 77.442 1 105.807 | 57.737 | 60.157 | 73.484 | 60.157 | 73.484

Note: * denotes primary stress.
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Lug top plate required thickness, Bednar 5.2

ta = 0.75%(V| *d*L)/(Sp*Wp2*h)
= 0.75%(20,859.97+239%200)/(138%502%262)
=8.27 mm

The top plate thickness of 14.4 mm is adequate.
Gusset plate required thickness, Bednar 5.2

Sc =15.011.41 / (1 + (1/15,011.41)%(h/(0.289%t4))2)

15,011.41 / (1 + (1/15,011.41)%(10.315/(0.289%0.3307))2)
8,452.667 psi (58.279 MPa)

tg = V| *(3%d - b)/(Sc*b2*Sin(a)2)
= 20,859.97(3+239 - 339)/(58.279+3392+Sin(42.195)2)

=2.61 mm
The gusset thickness of 8.4 mm is adeqguate.
Lug base plate required thickness

From Escoe table 4-8 (I/b = 2.1188)

Cyx =0.13124, Cy = -0.125

fo = Vi/(LprL)
=20,859.97/(100%200)
= 1.043 MPa

My = Cy*fo*Lg?
0.13124%1.043%1602
3,504.21 mm-N/mm

My = Cy*fC*LbZ
-0.125+1.043%1002
-1,303.75 mm-N/mm

Max[Abs(My), Abs(My)]

Max[Abs(3,504.21), Abs(-1,303.75)]
3,

M
=3,504.21 mm-N/mm

Check the governing bolt reaction due to torsion on the support lug:

Fp = M{/L - W/2
=0/200 - 0/2
=0N

My =FpxL /4 /Db
=0%200 / 4 / 339
=0 mm-N/mm

ty = Sar(6*M / Sp)

= Sqr(6+3,504.2 / 138)

=12.34 mm

The base plate thickness of 20.4 mm is adequate.

Support Lug to Pad Fillet Weld Sizing — Bednar chapters 5.2 and 10.3
Note: continuous welding is assumed for all support lug fillet welds.
dh=tg+h+ty

Ly = 2*(b + dpy) = 2%(200 + 296.8) = 993.6 mm

Z,, = bxdp, + dy2/3 = 200%296.8 + 296.82/3 = 887.23 cm?
Z, = dp*b + b2/3 = 296.8+200 + 2002/3 = 726.93 cm?

Shear f1 = V| /Ly = 20,859.97/993.6 = 20.99 N/cm
Shear fo = V¢/Ly, = 0/993.6 = 0 N/cm

Bending f3 = larger absolute value of M /Z,, or M¢/Z,
=100*M /2,

= 100%4,985.5/887.23
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=561.92 N/cm
Resultant load f = (f{2 + 52 + f32)1/2

(209.942 + 02 + 561.922)1/2
599.86 N/cm

Required weld size w = F/(0.707%0.55*S,)

0.1%¥599.86/(0.707%0.55*83.8)
1.84 mm

The support lug fillet weld size of 7 mm is adequate.
Support Lug Pad to Shell Fillet Weld Sizing — Bednar chapters 5.2 and 10.3

Ly = 2+(b + dpy) = 2%(250 + 350) = 1,200 mm
Zy = bxdp + dy2/3 = 250%250 + 3502/3 = 1,283.33 cm?2
Z, = dy*b + b2/3 = 350250 + 2502/3 = 1,083.33 cm?

Shear f{ = V| /L, = 20,859.97/1,200 = 17.38 N/cm

Shear fo = V¢/Ly, = 0/1,200 = 0 N/cm

Bending fg = larger absolute value of M /Z,, or M¢/Z,

= 100%M | /Zyy
=100%4,985.5/1,283.33

=388.48 N/cm

Resultant load f = (f{2 + 52 + f32)1/2

= (173.832 + 02 + 388.482)1/2
=425.6 N/cm

Required weld size w = F/(0.707%0.55+S,)

=0.1%425.6/(0.707*0.55%83.8)
=1.31 mm

The support lug pad fillet weld size of 4.4 mm is adequate.

Rev.5
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208-40-D-004 [ Nozzle A ]

[etails for Finite Element Analysis — Nozzle A attached to Boll Cover #0G

| Weghll Operating. | Decasional | Themal|

Stress concentiation factor on nozzle 135 |

[: Getvalues from WHC 107 soreen. | l Clear WRE values J

Sftess concentration factoronpad (138 |

Siress conceniration factor onvessel |1 r
el Glaba
Sl N RN 1 e T
o ' Sir ' as defined in Pait 5.0 wotion V| Division 2 They wi
i i |8 VR | Sl itk tis tatigue Falre elfecis Basa.
g 25781 N | Fy|1383.3H |
!W—_| aseEiniie, | [ ] 56t Marual Merge Hotes Toleranos: | I biir ¥
Mt (5334 M | M| +1136787.0 Mo
. e . . = = Pregsuns Condilian Ligad Lodation
M2 ToMSHm | My |5335938Nmm O Initerisl Pressure () End of Nozste
M- 15435 N-m | ) Exfernal Pressure (%) Nozzle-Surtace [ritersestion
§ ——— () Chambar MAWE
[] Perfom = fatigus analysis: Note: The lnads you erterin thiz 2cresr are nput according to the:

canventions of WHD 107 #acept you san specity the loads at the
G e e e
o N s oads after they have A o the: ob'the nozzle
[ Set atenal Fatigus Ewves Manusly then tiansformed inta the global coordinate system s indicated by
thie it in the FE&-N ozzlesreport pictures. Thie Global column’
Bl"l;;;?ﬁl\hﬂgﬁ nads as they will be passad to the FEA-Nozzles

midul

Censttieisnt:ot Thermal Erpangion

These values are carently only used for ieporling purposes.
Thepda not affect the calculatiohs becalise themal oradisnits:
‘ate: ot suppioted:

Maozzle coafficient |D /T |

7 [ Geneel | [k ]
Veazsel cosfficient ||:l min/mmdC |
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Nozzle A Tabular Results

Rev.5

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME

Section 1T and ASME Section VIII, Division 2.

Model Notes

Load Case Report

Solution Data

ASME Code Stress Output Plots
Region Data

Stress Results - Notes

ASME Overstressed Areas

Highest Primary Stress Ratios
Highest Secondary Stress Ratios

Highest Fatigue Stress Ratios

Stress Intensification Factors
Allowable Loads
Flexibilities

Graphical Results

Model Notes
Input Echo:

Model Type

Parent Outside Diameter

Flat Head

269.748

mm.

Nozzle

Thickness

Gasket Load Edge Moment:

Operating Load Moment
Attached Shell Length
Attached Shell Thick
Fillet Along Shell

Parent Properties:
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Outside Diameter
Thickness

Length

Nozzle Weld Length
Insert Length

Insert Thickness
Location perpendicular
to the head centerline

Nozzle Tilt Angle

Nozzle Properties
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

37.000 mm.

12573.6 mm. N per mm.
2415.3 mm. N per mm.

600.000 mm.
40.000 mm.
11.000 mm.

138.0 MPa

83.9 MPa

Low Alloy Steel

483.0 MPa

248.0 MPa

166.0 MPa

201900.0 MPa
0.300

0.7682E-04 N /cu.mm. (NOT USED)

60.325 mm.
3.425 mm.
178.500 mm.
11.000 mm.
2478.500 mm.
0.425 mm.

0.000 mm.

0.000 deg.

118.0 MPa
75.3 MPa
Low Alloy Steel
414.0 MPa
241.0 MPa
162.0 MPa
203050.0 MPa
0.300
0.7682E-04 N /cu.mm.

(NOT USED)
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Design Operating Cycles : 0.
Ambient Temperature (Deg.) : 21.00

The following temperatures have been specified for the analysis:

Nozzle Inside Temperature : 425.00 deg.
Nozzle Outside Temperature : 425.00 deg.
Vessel Inside Temperature : 425.00 deg.
Vessel Outside Temperature : 425.00 deg.
Nozzle Pressure : 1.318 MPa
Vessel Pressure : 1.318 MPa

FEA Model Loads:
These are the user defined loads applied to the FEA model
at the end of the nozzle in global coordinates.

Forces( N ) Moments (N-m)
Load Case FX FY FZ MX MY MZ
OPER: 2579.2 -1353.3 -2579.2 -1136.8 539.4 -1136.8

Stresses are NOT averaged.

Vessel Centerline Vector: 0.000 1.000 0.000
Nozzle Centerline Vector: 0.000 1.000 0.000
Zero Degree Orientation Vector: 1.000 0.000 0.000

Table of Contents

Load Case Report
Inner and outer element temperatures are the same
throughout the model. No thermal ratcheting
calculations will be performed.
THE 10 LOAD CASES ANALYZED ARE:

1 WEIGHT ONLY (Wgt Only)

Weight ONLY case run to get the stress range
between the installed and the operating states.

[===———= Loads in Case 1
Loads due to Weight

2 SUSTAINED (Wgt+Pr)

Sustained case run to satisfy local primary
membrane and bending stress limits.

/=== Loads in Case 2
Loads due to Weight
Pressure Case 1

3 Thermal ONLY

Thermal ONLY case run in the event expansion
stresses exceed the secondary stress allowable.

[ Loads in Case 3
Temperature Case 1
Loads from (Thermal Only)
4 OPERATING

Case run to compute the operating stresses used in
secondary, peak and range calculations as needed.

/=== Loads in Case 4
Pressure Case 1
Temperature Case 1

Loads from (Operating)

5 EXPANSION (Fatigue Calc Performed)
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Expansion case run to get the RANGE of stresses.
as described in NB-3222.2, 5.5.3.2, or 5.5.5.2.

/=== Combinations in Expansion Case 5
Plus Stress Results from CASE 4
Minus Stress Results from CASE 1
6 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[ Loads in Case 6
Loads from (Axial)
7 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[ Loads in Case 7
Loads from (Inplane)
8 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
=== Loads in Case 8
Loads from (Outplane)
9 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[==————— Loads in Case 9
Loads from (Torsion)
10 Program Generated -- Force Only
Case run to compute sif's and flexibilities.

/=== Loads in Case 10
Pressure Case 1

Table of Contents

Rev.5

Solution Data

Maximum Solution Row Size = 1392

Number of Nodes = 23717

Number of Elements = 792

Number of Solution Cases = 9

Summation of Loads per Case

Case # FX FY
1 0. -254.
2 0. 55822.
3 0. 0.
4 2579. 54472.
5 0. 84425.
6 0. 0.
7 0. 0.
8 0. 0.
9 0. 56076.

Table of Contents

gl
N

-258

OO OO0 0oooo

ASME Code Stress Output Plots
1) P1L < (1.5)(S) (SUS,Membrane) Case 2
2) Qb < SPS (SUS,Bending) Case 2
3) S1+S2+S3 < 4S (SUS,S1+S2+S3) Case 2

4) P1l+Pb+Q < SPS (OPE, Inside) Case 4
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5) Pl+Pb+Q < SPS (OPE,Outside)

6) Membrane < User
7) Bending < User
8) Pl+Pb+Q+F < Sa
9) Pl+Pb+Q+F < Sa
10) PLl+Pb+Q+F < Sa
11) Pl1+Pb+Q+F < Sa
12) Pl+Pb+Q+F < Sa
13) P1+Pb+Q < SPS
14) Pl+Pb+Q < SPS

15) Pl+Pb+Q+F < Sa

(OPE, Membrane)

Case 4

Case 4

(OPE,Bending) Case 4

(SIF,Outside) Case 6

(SIF,Outside) Case 7

(SIF,Outside)
(SIF,Outside)

(SIF,Outside)

Case 8

Case 9

Case 10

(EXP,Inside) Case 5

(EXP,Outside) Case 5

(EXP, Inside) Case 5

Rev.5

16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5
Table of Contents
Region Data
Shell Next to Nozzle 1
Cold Allowable ........... 138. MPa
Hot Allowable @ 425 deg .. 84. MPa
Case 2
Nominal Stress M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 4
Nominal Stress (M/Z) .. 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 6
Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 7
Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 8
Nominal Stress M/z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 9
Nominal Stress M/z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 10
Nominal Stress M/Z) ... 5. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Smallest Thickness ....... 3.425 mm.
Stress Concentration ..... 1.350
Nozzle 1 Next to Shell
Cold Allowable ........... 118. MPa
Hot Allowable @ 425 deg .. 75. MPa
Case 2
Nominal Stress M/z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 4
Nominal Stress M/z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 6
Nominal Stress M/z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 7
Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 8
Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 9
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Nominal Stress
Pressure Stress
Case 10

Nominal Stress
Pressure Stress

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Shell Next to Nozzle 1 Pad

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

NOT USED

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Nozzle 1 Pad Weld

Cold Allowable
Hot Allowable @
Case 2

Nominal Stress
Pressure Stress
Case 4

Nominal Stress
Pressure Stress
Case 6

Nominal Stress
Pressure Stress
Case 7

Nominal Stress
Pressure Stress

Area

425 deg

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2)
(Pd/2t)

138.

3.425

138.

138.

138.

138.

3.425
1.350

118.
75.

138.

138.

138.

138.

3.425
1.350

138.
84.

138.

138.

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

Rev.5
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Case 8

Nominal Stress M/z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 9

Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 10

Nominal Stress M/2) ... 5. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Smallest Thickness ....... 3.425 mm.
Stress Concentration ..... 1.350

Shell In Nozzle 1 Vicinity

Cold Allowable ........... 138. MPa
Hot Allowable @ 425 deg .. 84. MPa
Case 2

Nominal Stress M/z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 4

Nominal Stress M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 6

Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 7

Nominal Stress M/2) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 8

Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 9

Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 10

Nominal Stress M/Z) ... 5. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Smallest Thickness ....... 3.425 mm.
Stress Concentration ..... 1.000

Nozzle 1 Transition Area

Cold Allowable ........... 118. MPa
Hot Allowable @ 425 deg .. 75. MPa
Case 2

Nominal Stress (M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 4

Nominal Stress M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 6

Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 7

Nominal Stress M/Z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 8

Nominal Stress M/z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 9

Nominal Stress M/z) ... 138. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Case 10

Nominal Stress M/z) ... 5. MPa
Pressure Stress (Pd/2t) .. 0. MPa
Smallest Thickness ....... 3.425 mm.
Stress Concentration ..... 1.350

Nozzle 1 Barrel Section

Cold Allowable ........... 118. MPa
Hot Allowable @ 425 deg .. 75. MPa
Case 2

Nominal Stress M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 4

Nominal Stress ™M/z) ... 0. MPa
Pressure Stress (Pd/2t) .. 5. MPa
Case 6

Nominal Stress M/z) ... 138. MPa
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Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

(Pd/2t)

(M/7)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Nozzle 1

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Pad at Nozzle 1

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

138.

138.

138.

.425
.000

118.
75.

o

138.

138.

138.

138.

.425
.000

138.
84.

138.

138.

138.

138.

.425
.350

MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa

MPa
mm.

Table of Contents

Rev.5

Stress Results - Notes
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- Results in this analysis were generated using the finite
element solution method.

- Using post 07 ASME Section VIII Division 2
- Use Polished Bar fatigue curve.
Assume pressure increases all other stresses.

- Assume free end displacements of attached pipe are
secondary loads within limits of nozzle reinforcement.

- Use Equivalent Stress (Von Mises).
- S1+S2+S3 evaluation omitted from operating stress.

Include S1+S2+S3 evaluation in primary case evaluation.
Assume bending stress not local primary for S1+S2+S3.

Table of Contents

ASME Overstressed Areas

*** NO OVERSTRESSED NODES IN THIS MODEL ***

Table of Contents

Highest Primary Stress Ratios

Shell Next to Nozzle 1

Ob SPS Primary Bending Load Case 2
69 252 Plot Reference:
MPa MPa 2) Qb < SPS (SUS,Bending) Case 2
27%

Nozzle 1 Next to Shell

Pl (1.5) (9) Primary Membrane Load Case 2
51 113 Plot Reference:
MPa MPa 1) P1L < (1.5)(S) (SUS,Membrane) Case 2
44%
Nozzle 1
Pl (1.5) (S) Primary Membrane Load Case 2
14 113 Plot Reference:
MPa MPa 1) P1 < (1.5)(S) (SUS,Membrane) Case 2
12%

Table of Contents

Highest Secondary Stress Ratios

Shell Next to Nozzle 1

P1+Pb+Q SPS Primary+Secondary (Outer) Load Case 5
58 414 Plot Reference:
MPa MPa 14) Pl1+Pb+Q < SPS (EXP,Outside) Case 5
14%
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Nozzle 1 Next to Shell

P1+Pb+Q
398
MPa

Nozzle 1

P1+Pb+Q
253
MPa

SPS
403
MPa

98%

SPS
403
MPa

62%

Primary+Secondary (Outer) Load Case 4

Plot Reference:
5) Pl+Pb+Q < SPS (OPE,Outside) C

Primary+Secondary (Outer) Load C
Plot Reference:
14) P1l+Pb+Q < SPS (EXP,Outside)

Table of Contents

ase 4

ase 5

Case 5

Rev.5

Highest Fatigue Stress Ratios

Shell Next to Nozzle 1

P1+Pb+Q+F
39
MPa

Allowable
12,361.9
MPa

o
o

Damage Ratio
0.000 Life
0.003 Stress

Nozzle 1 Next to Shell

P1+Pb+Q+F
265
MPa

Allowable
12,423.1
MPa

N
oo

Nozzle 1

P1+Pb+Q+F
127
MPa

Allowable
12,423.1
MPa

[
o

Damage Ratio
0.000 Life
0.021 Stress

Damage Ratio
0.000 Life
0.010 Stress

Primary+Secondary+Peak (Outer) L
Stress Concentration Factor = 1.
Strain Concentration Factor = 1.
Cycles Allowed for this Stress =
"B31" Fatigue Stress Allowable =
Markl Fatigue Stress Allowable =
WRC 474 Mean Cycles to Failure =
WRC 474 99% Probability Cycles =
WRC 474 95% Probability Cycles =
BS5500 Allowed Cycles (Curve F) =
Membrane-to-Bending Ratio = 0.25
Bending-to-PL+PB+Q Ratio = 0.798
Plot Reference:

16) Pl+Pb+Q+F < Sa (EXP,Outside)

Primary+Secondary+Peak (Outer) L
Stress Concentration Factor = 1.
Strain Concentration Factor = 1.
Cycles Allowed for this Stress =
"B31" Fatigue Stress Allowable =
Markl Fatigue Stress Allowable =
WRC 474 Mean Cycles to Failure =
WRC 474 99% Probability Cycles =
WRC 474 95% Probability Cycles =
BS5500 Allowed Cycles (Curve F) =
Membrane-to-Bending Ratio = 1.42
Bending-to-PL+PB+Q Ratio = 0.412
Plot Reference:

16) Pl+Pb+Q+F < Sa (EXP,Outside)

Primary+Secondary+Peak (Outer) L
Stress Concentration Factor = 1.
Strain Concentration Factor = 1.
Cycles Allowed for this Stress =
"B31" Fatigue Stress Allowable =
Markl Fatigue Stress Allowable =
WRC 474 Mean Cycles to Failure =
WRC 474 99% Probability Cycles =
WRC 474 95% Probability Cycles =
BS5500 Allowed Cycles (Curve F) =
Membrane-to-Bending Ratio = 17.2
Bending-to-PL+PB+Q Ratio = 0.055
Plot Reference:

16) Pl+Pb+Q+F < Sa (EXP,Outside)

Table of Contents

oad Case 5
350

000
1.0000E11
277.4
1689.2
15,775,145.
3,664,706.
5,087,982.
2,414,006.
4

Case 5

oad Case 5
350
000
9,145.
241.6
1689.2
177,705.
41,282.
57,316.
11,416.
6

Case 5

oad Case 5
000
000
127,154.
241.6
1689.2
675,965.
157,033.
218,020.
42,552.
32

Case 5
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Stress Intensification Factors

Branch/Nozzle Sif Summary

Peak
Axial 1.101
Inplane 0.895
Outplane: 0.898
Torsion 0.639
Pressure: 2.248

Primary
1.040
1.022
1.023
0.868
2.863

Secondary
1.631
1.325
1.331
0.946
3.416

The above stress intensification factors are to be used

in a beam-type analysis of the piping system.

Inplane,

Outplane and Torsional sif's should be used with the

matching branch pipe whose diameter and thickness is given
The axial sif should be used to intensify the

below.

axial stress in the branch pipe calculated by F/A. The
pressure sif should be used to intensify the nominal
pressure stress in the PARENT or HEADER, calculated

from PD/2T.

Pipe OD 60.325
Pipe Thk: 3.425
Z approx: 8709.352
Z exact 8244.623

B31.3 Branch Pressure i-factor

mm.
mm.

cu.
cu.

mm.
mm.

Header Pressure i-factor =

1.861
4.497

The B31.3 pressure i-factors should be used with with
F/A, where F is the axial force due to pressure, and

A is the area of the pipe wall.

This is equivalent to

finding the pressure stress from (ip) (PD/4T).

B31.3 (Branch)
Peak Stress Sif 0.000 Axial

1.000 Inplane

1.000 Outplane

1.000 Torsional
B31.1 (Branch)
Peak Stress Sif 0.000 Axial

1.000 Inplane

1.000 Outplane

1.000 Torsional
WRC 330 (Branch)
Peak Stress Sif 0.000 Axial

1.000 Inplane

1.500 Outplane

1.000 Torsional

Table of Contents
Allowable Loads
SECONDARY Maximum Conservative Realistic
Load Type (Range): Individual Simultaneous Simultaneous
Occuring Occuring Occuring
Axial Force (N ) 151270. 48421. 72631.
Inplane Moment (mm. N ) 25070009. 567443. 1203728.
Outplane Moment (mm. N ) 2496711. 565112. 1198783.
Torsional Moment (mm. N ) 3512482. 1124333. 1686500.
Pressure (MPa ) 32.36 1.32 1.32
PRIMARY Maximum Conservative Realistic
Load Type: Individual Simultaneous Simultaneous
Occuring Occuring Occuring

Axial Force (N ) 66518. 19722. 29584.
Inplane Moment (mm. N ) 910761. 192632. 408634.
Outplane Moment (mm. N ) 910671. 192613. 408594.
Torsional Moment (mm. N ) 1072348. 313913. 470870.
Pressure (MPa ) 10.82 1.32 1.32
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NOTES:

1)

2)

3)

4)

5)

Maximum Individual Occuring Loads are the maximum
allowed values of the respective loads if all other
load components are zero, i.e. the listed axial force
may be applied if the inplane, outplane and torsional
moments, and the pressure are zero.

The Conservative Allowable Simultaneous loads are

the maximum loads that can be applied simultaneously.
A conservative stress combination equation is used
that typically produces stresses within 50-70% of the
allowable stress.

The Realistic Allowable Simultaneous loads are the
maximum loads that can be applied simultaneously. A
more realistic stress combination equation is used
based on experience at Paulin Research. Stresses are
typically produced within 80-105% of the allowable.

Secondary allowable loads are limits for expansion
and operating piping loads.

Primary allowable loads are limits for weight,
primary and sustained type piping loads.

Table of Contents

Rev.5

Flexibilities

The following stiffnesses should be used in a piping,
"beam-type" analysis of the intersection. The stiff-
nesses should be inserted at the surface of the
branch/header or nozzle/vessel junction. The general
characteristics used for the branch pipe should be:

Outside Diameter = 60.325 mm.

Wall Thickness = 3.425 mm.

Axial Translational Stiffness = 958724. N /mm.
Inplane Rotational Stiffness = 15110939. mm. N /deg
Outplane Rotational Stiffness = 15110832. mm. N /deg
Torsional Rotational Stiffness = 12697280. mm. N /deg

Intersection Flexibility Factors for

Branch/Nozzle

Find axial stiffness: K = 3EI/ (kd)"3 N /mm.

Find bending and torsional stiffnesses: K = EI/(kd) mm. N per radian.

The EI product is 0.50233E+11 N mm."2
The value of (d) to use is: 56.900 mm..

The resulting bending stiffness is in units of force x length per radian.

Axial Flexibility Factor (k) = 0.948
Inplane Flexibility Factor (k) = 1.020
Outplane Flexibility Factor (k) = 1.020
Torsional Flexibility Factor (k) 1.214

Table of Contents
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Finite Element Model

1> P1 € €1.5»¢(8> <5US8 Membrane> Case 2

58.58
43 .29 Q
28.86

18.84
7.21
a.88

A

z =

3d(Small) ‘ 3d ‘

3d(Deformed)
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gh < S5PS% (S5US5 Bending» Case

69,
39,

24.

3d(Deformed)

3>

3d(Deformed)

3d(Small) ‘ 3d ‘

S1+82+453 { 485 (SUS 51+82+53> Casze

3d(Small) ‘ 3d ‘

Rev.5
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43 P1+Ph+§ < SPS <OPE Inside)> Case 4
266.0 H
228.7
152.5 Q
95.3 ﬁ
3g.1
8.8

3d(Small) ‘ 3d ‘

3d(Deformed)
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5> P1+Pbh+Q < SPS <(OPE Outside> Casze 4

398.
341.
227.
142.

36 .

[ JN- QLR N Y

3d(Small) ‘ 3d ‘

3d(Deformed)

6> Membhrane < User C(OPE Membrane» Case 4

296 .
219,
146.

36.

A~

3d(Small) ‘ 3d ‘

3d(Deformed)
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7 Bending < User <OPE Bending» Case 4

0
5
NI @D

3d(Deformed)

13> P1+Ph+Q < SPS (EXP Insidel> Case &

268 .
229,
153.

28,

=}
[ -J=-R 4]
RNt RA Y- -

= b4
3d(Small) ‘ 3d ‘
H
;-:-.;'?.
I
= x
3d(Small) ‘ 3d ‘

Rev.5
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14> P1+Ph+Q { SPS (EXP Outside> Case

15» P1+Ph+G+F { Sa (EWP Inside> Case

392.
336.
224,
148.

36 .

@
@ G L
EE

188.
155.
183.

25.

[ === N Y=

3d(Small) ‘ 3d ‘

3d(Small) ‘ 3d ‘

Rev.5
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16> P1+Ph+Q+F < Sa C(ERP Outsidel> Case &

265 .
287,
151.
94,
37.
a.

DOMm LD

A

= X
3d(Small) ‘ 3d ‘
8> P1+Ph+Q+F ¢ Sa (SIF Outside) Case 6
|
= x
3d(Small) ‘ 3d ‘

3d(Deformed)
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2> P1+Pbh+Q+F < Sa (SIF Outside> Case 7

i
1
1
b
T

e

St

= x
3d(Small) ‘ 3d ‘
3d(Deformed)
18> P1+Ph+Q+F ¢ S5a ¢SIF Outside> Case 8
||
= x
3d(Small) ‘ 3d ‘

3d(Deformed)
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11> P1+Ph+Q+F < Sa <(SIF Outsidel Case 9

3d(Small) ‘ 3d ‘

3d(Deformed)

80/148



Item No. : 208-40-D-004 Rev.5

12% P1+Ph+Q+F { Sa (SIF Outsidel> Casze 18

RE

U
R

Shewent

3d(Small) ‘ 3d ‘

3d(Deformed)
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208-40-D-004 [ Nozzle B1~BS5 ]

Llal:uls far Finile Element ' Analysi=s - I'-lt:zzle EI atfached o EITM IIE.ad ||1ﬂllEI‘|hL‘rll‘r.'|| Hnadi ._E:
| Weight | Operating | Deossional | Themal
= = = = A e e R e R 1. > T
L Get values hom WAC 107 soreen J J_ Clear WAE values _l sﬂm < .M. ."f,.fﬂﬁﬁﬁ Fﬁhﬂrm _“’-ﬁ----ﬁ_%zl
- - ‘Stiess cancentralion factar on pad | 1.35 |
WRETOT kbﬁ gﬁB?%taﬂaaﬂﬁﬁﬂﬁniﬂﬂilbhvﬁﬁaﬂ|135 |
o D
i fiPart 5o or i
Br [1961.3N F”‘EWEN wr@%tﬁafaﬁm% sifess caze: i
W IEEEN Fu|1961.3N
i |BIEREN R [15et Manuat Merge Nodes Toleiaros: 110000 |
Mt (8807 N-m M 18236674 N - '
N e il ——— 1 Fressiite Condilisn Load Lotatian:
M 2SN Wy S80BEA S N 3 O Interal Pressure ) Endol Nozzle
i, 253N & OemaiPassus @ NoseSufacs erseston
L (5 Chamber MAWP
[ Petornt a fatigus analysis: Noter The ibads-you enter in this seresn are input aceording ta the:
- i convertions of WRE 107 excapt you can specily the Joads at the
5 vessel suiface ot atthe end of the nazzle. The output report hois
]t Mt Fatiue Curves Manall e %&?ﬁ”@“ e S e
i awia in the FEA-H imn|
ﬁué‘uﬂhem loadsas t‘hq;}wl
EqafHﬁm‘t:ﬁThamaJ'fmmmn
amsaamnﬂamwwﬂmrwwﬂ g purpozes
Thay dﬁ the calculations besause Hemal arsdients
rmtsmpp@
mﬂ“ﬂ"?"*“ e o M [t ] [ ]
Wessel cosflicient |0 mm/nm/‘C l : o '

82/148



Item No. : 208-40-D-004

Nozzle B1~B5 Tabular Results

Rev.5

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME
Section 1T and ASME Section VIII, Division 2.

Model Notes

Load Case Report

Solution Data

ASME Code Stress Output Plots
Region Data

Stress Results - Notes

ASME Overstressed Areas

Highest Primary Stress Ratios
Highest Secondary Stress Ratios

Highest Fatigue Stress Ratios

Stress Intensification Factors
Allowable Loads
Flexibilities

Graphical Results

Model Notes

Input Echo:

Model Type

Parent Outside Diameter

Thickness

Inside Crown Radius
Inside Knuckle Radius
Straight Flange Length
Fillet Along Shell

Parent Properties:
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Nozzle Reinforced OD

Reinforced Thickness
Reinforced Length
Transition Length
Neck OD

Neck Thickness

Neck Length

Nozzle Weld Length
Location perpendicular
to the head centerline

Nozzle Tilt Angle

Nozzle Properties
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Dished Head

138.0 MPa
83.8 MPa
Low Alloy Steel

483.0
262.0
176.0
203050.0

0

.300

0.7682E-04

119

21.
30.
8.
88.
5.
90.
9.

210.

.997
035
000
9717
900
486
370
000

000

.000

MPa
MPa
MPa
MPa

N /cu.mm. (NOT USED)

mm.
mm.
mm.
mm.
mm.
mm.
mm.
mm.

mm.

deg.

138.0 MPa

83.9 MPa

Low Alloy Steel
483.0 MPa
248.0 MPa
166.0 MPa

203050.0 MPa

0

.300

0.7682E-04

N /cu.mm.

(NOT USED)
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Design Operati
Ambient Temper

The following temperatures have been specified for the analysis:

Nozzle Inside
Nozzle Outside
Vessel Inside
Vessel Outside
Nozzle Pressur
Vessel Pressur

FEA Model Load

These are the user defined loads applied to the FEA model

ng Cycles
ature (Deg.)

Temperature
Temperature
Temperature
Temperature
e
e

S:

425.00 deg.
425.00 deg.
425.00 deg.
425.00 deg.
1.318 MPa
1.318 MPa

21.00

0

at the end of the nozzle in global coordinates.

Forces( N )

Load Case

Moments (N-m

FX

)

Fz

OPER: 3

Stresses will be calculated in the weld elements surrounding
the junction of the nozzle with the parent shell.
typically done to get accurate values for the pressure

187.2 1961.3

3187.2

This is

stresses on the inside surface of the nozzle in the

longitudinal p
overemphasized

Stresses are N
Vessel Centerl

Nozzle Centerl

Nozzle Orienta

lane. The effect of any external loads will
in this run.

(too conservative)

OT averaged.

ine Vector:
ine Vector:
Zero Degree Orientation Vector:

tion Angle

o

36.

.000
.000
.000

000

Table of Contents

-1.000
-1.000
0.000

0.000
0.000
0.000

Rev.5

Load Case Report

Inner and outer element temperatures are the same
odel. No thermal ratcheting

throughout the m

calculations will be performed.

THE 10 ©LOAD CASES ANALYZED ARE:

1 WEIGHT ONL

Weight ONLY case run to get the stress range

Y (Wgt Only)

between the installed and the operating states.

Loads du

2 SUSTAINED

Loads in Cas
e to Weight

(Wgt+Pr

e

)

1

Sustained case run to satisfy local primary

membrane and bending stress limits.

Loads du
Pressure

3 Thermal ON

Thermal ONLY case run in the event expansion

Loads in Case

e to Weight
Case 1

LY

2

stresses exceed the secondary stress allowable.

4 OPERATING

Loads in Case
Temperature Case
Loads from (Thermal Only)

1

3
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Case run to compute the operating stresses used in
secondary, peak and range calculations as needed.

/=== Loads in Case 4
Pressure Case 1
Temperature Case 1

Loads from (Operating)

Rev.5

5 EXPANSION (Fatigue Calc Performed)
Expansion case run to get the RANGE of stresses.
as described in NB-3222.2, 5.5.3.2, or 5.5.5.2.
[===—==== Combinations in Expansion Case 5
Plus Stress Results from CASE 4
Minus Stress Results from CASE 1
6 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[==————— Loads in Case 6
Loads from (Axial)
7 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[======== Loads in Case 7
Loads from (Inplane)
8 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
/=== Loads in Case 8
Loads from (Outplane)
9 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
=== Loads in Case 9
Loads from (Torsion)
10 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[==————— Loads in Case 10
Pressure Case 1
Table of Contents
Solution Data
Maximum Solution Row Size = 798
Number of Nodes = 2496
Number of Elements = 816
Number of Solution Cases = 9
Summation of Loads per Case
Case # FX FY FZ
1 0. -537. 0.
2 -41. -535079. -30.
3 0. 0. 0.
4 3146. -533118. 3157.
5 0. -198250. 0.
6 0. 0. 0.
7 0. 0. 0.
8 0. 0. 0.
9 -41. -534542. -30.

Table of Contents
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ASME Code Stress Output Plots

1) P1L < (1.5)(S) (SUS,Membrane)

2) Qb < SPS (SUS,Bending) Case 2

Case 2

3) S1+S2+S3 < 4S (SUS,S1+S2+S3) Case 2
4) P1l+Pb+Q < SPS (OPE, Inside) Case 4
5) P1l+Pb+Q < SPS (OPE,Outside) Case 4

6) Membrane < User (OPE,Membrane) Case 4

7) Bending < User (OPE,Bending) Case 4
8) Pl+Pb+Q+F < Sa (SIF,Outside) Case 6
9) P1+Pb+Q+F < Sa (SIF,Outside) Case 7

10) Pl+Pb+Q+F < Sa (SIF,Outside) Case 8

11) Pl+Pb+Q+F < Sa (SIF,Outside) Case 9

12) Pl+Pb+Q+F < Sa (SIF,Outside) Case 10
13) P1l+Pb+Q < SPS (EXP,Inside) Case 5
14) Pl+Pb+Q < SPS (EXP,Outside) Case 5
15) Pl+Pb+Q+F < Sa (EXP,Inside) Case 5
16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5

Table of Contents

Rev.5

Region Data

Shell Next to Nozzle 1

Cold Allowable ........... 138. MPa
Hot Allowable @ 425 deg 84. MPa
Case 2

Nominal Stress (M/Z) 0. MPa
Pressure Stress (Pd/2t) 47 MPa
Case 4

Nominal Stress (M/Z) 0. MPa
Pressure Stress (Pd/2t) 47. MPa
Case 6

Nominal Stress (M/Z) 138. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 7

Nominal Stress (M/Z) 138. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 8

Nominal Stress (M/Z) 138. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 9

Nominal Stress (M/Z) 138. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 10

Nominal Stress (M/Z) 47. MPa
Pressure Stress (Pd/2t) 0. MPa
Smallest Thickness ....... 5.486 mm.
Stress Concentration ..... 1.350

Nozzle 1 Next to Shell

Cold Allowable ........... 138 MPa
Hot Allowable @ 425 deg 84 MPa
Case 2

Nominal Stress M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 47. MPa
Case 4

Nominal Stress M/Z) ... 0. MPa
Pressure Stress (Pd/2t) .. 47. MPa
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Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

(M/2Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Shell Next to Nozzle 1 Pad

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

NOT USED

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Nozzle 1 Pad Weld Area

Cold Allowable
Hot Allowable @
Case 2

Nominal Stress

425 deg

(M/2)

138.

138.

138.

138.

47.

.486
.350

138.

138.

138.

138.

47.

.486
.350

138.
84.

138.

138.

138.

138.

47.

.486
.350

138.
84.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa

MPa
mm.

MPa
MPa

MPa

Rev.5
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Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

(Pd/2t)

(M/7)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Shell In Nozzle 1

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

Vicinity

425 deg

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Nozzle 1 Transition Area

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Nozzle 1 Barrel Section

47.

138.

138.

138.

138.

47.

.486
.350

138.
84.

138.

138.

138.

47.

.486
.000

138.
84.

138.

138.

138.

138.

47.

.486
.350

MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.
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Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Nozzle 1

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Pad at Nozzle 1

Cold Allowable
Hot Allowable @
Case 2
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress
Case 9
Nominal Stress
Pressure Stress
Case 10
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

M/7)
(Pd/2t)

Smallest Thickness .......

138.
84.

138.

138.

138.

138.

47.

5.486
1.000

138.
84.

138.

138.

138.

138.

47.

5.486
1.000

138.
84.

138.

138.

138.

138.

47.

5.486

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.
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Stress Concentration .....

Table of Contents

Rev.5

Stress Results - Notes

- Results in this analysis

element solution method.

were generated using the finite

- Using post 07 ASME Section VIII Division 2

- Use Polished Bar fatigue curve.

Assume pressure increases all other stresses.

- Assume free end displacements of attached pipe are
secondary loads within limits of nozzle reinforcement.

- Use Equivalent Stress (Von Mises).

- S1+S2+S3 evaluation omitted from operating stress.
Include S1+S2+S3 evaluation in primary case evaluation.
Assume bending stress not local primary for S1+S2+S3.

Table of Contents

ASME Overstressed Areas

*** NO OVERSTRESSED NODES IN THIS MODEL ***

Table of Contents

Highest Primary Stress Ratios

Shell Next to Nozzle 1

Pl (1.5) (8)

51 126

MPa MPa
40%

Nozzle 1 Next to Shell

Pl (1.5) (8)

41 126

MPa MPa
32%

Shell In Nozzle 1 Vicinity

Pl (1.5) (8)

61 126

MPa MPa
48%

Nozzle 1 Transition Area

Qb SPS
217 252
MPa MPa

Primary Membrane Load Case 2

Plot Reference:

1) P1 < (1.5)(S) (SUS,Membrane)

Primary Membrane Load Case 2

Plot Reference:

1) P1L < (1.5)(S) (SUS,Membrane)

Primary Membrane Load Case 2

Plot Reference:

1) P1L < (1.5)(S) (SUS,Membrane)

Primary Bending Load Case 2

Plot Reference:

2) Qb < SPS (SUS,Bending) Case 2

Case 2

Case 2

Case 2
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10%

Nozzle 1
Pl (1.5) (9) Primary Membrane Load Case 2
12 126 Plot Reference:
MPa MPa 1) P1L < (1.5)(S) (SUS,Membrane)

e
oe

Table of Contents

Rev.5

Case 2

Highest Secondary Stress Ratios

Shell Next to Nozzle 1

(Outer) Load Case 4

Case 4

Case 4

P1+Pb+Q SPS Primary+Secondary
321 438 Plot Reference:
MPa MPa 5) Pl+Pb+Q < SPS (OPE,Outside)
73%
Nozzle 1 Next to Shell
P1+Pb+Q SPS Primary+Secondary (Inner) Load Case 4
98 414 Plot Reference:
MPa MPa 4) P1l+Pb+Q < SPS (OPE, Inside) Case 4
23%
Shell In Nozzle 1 Vicinity
P1+Pb+Q SPS Primary+Secondary (Outer) Load
135 438 Plot Reference:
MPa MPa 5) Pl+Pb+Q < SPS (OPE,Outside)

Nozzle 1 Transition Area

P1+Pb+Q SPS Primary+Secondary (Outer) Load
241 414 Plot Reference:
MPa MPa 5) P1l+Pb+Q < SPS (OPE,Outside)
58%
Nozzle 1
P1+Pb+Q SPS Primary+Secondary (Outer) Load
115 414 Plot Reference:
MPa MPa 14) P1l+Pb+Q < SPS (EXP,Outside)
27%

Table of Contents

Case 4

Case 4

Case 4

Case 5

Case 5

Highest Fatigue Stress Ratios

Shell Next to Nozzle 1

P1+Pb+Q+F Damage Ratio Primary+Secondary+Peak (Outer) Load Case 5
216 0.000 Life Stress Concentration Factor = 1.350
MPa 0.017 Stress Strain Concentration Factor = 1.000
Cycles Allowed for this Stress = 18,152.
Allowable "B31" Fatigue Stress Allowable = 277.2
12,423.1 Markl Fatigue Stress Allowable = 1689.2
MPa WRC 474 Mean Cycles to Failure = 177,931.
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[
o

Nozzle 1 Next to Shell

P1+Pb+Q+F
66
MPa

Allowable
12,423.1
MPa

o
o

Damage Ratio
0.000 Life
0.005 Stress

Shell In Nozzle 1 Vicinity

P1+Pb+Q+F
67
MPa

Allowable
12,423.1
MPa

o
oo

Damage Ratio
0.000 Life
0.005 Stress

Nozzle 1 Transition Area

P1+Pb+Q+F
163
MPa

Allowable
12,423.1
MPa

—
oo

Nozzle 1

P1+Pb+Q+F
58
MPa

Allowable
12,423.1
MPa

o
oo

Damage Ratio
0.000 Life
0.013 Stress

Damage Ratio
0.000 Life
0.005 Stress

WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)

Rev.5

= 41,335.
= 57,388.
= 20,941.

Membrane-to-Bending Ratio = 0.271
Bending-to-PL+PB+Q Ratio = 0.787

Plot Reference:

16) Pl+Pb+Q+F < Sa (EXP,Outside)

Primary+Secondary+Peak (Inner)

Case 5

Load Case 5

Stress Concentration Factor = 1.350

Strain Concentration Factor =
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure
WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)

1.000

= 1.1971E8
= 277.4

= 1689.2

= 2,565,689.
= 596,033.

= 827,517.

= 486,559.

Membrane-to-Bending Ratio = 1.308
Bending-to-PL+PB+Q Ratio = 0.433

Plot Reference:
15) Pl+Pb+Q+F < Sa

Primary+Secondary+Peak (Outer)

(EXP, Inside)

Case 5

Load Case 5

Stress Concentration Factor = 1.000

Strain Concentration Factor =
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure
WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)

1.000

= 91,675,544,
=277.2

= 1689.2

= 2,417,485.
= 561,604.

= 779,716.

= 284,026.

Membrane-to-Bending Ratio = 1.017
Bending-to-PL+PB+Q Ratio = 0.496

Plot Reference:
16) Pl+Pb+Q+F < Sa

Primary+Secondary+Peak (Outer)
Stress Concentration Factor =
Strain Concentration Factor =
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure
WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)

(EXP,Outside)

Case 5

Load Case 5

1.350
1.000

= 43,639.
= 277.4

= 1689.2

= 607,893.
= 141,219.
= 196,065.
= 49,341.

Membrane-to-Bending Ratio = 0.829
Bending-to-PL+PB+Q Ratio = 0.547

Plot Reference:

16) Pl+Pb+Q+F < Sa (EXP,Outside)

Primary+Secondary+Peak (Outer)
Stress Concentration Factor =
Strain Concentration Factor =
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure
WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)
Membrane-to-Bending Ratio = 15

Case 5

Load Case 5

1.000
1.000

= 1.9481E9
= 277.4

= 1689.2

= 5,676,684.
= 1,318,745.
=1,830,912.
= 449,161.
.287

Bending-to-PL+PB+Q Ratio = 0.061

Plot Reference:
16) Pl+Pb+Q+F < Sa

(EXP,Outside)

Case 5
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Table of Contents

Stress Intensification Factors

Branch/Nozzle Sif Summary

Peak Primary Secondary
Axial 3.171 1.291 4.697
Inplane 1.639 1.082 2.428
Outplane: 1.787 1.056 2.647
Torsion 0.660 0.881 0.978
Pressure: 1.919 1.301 2.856

The above stress intensification factors are to be used

in a beam-type analysis of the piping system. Inplane,
Outplane and Torsional sif's should be used with the
matching branch pipe whose diameter and thickness is given
below. The axial sif should be used to intensify the
axial stress in the branch pipe calculated by F/A. The
pressure sif should be used to intensify the nominal
pressure stress in the PARENT or HEADER, calculated

from PD/2T.

Pipe OD : 88.900 mm.

Pipe Thk: 5.486 mm.

7 approx: 29981.322 cu.mm.

Z exact : 28252.744 cu.mm.

B31.3 Branch Pressure i-factor = 16.911

Header Pressure i-factor 3.837
The B31.3 pressure i-factors should be used with with
F/A, where F is the axial force due to pressure, and
A is the area of the pipe wall. This is equivalent to
finding the pressure stress from (ip) (PD/A4T) .

B31.3 (Branch)
Peak Stress Sif 0.000 Axial

4.035 Inplane

5.200 Outplane

1.000 Torsional
B31.1 (Branch)
Peak Stress Sif 0.000 Axial

2.771 Inplane

2.771 Outplane

2.771 Torsional
WRC 330 (Branch)
Peak Stress Sif 0.000 Axial

1.871 Inplane

1.871 Outplane

1.000 Torsional

Table of Contents
Allowable Loads
SECONDARY Maximum Conservative Realistic
Load Type (Range): Individual Simultaneous Simultaneous
Occuring Occuring Occuring
Axial Force (N ) 134065. 31041. 46562.
Inplane Moment (mm. N ) 5097448. 834564. 1770379.
Outplane Moment (mm. N ) 4674912. 765386. 1623629.
Torsional Moment (mm. N ) 11954630. 2973179. 4459768.
Pressure (MPa ) 4.30 1.32 1.32
PRIMARY Maximum Conservative Realistic
Load Type: Individual Simultaneous Simultaneous
Occuring Occuring Occuring

Axial Force (N ) 140112. 26920. 40380.
Inplane Moment (mm. N ) 3286062. 702606. 1490452.
Outplane Moment (mm. N ) 3368226. 708943. 1503894.
Torsional Moment (mm. N ) 4034601. 1219977. 1829966.
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Pressure

(MPa ) 2.70 1.32

NOTES:

1)

2)

3)

4)

5)

Maximum Individual Occuring Loads are the maximum
allowed values of the respective loads if all other
load components are zero, i.e. the listed axial force
may be applied if the inplane, outplane and torsional
moments, and the pressure are zero.

The Conservative Allowable Simultaneous loads are

the maximum loads that can be applied simultaneously.
A conservative stress combination equation is used
that typically produces stresses within 50-70% of the
allowable stress.

The Realistic Allowable Simultaneous loads are the
maximum loads that can be applied simultaneously. A
more realistic stress combination equation is used
based on experience at Paulin Research. Stresses are
typically produced within 80-105% of the allowable.

Secondary allowable loads are limits for expansion
and operating piping loads.

Primary allowable loads are limits for weight,
primary and sustained type piping loads.

Table of Contents

Rev.5

Flexibilities

The following stiffnesses should be used in a piping,
"beam-type" analysis of the intersection. The stiff-
nesses should be inserted at the surface of the
branch/header or nozzle/vessel junction. The general
characteristics used for the branch pipe should be:

Outside Diameter = 88.900 mm.

Wall Thickness = 5.486 mm.

Axial Translational Stiffness = 270011. N /mm.
Inplane Rotational Stiffness = 25898422. mm. N /deg
Outplane Rotational Stiffness = 25992060. mm. N /deg

The following stiffness(es) were not generated because
of errors in input or because the finite element model
is stiffer than the piping model.

Torsional Rotational Stiffness

Intersection Flexibility Factors for

Branch/Nozzle

Find axial stiffness: K = 3EI/ (kd)"3 N /mm.

Find bending and torsional stiffnesses:

The EI product is 0.25493E+12 N mm."2
The value of (d) to use is: 83.414 mm..

The resulting bending stiffness is in units of force x length per radian.

Axial Flexibility Factor (k) = 1.696
Inplane Flexibility Factor (k) = 2.060
Outplane Flexibility Factor (k) = 2.052

Table of Contents

K = EI/(kd) mm. N per radian.

94/148



Item No. : 208-40-D-004 Rev.5

Finite Element Model

0
A

Wik

g
R
RO
R ..I‘\fﬁli

1__I'ill N2

s

il

1> P1 € €1.5»¢(8> <5US8 Membrane> Case 2

3d(§mall)| 3d |

3d(Deformed) |
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2> b < 8PS (S5US5 Bending)» Casze 2

3d(Small) ‘ 3d ‘
3d(Deformed)
3> 81+82+83 ¢ 45 (S5US S1+52+453> Case 2
3d(Small) ‘ 3d ‘

3d(Deformed)
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.
b

P1+Ph+Q < SPS (OPE Inszide’ Case 4

3d(Small) ‘ 3d ‘

3d(Deformed)
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5> P1+Pbh+Q < SPS <(OPE Outside> Casze 4

3d(Small) ‘ 3d ‘

3d(Deformed)

6> Membhrane < User C(OPE Membrane» Case 4

b Ja
L
-t R RN =R

3d(Small) ‘ 3d ‘

3d(Deformed)
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7 Bending < User <OPE Bending» Case 4

3d(Small) ‘ 3d ‘
3d(Deformed)
13> P1+Ph+ < SPS <EXP Inzide> Casze &
226.8
195.95
132.8 Q
.8
.o
]
3d(Small) ‘ 3d ‘
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14> P1+Ph+Q < SPS (EXP Outside> Casze &

3d(Small) ‘ 3d ‘

3d(Small) ‘ 3d ‘
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16> P1+Ph+Q+F < Sa C(ERP Outsidel> Case &

3d(Small) ‘ 3d ‘

3d(Small) ‘ 3d ‘

3d(Deformed)
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2> P1+Pbh+Q+F < Sa (SIF Outside> Case 7

3d(Small) ‘ 3d ‘
3d(Deformed)
18> P1+Ph+Q+F ¢ S5a ¢SIF Outside> Case 8
3d(Small) ‘ 3d ‘

3d(Deformed)
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11> P1+Ph+Q+F < Sa <(SIF Outsidel Case 9

3d(Small) ‘ 3d ‘

3d(Deformed)
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12% P1+Ph+Q+F { Sa (SIF Outsidel> Casze 18

3d(Small) ‘ 3d ‘

3d(Deformed)
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208-40-D-004 [ Nozzle C |

Details for Finite Element Analysis — Nozzle € attached to SHELL #1

Viiahl| e | Goaasionsl| Thomell

Stiess soncentration lactor an nozzle [ 195 |

|| Getvalies hiom WHE 107 scieen | 1 Clear WRE values |
Stress conceniation factar onpad 1.5 _|
JWRE 107 o Stessoonceniration factor onvessel 185
el ey (T ?E%ﬁ%hp*'”t'§7|ﬁsi?§£ﬂ'ﬁ*ﬁ;“ﬁ?“
% ; i 42 az defined inFart 5o Lelg} I
g [es2N | pgEHesN | Sk it e P ki S s 7
Yo |S1B5N N Fy/51485N |
Vi [STEEN | FefE5a2N e []5tManust Mergs Nodss Teleesrcs |0 |
1_%1_1 Nm i IEEGFEEES.EN iy :
I— W Piegstie Carilibong Laad Latation
ol Sl L | My SUBEIRRN | € Inteinal Fiessie O Endiof Nossie
Mo 411E8ENm | Mz -S7ZBEET.0 Namm | () Extemal Pressure (5) Mozzle5 urface Intersection
—— —_— &) Chamber MAWR
D Fé:ffl;_l‘rr‘r'a f’atiﬂua'ﬂl'lﬂlﬁlm [Mtite: The loads pou enter inthiz Btl'ﬁﬁnﬁltamp‘u[ accarding! PUHqE.

| coryentiors of WHE 107 extapt you can specity the loads at this
vessel suface or af the end of the nozzle. The putput repart shows

P PR ¢ thess oads after they have bean fanslated to the end of the nozzls
[ Set Materal Fatigue Curves Manually than trafsformed into the global coordinats svstem & indicatad by
the asis n the FEA:Nozzles report pistures: The Globalzolumn
ﬁ'}ﬂ&'ﬂ;ﬂ-‘lgﬂe Inads as'they will be passed to the FEA-Nozzlas
Foduls,

[Costhzent of Thermal Expanzion

These values are surently-only used for reporting purposes
They do rot aﬁﬁutm:malt:ufalrumhaﬂaum thirmal Gradisnts
“aire riob suppotsd:

. —— = Cancel | | oK |
Vegsel cosfficient |U mmémmd T |
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Nozzle C Tabular Results

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME
Section 1T and ASME Section VIII, Division 2.

Model Notes

Load Case Report

Solution Data

ASME Code Stress Output Plots
Region Data

Stress Results - Notes

ASME Overstressed Areas

Highest Primary Stress Ratios
Highest Secondary Stress Ratios

Highest Fatigue Stress Ratios

Stress Intensification Factors
Allowable Loads
Flexibilities

Graphical Results

Model Notes

Input Echo:

Model Type

Parent Outside Diameter

Thickness
Fillet Along Shell

Parent Properties:
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Nozzle Outside Diameter

Thickness

Length

Nozzle Weld Length
RePad Width

RePad Thickness
Nozzle Tilt Angle
Distance from Top
Distance from Bottom

Nozzle Properties
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Design Operating Cycles
Ambient Temperature (Deg.)

Cylindrical Shell

720.000 mm.
7.000 mm.
11.000 mm.

138.0 MPa

83.8 MPa

Low Alloy Steel

483.0 MPa

262.0 MPa

176.0 MPa

203050.0 MPa

0.300

0.7682E-04 N /cu.mm. (NOT USED)

206.248 mm.
23.924 mm.
243.500 mm.
11.000 mm.
46.880 mm.
10.000 mm.
0.000 deg.
1558.000 mm.
1737.000 mm.

138.0 MPa

83.9 MPa

Low Alloy Steel

483.0 MPa

248.0 MPa

166.0 MPa

201900.0 MPa

0.300

0.7682E-04 N /cu.mm. (NOT USED)

0.
21.00

The following temperatures have been specified for the analysis:
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Nozzle Inside Temperature : 425.00 deg.
Nozzle Outside Temperature : 425.00 deg.
Vessel Inside Temperature : 425.00 deg.
Vessel Outside Temperature : 425.00 deg.
Nozzle Pressure : 1.318 MPa
Vessel Pressure : 1.318 MPa

FEA Model Loads:
These are the user defined loads applied to the FEA model
at the end of the nozzle in global coordinates.

Forces( N ) Moments (N-m)
Load Case FX FY Fz MX MY MZ
OPER: 5148.5 5148.5 4658.2 2883.2 -2883.2 -3726.5

The "top" or "positive" end of this model is "free" in
the axial and translational directions.

Stresses are NOT averaged.

No pad weld dimensions have been given for the pad
connection to the shell. Few correlations have been
performed to investigate the sensitivity of peak stresses

to this value. Reasonable lengths have been assumed.

Vessel Centerline Vector : 0.000 1.000 0.000
Nozzle Orientation Vector : 0.000 0.000 -1.000

Table of Contents

Load Case Report
Inner and outer element temperatures are the same
throughout the model. ©No thermal ratcheting
calculations will be performed.
THE 8 LOAD CASES ANALYZED ARE:

1 SUSTAINED (Pr Only)

Sustained case run to satisfy local primary
membrane and bending stress limits.

Jm——————— Loads in Case 1
Pressure Case 1

2 Thermal ONLY

Thermal ONLY case run in the event expansion
stresses exceed the secondary stress allowable.

[==—————= Loads in Case 2
Temperature Case 1
3 OPERATING (Fatigue Calc Performed)

Case run to compute the operating stresses used in
secondary, peak and range calculations as needed.

/AT T —— Loads in Case 3
Pressure Case 1
Temperature Case 1

Loads from (Operating)
4 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
/=== Loads in Case 4
Loads from (Axial)

5 Program Generated -- Force Only

Case run to compute sif's and flexibilities.
/=== Loads in Case 5
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Loads from (Inplane)
6 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[ Loads in Case 6
Loads from (Outplane)
7 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
/=== Loads in Case 7
Loads from (Torsion)
8 Program Generated -- Force Only
Case run to compute sif's and flexibilities.

/AT T —— Loads in Case 8
Pressure Case 1

Table of Contents

Rev.5

Solution Data

Maximum Solution Row Size = 972
Number of Nodes = 2220
Number of Elements = 732
Number of Solution Cases = 8

Summation of Loads per Case

Case # FX FY
1 0. 526185.
2 0. 0.
3 5148. 527058.
4 0. 0.
5 0. 1.
6 -1. 0.
7 0. 0.
8 0. 526185.

Fz

9029.

0.

13687.
-55109282.
0.

0.

0.

9029.

Table of Contents

ASME Code Stress Output Plots
1) P1 < (1.5)(S) (SUS,Membrane) Case 1
2) Qb < SPS (SUS,Bending) Case 1
3) S14+S24S3 < 4S (SUS,S1+S2+S3) Case 1
4) P1l+Pb+Q < SPS (OPE,Inside) Case 3
5) P1l+Pb+Q < SPS (OPE,Outside) Case 3
6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3
7) P1l+Pb+Q+F < Sa (EXP,Outside) Case 3
8) Membrane < User (OPE,Membrane) Case 3
9) Bending < User (OPE,Bending) Case 3
10) Pl+Pb+Q+F < Sa (SIF,Outside) Case 4
11) Pl+Pb+Q+F < Sa (SIF,Outside) Case 5
12) Pl+Pb+Q+F < Sa (SIF,Outside) Case 6

13) P1+Pb+Q+F < Sa (SIF,Outside) Case 7
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14) Pl+Pb+Q+F

< Sa (SIF,Outside) Case 8

Table of Contents

Rev.5

Region Data

Pad/Header at Junction

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Branch at Junction

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress

425 deg

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Branch Transition

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5

425 deg

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

M/7)
(Pd/2t)

11.
68.

4022.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
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Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 6

Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 7

Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 8

Nominal Stress (M/7)

Pressure Stress (Pd/2t) .
Smallest Thickness .......
Stress Concentration .....

Pad Outer Edge Weld

Cold Allowable ...........
Hot Allowable @ 425 deg

Case 1

Nominal Stress (M/Z)

Pressure Stress (Pd/2t)
Case 3

Nominal Stress (M/7Z)

Pressure Stress (Pd/2t)
Case 4

Nominal Stress (M/7)

Pressure Stress (Pd/2t)
Case 5

Nominal Stress (M/7Z)

Pressure Stress (Pd/2t)
Case 6

Nominal Stress (M/7)

Pressure Stress (Pd/2t)
Case 7

Nominal Stress (M/7)

Pressure Stress (Pd/2t)
Case 8

Nominal Stress (M/Z)

Pressure Stress (Pd/2t)
Smallest Thickness .......
Stress Concentration .....

Header Outside Pad Area

Cold Allowable ...........
Hot Allowable @ 425 deg

Case 1
Nominal Stress (M/7)
Pressure Stress (Pd/2t)
Case 3
Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 4
Nominal Stress (M/7)
Pressure Stress (Pd/2t)
Case 5
Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 6
Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 7
Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 8
Nominal Stress (M/7Z)

Pressure Stress (Pd/2t)
Smallest Thickness .......
Stress Concentration .....

Branch removed from Junction

Cold Allowable ...........
Hot Allowable @ 425 deg

Case 1
Nominal Stress (M/Z)
Pressure Stress (Pd/2t)
Case 3
Nominal Stress (M/Z)

Pressure Stress (Pd/2t)

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa
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Case 4
Nominal Stress (M/Z) 4022. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 5
Nominal Stress (M/Z) 98. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 6
Nominal Stress (M/Z) 98. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 7
Nominal Stress (M/7) 98. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 8
Nominal Stress (M/Z) 68. MPa
Pressure Stress (Pd/2t) 0. MPa
Smallest Thickness ....... 23.924 mm.
Stress Concentration ..... 1.000

Pad removed from Junction
Cold Allowable ........... 138. MPa
Hot Allowable @ 425 deg 84. MPa
Case 1
Nominal Stress (M/Z) 0. MPa
Pressure Stress (Pd/2t) 68. MPa
Case 3
Nominal Stress (M/Z) 11. MPa
Pressure Stress (Pd/2t) 68. MPa
Case 4
Nominal Stress (M/7) 4022. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 5
Nominal Stress (M/Z) 98. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 6
Nominal Stress (M/Z) 98. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 7
Nominal Stress (M/Z) 98. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 8
Nominal Stress (M/Z) 68. MPa
Pressure Stress (Pd/2t) . 0. MPa
Smallest Thickness ....... 23.924 mm.
Stress Concentration ..... 1.000

Table of Contents
Stress Results - Notes
- Results in this analysis were generated using the finite

element solution method.

- Using post 07 ASME Section VIII Division 2

- Use Polished Bar fatigue curve.

Assume pressure increases all other stresses.

- Assume free end displacements of attached pipe are
secondary loads within limits of nozzle reinforcement.

- Use Equivalent Stress

(Von Mises) .

- S1+S2+S3 evaluation omitted from operating stress.

Include S14S2+S3 evaluation in primary case evaluation.

Assume bending stress not local primary for S1+S2+S3.

Table of Contents

ASME Overstressed

Areas
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*** NO OVERSTRES

SED NODES IN THIS MODEL ***

Table of Contents

Rev.5

Highest Primary Stress Ratios

Pad/Header at Junction

Pl (1.5) (S)
41 126
MPa MPa

32%

Branch at Junction

Pl (1.5) (8)
21 126
MPa MPa

Branch Transition

Pl (1.5) (8)
9 126
MPa MPa

~J
o

Pad Outer Edge Weld

Pl (1.5) (8)
73 126
MPa MPa

58%

Header Outside Pad Area

Pl (1.5) (8)
73 126
MPa MPa

58%

Primary Membrane Load Case 1
Plot Reference:

1) P1 < (1.5)(S) (SUS,Membrane) Case 1

Primary Membrane Load Case 1
Plot Reference:

1) P1 < (1.5)(S) (SUS,Membrane) Case 1

Primary Membrane Load Case 1
Plot Reference:

1) P1 < (1.5)(S) (SUS,Membrane) Case 1

Primary Membrane Load Case 1
Plot Reference:

1) P1 < (1.5)(S) (SUS,Membrane) Case 1

Primary Membrane Load Case 1
Plot Reference:

1) P1 < (1.5)(S) (SUS,Membrane) Case 1

Table of Contents

Highest Secondary Stress Ratios

Pad/Header at Junction

P1+Pb+Q SPS
177 438
MPa MPa

Branch at Junction

P1+Pb+0Q SPS
85 414
MPa MPa

20%

Primary+Secondary (Outer) Load Case
Plot Reference:
5) P1l+Pb+Q < SPS (OPE,OQutside) Case

Primary+Secondary (Outer) Load Case
Plot Reference:
5) P1+Pb+Q < SPS (OPE,Outside) Case
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Branch Transition

P1+Pb+Q
19
MPa

Pad Outer

P1+Pb+Q
231
MPa

SPS
414
MPa

>
oe

Edge Weld

SPS
438
MPa

Header Outside Pad Area

P1+Pb+Q
143
MPa

SPS
438
MPa

32%

Primary+Secondary (Outer) Load
Plot Reference:

5) Pl+Pb+Q < SPS (OPE,Outside)

Primary+Secondary
Plot Reference:
4) P1+Pb+Q < SPS

(Inner) Load

Primary+Secondary (Inner) Load
Plot Reference:

4) Pl+Pb+Q < SPS

Table of Contents

Rev.5

Case 3

Case 3

Case 3

(OPE, Inside) Case 3

Case 3

(OPE, Inside) Case 3

Highest Fatigue Stress Ratios

Pad/Header at Junction

P1+Pb+Q+F
119
MPa

Allowable
12,423.1
MPa

o
oo

Branch at

P1+Pb+Q+F
57
MPa

Allowable
12,361.9
MPa

o
o

Damage Ratio
0.000 Life
0.010 stress

Junction

Damage Ratio
0.000 Life
0.005 Stress

Branch Transition

P1+Pb+Q+F
10
MPa

Allowable
12,361.9
MPa

Damage Ratio
0.000 Life
0.001 Stress

Primary+Secondary+Peak (Outer)
Stress Concentration Factor =
Strain Concentration Factor =

Load Case 3

1.350
1.000

Cycles Allowed for this Stress = 156,850.
"B31" Fatigue Stress Allowable = 277.2
Markl Fatigue Stress Allowable = 1689.2
WRC 474 Mean Cycles to Failure = 873,958.
WRC 474 99% Probability Cycles = 203,028.
WRC 474 95% Probability Cycles = 281,879.
BS5500 Allowed Cycles (Curve F) = 124,685.
Membrane-to-Bending Ratio = 0.149
Bending-to-PL+PB+Q Ratio = 0.871

Plot Reference:

7) P1l+Pb+Q+F < Sa (EXP,Outside) Case 3

Primary+Secondary+Peak (Outer)

Load Case 3

Stress Concentration Factor = 1.350

Strain Concentration Factor = 1.000

Cycles Allowed for this Stress = 2.2532E9
"B31" Fatigue Stress Allowable = 277.4
Markl Fatigue Stress Allowable = 1689.2
WRC 474 Mean Cycles to Failure = 6,319,848.
WRC 474 99% Probability Cycles = 1,468,158.
WRC 474 95% Probability Cycles = 2,038,353.
BS5500 Allowed Cycles(Curve F) = 1,091,047.
Membrane-to-Bending Ratio = 0.264
Bending-to-PL+PB+Q Ratio = 0.791

Plot Reference:

7) P1l+Pb+Q+F < Sa (EXP,Outside) Case 3

Primary+Secondary+Peak (Outer)

Load Case 3

Stress Concentration Factor = 1.000

Strain Concentration Factor =
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure

1.000

= 1.0000E11
= 277.4
= 1689.2
= 5.5762E8
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WRC 474 99% Probability Cycles = 1.2954E8
0% WRC 474 95% Probability Cycles = 1.7985E8

BS5500 Allowed Cycles(Curve F) = 4.2472E8

Membrane-to-Bending Ratio = 3.917

Bending-to-PL+PB+Q Ratio = 0.203

Plot Reference:

7) P1l+Pb+Q+F < Sa (EXP,Outside) Case 3

Pad Outer Edge Weld
P1+Pb+Q+F Damage Ratio Primary+Secondary+Peak (Inner) Load Case 3
156 0.000 Life Stress Concentration Factor = 1.350
MPa 0.013 Stress Strain Concentration Factor = 1.000
Cycles Allowed for this Stress = 49,915.
Allowable "B31" Fatigue Stress Allowable = 277.2
12,423.1 Markl Fatigue Stress Allowable = 1689.2
MPa WRC 474 Mean Cycles to Failure = 642,177.
WRC 474 99% Probability Cycles = 149,184.
1% WRC 474 95% Probability Cycles = 207,123.
BS5500 Allowed Cycles (Curve F) = 56,264.
Membrane-to-Bending Ratio = 0.262
Bending-to-PL+PB+Q Ratio = 0.792
Plot Reference:
6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

Header Outside Pad Area

Load Case 3

1.000

26,435,368.
277.2
1689.2
2,560,550.
594,839.

P1+Pb+Q+F Damage Ratio Primary+Secondary+Peak (Inner)
71 0.000 Life Stress Concentration Factor = 1.000

MPa 0.006 Stress Strain Concentration Factor =

Cycles Allowed for this Stress

Allowable "B31" Fatigue Stress Allowable

12,423.1 Markl Fatigue Stress Allowable

MPa WRC 474 Mean Cycles to Failure

WRC 474 99% Probability Cycles

0% WRC 474 95% Probability Cycles =

BS5500 Allowed Cycles (Curve F)

Membrane-to-Bending Ratio = 1.344
0.427

Bending-to-PL+PB+Q Ratio =
Plot Reference:

6) P1l+Pb+Q+F < Sa (EXP,Inside)

Table of Contents

825,859.
237,669.

Case 3

Stress Intensification Factors

Branch/Nozzle Sif Summary

Peak Primary Secondary
Axial 50.409 8.961 74.681
Inplane : 4.921 3.923 7.290
Outplane: 24.294 3.977 35.991
Torsion : 1.019 1.346 1.510
Pressure: 0.900 1.079 1.333

The above stress intensification factors are to be used

in a beam-type analysis of the piping system. Inplane,
Outplane and Torsional sif's should be used with the
matching branch pipe whose diameter and thickness is given
below. The axial sif should be used to intensify the
axial stress in the branch pipe calculated by F/A. The
pressure sif should be used to intensify the nominal

pressure stress in the PARENT or HEADER, calculated

from PD/2T.

Pipe OD 206.248 mm.

Pipe Thk: 23.924 mm.

Z approx: 624613.000 cu.mm.

Z exact 561667.250 cu.mm.

B31.3 Branch Pressure i-factor = 21.465
Header Pressure i-factor = 1.799

The B31.3 pressure i-factors should be used with with
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F/A, where F is the axial force due to pressure, and

A is the area of the pipe wall.

This is equivalent to

finding the pressure stress from (ip) (PD/4T) .

Rev.5

B31.3 (Branch)
Peak Stress Sif 0.000 Axial

13.762 Inplane

17.211 Outplane

1.000 Torsional
B31.1 (Branch)
Peak Stress Sif 0.000 Axial

17.211 Inplane

17.211 Outplane

17.211 Torsional
WRC 330 (Branch)
Peak Stress Sif 0.000 Axial

5.036 Inplane

17.211 Outplane

5.036 Torsional

Table of Contents
Allowable Loads
SECONDARY Maximum Conservative Realistic
Load Type (Range): Individual Simultaneous Simultaneous
Occuring Occuring Occuring
Axial Force (N ) 80370. 21965. 32948.
Inplane Moment (mm. N ) 33744580. 6521336. 13833843.
Outplane Moment (mm. N ) 6835244. 1320951. 2802159.
Torsional Moment (mm. N ) 162953840. 44270604 . 66405908.
Pressure (MP ) 6.39 1.32 1.32
PRIMARY Maximum Conservative Realistic
Load Type: Individual Simultaneous Simultaneous
Occuring Occuring Occuring
Axial Force (N ) 192214. 26800. 40199.
Inplane Moment (mm. N ) 17994936. 1774103. 3763441.
Outplane Moment (mm. N ) 17750348. 1749990. 3712288.
Torsional Moment (mm. N ) 52457212. 7313896. 10970844.
Pressure (MPa ) 2.27 1.32 1.32
NOTES:

1) Maximum Individual Occuring Loads are the maximum
allowed values of the respective loads if all other
load components are zero, i.e. the listed axial force
may be applied if the inplane, outplane and torsional
moments, and the pressure are zero.

2) The Conservative Allowable Simultaneous loads are
the maximum loads that can be applied simultaneously.
A conservative stress combination equation is used
that typically produces stresses within 50-70% of the
allowable stress.

3) The Realistic Allowable Simultaneous loads are the
maximum loads that can be applied simultaneously. A
more realistic stress combination equation is used
based on experience at Paulin Research. Stresses are
typically produced within 80-105% of the allowable.

4) Secondary allowable loads are limits for expansion
and operating piping loads.

5) Primary allowable loads are limits for weight,
primary and sustained type piping loads.

Table of Contents

Flexibilities
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The following stiffnesses should be used in a piping,
"beam-type" analysis of the intersection. The stiff-
nesses should be inserted at the surface of the
branch/header or nozzle/vessel junction. The general
characteristics used for the branch pipe should be:

Outside Diameter = 206.248 mm.
Wall Thickness = 23.924 mm.
Axial Translational Stiffness = 51022. N /mm.

Inplane Rotational Stiffness 78016496. mm. N /deg
Outplane Rotational Stiffness 11863920. mm. N /deg
Torsional Rotational Stiffness = 857076096. mm. N /deg

Intersection Flexibility Factors for
Branch/Nozzle

Find axial stiffness: K = 3EI/ (kd)"3 N /mm.

Find bending and torsional stiffnesses: K = EI/(kd) mm. N per radian.
The EI product is 0.11700E+14 N mm."2

The value of (d) to use is: 182.324 mm..

The resulting bending stiffness is in units of force x length per radian.

Axial Flexibility Factor (k) = 4.841
Inplane Flexibility Factor (k) = 14.356
Outplane Flexibility Factor (k) = 94.405
Torsional Flexibility Factor (k) 1.307

Table of Contents
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Finite Element Model

7
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1> P1 € €1.5»¢(8> <5US8 Membrane> Case 1

33,

3d(Small) ‘ 3d ‘

3d(Deformed)
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2> b < 8PS (S5US5 Bending?» Casze 1

(s m

29.48
12.14

3d(Small) ‘ 3d ‘

3d(Deformed)

3> 514824583 { 45 (SUS 51+82+453> Casze 1

1 W
]
WO Dd oD 2

3d(Small) ‘ 3d ‘

3d(Deformed)
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.
b

P1+Ph+Q < SPS C(OPE Inside?> Casze 3

=
[n]
3]
[l =Rt LIt |

3d(Small) ‘ 3d ‘

3d(Deformed)
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5> P1+Pbh+Q < SPS <OPE Outsidel> Case 3

286 .
176.
118.

38.

GO mLAND

3d(Small) ‘ 3d ‘

3d(Deformed)

6> P1+Ph+Q+F < Sa (EXP Inzidel> Casze 3

==}
W
= D G s

3d(Small) ‘ 3d ‘

3d(Deformed)
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7

P’

P1+Ph+Q+F < Sa (EXP Outside> Casze 3

b |
W
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3d(Small) ‘ 3d ‘

3d(Deformed)
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8> Membhrane < User (OPE Membrane) Case 3

Gy

3d(Small) ‘ 3d ‘

3d(Deformed)

2> Bending < User <OPE Bending> Case 3

b

|
Bl O
EE

3d(Small) ‘ 3d ‘

3d(Deformed)
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18> P1+Ph+Q+F { Sa (SIF Outside> Casze 4

3d(Small) ‘ 3d ‘

3d(Deformed)
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11> P1+Ph+Q+F < Sa (SIF Outsidel> Case &

3d(Small) ‘ 3d ‘
3d(Deformed)
12> P1+Ph+Q+F < S5a ¢SIF Outszide?> Case b
3d(Small) ‘ 3d ‘

3d(Deformed)
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13> P1+Ph+Q+F { Sa (SIF Outside> Casze 7

3d(Small) ‘ 3d ‘

3d(Deformed)
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14> P1+Ph+Q+F < Sa (SIF Outsidel> Case B

3d(§mall)| 3d |

3d(Deformed) |
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208-40-D-004 [ Nozzle D ]

Detaiis for Finite Element Analysis — Nozzle D atached to SHELL #1
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Nozzle D Tabular Results

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME
Section 1T and ASME Section VIII, Division 2.

Model Notes

Load Case Report

Solution Data

ASME Code Stress Output Plots
Region Data

Stress Results - Notes

ASME Overstressed Areas

Highest Primary Stress Ratios
Highest Secondary Stress Ratios

Highest Fatigue Stress Ratios

Stress Intensification Factors
Allowable Loads
Flexibilities

Graphical Results

Model Notes

Input Echo:

Model Type

Parent Outside Diameter

Thickness
Fillet Along Shell

Parent Properties:
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Nozzle Outside Diameter

Thickness

Length

Nozzle Weld Length
RePad Width

RePad Thickness
Nozzle Tilt Angle
Distance from Top
Distance from Bottom

Nozzle Properties
Cold Allowable

Hot Allowable
Material ID #2
Ultimate Tensile (Amb)
Yield Strength (Amb)
Yield Strength (Hot)
Elastic Modulus (Amb)
Poissons Ratio

Weight Density

Design Operating Cycles
Ambient Temperature (Deg.)

Cylindrical Shell

720.000 mm.
7.000 mm.
11.000 mm.

138.0 MPa

83.8 MPa

Low Alloy Steel

483.0 MPa

262.0 MPa

176.0 MPa

203050.0 MPa

0.300

0.7682E-04 N /cu.mm. (NOT USED)

168.275 mm.
7.973 mm.
243.500 mm.
11.000 mm.
65.860 mm.
10.000 mm.
0.000 deg.
470.000 mm.
2825.000 mm.

138.0 MPa

83.9 MPa

Low Alloy Steel

483.0 MPa

248.0 MPa

166.0 MPa

201900.0 MPa

0.300

0.7682E-04 N /cu.mm. (NOT USED)

0.
21.00

The following temperatures have been specified for the analysis:
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Nozzle Inside Temperature : 425.00 deg.
Nozzle Outside Temperature : 425.00 deg.
Vessel Inside Temperature : 425.00 deg.
Vessel Outside Temperature : 425.00 deg.
Nozzle Pressure : 1.318 MPa
Vessel Pressure : 1.318 MPa

FEA Model Loads:
These are the user defined loads applied to the FEA model
at the end of the nozzle in global coordinates.

Forces( N ) Moments (N-m)
Load Case FX FY Fz MX MY MZ
OPER: -6934.3 5148.5 346.7 596.4 -2883.2 4673.8

The "top" or "positive" end of this model is "free" in
the axial and translational directions.

Stresses are NOT averaged.

No pad weld dimensions have been given for the pad
connection to the shell. Few correlations have been
performed to investigate the sensitivity of peak stresses

to this value. Reasonable lengths have been assumed.

Vessel Centerline Vector : 0.000 1.000 0.000
Nozzle Orientation Vector : 0.707 0.000 0.707

Table of Contents

Load Case Report
Inner and outer element temperatures are the same
throughout the model. ©No thermal ratcheting
calculations will be performed.
THE 8 LOAD CASES ANALYZED ARE:

1 SUSTAINED (Pr Only)

Sustained case run to satisfy local primary
membrane and bending stress limits.

Jm——————— Loads in Case 1
Pressure Case 1

2 Thermal ONLY

Thermal ONLY case run in the event expansion
stresses exceed the secondary stress allowable.

[==—————= Loads in Case 2
Temperature Case 1
3 OPERATING (Fatigue Calc Performed)

Case run to compute the operating stresses used in
secondary, peak and range calculations as needed.

/AT T —— Loads in Case 3
Pressure Case 1
Temperature Case 1

Loads from (Operating)
4 Program Generated -- Force Only
Case run to compute sif's and flexibilities.
/=== Loads in Case 4
Loads from (Axial)

5 Program Generated -- Force Only

Case run to compute sif's and flexibilities.
/=== Loads in Case 5
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Loads from (Inplane)
Program Generated -- Force Only
Case run to compute sif's and flexibilities.
[ Loads in Case 6
Loads from (Outplane)
Program Generated -- Force Only
Case run to compute sif's and flexibilities.
/=== Loads in Case 7
Loads from (Torsion)
Program Generated -- Force Only
Case run to compute sif's and flexibilities.

/AT T —— Loads in Case 8
Pressure Case 1

Table of Contents

Rev.5

Soluti

on Data

Maximum Solution Row Size = 870

Number
Number
Number

Summat

Case #

O Joy b WN

of Nodes = 2412
of Elements = 796
of Solution Cases = 8

ion of Loads per Case

FX FY

Fz

-2291.

0.

-9221.
8644635.

0.
0.
0.

-2291.

526174.
0.
527223.
0.
0.
0.
0.
526174.

Table

-2291.
0.
-1944.
8644635.
0.

0.

0.
-2291.

of Contents

ASME C
1)
2)
3)
4)
5)
6)
7)
8)
9)
10
11
12

13

ode Stress Output Plots

PL < (1.5)(S)

(SUS, Membrane)

Qb < SPS (SUS,Bending) Case

S1+S2+S3 < 4s

P1+Pb+Q < SPS

P1+Pb+Q < SPS

(SUS, S1+S2+S3)
(OPE, Inside) C

(OPE, Outside)

Case 1

1

Case 1

ase 3

Case 3

P1+Pb+Q+F < Sa (EXP,Inside) Case 3
P1+Pb+Q+F < Sa (EXP,Outside) Case 3
Membrane < User (OPE,Membrane) Case 3
Bending < User (OPE,Bending) Case 3

) P1+Pb+Q+F < Sa (SIF,Outside) Case 4
) P1+Pb+Q+F < Sa (SIF,Outside) Case 5
) P1+Pb+Q+F < Sa (SIF,Outside) Case 6

) P1l+Pb+Q+F < Sa (SIF,Outside) Case 7
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14) Pl+Pb+Q+F

< Sa (SIF,Outside) Case 8

Table of Contents
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Region Data

Pad/Header at Junction

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Branch at Junction

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress

425 deg

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Branch Transition

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5

425 deg

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

M/7)
(Pd/2t)

138.
84.

68.

7.973
1.350

138.
84.

68.

7.973
1.350

40.
68.

3045.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
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Nominal Stress
Pressure Stress
Case 6

Nominal Stress
Pressure Stress
Case 7

Nominal Stress
Pressure Stress
Case 8

Nominal Stress
Pressure Stress

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Pad Outer Edge Weld

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress

425 deg

(M/Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Header Outside Pad Area

Cold Allowable
Hot Allowable @
Case 1
Nominal Stress
Pressure Stress
Case 3
Nominal Stress
Pressure Stress
Case 4
Nominal Stress
Pressure Stress
Case 5
Nominal Stress
Pressure Stress
Case 6
Nominal Stress
Pressure Stress
Case 7
Nominal Stress
Pressure Stress
Case 8
Nominal Stress
Pressure Stress

425 deg

(M/2Z)
(Pd/2t)

M/Z)
(Pd/2t)

(M/2)
(Pd/2t)

(M/2)
(Pd/2t)

(M/Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

(M/2Z)
(Pd/2t)

Smallest Thickness .......
Stress Concentration .....

Branch removed from Junction

Cold Allowable
Hot Allowable @
Case 1

Nominal Stress
Pressure Stress
Case 3

Nominal Stress
Pressure Stress

425 deg

(M/2Z)
(Pd/2t)

(M/Z)
(Pd/2t)

68.

7.973
1.000

138.
84.

68.

7.973
1.350

68.

7.973
1.000

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa

MPa
MPa
mm.

MPa
MPa

MPa
MPa

MPa
MPa
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Case 4
Nominal Stress (M/Z) 3045. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 5
Nominal Stress (M/Z) 80. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 6
Nominal Stress (M/Z) 80. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 7
Nominal Stress (M/7) 80. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 8
Nominal Stress (M/Z) 68. MPa
Pressure Stress (Pd/2t) 0. MPa
Smallest Thickness ....... 7.973 mm.
Stress Concentration ..... 1.000

Pad removed from Junction
Cold Allowable ........... 138. MPa
Hot Allowable @ 425 deg 84. MPa
Case 1
Nominal Stress (M/Z) 0. MPa
Pressure Stress (Pd/2t) 68. MPa
Case 3
Nominal Stress (M/Z) 40. MPa
Pressure Stress (Pd/2t) 68. MPa
Case 4
Nominal Stress (M/7) 3045. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 5
Nominal Stress (M/Z) 80. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 6
Nominal Stress (M/Z) 80. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 7
Nominal Stress (M/Z) 80. MPa
Pressure Stress (Pd/2t) 0. MPa
Case 8
Nominal Stress (M/Z) 68. MPa
Pressure Stress (Pd/2t) 0. MPa
Smallest Thickness ....... 7.973 mm.
Stress Concentration ..... 1.000

Table of Contents
Stress Results - Notes
- Results in this analysis were generated using the finite

element solution method.

- Using post 07 ASME Section VIII Division 2

- Use Polished Bar fatigue curve.

Assume pressure increases all other stresses.

- Assume free end displacements of attached pipe are
secondary loads within limits of nozzle reinforcement.

- Use Equivalent Stress
- S1+S2+S3 evaluation omitted from operating stress.

Include S14S2+S3 evaluation in primary case evaluation.
Assume bending stress not local primary for S1+S2+S3.

(Von Mises) .

Table of Contents

ASME Overstressed

Areas

133/148



Item No. : 208-40-D-004

*** NO OVERSTRESSED NODES IN THIS MODEL ***

Table of Contents
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Highest Primary Stress Ratios

Pad/Header at Junction

Pl
48
MPa

38%

(1.5) (8)
126
MPa

Branch at Junction

Qb
75
MPa

SPS
252
MPa

Branch Transition

Pl
20
MPa

(1.5) (85)
126
MPa

Pad Outer Edge Weld

Pl
72
MPa

57%

(1.5) (8)
126
MPa

Header Outside Pad Area

Pl
76
MPa

60%

Branch removed from Junction

Pl
21
MPa

(1.5) (S)
126
MPa

(1.5) ()
126
MPa

Primary Membrane Load Case 1

Plot Reference:
1) P1 < (1.5)(S)

(SUS, Membrane) Case 1

Primary Bending Load Case 1

Plot Reference:

2) Qb < SPS (SUS,Bending) Case 1

Primary Membrane Load Case 1

Plot Reference:
1) P1 < (1.5)(9S)

(SUS,Membrane) Case 1

Primary Membrane Load Case 1

Plot Reference:
1) P1 < (1.5)(S)

(SUS, Membrane) Case 1

Primary Membrane Load Case 1

Plot Reference:
1) P1 < (1.5)(S)

(SUS, Membrane) Case 1

Primary Membrane Load Case 1

Plot Reference:
1) P1 < (1.5)(9S)

(SUS,Membrane) Case 1

Table of Contents

Highest Secondary Stress Ratios

Pad/Header at Junction

P1+Pb+0Q
160
MPa

36%

SPS
438
MPa

Primary+Secondary
Plot Reference:
4) P1l+Pb+Q < SPS

(Inner) Load Case 3

(OPE, Inside) Case 3
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Branch at Junction

P1+Pb+Q SPS Primary+Secondary (Outer) Load Case 3
251 414 Plot Reference:
MPa MPa 5) P1l+Pb+Q < SPS (OPE,Outside) Case 3
60%

Branch Transition

P1+Pb+Q SPS Primary+Secondary (Inner) Load Case 3
52 414 Plot Reference:
MPa MPa 4) P1+Pb+Q < SPS (OPE,Inside) Case 3
12%

Pad Outer Edge Weld

P1+Pb+Q SPS Primary+Secondary (Outer) Load Case 3
248 438 Plot Reference:
MPa MPa 5) P1+Pb+Q < SPS (OPE,Outside) Case 3
56%

Header Outside Pad Area

P1+Pb+Q SPS Primary+Secondary (Inner) Load Case 3
119 438 Plot Reference:
MPa MPa 4) P1l+Pb+Q < SPS (OPE,Inside) Case 3
27%

Branch removed from Junction

P1+Pb+Q SPS Primary+Secondary (Inner) Load Case 3
62 414 Plot Reference:
MPa MPa 4) P1+Pb+Q < SPS (OPE,Inside) Case 3
14%

Table of Contents

Highest Fatigue Stress Ratios

Pad/Header at Junction

P1+Pb+Q+F Damage Ratio Primary+Secondary+Peak (Inner) Load Case 3
108 0.000 Life Stress Concentration Factor = 1.350
MPa 0.009 Stress Strain Concentration Factor = 1.000
Cycles Allowed for this Stress = 235,387.
Allowable "B31" Fatigue Stress Allowable = 277.2
12,423.1 Markl Fatigue Stress Allowable = 1689.2
MPa WRC 474 Mean Cycles to Failure = 1,052,860.

WRC 474 99% Probability Cycles = 244,589.
WRC 474 95% Probability Cycles = 339,581.
BS5500 Allowed Cycles(Curve F) = 169,893.
Membrane-to-Bending Ratio = 0.462
Bending-to-PL+PB+Q Ratio = 0.684

Plot Reference:

6) P1+Pb+Q+F < Sa (EXP,Inside) Case 3

o
o

Branch at Junction

P1+Pb+Q+F Damage Ratio Primary+Secondary+Peak (Outer) Load Case 3
170 0.000 Life Stress Concentration Factor = 1.350
MPa 0.014 Stress Strain Concentration Factor = 1.000
Cycles Allowed for this Stress = 37,787.
Allowable "B31" Fatigue Stress Allowable = 277.4
12,361.9 Markl Fatigue Stress Allowable = 1689.2
MPa WRC 474 Mean Cycles to Failure = 436,187.
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[
o

Branch Transition

P1+Pb+Q+F Damage Ratio
26 0.000 Life
MPa 0.002 Stress
Allowable
12,361.9
MPa
0%
Pad Outer Edge Weld
P1+Pb+Q+F Damage Ratio
167 0.000 Life
MPa 0.013 Stress
Allowable
12,423.1
MPa
1%

Header Outside Pad Area

P1+Pb+Q+F Damage Ratio
59 0.000 Life
MPa 0.005 Stress
Allowable
12,423.1
MPa

o
oo

Branch removed from Junction

P1+Pb+Q+F Damage Ratio
31 0.000 Life
MPa 0.002 Stress
Allowable
12,361.9
MPa

o
oo

Rev.5

WRC 474 99% Probability Cycles = 101,330.
WRC 474 95% Probability Cycles = 140,684.
BS5500 Allowed Cycles (Curve F) = 44,153.
Membrane-to-Bending Ratio = 0.360
Bending-to-PL+PB+Q Ratio = 0.736

Plot Reference:

7) P1l+Pb+Q+F < Sa (EXP,Outside) Case 3

Primary+Secondary+Peak (Inner)

Load Case 3

Stress Concentration Factor = 1.000

Strain Concentration Factor
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure
WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)
Membrane-to-Bending Ratio 11
Bending-to-PL+PB+Q Ratio
Plot Reference:

6) Pl+Pb+Q+F < Sa

(EXP, Inside)

Primary+Secondary+Peak (Outer)

1.000

= 1.0000E11
277.4
1689.2
53,346,204.
12,392,807.
17,205,854.
= 5,094,046.
.043

0.083

Case 3

Load Case 3

Stress Concentration Factor = 1.350

Strain Concentration Factor
Cycles Allowed for this Stress
"B31" Fatigue Stress Allowable
Markl Fatigue Stress Allowable
WRC 474 Mean Cycles to Failure
WRC 474 99% Probability Cycles
WRC 474 95% Probability Cycles
BS5500 Allowed Cycles (Curve F)

1.000

= 40,060.
277.2

1689.2

491,495.
114,179.
158,523.
45,382.

Membrane-to-Bending Ratio = 0.415

Bending-to-PL+PB+Q Ratio
Plot Reference:

7) Pl+Pb+Q+F < Sa

Primary+Secondary+Peak (Inner)

(EXP,Outside)

0.707

Case 3

Load Case 3

Stress Concentration Factor = 1.000

Strain Concentration Factor = 1.000

Cycles Allowed for this Stress = 1.0561E9
"B31" Fatigue Stress Allowable = 277.2
Markl Fatigue Stress Allowable = 1689.2
WRC 474 Mean Cycles to Failure = 4,497,310.
WRC 474 99% Probability Cycles = 1,044,766.
WRC 474 95% Probability Cycles = 1,450,526.
BS5500 Allowed Cycles(Curve F) = 412,1109.
Membrane-to-Bending Ratio = 1.783
Bending-to-PL+PB+Q Ratio = 0.359

Plot Reference:

6) P1+Pb+Q+F < Sa (EXP,Inside) Case 3

Primary+Secondary+Peak (Inner)
Stress Concentration Factor
Strain Concentration Factor
Cycles Allowed for this Stress

Load Case 3

1.000
1.000

= 1.0000E11

"B31" Fatigue Stress Allowable = 277.4

Markl Fatigue Stress Allowable = 1689.2

WRC 474 Mean Cycles to Failure = 31,022,136.
WRC 474 99% Probability Cycles = 7,206,716.
WRC 474 95% Probability Cycles = 10,005,629.
BS5500 Allowed Cycles (Curve F) = 3,008,875.
Membrane-to-Bending Ratio = 4.394
Bending-to-PL+PB+Q Ratio = 0.185

Plot Reference:

6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3
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Stress Intensification Factors

Branch/Nozzle Sif Summary

Peak Primary Secondary
Axial 9.882 4.636 14.641
Inplane 2.730 1.532 4.045
Outplane: 5.036 2.380 7.461
Torsion 0.725 0.946 1.074
Pressure: 1.232 1.121 1.826

The above stress intensification factors are to be used

in a beam-type analysis of the piping system. Inplane,
Outplane and Torsional sif's should be used with the
matching branch pipe whose diameter and thickness is given
below. The axial sif should be used to intensify the
axial stress in the branch pipe calculated by F/A. The
pressure sif should be used to intensify the nominal
pressure stress in the PARENT or HEADER, calculated

from PD/2T.

Pipe OD : 168.275 mm.

Pipe Thk: 7.973 mm.

7 approx: 160908.641 cu.mm.

Z exact 153664.016 cu.mm.

B31.3 Branch Pressure i-factor = 12.010
Header Pressure i-factor = 2.465

The B31.3 pressure i-factors should be used with with
F/A, where F is the axial force due to pressure, and
A is the area of the pipe wall. This is equivalent to
finding the pressure stress from (ip) (PD/A4T) .

B31.3 (Branch)
Peak Stress Sif 0.000 Axial

4.586 Inplane

5.736 Outplane

1.000 Torsional
B31.1 (Branch)
Peak Stress Sif 0.000 Axial

5.736 Inplane

5.736 Outplane

5.736 Torsional
WRC 330 (Branch)
Peak Stress Sif 0.000 Axial

5.036 Inplane

5.736 Outplane

5.036 Torsional

Table of Contents
Allowable Loads
SECONDARY Maximum Conservative Realistic
Load Type (Range): Individual Simultaneous Simultaneous
Occuring Occuring Occuring
Axial Force (N ) 113538. 29531. 44296.
Inplane Moment (mm. N ) 15728697. 2892743. 6136434.
Outplane Moment (mm. N ) 8526147. 1568086. 3326413.
Torsional Moment (mm. N ) 59235968. 15406983. 23110474.
Pressure (MPa ) 4.67 1.32 1.32
PRIMARY Maximum Conservative Realistic
Load Type: Individual Simultaneous Simultaneous
Occuring Occuring Occuring

Axial Force (N ) 108989. 20818. 31227.
Inplane Moment (mm. N ) 12624399. 1637369. 3473384.
Outplane Moment (mm. N ) 8126690. 1392549. 2954043.
Torsional Moment (mm. N ) 20445490. 5333051. 7999576.
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Pressure

(MPa ) 2.18 1.32

NOTES:

1)

2)

3)

4)

5)

Maximum Individual Occuring Loads are the maximum
allowed values of the respective loads if all other
load components are zero, i.e. the listed axial force
may be applied if the inplane, outplane and torsional
moments, and the pressure are zero.

The Conservative Allowable Simultaneous loads are

the maximum loads that can be applied simultaneously.
A conservative stress combination equation is used
that typically produces stresses within 50-70% of the
allowable stress.

The Realistic Allowable Simultaneous loads are the
maximum loads that can be applied simultaneously. A
more realistic stress combination equation is used
based on experience at Paulin Research. Stresses are
typically produced within 80-105% of the allowable.

Secondary allowable loads are limits for expansion
and operating piping loads.

Primary allowable loads are limits for weight,
primary and sustained type piping loads.

Table of Contents

Rev.5

Flexibilities

The following stiffnesses should be used in a piping,
"beam-type" analysis of the intersection. The stiff-
nesses should be inserted at the surface of the
branch/header or nozzle/vessel junction. The general
characteristics used for the branch pipe should be:

Outside Diameter = 168.275 mm.

Wall Thickness = 7.973 mm.

Axial Translational Stiffness = 109868. N /mm.
Inplane Rotational Stiffness = 56626236. mm. N /deg
Outplane Rotational Stiffness = 16381206. mm. N /deg
Torsional Rotational Stiffness = 640828800. mm. N /deg

Intersection Flexibility Factors for

Branch/Nozzle

Find axial stiffness: K = 3EI/ (kd)"3 N /mm.

Find bending and torsional stiffnesses: K = EI/(kd) mm. N per radian.

The EI product is 0.26116E+13 N mm."2
The value of (d) to use is: 160.302 mm..

The resulting bending stiffness is in units of force x length per radian.

Axial Flexibility Factor (k) = 2.587
Inplane Flexibility Factor (k) = 5.022
Outplane Flexibility Factor (k) = 17.358
Torsional Flexibility Factor (k) 0.444

Table of Contents
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Finite Element Model
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1> P1 € €1.5»¢(8> <5US8 Membrane> Case 1
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3d(Deformed) |
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2> b < 8PS (S5US5 Bending?» Casze 1

3d(Small) ‘ 3d ‘

3d(Deformed)

3> 514824583 { 45 (SUS 51+82+453> Casze 1

Ok b= LA =

3d(Small) ‘ 3d ‘

3d(Deformed)
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4> P1+Ph+Q < SPS (OPE Inside?> Casze 3

3d(Small) ‘ 3d ‘

3d(Deformed)
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5> P1+Pbh+Q < SPS <OPE Outsidel> Case 3

i)
[N
L= RT=]- R

3d(Small) ‘ 3d ‘

3d(Deformed)

6> P1+Ph+Q+F < Sa (EXP Inzidel> Casze 3

£
=
f-Y--0--F--R 1 F-]

3d(Small) ‘ 3d ‘

3d(Deformed)
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=J
k™

P1+Ph+Q+F < Sa (EXP Outside> Casze 3

o
7t}
Whs@E

3d(Small) ‘ 3d ‘

3d(Deformed)
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18> P1+Ph+Q+F { Sa (SIF Outside> Casze 4

3d(Small) ‘ 3d ‘

3d(Deformed)
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11> P1+Ph+Q+F < Sa (SIF Outsidel> Case &

x
3d(Small) ‘ 3d ‘
3d(Deformed)
12> P1+Ph+Q+F < S5a ¢SIF Outszide?> Case b
x
3d(Small) ‘ 3d ‘

3d(Deformed)
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13> P1+Ph+Q+F { Sa (SIF Outside> Casze 7

3d(Small) ‘ 3d ‘

3d(Deformed)
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8> Membhrane < User (OPE Membrane) Case 3

3d(Small) ‘ 3d ‘

3d(Deformed)

2> Bending < User <OPE Bending> Case 3

~J
[y
=R N == oF]

3d(Small) ‘ 3d ‘

3d(Deformed)
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14> P1+Ph+Q+F < Sa (SIF Outsidel> Case B

B

.
i

AN,
S

Sl

3d(Small) ‘ 3d ‘

3d(Deformed)
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PacyeTHO-NoOsAACHUTENbHaA 3anuckKa
STRENGTH CALCULATION

ACOPBEP XJTOPUOHOW OYNUCTKU
CHLORIDE ADSORBER

208-40-D-004

PacueT Ha npoyHoCTb BbinonHeH Ha OBM no nporpamme «[Maccat 2.01», paspaboraHHort OO0 HTI «Tpybonposoay.

nporraMmA ITACCAT . OO0 HTIT «TPyBOIPOBO



O6Geyvanka uunuHagpu4veckas

UcxoaHble AaHHbIe

Marepwuai: SA-516 70
Buytp. nuamerp, D: 700 Mmm
TommuHa cTeHKH, S: 10 Mmm
[TpnbaBka /U1 KOMIEHCAIMU KOPPO3UH U HPO3HH, Ci: 3 MM
[TpubaBka /U1 KOMIIEHCAIMY MHHYCOBOT'O JJOMYCKa, C;: 0 MM
[TpubaBka TeXHOIOTHIECKAS, C3: 0 MM

Cymma pr0aBoK K pacdETHOM TONIINHE CTCHKH, C: 3 MM

JlnuHa obeuaiiku, L: 3.295-10° mm

KoahdunmeHTsl IpOYHOCTH CBAPHBIX IIBOB:
IIponosnbHbIii 1110B:
':F'p =1
OKpy>KHOM HIOB:
pr =1
M3onsanus:
Hazanmue: INSULATION
TommHa, S, 50 MM
[1I0THOCTD, Py, 224 Kr/™m°

Pac4yém e pabo4ux ycnosusix

YciioBusI HATPYKEHUSA:

Pacuérnas remneparypa, T: 425°C
PacuérHoe BHyTpeHHee n30bITOuHOE naBinenue, p:  1.081 MIla
Pacuérnplii n3rudarommii MOMeHT, M: OHwM
PacuérHoe monepeunoe ycmime, Q: OH
Pacuérnoe oceBoe pactarusarouiee ycuiue, F: 0H

PacuyéT Ha npo4HocTb 1 yctonumBocTb no NOCT 52857.2-2007

Jlomyckaemble HanpsuKeHust 11t Matepuana SA-516 70 npu temneparype T = 425 °C (paboune ycaoBus):

[G]: n*mln( Rc/[/n]'; Rm/[/nB; Rm/lO“/t / ny; Rpl.O/lO“/t / nn) = [*min{1.831 '104/1-5; 424.3/2.4; -/ -/-}= 176.8 MIla
Monysis npoJoabHON yrpyrocTtu s Mateprana SA-516 70 npu temneparype T = 425 °C:

E= 1.887-10° MIla

I'naokaa obeuaiika, HAZpyHceHHAn 6HYMPEHHUM U3ObIMOYHBIM 0asieHuem (n. 5.3.1.).

Pacuérnas TOJ'IHH/E{a CTEHKH ¢ y4€TOM MpHOaBOK:

3, +c= P— +c = * * 7 _ =

o 7 5] e (1.081 *700)/(2 *176.8 * 1 - 1.081) + 3 =5.146 mm
5.146 Mm < 10 MM
3akiroueHue: Y cjoBUe padoTocnoco0HOCTH BBINOJIHEHO
Jomyckaemoe naBiacHue:
2 [5] gy (5- 0)
[g]= = 2%1768*1*(10-3)/(700+10-3) =3.501 MIIa
D+is-0)

3.501 MIla > 1.081 MIla
3akioducHre: Y CJIOBHE MPOYHOCTH BBHITIOJTHEHO

MuHuMaNbHOE PACCTOSIHUE MEXKAY “‘OUHOYHBIMU ™ IITYLEPAMHU:

by =20 (s—c) =2*%700%(10-3)"” =140 Mm

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Pac4yém e ycnoeusix ucnbimaruli (FludpoucnbimaHusi)

YcaoBus Harpy->k€Husi Npv MCIILITAHUAX:

Pacuérnas temneparypa, T: 20°C
PacuérHoe BHyTpeHHee H30bITOYHOE AaBJIeHHE (C y4ETOM ruapocTaTuieckoro), p:  2.722 Mlla
PacuérHplii n3rudarommii MOMEHT, M: OHwM
Pacuérroe nonepeunoe ycwime, Q: 0H
Pacuérnoe oceBoe pactsrusaroiee ycuiue, F: 0H

PacuéTt Ha npo4yHoCTb 1 ycTtonunBoctb no NOCT 52857.2-2007

Jlomyckaemble HanpspKeHus 171 Mateprana SA-516 70 npu temneparype T = 20 °C (ycinoBust THAPOUCTIBITAHMNA):
[6]°= M*Rep/nr= 1*262:0°/1.1= 2.382-10° MIla

Moayib Ipo10JIbHOM ypyrocTy ajis Marepuana SA-516 70 npu temneparype T = 20 °C:
E*= 2-10° MIla

I'naokas obeuaika, HazpyyiceHHAA GHYMPEHHUM U3ObIMOUHBIM OasneHuem (n. 5.3.1.).

PacuérHas TommuHa CTEHKH ¢ y4ETOM PHOaBOK:
D
5p tro= P—+ T =(2.722%700)/(2 *2.382-10 *1-2.722) + 3 =3.004 MM
2 [c]gp-p
r
3.004 MM < 10 MM
3akmroueHne: Y cJ0BHE PpadoTOCNOCOOHOCTH BBITIOJIHEHO
Homyckaemoe naBieHue:
2[5y - (5- 0) _ 3
[g]= = 2%2382-10°*1*(10-3)/(700 + 10-3) =4.716-10° MIla
D4+is-c)
4.716:10° MIIa > 2.722 MIla
3axmoueHre: Y cJI0BHe MPOYHOCTH BBINOJIHEHO
MuHIMaTbHOE PACCTOSHUE MEXY “ONMHOYHBIMH INTYLEPAMU:

by =20 (s=c)  =2%*700%(10-3)"" =140 Mmm

OHuwe Topocdepuyeckoe

UcxoaHble AaHHbIe

Marepuan: SA-516 70
Buytp. nuamerp, D: 700 MM
TonmuHa CTEeHKH JHUINA, S: 14.2 Mm
ITpubaBka /151 KOMIEHCAIIMH KOPPO3UU B IPO3HUH, Ci: 0 MM
ITpubaBka 151 KOMIIEHCAIIMM MHHYCOBOTO JIOMTyCKa, Co: 0 MM
ITpubaBka TexHOJIOTHYECKAS, C3! 0 MM
CyMMa rprubaBoK K pacy€THOH TONIIMHE CTEHKH, C: 0 MM
Panuyc kpuBu3HbI B BepiuuHe, R: 700 Mmm
Panuyc ckpyrnenus, r;: 75 MM
Jmmaa oTtOopTOBKH, h;: 328 mMm
[lonyuennas BbicoTa aHMIa, H: 175 mm
Hapyx. muametp, D;=D+2%*s;: 728.4 Mmm

KOB(i)(i)I/IIII/IeHTBI HquHOCTI/I CBapHLIX IIIBOB:
g =1
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M3omsamnms:

HazBanue: INSULATION
TommuHa, S, 50 MM
[1I0THOCTD, Pyy: 224 kr/m°

Pac4yém e pabo4ux ycnosusix

YcioBus HATPY/KEHUSA:

Pacuérnas Temneparypa, T: 425 °C
PacuérHoe BHyTpeHHee u30bITOUHOE JaBienue, p:  1.084 MIla

PacuéTt Ha npo4yHoCcTb 1 ycTtonunBoctb no NOCT 52857.2-2007

ﬂonycxaeMbte HANPANCCHUA?
Jlomyckaemple HanpsoKeHust 1 matepuana SA-516 70 npu temneparype T = 425 °C (paboune ycnoBus):
[c]=  m*min( Rey/nr; Ruye/np; Ruyions / ng; Roronome / M) = 1*min{1.831°10'/1.5; 424.3/2.4; -/~ -/-}=  176.8 MIla

Moyib poI0JIbHOM yrpyrocTu st marepuana SA-516 70 npu remneparype T = 425 °C:
E= 1.887-10° MIla

/Inuwa, nazpyscennvle 6HympeHHUM U30bIMOUHBIM OasieHuem (n. 6.4.1)

Ananuz muna onuwa:
OtnHomenne R/D; = 0.961
OtHomenwue r;/D; = 0.103
ITpunsaTeii THI qHUMA: Tum A
f;  =f(Tun gauma = Tun A, p/[6] = 0.006134) = 1.663
PacuérHast TonmuHa CTEeHKH B KpaeBoOH 30HE ¢ yUETOM MPUOABOK:

Dy -
B +o= m+ 0 =(1.084 *728.4 *1.663)/(2*176.8*1) +0 =3.716 MM
4-[o] o
PacuérHast TonuHa CTEeHKH B IIEHTPAJILHOM 30HE ¢ YIETOM PUOaBOK:
‘B
fp tC= p—+ o =(1.084 *700)/(2 *176.8 * 1 — 0.5 *1.084) + 0 =2.15 MM
i cle-05p

3.716 mm < 14.2 mm
3akmroueHue: YciaoBue padoTocnocoOHOCTH BbINOJIHEHO
fy = f(Tun gauma = Tum A, (s;—c)/D = 0.02029) = 1.25
Jlonyckaemoe JIaBJieHUe U3 YCIOBHSI IPOYHOCTH KPACBOM 30HBI:
_ 2 o] s -
Bl =——F——7—
Dy Pa
I[onycxzaefqo]e é[aggemg: U3 YCJIOBHS IIPOYHOCTH EHTPAILHOMN 30HbI:
= —. I A —9 * ® ]k * =
[#] R+05(s,-0) =2%]76.8 %1% (14.2—0)/ (700 +0.5 * (14.2-0)) =7.1 MIla
5.514 MIla > 1.084 MIla
3akimroueHre: Y ca0BHE MPOYHOCTH BHIOJIHEHO

=2%]768*1*(14.2—-0)/(728.4 * 1.25)) =5.514 MIla

Pacuém omoopmosxu.

hy =08, /Dysy -1 328>0.8*(728.4 *(14.2—0))"” = 8.275, mpebyemca pacuém yuacmxa ombopmosxu
Pacuémuas momuyuna cmenxu omoopmosKiL.:

-D
Sup FO =k (084 %700/ * 1768 * 1~ 1089+ 0 =2.154 Mu
" LR,
o] (s~ ¢
= —_— . * ] % _ B _
[Pl D160 2% 1768 %1% (14.2—0) /(700 + (14.2—0)) = 7.03 MIIa

7.03 MIla > 1.084 MIla
3axtoueHye: Y cJI0BHe NPOYHOCTH BBINOJIHEHO

Pac4yém e ycnoeusix ucnbimarutli (FludpoucnbimaHusi)

YciaoBus HArpy KeHusi NP UCHBITAHUSIX:

Pacuérnas Temneparypa, T: 20 °C
PacuérHoe BHyTpeHHEee U30BITOYHOE JaBieHue, p:  2.726 MIla

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



PacuéTt Ha npo4yHoCcTb 1 ycTtonunBocTb no NOCT 52857.2-2007

ﬂonycxaeMble HANPAICCHUA?

JoryckaeMble HampshKeHus it Matepuaia SA-516 70 npu temneparype T = 20 °C (yciaoBus TUAPOUCIBITAHIN):

[6]°= M*Rea/np= 1%262:0°/1.1= 2.382-10° MITa
Moyinb po10sibHOM yrpyrocty s Mmarepuana SA-516 70 npu temneparype T = 20 °C:
E*= 210’ MIla

/Inuwa, nazpyscennvlie 6HympeHHUM U30blmouHbIM 0asienuem (n. 6.4.1)

f;  =f(Tun gauma = Tun A, p/[6] = 0.1145-10 ) = 9.562
PacuérHas TonmuHa CTEeHKH B KpaeBoOH 30HE ¢ yUETOM MPUOABOK:

T -
fp to= %+ 0 =(2.726 *728.4 *9.562)/(2 ¥2.382-10 * 1) + 0 = (0.03986 MM
o]
PacuérHast ToNuHa CTEHKH B IIEHTPAJIBLHOM 30HE ¢ YIETOM PUOABOK:
‘B
Sl +o= P—+ T =(2.726 * 700)/(2 *2.382-10 * 1 —0.5 *2.726) + 0 = 0.004006 MM
i cle-05p

0.03986 mm < 14.2 mm
3akiroueHue: Y cJoBUe padoTocnoco0HOCTH BBINOJIHEHO
fy = f(Tun qauma = Tun A, (s;—c)/D = 0.02029) = 1.25
Jormyckaemoe gaBIeHUE U3 YCIOBHUS MMPOYHOCTH KPAeBOM 30HBI:
2] (s - 0)
Bl =——F——7—
Dy Py
Jommyckaemoe JaBleHNE U3 YCIOBHUS MPOYHOCTH IICHTPATHHOM 30HBI:
3 [5) g (s o)
Bl = —F7———
E+0.3 (5-c)
7.429:10° MIla > 2.726 MIla
3akimoycHre: Y CJI0BHE MPOYHOCTH BBINOJTHEHO

=2%2382:10° %1 *(14.2—-0)/(728.4 * 1.25)) = 7.429-10° MIla

=2%2382-10° % 1 *(14.2—0) /(700 +0.5 * (14.2—0)) =9.566-10° MIIa

Pacuém omoopmosxu.

hy =08, /Dysy -1 328> 0.8*(728.4 *(14.2—0))"” = 8.275, mpebyemea pacuém yuacmra ombopmosxu
Pacuémuas momuyuna cmenxu omoopmosKiL.

-D
fpp t0= p—+ C=(2.726 *700)/(2 *2.382-10 * 1 - 2.726) + 0 =0.004006 Mmm
. E-Eﬁ]-m-p
T]p-s -
(£l = w =2%2382-10° %1 *(14.2—0) /(700 + (14.2—0)) =9.471-10° MIla
D +is-c)

9.471-10° MIIa > 2.726 MIla
3akiroueHue: Y ca0BHe MPOYHOCTH BHIIOTHEHO

OHuLe annunTu4yeckoe

=1

D

UcxoaHble AaHHbIe

Marepuai: SA-516 70
Buytp. nuamerp, D: 700 Mmm
TonmuHa CTEeHKH JHAINIA, S : 8.5 MM
[TpubaBka 115t KOMIICHCAITIH KOPPO3HU B SPO3HUH, Ci: 3 MM
[TpubaBka 151 KOMIICHCAIITE MHHYCOBOTO JIOMTyCKa, Co: 0 MM
[TpubaBka TeXHOJOTHYECKAS, C3: 0 MM
CymmMmapHnast mpudaBKa K TOJIIIHHE CTEHKH, C: 3 MM
BricoTa guuma, H: 175 mm
JmHa oTOOpTOBKH, h;: 30 Mmm

PaﬂI/ch KPUBU3HBI B BEPIIMHE JHHUIIA:

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;

o



Dﬂ

R=—— =700°/4%*175 =700 mm
KoadpunmeHt npoyHOCTH CBApHOTO 11BA:
o =1
N3omsauus:
HasBanue: INSULATION
TonuuHa, s, 50 MM
[110THOCTD, Py, 224 Kr/m’

Pac4yém e pabo4ux ycnoesusix

YcioBust HArPYKEHUSA:

Pacuérnas Temneparypa, T: 425 °C
PacuérHoe BHyTpeHHee u30bITOUHOE AaBienue, p:  1.054 MIla

PacuéTt Ha npo4yHocTb 1 ycTtonunBoctb no NOCT 52857.2-2007

ﬂonycrcaem ble HaANpAINICEHUA?

Jlonyckaemble HanpsuKeHust 11t Mmatepuana SA-516 70 npu temneparype T = 425 °C (pabouue ycaoBus):

[G]: n*mln( Re/t/nT; Rm/t/l'lB; Rm/lO“/t / np, Rpl.O/lO“/t / HH) = I*mm{1>831 '104/1-5; 424.3/24; -/~ -/-}= 176.8 MIla
Moyt TIpo0ILHOM yrpyrocTy st Matepuana SA-516 70 npu temnepatype T = 425 °C:

E= 1.887-10° MIla

,Zlnuma, HAZCPYIHCEHHbIE 6HYMPDEHHUM U30b1MOUHBIM 0A8/1CHUEM.
PacuérHas TonmmuHA CTEHKH C y4ETOM NPHOABOK:
fpp teo= ﬁ-k T =(1.054 *700)/(2 *176.8 * 1 - 0.5 *1.054) +3 =5.089 MM
5.089 mm < 8.5 MM
3akiroueHne: Y cJoBUe padoToCnoco0OHOCTH BBINOJIHEHO
Homnyckaemoe naBiaeHue:
O NCED)
B R 05 (s
2.767 MlIla > 1.054 MIla
3akmroueHue: Y cia0BUe MPOYHOCTH BbINOJIHEHO

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

=2%*176.8 *1*(85-3)/(700 +0.5 * (8.5-3)) =2.767 Mlla

YcaoBus Harpy->k€Husi Npv UCIIbITAHUAX:

Pacuérnas tremneparypa, T: 20 °C
PacuérHoe BHYTpeHHEE N30BITOYHOE aBiIeHUE, p: 2.689 MIla

PacuéTt Ha npo4yHocTb 1 ycTtonuynBocTb no NOCT 52857.2-2007

ﬂonycxaeMbte HANPAICEHUA?

JomnyckaeMmble HanpsKeHus it Matepuaia SA-516 70 npu temneparype T = 20 °C (yCa0BHS THAPOUCIIBITAHUMN):
[6]°= M*Rep/nr= 1*2620°/1.1= 2.382:10° MIla

Moayib poosibHOM ynpyrocTy ajis Marepuana SA-516 70 npu temneparype T = 20 °C:
E*= 2-10° MIla

ZIHMM[I, HAZCPYIHCEHHbIE 6HYMPDEHHUM U30bIMOYHBIM OABTICHUECM.

Panuyc kpuBHU3HBI B BEPLIUHE JHULIA:
2

E = D_ =700°/(4 *175) =700 Mmm
4-H
Pacuérnas TOJIIINHA CTCHKHU C y‘léTOM HpI/I6aBOK2
pE
S, o= ———————+C =(2.689 *700)/(2 *2.382-10 * 1 — 0.5 *2.689) +3 =
b T 5] ¢-05p (- (. ) + 3.004 MM

3.004 Mmm < 8.5 MM
3axmodycHue: Y cJI0BHE Pa00TOCMOCOOHOCTH BHINOJHEHO
JomyckaemMoe JaBIcHHUE:
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2-[5]-¢ (51 - )
pl= —7F7——
E+0.5 (s;-¢)
3.728:10° MIla > 2.689 MIla
3akmroueHue: Y cJ0BUe MPOYHOCTH BbINOJHEHO

=2%2382:10°*1 *(8.5-3)/(700 +0.5 * (8.5-3)) = 3.728:10° MIla

Wryuep BS

UcxoaHble AaHHbIe

DIIeMEHT: Irynep BS

YcnoBHOe 0603HaUeHHE (METKa) BS5

DIIeMEHT, HeCYIIUU MITYIep: Jlautie Topocdepudeckoe
Twun anemenra, Hecymiero mrynep: JHume Ttopocdepudeckoe
Tun wrynepa: [poxomsmmii 6e3 yKpeIruIeHus

Marepuai HeCyIiero 2JIeMeHTa: SA-516 70
TouuHa CTEHKN HECYIIETO MJIEMEHTA, S: 14.2 MM
CymMma ipu0aBOK K CTEHKE HECYIIETO dJIEMEHTa, C: 0 MM
Marepuan mrynepa: SA-106B
BHytpenHunit tnamerp mrytepa, d: 77.93 mm
ToJsMHa CTEHKU WTYLEpa, S;: 5.49 Mmm
CyMMa npr6aBoOK K TOJIIMHE CTEHKHU IITYIEpa (BKIFOYask KOPPO3HUIO), Cy! 0 Mn
JmnHa mrynepa, 225 mm
¥ g

o
Cwmemienue mrynepa, Ry 210 mm
VYron nosBopora mrynepa, 0: 254 rpanyc
[Mony4eHHBIN yroy HakiIoHa mrynepa, v:  (-42.98) rpanyc
JlniHa BHYTp. 4acTH INTyLEpa, lj: 0 MM
[TpubaBka Ha KOPPO3HIO, Cq: 0 MM

MuHUMaNbHBIH pa3Mep cBapHoro mBa, A:  14.2 MM
Pacuérnble mapamMeTpsl pa3MelleHus ITyuepa:
bumxainii mrynep

. - -] &
1 N
N @ . /
Ha3zpanue mrynepa: MTynep Bl

Paccrostare 1o creHku Onrkaiimero mryuepa, b: 152.3 vnt
(#7151 HAKJIOHHBIX IITYIICPOB ’
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omnpeensaeTcs: NPUOIMKEHHO)

KoadunmeHTsr IpOYHOCTH CBAPHBIX IIBOB:
IIpononbHbIi OB HITYLEpPA:

¢ =1

[IToB obewaiiky B 30HE BPE3KH IITYyIEpa:
o =1

Pacuérnplii nmaMeTp Topochepruueckoro Win HeoTOOPTOBAaHHOTO C(HEPUIECKOTO THHIIA!
Dp=2R =2+700 =1410°mum

Pac4yém e pabo4ux ycnoeusix

YciioBuUsI HATPYKEHUSA:

Pacuérnas remneparypa, T: 425 °C
PacuérHoe BHyTpeHHee U30bITOYHOE MaBieHue, p:  1.086 Mlla

Pacuét ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomyckaeMble HANpsKEHUs Ui Matepuaia SA-516 70 npu temneparype T = 425 °C (pabouue ycioBus):

[6]= m*min( Rey/nr; Rp/ng; Ruyions / 0y Rppoione / ny) = 1*min{1.831 10°/1.5;424.3/2.4; -/~ -/-}= 176.8 MIla
Moayib IpoI0JIbHOM yIpYrocTy npu tremueparype 425 °C:

E= 1.887-10° MIIa

Ceoiicmea mamepuana wimyyepa

Jlomyckaemble HanpspKeHus 11 mateprana SA-106B npu temneparype T = 425 °C (pabouue ycnous):

[6]i= m*min( Rey/nr; Royy/ng; Ruyione / 0y Ry onony / 1) = 1¥min{208.9 /1.5, 405.7 /2.4, -/~ -/-}=  139.3 MIla
Moyiis npoJoIEHON yIpyrocTy npu Temrepatype 425 °C:

E,= 1.887-10° MIla

PacuérHast ToNmMHA CTEHKH MITYIEpa:
£ I[d +2- cs:l
= =1.086 *(77.93 +2*0) /(2 *139.3*1—1.0865) = 0.3049 MM
2 UI; o
Jormyckaemoe JTaBicHHUE:
2]y gy (e
[r] = = 2%[393%]%(549-0)/(77.93+549+0) =18.33 MIla
dy+s +e,
18.33 MIla > 1.086 MIla
3akroucHre: Y cJI0BUE MPOYHOCTH H YCTOHYMBOCTH BBINOJTHEHO
PacuérHas TosmHa CTEHKM HECYILEro 2JIEMEHTa!
sp=2.153 Mm
Pacuérnplii nmaMeTp oTBepCTHS (CMEMIEHHBIN MTYIEP Ha BBITYKJIOM JTHHUIIIE):
d+2-e;

T

(- [2 ‘R T =(77.93+2%0)/[1-2*210/1.4-10'))] = 85.64 mm
r
PacuérHpIil TamMeTp OAMHOYHOTO OTBEPCTHSI, HE TPEOYIOMIETO YKPEIUICHUS:

dp=2- [SS_—E—D,E] JDp (8= =2%((142-0)/2.153-08) *(1.410° *(142-0)"" = 1.635:10° MM

o
d, <dj: YcaoBue IPOYHOCTH BLINOJHEHO
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S

OTBepcTHE CUUTAETCS OAMHOYHBIM, ecii Okaiimee k HeMy orBepctue Iltynep Bl He oka3piBaeT Ha HETO BIUSHHUSA,
T.€. pPaCCTOSHUE MEXKly HAPYKHBIMU IIOBEPXHOCTAMU COOTBETCTBYIOLIMX IITYLIEPOB YIOBJIETBOPSET YCIOBUIO:

b JD; (s—d1 + JD; (8= = (1410 *(142-0)"" + (1410 * (142-0))"" =282 MM
VcioBKE HE BBINOJIHEHO, TPEOYETCS TONMOIHUTENLHBINA PACYET YKPETIEHUH.

Pacuérnas jnuHa BHELIHeH yacTu wryuepa:
I =mjn[11; 1.25. J{d+ 3¢, ) (5 -, :I] = min{ 225; 1.25 * ((77.93 + 2 *0) *(5.49-0))""}  =25.86 MM

OmHoweHus 00nycKaemvlx HANPANCEHU
/s BHemHel yacTu mwryuepa:
a3
Fp = min41,0; ﬂ =min{1.0, 139.3/176.8) =0.7878
lj

Pacuérnas nivHa BHyTpeHHEW 4acTH IITyLepa:
lap = mjn{l3; 0s. xl'r':d"‘ 2t ) (s -, _cﬂ)] =min{ 0; 0.5 *((77.93 +2%0) *(549-0-0)""} =0 MM

K3 = 1

[

RS N e R (s - ey - e )nd i (- e gf 1% s g 1 (8-l el xd
b-(z-0)

dy +dp A4 @ lp 474207 f i
K3[0.8+ z dl’]n{l[ SR - SN

Vi =1in4l;

D) ¢ b DI gf b
= min{l; (1 +[ (25.86 % (5.49—0) *0.7878 + 0 * 0 * 0 + 0 * (549 — 0— 0) *0.7878 +  25.86 * (5.49—0) *0.7878 + 0 * 0 * 0 + 0 * (5.49 —
0— 0) %0.7878) /(152.3 * (14.2-0))]) /(1 * (0.8 + (85.64 + 85.64) /(2 *152.3) + 2*[(77.93 +2%0)/1.4-10 *1/1 *2586/152.3 +
[(77.93 +2%0)/1.4-10° * 1 /1 %2586 /152.3] ) = 0.7882}
=(.7882

[P]x= E'KI'ES_C:]":P'[U] v =2%2%(14.2-0) %1 *176.8/[0.5* (1.4-10 + 1.4-10° ) + (14.2-0) * =5.608
05 (DL +DpJ+ls-c)w, 1 07852 *0.7882 MITa

[Inpuna 30HBI YKpEIICHUS:
L,= Iu'DP- s—c] =(1410%142-0)" =141 MM

Pacuérnas muprHa 30Hbl YKPETUICHUS:
lp=L, =141 Mmm

Pacuérnblit nuamertp:
do =04 ,llﬁp CE=C)  =04*1410 *(142-0)" =56.4Mm

N hp (s —cg) k1 +lap sz %2 +Hlap lss—co—ea ) 13
11:, -[s— n:::l
-d d+2- 1
e T 3 R . e

lp Dy 91 1
= min{l; [1 + (25.86 % (5.49—0) *0.7878 + 0 *0 * 0 + 0 * (5.49— 0— 0) * 0.7878) / (141 * (14.2— 0))] / [1 + 0.5 * (85.64 — 56.4) / 141 + 2 *
(77.93 +2%0)/ 1.4-10° * 1 /1 * 25.86 / 141] = 0.9393}
=0.9393

1

V =min4l;

El
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o], - 2K, (-9 g ]
Dy +(s— c)-?
JHomnyckaemoe aaBnenue [p] = min{ 6.673; 5.608} MIla
5.608 MIla > 1.086 MlIla
3akiroueHue: Y ciaoBue MPOYHOCTH U yCTOﬁ‘[HBOCTH BBIIIOJIHEHO
[Tmomans, HeoOXoMuMast T YKPETUICHHSI OTBEPCTHS:
Ap=0500, —dg ) s, 055645642153 =03147-10" M
Pacnionnaraemas 101 aAb YKPCIUICHUSA OTBEPCTHA:
Ay =y -[51— Sp — cs]-j;;l +lop -8y ga +ly -(53 -, - csl:l-13 +1g -[s— p = u:]
=25.86 *(5.49- 0.3049 - 0) *0.7878 + 0 * 0 * 0 + 0 * (5.49 - 0- 0) *0.7878 + 141 * (14.2-2.153 - ()
=0.001804 m°
A, =0.3147-10" M> < 0.001804 m”
3akimroueHue: Y ciaoBue NMPOYHOCTHU BBLINMOJHEHO

N =22 (142-0) %1 *176.8 *0.9393/[1.4 10 + (14.2-0) *0.9393] = 6.673 MIla

Pacyém e ycnoeusix ucnbimaHul (FudpoucnbimaHusi)

YcioBus HATPY KeHUs PU UCTBITAHUSIX:

Pacuérnas remneparypa, T: 20 °C
PacuérHoe BHyTpeHHee U30bITOYHOE MaBieHue, p:  2.728 Mlla

PacuéT ykpenneHnusa orBepctusi no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuyezo wimyuep

Jlomyckaemble HanpspKkeHust 1us matepuana SA-516 70 npu temneparype T = 20 °C (ycnoBusi THAPOMCIILITAHNUH):
[6]°= n*Rep/nr= [*262:0°/1.1= 2.382-10° MIla

Moy Ipoa0IBEHOM yrpyroctu npu Temmeparype 20 °C:
E= 2-10° MIla

Ceoiicmea mamepuana wmyuepa

JomnyckaeMmble HanpsiKeHus Juis Matepuaia SA-106B npu temneparype T = 20 °C (yca0BUs THAPOUCIILITAHMMN):
[61°= n*Ren/np= 1%*2482/1.1= 2256 Mlla

Moayib IpoIosIbHOM ynpyroctu npu temneparype 20 °C:
E;= 2-10° MIla

Pacuérnas TonmuHa cTeHKH WTYylepa:
P I:d +2- '35)
Sip = =2.728 ¥(77.93 +2*0)/(2*225.6 *1-2.728) = 0.4739 mm
20l @ —
om-p
Jonyckaemoe naBiaeHue:
2ol (s -y
0] = = 2%225.6%1%(549-0)/(77.93 +5.49+0) =29.7 MIla
dy+s+e,
29.7 MIla > 2.728 MlIla
3akiroueHne: Y cJ0BUE MPOYHOCTH U YCTOHYHMBOCTH BbINOJIHEHO
PacuérHas TonmmnHa CTEHKH HECYIIETO AJIeMEeHTa:

sp = 0.004008 mm

PacuérHblil TMaMeTp 0OIMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEro YKPEIICHNUS:

dy = 2- E-D,g - JDp (s=c)  =2%((14.2-0)/0.004008 - 0.8) * (1.4-10° * (14.2-0)"" = 9.988-10° Mmm

5
F
d, <dj: YcaoBue IPOYHOCTH BLINOJHEHO

OmHnouwienus 00OnycKaemovix HAnPAHCEHU

s BHEIIHEH yacTy WTynepa:

11=m{1,n;%} =min{1.0,225.6/2.38210 } = 0.9473-107

K3 = 1
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L4

+1{p (s - el) w] g s ok g (sg el - e )wd (s - e kg 1Y s oxg H 1 (s -l —ed) xd
b(s- 1)
4 +d;]+Kl[d'+2-c; 9l a2l g 1h

V= minql;
D! ¢ b DI ¢ b

= min{l; (1 + [ (25.86 * (5.49— 0) * 0.9473-10° + 0 %0 * 0 + 0 * (549 — 0— 0) *0.9473-10° +  25.86 * (5.49— 0) * 0.9473-10° + 0 * 0 * 0
F0*(5.49— 0— 0) *0.9473-10° ) /(152.3 % (14.2-0)]) / ( 1 * (0.8 + (85.64 + 85.64) /(2 ¥ 152.3) + 2% [(77.93+2%0)/1.4-1G %1 /] *
25.86/152.3 + [(77.93+2%0)/1.4-10 *1/1%2586/1523] )) = 0.7144}

=0.7144

K08+
Zb

=2%2%(14.2-0)*1%2.382:10°/[0.5 % (1.4-10° + 1.4-10°) + (14.2-0) = 6.854:10°
*0.7144] *0.7144 MlIla

2K (s )9 o]
ek - 03D} +D;j+(?— vy

¥y

[ITupuHa 30HbBI YKpEIUICHUS:
L,= f'Dp de—el  =(1410*(14.2-0)" =141 mm

PacuérHast mmprHa 30HBI YKPETUICHHS
lp=L, =141 mm

Pacuérnblit nuamerp:

iy, =04 ,fﬁp CE=C)  =04*1410 *(142-0)" =56.4mm

N hp (s —cg) Ky +lap sz % +Hlap lss—co—ea ) 13
11:, -(s— cj
-d d+2- 1
e T 3 R . e

lp Dy @ I
= minf1; [1+ (25.86 * (5.49— 0) ¥ 0.9473-10° + 0 %0 * 0+ 0 * (5.49— 0— 0) * 0.9473-10° ) / (141 * (14.2— 0))] / [1 + 0.5 * (85.64 — 56.4) / 141
+2%(77.93+2%0)/1.4-10 * 1 /1 *25.86/ 141] = 0.8897}
=(0.8897

1

V = min 41;

El

N =2%2%(142-0) %1 *2.382-10 *0.8897 /[1.4-10 + (14.2-0) *0.8897] = 8.52:10° MIla

o], - 2K, (59 ¢ o]
D +|Is— cj-?
Jlonyckaemoe nasienne [p] = min{ 8.52:10%; 6.854:10° } MIla
6.854-10° MITa > 2.728 MIla
3axmroueHue: Y cea0BHe NPOYHOCTH U YCTOHYMBOCTH BBINOJIHEHO
[Tnomans, HeoOXoMUMast UTs YKPETUICHHSI OTBEPCTHS:
Ap =035 [dp - dﬂp]' 8, =0.5 *(85.64—56.4) *0.004008 = 0.586-107 M
Pacnonaraemas ruromaap yKperuIeHUsS! OTBEPCTHS:
Ay =y -[51— Sp — cs]-j;;l +lop -8y Fa +lgp -(53 -, - csl:l-13 +1g -[s— p = u:]
=25.86 *(5.49-0.4739-0) * 0.9473-10° + 0 *0*0 + 0 * (5.49-0-0) * 0.9473-10° + 141 * (14.2 -0.004008 - 0)
=0.002002 m*
A, =0.586-107 M* < 0.002002 m*
3akmodycHre: Y CJIOBHE MPOYHOCTH BHITIOJTHEHO

WTyuep B2

UcxoaHble AaHHbIe

DJIeMEHT: rynep B2
VcnoBHOE 0003HaUeHHE (METKA) B2
DJIEMEHT, HECYILIUI ITYLEp: Juanmie Topochepudeckoe

Tun anemenra, Hecymiero mTynep: JHume Ttopocdepudeckoe
Tun wrynepa: [poxomsammii 6e3 yKperuIeHus

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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Marepwua HECyIIero IeMeHTa: SA-516 70

TonmuHa CTEHKH HECYIETO 3JIEMEHTA, S: 14.2 MM
CymMa ipr0aBOK K CTEHKE HECYIIIETO JIEMEHTa, C: 0 MM
Marepuan wryuepa: SA-106B
Brytpennunit tnamerp mrytepa, d: 77.93 mm
ToJMHa CTEHKHU IITYLEPA, S;: 5.49 Mmm
CymMma mpr0aBoOK K TOJIIUHE CTCHKH MITyIepa (BKIF0Yast KOPPO3HIO), Cy: 0 M
JnmnHa mrynepa, | 225 mm

v &

2y
CMmemenue mrynepa, Ry 210 mm
Yron noBopoTa miryiepa, 0: 36 rpanyc
[Mony4eHHBIN yron HakIoOHA mTynepa, v:  (-42.98) rpanyc
JlniHa BHYTp. 4acTH IITYLEpa, l3: 0 MM
[TpubaBka Ha KOPPO3HUIO, Cgy: 0 MM

MuHHUMaTIBHBIH pa3mep cBapHoro mBa, A:  14.2 mm
PacuérHble mapamMeTpbl pa3MeIleHNs ITYIepa:
Bimmxaitiuunii mrynep

Hasanwue mrynepa: tynep B3
Paccrostaure 1o cTeHKH Onmkaiiiero mryiepa, b:
(7151 HAKJIOHHBIX HITYIIEPOB 158.2 MM

ompenensIeTcs: NPUOIMKEHHO)

KoahpunnenTsr npoYHOCTH CBAPHBIX IIBOB:
IIponosbHBINM OB WITYLIEPA:

¢ =1

[IToB obevaiiku B 30HE BPE3KH MITYyIEpa:
¢ =1

Pacuérnplii nmaMeTp Topochepruueckoro Wik HeoTOOPTOBAHHOTO C(HEePUIECKOTO JHHIIA!

Dp=2FR =2%700 =1410’um

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Pac4yém e pabo4ux ycnosusix

YciioBust HATPYKEHUSA:

Pacuérnas temneparypa, T: 425 °C
PacuérHoe BHyTpeHHee n30bITOUHOE MaBieHue, p:  1.086 Mlla

PacuéT ykpenneHusa otBepctusi no FOCT 52857.3-2007

Cesoiicmea mamepuana nemenma, Hecyuiezo uimyuep

Jlomyckaemple HanpspkeHust A matepuana SA-516 70 npu temnepatype T = 425 °C (paboune ycnoBus):

[6]= m*min( Rey/nr; Ro/ng; Ruyiong / 0 Ryponone / Ny) = 1*min{1.831-10°/1.5; 424.3/2.4; -/~ -/-}=  176.8 MIla
Moyib TIpoI0JIbHOM yIPYrocTd npu temueparype 425 °C:

E= 1.887-10° MIla

Ceoiicmea mamepuana wumyuyepa

JonyckaeMmble HanpsiKeHus Ui Matepuaia SA-106B npu temneparype T = 425 °C (pabouwue ycioBus):

[6]i= m*min( Rey/ny; Ro/np; Ruyrony / ng; Ryp ooy / Ng) = 1*min{208.9 /1.5, 405.7/2.4; -/~ - /== 139.3 Mlla
Moayib IpoJI0JILHOM yIPYrocTy npu teMneparype 425 °C:

E,= 1.887-10° MIla

PacuérHast ToNMmMHA CTEHKH IITYyIEpa:

_ P '(d +4- csj

4 UI; op
Jomyckaemoe naBieHue:

2 [o]y gy (51— )

= = 2 *] A *[ * i - 7 + 5. + =
[®] Fry 39.3%1%(5.49-0)/(77.93 + 549 +0) =18.33 MIla
18.33 MIla > 1.086 MIla
3akoyeHre: Y ca0BHe MPOYHOCTH M YCTONYMBOCTH BBIIIOJIHEHO
PacuérHas TonmuHa CTEHKH HECYIIETO AJIeMEeHTa:
sp=2.153 Mm

PacuérHblit tuameTp oTBepCTHA (CMEIIEHHBIN IITYLEp Ha BBIIYKIOM JHUINE):
d+2-¢
5

=1.086 *(77.93 +2*0) /(2 *139.3*1—-1.086) = 0.3049 MM

P

D

2
i [2 . ] =(77.93+2%0)/[1-2%210/14-10°)’)] = 85.64 MM
T

PacuétHblil TMaMeTp OIMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIETr0 YKPEIICHNUS:

§—r
dy =2-[_—D,8 : ,IEP (5= ) =2%((142-0)/2.153-0.8) * (1410 * (14.2-0)"* =1.635-10° Mmm
]
P
d, <dy: YcjoBHe NPOYHOCTH BHINOJTHEHO
d’ g d" . 5]
i _\_\_H—-_i
BT
f— L 23 uhry [} 1#
Pr7r T L I
i /T_'—{-'—i'-d.f__--""‘--.>
~ ol ] ,| -‘_.mt . B— #
w ¥ =i
, ‘,‘Jt 53 ik
" o .l " 23
. =P |- ]::'P ..}.# |

OtBepcTHe CcUMTAETCs OJIMHOYHBIM, eciu OJkaiiiiee k Hemy orBeperre lltynep B3 He okas3biBaeT Ha HEro BIMSHHUS,
T.€. PACCTOSHUE MEK]ly HAPYKHBIMU ITOBEPXHOCTSAMU COOTBETCTBYIOLIMX IITYLIEPOB YIOBJIECTBOPSIET YCIOBUIO:

b ,'{D; (s—cl+ JD; As—c)  =(14100 % (14.2-0)" + (1410 *(14.2-0)" =282 mm

YcnoBue He BBINOIHEHO, TPEOYeTCs IOMOTHUTENbHBIH PacuéT yKpeIUIeHHH.

Pacuérnas nnuHa BHEIIHEW YacTu MITyLepa:
lip =m_1'n[11; 1.25. xn'f(d"’ 2-g, e -t :I] = min{ 225; 1.25 * ((77.93 + 2 *0) *(5.49-0))""} =25.86 MM
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OmHuouienus 00nycKkaemovixX HaAnPANCeHUl
/s BHemHel yacTu mwryuepa:
o
%1 = minna10; ﬂ =min{1.0, 139.3/176.8) = 0.7878
Ij

PacuérHas yrHa BHyTpEeHHEH 4acTu ITylepa:
Iz = mjn{l3; 0s. xl'r(d"‘ 2o, :|.|153 -t _.351)] =min{ 0; 0.5 % ((77.93 +2%0) *(5.49-0-0)"?} =0 MM

K3 = 1

+1ip-(5i-C;)-1i+1ép'Sa'15+1%p'(55-'3£-c;1)'1§+11'p-(Si'-Cs)-1'1'1+15p'55'15+1§'p-(5§-c:-051)-1§
b-(s—c)
dp +dp d'42cp @f lip d'+2-0f gf 1f
K,|0.8+ p+ +I fe B Tets @ TR
Zhb D; ¢ b Dy o b
=min{l; (1 +[(25.86*(5.49-0) *0.7878 + 0 *0*0 + 0 * (549~ 0~ 0) *0.7878 +  25.86 *(5.49—0) *0.7878 + 0% 0 * 0 + 0 * (5.49 —

0— 0) %0.7878) /(158.2 * (14.2-0))]) /(1 * (0.8 + (85.64 + 85.64) /(2 *158.2) + 2*[(77.93 +2%0)/1.4-1G *1/]1*25.86/158.2 +
[(77.93 +2%0)/1.4-10 *1/1 %25.86/158.2] )) = 0.7981}

=0.7981

Vi =minsl;

=2%2%(14.2-0) %1 *176.8/[0.5 * (1410 + 1.4-10° ) + (14.2- 0) * =5.678
0.7981] *0.7981 MITa

[l - 2K, (-9 g []

05 {0y +Dg)+(s-c)-¥, k

[IIupuHa 30HBI YKpEIUICHUSL:
Ly= Iu'DP ds—el =410 *(14.2-0)" =141 mm

PacuérHast mupyuHa 30HBL YKPEIICHHS:
lp=L, =141 mm

Pacuérnblit nuamerp:

iy, =04 ,fﬁp CE=C)  =04*1410*(142-0)" =564 MM

+11p (s —es) g1 +lap sy ga Hlap sz —es—ca ) s

1
1, -ls—¢
¥ = min 91, — ( - jz 1
_ Y
140502 e I Rl I P 3
1 D, @ L,

= min{l; [1 + (25.86 * (5.49—0) * 0.7878 + 0 *0 * 0 + 0 * (5.49 —0— 0) * 0.7878) / (141 * (14.2—0))] / [1 + 0.5 * (85.64 — 56.4) / 141 + 2 *
(77.93 +2%0)/ 1.4-10° * 1 /1 * 25.86 / 141] = 0.9393}
=0.9393

o], - 2K (s- 9 ¢ o]
Dy +|[s— .;:I.I,T
JHonyckaemoe nasienne [p] = min{ 6.673; 5.678} Mlla
5.678 MIla > 1.086 MlIla
3akiroueHue: Y cJoBUe MPOYHOCTH U YCTOHYMBOCTH BbINOJIHEHO
[Tnoma s, HEOOX0AUMAsT JIJIs YKPETIJICHUS] OTBEPCTHS:
& =03 [dp - dﬂp]' 8, =0.5*(85.64-56.4) *2.153 = 0.3147-107* m”
Pacnonaraemas miona b YKperuieHus OTBEPCTHUS:
Ay =y -[51— Sp — cs]-j;;l +lop -8y ga +ly -(53 -, - csl:l-13 +1g -[s— p = u:]
=25.86 * (5.49-0.3049-0) *0.7878 + 0 *0 *0 + 0 *(549-0-0) *0.7878 + 141 * (14.2-2.153 - 0)
=0.001804 m°
A, =0.3147-10" M* < 0.001804 m*
3akmroueHre: Y ca0BHE MPOYHOCTH BHIMOJTHEHO

T =2%2%(142-0)*%1 %1768 %0.9393/[1.4-10 + (14.2—0) *0.9393] = 6.673 MIla

Pac4yém e ycnoeusix ucnbimarutii (FludpoucnbimaHusi)

YcioBus HATPYsKeHUs IPU UCHBITAHUAX:

Pacuérnas Temneparypa, T: 20 °C
PacuérHoe BHyTpeHHee H30bITOUHOE MaBieHue, p:  2.728 Mlla

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuyezo wimyuep

JoryckaeMble HampshKeHus it Matepuaia SA-516 70 npu temneparype T = 20 °C (yciaoBus TUAPOUCIBITAHIN):
[6]°= nM*Rep/np= 1*262:0°/1.1= 2.382:10° Mlla

Moynb Ipo0sibHOM yrpyroctu npu temmneparype 20 °C:
E= 210’ MIla

Cesoiicmea mamepuana wmyuyepa

Jlomyckaemble HanpsbkeHus 171 Matepuana SA-106B npu temmneparype T = 20 °C (ycinoBHs THAPOUCTIBITAHMA):
[61°= n*Rep/nr= 1%2482/1.1= 225.6 MIla

Moyib IpoaoEHOM yrpyroctu npu Temieparype 20 °C:
E;= 2-10°MIla

Pacuérnas TonmuHa CTeHKH WTYyIepa:
B I[u:i +2- csj
b= =2.728 %(77.93+2%0)/(2*225.6 *1-2.728) = 0.4739 mm
I .
1P
I[OHYCKEIGMOG JaBJICHHUEC:
_ 2ol (s -y
0] = 3 = 2%225.6%1%(5.49-0)/(77.93 +5.49+0) =29.7 MIla
1+ep e,
29.7 MIla > 2.728 Mlla
BaKIIIO‘{eHI/IeZ YciaoBue MPOYHOCTHU U yCTOﬁ‘[HBOCTH BBIIIOJIHEHO
Pacuérnasa TOJII[MHA CTCHKU HECCYHICTO 3JICMCHTA:

sp = 0.004008 mm

Pacu&rHblil TMaMeTp 0IMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEro YKPEIICHNUS:

5—C
dp=2-| —-0,%| A=) =2%((14.2-0)/0.004008 - 0.8) * (1.4-10° * (14.2 - 0))"°  =9.988-10°
0 : ] Jﬁp (s- ) ( ) ) * (. ( ) MM
d, <dj: YcaoBue IPOYHOCTH BHINOJHEHO

OmHuouwienus 0OnYcKaemovlx HanPsHceHu

/s BHEmIHel yacTu mryuepa:
7= ﬂu'n{l,l:l; - } =min{1.0,225.6/2.382-10 } = 0.9473-107
Fl
K3 = 1

"

P I S D 5 B R B S T Asg el -l ) xg Hf G- e xfy 1% s a1 (s el el g

b-(s-c)

Vo =mingl;
D, ¢ b D ef b

= min{l; (1 + [ (25.86 % (5.49— 0) * 0.9473-10° + 0 %0 %0+ 0 * (549 — 0— 0) *0.9473-10° +  25.86 * (5.49— 0) * 0.9473-10° + 0 *0 * 0
F0*(5.49— 0— 0) *0.9473-10° ) /(158.2 % (14.2-0)]) / ( 1 * (0.8 + (85.64 + 85.64) /(2 ¥ 158.2) + 2% [(77.93+2%0)/1.4-1G %1 /1] *
25.86/158.2 + [(77.93+2%0)/1.4-10*1/1%25.86/1582] ))=0.7259;

=0.7259

dy +dp d'+2-cf o lp d'+2.cf gp* If

o], - 2K, (s- 0)-g-[o] . S2R2E(I42-0) 1% 238210 /(0.5 (1410 + 1410°) + (14.2-0) = 6.963-10°
05 DL +DgJ+ls-c)w, 1 F07239 %0725 MITa

IITupuHa 30HBI YKPEIUICHUS:
Ly=Dp-ls—c) =@410*142-0)" =141 mm

Pacuérnast mmprHa 30HbI YKPETUICHUS:
lp=L, =141 Mmm

Pacuérnblit nuamertp:
dl:lp =04. . T8—C)  =04*1410*(14.2-0)"% =56.4 MM

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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1+111:- s —eg) 1 +lap sy Kz Hlap (s -0 —cq ) xs

1. -ls==¢
T = minAdl; ] ol - 32 1
. ey
1o e AN i I S )
1 D, %1 1

= min{l; [1 + (25.86 * (5.49 — 0) * 0.9473-10° + 0 *0 * 0 + 0 * (5.49— 0~ 0) *0.9473-10° ) / (141 * (14.2 — 0))] / [1 + 0.5 * (85.64 — 56.4) / 141
2% (77.93+2%0) /1410 *1/1 %2586/ 141] = 0.8897)
=(0.8897

[P]p _ 2K (- C:]'q:"[lj].v
DP +|Is— cj-?
Jlonyckaemoe nasienue [p] = min{ 8.52:10°; 6.963-10° } MIla
6.963-10° MIla > 2.728 MIla
3aKH}O‘IeHI/Iei YciaoBue MPOYHOCTH U yCTOﬁ‘ll/lBOCTl/l BBIIIOJIHEHO
[Tnomans, HeoOXoauMast UIs YKPETUICHHUSI OTBEPCTHUS:
Ay =050, - dg ) sy 0.5 65.64- 564 *0.004008 = 0.586:107 M
Pacnonaraemas miomanb yKpeIuleHUus: OTBEPCTUSL:
Ay =1y -[sl— fp — c:s]-;;;l +lap o83 Fa +lgp -(53 -, - CSIJ'IE +1p -[s— fp = .::]
=25.86 *(5.49-0.4739-0) * 0.947310° + 0 *0*0 + 0 * (5.49-0-0) *0.9473 107+ 141 * (14.2 —0.004008 - 0)
=0.002002 m*
A, =0.586-107 m* < 0.002002 m*
3aKJI}0‘IeHI/IeZ YciaoBue NMPOYHOCTHU BbLINMOJHEHO

=22 (142 -0) * ] *2.382-10° *0.8897 /[1.4-10° + (14.2—0) *0.8897] = 8.52-10° MIla

Wryuep B4

UcxoaHble AaHHbIe

OneMeHT: MTtyuep B4

VYcioBHOe 0003HaUCHUE (METKA) B4

DIIeMEeHT, HeCYIIUN MITYIEep: Jlautie Topocdepudeckoe
Tun snemenTa, Hecymiero mrynep: JlHume Topochepuueckoe
Tun wrynepa: [Ipoxonasmmii 6e3 yKkperieHus

Marepuan HEeCyILIEero IeMeHTa: SA-516 70
ToJIMHa CTEHKU HECYLIETO 2JIEMEHTA, S: 14.2 MM
CymMma mprbaBOK K CTCHKE HECYIIETro 3JICMEHTa, C: 0 MM
Marepuan mrynepa: SA-106B
BHyTpeHHu# nuamerp mryiepa, d: 77.93 mm
TounmyHa CTEHKU MITYIEpa, S;: 5.49 MM
CymMma nprbaBoOK K TOJIUHE CTCHKH HITyIepa (BKIKYas KOPPO3HIO), C: 0 Mn
JmnHa mrynepa, 1y 625 MM

¥ 4

Cwmemenue mrymnepa, Ry, 210 mm

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Yrox moBopoTa mrytepa, 0: 180 rpanyc
[Mony4eHHBIN yTo HaKIOHA mTyrepa, v:  (-42.98) rpanyc
JliiHa BHYTp. 4acTy TyLepa, ls: 0 MM
[TpubaBka Ha KOPPO3HUIO, Cq: 0 MM
MuHUManbHBIH pa3Mep cBapHoro mBa, A:  14.2 MM
PacuérHble mapaMeTpsl pa3MeIeHHs HITyLepa:
bumxaiinii mrynep

Ha3panue mryuepa: rynep B3
Paccrostame no creHku Onrpkaiimero mrymepa, b:
(#7151 HAKJIOHHBIX IITYIICPOB 158.2 Mmm

OTIpeIeNsIeTCs MPUOIKEHHO )

KoadduiueHTsI MPOYHOCTH CBAPHBIX MIBOB:
IIpononbHbI OB WITYLEpPA:

¢ =1

[IToB 0Oeyaiiku B 30HE BPE3KH MITyICpa:
o =1

PaC‘IéTHHﬁ }II/IaMeTp TOpOC(I)epI/I‘IeCKOFO 501050 H€0T60pTOBaHHOF0 C(l)epI/IquKOFO JHHUIIA:
Dp=2R =2+700 =1410°wum

Pac4yém e pabo4ux ycnoeusix

YciioBust HATPYKEHUS:

Pacuérnas remneparypa, T: 425 °C
PacuérHoe BHyTpeHHEe U30bITOYHOE MaBieHue, p:  1.089 Mlla

PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomnyckaeMmble HANpsKEHUs Juis Matepuaia SA-516 70 npu temneparype T = 425 °C (pabouue ycioBus):

[6]= m*min( Ry/nr; Ryy/me; Ruyiows / g Roronone / Ng) = 1¥min{1.831:10°/ 1.5, 424.3/2.4; -/~ - /=)= 176.8 MIIa
Moy IpoI0JIBEHONM yrpyrocTu npu Temmeparype 425 °C:

E= 1.887-10° MIla

Ceoiicmea mamepuana wumyuyepa

Jlomyckaemble HanpspKeHus 11 mateprana SA-106B npu temneparype T = 425 °C (pabGouue ycnous):

[6]i= m*min( Rey/nr; Royy/ng; Ruyione / 0y Ry onony / 1) = 1¥min{208.9 /1.5, 405.7 /2.4, -/~ -/-}=  139.3 MIla
Moayib IPOI0JILHOM yIpYrocTy npu reMneparype 425 °C:

E,= 1.887-10° MIla

PacuérHas ToNmmuHA CTEHKH MITyIEpa:
f -I[u:i +2- cs:l
Sy = =1.089 *(77.93 +2%0) /(2 *139.3*1-1.089) = 0.3058 MM
2z '3|; R
Honyckaemoe naBiaeHue:
2ol (s - o)
0] = = 2%]1393%1%(549-0)/(77.93+ 549 +0) =18.33 MIla
dy+s8+¢c,
18.33 MIla > 1.089 MIla
3akmroueHne: Y cJ0BUE MPOYHOCTH H YCTOHYMBOCTH BBINOJHEHO
PacuérHas TonmmMHa CTEHKH HECYIIETO AJIeMEeHTa:
sp=2.159 Mm

Pacuérnblii qmaMeTp oTBepCTHS (CMEMIEHHBIN MTYIEP Ha BBITYKJIOM JTHUIIIE):

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



=(77.93+2%0)/[1-2*210/1.4-10°)’] = 85.64 MM

PacuérHblil TuamMeTp OJAMHOYHOTO OTBEPCTHS, HE TPEOYIOMIETO YKPEIUICHUS:

dp=2- E—D,E JDp (s=dl  =2%((142-0)/2.159-0.8) *(1.4:10" *(14.2-0))"” =1.629-10° Mmm
s

b
d, <do: YcaoBue mpoyHOCTH BHINOJTHEHO

r [}
d 5]
f
1 N
2 \:_-7 b_._'_———ﬂ.
N.'. ._!' \:—r-ﬂl
[
(1 B
"\ ,F"“L r3. i
\ Ds | Dy S |

— LN

OTBepCTI/Ie CUHUTACTCs OAUMHOYHBIM, CCIIN OmmKaiiiiee K HEMY OTBCPCTUC IHTyuep B3 He oka3piBaeT Ha HETO BJIMSAAHUA,
T.C. paCCTOAHNUC MECIKY HAPYKHBIMU MMOBEPXHOCTAMU COOTBETCTBYIOIUX HITYHEPOB YAOBJICTBOPACT YCIOBUIO!

b w,{Di: (=-d) + JD; (8= = (1410 *(14.2-0)"" + (1410 * (142~ 0))" =282 mm

VYcaoBre He BBITOJHEHO, TPEOYETCS TOTIOTHUTEIBHBIN PacUéT YKPETICHHM.

Pacuérnas nnuHa BHEIIHEW YacTu MITyLepa:
e =min[11; 125 {8+ 2 ¢, ) (5, -, )] = min{ 625; 1.25 * ((77.93 + 2 %0) * (549 0))'”}  =25.86 mm

OmHnowienua 00nycKaemovix HAnPANCEHU

st BHEIIHEH yacTy WTynepa:
1= ﬂu'n{l,[l; [G]l} =min{1.0, 139.3/176.8} =0.7878
]

Pacuérhas [y1MHa BHYTpEHHEH 4acTu IITylepa:
lap = mjn{l3; 0.5 Jfd+2c,) (s —c. -.:51)] =min{ 0; 0.5 *((77.93+2%0) *(549-0-0)""} =0 MM

K3 = 1

1+1{p G L A LA R IR TR R C SRR S LA Bt S LA C BT S
b(z-c)
d +d£]+Kl[d'+2-c; o' lp  #'r2cl 9 1h

V) = mindi;
Do @] h Df w] b

= min{l; (I +[ (25.86 % (5.49—0) *0.7878 + 0% 0 * 0+ 0 * (549~ 0— 0) *0.7878 +  25.86 * (5.49—0) *0.7878 + 0 *0 * 0+ 0 * (5.49 —
0 0)%0.7878) /(158.2 % (14.2-0))]) /( 1 * (0.8 + (85.64 + 85.64) / (2 * 158.2) + 2*[(77.93 +2%0)/1.4-10 * /1 *25.86/158.2 +
[(77.93 +2%0)/1.4-10 *1/1%25.86/158.2] )) = 0.7981}

=0.7981

1{3[u.s+

=2%2%(14.2-0)*1%176.8/[0.5*(1.4-10 + 1.4-10°) + (14.2-0) * =5.678

V1 0.7981] *0.7981 MlIla

2Ky (s- 09 5]
ek - 03-Dg +D£]+(;P— KT

IITupuHa 30HBI YKpPEIUICHUS:

L,= Iu'DP- s—c| =(1410*142-0)" =141 Mm

PacuérHas muprHa 30HB! YKPEIUICHHS:
lp=L, =141 Mmm

Pacuérnbiit nuamerp:
dl:lp =04. . M8—C)  =04*1410*(14.2-0)" =56.4 MM

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



1+111:- s —eg) 1 +lap sy Kz Hlap (s -0 —cq ) xs

1. -ls==¢
T = minAdl; ] ol - 32 1
. ey
1o e AN i I S )
1 D, %1 1

= min{l; [1 + (25.86 * (5.49—0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 — 0~ 0) * 0.7878) / (141 * (14.2—0))] / [1 + 0.5 * (85.64 — 56.4) / 141 + 2 *
(77.93 +2%0)/ 1.4-10 * 1 /1 *25.86/ 141] = 0.9393)
=0.9393

[P]p _ 2K (- C:]'q:"[lj].v
Dy +|Is— cj-?
Homyckaemoe nasienwue [p] = min{ 6.673; 5.678} Mlla
5.678 Mlla > 1.089 MIla
3axmroueHre: Y ca0BHE MPOYHOCTH H YCTOMYNBOCTH BBINOJIHEHO
[Tnomaas, HeOOX0AUMast ISl YKPETIJIEHUS] OTBEPCTHS:
Ay =050, - dg ) s, 05 E5.64- 5642159 =03156:10"
Pacnonaraemast mioma b YKperuieHus OTBEPCTHUS:
Ay =1y -[sl— fp — c:s]-;;;l +lap o8y Fa +lgp -(53 -, - CSIJ'IE +1p -[s— fp = .::]
=25.86 *(5.49-0.3058-0) *0.7878 + 0 *0 * 0+ 0 *(5.49-0-0) *0.7878 + 141 * (14.2-2.159 - 0)
=0.001803 m*
A, =0.3156:10" m* < 0.001803 m°
3akimoueHne: Y cJI0BHEe MPOYHOCTH BHINMOJTHEHO

=2%2%(142-0)*1*176.8 *0.9393/[1.4-10 + (14.2—0) *0.9393] = 6.673 MIla

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

YcaoBus HArpyK€eHusd nNpu MCHbITAHUAX:

Pacuérnas remneparypa, T: 20 °C
PacuérHoe BHyTpeHHEe U30bITOYHOE naBieHue, p:  2.732  Mlla

PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomyckaeMble HANpsKeHUs Ui Matepuaia SA-516 70 npu temneparype T = 20 °C (yCa0BHS THAPOUCIBITAHUMN):
[6]°= M*Rep/nr= 1*262:0°/1.1= 2.382:10° MIla

Moayib npoosibHOM ynpyroctu npu temneparype 20 °C:
E= 210’ MIla

Ceoiicmea mamepuana wumyyepa

JHoryckaeMmble HanpsokeHus 1uist Mmatepuaia SA-106B npu remneparype T = 20 °C (yciaoBust TUAPOUCIIBITAHIIA):
[6]°= M*Ren/np= 1%2482/1.1= 225.6Mlla

Moynb poosbHOM yrpyroctu npu temmneparype 20 °C:
E,= 2-10°MIla

PacuérHast ToNMImKHA CTCHKY MITYICpa:
B [d +2- Esj
= =2.732%(77.93+2%0)/(2%225.6 *1-2.732) =0.4746 mm
2z '3|; R
Jormyckaemoe JTaBIcHHUE:
2]y gy (e
[r] = = 2%225.6%]%(549-0)/(77.93 +5.49+0) =29.7 MIla
dy+s +e,
29.7 Mlla > 2.732 MlIla
3akmroueHue: Y cia0BUe NPOYHOCTH U YCTOMYHMBOCTH BbHINOJIHEHO
PacuérHas TommuHA CTEHKH HECYIIIETO YIEMEHTa:

sp = 0.004014 mm

Pacu€THbIit TMaMeTp OAMHOYHOTO OTBEPCTHS, HE TPEOYIOIIETO YKPETUICHUS:

dg =2 [SS__E—D,E : ,IEP (E=C)  =2%((14.2-0)/0.004014—0.8) * (1.4-10° * (14.2-0)"*  =9.974-10° MM
T
d, <dp: YcaoBue IPOYHOCTH BbINOJHEHO

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



OmHnowienus 00OnycKaemovixX HAnPANCEHUl

/s BHemHel yacTu mwryuepa:

11=mn{1,n-,ﬁ} =min{1.0, 225.6/2.382-10 } = 0.9473-10"
1=

K3 = 1

Hp (1700 21+l 5 %5 g sy —el-eh ) nd (] - ) gy + 1 g g+ (s el - o) xd
b-ls—)

dy, +dp d4Zoch @t U d'+2.¢" ¢ 1f
K;[D.E+ P %]H{l[ ey e b

Vqi=ttql;
D; ¢ b D gl b

=min{l; (1 + [ (25.86 * (5.49—0) * 0.9473-10° + 0 * 0 * 0 + 0 * (5.49— 0— 0) *0.9473-10° + 25.86 % (5.49—0) *0.9473-10° + 0 * 0 * 0

+0*(5.49— 0— 0) *0.9473-10° ) /(158.2 % (14.2-0))]) /( 1 * (0.8 + (85.64 + 85.64) /(2 *158.2) + 2*[(77.93+2%0)/1.4-10 *1/1 *

25.86/158.2 + [(77.93+2%0)/1.4-10 *1/1%2586/158.2] ))=0.7259}

=0.7259

=2%2%(142-0)*%1%2.382-10/[0.5* (1.4-10' + 1.4-10° ) + (14.2-0) = 6.963-10°
*(.7259] *0.7259 MIla

2K, (-0 g [5]
ok - 03D} +D;J+(T- KT

.Hl

[[IupuHa 30HBI YKpEIUICHHS:

Ly= H'Dp' s—c| =(1410%(142-0)" =141 MM

PacuérHas muprHa 30Hbl YKPEIUIEHHS:
lp=L, =141 mm

Pacuérnblit nuamertp:

dyp =04 ,fﬁp (3—C)  =04*1.410*(142-0)"" =56.4Mm

hp (s —cg) k1 +lap sz %2 +Hlap lss—co—ea ) %3
11:, -|IS— I::I
d+2-c5 g 11P
P Dp 91 1p
= min{l; [1 + (25.86 % (5.49— 0) * 0.9473-10° + 0 ¥ 0 * 0 + 0 * (5.49 — 0— 0) * 0.9473-10° ) / (141 * (14.2— 0))] / [1 + 0.5 * (85.64 — 56.4) / 141
+2%(77.93+2%0) /1410 * 1 /1 % 25.86/ 141] = 0.8897)
=(0.8897

1+

WV =min<1;
dp —dop
1+|:|_j-1—+1{1-

=2%2%(14.2-0) * [ *2.382-10° *0.8897 /[1.4-10° + (14.2-0) *0.8897] = 8.52-10° MIla

o], - N '331'f|="['1‘]_v
DP +(s— c)-?
Jomyckaemoe aaBieHue [p] = min{ 8.52:10°; 6.963-10° } MIla
6.963-10° MITa > 2.732 MIla
BakiaroueHue: Y ciaoBue MPOYHOCTH U yCTOﬁqHBOCTM BBIIIOJIHEHO
HJ'IOH_IEIIIB, HeO6XOI[PIMaH JJI YKPCIJICHUS OTBEPCTHUA:
Ay =050, - dg ) sy =05 % (85.61- 564 *0.000014 = 05868107 m>
Pacnonaraemas IJI01aib YKPCIUICHUS OTBEPCTHA:
Ay =1y -{sl— fpp — Cs}'?'i',l +lop 8y xg +ly -(53 -, - CSIJ'IE +1p -{s— 5p .::}
=25.86 * (5.49 - 0.4746 - 0) * 0.9473-10° + 0 * 0 * 0 + 0 * (5.49 - 0- 0) * 0.9473-10° + 141 * (14.2-0.004014 - 0)
=0.002002 m°
A, =0.5868-107 M* < 0.002002 m*
BakiroueHue: YciaoBue NMPOYHOCTHU BBINNOJHEHO

Wryuep B3

UcxoaHble AaHHbIe

DIIeMEHT: tynep B3
VYcnoBHOe 0003HaUeHNE (METKA) B3
DNeMEeHT, HeCYIIM ITyLep: Jlaune Tropocdepuueckoe

Twum anemenra, Hecymiero mrynep: JHume Topocdepudeckoe
Tun wrynepa: [poxomsmmii 6e3 yKperuieHus

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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Marepuan HECYIIEro HIEMEHTA: SA-516 70

ToJMHa CTEHKU HECYLIETO 2JIEMEHTA, S: 14.2 MM
CymMma mprbaBOK K CTCHKE HECYIIETrO 3JICMEHTa, C: 0 MM
Marepuan mrynepa: SA-106B
BHyTpenHnit tnamerp mrytepa, d: 77.93 mm
TounmMHa CTEHKW MITYIEpa, S;: 5.49 MM
CymMma nprbaBoOK K TOJIUHE CTCHKH HITyIepa (BKIKOYas KOPPO3HIO), C: 0 Mn
Jina mrynepa, 1;: 425 Mm

¥ &

Cwmermenue mrymnepa, Ry, 210 MM

Yron moBopoTa mrytepa, 0: 108 rpanyc
[Mosy4eHHBIN yrol HakIoHa mTynepa, y:  (-42.98) rpanyc
JlnHa BHYTp. 4acTH IITyLEpa, lj: 0 MM
[TpubaBka Ha KOPPO3UIO, Cq: 0 MM

MuHUMaNbHBIH pa3Mep cBapHoro mBa, A:  14.2 MM
Pacuérnble mapamMeTpsl pa3MelleHus ITyuepa:
bumxainii mrynep

Ha3Banue mryuepa: rynep B2
Paccrosinue 1o cTenku Onmkaiimero mrynepa, b:
(7151 HAKIJIOHHBIX HITYIIEPOB 158.2 m

oTmpenensIeTcs: NPUOIMKEHHO)

KoahunmeHTsl IpOYHOCTH CBAPHBIX IIIBOB:
IIpononbHbIi OB HITYLEpPA:

¢ =1

[IToB 0Ocuaiiku B 30HE BPE3KH IITyICpa:
¢ =1

Pacuérnplii nmaMetp Topochepruaeckoro Win HeoTOOPTOBAaHHOTO C(HEePUIECKOTO THHIIA!

DP =2 F =2+%700 =1410°Mm

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Pac4yém e pabo4ux ycnosusix

YciioBust HATPYKEHUSA:

Pacuérnas temneparypa, T: 425 °C
PacuérHoe BHyTpeHHee n30bITOUHOE MaBieHue, p:  1.087 Mlla

PacuéT ykpenneHusa otBepctusi no FOCT 52857.3-2007

Cesoiicmea mamepuana nemenma, Hecyuiezo uimyuep

Jlomyckaemple HanpspkeHust A matepuana SA-516 70 npu temnepatype T = 425 °C (paboune ycnoBus):

[6]= m*min( Rey/nr; Ruy/ng; Ruyiong / 0 Ryponone / Ny = 1*min{1.831-10°/1.5; 424.3/2.4; -/~ -/-}=  176.8 MIla
Moyib IIpoI0JIbHOM yIPYrocTu npu temueparype 425 °C:

E= 1.887-10° MIla

Ceoiicmea mamepuana wumyuyepa

JonyckaeMmble HanpsiKeHus Ui Matepuaia SA-106B npu temneparype T = 425 °C (pabouwue ycioBus):

[6]i= m*min( Rey/ny; Ro/np; Ruyrony / ng; Ryp ooy / Ng) = 1*min{208.9 /1.5, 405.7/2.4; -/~ - /== 139.3 Mlla
Moayib IpoJI0JILHOM yIPYrocTy npu teMneparype 425 °C:

E,= 1.887-10° MIla

PacuérHast ToNMmMHA CTEHKH IITYyIEpa:
_ P '(d +4- csj
4 UI; op
Jomyckaemoe naBieHue:
2ol (s - o)
0] = = 2%]393%1%(549-0)/(77.93+ 549 +0) =18.33 MIla
dy+s8+¢c,
18.33 MIla > 1.087 MIla
3akiroueHue: Y cJ0BUE MPOYHOCTH U YCTOHYNBOCTH BbINOJIHEHO
PacuérHas TonmuHa CTEHKH HECYIIETO AJIeMEeHTa:
Sp=2.156 Mm

PacuérHblit tuameTp oTBepCTHA (CMEIIEHHBIN IITYLEp Ha BBIIYKIOM JHUINE):
d+2-¢
5

=1.087 *(77.93 +2*0) /(2 *139.3*1-1.087) = 0.3054 mm

P

2
i [2 . ] =(77.93+2%0)/[1-2%210/14-10°)’)] = 85.64 MM
Dp

PacuérHpIil THamMeTp OANHOYHOTO OTBEPCTHS, HE TPEOYIOMIETO YKPEIUICHHUS:

E=r
dp=2-| —-0F| qE=d)  =2%((14.2-0)/2.156 - 0.8) * (1.4-10° * (142 - 0))"  =1.632-10°
0 [ S Jﬁp (s-c) ( ) ) * (. ( ) MM
d, <do: YcjoBHe NIPOYHOCTH BBINOJTHEHO

4, s 4" f
i ]
s 0T b
= L | w =1 15
| e ]
e ] l :"Mtl q i
2 =N
\ w hy H Sg /
% "
\ ._p_“ DP ﬁ |

OtBepcTHe cUMTAETCs OJIMHOYHBIM, eci OJkaiiiee k Hemy orBeperre ltynep B2 He oka3biBaeT Ha HEro BIMSHMUS,
T.€. pPaCCTOSHUE MEK]ly HAPYKHBIMU ITIOBEPXHOCTSAMH COOTBETCTBYIOLIMX IITYLIEPOB yIOBJIECTBOPSIET YCIOBUIO:

b JD; (a-c) + JD; (=) = (1410 *(14.2-0)"" + (1410 * (142-0))" =282 mm

VYcroBue He BBITIOIHEHO, TPeOyeTCs JONOTHUTENBHBIA PACYET YKPETUICHUH.

Pacuérnas nnuHa BHEIIHEW YacTu MITyLepa:
L =mjn[11; 1.25 \.'rlid+ 2, s -t )] =min{ 425, 1.25 * ((77.93 + 2 *0) *(5.49-0)"*} =25.86 MM
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OmHuouienus 00nycKkaemovixX HaAnPANCeHUl
/s BHemHel yacTu mwryuepa:
o
%1 = minna10; ﬂ =min{1.0, 139.3/176.8) = 0.7878
Ij

PacuérHas yrHa BHyTpeHHEH 4acTu Tylepa:
Iz = mjn{l3; 0s. xl'r(d"‘ 2o, :|.|153 -t _.351)] =min{ 0; 0.5 % ((77.93 +2%0) *(5.49-0-0)"?} =0 MM

K3 = 1

t

R O R R +lp (s —ef - e ) xd +lp (s - o) gl 1% cef kg +1g (5 el - ef) xg
b-(s—1c)

d'+“’ dr 2_r .«1' df 2_«- fl"
K3[0-8+ 2 dp]ﬂ-il[ TLG p T O HSE B b

V) = mindl;
D! ¢ b D! of b

= min{l; (1 +[ (25.86 % (5.49—0) *0.7878 + 0 * 0 * 0 + 0 * (549 — 0— 0) *0.7878 +  25.86 * (5.49—0) *0.7878 + 0 * 0 * 0 + 0 * (5.49 —

0— 0) *0.7878) /(158.2 % (14.2-0))]) /(1 * (0.8 + (85.64 + 85.64) /(2 *158.2) + 2*[(77.93 +2%0)/1.4-10 *1/]1 *25.86/158.2 +

[(77.93 +2%0)/1.4-10 *1/1%25.86/158.2] ) = 0.7981}

=(0.7981

[p]g= :’-'Kl'ﬂs—ﬂﬁl'qﬂ'[‘j] v =2%2%(14.2-0)*%1*176.8/[0.5*(1.4-1G + 1.4-10°) + (14.2-0) * =5.678
05Dy +DgJ+le-c)-w, 1 079811 %0.7981 MITa

ITupuHa 30HBI YKpPEIUICHUS:

L,= Iu'DP- s—c] =(1410%(142-0)" =141 mm

PacuérHas muprHa 30HEI yKpEIJICHUS:
Ip=1L, =141 mm

Pacuérnbiit nuamerp:

dop =04 Dy (5-0)  =04*1410*142-0)"” =564mm

hp (s —cg) k1 +lapsa %2 +lap [ss —co—ea ) 13
lp-(s— I::I
d+Z-c; @ 1lP

1+

V = min a1,
: -d

1+n.5-d1’—°P+Kl-
lp Dy o1 L

=min{l; [1+ (25.86 % (5.49—-0) *0.7878 + 0 *0 * 0+ 0 *(549—-0—-0) *0.7878) / (141 * (14.2—-0))] /[1 + 0.5 * (85.64 — 56.4) / 14] + 2 *

(77.93+2%0)/1.4-10°* 1 /1 *25.86/141] = 0.9393}

=0.9393

N =2%2%(142-0)*%1 %1768 *0.9393/[1.4-10 + (14.2-0) *0.9393] = 6.673 MIla

[e], - 2K (s- 9 ¢ o]
DP +|[s— .;:I.I,T
Homyckaemoe nasienwue [p] = min{ 6.673; 5.678} Mlla
5.678 MIla > 1.087 MlIla
3akimoyeHre: Y CJI0BHE MPOYHOCTH M YCTOMYHBOCTH BBITIOJTHEHO
[Tnomaas, HeOOX0AUMAst JIJIs YKPETIJICHUSI OTBEPCTHS:
by =050, - dgp) 8y 05 85.64- 564 %2156 =0.3152:10" m?
Pacrnonaraemas ioniaab yKpeIruieHUs] OTBEPCTHS:
Ay =1y -[51— fp — Cs]-:{_l +lgp 8y a +lgp -(53 -, - csl:l-13 +1p -[s— fp = u:]
=25.86 * (5.49-0.3054-0) *0.7878 + 0 *0 * 0+ 0 *(549-0-0) *0.7878 + 141 * (14.2-2.156 - 0)
=0.001804 m*
A, =0.3152:10" M> < 0.001804 m°
3akoueHue: Y cia0BUe NPOYHOCTH BbINOJHEHO

Pac4yém e ycnoeusix ucnbimarutii (FludpoucnbimaHusi)

YcaoBus Harpy->k€Husi Ipyu HUCHbITAHUAX:

Pacuérnas temneparypa, T: 20 °C
PacuérHoe BHyTpeHHEe N30bITOYHOE NaBieHue, p:  2.73  Mlla

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuyezo wimyuep

JoryckaeMble HampshKeHus it Matepuaia SA-516 70 npu temneparype T = 20 °C (yciaoBus TUAPOUCIBITAHIN):
[6]°= nM*Rep/np= 1*262:0°/1.1= 2.382:10° Mlla

Moynb Ipo0sibHOM yrpyroctu npu temmneparype 20 °C:
E= 210’ MIla

Cesoiicmea mamepuana wmyuyepa

Jlomyckaemble HanpsbkeHus 171 Matepuana SA-106B npu temmneparype T = 20 °C (ycinoBHs THAPOUCTIBITAHMA):
[61°= n*Rep/nr= 1%2482/1.1= 225.6 MIla

Moyib IpoaoEHOM yrpyroctu npu Temieparype 20 °C:
E;= 2-10°MIla

Pacuérnas TonmuHa CTeHKH WTYyIepa:
B I[u:i +2- csj
b= =2.73%(77.93+2%0)/(2%225.6*1-2.73) =(.4742 mm
i UE TP
JlonyckaeMoe JIaBJieHHe:
_ 2ol (s -y
0] = 3 = 2%225.6%1%(5.49-0)/(77.93 +5.49+0) =29.7 MIla
1 s+,
29.7 Mlla > 2.73 Mlla
BakimoueHue: Y C/I0BHE MIPOYHOCTH M YCTOMIMBOCTH BBHITIOJTHEHO
PacyérHas TOJNIUHA CTEHKH HECYIIETO dJIEMEHTA:

sp = 0.004011 mm

Pacu&rHblil TMaMeTp 0IMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEro YKPEIICHNUS:

5—C
dp=2-| —-0,%| A=) =2%((14.2-0)/0.004011 - 0.8) * (1.4-10° * (14.2-0)"" =9.981-10°
0 : ] Jﬁp (s- ) ( ) ) * (. ( ) MM
d, <dj: YcaoBue IPOYHOCTH BHINOJHEHO

OmHuouwienus 0OnYcKaemovlx HanPsHceHu

/s BHEmIHel yacTu mryuepa:

o
1 = min 1,D;ﬂ =min{1.0,225.6/2.382-10 } = 0.9473-10°>
U
K3 = 1
1l ki s RS+ st —ei-eh ) as Hp G- e xfy +1% osh xS 1 (-l -l 1)

b-ls—)
dy +dp d42och @t i d'+2.¢" ¢ 1f
K3[D.3+ P dP]+K1[ Cy @ 1P+ Ce @ ‘hp

Vqi=ttql;

D1; p] b D; el b

= min{l; (1 + [ (25.86 * (5.49—0) *0.9473-10° + 0 %0 * 0 + 0 * (5.49— 0— 0) *0.9473-10° +  25.86 * (5.49— 0) * 0.9473-10° + 0 * 0 * 0

FO*(5.49— 0— 0) *0.9473-107 ) /(158.2 % (14.2-0)]) / ( 1 * (0.8 + (85.64 + 85.64) / (2 ¥ 158.2) + 2% [(77.93 +2%0) /1.4-10 *1/1 *
25.86/158.2 + [(77.93+2%0)/1.4-10 *1/1%2586/158.2] )) = 0.7259;

=0.7259

=2%2%(142-0)*%]1%2.382-10/[0.5* (1.4-10° + 1.4-10° ) + (14.2-0) = 6.963-10°
*(0.7259] *0.7259 MIla

2K es]
ek - 05 DL +D5]+(s-c)-¥, "1
IITupuHa 30HBI YKPEIUICHUS:
Loy=.Dpls=c] =@a10*a42-00" =141 mm

Pacuérnas mupuHa 30Hbl YKPEIJICHHS:
=1L, =141 Mmm

Pacuérnbliit nuamerp:
dop =04 Dy (5-0)  =04*@410x142-0)" =564mm

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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1+111:- s —eg) 1 +lap sy Kz Hlap (s -0 —cq ) xs

1. -ls==¢
T = minAdl; ] ol - 32 1
. ey
1o e AN i I S )
1 D, %1 1

= min{l; [1 + (25.86 * (5.49 — 0) * 0.9473-10° + 0 *0 * 0 + 0 * (5.49— 0~ 0) *0.9473-10° ) / (141 * (14.2 — 0))] / [1 + 0.5 * (85.64 — 56.4) / 141
2% (77.93+2%0) /1410 *1/1 %2586/ 141] = 0.8897)
=(0.8897

[P]p _ 2K (- C:]'q:"[lj].v
DP +|Is— cj-?
Jlonyckaemoe nasienue [p] = min{ 8.52:10° ; 6.963-10° } MIla
6.963-10° MIla>2.73 Mlla
3aKn}oquI/1e: YciaoBue MPOYHOCTH U yCTOﬁ‘ll/lBOCTl/l BBIIIOJIHEHO
[Tnomans, HeoOXoauMast UIs YKPETUICHHUSI OTBEPCTHUS:
Ay =050, - dg )8y, —0.5%(85.64- 564 *0.004011 = 05864107 w?
Pacnonaraemas miomanb yKpeIuleHUus: OTBEPCTUSL:
Ay =1y -[sl— fp — c:s]-;;;l +lap o83 Fa +lgp -(53 -, - CSIJ'IE +1p -[s— fp = .::]
=25.86 *(5.49-0.4742-0) * 0.947310° + 0 *0*0 + 0 * (5.49-0-0) *0.9473 107+ 141 * (14.2-0.004011 - 0)
=0.002002 m*
A, =0.5864-107 m* < 0.002002 m>
3aKJI}0‘IeHI/IeZ YciaoBue NMPOYHOCTHU BbLINMOJHEHO

=22 (142 -0) * ] *2.382-10° *0.8897 /[1.4-10° + (14.2—0) *0.8897] = 8.52-10° MIla

Wryuep B1

UcxoaHble AaHHbIe

OneMeHT: [MTynep Bl

VYcioBHOe 0003HaUCHUE (METKA) Bl

DIIeMEeHT, HeCYIIUN MITYIEep: Jlautie Topocdepudeckoe
Tun snemenTa, Hecymiero mrynep: JlHume Topochepuueckoe
Tun wrynepa: [Ipoxonasmmii 6e3 yKkperieHus

Marepuan HEeCyILIEero IeMeHTa: SA-516 70
ToJMHa CTEHKU HECYLIETO 2JIEMEHTA, S: 14.2 MM
Cymma npr0aBOK K CTCHKE HECYIIETro 3JIEMEHTa, C: 0 MM
Marepuan mrynepa: SA-106B
BHyTpeHHu# nuamerp mryiepa, d: 77.93 mm
TounmyHa CTEHKU MITYIEpa, S;: 5.49 MM
CyMMa rmprbaBoK K TOJIIMHE CTEHKHU IITyIepa (BKIII0Yas KOPPo3uio), cs: 0 MM
Jnuna mrynepa, 425 Mmm

7 &

Cmemienue mrynepa, Ry 210 mm
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Yrox moBopoTa mrytepa, 0: 324 rpanyc
[Mony4eHHBIN yTo HaKIOHA mTyrepa, v:  (-42.98) rpanyc
JliiHa BHYTp. 4acTy TyLepa, ls: 0 MM
[TpubaBka Ha KOPPO3HUIO, Cq: 0 MM
MuHUManbHBIH pa3Mep cBapHoro mBa, A:  14.2 MM
PacuérHble mapaMeTpsl pa3MeIeHHs HITyLepa:
bumxaiinii mrynep

HasBanue mrynepa: tyuep BS

Paccrosiaue no cTeHku Onamxkaiiiiero mryiepa, b:

(7151 HAKJIOHHBIX HITYIIEPOB 152.3 MM
ompeensaeTcs: NPUOIMKEHHO)

KoahpunnenTsr poYHOCTH CBAPHBIX IIBOB:

IIponosibHBIN OB WITYLIEPA:

¢ =1

IIIoB oOeuaiiky B 30HEe BPE3KH IITYIEpa:
o =1

PacuérHbiit nuameTp TopocheprHuecKoro WiIn HeOTOOPTOBAHHOTO CHEPHUUECKOTO THUIIA:
Dp=2R =2%700 =1410°um

Pac4yém e pabo4ux ycnoeusix

YciioBusI HATPYKEHUSA:

Pacuérnas remneparypa, T: 425 °C
PacuérHoe BHyTpeHHee n30bITOUHOE MaBieHue, p:  1.087 Mlla

PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyujezo wimyuep

JornyckaeMmble HANpsKEHUs Ui Matepuaia SA-516 70 npu temneparype T = 425 °C (pabouue ycioBus):

[c]= m*min( Rey/nr; Ryy/ne; Ruyione / ng; Ryponnone / 1) = Dmin{1.831-10'/ 1.5, 424.3/2.4; -/~ -/-}=  176.8 MIla
Moy Ipoa0IBEHONM yrpyrocTu npu Temmeparype 425 °C:

E= 1.887:10° MIla

Ceoiicmea mamepuana wumyuepa

JlonyckaeMmble HanpskeHus i Matepuaia SA-106B npu temneparype T = 425 °C (paboumue ycioBus):

6= m*min( Revng; Ru/ng; Ruyions / 0 Rojonony / 0y) = 1#*min{208.9/1.5; 405.7/2.4; -/ /=)= 139.3 MIla
Moayib IpoI0JIbHOM yIpYrocTy npu reMneparype 425 °C:

E,= 1.88710° MIla

Pacuérnas TonmuHa CTeHKH WTylepa:
P -(d +2- '35)
B = =1.087 *(77.93 +2*0)/(2*139.3*1-1.087) =0.3054 mm
2l @ —
-r
Jonyckaemoe naBieHue:
_ 2ol (s -y
[p]= = 2%]393%]%(549-0)/(77.93+549+0) =18.33 MIla
di+s+e,
18.33 MIla > 1.087 MIla
3akmroueHne: Y cJ0BUE MPOYHOCTH U YCTOHYMBOCTH BbINOJIHEHO
PacuérHas TonmmuHA CTEHKH HECYIIETO JIEMCHTA:

Sp = 2.156 Mm
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Pacuérnblit amaMeTp oTBepCTHS (CMEIIEHHBIN MITYIEP HA BBHITYKJIOM JTHUIIIE):
d+2-c,
T 2
| IR, =(77.93+2%0)/[1-2%210/14-10°)’] = 85.64 MM

P

PacuérHpIil TamMeTp OAWHOYHOTO OTBEPCTHS, HE TPEOYIOMIETO YKPEITUICHHUS:

5=
dp=2-| —-0%| 2= =2%((14.2-0)/2.156 - 0.8) * (1.4-10° * (142 - 0))"  =1.632-10°
0 > -\.Ilﬁp (s-c) (. ) ) * (. ( ) MM
d, <dy: YcioBHe NPOYHOCTH BBINOJTHEHO

4. s 4" !

' I

- - r » 2 e
2 s v el NN A
o | H T—-____.:_:_/_ --..___>

T N
" ¥ = i) !
-.'\ ' 52 ik "
oY e 85 |
) Dy > )

S R A

OTBepcTHE CYUTAETCS OAMHOYHBIM, ecii Okaiiiee Kk HeMy otBepcture LlITyrnep BS He okasbiBaeT Ha HETO BIUSHHUSA,
T.€. PACCTOSHUE MEX/Ty HAPYKHBIMH [TOBEPXHOCTSIMH COOTBETCTBYIOIINX INTYIIEPOB YAOBIETBOPSET YCIOBHIO:

b JD; (s-d)+ JD; (8= = (1410 *(14.2-0)"" + (1410 * (142~ 0))" =282 MM

YcnoBue He BHINOIHEHO, TPEOYETCs TOTTOTHUTENBHBIH Pacu€T yKpPETUICHHUH.

Pacuérnas qnuHa BHELIHeH yacTu mryuepa:
L =mjn[11; 1.25 \,Iflld+ 2, s —c, )] =min{ 425, 1.25 * ((77.93 + 2 *0) *(5.49-0)""} =25.86 MM

OmHnowenus 00OnycKaemovix HAnPANCEHU

Jns BHEmHelH yacTu mryuepa:

T = rnjn{l,lil; G]l} =min{1.0, 139.3/176.8) =0.7878
Fl
PacuérHas nyrHa BHyTpeHHEH YacTu Tylepa:
I3 = mjn{l3-, 0.5 fld+2c.) (55 —c. —cﬂj] =min{ 0; 0.5 *((77.93+2%0) *(549-0-0)""} =0 mm

K3 = 1
Hp (1= ) R +lap 53 +lp (s - el - e )nd U G- e xfi H1g s g 1 (s -l el g
b-(s-c)

dy +dp d42-c0 g 1y d'+2.cf ¢ i
I(3[EI.8+ Pz bdp]ml[ Fe @ b 0Tt @ TR

Vy=minql;

D1; p] b D!f p] b

= min{l; (1 +[ (2586 * (5.49—0) *0.7878 + 00 %0 + 0 * (5.49— 0— 0) *0.7878 +  25.86 * (5.49—0) * 0.7878 + 0 ¥ 0 %0 + 0 * (5.49 —
0— 0) %0.7878) /(152.3 * (14.2-0))]) / ( 1 * (0.8 + (85.64 + 85.64) / (2 * 152.3) + 2% [(77.93+2%0) /1410 *1/1 *25.86/152.3 +
[(77.93 +2%0) /1410 *1/1*25.86/152.3] ) = 0.7882}

=(.7882

=2*2%(142-0)*1%1768/[0.5*(1.4-10 + 1.4-10°) + (14.2-0) * =15.608
0.7882] *0.7882 MIla

o], - 2K, (s- ) g [o] v,

05 DL +D3 )+ (s-c) 7,

[[IupuHa 30HbI YKpEIUICHUSL:

Ly= H'Dp' §—cl =(1.410°*(142-0)"” =141 mm

Pacuérnast mprHa 30Hbl YKPETUICHUS:
lp=L, =141 Mmm

Pacuérnblit nuamertp:
dl:lp =04. . M8—C)  =04*1410*(14.2-0)"% =56.4 MM
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1+111:- s —e) g1 +lap sy gz Hlap s —es—cq ) s

1. -la—=¢
¥ =mindl; — ( - :'2 1
_ ey
1+|:|_5.d1’—':‘1:'+1{1.—':5.i.£
Dp 91 1

= min{1; [1+ (25.86 * (5.49—0) *0.7878 + 0 * 0 * 0 + 0 * (5.49— 0— 0) * 0.7878) / (141 * (14.2— 0))] / [1 + 0.5 * (85.64 — 56.4) / 141 + 2 *
(77.93 +2%0)/ 1.4-10 * 1 /1 *25.86/ 141] = 0.9393)
=0.9393

N =2%2%(142-0)*1 %1768 *0.9393/[1.4-10 + (14.2-0) *0.9393] = 6.673 MIla

o], - 2K (s-9) ¢ o]
D +|Is— cj-?
Homyckaemoe nasienwue [p] = min{ 6.673; 5.608} MIla
5.608 MIla > 1.087 Mlla
BakiroueHue: YciaoBue MPOYHOCTH U yCTOﬁ‘lHBOCTH BBIIIOJIHEHO
[Tnomans, HeoOxoauMast U1 YKPETUICHHSI OTBEPCTHUS:
Ay =050, - dg) s, 05 @E564- 5642156 =03152:10"
Pacnonaraemas miomaab yKpeIuleHus OTBEpCTHSL:
Ay =1y -{51— fp — cs}-j;;l +lop -8y fa +lgp -(53 -, - 3513'13 +1p -{s— fp = l:}
=25.86 * (5.49 - 0.3054 - 0) *0.7878 + 0 0 * 0 + 0 * (549 - 0- 0) *0.7878 + 141 * (14.2-2.156 - 0)
=0.001804 m*
A, =0.3152:10"* M> < 0.001804 m°
3axmroyeHue: Y caoBue MPOYHOCTHU BbBINMOJHEHO

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

YcaoBus HArpyK€Hud Npu MCHbITAHUAX:

Pacuérnas temneparypa, T: 20 °C
PacuétHOoe BHyTpeHHEe N30BITOYHOE NaBieHue, p:  2.73  Mlla

PacuéT ykpenneHus orsepctua no NOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomnyckaeMmble HaNpsKeHus i Matepuaia SA-516 70 npu temneparype T = 20 °C (yCa0BHS THAPOUCIIBITAHUHN):
[6]°= M*Rep/np= 1%2.62:10°/1.1= 2.382-10° MIla

Moayib IpoaosibHOM ynpyroctu npu temmneparype 20 °C:
E= 210’ MIla

Ceoiicmea mamepuana wumyuyepa

JormyckaeMmble HanpshkeHust it Matepuaia SA-106B mpu remneparype T = 20 °C (yciaoBust TUIPOUCIIBITAHII):
[6]°= M*Ren/np= 1%2482/11= 225.6Mlla

Moy npoonbHO# ynpyroctu npu temmeparype 20 °C:
E,= 2-10°MIla

PacuérHast ToNMImMHA CTCHKY MITYICpa:
£ I[d +2- cs:l
= =2.73*%(77.93+2%0)/(2%225.6 *1-2.73) = 0.4742 mm
4- UI; o
Jormyckaemoe JTaBJIcHHUE:
2ol gy (e g
[r]= = 2%225.6%]%(549-0)/(77.93 +5.49+0) =29.7 MIla
dy+s8+¢c,
29.7 MlIla >2.73 Mlla
3aknroueHue: Y cia0BUe MPOYHOCTH U YCTOMYHMBOCTH BHINOJIHEHO
Pacuérnas TommuHA CTEHKH HECYIIETO AIEMEHTA:

sp=0.004011 mm

Pacuérnblit nuaMeTp OAMHOYHOIO OTBEPCTHS], HE TPEOYIOIIETO YKPETJICHUSI:

5—r
dp =2 | —-02 |- (8—C)  =2%((14.2-0)/0.004011 - 0.8) * (1.4-10° * (14.2 - 0))">  =9.981-10°
0 [ y JDp (- ( ) ) * (. ( ) MM
d, <dp: YcaoBue NpOYHOCTH BHINOJHEHO
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OmHnowienus 00OnycKaemovixX HAnPANCEHUl

/s BHemHel yacTu mwryuepa:

m{l,n;%} =minf1.0,225.6/2.382-10 } = 0.9473-10"
[y

x=
K3 = 1
+1{p'(55‘CE)'IiHﬁp'SE'15+1'3p'[55"3£"3£1:"1§+1fp'(5i"'3s)'1'1'1+1%'55'15+1§'p'(5§"'3:‘c!1)'1§
bofa—
V) = mindl; (- o)

dy, +dp A'+2ct g i d%+2.0% g 1y
K, |08+ E % T8 [t e Bl B A 2
Ik D, & b D) gf b
= min{1; (1 + [ (25.86 * (5.49—0) *0.9473-10° + 0 *0 *0 + 0 * (5.49— 0— 0) *0.9473-10° + 2586 * (5.49—0) *0.9473-10° + 0 * 0 * ()
FO0*(5.49— 0~ 0) *0.9473-10° ) /(152.3 *(14.2-0))]) /( 1 * (0.8 + (85.64 + 85.64) /(2 * 152.3) + 2 *[(77.93 +2%0)/1.4-10 *1/1 *
25.86/152.3 + [(77.93 +2*0)/1.4-103*]/1*25.86/152.3] ) =0.7144}
=(.7144

=2%2%(142-0)*%1%2.382-10°/[0.5* (1.4-10' + 1.4-10° ) + (14.2-0) = 6.854:10°
*0.7144] *0.7144 MIla

2K (s 19 [5]
ok - 03D} +D;j+(j- ¢V,

.";}'1

IITupuHa 30HBI YKpPEIUICHHUS:

L,= Iu'DP- g—c]l =(1.410*(142-0)"7 =141 Mm

Pacuérnas mupuHa 30HbI yKpEIJIeHUS:
Ip=1L, =141 mm

Pacuérnbiit nuamerp:

thop = 0.4 .fﬁp (3—C) =04%1.410*(142-0)"" =56.4Mm

+11p (8 —es) 1 +lap sy kg Hlap s - —cq ) s

1
1, -ls—¢
¥V = min 31, — ( - 32 1
_ Y
140502 "t IS AL I P 3
1 D, & L,

P
=min{l; [1+ (25.86 * (5.49—0) *0.9473-10° + 0 * 0 * 0 + 0 * (549 — 0 0) *0.9473-10° ) / (141 * (14.2—0))] / [1 + 0.5 * (85.64 — 56.4) / 141
+2%(77.9342%0)/1.4-10 *1/1 %2586/ 141] = 0.8897}
=0.8897

N =2%2%(142-0) %1 *2.382-100 *0.8897 /[1.4-10° + (14.2-0) *0.8897] = 8.52-10° MIla

[e], - 2K (s- )¢ o]
DP +|:s— c:I-T.F
Jlonyckaemoe nasienue [p] = min{ 8.52:10° ; 6.854:10° } MIla
6.854-10° MITa > 2.73 MIIa
3aknroueHre: Y cJaI0BHE MPOYHOCTH H YCTONYHUBOCTH BBINOJHEHO
[Tnomans, HeoOXoMUMast TS YKPETUICHHSI OTBEPCTHS:
Ao =025 [dp - dnp]- sp =05 *(85.64-56.4) *0.004011 = 0.5864:107 M
Pacrnonaraemast ioniaab yKpeIruICHUS] OTBEPCTHS:
Ay =1y -[51— fp — Cs]-:{_l +lgp o8y 2 +lgp -(53 -, - csl:l-13 +1p -[s— fp = u:]
=25.86 * (5.49 - 0.4742 - 0) * 0.9473-10° + 0 *0 *0 + 0 * (5.49-0-0) * 0.9473-10° + 141 * (14.2-0.004011 - 0)
=0.002002 m*
A, =0.5864-10" M < 0.002002 m*
3axmroueHue: Y ca10BUe NPOYHOCTH BbINIOJIHEHO

Wryuep H

UcxoaHble AaHHbIe

DIIeMEHT: rynep H
VYcnoBHOE 0003HaUeHHE (METKA) H
DIIeMEHT, HeCYIIUN MITYIEep: OO6edaiika IUITUHAPUIECKAs

Tun snementa, Hecymiero mrynep: OOedaiika IUIMHIPAYIECKAS
Tun wrynepa: [Ipoxonsuuii ¢ HaKJIa AHBIM KOJILLIOM

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID
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Marepuan HECYIIEro HIEeMEHTa: SA-516 70
ToJMHa CTEHKU HECYLIETO 2JIEMEHTA, S: 10 mm
CymMma mprbaBoOK K CTCHKE HECYIIIETO 3JIEMEHTa, C: 3 MM
Marepuai mrynepa: SA-266-2
BHuyTpenHnuit quamerp mryuepa, d: 457.2 Mmm
TonmuHa CTEHKH WITyLEpa, S;: 10 mm
CymMma mprubaBoOK K TOJIUHE CTCHKH IITyIepa (BKIKOYas KOPPO3HIO), C: 3 Mn
Jmna mrynepa, 1;: 130 Mmm

Cwmemenue mrymepa, Ly, 2.625-10° MM
Yron noBopora mrynepa, 9: 225 rpagyc
JlmvHa BHYTp. 9acTH MITYyIepa, l;: 0 MM
[TpubaBka Ha KOPPO3HUIO, Cq: 0 MM
Marepwuai KoibLa: SA-266-2
[upuHa Kojbia, 1): 101.4 mm
TonmuHa KOJBIA, S): 10 MM

MuHUMAaJBHBIH pa3mep cBapHoro mBa, A: 10 MM

MuHHUMaJBHBIH pa3Mep cBapHOTo mBa, A;: 10 MM

MuHUMaNbHBIN pa3Mep CBapHOTo 1Ba, Ay 10 MM
PacuérHble mapamMeTpbl pa3MeIeHNs ITYIepa:
Bumxaitiuunii mrynep

Ha3panue mryuepa: rynep D
Paccrostare 1o cteHku Onmkaiiiiero mryiepa, b:
JIsl HAKJIOHHBIX IITYLEPOB
(n yuep 720 MM
oTmpenensaeTcs: NPUOIMKEHHO)
VYron B: 90 rpamyc
KoahdunmeHTsl IpOYHOCTH CBAPHBIX IIBOB:
IIpononbHbI OB HITYLEpA:

o =1

[ToB oOevaiiku B 30HE BPE3KH MITYIIEpa:
o =1

PacuérHplii nmaMeTp MIITHHAPUIECKONW 00edaiiku:
Do=D =700 mm

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



Pac4yém e pabo4ux ycnosusix

YcinoBus HATPY:KeHHS:

Pacuérnas remneparypa, T: 425 °C
PacuérHoe BHyTpeHHee u30bITOYHOE naBieHue, p:  1.059 Mlla

PacuéT ykpenneHnusa oreepctusi no FOCT 52857.3-2007

Cesoiicmea mamepuana nemenma, Hecyuiezo uimyuep

JlomyckaeMble HanpshKeHust 171 Mateprana SA-516 70 npu temneparype T = 425 °C (pabouue ycnosus):

[6]=  n*min( Rey/nr; Ru/ng; Ruvione / 0 Rpponone / 0g) = 1*min{1.831°10°/1.5;424.3/2.4; -/~ - /)= 176.8 MIla
Moyib IpoI0JIbHOM ypyrocTy npu remuneparype 425 °C:

E= 1.887:10° MIla

Ceoiicmea mamepuana wumyuyepa

JlomyckaeMble HanpsKEHUs st Matepuana SA-266-2 nipu temneparype T = 425 °C (paboune ycnoBus):
[c];= 134 MIla

Moyib IpoI0JIbHOM yIpyrocTy npu remueparype 425 °C:
E;= 1.788:10° MIIa

Ceoiicmea mam epua’ia Kojinya

Jlomyckaemble HanpsuKeHUs A Mmateprana SA-266-2 npu temneparype T = 425 °C (paboune ycnosus):
[c],= 134 MIla

Moyiib IpoI0JIbHOM yIpYyrocT npu tremueparype 425 °C:
E,= 1.788:10° MIla

Pacuéruas TOJINHWHA CTCHKU ITyHepa:
pld+2c) 1059 % (4572 +2%3) /(2 %134 * - 1.059) =1.838
& = =7 * g * * 7] =1. MM
G =
Jomyckaemoe naBiacHue:
] 2 [o]y gy (51— cg)

Bl = d s +c, = 2%]34%]%(10-3)/(457.2+ 10+ 3) =3.99 MIla

3.99 MIla > 1.059 MIla

3akmoueHue: Y ciaoBue MPOYHOCTH U yCTOﬁqHBOCTH BbBIIIOJIHEHO

Pacuérnas TOJIIMHA CTCHKU HCCYHICTO 3JICMCHTA:

sp=2.103 Mm

Pacuérnplii amaMeTp oTBepCTHS (0Ch MTYIIEPa COBIAAAET C HOPMANIBIO K TIOBEPXHOCTH B IIEHTPE OTBEPCTHS):
dy =d+d-c, =4572+2%3 =4632Mm

PacuérHbIil TaMeTp OAMHOYHOTO OTBEPCTHS, HE TPEOYIOIETO YKPEIUICHUS:

58—
dp=2- [——I:I,E]- fﬁp As—cC) =2%((10-3)/2.103-0.8) * (700 * (10— 3))"* =354 Mm
fp
df 5] d” L s8]
T —}
5 [ —
S | ") - 15 E X ]
-_1— f_'-’_:]" N s :k_____-‘-":: “
el l ‘Hmifi o R
53 W \
kY * 1 [
WY A 53 |
D “ L
| Dp =7 !

OTBepCTI/Ie CUHUTACTCs OAUMHOYHBIM, €CJIN Ommkaiiiiee K HEMY OTBECPCTUC ]_L[Tyuep D He oka3bIBaeT Ha HErO BIIUSAHMUA,
T.C. paCCTOAHUC MEIKY HAPYKHBIMU MOBEPXHOCTAMU COOTBETCTBYIOIUX HITYHEPOB YAOBJICTBOPACT YCIOBUIO!:

b 1.(]:'1: (=-c)+ JD; (5= a1 = (700 % (10— 3)" + (700 * (10~ 3)” = 140 Mm
YcioBHe BBITIOTHEHO, TATbHEHITNX PacdETOB YKPEIJICHNH He TpedyeTcs.

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Pacuérnas nnuHa BHENIHEW YyacTu MITyLepa:
L =mjn[11; 1.25. \I.f(d+ 2-c, )8 —c, j] =min{ 130; 1.25 * (457.2+ 2 *3) *(10-3))""} = T71.18 Mmm

OmHnowenus 00OnycKaemovix HANPANCEHUl

Jnst BHENTHEH YacTH mTynepa:

11=m{1,n;%} =min{1.0, 134/176.8} = 0.758

Pacuérnas HIMpHHA KOJbLA:

Iy = m{lg . 'er . Esg +a- .;j] =min{101.4; (700 * (10 + 10— 3))"*}  =101.4 Mm
JU1s HaKJIaAHOTO KONbLA!
- ['3]:4
= min4 10, =min{1.0, 134/176.8} =0.758
Az { -[_]_.: } {
Pacuérhas [y1MHa BHYTpEHHEH 4acTu IITylLepa:
I3 = min{l3; 0.5 Jfld+2c,) (55—, —'351)] = min{ 0; 0.5 % (4572 +2%3) *(10-3-0)"} =0 MM

[[IupuHa 30HBI YKpEIUICHUSL:

Ly= H'Dp' s—c]  =(700*10-3)" =70wMMm

Pacuérnast mupuHa 30Hbl YKpEIUICHHS:
lp=L, =70 mm

Pacuérnblit nuamertp:

dop =04 Dy (5-C)  =04*700*310-3)”" =28wmm

+11p (s —eg) g1 +lap sy gz Hlap s —es—cg ) s
lp-(s— I::I
I:i+2-l:5 Y 11P

WV =min<l;
dp — o
1+05 2 T 45,

Iy Dp 91 1
=min{l; [1 + (71.18 * (10— 3) *0.758 + 101.4 * 10 * 0.758 + 0 * (10— 3 —0) * 0.758) / (70 * (10— 3))] / [1 + 0.5 * (463.2—28) /70 + 1 *
(457.2+2%3) /700 * 1 /1 * 71.18/ 70] = 0.6984}
=0.6984

o], - S '331'f|="['1‘]_v
Dy +|Is— c)-?
Homnyckaemoe nasnenue [p] = 2.452 Mlla
2.452 MIla > 1.059 MIla
3akiroueHue: Y ciaoBue MPOYHOCTH U yCTOfI‘[HBOCTH BBIIIOJIHEHO
HJ'IOHIE[I[B, HeOﬁXOI[HMaH JJI YKPCIJICHUS OTBEPCTHUA:
A =050, - dg )8, 05 @632-29 %2103 =0.457610°
Pacnonaraemas IJI01aJib YKPCIUICHUS OTBEPCTHA:
Ay =1y -{sl— fpp — Cs}'?'i',l +lop 8y xa +lg -(53 -, - CSIJ'IE +1p -{s— 5p .::}
=71.18 * (10-1.838 - 3) *0.758 + 101.4 * 10 * 0.758 + 0 * (10 - 3 - 0) * 0.758 + 70 * (10~2.103 - 3)
=0.00139 m*
A, =0.4576:10" M> < 0.00139 m*
3akirouenue: Y ciaoBue MPOYHOCTHU BBINMOJHEHO

=2*1*(10-3)* 1 *176.8 *0.6984/[700 + (10— 3) *0.6984] = 2.452 MIla

Pac4yém e ycnoeusix ucnbimaruli (FludpoucnbimaHusi)

YcioBus HATPY KeHUs PU UCHBITAHUSIX:

Pacuérnas Temneparypa, T: 20 °C
Pacué€rHoe BHyTpeHHEee M30bITOUHOE NaBiieHue, p:  2.696 Mlla

PacuéT ykpennenusa oreepctusi no FOCT 52857.3-2007

Cesoiicmea mamepuana nemenma, Hecyuiezo uimyuep

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



Jlomyckaemble HanpsoKeHust 1t Matepuana SA-516 70 mpu temneparype T = 20 °C (ycnoBust THAPOUCIILITAHM):
[6]°= M*Rep/nr= 1*262:0°/1.1= 2.382-10° Mlla

Moynb poI0sibHOM yrpyroctu npu temueparype 20 °C:
E= 2:10° MIla

Ceoiicmea mamepuana wumyyepa

JlornyckaeMble HANpsKEHUs Ui Matepuaia SA-266-2 npu temneparype T =20 °C (ycioBus THAPOUCIIBITAHKI):
[6]°= m*Repo/np= 1%220/1.1= 200 MIla

Moy IpoaoaBEHOM yrpyroctu npu Temmeparype 20 °C:
E;= 1.99-10° MIIa

Ceoiicmea mamepuajia Kojivua

Jlomyckaemble HanpspKeHust A1 Matepuana SA-266-2 npu temneparype T = 20 °C (ycIoBHs TUAPOUCTILITAHMMN):
[61%= n*Repo/np= 1%220/1.1= 200 MIla

Moayib IpoIosibHOM ynpyroctu npu remneparype 20 °C:
E;= 1.99-10° MIla

PaC‘IéTHaﬂ TOJIIMHA CTCHKU H.ITyIIepa:
sy = p(d+2c,) —2.696 % (457.2+2%3) /(2 %200 % 1 - 2.696) = 3.143 MM
2 GI; Mo r
Homyckaemoe naBieHue:
4-[o]1 gy (51 -cg)

[p] = FTry = 2%200%1%(10-3)/(457.2+10+3) =5.955 MIIa
5.955 MIla > 2.696 MIla
3akimoycHre: Y CJI0BHE MPOYHOCTH M YCTOMYHBOCTH BBITIOJTHEHO
PacuérHas TonmmuHa CTEHKH HECYIIETO AJIeMEeHTa:
sp = 0.003961 mm

PacuérHblil THaMeTp OANHOYHOTO OTBEPCTHS, HE TPEOYIOIET0 YKPEIUICHUS:

dg=2- [SS_—G—EI,E : fﬁp E—C1  =2*((10-3)/0.003961 - 0.8) * (700 * (10— 3))"” =2.473-10° mm
P
d, < do: YcaoBue NpoYHOCTH BBLINOTHEHO

OmHouweHus 00nycKaemvlx HANPAHCEHU
st BHELIHEH yacTy wWTynepa:
a7
71 = minal0, U[ ]1 =min{1.0,200/2.382-10 } = 0.8397-10"
lj
Jlnst HaknagHOTO KOJbLA:

2= ﬂm{l,ﬂ;%} =min{1.0,200/2.382-10 } = 0.8397-10"

[IupuHa 30HBI YKpEIUICHUS:

Ly= H'Dp' s—c]  =(700*10-3)"” =70MMm

PacuérHas IIMpUHA 30HBI YKPEIUICHHS:
lp=L, =70 MM

Pacuérnblit nuamertp:

dy, =04 ,fﬁp LE=C)  =04%700%(10-3)" =28 MM

1+11p (8- o) g1+l sy g Hlap (s —os - ) xs
11:. -[s— u:)
d+2-c5 L] 111;.

W =rmin-<l,;

-d
1+n.5-d1’ T LK,
lp D o L

= min{1; [T+ (71.18 * (10— 3) * 0.8397-10° + 101.4 * 10 * 0.8397 -10° + 0 * (10— 3~ 0) * 0.8397-10° ) / (70 * (10— 3))] / [1 + 0.5 * (463.2 —

28)/70 + 1% (457.2+2%3)/700 *1/1 * 7118/ 70] = 0.2097}
=0.2097

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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o], - 2K, (-9 g ]
DP +(s— c)-?
Homyckaemoe nasnenue [p] = 996.8 Mlla
996.8 MIla > 2.696 Mlla
BaxiroueHue: YciaoBue MPOYHOCTH U yCTOﬁ‘[HBOCTH BBIIIOJIHEHO
[Tnomans, HeoOXoMuMast TS YKPETUICHHSI OTBEPCTHS:
Ap=05 [dp - dnp]- g, =0.5*(463.2-28) *0.00396] = 0.862-10° M’
Pacnionnaraemas 101 aAb YKPCIUICHUSA OTBEPCTHA:
Ay =y -[51— Sp — cs]-j;;l +lop -8y ga +lgp -(53 -, - csl:l-13 +1g -[s— 8p = u:]
=71.18 * (10 - 3.143 - 3) * 0.8397-10° + 101.4 * 10 * 0.8397 -10° + 0 * (10 - 3 - 0) * 0.8397-10° + 70 * (10 —0.003961 - 3)
=0.4908:107 m*
A, =0.862-10° m* < 0.4908-10° M’
BakmroueHue: YciaoBue NMPOYHOCTHU BBLINMOJHEHO

S =2F 1R (10-3) 1 *2.382-10° *0.2097 / [700 + (10 - 3) *0.2097] = 996.8 MIla

LWTyuep C

MUcxoaHble AaHHbIe

DNIeMeHT: rynep C
VYcnoBHOe 0003HaueHUE (METKA) C
DJIEMEHT, HECYIIHI ITYLEp: Obecuaiika HWIHHIPUICCKAS
Tumn snementa, Hecymiero mrynep: OOedaiika HUIHHIPUICCKAS
Tun mrynepa: [Ipoxopasmiuii ¢ HAKJIaIHBIM KOJIBIIOM
l
51 .
A

%ﬂ.z EZ‘ ~ w0
A //C?

832

Marepuai HeCyIero IeMeHTa: SA-516 70
ToJMHA CTEHKU HECYLIETO 3JIEMEHTA, S: 10 mm
CymMma pr0aBoOK K CTEHKE HECYIIIETro 3JIEMEHTa, C: 3 MM
Marepwuan mrymepa: SA-105
Brytpennnit tnamerp mrytepa, d: 152.4 mm
TonmuHa CTCHKH MITYIEPa, Si: 26.92 Mm
CymMma mpr0aBoOK K TOJIIIWHE CTEHKH IITyIepa (BKIIF0Yas KOPPO3HIO), Cy: 3 M
Jmna mrynepa, 1;: 240 Mmm

Cwmeruenue wryuepa, Ly 1.475-10° Mm
VYroJ moBopoTa mTynepa, J: 270 rpamgyc
JlniHa BHYTp. YacTH IITYLEpa, l3: 0 MM
[TpubaBka Ha KOPPO3HUIO, Cgy: 0 MM
Marepuai konbLa: SA-516 70
[upwuHa kojbia, 1,: 46.88 mm
TonmuHa KOJBIA, S): 10 MM

MuHUMaIBHBIA pasMep cBapHoro mea, A: 10 Mm

MuHUMaJIBHBIN pasMep cBapHOro mea, A;: 10 Mm

MuHUMaJIBHBIN pasMep CBapHOTO MiBa, A, 10 MM
PacuérHpie mapaMeTphl pa3MeIeHHs IITyIepa:
brmkaiimuil mrynep

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Hazpanue mrynepa: Mrtynep H
Paccrostare no cTeHKH OnmKkaiimero mrynepa, b:

(7151 HAKJIOHHBIX MITYIEPOB 842.9 mm
oTIpeeNsIeTcs MPUOIIKEHHO)
VYron B: 12.48 rpanyc

KoadduuneHTs NPOYHOCTH CBApHBIX LIIBOB:
IIpononbHbI OB HITYLEPA:

o =1

[IToB oOevaiiku B 30HE BPE3KH MITyIEpa:
o =1

PacuérHpIii TnamMeTp NMIHHAPUIECKOH 00eHalKu:
Do=D =700 mm

Pac4yém e pabo4ux ycnoeusix

YcnoBus HArpY:KeHHS:

Pacuérnas temneparypa, T: 425 °C
Pacuérnoe BHyTpeHHee U30bITOUHOE AaBieHue, p:  1.068 Mlla

PacuéT ykpenneHus orsepctua no NOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomyckaeMble HANpsKeHUs i Matepuaia SA-516 70 npu temneparype T = 425 °C (paboune ycioBus):

[6]= n*min( Rey/ny; Ru/ng; Royiowe / 0y Rypoione / ny) = 1*min{1.831-10°/ 1.5, 424.3/2.4; -/~ -/-}=  176.8 MIla
Moayib IPOI0JILHOM yIPYrocTy npu TeMneparype 425 °C:

E= 1.887-10° MIIa

Ceoiicmea mamepuana wumyuyepa

JormyckaeMble HampshKeHust it Matepuaia SA-105 npu temmeparype T = 425 °C (pabouue ycioBusi):

[6]i= m*min( Rey/nr; Royy/ng; Ruyions / Ny Ry oiony / 0y) = 1¥min{203.3 /1.5, 452.1/2.4;-/-;-/-}=  135.5 MIla
Moyib IpoI0NIbHOM yIpYrocTy mpu temmeparype 425 °C:

E,= 1.879-10° MIla

Ceoiicmea mam epua’ia Kojinya

JomyckaeMble HaNpsKeHus Juis Matepuaia SA-516 70 npu temneparype T = 425 °C (paboune ycinoBus):

[c],= m*min( Rey/nr; Ry/ng; Ryyion / 0 Ry oriony / 1) = I*min{1.831-10°/ 1.5, 424.3/2.4; -/~ - /)= 176.8 MIla
Moyib IIpoJI0JILHOM yHIpYyrocTy npu tremueparype 425 °C:

E,= 1.887-10° MIla

Pacuérnas TonmuHa CTeHKH WTylepa:
P [d +2- Csj
o =
P UE mop
Homyckaemoe naBieHue:
2 [c]-gy-(s1-c.)

[p] = = 2%[355%1*%(26.92-3)/(152.4+26.92 +3) =35.57 MIla
dy+s +e,
35.57 MIla > 1.068 MIla
33Kﬂ}0quI/Ie: YciaoBue MPOYHOCTH U ycTOﬁ‘[HBOCTH BBIIIOJIHEHO
PaCQéTHaH TOJIIMHA CTCHKU HCCYHICTO 3JICMCHTA:
Sp=2.122 Mm
PacuérHblii quametp oTBepcTHs (OCh MITYIEpa COBNALAET C HOPMAJIBIO K IIOBEPXHOCTH B LIEHTPE OTBEPCTHS):

=1.068 *(152.4 +2%3)/(2*135.5*1-1.068) =0.6268 MM

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



dp =d+2-c, =1524+2%3 =1584wmm

PacuérHblil TuaMeTp OAMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEro YKPEIIeHUs:

s-¢
dp=2-| —-0,2| As—C)  =2%((10-3)/2.122-0.8) * (700 * (10— 3))"* =349.9
0 [51:- ] JDg (-0 ((10-3) ) * (700 * (10 3)) MM
d, <do: YciaoBue NpoYHOCTH BHINOJTHEHO

— ATy

OtBepcTHe CUMTAETCs OMHOYHBIM, eciu Oikaiiniee k Hemy orBeperre ltynep H He oka3biBaeT Ha HEro BIHMSHUS,
T.€. PACCTOSHUE MEK]ly HAPYKHBIMU MMOBEPXHOCTAMHU COOTBETCTBYIOIIUX INTYLEPOB YAOBIETBOPSET YCIOBUIO:

b JD; (a-c) + JD; (=g =(700*(10-3))" + (700 * (10-3)"* =140 Mmm

YcrioBue BHITIOTHEHO, NATBHEHITNX PacdéTOB YKPEIJICHNH He TpeOyeTcs.

Pacuérnas qyuHa BHEIIHeH yacTu WTyLepa:
L =mjn[11; 125 fld+2-¢, ) (51 - e, )] = min{ 240; 1.25 * ((152.4 + 2 *3) *(26.92-3))"*}  =76.94 Mm

Omuowenus 0OnycKaemovlx HARPAHCEHUT

st BHELIHEH yacTH wTylepa:

11::1».1‘11{1,0;%]} —ming1.0, 135.5/176.8) = 0.7667

Pacuérnas HIMPpHHA KOJbLA:

Ly, = min {13 : m] = min{46.88; (700 * (10 + 10-3))"*} = 46.88 MM
I[J'IS[ HAKJIaIHOT'O KOJIbILIA:
=],

Ta= mjn{l,lil;—[—]—} =minf1.0,176.8/176.8 } = 1
o

PacuérHas nnyHa BHyTpeHHEN 4acTH IITyLEepa:
lap = mjn{l3; 0s. xl.f|1[1+ 2t Hsz -, _':sl:]] =min{ 0; 0.5 * (152.4 +2%3) *(26.92-3-0)""} =0 MM

[MuprHa 30HBI YKPEIUICHUS:
Ly= Iu'DP ds—el  =700*10-3)"” =70 MM

Pacuérnast mmprHa 30HbI yKpPEIUICHUS:
Ip=1L, =70 MM

Pacuérnblit nuamerp:
dop =04 Dy (5=} =04*700*10-3)” =28mm

1+11p (s —es) g1 +lap sy ga Hlap sz —es—ca ) s

I, -|s—¢
¥V = min 1, — ( . 32 1
Z Y
1p05 2 P e 820 @ ly
1 Dp %1 1

= min{l; [1 + (76.94 * (26.92 —3) * 0.7667 + 46.88 * 10 * | + 0 * (26.92—3 —0) *0.7667) / (70 * (10— 3))] / [1 + 0.5 * (158.4— 28) /70 + I *
(152.4+2%3)/700 % 1/1 *76.94/70] = 2.218}
=1

o], - 2K, (5= )¢ [o]
Dp +|[s— c)-?
Jomyckaemoe nasnenue [p] = 3.501 Mlla

W =2%1%(10-3) %1 *176.8*1/[700+ (10-3) *1] =3.501 MIla
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3.501 MIla > 1.068 MlIla

3axiaroueHue: Y ciaoBue MNPOYHOCTH U yCTOﬁ‘lMBOCTM BbBIIIOJIHEHO

[Tnomanp, HeoOxXoguMast sl YKPETJIeH s OTBEPCTHUS:
b =050 - dp) sy —0.5% (158429 %2122 =0.1383-10°

Pacnonaraemas oAb YKpCIUICHUSA OTBEPCTHUA:
Ay =1y -{51— Bp — Csl-j{_l +lgp o8y Ra +lgp -|IS3 -, - '351)'13 +1p -[s— fp = c]
=76.94 * (26.92 - 0.6268 - 3) *0.7667 + 46.88 * 10 * 1 + 0 *(26.92-3 - 0) * 0.7667 + 70 * (10~-2.122 - 3)
=0.002184 m°

A, =0.1383-107 M* < 0.002184 m*

3akmroucHue: Y cJI0BHE MPOYHOCTH BbITIOJHEHO

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

YcinoBus HATpY:KeHHUS IPU MCNIBITAHUSX:

Pacuéruas temneparypa, T: 20 °C
PacuérHoe BHyTpeHHee U30bITOYHOE AaBieHue, p:  2.707 Mlla

PacuéT ykpenneHus oreepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomyckaeMble HANpsKeHUs i Matepuaia SA-516 70 npu temneparype T = 20 °C (yca0BUS THAPOUCIBITAHUHN):
[6]°= nM*Rep/nr= 1*262:0°/1.1= 2.382:10° MIla

Momyb IpoaoaEHOM yrpyroctu npu Temmeparype 20 °C:
E= 2:10° MIla

Ceoiicmea mamepuana wumyuyepa

JIlomyckaemble HanpsokeHust auus matepuana SA-105 npu temneparype T = 20 °C (ycnoBust THAPOUCIILITAHUIM):
[61°= n*Rep/nr= 1%*248/11= 2255MIlla

Moayib poIosibHOM yrpyroctu npu temneparype 20 °C:
E;= 2:10°MIla

Ceoiicmea mam epua’ia Kojinya

JomnyckaeMble HaNpsKeHus i Matepuaia SA-516 70 npu temneparype T = 20 °C (yca0BHS THAPOUCIIBITAHUHN):
[6]°= n*Ren/np= 1%2.62:10°/1.1= 2.382-10° MIla

Moayib npoaosibHOM ynpyroctu npu temneparype 20 °C:
E,= 2-10° MIla

PaC‘{éTHaH TOJIIMHA CTCHKU LITyHEepa:
P I:d +2- '35)
5y = =2.707 % (1524 +2%3)/(2%225.5%1-2.707) = 0.9567 MM
2 lat m —
G-
Jomnyckaemoe naBieHue:
2oy gy (e - g
[p]= = 2%2255%]%(26.92-3)/(152.4+26.92 +3) =59.16 MITa
dy+s8 +i,
59.16 MIla > 2.707 Mlla
3aKHIO‘IeHI/Ie: YciaoBue MPOYHOCTH U yCTOﬁ‘ll/lBOCTl/l BBIIIOJIHEHO
Pacuérnas TOJIIIIMHA CTCHKH HECYLICTO 3JICMCHTA:

sp = 0.003978 mm

PacuérHblil TMaMeTp OIMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIET0 YKPEIICHNUS:

5=
dg=2-|—-02| Dy (s—c)  =2%(10-3)/0.003978—0.8) * (700 * (10— 3)"* =2.462-10°
0 y p (50 (10-3) ) * (700 * (10 - 3)) MM
d, <dp: YcaoBue IPOYHOCTH BHINOJHEHO

OmHuouwienus 00nycKaemvlx HAnNPAHCeHU
st BHELTHEH yacTH mwTynepa:
o
1 = minel0; ] =min{1.0,225.5/2.382-10 } = 0.9466-10"
Ij

Jns HaknmagHOTO KOMbIIA:
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12=m{1,n;%} =min{1.0, 2.382-10°/2.382-10°} =1

[IIupuHa 30HBI YKpEIUICHUSL:

Ly= H'Dp' s—c]  =(700*10-3)" =70 MM

Pacuérnas mupuHa 30Hbl yKpeIUICHHS:
lp=L, =70 mm

Pacuérnblit nuamertp:

dyp =04 ,fﬁp [3—C)  =04%(700*(10-3)"" =28 MM

1+11p (s - o) 1 +lap sy kg Hlap (s -0 —ca ) s

1, - ls—¢
¥V = min 31, — ( . jz 1
- Y
1405 e I I . )
1 D, &1 1

= min{l; [1 + (76.94 * (26.92 —3) * 0.9466-10° + 46.88 * 10 * I + 0 * (26.92— 3 — () * 0.9466-10° ) / (70 * (10— 3))] / [1 + 0.5 * (158.4 —28) /
70+ 1% (152.4 +2%3) /700 * 1 /1 *76.94/ 70] = 0.8992)
=0.8992

o], - 2Ky (s EZ‘J"=|:"['3]_v
Dy +(s— c)-?
Homyckaemoe nasienue [p] = 4.245-10° MIIa
4.245-10° MITa > 2.707 MIla
3akiroueHue: Y ciaoBue MPOYHOCTHU U yCTOﬁqHBOCTH BBIIIOJIHEHO
HJ'IOHIE[I[B, HGO6XOI[I/IMEIH JJIA YKPCIJICHUS OTBEPCTHUA:
Ap=050d, —dg ) 8y =05 (158.4-28) % 0.003978  =0.259410° v
Pacnonaraemas IJI01aib YKPCIUICHUS OTBEPCTHA:
Ay =1y -{sl— fpp — Cs}'?'i',l +lop 8y xa +ly -(53 -, - CSIJ'IE +1p -{s— p .::}
=76.94 * (26.92 - 0.9567 - 3) * 0.9466-10° + 46.88 * 10 * [ + 0 * (26.92 - 3 - 0) * 0.9466-10° + 70 * (10-0.003978 - 3)
=0.9602:107 m°
A, =0.2594-10° M* < 0.9602:10° m*
3akmoueHue: Y ciaoBue MPOYHOCTHU BBINMOJHEHO

=2% ] *(10-3)*1*2.382-10° *0.8992 /[700 + (10 - 3) *0.8992] = 4.245:10° MIla

Wryuep D

UcxoaHble AaHHbIe

DIIeMeHT: rynep D
VcnoBHOE 0003HaUeHHE (METKA) D
DNeMEeHT, HeCYIIMH ITyLep: Obeuaiika HUITUHIPUYCCKAS
Tum sanemenTa, Hecymero mrynep: OOedaiika MHITHHIPAICCKAS
Tun wrynepa: [Ipoxonsuuii ¢ HaKJIaAHBIM KOJILLIOM
|
=1 '
A

%32 32 - =1 e
“y
A //Q?

Marepwua HEeCyIIero IeMeHTa: SA-516 70
TonmnHa CTEHKU HECYIIETO 3JIEMEHTA, S: 10 Mm
CymMma nprubaBOK K CTCHKE HECYIIEro 3JICMEHTA, C: 3 MM
Marepuan mrynepa: SA-266-2
BuyTpennnit quamerp mrynepa, d: 146.3 MM
ToJMHa CTEHKHU WITYLEpa, S;: 10.97 mm

CyMMa rpr6aBoK K TOJIIMHE CTEHKH MITYyIEpa (BKIOYast KOPPO3HIO), Cs: 3 MM
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Juna mryrepa, 141 mm

Cwmeuenue mwryuepa, Ly 2.825-10° Mm
VYroia noBopoTa mrytnepa, 3: 45 rpamyc
JlniHa BHYTp. 4acTH WTYyLEpa, l3: 0 MM
[TpnbaBka Ha KOPPO3HIO, Cq): 0 MM
Marepwuai KoibLa: SA-266-2
[IupunHa kombIa, 15: 65.86 MM
TonmuHa KOJIBIA, S): 10 MM

MuHuManbHBIA pa3mep cBapHoro mBa, A: 10 MM

MuHUMaNBHBIA pa3mep cBapHOro mBa, A;: 10 MM

MuHUMaBHBIN pa3Mep CBapHOTO 1iBa, Ay: 10 MM
Pacuérnble mapamMeTpsl pa3MelleHus ITyuepa:
bumxainii mrynep

Hasanwue mrynepa: tyuep H
Paccrostare no cteHkr OnmKkaiiiero mrynepa, b:
(7151 HAKJIOHHBIX HITYIICPOB

oTpenensIeTcs MPUOIMKEHHO)

720 MM

Yron B: 180 rpaayc
KoahunmeHTsl IpOYHOCTH CBAPHBIX IIIBOB:
IIpononbHBIM OB WITYLIEPA:

¢ =1

[IToB obevaiiku B 30HE BPE3KH MITYyIEpa:
o =1

PacuérHplii qMaMeTp MHITHHAPUIECKONW 00edaiiku:
Do=D =700 mm

Pac4yém e pabo4ux ycnoeusix

YciioBusI HATPYKEHUS:

Pacuérnas remneparypa, T: 425 °C
PacuérHoe BHyTpeHHee U30bITOYHOE MaBieHue, p:  1.057 Mlla

PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana Inemenma, Hecyuieco uimyuyep
JomnyckaeMmble HANpsKeHUs Ui Matepuaia SA-516 70 npu temneparype T = 425 °C (pabouue ycioBus):

[c]= n*mln( Re/nt; Roy/ng; Ryyions / ny; Rpl,O/lO“/t / nn) = [*min{1.831-10°/1.5;424.3/2.4;,-/-;-/-)= 176.8 MIla
Moayib IpoI0JIbHOM yIpYrocTy npu teMneparype 425 °C:

E= 1.887-10° MIIa

Csoiicmea mamepuana wumyyepa

JoryckaeMble HAIpsDKeHUst 1uist Matepuana SA-266-2 npu remneparype T = 425 °C (pabouwme ycrnoBus):
[c];= 134 MIla
Moyiis npoJobHON ypyrocTy npu Temiepatype 425 °C:
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E,= 1.788:10° MIla

Ceoiicmea mamepuajia Koivua

JoryckaeMble HANpsDKeHUs 1uist Matepuana SA-266-2 npu remneparype T = 425 °C (pabouue ycinoBus):
[c]l,= 134 MIla

Moynb Ipo0JIbHOM ypyrocTy npu remueparype 425 °C:
E,= 1.788:10° MIla

Pacuérnas TonmuHa CTEHKU ITyIepa:
1 -|:|:1 +2- cs:l
b= =1.057 *(146.3 +2*3)/(2*134*1-1.057) =0.6034 mm
Z '3|; PR
Jormyckaemoe JaBJlcHHUE:
2ol (s - o)
0] = = 2%134%1%(10.97-3) /(1463 + 10.97 +3) =13.32 MIIa
di+s+e,
13.32 MIla > 1.057 MIla
3akiroueHue: Y cJoBUe MPOYHOCTH U YCTOHYMBOCTH BbINOJIHEHO
PacuérHas TonmuHa CTEHKH HECYIETO JIeMEeHTa:
sp=2.1 Mm
PacuérHblit nuameTp oTBepCcTHA (OCh IITYIEPa COBMAAACT C HOPMAJIBIO K TIOBEPXHOCTH B IIEHTPE OTBEPCTHUS):
dp =d+2d-c, =1463+2%3 =1523Mm

PacuérHblil TuamMeTp OJAMHOYHOTO OTBEPCTHS, HE TPEOYIOIETO YKPEIUICHUS:

5—C
dp =2 | —-0% |- (8—1 =2%((10-3)/2.1-0.8) *(700 * (10— 3))"> =354
0 S -\.Ilﬁp (s-c) ((10-3) ) (10-3) MM
d, <do: YcaoBue NpoYHOCTH BHINOJTHEHO

d-' Si d” 1 Sf
! 1
¢ -1 b
BNt e ]
= L w s I 1"
™ oy o 2 tn?
A B VD 2 Ry, Ll W\
WS
~cal | — — oA
w S' E k, d
Yy 3 -
N, .}.r 1 [ [ S# ;
™, o o* . E: |
| pATY

|

OTBepCTI/Ie CUHUTACTCs OAUMHOYHBIM, CCIIN Ommkaiiiiee K HEMY OTBCPCTUC lHTyuep H ne oka3bIiBaeT Ha HEToO BJIUSAHMUA,
T.C. paCCTOAHNUC MECKY HAPYKHBIMU MOBEPXHOCTAMU COOTBETCTBYIOIUX HITYHEPOB YAOBJICTBOPACT YCIOBUIO:

b ﬂ'(]:J'P (s-d)+ ,fD; (5=d) = (700 % (10-3)" + (700 * (10~ 3)" = 140 mm
YcaoBue BRITIONHEHO, TalbHEHIINX pacuéToOB YKPEIJICHUH He TpeOyeTcsl.

Pacuérnas nnuHa BHEIIHEW YacTu MITyLepa:
Ip =m_1'n[11; 1.25. xn'r(d"’ 2o, s -t )] =min{ 141; 1.25 * ((146.3 + 2 *3) *(10.97-3))""}  =43.55 mm

OmHnowenusa 00nycKaemovix HAnPANCEHU

st BHEIIHEH yacTH WTylepa:

1= M{I,D;-Eq-} =min{1.0, 134/176.8} =0.758

Pacuérnas mmpuHa Koabua:
lop = m{lg . m] = min{65.86; (700 * (10 + 10~ 3))"*} = 65.86 MM
HJ’IH HAKJIaJTHOI'O KOJIbIIa:
[=];

= mins 1.0, =min{1.0, 134/176.8} =0.758
Xz { —ﬂ: }
Pacuérnas nivMHa BHyTpeHHEN 4acTH IITyLepa:

13P=mjn{13; D.S-J[d+2-c5j-(s3—cs—cslj] =min{ 0; 0.5 * ((146.3 + 2 *3) *(10.97-3-0))""} =0 MM

[MuprHa 30HBI yKpEIUICHUSL:
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Ly= Dp-s—c =(700 *(10-3))"> =70 MM

PacuérHast mupyrHa 30Hbl YKPEIJICHHS:
lp=L, =70 MM

Pacuérnprit nuamertp:

o, =04 ,fﬁp {5—C)  =04*700*(10-3)"” =28 MM

1+111:- s —e) g1 +lap sy gz Hlap s —es—cq ) s
1P-|:s— c:l
d+2-c, @ 11P

¥V o=1min<l;
dp —dyp
1+05 —= <+,
lp Dp 91 1
= min{1; [1 + (43.55 * (10.97 — 3) *0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 — 3 —0) * 0.758) /(70 * (10— 3))] / [1 + 0.5 * (152.3-28) / 70 + 1 *
(146.3 +2%3) /700 * 1 /1 * 43.55 / 70] = 1.263}
=1

[P]p _ 2K (- |:j]-|:|:|-[|3].EJT
DP +|Is— cj-?
Homyckaemoe gaBnernne [p] = 3.501 MIla
3.501 MIla > 1.057 MlIla
3axmrodcHue: Y cJ0BHe MPOYHOCTH U YCTOHYMBOCTH BHINOJIHEHO
[Tmomans, HeoOXoMUMast TS YKPETUICHHSI OTBEPCTHS:
A, =050, - dg) s, —05*@523-29 %21 =0.1305-107
Pacmiomaraemas miomazp YKpEIuIeHUsI OTBEPCTHSI:
Ay =1y -{51— g — Cs}-j{_l +lop 8y fa +lgy -|IS3 -, - '351)'13 +1p -{s— fp c]
=43.55 *(10.97 - 0.6034 - 3) *0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 -3 -0) *0.758 + 70 * (10 -2.1 - 3)
=0.001085 m°
A, =0.1305-10" M> < 0.001085 m*
3akimroueHue: Y cJi0BUe MPOYHOCTH BbINOJHEHO

=2%]1*(10-3)*1*176.8 *1/[700 + (10-3) *1] =3.501 MIla

Pac4yém e ycnoesusix ucnbimaHuti (FudpoucnsimaHusi)

YcioBus HATPY KeHUs PU UCHBITAHUSIX:

Pacuérnas remneparypa, T: 20 °C
PacuérHoe BHyTpeHHee U30bITOYHOE MaBieHue, p:  2.694 Mlla

PacuéTt ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana Inemenma, Hecyuieco uimyuyep

JormyckaeMble HanpshKeHust it Matepuaia SA-516 70 npu temneparype T = 20 °C (yciaoBusi TUAPOUCIBITAHIN):
[6]°= M*Rea/nr= 1%262:0°/1.1= 2.382-10° MITa

Monyiis npogonbHO# ynpyroctu npu temmeparype 20 °C:
E= 210’ MIla

Ceoiicmea mamepuaiia wimyuepa

JlonyckaeMble HaNpsKeHUs Ui Matepuaia SA-266-2 npu remneparype T = 20 °C (ycioBuUs THAPOUCIIBITAHKI):
[61°= n*Rep/np= 1%220/1.1= 200 MIla

Moayib IpoaosibHOM ynpyroctu npu temmneparype 20 °C:
E;= 1.99-10° MIla

Ceonicmea mamepuajia Koivua

JoryckaeMble HaIpsDKeHUs 1uist Matepuaia SA-266-2 npu temneparype T =20 °C (ycnoBusi THAPOUCIIBITAHUI):
[61°= mn*Rep/np= 1%220/1.1= 200 MIla

Moynb poosibHOM yrpyroctu npu temmneparype 20 °C:
E,= 1.99-10° MIla

Pacuérnas TonmuHa CTeHKH WTYyIepa:
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P -I[u:i +2- csj
8 = =2.694 * (146.3 +2*3)/(2 %200 *1-2.694) =1.033 MM
Z UE PP
Jlonyckaemoe JaBlieHue:
2ol s - o)
[p] = = 2%200%1%(10.97-3)/(146.3 + 10.97 + 3) =19.89 MIIa
dy+s8 +c,
19.89 MIla > 2.694 MIla
3aximoyeHre: Y CJI0BHE MPOYHOCTH M YCTOMYHBOCTH BBITIOJTHEHO
PacuérHas TosumHa CTEHKM HECYILEro 2JIEMEHTa!

5, = 0.003959 mm

Pacu&rHblil TMaMeTp 0IMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEro YKPEIICHNUS:

58—
dp=2-| —-0,%|- AE—C1 =2*((10-3)/0.003959—0.8) * (700 * (10— 3))">  =2.474-10°
0 [SP ] .fﬁp (s-c) ((10-3) ) * (700 * (10— 3)) MM
d, <dj: YcoBHe IPOYHOCTH BBINOJHEHO

OmHuouwienus 00OnycKaemovix HanpsHceHu

st BHEIIHEH yacTH WTyLepa:
. o
¥ = ming1,0; ] —min{1.0,200/2.382-10 ) = 0.8397-10"
lj
Jns HakmagHOTO KOMbIA:

Tq = m{m;ﬁ[j_]ﬁ_} =min{1.0,200/2.382-10} = 0.8397-107
o

[MuprHa 30HBI YKPEIUICHUS:

L,= f'Dp' g—c]  =(700*10-3)" =70 MM

Pacuérnas uuprHa 30Hbl YKPEIUICHUS:

lp=L, =70 Mmm

Pacuérnblit nuamertp:

dl:lp =04. ,llﬁp 2= =04%700%(10-3)" =28 MM

1+11p s —eg) g1 +lap sy gz Hlap s —es—ca ) s

1, -ls—¢
¥ =mindl; — ( - :'2 1
_ 7
R T 3 I I
Dy 91 Ip

= min{1; [1+ (43.55 * (10.97 - 3) * 0.8397-10° + 65.86 * 10 * 0.8397 -10° + 0 * (10.97 — 3 — 0) * 0.8397-10° ) / (70 * (10— 3))] / [1 + 0.5 *
(152.3-28) /70 + 1 * (146.3 + 2%3) /700 * 1 / 1 *43.55/70] = 0.4951}
=0.4951

=2%]*(10—3) %1 *2.382-10° *0.4951 /[700 + (10— 3) * 0.4951] =2.347-10° MIla

o], - 2Ky (s C:]"P'[':‘]_g
DP +|Is— c)-?
Jlonyckaemoe nasienue [p] = 2.347-10° MIla
2.347-10° MIla > 2.694 Mlla
ZakiroueHue: YciaoBue MPOYHOCTH U yCTOﬁ‘ll/lBOCTl/l BBIIIOJIHEHO
[Tnomans, HeoOXxoauMast Ui YKPETUICHHUSI OTBEPCTHUS:
Ap =050, - dp) sy 05152328 % 0003959 = 0.2461-10° M
Pacnonaraemas IJI0Iaib YKPCIUICHUS OTBEPCTHA:
Ay =1y -[51— fp — l:s]-jq;l +lap -8y fa +lgp -(53 -, - 3513'13 +1p -[s— fp = l:]
=43.55 *(10.97 - 1.033 - 3) *0.8397-10° + 65.86 * 10 * 0.8397 -10° + 0 * (10.97 - 3 - 0) * 0.8397-10° + 70 * (10 -0.003959 - 3)
=0.4905-10° m*
A, =0.2461-10° M < 0.4905-10° M*
3axmroueHue: Y caoBue MPOYHOCTHU BbLINMOJHEHO
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WTyuep E

UcxopHble AaHHbIe

DJIeMeHT: Mrynep E

VcnoBHOE 0003HaUeHHE (METKA) E

DJNeMEeHT, HEeCYIIHI ITyIep: JlHu11e 21IMnTHYecKoe

Tun snemenTa, Hecymiero mwrynep: JlHumnie snmuntuyeckoe

Tun mrynepa: [Tpoxoasiumii 6e3 yKperuieHus

Marepuan HeCyLIEro 3JeMEHTA: SA-516 70
TonmmHa CTEHKH HECYILETo AJIEMEHTa, S: 8.5 MM
CyMMa nprubaBoK K CTEHKE HECYILETO AJIEMEHTa, C: 3 MM
Marepuan mrynepa: SA-105
BuyrpenHnuit quamerp mrynepa, d: 50.8 MM
TonmuHa CTEHKH MITYLIEPa, Si: 16.64 MM
CymMa ipr0aBOK K TOJIIIMHE CTEHKH IITYIepa (BKIIOYas KOPPO3HIO), Cy: 3 M
Jmmna mrynepa, |y 254.4 MM

Va &

CMmemienue mrynepa, Ry 270 MM

Yrox moBopoTa mrymepa, 0: 180 rpaxyc
[MonyueHHBIN yroyl HaKIOHa mTylepa, y:  (-34.29) rpamyc
JlnHa BHYTp. 4acTH IITYLEpa, l3: 0 MM
[TpnbaBka Ha KOPPO3HIO, Cq): 0 MM

MuHUMAaTBHBIH pa3Mep cBapHoro mBa, A: 8.5 MM
PacuérHble mapameTpbl pa3MeIleH s ITYIepa:
Bimxaitumii mrynep

HazBanue mrymepa: Mtynep G
PaccTosame no crenku Omrkaiimero mryepa, b:
(U711 HAKJIOHHBIX MITYIIEPOB 161.3 mm

OTIpEJIeIIACTCS IPUOTMIKEHHO)
KoahunnenTsr IpoYHOCTH CBApHBIX IIIBOB:
[IpononbHBI OB MITYLEpA:

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;

o



o =1

[IToB 0Oeuaiiku B 30HE BPE3KH MITyIEpa:
o =1
Pacuérnblii fuaMeTp BBIMYKJIOTO 3JITMITHYECKOTO JHUIIA!
ol

2 2
D, .J1_4.u.Rm3 =700° /(2 *175) * (1 — 4 * (700° — 4*175%) *270° / 700)"> = 1.042-10° mm
2-H

D“-

Pac4yém e pabo4ux ycnosusix
YcioBust HArPYKEeHUS:

Pacuérnas Temneparypa, T: 425  °C
PacuérHoe BHyTpeHHee u30bITouHOE naBnenue, p:  1.052 Mlla

PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

Jlomyckaemble HanpsuKeHust s Mmatepuana SA-516 70 npu temneparype T = 425 °C (paboune ycaoBus):

[0]: n*min( Re/nt; Roy/ng; Ryyions / ng; Rpl.O/loﬂ/t / nn) = I*min{1.831-10'/1.5; 424.3/2.4; -/~ -/-}=

Moyib IpoI0JIbHOM yIpyrocTy npu remuneparype 425 °C:
E= 1.887-10° MIla

Ceoiicmea mamepuana wimyyepa

Jomyckaemble HanpsokeHus aus matepuana SA-105 npu temneparype T = 425 °C (paboune ycnoBus):
135.5 MIla

[c]i= n*min( Rew/nr; Ruw/ne; Ruyyions / g Ryponony / 0g) = 1¥min{203.3/1.5; 452.1/2.4; -/ = -/ -} =
Momyb Ipo0IBLHOM yrpyrocTu npu Temneparype 425 °C:
E;= 1.879:10° MIla

PacuérHas ToNmpHA CTEHKH MITYIEpa:
o = p-(d+2-csj
e UI; o
Jomyckaemoe naBiacHue:
2ol gy (e
[p] = 1 = 2%[355%[%(16.64-3)/(50.8 + 16.64 +3) =52.49 MIla
e+,
52.49 MIla > 1.052 MIla
3akiroueHue: Y cJoBUe MPOYHOCTH U YCTOHYHBOCTH BbINOJIHEHO
PacuérHas ToNMMHA CTEHKH HECYIIETO IEMCHTA:
sp = 2.087 Mm
Pacuérnplii qmaMeTp oTBepCTHS (CMEMIEHHBIHN MITYIep Ha AJUTMIITHIECKOM JTHHIIE):

d+2-c,

=1.052*(50.8 +2*3)/(2*1355*1-1.052) =0.2214 mm

Dp

2
[3 Ry ] —(50.8+2%3)/[1—(2%270/1.042-10 ))]* = 66.42 MM

PacuérHpIil TnamMeTp OAMHOYHOTO OTBEPCTHS, HE TPEOYIOMIETO YKPEIUICHUS:
E=r
dg =2 | — 08| JDp (s-c) =2%(85-3)/2.087-0.8 *(1.042:10° *(8.5-3))"*  =277.9 Mmm
B
o]
d, <dj: YciaoBue IPOYHOCTH BHINOJHEHO

176.8 MIla

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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OTBepCTI/IG CUHUTACTCs OAMHOYHBIM, €CJIN Onmkaiiiiee K HEMY OTBEPCTUC H_[Tyuep G He oKa3bIBaeT Ha HEro BJIMSAHMUA,
T.C. paCCTOAHNUC MECIKY HAPYKHBIMU MOBEPXHOCTAMU COOTBETCTBYIOIUX HITYHEPOB YAOBJICTBOPACT YCIOBUIO!:

. JD; (=-d)+ JD; (s=c) = (L042:10° *(8.5-3)" + (1410 *(8.5-3)"  =163.4 MM

YcnoBue He BBIITOIHEHO, TPEOYeTCs IOTIOTHUTENBHBIH pacuéT yKpPETUIeHHUH.

Pacuérnas nnuHa BHENIHEW YyacTu MITyLepa:
lip =mjn[11; 125 J{d+ 2., ) (51 - )] = min{ 254.4; 1.25 * ((50.8 + 2 *3) *(16.64-3))"*} = 34.79 MM

OmHuoweHus 00nycKaemvlx HAnNPANCEHU
s BHEIIHEH yacTy WTynepa:
a7
T = it I,D;-[—]-[ ]1 =min{1.0, 135.5/176.8}) = 0.7667
lj

Pacuérnas JJINHa BHy’[‘peHHeﬁ 4acTu mTynepa:
lap = mjn{l3; 0s. \,I‘[d+ 2c, Hsz -, _Cﬂ)] =min{ 0; 0.5 * ((50.8 + 2 *3) * (16.64—3-0)""} =0 Mm

K3 = 1
+1ip-(5'1—°;)-x’1+15p-55-:r;'z+1'3p-(5§—Cé—021)-1§+1fp-(ST—Cs)-:{i‘1+15p-55-15+1§‘p-(5é‘—c:—cs’1)-x§
bs-cl
dy, +dp d+2ct g lp d7+2-cf g* lf
;| 0.8+ -2 o +K, S PR S e
2-hb Dy, i b Dy  of b
=min{l; (1 +[(34.79 % (16.64—3) *0.7667 + 0 * 0 * 0+ 0 * (16.64 — 3— 0) *0.7667 +  43.55 * (10.97—3) * (0.758 + 65.86 * 10 * 0.758 +

0% (10.97— 3— 0)*0.758) /(161.3* (8.5-3))]) /( 1 * (0.8 + (66.42 + 152.3) /(2 * 161.3) + 2 *[(50.8 + 2¥3)/1.042-10* 1 /1 *34.79/
1613 + [(1463 +2%3)/1.4-1G *1/1%43.55/161.3] )) = 1454}

=1

Vi =min-l;

[P]g= E'Kl'lfs—cf-"q?"['j] v =2%2%(85-3)*%1%176.8/[0.5*(1.042-10 + 1.4-10° ) + (8.5-3) *1] = =3.171
05Dy +Dg)+e-c)w, P! MIla

[IuprHa 30HBI yKpEIUICHUSL:
L,= Iu'DP ds=cl  =(1.042:10%8.5-3)"" =75.69 Mmm

PacuérHast mupHHA 30HBL YKPEIICHHS:
Ip=1L, =75.69 MM

Pacuérnbiit nuamerp:
dﬂp =04 b (E3—C)  =04%(1.042:100*(85-3)"" =30.28 MM

1+11p Cs —eg) gk Hlap sy ga Hlap (s —oo - ) xa

1. -ls—«¢
_ ey
T Tk S IS AR I
Dp 91 1

D
= min{l; [1 + (34.79 * (16.64—3) * 0.7667 + 0 * 10 * 0 + 0 * (16.64 — 3 — 0) * 0.7667) / (75.69 * (8.5 — 3))] /[1 + 0.5 * (66.42 — 30.28) / 75.69 +
2%(50.8 +2%3)/1.042-10 * 1 /1 *34.79/75.69] = 1.454)

=1
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o], - 2K, (-9 g ]
DP +(s— c)-?
JHomnyckaemoe aaBnenue [p] = min{ 3.714; 3.171} Mlla
3.171 MIla > 1.052 Mlla
ZaxiroueHue: Y ciaoBue MPOYHOCTH U yCTOﬁ‘[HBOCTH BBIIIOJIHEHO
[Tnomans, HeoOXoMuMast TS YKPETUICHHSI OTBEPCTHS:
Ap=05 [dp - dnp]- g =0.5*(6642-30.28) *2.087 =0.3771-10" m’
Pacnionnaraemas 101 aAb YKPCIUICHUSA OTBEPCTHA:
Ay =y -[51— Sp — cs]-j;;l +lop -8y ga +ly -(53 -, - csl:l-13 +1g -[s— p = u:]
=34.79 % (16.64 - 0.2214 - 3) *0.7667 + 0 * 10 * 0 + 0 * (16.64 - 3 - 0) * 0.7667 + 75.69 * (8.5 -2.087 - 3)
=0.6163-10" M’
A, =0.3771-10" M* £ 0.6163:10° m*
BakmroueHue: YciaoBue NMPOYHOCTHU BBLINMOJHEHO

N =2%2%(@85-3)%1%176.8%1/[1.042-10 +(8.5-3)*1] =3.714 MIla

Pacyém e ycnoeusix ucnbimaHul (FudpoucnbimaHusi)

YcioBus HATPY KeHUs PU UCTBITAHUSIX:

Pacuérnas remneparypa, T: 20 °C
PacuérHoe BHyTpeHHee U30bITOYHOE MaBieHue, p:  2.688 Mlla

PacuéT ykpenneHusa orBepctusi no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuyezo wimyuep

Jlomyckaemble HanpspKeHust 1us Mmatepuana SA-516 70 npu temneparype T = 20 °C (ycnoBusi THAPOMCIIBITAHNUH):
[6]°= n*Rep/nr= [*262:0°/1.1= 2.382-10° MIla

Moy Ipoa0IBEHOM yrpyroctu npu Temmeparype 20 °C:
E= 2-10° MIla

Ceoiicmea mamepuana wmyuepa

JonyckaeMmble HanpsikeHus i Matepuaia SA-105 npu temneparype T = 20 °C (yca0BUs THAPOUCTIBITAHMN):
[61°= n*Rep/nr= 1%*248/11= 2255MIlla

Moayib IpoosIbHOM ynpyroctu npu temneparype 20 °C:
E;= 2-10° MIla

Pacuérnas TonmuHa cTeHKH WTYylepa:
P -(d +2- '35)
Sip = =2.688 *(50.8 +2%3)/(2%225.5*1-2.688) =0.3406 Mmm
20l @ —
om-p
Honyckaemoe naBieHue:
2ol (s -y
[p] = = 2%2255%1%(16.64-3)/(50.8 + 16.64 +3) =87.31 MIIa
dy+s+e,
87.31 MIla > 2.688 MIla
3akroueHne: Y cJ0BUE MPOYHOCTH U YCTOHYHMBOCTH BbINOJIHEHO
PacuérHas TonmmnHa CTEHKH HECYIIETO AJIeMEeHTa:

sp = 0.00395 mm

PacuérHblil TMaMeTp 0OIMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEr0 YKPEIICHNUS:

dp=2- E—D,E ~JDp (s=c)  =2%((8.5-3)/0.00395-0.8) * (1.042-10 * (8.5 3))"*  =2.107-10° mm

5
F
d, <dp: YcaoBue NPOYHOCTH BLINOJHEHO

OmHnouwienus 00OnycKaemovix HAnPAHCEHU

s BHEIIHEH yacTy WTynepa:

11=m{1,n;%} =min{1.0,225.5/2.38210 } = 0.9466-107

K3 = 1
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1+11’p-(51-ﬂ;)-11+15p-55-x'z+1§p-(55-Cé-'321)-12+1fp-(Si'-Cs)-xi‘1+15p-Sﬁ-x§+1§p-(5£-ﬂ:-csﬁ) k3
bs-1c)
dp +dy d'+2-ef @t M d'+2cf ¢ 1
;| 0.8+-2 o +K, S PR S e
2 D, @ b Df ¢f b
=min{l; (1 + [ (34.79 * (16.64— 3) *0.9466-10° + 0 * 0 * 0 + 0 * (16.64 — 3~ 0) *0.9466-10° +  43.55 *(10.97 - 3) *0.8397-10° + 65.86
*10 %0.8397-10° + 0 * (10.97 — 3~ 0) *0.8397-10° ) /(161.3 * (8.5-3)) / ( 1 * (0.8 + (66.42 + 152.3) /(2 * 161.3) + 2 *[(50.8 +2%3)/
1.042-10°%1/1%34.79/161.3 + [(146.3+2%3)/1.4-10° *1/1%43.55/161.3] )) = 0.6418}
=0.6418

Wy =tmindl;

6], - 2K, (s- 0)-g-[o] . S2F2E85-3) 1 *2382:007/[05 % (104210 + 14:10°) + (85-3) = 2.747-10°
05 (DL +Dg]4le-c)w, 1 FO.648 *0.6415 MTTa

[TupuHa 30HBI YKpEIUICHUS:

Ly=.Dp ls- ©) = (L0420 *(85-3)" =75.69 Mm

PacuérHas muprHa 30HB YKPEIUICHHS:
lp=L, =75.69 Mmm

Pacuérnbiit nuamerp:

dop =04 /Dy (5-C)  =04*@1.04210*55-3)" =30.28 mm

hp (51 —cg) k1 +lap g% +Hlap (s —co—ea ) %3
lp-(s— I::I
d+2-c, o _11P

1+

V =min 21,

El

—d

1+u.5-dp—°P+1{1-
Iy Dy ¢ 4

=min{l; [1+ (34.79 * (16.64 — 3) * 0.9466-10° + 0 * 10 * 0 + 0 * (10.97 — 3— 0) * 0.9466-10° ) / (75.69 * (8.5—3))] / [1 + 0.5 * (66.42 — 30.28)

/75.69+2 % (50.8 +2%3)/1.042-10G *1/1 *34.79/75.69] = 0.7767)

=0.7767

=2 %2 %(8.5-3) %1 %2.382-100 *0.7767 /[1.042-1C + (8.5—3) *0.7767] = 3.891-10° MIla

o], - 2K, (s- '331'f|="['1‘]_v
DP +(s— c)-?
Jlonyckaemoe nasienue [p] = min{ 3.891:10° ; 2.747-10° } MIla
2.747-10° MIla > 2.688 MIla
BakiroueHue: YciaoBue MPOYHOCTHU U yCTOﬁ‘lMBOCTH BBIIIOJIHEHO
HJ’IOHIEII[B, HeO6XO,[II/IMa$I JJI YKPCIJICHUSI OTBEPCTHUA:
A =03 [dp - dnp]- sp =0.5*(66.42-30.28) *0.00395 = 0.7138-107 M’
Pacnonaraemas IJ1o1aab YKPCIUICHUSA OTBEPCTHUA:
Ay =1y -{sl— fpp — Cs}'?'i',l +lop 8y xa +lgy -(53 -, - CSIJ'IE +1p -{s— 5p .::}
=34.79 * (16.64 - 0.3406 - 3) * 0.9466-10° + 0 * 10 * 0 + 0 * (10.97 - 3 - 0) * 0.9466-10° + 75.69 * (8.5-0.00395 - 3)
=0.4165-10" m°
A, =0.7138107 M* < 0.4165-10° M
3akmoucHre: Y cJ0BHE MPOYHOCTH BbITIOJHEHO

Wryuep P

MUcxoaHble AaHHbIe

DJeMeHT: MTynep P
YcnoBHOe 0603HaUeHHE (METKa) P
OneMeHT, Hecymuil mTynep: JlHu1e a1MnTHyecKoe

Tun snementa, Hecyero wrynep:  JHulle 3JIUNTHYECKOE
Tun wrynepa: [Tpoxopasimii 6e3 yKperuieHus
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Marepuan HECYIIEro IEeMEHTA:

TonmuHa CTEHKH HECYIIETO YJIEMEHTa, S:

CymMa mpr6aBoK K CTEHKE HECYILETO 3JIEMEHTAa, C:
Marepuan mwryuepa:

BHyTpeHnHuil tuamerp mryiepa, d:

TonmuHa CTEHKH WITyLEpa, S;:

CyMMa npr6aBOK K TOJNIIMHE CTEHKHU IITYIEpa (BKIFOYasi KOPPO3HUIO), Cy!

JmnHa mrynepa, |

v £

Cwmelenue mwryuepa, R, 270 mm

VYron noBopoTa niryiepa, 0: 90 rpanyc
[Mony4eHHbI# yron HakiIoHa mTynepa, v:  (-34.29) rpanyc
JlniHa BHYTp. YacTH IITYLEpa, l3: 0 MM
[TpubaBka Ha KOPPO3HUIO, Cgy: 0 MM

MuHHUMaJIBHBIH pa3Mep cBapHOro mBa, A: 8.5 MM
PacuérHble mapamMeTphl pa3MeIleHHs ITYIepa:
Bimxaitiunii mrynep

HasBanwue mrynepa: rynep G
Paccrostaue no cteHku Onmkaiiiero mryiepa, b:
(7151 HAKJIOHHBIX IITYIIEPOB

161.3 mm
ompenensIeTcs: NPUOIMKEHHO)

KoahpunnenTsr npoyHOCTH CBAPHBIX IIBOB:
IIpononbHEIM OB WITYLIEPA:

¢ =1

[IToB obevaiiku B 30HE BPE3KH MITYyIEpa:
o =1
Pacu€rnblil 1uaMeTp BHIMYKIIOTO 3JUTUITHYECKOTO JTHUIIIA!
D? (D -4.HY
p= o 1- 4.—4.
2-H D

R,°

SA-516 70
8.5 Mm

3 MM
SA-105
50.8 Mm
16.64 Mmm

3 MM

254.4 mm

=700°/ (2 * 175) * (1 —4 * (700° — 4*175%) * 270° / 700*)"?

=1.04210° mm
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Pac4yém e pabo4ux ycnosusix

YcinoBus HATPY:KeHHS:

Pacuérnas remneparypa, T: 425 °C
PacuérHoe BHyTpeHHee u30bITOYHOE naBieHue, p:  1.052 Mlla

PacuéT ykpenneHnusa oreepctusi no FOCT 52857.3-2007

Cesoiicmea mamepuana nemenma, Hecyuiezo uimyuep

JlomyckaeMble HanpshKeHust 171 Mateprana SA-516 70 npu temneparype T = 425 °C (pabouue ycnosus):

[6]=  n*min( Rey/nr; Ru/ng; Ruvione / 0 Rpponone / 0g) = 1*min{1.831°10°/1.5;424.3/2.4; -/~ - /)= 176.8 MIla
Moyib IpoI0JIbHOM ypyrocTy npu remuneparype 425 °C:

E= 1.887:10° MIla

Ceoiicmea mamepuana wumyuyepa

Jlomyckaemble HanpsoKeHust s Mmatepuana SA-105 npu temneparype T = 425 °C (paboune ycaoBus):

[6]i= m*min( Rey/ny; Roy/np; Ruyrons / ng; Ryponone / ng) = 1*min{203.3 /1.5, 452.1/2.4; -/~ -/-}= 135.5 Mlla
Moyib IpoI0JIbHOM yHpyrocTy npu remueparype 425 °C:

E,= 1.879-10° MIla

Pacuérnas TonmuHa CTEHKH MITYIepa:
_ b '(d +4- csj
Z '3|; PR
Homyckaemoe naBiaeHue:
2ol s - o)
[p] = = 2%355%1%(16.64-3)/(50.8 + 16.64 +3) =52.49 MITa
dy+s8+¢c,
52.49 MIla > 1.052 MIla
3akiroueHue: Y cJoBUe MPOYHOCTH U YCTOHYMBOCTH BbINOJIHEHO
PacuérHas TonmmHa CTEHKH HECYIIETO AJIeMEeHTa:
sp = 2.087 Mm

PacuérHblit tuameTp oTBepCTHA (CMEMIEHHBIN IITYNEp Ha SJUTUITUIESCKOM JTHUIIE):
d+2-¢c
£

=1.052*%(50.8 +2*3)/(2*1355*1-1.052) =0.2214 mm

Dp

2
[2 Ry ] =(50.8+2%3)/[1—(2%270/1.042-10 )’ = 66.42 MM

Pacu€THbIi TMaMeTp OAMHOYHOTO OTBEPCTHS, HE TPEOYIOIIETO YKPETUICHHS:

5—0C
dp=2 | —-0,| 8=l =2%(85-3)/2.087-0.8) *(1.042-10° *(8.5-3))"* =277.9
0 [Sp ]JEPE i (8.5-3) ) * (. (8.5-3)) MM
d, <dy: YcjoBre NpoYHOCTH BHINOJHEHO

1 [ b :{
= wm, T 1 "
- 13 .n
%;; R = ,,.-,,_E____ “
woah

,| . - (-._ h‘"—m;)

T .'}' "

I
‘\\. v kDé '

OtBepcTHE CUMTAETCS OJMHOYHBIM, ecM Ommkaiimee k Hemy orBeperre Lltynep G He oka3bIBacT Ha HETO BIIMSHUS,
T.€. PaCCTOSHUE MEXJTy HAPYKHBIMH MTOBEPXHOCTSIMH COOTBETCTBYIOIINX IITYIIEPOB YAOBIETBOPSET YCIOBHIO:

b ,'(D; (s-c) + JD; (s=) = (L042:10° * 8.5-3)" + (1.4-10° * (8.5-3)"" = 163.4 MM

YcnoBue He BBINOIHEHO, TPEOYeTCs TOMOTHUTENbHBIH Pacu€T yKpPEIUIeHHUH.

Pacuérnas qnuHa BHELIHEH yacTu mryuepa:
lip =m_1'n[11; 1.25. \I'Td*' 2-c, ) [5,—c, )] = min{ 254.4; 1.25 * ((50.8 + 2 *3) *(16.64 - 3))"*}  =34.79 mm
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OmHuouienus 00nycKkaemovixX HaAnPANCeHUl
/s BHemHelH yacTu mwryuepa:
o
1 = it 10 ﬂ =min{1.0, 135.5/176.8} = 0.7667
Ij

PacuérHas yrHa BHyTpEeHHEH 4acTu ITylepa:
lap = mjn{l3; 0s. xl'r(d"’ 20, ) (55—, _.351)] =min{ 0; 0.5 *((50.8 +2*3) *(16.64-3-0)""} =0 mm

K3 = 1

G O Tl +g [sf —ef - e ) g +1f (s - e gl 1y 8] g g+ (s el —ef) xd
bs-c)

dp +dp d'+2oel gt 1 dT+2o0f gt 1R
K3[D.8+ T dP]+K1[ + R S +if @

V= minql;

D, o b Dy g b
= minfl; (1 +[ (3479 * (16.64—3) * 0.7667 + 0% 0 * 0+ 0 * (16.64— 3~ 0) *0.7667 +  43.55 *(10.97—3) *0.758 + 65.86 * 10 * 0.758 +
0%(10.97— 3~ 0)*0.758) /(1613 *(8.5-3)]) /(1 * (0.8 + (66.42 + 152.3) /(2 * I61.3) + 2 *[(50.8 +2%3)/1.042+10 *1/1*34.79/
1613 + [(1463+2%3)/1410°* 1 /1 %4355/ 161.3] ) = 1454}
=1

[P]3= E'Kl'ﬂs-ﬂﬁl"lﬂ'[ﬁ] v =2%2%(85-3)%]*%176.8/[0.5*(1.042-10 + 1.4-10° ) +(8.5-3) 1] * =3.171
05Dy +Dg )+ e-c)w, t ! MIla

[[upuHa 30HBI YKpEIUICHUS:

L,= H'Dp' s—t]  =(1.042:10° *(8.5-3)"” =75.69 Mmm

Pacuérnas muprHa 30HbI yKpEMJICHUS:
Ip=1L, =75.69 MM

Pacuérnblit nuamerp:

o, =04 ,fﬁp (E3—C)  =04%(1.042:10*(85-3)"" =30.28 MM

1+11p SCET AT TR PPy PR PR R R £

1, -ls—-=¢
V = min 31, S | . 32 ;
Z Y
1405 T LK, S 3
1 D, @ I

= min{1; [1 + (34.79 * (16.64 —3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 — 3 —0) * 0.7667) / (75.69 * (8.5~ 3))] / [1 + 0.5 * (66.42 — 30.28) / 75.69 + 2
*(50.8 +2%3)/1.042-1C * 1 /1 *34.79/75.69] = 1.454)
=1

o], - 2K (s-9) ¢ [o]
DP +|[s— .;:I.I,T
Homyckaemoe nasienwue [p] = min{ 3.714; 3.171} MIla
3.171 MIla > 1.052 MIla
3akimoyeHre: Y CJI0BHE MPOYHOCTH M YCTOMYHBOCTH BBITIOJTHEHO
[Tnoma s, HEOOX0AUMAst JIJIs YKPETIJICHUS] OTBEPCTHS:
by =050, - dgp) 8y =05 (66.42-30.28) %2087 =03771-10" M
Pacrnonaraemast iomiaab yKpeIruieHUs] OTBEPCTHS:
Ay =1y -{51— fp — cs}-j;;l +lop -8y fa +lgp -(53 -Gy - 3513'13 +1p -{s— fp = l:}
=34.79 *(16.64 - 0.2214-3) *0.7667 + 0 *0 *0 + 0 * (16.64 -3 - 0) *0.7667 + 75.69 * (8.5 -2.087 - 3)
=0.6163-107 m*
A =0.3771-10* M* < 0.6163-10° m°
3akroueHue: Y cia0BUe MPOYHOCTH BbINOJHEHO

N =2%2%(85-3)%1%176.8%1/[1.042-10 +(8.5-3)*1] =3.714 MIla

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

Yci10BUSI HATPYKEHHUS MIPU UCTIBITAHUSAX:

Pacuérnas temneparypa, T: 20 °C
PacuérHoe BHyTpeHHee M30bITOYHOE AaBieHue, p:  2.688 Mlla

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuyezo wimyuep

JoryckaeMble HampshKeHus it Matepuaia SA-516 70 npu temneparype T = 20 °C (yciaoBus TUAPOUCIBITAHIN):
[6]°= nM*Rep/np= 1*262:0°/1.1= 2.382:10° Mlla

Moynb Ipo0sibHOM yrpyroctu npu temmneparype 20 °C:
E= 210’ MIla

Cesoiicmea mamepuana wmyuyepa

Jlomyckaemble HanpspkeHus 171 Mateprana SA-105 npu temnepatype T = 20 °C (ycaoBust THAPOUCTIBLITAHAN):
[6]°= M*Ren/nr= 1%248/1.1= 225.5MIla

Moyib IpoaoEHOM yrpyroctu npu Temieparype 20 °C:
E;= 2-10°MIla

Pacuérnas TonmuHa CTeHKH WTYyIepa:
B I[u:i +2- csj
= =2.688 *(50.8 +2%3)/(2%2255*%1-2.688 =0.3406 mMm
2ol g -p
I[OHYCKaeMOG JaBJICHHUEC:
_ 2ol (s -y
0] = 3 = 2%225.5% [ %(16.64-3)/(50.8 + 16.64 +3) =87.31 MIla
(e e,
87.31 MIla > 2.688 MlIla
3aK.TIIO‘{eHI/IeZ YciaoBue MPOYHOCTHU U yCTOﬁqHBOCTH BBIIIOJIHEHO
Pacuérnasa TOJII[MHA CTCHKU HECCYHICTO 3JICMCHTA:

sp = 0.00395 mm

Pacu&rHblil TMaMeTp 0IMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEro YKPEIICHNUS:

§—C
dp=2-| —-0,%]| qE—E1  =2%((8.5-3)/0.00395—0.8) * (1.042-10° *(8.5-3)"" =2.107-10
0 : ] -\.Ilﬁp (s- ) (8.5-3) ) (85-3)) MM
d, <dy: YcaoBue IPOYHOCTH BHINOJHEHO

OmHuouwienus 0OnYcKaemovlx HanPsHceHu

/s BHEmIHel yacTu mryuepa:

o
1 = min 1,D;ﬂ =min{1.0,225.5/2.38210 } = 0.9466-10>
U
K3 = 1
e T e Ry g R HYy [sh—el-ehlrg +Hfp (s - el +1% sY RS+ (s -l -l xS

b-(s-c)
dl',+d£]+Kl[d'+2..;; ¢ g +d'+2-c:_cp_"_£

WV = mit1q1;

K3[D.S+ - — - —

DP g h DP g h
= min{1; (1 + [ (34.79 * (16.64—3) * 0.9466-10° + 0 ¥ 0 * 0+ 0 * (16.64 — 3— 0) *0.9466-10° +  43.55 * (10.97 - 3) * 0.8397-10° + 65.86
*10%0.8397-10° + 0 * (10.97 — 3— 0) *0.8397-10° ) /(1613 * (8.5-3)])/( 1 * (0.8 + (66.42 + 152.3) /(2 * 161.3) + 2 *[(50.8 + 2%3)/
1.042-10° *1/1%34.79/161.3 + [(146.3 +2%3)/1.4-10 *1/1 *43.55/161.3] )) =0.6418)

=0.6418

=2%2%(85-3)%1%2382-10°/[0.5* (1.042-10' + [.4:10°) + (8.5-3) = 2.747-10°
*0.6418] *0.6418 MIIa

1K (-9 g o]
ek - 05 DL +D5]+(s-c)-¥, "1
IITupuHa 30HBI YKpPEIUICHUS:
L,= Iu'DP ds—cl  =@.042:10 *8.5-3)"” =75.69 mm

PacuérHast mUpHHA 30HBL YKPEIICHHS:
lp=L, =75.69 Mmm

Pacuérnbliit nuamerp:
dop =04 /Dy (5-C)  =04*@1.04210*85-3)" =30.28 mm

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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1+111:- s —eg) 1 +lap sy Kz Hlap (s -0 —cq ) xs

1. -ls==¢
T = minAdl; ] ol - 32 1
. ey
1o e AN i I S )
1 D, %1 1

= min{1; [1+ (34.79 * (16.64 — 3) *0.9466-10° + 0 * 0 * 0 + 0 * (16.64— 3 — 0) * 0.9466-10° ) / (75.69 * (8.5 3))] / [1 + 0.5 * (66.42 — 30.28) /
75.69 +2 % (50.8 + 2%3) /1.042-1G * 1 /1 *34.79/75.69] = 0.7767}
=0.7767

[P]p _ 2K (- C:]'q:"[lj].v
Dy +|Is— cj-?
Jlonyckaemoe nasienue [p] = min{ 3.891:10° ; 2.747-10° } MIla
2.747-10° MIla > 2.688 Mlla
3akimoueHue: Y ciaoBue MPOYHOCTH U yCTOﬁ‘ll/lBOCTl/l BBIIIOJIHEHO
[Tnomans, HeoOXoauMast UIs YKPETUICHHUSI OTBEPCTHUS:
Ay =050, - dg ) sy 0.5 (66.42-30.28 *0.00395 = 0.7138:107 w?
Pacnonaraemas miomanb yKpeIuleHUus: OTBEPCTUSL:
Ay =1y -[sl— fp — c:s]-;;;l +lap o8y Fa +lgp -(53 -, - CSIJ'IE +1p -[s— fp = .::]
=34.79 * (16.64 - 0.3406 - 3) * 0.9466-10° + 0 * 0 * 0 + 0 * (16.64 - 3 - 0) * 0.9466-10° + 75.69 * (8.5 -0.00395 - 3)
=0.4165-10° m*
A =0.7138107 M* < 0.4165-10° m°
3axmroueHue: Y caoBue MPOYHOCTH BbINMOJHEHO

=2 %2 %(8.5-3) % *2.382-10° *0.7767 /[1.042 10 + (8.5 3) *0.7767] = 3.891-10° MIla

Wryuep F

UcxoaHble AaHHbIe

OneMeHT: Mryuep F

VYcioBHOe 0003HaUCHUE (METKA) F

DIeMEeHT, HeCYIIUH ITyLep: JlHuIIe SITHITHYecKoe

Tum snemenTa, Hecylero mrymnep: JHuie smunTudeckoe

Tun wrynepa: [Ipoxonasmmii 6e3 yKkperieHus

Marepuan HECYILIEro HIEeMEHTa: SA-516 70
TonmuHa CTEHKH HECYIIETrO 3JIEMEHTa, S: 8.5 Mm
CyMMa nprnbaBoK K CTEHKE HECYILETO JJIEMEHTa, C: 3 MM
Marepuan mrynepa: SA-105
BayTpenHunit tnamerp mrytepa, d: 50.8 MM
TonmuHa CTEHKH ITyLEepa, S;: 16.64 mm
Cymma mprbaBoOK K TOJIUHE CTCHKH IITyIepa (BKIKOYas KOPPO3HIO), C: 3 Mn
Jina mwrynepa, 1;: 254.4 mm

7 &

Cwmemenue mrymnepa, Ry, 270 Mmm

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



Yrox moBopoTa mrytepa, 0: 270 rpanyc
[Mony4eHHsIN yTo HakIoHa mTyrepa, v:  (-34.29) rpanyc
JliiHa BHYTp. 4acTy TyLepa, ls: 0 MM
[TpubaBka Ha KOPPO3UIO, Cq: 0 MM
MuHUMaBHBIN pa3Mep cBapHoOro mBa, A: 8.5 MM
PacuérHble mapaMeTpsl pa3MeIeHHs HITyLepa:
bumxaiinii mrynep

. = & ] 4
=6
Ha3panue mryuepa: rynep G
Paccrosinue 1o cTenkn Oimmkaiimero mrynepa, b:

(U1 HAKJIOHHBIX MITYIEPOB
OTIpeIeIIAeTCs IIPUOIIKEHHO )

161.3 Mm

KoahdunmeHTsl IpOYHOCTH CBAPHBIX IIBOB:
IIpononbHbI OB HITYLEpA:

¢ =1

[IToB 0Oeuaiiku B 30HE BPE3KH MITyIEpa:
¢ =1
PacuérHblii AMaMeTp BBIMTYKIOrO SJUTMOTUYECKOrO JHUILA!

¥ nr

2 2 2
DP=D__Jl_4.w.R 007/ 2% 175) % (1— 4 * (7007 — 4*175%) * 270°/ 700977 = 1.042-10° MM
2-H

Pac4yém e pabo4ux ycnosusix

YciaoBus HATPY:KEHHSA:

Pacuérnas Temneparypa, T: 425  °C
PacuérHoe BHyTpeHHee u30bITOYHOE MaBieHue, p:  1.052 Mlla

PacuéT ykpenneHus orsepctua no FOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JoryckaeMble HampspKeHust 1yt Matepuaia SA-516 70 npu temneparype T = 425 °C (pabGouue ycioBusi):

[6]= m*min( Reyng; Row/ng; Ruyione / 0 Rotonone / Ng) = 1*min{1.831-10°/1.5; 424.3/2.4; -/~ /=)= 176.8 MITa
Moyiis NpoJoIEHON yIpyrocTy npu Temrepatype 425 °C:

E= 1.887-10° MIla

Ceoiicmea mamepuana wumyyepa

Jlomyckaemble HanpsokeHust a1 matepuana SA-105 npu temneparype T = 425 °C (paboune ycinoBus):

[6];i= m*min( Rey/nr; Royy/ng; Ruvione / 0 Rypopiony / ) = 1¥min{203.3 /1.5, 452.1/2.4;-/-;-/-}=  135.5 MIla
Moyib IIpoI0JIbHOM yIpYrocTy npu temueparype 425 °C:

E;= 1.879-10° MIla

PacuéTHas TonIMHA CTEHKHA mTynepa:
4 -[d +2- cs:l
8y, = =1.052%(50.8+2%3)/(2%1355%1-1.052) =0.2214 MM
PUa UE PR
L[onycxaeMoe JAaBJICHHUC:
[p]=3'['3]1"5li'1'(51—'35) e B
d +s e, = 2%]355%]*(16.64-3)/(50.8 +16.64 +3) =52.49 MIla
52.49 MIla > 1.052 MlIla
3aKJ'IIO‘leHI/IeZ YciaoBue MPOYHOCTH U yCTOﬁqHBOCTH BBIIIOJIHEHO

Pacuérnas TOJIIIIMHA CTCHKH HECYLICTO 3JIEMEHTA:

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



sp = 2.087 Mm
PacuérHblit tuameTp oTBepCTHA (CMEIIEHHBIN IITYLEp Ha SJUTUITUIESCKOM THUIIE):

d+2-c,

=(50.8+2%3)/[1—(2%270/1.042-10 )’ = 66.42 MM

Pacu€THbIit TMaMeTp OAMHOYHOTO OTBEPCTHS, HE TPEOYIOIIETO YKPETUICHUS:

5—0C
dp=2 | —-0,| 8=l =2%(85-3)/2.087—-0.8) *(1.042-10° *(8.5-3))"* =277.9
0 : Jﬁp (- ¢) (8.5-3) ) * (. (8.5-3)) MM
d, < dy: YcjoBre NpoYHOCTH BHINOJHEHO

AT

OTBepcTHE CUYUTAETCS OAWHOYHBIM, ecin Omkaiiiee k HeMy otBepctre LlTynep G He oKa3pIBaeT Ha HETO BIMSHIUS,
T.€. PACCTOSHUE MEX Ty HapyKHBIMHU IMIOBEPXHOCTSIMH COOTBETCTBYIOIINX IITYIIEPOB YAOBIECTBOPSET YCIOBHIO:

b JD; (a-d)+ JD; (a=c) = (L042:10° *(8.5-3)" + (1410 *(8.5-3)" =163.4 mMm

VYcaoBue He BBITOJHEHO, TPEOYETCS TOTOTHUTEIbHBIN PacuéT YKPETICHHM.

Pacuérnas qnuna BHELIHeH yacTu wryuepa:
lp =m_1'n[11; 1.25. \,ﬂ[d+ 2-c, )8 —c, j] = min{ 254.4; 1.25 * ((50.8 + 2 *3) * (16.64—3))""} = 34.79 Mmm

Omnowenusn 0onycmleMblx Hanpﬂofceuuz?
st BHEIIHEH yacTy WTyLepa:
1= ﬂﬁn{l,ﬂ; G]l} =min{1.0, 135.5/176.8} = 0.7667
]

PacuérHas [yiHa BHyTpEeHHEH YacTu Tylepa:
lap = mjn{l3; 0s. xl.f|1[1+ 2c, Hsz -, _':sl:]] =min{ 0; 0.5 * ((50.8 + 2 *3) * (16.64—3-0)""} =0 MM

K3 = 1

¢ "

lip i e wiHlap S5 %h Hy [sh—ol- el g+ (- el +1G s RS+ (-l -l xS
b-(s-c)

dp +dp d'+2cf @ lip dT+2ocf f 1f
A RN

V) = minql;
D! ¢ b DI ¢l b

= min{l; (1 +[ (34.79 % (16.64—3) *0.7667 + 0 *0 * 0+ 0 * (16.64— 3— 0) *0.7667 +  43.55 * (10.97 —3) * 0.758 + 65.86 * 10 * 0.758 +

0%(10.97— 3— 0) *0.758) /(161.3 * (8.5-3))]) /( 1 * (0.8 + (66.42 + 152.3)/ (2 * I61.3) + 2 *[(50.8 +2%3)/1.042-10 * 1 /1 *34.79/

1613 + [(1463+2%3)/1.4-10°*1/1%43.55/161.3] ) = 1454

=1

[p]g= :’-'Kl'ﬂs—ﬂﬁl'qﬂ'[ﬁ] v =2%2%(85-3)%1%176.8/[0.5%(1.042-1G +1.410°) +(8.5-3) *1]* =3.171
05 {Dp+Dg )+ e-c)w, P! MIla

IITupuHa 30HBI YKPEIUICHHUS:

L,= Iu'DP =l =(1.042:10%@8.5-3)"7 =75.69 Mmm

Pacuérnast mmprHa 30Hbl yKpPEIJICHUS:
Ip=L, =75.69 Mmm

Pacuérnblit nuamerp:
dop =04 /Dy (5-C)  =04%01.04210*85-3)"” =30.28 mm
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1+111:- s —e) g1 +lap sy gz Hlap s —es—cq ) s

1. -la—=¢
¥ =mindl; — ( - :'2 1
_ ey
1+|:|_5.d1’—':‘1:'+1{1.—':5.i.£
Dp 91 1

= min{1; [1+ (34.79 * (16.64 —3) *0.7667 + 0 %0 * 0 + 0 * (16.64— 3~ 0) * 0.7667) / (75.69 * (8.5~ 3))] / [1 + 0.5 * (66.42 — 30.28) / 75.69 + 2
*(50.8 +2%3) /1.042-100* 1 /1 *34.79/ 75.69] = 1.454)

=1

N =2%2%(85-3)*1*176.8*1/[1.042-10 + @8.5-3)*1] =3.714 MIla

o], - 2K (s-9) ¢ o]
DP +|Is— cj-?

Homyckaemoe nasienwue [p] = min{ 3.714; 3.171} Mlla

3.171 MIla > 1.052 Mlla

ZakiroueHue: YciaoBue MPOYHOCTHU U yCTOﬁ‘ll/lBOCTl/l BBIIIOJIHEHO

[Tnomans, HeoOxoauMast I YKPETUICHHSI OTBEPCTHUS:

Ay =050, - dg ) s, 0.5 (6642-3028 %2087 =03771-10"

Pacnonaraemas miomaab yKpeIuleHus OTBEpCTHSL:

Ay =1y -{51— fp — cs}-j;;l +lop -8y fa +lgp -(53 -, - 3513'13 +1p -{s— fp = l:}

=34.79 * (16.64 - 0.2214-3) *0.7667 + 0 *0 * 0 + 0 * (16.64 - 3 - 0) * 0.7667 + 75.69 * (8.5-2.087 - 3)

=0.6163-10° m*

A, =0.3771-10" M* £ 0.6163-10° M*

3akmroueHue: Y caoBue MPOYHOCTHU BbLINMOJHEHO

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

YcaoBus HArpyK€Hud Npu MCHbITAHUAX:

Pacuérnas temneparypa, T: 20 °C
PacuérHoe BHyTpeHHEe U30BITOYHOE MaBieHue, p:  2.688 Mlla

PacuéT ykpenneHus orsepctua no NOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JomnyckaeMble HANpsKeHus i Matepuaia SA-516 70 npu temneparype T = 20 °C (yca0BHS THAPOUCHIBITAHUHN):
[6]°= M*Rep/np= 1%262:10°/1.1= 2.382-10° MIla

Moayib IpoaosibHOM ynpyroctu npu temmneparype 20 °C:

E= 210’ MIla

Ceoiicmea mamepuana wumyuyepa

JoryckaeMmble HanpspkeHus 1uist Matepuana SA-105 mpu temneparype T = 20 °C (ycinoBusi TUIPOUCIIBITAHII):
[6]°= mn*Repo/nr= 1%248/1.1= 225.5MIla

Moy npoonbHO# ynpyroctu npu temmeparype 20 °C:

E,= 2-10°MIla

PvaéTHaﬂ TOJIIMHA CTCHKU H_ITyLIepa:
pld+dc) 2688 % (50.8+2%3)/(2%225.5%1-2.688) = 0.3406
S = =2.688 *(50.8 +2 * *¥225.5 %1 -2 =0. MM
P 'II; o
I[OHyCKaeMOG JaBJICHHUEC:
2-[o]y @y (s - cg)

= — * * 7 % _ + + =
[®] Fy 2%2255%1 % (16.64-3)/(50.8 + 16.64 +3) =87.31 MIla
87.31 MIla > 2.688 MIla
3aknroueHue: Y cia0BUe MPOYHOCTH U YCTOMYHMBOCTH BHINOJIHEHO
Pacuérnas TommuHA CTEHKH HECYIIETO AIEMEHTA:
sp = 0.00395 mm

PacuérHblil TuamMeTp OAMHOYHOTO OTBEPCTHS, HE TPEOYIOMIETO YKPEIUICHUS:

5—r
dp =2 | —-02 |- (8= =2%((8.5-3)/0.00395—0.8) * (1.042-10° * (8.5 3))"" =2.107-10°
0 [Sp JDp (- (85-3) ) *( 85-3) MM
d, <dy: YcaoBue NpoYHOCTH BbINOJHEHO

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



OmHnowienus 00OnycKaemovixX HAnPANCEHUl

/s BHemHel yacTu mwryuepa:

o
11 = tin 1,D;ﬂ =min{1.0, 225.5/2.382°10' } = 0.9466-10°>
Ij
K3 = 1
[ el i iy s 15+l sf -l -l )g (s - e xf 1% o8d kg 1 (sf el - ef) g

b-(s-c)
d{,+d£]+K1[d'+2-c; o lp @42l o 1f

V) = mindl;
K3[D.E+ AL A L
DP g ! DP g a]
= min{l; (1 + [ (34.79 % (16.64— 3) * 0.9466-10° + 0 ¥ 0 * 0+ 0 * (16.64— 3— 0) *0.9466-10° +  43.55 * (10.97 — 3) * 0.8397-10° + 65.86
*10*%0.8397-10° + 0 * (10.97— 3— 0) *0.8397-10° ) /(161.3 *(8.5-3)])/( 1 * (0.8 + (66.42 + 152.3) /(2 *161.3) + 2 *[(50.8 +2%3)/
1.042-10° *1/1%34.79/161.3 + [(146.3 +2%3)/1.4-10 *1/1 *43.55/161.3] ))=0.6418)
=0.6418

=2%2%(85-3)%1%2382:10°/[0.5* (1.042-10' + [.4:10°) + (8.5-3) = 2.747-10°
*0.6418] *0.6418 MIIa

[l - 2K, (- 3¢ [n]

05-{Dp +D5)+(s-c)-¥, k

[[IupuHa 30HBI YKpEIUICHHS:

L,= H'Dp' s—t]  =(1.042:10° *(8.5-3)" =75.69 Mmm

PacuérHas muprHa 30Hbl YKPEIUIEHHS:
lp=L, =75.69 mm

Pacuérnblit nuamertp:

dyp =04 ,fﬁp (3—C)  =04*(1.042:10*(85-3)"" =30.28 MM

hp (s —cg) k1 +lap sz %2 +Hlap lss—co—ea ) %3

1+
) lp-(s—cj
WV =min<1; 3 13 I
_ ey
tros. 2t g 3420 9 lp
1 Dy g1 g

D
= min{1; [1 + (34.79 * (16.64 —3) * 0.9466-10° + 0 * 0 * 0 + 0 * (16.64 — 3 — 0) * 0.9466-10° ) / (75.69 * (8.5 —3))] / [1 + 0.5 * (66.42 — 30.28) /
75.69 + 2 * (50.8 + 2%3) / 1.042-1G * 1 /1 * 34.79/ 75.69] = 0.7767}

=0.7767

o], - N '331'f|="['1‘]_v
Dy +(s— c)-?
Jlonyckaemoe nasienue [p] = min{ 3.891-10% ; 2.747-10° } MIla
2.747-10° MIla > 2.688 MIIa
3akiroueHue: Y ciaoBue MPOYHOCTH U yCTOﬁqHBOCTM BbBIINIOJIHECHO
HJ'IOH_IEI,HB, HCO6X0}_II/IMEIH JJI YKPCIJICHUS OTBEPCTHUA:
Ap=050 -dp) sy =05 (66.42-30.28) *0.00395 =0.7138:107 M’
Pacnonaraemas IJI01aib YKPCIUICHUS OTBEPCTHA:
Ay =1y -{sl— fpp — Cs}'?'i',l +lop 8y xa +lgy -(53 -, - CSIJ'IE +1p -{s— 5p .::}
=34.79 * (16.64 - 0.3406 - 3) * 0.9466-10° + 0 * 0 * 0 + 0 * (16.64 - 3 - 0) * 0.9466-10° + 75.69 * (8.5 —0.00395 - 3)
=0.4165-10" m’
A, =0.7138:107 m* < 0.4165-10° m*
3akiroueHue: Y ciaoBue MPOYHOCTHU BBLINMOJHEHO

=2%2%(8.5-3) %] *2.382-100 *0.7767 /[1.042-10 + (8.5—-3) *0.7767] = 3.891-10° MTla

Wryuep G

UcxoaHble AaHHbIe

DIIeMEHT: rynep G
VYcnoBHOe 0003HaUeHNE (METKA) G
DNeMEeHT, HeCYIIM ITyLep: JIHu1Ie SnmunTudeckoe

Tun snemMeHTa, Hecylero wrynep: JHuIle 3JIMNTHYeCKoe
Tun wrynepa: [Ipoxonsuuii ¢ HaKJIaAHBIM KOJILLIOM

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID
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Marepwuai HEeCyIIero IeMeHTa: SA-516 70
TonmuHa CTEHKU HECYIIETO 3JIEMEHTA, S: 8.5 MM
CymMa nipr0aBOK K CTEHKE HECYIIIETO JIEMEHTa, C: 3 MM
Marepuan wryuepa: SA-266-2
BrytpenHnit tnamerp mrytepa, d: 146.3 mm
ToJMHa CTEHKHU WITYLEpa, S;: 10.97 mm
CymMma mpr0aBoOK K TOJIIUHE CTCHKH MITyIepa (BKIIF0Yast KOPPO3HIO), C: 3 Mt
Jnmna mrynepa, |y 224 mm

¥ &

Cmemienue mrynepa, Ry 0 MM
VYrou noBopora mryiepa, 0: 0 rpamyc
JliHa BHYTp. 4acTH IITYLEpa, l3: 0 MM
[TpubaBka Ha KOPPO3HIO, Cq: 0 MM
Marepuai KomibLa: SA-266-2
[upuHa kojbla, l: 65.86 MM
TonmuHa KOJBIA, S): 10 MM

MuHUMaBHBIN pa3Mep CBapHoOro mBa, A: 8.5 MM

MuHUMaTBHBIN pa3Mep CBapHOro mBa, A;: 8.5 MM

MuHUMaJILHBLA pa3Mep CBapHOIo MiBa, A,: 8.5 MM
PacuérHble mapaMeTpsl pa3MelleHHs HITyLepa:
brmkaitmuit mrynep

Hasanue mrynepa: tyuep E
Paccrosinue 1o cTeHku Onmkaiimero mrynepa, b:
51 HAKJIOHHBIX IIT B
(a1 Haicto yuepo 161.3 Mm
OTIpeIeNsIeTCs MPUOIIKEHHO )
KoaddummeHTs MPOYHOCTH CBAPHBIX IITBOB:
IIponosibHBIN OB WITYLIEPA:

¢ =1

IIIoB obOeuaiiky B 30HEe BPE3KH IITYIEpa:
¢ =1
Pacuérhblii AMaMeTp BBITYKJIOIO 3JUIMITUYECKOIO AHUILA!

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



2 2 2
_b 1_4.w.g 7007/ (2%175) * (1 -4 * (700" — 4¥175%) * 07/ 700" =1.4-10° MM
D 2.4 D4 o

Pac4yém e pabo4ux ycnosusix

YcioBusI HATPY/KEHUSA:

Pacuérnas Temneparypa, T: 425  °C
Pacué€rHoe BHyTpeHHee n30bITouHOE naBienue, p:  1.052  Mlla

PacuéT ykpennenusa oreepctusi no FOCT 52857.3-2007

Ceoiicmea mamepuana ljiemenma, Hecyuieco wimyuep

Jlomyckaemble HanpsoKkeHust A matepuana SA-516 70 npu temnepatype T = 425 °C (paboune ycinoBus):

[c]= m*min( Re/nr; Ruy/ne; Ruyiows / ng; Roroions / Ng) = 1¥min{1.831:10°/ 1.5, 424.3/2.4; -/~ - /=)= 176.8 MIIa
Moyib IIpoI0JIbHOM yIpYrocTy npu remueparype 425 °C:

E= 1.887-10° MIla

Ceoiicmea mamepuana wimyyepa

JomyckaeMble HANpsKEHUs Ui Matepuana SA-266-2 npu temneparype T = 425 °C (paboune ycinoBus):
[c]l;= 134 MIla

Moayib IPOI0JILHOM yIPYrocTy npu temneparype 425 °C:
E;= 1.788:10° MIIa

Ceoiicmea mamepuaiia Kojivua

Jlomyckaemble HanpsoKeHust A Mmatepuana SA-266-2 npu temneparype T = 425 °C (paboune ycnosus):
[c],= 134 MIla

Moayib IpoI0JIBLHOM yIpYrocTy npu TeMneparype 425 °C:
E,= 1.788:10° MIa

PacuérHas ToNmpHA CTEHKH IITYIEpa:
B [d +2- Esj
= =1.052*(146.3 +2*3)/(2*134*1-1.052) =0.6002 Mmm
2 '3|; R
Jomyckaemoe 1aBiacHue:
2ol gy (e g
[r] = = 2%[34%]%(10.97-3)/(146.3 + 10.97 + 3) =13.32 MIla
dy+s8+¢c,
13.32 MIla > 1.052 MIla
3axioyeHre: Y CJI0BHE MPOYHOCTH M YCTOMYHBOCTH BBINIOJTHEHO
PacuérHas TosmHa CTEHKH HECYILEro 2JIEMEHTa!
sp=2.086 Mm
Pacuérnplii amaMeTp oTBepCTHS (0Ch MTYILEPa COBIAAAET C HOPMANIBIO K TIOBEPXHOCTH B IIEHTPE OTBEPCTHS):
dp =d+2-c, =1463+2%3 =1523 MM

PacuérHblit TMaMeTp 0OIMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIEr0 YKPEIICHNUS:

5=
dg =2 | —-02|- 8=l =2%((85-3)/2.086—0.8) *(1.4-10° *8.5-3))"" =322.4
0 [SP ] .fﬁp (- c) (8.5-3) ) *( (8.5-3) MM
d, <do: YcioBHE NTPOYHOCTH BHINOJTHEHO

PorpAMMA TTACCAT . OO0 HTIT «TPYEOIPOBO;
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OtBepcTHE CUMTAETCsl OIMHOYHBIM, eCl OiiKaiiiiee k Hemy otBeperre llItynep E He oka3biBaeT Ha HEro BIMSHUS,
T.€. PaCCTOSIHUE MEXK]ly HAPYKHBIMU ITIOBEPXHOCTSAMH COOTBETCTBYIOLIMX IITYLIEPOB YIOBJIECTBOPSIET YCIOBUIO:

b ﬂ.{Dlp (- + JD; (s—d) = (1410 (8.5-3)" + (1.042:10'* (85~ 3))*  =163.4 MM

VYcoBue He BBIIOIHEHO, TpeOyeTcs JOMOTHUTENbHBIN PacyET YKpPEeTUICHUH.

Pacuérnas nuHa BHEHIHeH yacTu WTyLepa:
lp =m_1'n[11; 1.25. \,ﬂ[d+ 2-c, )8 —c, j] = min{ 224; 1.25 * (146.3 + 2 *3) *(10.97-3))"*}  =43.55 Mm

OmHnowienusa 00OnycKaemovix HAnPAHCEHU

Jluis BHEILIHeH yacTu mTynepa:

¥ = m{w;ﬁ} =min{1.0, 134/176.8) =0.758
[y

Pacuérnas mupuHa Koabua:
Ly = m{12 : .fDP } Esg +a— .;j] = min{65.86; (1.4-10° * (10 + 8.5 3)"’} = 65.86 MM
Jns HaknmagHOTO KOMbIIA:
- ['3]2
= i1 1.0, =min{1.0, 134/176.8} =0.758
Xz { —ﬂ: }

PacuérHas yrHa BHyTpEeHHEH 4acTu WTylepa:
lay = mjn{l3; 05 J{d+ 20 ) (55—t _.;51:]] = min{ 0; 0.5 * (146.3 + 2 *3) *(10.97-3-0)""} =0 MM

K3 = 1

e T S B B B B R R R I I A Bt R R C Y £
b-(s-c)

d{:+d£]+Kl[_d,+2_C; I LT

V) = mindl;
K3[D.S+ - — =
DP g h DP g h
=min{l; (1 + [ (43.55 *(10.97—3) *0.758 + 65.86 * 10 *0.758 + 0 * (10.97 — 3— 0) *0.758 + 34.79 *(16.64—3) *0.7667 + 0 *0 *0 + 0
¥(16.64— 3— 0) *0.7667) /(1613 % (8.5-3)])/( 1 * (0.8 + (152.3 + 66.42)/ (2 * 161.3) + 2 *[(146.3 +2%3)/1.4-10° * [ /1 *43.55/
161.3 + [(50.8+2%3)/1.042-10 *1/1*34.79/161.3] )) = 1.454)
=1

[P]x= E'KI'ES_C:]":P'[U] g, S2F2ES5-3)*IFI768/[0.5%(14°10 + 1.042:10°) + (8.5-3) *1]* =3.171
05 DL +Dg+le-c)w, b ! MITa

[[IupuHa 30HBI YKpEIUICHUS:

L,= Iu'DP- a— ci =(1.410° *(8.5-3))"" =87.75 Mmm

PacuérHas muprHa 30Hbl YKPEIUIEHHS:
lp=L, =87.75 mm

Pacuérnblit auamerp:

dyp =04 ,fﬁp (5-C) =04*1410*©85-3)" =35.1mm

hp (s —cg) k1 +lap sz %2 +Hlap lss—co—ea ) %3
lp-(s— c:l
d+2-c5 L] 11P

1+

WV =min<l;
dp ~top
1+05 —= <+,
lp Dy 91 Ip
=min{1; [1+ (43.55 * (10.97 — 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 — 3—0) *0.758) / (87.75 * (8.5—3))] / [1 + 0.5 * (152.3 - 35.1) /
87.75+2 % (146.3 +2%3) /1.4-10 * 1 /1 *43.55/87.75] = 1.452)
=1

=2%2%(85-3)%1%1768*1/[14-10+(85-3)*1] =2.767 Mlla

o], - 2K, (s- '331'f|="['1‘]_v
Dy +(s— c)-?
Jomyckaemoe nasnenue [p] = min{ 2.767; 3.171} Mlla
2.767 MIla > 1.052 MIla
3axmroueHre: Y ca0BHe MPOYHOCTH H YCTOIHYNBOCTH BBINOJHEHO

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



[Tnomans, HeoOXxoauMast Ui YKPETUICHHUSI OTBEPCTHS:
Ap =050, - dp ) s, 051523350 %2085 =0.1425:107 w?
Pacnonaraemas IJI01a/ib YKPCIUICHUS OTBEPCTHS:
Ay =1y -[sl— fp — c:s]-;;;l +lap o8y Fa +lgp -(53 -, - CSIJ'IE +1p -[s— fp = .::]
=43.55 % (10.97 - 0.6002 - 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 - 3- 0) * 0.758 + 87.75 * (8.5 -2.086 - 3)
=0.001042 m*
A, =0.1425-107 M* < 0.001042 M*
3axmrodeHue: Y cJ0BHe MPOYHOCTH BbINOJTHEHO

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

YciaoBus HArpy:KeHHUs IPU MCNIBITAHUSAX:

Pacuérnas Temneparypa, T: 20 °C
PacuétHoe BHyTpeHHee H30bITOUHOE MaBieHue, p: 2.687 Mlla

PacuéT ykpenneHus orsepctua no NOCT 52857.3-2007

Ceoiicmea mamepuana nemenma, Hecyuye2o wimyuep

JoryckaeMmble HampshKkeHus Juist Matepuaia SA-516 70 npu temneparype T = 20 °C (yciaoBus TuAPOUCIBITAHHIN):
[6]°= nM*Rep/nr= 1*26210°/1.1= 2.382-10° MIla

Moayib IpoaosibHOM yrpyroctu npu temmneparype 20 °C:
E= 2:10° MIla

Ceoiicmea mamepuana wimyyepa

Jlomyckaemble HanpspKeHust A matepruana SA-266-2 pu temneparype T = 20 °C (yCnoBHs TUAPOUCTIBITAHMN ):
[61/= m*Rene/np= 1%220/1.1= 200 MIla

Moayib poosibHOM yrpyroctu npu temneparype 20 °C:
E;= 1.99-10° MIla

Ceoiicmea mam epua’ia Kojinya

JlomyckaeMble HaIpsKeHUs Ui Matepuaia SA-266-2 npu temneparype T = 20 °C (ycioBHUs THAPOUCIIBLITAHKIN):
[6]202: T]* Re/20/ nr = 1%220/1.1= 200 MlIla

Moayib IpoosIbHOM ynpyroctu npu temneparype 20 °C:
E,= 1.99:10° MIla

Pacuérnast ToNIMHa CTEHKH TYLEepa:
B [d +2- cs:l
o =
Sy UI; op
Homnyckaemoe naBieHue:
2 [o]y gy -(s1-cg)

= — * * * A _ 3+ A + =
[©] FR——y 2%200 %1 *(10.97-3)/(146.3 + 10.97 + 3) =19.89 MIla
19.89 MIla > 2.687 MlIla
3aimoucHre: Y cJI0BUE MPOYHOCTH U YCTOHYMBOCTH BBINOJTHEHO
PacuérHas TonmmnHa CTEHKH HECYIIETO AJIeMEHTa:
sp = 0.003949 mm

=2.687 *(146.3 +2*3)/(2*200*1-2.687) =1.03 Mmm

PacuérHblil TMaMeTp OIMHOYHOTO OTBEPCTHSI, HE TPEOYIOIIETr0 YKPEIICHNUS:

5—C
dg =2 | —-0%|- A= =2%((8.5-3)/0.003949 - 0.8) * (1.4-10° * (8.5-3))"" =2.443-10°
0 [ y Jﬁp (-] (8.5-3) ) * (. (8.5-3) MM
d, <dj: YcaoBue NpOYHOCTH BbINOJHEHO

OmHnouwienus 0OnyCcKaemovixX HANPAHCEHU

Jnst BHEUTHEH yacTH mTynepa:
%= ﬂu'n{l,l:l; G]l} =min{1.0,200/2.382-10 } = 0.8397-10"
]

JI7st HakJ1aTHOTO KOJIbIIA:

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



[

xy= m{m;%} =min{1.0, 200/2.382-10 } = 0.8397-10°>

K3 = 1

r L]

T S Dl & BB BT Ao —ei-en ) ms HlG (o] - o)kl G o0 RS 1 (5 - o) - o) RS
b(s-c)

dp +dg d42-cf ' lp d'+2-c" o 1
K| 08+-2 = +E, e b BEEE P TR
2-h D, g b Dy ¢f b
= min{1; (1 + [ (43.55 * (10.97 - 3) * 0.8397-10° + 65.86 * 10 * 0.8397 -10° + 0 * (10.97 — 3— 0) *0.8397-10° +  34.79 * (16.64 - 3) *
0.9466-10° + 0 * 0 * 0 + 0 * (16.64— 3— 0) *0.9466-10° ) /(161.3 * (8.5-3)])/( 1 * (0.8 + (152.3 +66.42) /(2 *161.3) + 2 *[(146.3 +
2%3)/1.4-10°*1/1%43.55/161.3 + [(50.8+2%3)/1.042-10 *1/1%34.79/161.3] )) = 0.6418}

=0.6418

Wy =min4l;

=2%2%(85-3)%1%2382:100/[0.5*(1.4-10° + 1.042-10°) + (8.5-3) = 2.747-10°
*0.6418] * 0.6418 MIIa

_ 2Ky (- cj-:p-[n:] _
ok - 05 {0y +Dg)+(s-c)-¥, "1
[IupuHa 30HbI YKPEIUICHHS:

L,= In'DP de=c)  =(1.410%185-3)"” =87.75Mm

PacuérHast mupuHa 30HbI yKpEIICHUS:
Ip=L, =87.75 mm

Pacuérnblit nuamerp:

dy, =04 ,fﬁp (3-8 =04%1410%@85-3)” =35.1mm

1+11p (s —es) g1 +lap sy kg Hlap (s —es—cq ) s

1, -ls—¢
¥V = min 31, — ( - 32 1
_ Y
140502 e IS AL I P 3
1 D, @ L,

=min{l; [1+ (43.55 * (10.97 — 3) ¥ 0.8397-10° + 65.86 * 10 * 0.8397 -10° + 0 * (10.97 — 3 —0) * 0.8397-10° ) /(87.75 * (8.5-3))] /[1 + 0.5 *
(152.3-35.1)/87.75+2*(146.3 +2%3) /1.4 10 * 1 /1 *43.55/87.75] = 0.5641}
=0.5641

[e], - 2K, (s- 99 5]
Dp +|:s— c:I-T.F
Jlonyckaemoe nasienue [p] = min{ 2.106-10° ; 2.747-10° } MIla
2.106:10° MITa > 2.687 MIIa
3akiroueHue: Y ciaoBue MPOYHOCTHU U yCTOﬁ‘[HBOCTH BbBIINIOJIHEHO
HJ'IOHla,I[I), HeO6X0ﬂI/IMaH JJI YKPCIUJICHUS OTBEPCTHUA:
b =050, - dop) 8y =05 (1523-35.0) *0.003949  =0.2315-10° v’
Pacnonaraemas IJI01aJib YKPCIUICHUS OTBEPCTHA:
Ay =1y -[51— fp — Cs]-:{_l +lgp o8y Ha +lgp -(53 -, - csl:l-13 +1p -[s— fp = u:]
=43.55 % (10.97 - 1.03 - 3) *0.8397-10° + 65.86 * 10 * 0.8397 -10° + 0 * (10.97 - 3 - 0) * 0.8397-10° + 87.75 * (8.5 -0.003949 - 3)
=0.4831-10° m°
A, =0.231510° M < 0.4831-10° m°
3axaroueHue: Y ciaoBue NMPOYHOCTHU BBLINMOJHEHO

W =2%2%(8.5-3)%1%2.382-10 *0.5641 /[1.4-10' + (8.5-3) *0.5641] =2.106-10° MIla

OnopHble nan.l

Pacyém Ha npo4yHocmb ob6evdaek om eo30elicmeusi ONMOPHbIX Hag2py30K

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY
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Hcxonneie naHHbIC

DJIeMEeHT, CBA3aHHBIN C OTOPOii:

Tun onopsr:

Buytpennnit nnamerp obevaiiku, D:

ToammHa cTeHKH 00eUaikH, S:

[TpnbaBka 11 KOMIEHCAIMN KOPPO3UH U SPO3HH, Ci:

[TpnbaBka 11 KOMIEHCAIMY MHHYCOBOTO JJOIYCKa, Cy:

[TpubaBKka TEXHOJIIOTHYECKAS, C3:
Cymma npubaBoK K pacyETHOM TOJIIUHE CTCHKH, C:
Uucno onop:

PaccTosiame ot kpas aiemMeHTa, 1,

[IuprHA OCHOBHOMW TUTUTBHI, by:

BricoTa onopHoii namsl, h;:

PaccrosiHre Mex 1y CpeTHUMU JIMHUSAMU pEOeEp, g:
TonmuHa CTEHKH JaIlbl, St

JlnmHa omopHO# sarmsl, 1

PaccrosiHre Mex 1y TOUKOM NMPUITOKEHHS YCHIIUSA U 009aKOM UITH TMOAKIaIHBIM JTUC-

TOM, €y
Yron pacnosnoxeHus onop, 0:
LIuprHa mogKIIaIHOTO JIUCTA, by:
JnMHa mOAKIIaIHOTO JIuCTa, bs:
ToumuHa NOAKIAIHOTO JIHCTA, S):
KoaddrmneHTs MPOYHOCTH CBApHBIX IITBOB:

q:'p =1
Pac4yém e pabo4ux ycnoeusix

YcnoBus HATPY:KeHHS:

Pacuérnas temneparypa, T: 425°C

PacuérHoe BHyTpeHHEe U30bITOYHOE MaBieHue, p:  1.07 MIla

PacuérHplii n3rudarommii MOMeHT, M:

2709 Hwm
Pacuérnoe BHemHee oceBoe ycunue, F: 0H

OO6euaiika NUIMHIPUYE-
CKast

Tum A

700 MM

10 MM

3 MM

0 MM

0 MM

3 MM

JlBe

1.276:10° Mmm
200 MM

300 MM

170 MM

10 MM

339 MM
239 MM

0 rpanyc
250 mm
350 mm
10 MM

PacuéTt Ha npo4yHoCcTb 1 ycTtonunBocTb no NOCT 52857.5-2007

Onpedenenue pacuémuuix ycunuil

Howmep smemenra, i Hassanwue snementa Bec BHGMGHTa*, G, H
1 Janmie Topochepudaeckoe 3.009-10’
2 Tymep BS 33.63
3 ltyuep B2 33.63
4 HItynep B4 93.42
5 tynep B3 63.53
6 Mrynep Bl 63.53
7 Obeuaiika DWIHHIPUIECKast 1.67-10%

PorPAMMA TTACCAT . OO0 HTIT «TPyEOIPOBOID



9 rynep H 383.7
10 tynep C 323.9
11 Irynep D 92.47
12 JIHHIIE JUITMITHYECKOS 910.1
13 HItynep E 72.78
14 Itynep P 72.78
15 IHrtyuep F 72.78
16 Mtyuep G 138.5

"BK/TI04ast BeC IPOIYKTA TIPH €0 HATHIHH
OO0mwmii Bec cocyna:
G =% 3;=220610'H
Jluamerp obeyaiiku B CepenHE OMOPHI:
Dg =0 =700wMm
I[eﬁCTBHe MOMCEHTA JOIMYCKACTCA TOJbKO B IIJIOCKOCTH OIIOPHBIX JIaIl.

VYceunue, geiicTByoOlIEE HA OTIOPHYIO Jamny:
3 +F I

1= J = (2.206-10° +0) /2 +270.9/(700 + 2 * (239 + 10+ 10)) =1.125-10* H
2

+ ;
2 DK+2-lel+s+s
Jls onop tumnos A, B, C (mpu ykpemnyieHUH NOAKIATHBIM JTUCTOM — JUIS BCEX THIIOB):

-  plhyg
omp = ——— =1.07*700/(2*(10-3) =53.51 MIla
2(s-9)
Om
Sy = = 5351/(1.25%176.8 1) =0.2421
AP [= g R
El'1 =04

1-53%

2 ~0.9325
{;_+91-9~2}+\(&+ 5»1-9;4} +f-93)s,

Tpumeuanne: npu 2 < 0 B pacuére K, 3naku 1 1 *2 MEHSIOT Ha IPOTHBOIONOKHBIE
[penenpHOE HAMPsDKEHKE U3rHOA:
o] =K1 Ky [o] -09325%125%1768 =206.1 MIla

D
r=ln| —F =In(700/2%10-3) =3912
2-0a3-1)
by
¥= Do =In (300/700) =(-0.8473)
¥ = — =In (350 /700) =(-0.6931)
DR

Koadpdrmment Kg(onpenensercss B 3aBUCHMOCTH OT KOHCTPYKIIMU OMTOPHOH JIATIBI):
—49019-30.119x 10701y, -1 69322110202y, 3927637+ | -0
. +0 2372 +1 B0G Loy 2 76 ke -3 854
KE = thity
—5 964113055 16 BE4y- 1.4 137 T 286a - 204077+ e
. 1-0.1323}{3+U.4833x2-}T+D.E469x-y2+1.428)§

exp[(—49.919—39.119 * 3.912—107.01 * (-0.6931) — 1.693 * 3.912° — 11.920 * 3.912 * (-0.6931) — 39.276 * (-0.6931)* +
0.237 %3.912° + 1.608 * 3.912° * (-0.6931) + 2.761 * 3.912 * (-0.6931)° — 3.854 * (-0.6931)) * 107 ]exp[(~5.964 —

=min{ 11.395 *3.912—18.984 * (-0.8473) — 2.413 * 3.912° — 7.286 * 3.912 * (-0.8473) — 2.042 * (-0.8473) + 0.1322 *3.912 + = (.2525
0.4833 *3.912% * (~0.8473) + 0.8469 * 3.912 * (-0.8473)° + 1.428 * (-0.8473)°) * 107]

JlommyckaeMoe 0CEeBOE YCHUJIME B MECTE MIPUBAPKU OMOPHOM JTambl (TIpH bo/bs = 0.7143):
o] b3 "IS‘ '3)2 4
[F1]= s N 2061 %350 % (10-3)7/(0.2525 % (239 + 10) =5.621-10° H
Eg (e +s9)
Hecymas ciocoOHOCTh 00e9aiikui B MECTE TIPUBAPKH OTIOPHOM JTAITBI OTIPEISIISICTCS BRIIOJTHEHUEM YCITOBHS:
F < [Fy]
F,=1.12510*H<[F,] =5.621-10* H
3akmroueHue: Y cia0BUe MPOYHOCTH U YCTOMYHMBOCTH BHINOJIHEHO

Pacyém e ycnoeusix ucnbimaHul (FludpoucnbimaHusi)

Yc/10BUSI HATPYKEHHUS NIPU UCTILITAHUSX:

Pacuérnas temneparypa, T: 20°C
Pacuérnoe BHyTpeHHee U30bITOYHOE AaBieHue, p:  2.709 MIla
PacuérHelii u3rubaromuii MOMeHT, M: 286.7HwM

nrorpaMma TIACCAT . 000 HTIT «TPYEONPOBOILY



Pacuérnoe BHelHee oceBoe ycunue, F: OH

PacuéTt Ha npo4yHocTb 1 yctonunBocTb no NOCT 52857.5-2007

Onpedenenue pacuémmuuix ycunuil

Howmep snemenra, i Hassanwue snemenra Bec BHGMGHTa*, G, H
1 Jlauie Topocdeprudeckoe 3.277-10°
2 Tynep BS 35.37
3 HItynep B2 35.37
4 [rynep B4 98.24
5 [tynep B3 66.81
6 Hryuep Bl 66.81
7 Obeuaiika DWIHHIPUIECKas 1.875-10%
9 rynep H 418.2
10 tynep C 331
11 rynep D 96.31
12 JIHuIIE ITUNITUYECKOe 1.001-10°
13 Irynep E 73.61
14 Hrtynep P 73.61
15 rynep F 73.61
16 Htynep G 144.6

"BK/II04ast BeC IPOIYKTA TIPH €0 HATHIHH
OO0mwmii Bec cocyna:
G =% 03=2454-10'H
JleiicTBE MOMEHTA JIOMTYCKAETCS TOJNBKO B INIOCKOCTH OMTOPHBIX JIAIL.
VYceunue, aeiicTByOIIEE HA OTIOPHYIO Jamy:

G +F I

+ I

2 DI,;+2-L:31+S+S2

Jast onop TunoB A, B, C (1ipu yKperuieHuH 101K JHBIM JINCTOM — ISl BCEX THUIIOB):

1= J = (2.454-10° +0) /2 + 286.7 /(700 + 2 * (239 + 10 + 10)) =1.25-10* H

— ‘I
Om - PUR =2.709 *700 /(2 * (10— 3)) =135.5 MIla
2(s- 0
Sm 3
&y = = 135.5/(1.05%2.382-10 *1) =0.5416-10
K. |o|o
il =0.4

| =1.17 |
HpI/IMe‘IaHI/Ie: HpI/I 9‘2 < 0 B pacqéTe K1 3HAKHN S"1 n 9‘2 MCHSKT HaA HpOTI/IBOHOHO)KHLIe
[penenbHOE HaMpsHKEHKE U3rKM0A:
o] =Ky Ky [o] -117+105%2382:00 =2.927-10° MITa

0]
t=lnf_—F —In(700/(2%10-3) =23.912
2-08-1)
h
= InD—l = In (300/ 700) = (-0.8473)
vy =ln—4 = In (350 700) = (-0.6931)
Dg

Koaddrunent Kg(onpenensercs B 3aBUCHMOCTH OT KOHCTPYKIIUU OMTOPHOH JIATIBI):
—49916-39. 1193 10701y, -1 5935?11 9200, -39 2767 +] 12
+D:23?-x3+1.603x!-}rl+2.Tﬁ by -3854y

E g = min
=5 064113052 18 5'8-1-3.*—2 41327 7 2862040y ¢ 1072

e 132357 0 4535 Dy 054652 4L, 433)3

exp[(f49.919739.119 *3.912 107.01 * (-0.6931) — 1.693 *3.9127 — 11.920 *3.912 * (:0.6931) - 39.276 * (-0.6931) +
0.237 *3.912% + 1.608 *3.912° * (-0.6931) + 2.761 *3.912 * (-0.6931)> — 3.854 * (-0.6931)°) * 10~ ]exp[( 5.964 —

=min{ 11.395*3.912 - 18.954 * (-0.8473) ~ 2413 * 3.912° ~ 7.286 * 3.912 * (-0.8473) ~ 2.042 * (-0.8473)" +0.1322 *3.912' + =0.2525
0.4833 *3.9127 * (-0.8473) + 0.8469 *3.912 * (-0.8473)> + 1.428 * (-0.8473)) * 1077]

Jlomyckaemoe 0ceBOE YCHUIIME B MECTE MPUBAPKU OMMOPHOM JIambl (TIpH bo/bs = 0.7143):

o | h )
R]= []3— = 2.927-10° *350 * (10— 3)°/ (0.2525 * (239 + 10)) =7.984-10" H
Ky (e +55)
Hecymiast crioco6HOCTh 00eUaiik B MECTe IPUBAPKH OIMOPHOM JIallbl ONPEAENACTCS BHIIOJIHEHUEM YCIOBHSL:
F, < [F]
121

F,=1.2510"H<[F,]=7.984:10" H

MMA TTACCAT . 000 HTIT «TPYEOIPORO/»
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20.5. dopma «U» coseta ASME
ASME U-Form



FORM U-1A MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS P Ai :E T

(Alternative Form for Single Chamber, Completely Shop or Field Fabrication Vessel Only)
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section Vill, Division 1
J.Manufaclured and certiiedby ~ G-PEM Heavy Industries Corp. / Block #38, Daebul National Industrial Complex, 520, Yongang-ro, Samho-Eup
Yeongam-Gun, Jeollanam-Do, 526-703, Republic of Korea

{Name and Address of Manutacturer)
2 Manufactured for UOP A Honeywell Company / 25 East Algonquin Road Des Plaines, lllinols 60017-5017, USA
(Name and Address of Purchaser)
3. Location of installation Not Known
{Nama and Addresa)
4. Type Vertical GP-V-078 N/A 974049-D004-001-A1,Rev.6 N/A 2014
THonzontal of vercal, tank] T Manuisciurecs senalrumben . GAM) Tvwing Munber) " (National Board Number) T embam
5 The chemical and physical properties of all parts meet the requirements of malerials specifications of the ASME BOILER AND PRESSURE VESSEL CODE
The design, construciion, and workmanship conform to ASME Rules, Section VN, Division 1 201'?0_ED.
to 2011 ADD. (July 01) N/A N/A
T [y {Coda Case Numbars) TSpechl Serviea per UG-i200@]
6Shell SAS518-70/SA516-70+C276 OVERLAY 10/12+43 mm  3.0/0.0mm 700 mm 3653 mm
7.Seams Type 1 FULL 100 N/A  NA Type 1 FULL 100  TWO(2)
TLong (Waided DbL,, T TR TEpotor Ful) A% WATew)  (meng 16 (Wekea DBL, [AT(Spot orFull]l (M. %) (No.0l Coursea]
Srgl.. Lap, Bum] Sngl., Lap, Bum)|
8 Heads: (a) Material SA516-70(HT:640C, 1.4HR) (b) Material SA516-70+C276 OVERLAY(HT:625C, 1.4HR)
[ i [Spec. No.. Grade )
Location (Top, Minimum Corrosion | Grown | Knuckle Euwmr Conical Hemispherical Flat Side 1o Pressure
Bottom, Ends) Thickness Allowance Radius | Radius | Ratio | Apex Angle Radius Diameter (Convex or Concave)
(a) Top 8.5 mm 3.0 mm NA | NA | 21 N/A N/A N/A Concave
b) Bottom 10.2+4 mm 0.0 mm 633 75 | N/A N/A N/A N/A Concave
It removable, bolts used (describe other fastenl — N/A
TNiaiaial Bpec. rumber, grads, Sia, numben)
9 MAWP 1318.22 kPa N/A al max. temp. 425T N/A
o TEsdermal L el
Min. design metal temp. -35T al  1318.22 kPa Hydro,, Pneu., or Comb. test pressure Hydro. 2685.52 kPa
Proof lest N/A
10. Nozzies, Inspection and safely valve openings :
Purpose No. Diameter Ty Material Nozzle Thickness | Reinforcement Attachment Detalls | Location
(Inist, Outlet, Drain, elc.) or Size Nozzle | Flange Nom. | Com. Material Nozzle Flange |(insp.Open.
CATALYST OUTLET 5 | nesa [ciso0 ag.'mz*cfd 3“"’5‘"02;“ ssmm foomm|  inheren FigUW-16.1() | NA .
GAS INLET 1 NPSE |CL300M.| SA105 - 25.85mm |3.0 mm| Inherent Fig UW-16.1(f-1) N/A -
GAS OUTLET 1 NPS6 |[Cl300fig| SA286-2 sa105 | 10.87mm [3.0 mm| N/A Fig UW-16.1(f-1) | FULL/1.0 -
BLANK OFF 1 NPS2 [ClL.300wn| SA105 - 16.6mm |3.0 mml N/A Fig.UW-16.1(c) N/A -
THERMOWELL 1 NPS2 [CI300iwn| SA105 2 16.6mm [3.0 mm| N/A Fig.UW-18.1(c) N/A 7
INSPECTION 1 NPS6 |ClL300fg| SA266-2 SA105 | 10.87mm [3.0 mm| N/A Fig.UW-18.1(F-1) | FULL/.0 -
MANWAY 1 ID18* |CL3007g| SA286-2 SA266-2 | 10.0mm |3.0 mm| N/A FigUW-16.1(-1) | FULL/1.0| Shell
& 1 NPS2 [ClL.300wn| SA105 - 16.6mm |3.0 mm| N/A Fig.UW-16.1(c) NiA -
| i 1 -Blank- |
11. Supponts : Skirt NO Lugs TWO(2) Legs N/A Other N/A Attached = WELDED TO SHELL
“Weorna = ombeq T TNumben Tsection) {Whars and frow)
12. Remarks Manufacturer's Partial Data Reports properly identified and signed by Commissioned inspectors have been furnished for the foliowing items of
the report N/A

1. Item No. : 208-40-D-004 (CHLORIDE ADSORBER)
2. Impact test was exempted per UCS-66,
‘3. Over pressure protection s provided by user.

CERTIFICATE OF SHOP | FIELD COMPLIANCE _
We certify that the statements made In this report are correct and that all details of design, material, construction, and workmanship of this vessel
conform to the ASME CODE BOILER AND PRESSURE VESSEL CODE, Section VIIl, Division 1. "U" Certificate of Authorization Number 37,732

expires July 15, 2017
Date ___August 21,2014 Co. name G-PEM Heavy Industries Corp. Signed - : "
{(Manutactursi) - (Repressniativn)
CERTIFICATE OF SHOP / FIELD INSPECTION
Vessel Constructed by G-PEM Heavy Industries Corp.  at Block #38, Daebul National Industrial Complex, 520, Yongang-ro, Samho-Eup

Yeongam-Gun, Jeollanam-Do, 526-703, Republic of Korea
1, the undersigned, holding a valid commission Issued by the National Board of Boller and Pressure Vessel Inspectors and/or the State or Province of

OHIO and employed by LR Insulance, Inc. / Delaware
have Inspected the component described in this Manufacturer's Data Report on August 21, 2014 , and state that,
to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND PRESSURE
VESSEL CODE, Section VI, Division 1. By signing this certificate neither the Inspector nor his/her employer makes any warranty, expressed or
Implied, concerning the pressure vessel described in this M rer's Data.Report. Furthermore, neither the Inspector nor his/her employer
shall be liable in any manner for any personal injury or property'damage of any kind arising from or connected with this inspection.
Date August 21, 2014 Signed — Commissions NB 12968 (A,N), OH 616

[Nat'l Board (incl. endorsement), stale, province and no.]

F



20.6. KapTbl cBapHbIX LUBOB cocyaa
Vessel Weld Map
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