Design review of pressure vessel manufactured in
carbon steel in the 1970’s to storage liquid chlorine,
in order to prevent brittle fracture.
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Old Pressure Vessel - Installed 1977

Code f ASME SECTION 1||.||"||| DIVIED 19}'1 l
Service qumd-{:_h-l-i;rl—ne_ Lethal ~~~~7"""
Volume (m3) 5,845

Design Pressure (Kgf/ecm2g) (LR

Design Temperature (2C) -21 )

Operation Temperature (2C) balance between 37 and -21
MDMT (2C) Not Informed SN
RX FULL

PWHT YES

Materials: Shell and Heads ELWhifcigelnivs]
Fittings ASMEB 16.5 300 P5I
Flanges SA 181 Grl

Neck SA 106 Gr B
Manholle MNeck SA 285 Gr C PVQ,
Bolts and Nuts SA193 Gr7and SA 1942 H
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ASME SECTION Il - Part D MECHANICAL PROPERTIES
Allowable Stress @ Tdesign [Mpa]

Material Specification

Yield Stress @ Troom [Mpa]

SA-285GrC 95,0

207,0

S5A-106 Gr B 103,5

241,0

SPECIFICATION FOR PRESSURE VESSEL PLATES,
CARBON STEEL, LOW- AND INTERMEDIATE-TENSILE : F]

I sa-285/sa-285M | STRENGTH

| ?

Materials £- |

Part A

Ferrous Material Specifications
[Beginning to SA-450)

1.1 This specification covers carbon steel plates of low-

and intermediate-tensile strengths which may be made by
killed, semi-killed, capped, or rimmed steel practices at the
producer’s option. These plates are intended for fusion-welded

pressure vessels.

[.2 Plates under this specification are available in three
grades having different strength levels as follows:

Grade Tensile Strength, ksi [MPa]
A 45-65 [310-450]
B 50-70 [345-485]

C 55-75 [380-515]

Note 1—For killed carbon steels only refer to the following ASTM
specifications:
A 299/A 299M Pressure Vessel Plates, Carbon Steel, Manganese-

Silicon.

A 515/A 515M Pressure Vessel Plates, Carbon Steel, for
Intermediate- and Higher-Temperature Service

A 516/A 516M Pressure Vessel Plates, Carbon Steel, for Moderate-

and Lower-Temperature Service.
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Respiro: Inserir: Tomada Exiztents: Tomada Corrente da Corrente da
Equalizagio com de Baixa para LT i PSV Liquefagdo Gastean
Liguefagdc Primaria Secundaria Tercidria
Tomada para LG Corrente da
(Wisorde Nivel) Liquefagio

Primaria

Inoperente.
com CAP

IP - UG-32
Ap 1-4

EP-UG-33

Old Pressure Vessel Saida de Cloro prs
stocagem (A 272)
cloroduto.

Operation
e ; Condition?
G 2) Peak?

3) Not normal?

Saida de Cloro para ;
Existente: Tomada Estocagem (A 272) Inserir: Tomada
de Alta para LT cloroduto, de Alta para LT

As Built: 19/07/2011
Jarbas Cabral Fagundes
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SECUNDAR

— PRIMARIO

D Temperature {C)

{:} Pressure {(bar)

: Nozlle F - Inlet - Primay Liquefaction Liquid Temperature (+ 2C)

| Nozlle G - Inlet - Secundary Liquefaction JECTCRE G EEITE GRS

| Nozlle H - Inlet - Terciary Liquefaction Liquid Temperature (- 2C

Starting condition of the
Unit: Inventory with
liquid chlorine at - 452C
(-499F) which can cause
flashing.
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Pamphlet 6 — Piping System for Dry Chlorine

Service Class Fluid State Design Pressure Design Temperature
- Vacuum to 150 PSIG -20°F to 300°F
a5 T s R O 0N (1034 kPa) (-29°C to 149°C)
Class I - =8 .- On Vacuum to 150 PSIG -50°F to 300°F
y (1034 kPa) (-46°C to 149°C)
_1@)_ o
Class Il " d Gas Onl Vacuum to 150 PSIG -150°F to 300°F
- y (1034 kPa) (-101°C to 149°C)
—"_-——.—HWF-'-_—N'—“-‘_-'—'—-T
I o Vacuum to 300 PSIG -20°F to 300°F ™,

1 )
l\_l_sds_.l_‘l.f_________fiﬂ_EELEQE'E________JEDEB kPa) 4 == ;29°C to 149°C) 1
e o —

! Vacuum to 300 PSIG 50°F to 300°F
J ) . - 0 1
i, ClassV _ Sasor tiaud (2068 kPa) (46 10 145°C)
L L I - | —— e -
. Vacuum to 300 PSIG -150°F to 300°F
1
Class VI Gas or Liguid (2068 kPa) (-101°C to 149°C)

1 Piping classes corresponding to the fluid state “gas or liquid” are to be used for all liquid-only lines and
gas lines where the possibility of liquid entry exists or where there is the possibility that gas in a line may

liquefy.
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ASME B 16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch Standard

Tahble 2-1.5 Pressure-Temperature Ratings For Group 1.5 Materials

IDENTIFICACAD DA TUBULAGAL Srescure Yescefis 558 N8 Rating do Flange
MATERIAL DO FLANGE — A S Table 2-1.5 - Group 1.5 | ASME B16.5 B3raskem
CLASSE DE PRESSAD DD FLANI bl
CONDIGOES DE OPERAGAD DA TUBULACAD = |
PRESSAD MAXIMA — HE [kgitem?®] !
1
TEMPERATURA MAXIMA — AR [T 18 e Class 150 PSIG ' Rating do Flange
CONDIGDES LIMITES DO ASME B16S ! i
FRES5A0 DO RATING & Tmazx 18,1 [kgrtem?] . ‘“i‘ = Ponto de Cperacao
LIMITE DE TEMPERATURA DO R 6380 ["C] : -
s cminoll Desigmatica Ferngmes Carstim g Pl . ."'\
-l & 152 e FL o1 A L B A D 1 1“
o A6 BB R =
E
Working Prassaves by Clsses, bae {; 1 “i\
i = %S =
< ]
Teampe | T 15l L] L] [ L] L] 1] iy -E 10 -\E\
S g
4 -
- ] .
E o
™
5 . ™
™
4 o
‘\.'!‘L
o
- 100 rana 300 400 00
Temperabura [aC]

Pamplhet 6 — Piping Systems for Dry Chlorine — Edition 15 — The Chlorine Institute, Inc
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ASME B 16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch Standard

Table 2-1.5 Pressure-Temperature Ratings for Group 1.5 Materials
IDENTIFICACAD DA TUBULAGAL Sressure Fensels 208 LS
MATERIAL DO FLANGE — S R S
CLASSE DE PRESSAO DO FLANI T #
CONDICOES DE OPERACAD DA TUBULACAD
PRESSAD MAXIMA M [kgHom?]
TEMPERATURA MAXIMA - Fia 'S
CONDICOES LIMITES DD ASME BI85

Rating do FI
Table 2-1 .s?rsﬁu; 15 1 ASME B16.5 raskem
Class 300 PSIG _
s Fating do Flange

PRESSAOD DO RATING @ Tmaz 43,2 [kgHem?] 0 i ® Paorto de Operagao
LIMITE DE TEMPERATURA DO R 5380 ['C] e
[hominal Designstica Fremes [F i Plades "\

~hong & 182 6L 01 A 0L B AL a0 P
L 264 GrE 1

Working Previmes by Cbstes, b

li= 1

|

Temp, T 150 L] A (L] o0 LA Fyl

Prasedboe Rabing [kgitem2]

100 210 300 400 500

Tempesratura [aC]

Pamplhet 6 — Piping Systems for Dry Chlorine — Edition 15 — The Chlorine Institute, Inc

Class V | Gas.or Liquid,
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1 FIG. UCS-66M  IMPACT TEST EXEMPTION CURVES ! | Accordlng figure UCS-68 (c) we will i

! T }VI """"""" T T ‘i :havethe temperature reduction !

" UCS- °6'.AS- ESECTION VI" DIV 1| -1 | associated with figure UCS-66. The |

. - | reduction in function of the PWHT. _i

— = T R ——
11
- B T st b -
w | -~ - | . L UCs- 68(c) — If postweld heat i
] 11 .

' E'""f_gl_..,-r".ﬂ--"' I : treating is performed when it is not !
¢ - -1 | otherwise a requirement of this :
< —__——— | Division, a 302F (172C) reduction in 1
E [ e € Iote (3] |_ et | il . . !
A —— S impact testing exemption :
2 __——1 | temperature may be given to the i
£ ! Pt (a) ol - I
Z i : i | minimum permissible temperature !
: e :

EvE P 1 ' from Fig. UCS-66 for P-No. 1 :
o : /.f’ According FIGURE UCS-66, | i materials. The resulting exemption i
GRICILEECIEEC N | | temperature may be colder than — !

a0 C and 12.5 mm thickness, : 55F (-482C) 1

the minimum temperature |8 {55F(-48eC) :

“r allowable is 0°C. !

el R S s e e e e e M\ 19110410 01! temperature of

[ Erpact Teatsny ieqiirad E | o O
bbb b L -1 | equipment will be
|Lierstac mr‘l:{ll::;-'lI;:-'{ul'\..:—zlrp;::.'nnr:mlﬂlglzl'.su:l||r=|ic|||| : e 179C (+1,4 QF)'
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Primary Stress - Membrane

Wall thickness ¢

\
\
=1

Zero because
TB]'Z (A

stress

FIGURE 3.2.

G o h00P (KA. pocquse because To =0 & T,=0
circumferential)

Wall material element of a pressurized cylindrical vessel referred t

§3.4 CYLINDRICAL VESSELS

pPr
. O, =—
Free surface: 6,,=0, 17,=0, T, =0 t
0, inside body neglected since
it varies from —p to 0 over wall,
which 18 << Ggg & << Gy
Zero because of thin
body and 1, = T

~

. o Q
O, :axial stress g

Zero because of
axisymmetry an
no torque

0 tangential forces

Zero

Tﬁxz txﬁ

cylindrical coordiates. Note that thickness 1s grossly exaggerated for visibility.
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FFS Assessment Procedures For Various Degradation Classes

Deg radahon Classes

of Pittinngamage

Part 7 - Assessment
of Hydrogen Blisters

and Hydrogen

Damage Associated
with HIC and SOHIC

Localized I;Aetal Loss

Part 8 - Assessment of
Weld Misalignment and
Shell Distortions

i
Part 9 - Assessment of

Crack-LiI;e Flaws

| Part 10 - Assessment of
Components Operating in

Creep Range

Fluxograma 1 - Classes de Degradac¢do do APl 579 / ASME FFS-1

- \
)’ E 'I r 3
I Brittle Corroswn / Crack-Like Creep Mechanical
1 I Fire Damage
I Fracture I Erosion Flaws Dam.a_ge Dams_ge
] P r.ta ‘I [ * [ * Part 10
J a = a -
I 1 Part 4 - Part9- N Part 5 -
] ASSEii?:nt of 1 | Assessment of Assessment of Assz:asrstnjn;n t of Aéi‘;]ssn;eef:t:f Assessment of
l’ — 'l General Metal Crack-Like AR Localized Metal
Equipment for |1 Fire Damage Operating in
/ 1 Loss Flaws Loss
Bnttle I;mcture I 1 Creep Range .
: 5
h Part9- || Part5- ]
\ Assessment of | I | Assessment of Part 4 - Assessment of Part 8 _As_sessment of
1 ; H : Weld Misalignment and
1 Crack-Like Localized Metal General Metal Loss Shell Distortions
S Flaws }I Lc;ss . .
r
‘\ o Part 6 - Assessment Part 5 - Assessment of Part 9 - Assessment of
kS -

Crack—Lik:z Flaws

Part 12 - Assessment of
Dents, Gouges, and
Dent-Gouge
Combinations

X
Part 13 - Assessment of
Laminations
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F='Y
=
S o Fusion zone
= about 1,500°C (melting point)
£33 Coarse grain zone

= E

= 2

Easily damaged
embrittlement area

N

Welding metal

Fusion line j -

Welding heat-affected zone (HAZ) Unaffected
|

Base material
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Risk is Time-Dependent

1 Review Inspection Program?
| News NDT? TOFD? EA?

1

|

1

: | devolop Structural Integrity Analysis?
: I Review of project?

|

:

1

|

' FAD - Failure Assessment Diagram for i
1
1

| Thermal Model — FEM? CFD?

Fitness-for-Service Assessments are

quantitative engineering evaluations which are |
v performed to demonstrate the structural integrity !
of In-Service componente containing a flaw or

Risk, Events per Year
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Very important the reliability engineer Analyse the distibution of
temperature at nozlles using “CFD” or “FEM”.
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Dimensoes da

Descontinuidade Analise de Tensoes

de Tensoes, K

Tenacidade do
Material, Kt

Fratura
Dactil

Razao de

. o P
Tenacidade Famm
. ]
Kr :
£ X { Colapso
’_.f ___:._.

1 Plastico

Tensdo de
Escoamento, S,

‘ Dimensoes da
Descontinuidade i}

Anilise de Tensoes

FAD - Failure Analysis Diagram

Applied Brittle Fracture
Stress Overview

Flaw

I : Fracture
Toughness

—

Thickness Temperature

Heat
Treatment
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“\§ Reinforcement
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MNew Pressure Vessels - Installed 2012
Code ASME SECTION VI DIV | ED 2007 ADD 2008

service Liquid Chlorine - Lethal

Volume (m3) 5,845
Design Pressure (Kgf/cm2g) FEE:!

Design Temperature (2C) -45
MDMT (2C) -46
RX FULL
PWHT YES

Materials: Shell and Heads

VI DIV 1 UCS60
.. Primary Liquefaction: + 132C
FI'H:II'IEE- Secundary Liquefaction: - 40ec § ASME B 16.5 300 PSI

el SA 350 LF3 - Nozlles G and H

Flanges
SA 350 LF2 - Others Nozlles

Meck SA333Gr3andsSA333Gro

ELLTIE SA 516 Gr 70 N with Impact Test according UCS66

Bolts and Nuts SA 320 Gr L7 and SA 194 GR 4
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ASME SECTION Il -Part D MECHANICAL PROPERTIES

Material Specification | Allowable Stress @ Tdesign [Mpa] | Yield Stress @ Troom [Mpal]

SA-516Gr 70N 137,0 262,0
SA-333Grb6 117,0 241,0
1 5A-516/SA-516M | ‘
SPECIFICATION FOR PRESSURE VESSEL PLATES, | | Y
CARBON STEEL, FOR MODERATE- AND i e\,
LOWER-TEMPERATURE SERVICE

1.1 This specification covers carbon steel plates
intended primarily for service in welded pressure vessels
where improved notch toughness 1s important.

Tensile Strength,

Grade U.S. [SI] ksi [MPa] '___________________________-_ _____
55 [380] 55-75 [380-515] | KILLED STEEL: Completely deoxidized steel due to the '
60 [415] 60—80 [:“:,_55[,] i | addition of elements such as Silicon and Aluminum. :
65 [450] ___-~ <o 5:83.1450-585] | | | It has good internal quality due to the homogeneity |

\—?0 [485] 70-90 [485-620] 1 : of the structure and the chemical composition. I
__________________ s . ]
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New Pressure Vessel - High Reliability — High Safety Process

ikl
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_________ i Thick - UG-45
- HT: UG-99 || | | Weld - UG-41

EP: UG-33

2013 plient. 2007 ASME Boiler &
Pressure Vessel Code

Vil IX . .
 — St ) Reinforcement
- L
Division 1 /- 3 lification Standard for W:ld =
3 Weldcrs Brazers; and Welding, Openlngs

UG-36, UG-37 e
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Requirements that the Project Codes always contemplate

NANEEANEN

AN

ANENE NENENEN

Specification of materials, defining minimum required properties, chemical composition,
additional quality requirements and manufacturing process.

Definition of the safety factors and allowable stress to be applied in the design for temperatures
below and above the creep regime.

Rules for the definition of pressurized components for internal and external pressure conditions.
Rules for definition and verification of regions of geometric discontinuities, such as insertion of
nozzles with the equipment, transition between nozzles with shell regions of conical transitions.
Rules for reinforcements of openings isolateds, multiple openings and large openings.

Criteria for analysis of stress in specific regions of the equipment, with the identification of the
type of stress and their respective allowable values.

Minimum fracture toughness requirements to be required for materials exposed to low
temperatures, including recommendations and design details in critical regions of the
equipment. For pressure vessels designed and
Design rules for operation under the action of cyclical loads. FE T ElE Tt Re I fol dobe oAt pte o)
Details of manufacturing to be attended to. practice to do a review of project for
Inspection requirements (particularly for welded joints). critical vessels, and to plan a Integrity
. . . . . Evaluation, qualitative and

Efficiency of welded joints and quality factors. o e

- . ] quantitative for more reliability.
Recommendations for PWHT after welding, when required.
Requirements for Welding Procedures and Qualification of Welders.
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