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IP - UG-32 

Ap 1-4

EP – UG-33

IP – UG-27c EP – UG-28

Old Pressure Vessel

Operation

Condition?

1) Normal?

2) Peak?

3) Not normal?
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Starting condition of the 

Unit: Inventory with  

liquid chlorine at - 45ºC 

(-49ºF) which can cause 

flashing.
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Pamphlet 6 – Piping System for Dry Chlorine
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ASME B 16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch Standard 

Class 150 PSIG

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 

Class 300 PSIG

Pamplhet 6 – Piping Systems for Dry Chlorine – Edition 15 – The Chlorine Institute, Inc
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UCS-66: ASME SECTION VIII DIV I

According FIGURE UCS-66, 

for shell material SA 285 Gr 

C and 12.5 mm thickness, 

the minimum temperature 

allowable is 0ºC.

UCS-68(c) – If postweld heat

treating is performed when it is not

otherwise a requirement of this

Division, a 30ºF (17ºC) reduction in 

impact testing exemption

temperature may be given to the

minimum permissible temperature

from Fig. UCS-66 for P-No. 1 

materials. The resulting exemption

temperature may be colder than –

55F (-48ºC)

Minimum temperature of 

equipment will be                

– 17ºC (+1,4 ºF).

According figure UCS-68 (c) we will 

have the temperature reduction 

associated with figure UCS-66. The 

reduction in function of the PWHT.

32ºF

SA-285 Gr C

Curve A

P-Number 1

t = 12,5 mm



Design review of pressure vessel manufactured in carbon steel in the

1970’s to storage liquid chlorine, in order to prevent brittle fracture.



Design review of pressure vessel manufactured in carbon steel in the

1970’s to storage liquid chlorine, in order to prevent brittle fracture.

Primary Stress - Membrane
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Fitness-for-Service Assessments are 
quantitative engineering evaluations which are 
performed to demonstrate the structural integrity
of In-Service componente containing a flaw or
demage.

Review Inspection Program?

News NDT? TOFD? EA?

Review of project?

Thermal Model – FEM? CFD?

FAD – Failure Assessment Diagram for 

devolop Structural Integrity Analysis?
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MPa MPa

Maximum

principal stress 

(uniforme temp

(21ºC)

Equivalent

stress

(Uniforme 

Temp (21ºC)

MPa MPa

cc

cc

Effect of

Primary

Stress.

Effect of

Primary

Stress.

67 MPa

65 MPa
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Temperature

distribution ( 

Neck:-62ºC  

Shell: +4,7ºC)

- 45ºC
- 28ºC

Very important the reliability engineer Analyse the distibution of

temperature at nozlles using “CFD” or “FEM”.
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Equivalent Stress

Effect of Primary

Stress + Thermal

Gradient

MPa MPa

Equivalent Stress

Effect of Primary

Stress + Thermal

Gradient

Equivalent Stress

Maximum

principal stress 

(temperature

distibution)

Maximum

principal stress 

(temperature

distibution)

181 MPa

227 MPa
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Brittle Fracture

Overview
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Primary Liquefaction:  + 13ºC

Secundary Liquefaction: - 40ºC

Terciary Liquefaction: - 62ºC
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KILLED STEEL: Completely deoxidized steel due to the 

addition of elements such as Silicon and Aluminum. 

It has good internal quality due to the homogeneity 

of the structure and the chemical composition.
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IP: UG-32 

and Ap 1-4

EP: UG-33 

IP: UG-27(c) EP: UG-28 

HT: UG-99 

Reinforcement

Openings

UG-36, UG-37 e 

UG-40

Neck of Nozlles: 

Thick - UG-45

Weld - UG-41

New Pressure Vessel - High Reliability – High Safety Process
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ACOUSTIC EMISSION – ACTIVE AREAS

1.1 x Poperation

TRADITIONALS NDE AE

STRESS

LENGHT OF CRACK

CREEP STRESS

ALLOWABLE STRESS

AE = WAVE STRESS

Which the best Inspecion

Program for specific PV?
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� 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.

� Design rules for operation under the action of cyclical loads.

� Details of manufacturing to be attended to.

� Inspection requirements (particularly for welded joints).

� Efficiency of welded joints and quality factors.

� Recommendations for PWHT after welding,  when required.

� Requirements for Welding Procedures and Qualification of Welders.

Requirements that the Project Codes always contemplate

For pressure vessels designed and 

manufactured before 1975 a good 

practice to do a review of project for 

critical vessels, and to plan a Integrity 

Evaluation , qualitative and 

quantitative for more reliability.
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