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Provides basic information about damage that may occur in Process Unit Equipment. It aims to 

complement technical support for risk-based inspection (API RP 580 e API RP 581), using the same 

methodologie Fitness-for-service (API RP 579/ASME FFS-1), developed in recent years by the API to 

manage the integrity of equipment . API 571 is recognized as an excellent tool for operation, 

inspection and maintenance time. This best practice covers 66 damage mechanisms.

What is it intended for?
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- provides general guidance on damage

mechanisms.

- has the objective of introducing the concept of 

deterioration caused by the service performed 

and the active failure mode.

- API 571 is recognized as an excellent tool for 

operation, inspection and maintenance time.

- aims to identify monitoring programs that 

ensure the integrity of the equipment

A summary for each active damage mechanism

provides the fundamental information for 

evaluation and inspection based on

recommended practice.



Mecanismos de DanosSeção 4.0: groups the 

Damage Mechanisms that 

are common to a variety 

of Industries, including 

Refineries and 

Petrochemicals.

Seção 5.0: groups the 

Damage Mechanisms 

that are Specific to the 

Refining and 

Petrochemical Industries.

Seção 5.2: the Process Flow diagrams are provided to 

help the user determine where some of the Significant 

Damage Mechanisms are commonly found.
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3.1.2 Austenitic stainless steels – the 300 Series stainless steels 

including Types 304, 304L, 304H, 309, 310, 316, 316L, 316H, 321, 

321H, 347, and 347H. The “L” and “H” suffixes refer to controlled 

ranges of low and high carbon content, respectively. These alloys are 

characterized by an austenitic structure.

3.1.3 Carbon steel – steels that do not have alloying elements 

intentionally added. However, there may be small amounts of elements 

permitted by specifications such as SA 516 and SA 106, for example that 

can affect corrosion resistance, hardness after welding, and toughness. 

Elements which may be found in small quantities include Cr, Ni, Mo, Cu, 

S, Si, P, Al, V and B.

SECTION 3 - DEFINITION OF TERMS AND ABBREVIATIONS – 3.1 Terms

Materiais envolvidos nessa Prática Recomendada
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SECTION 3 - DEFINITION OF TERMS AND ABBREVIATIONS – 3.2 Terms
Materiais envolvidos nessa Prática Recomendada
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GENERAL DAMAGE MECHANISMS – ALL INDUSTRIES
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4.2.7 Brittle Fracture

4.2.7.1 Description of Damage

Brittle fracture is the sudden rapid fracture under stress 

(residual or applied) where the material exhibits little or no 

evidence of ductility or plastic deformation.

4.2.7.2 Affected Materials

Carbon steels and low alloy steels are of prime concern, 

particularly older steels. 400 Series SS are also susceptible.
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4.2.7.3 Critical Factors

For a material containing a flaw, brittle fracture can occur. 

Following are three important factors:

1) The Material fracture toughness (resistance to crack like 

flaws) as measured in a Charpy impact test;

2) The size, shape and stress concentration effect of a flaw;

3) The amount of residual and applied stresses on the flaw.
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4.2.7.4 Affected Units or Equipment

a) Equipment manufactured to the ASME Boiler and Pressure Vessel Code, Section VIII, 

Division 1, prior to the December 1987 Addenda, were made with limited restrictions on 

notch toughness for vessels operating at cold temperatures. However, this does not mean 

that all vessels fabricated prior to this date will be subject to brittle fracture. Many 

designers specified supplemental impact tests on equipment that was intended to be in 

cold service.

b) Equipment made to the same code after this date were subject to the requirements of 

UCS 66 (impact exemption curves).

c) Most processes run at elevated temperature so the main concern is for brittle fracture 

during startup, shutdown, or hydrotest/tightness testing. Thick wall equipment on any 

unit should be considered.
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4.2.7.4 Affected Units or Equipment

d) Brittle fracture can also occur during an autorefrigeration

event in units processing light hydrocarbons such as methane, 

ethane/ethylene, propane/propylene, or butane. This includes 
alkylation units, olefin units and polymer plants 
(polyethylene and polypropylene). Storage bullets/spheres 
for light hydrocarbons may also be susceptible.

e) Brittle fracture can occur during ambient temperature 
hydrotesting due to high stresses and low toughness at 
the testing temperature.
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4.2.7.5 Appearance or Morphology of Damage

a) Cracks will typically be straight, non-branching, and 
largely devoid of any associated plastic deformation 

(although fine shear lips may be found along the free 

edge of the fracture, or localized necking around the 

crack (Figure 4-12 to Figure 4-16).

b) Microscopically, the fracture surface will be composed 
largely of cleavage, with limited intergranular Figure 4-16 

– Classic example of brittle fracture that occurred during 

hydrotest cracking and very little microvoid coalescence.

Mechanical Integrity Program – Approach about 

Damage Mechanisms in according API RP 571 



4.2.7.6 Prevention / Mitigation

d) Some reduction in the likelihood of a brittle fracture may be 

achieved by:

1) Performing a Post Weld Heat Treatment (PWHT) on the 

vessel if it was not originally done during manufacturing; or if 

the vessel has been weld repaired/modified while in service 

without the subsequent PWHT.

2) Perform a “warm” pre-stress hydrotest followed by a lower 

temperature hydrotest to extend the 

Minimum Safe Operating Temperature (MSOT) envelope.
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4.2.7.7 Inspection and Monitoring

a) Inspection is not normally used to mitigate brittle 
fracture.

b) Susceptible vessels should be inspected for pre-existing 
flaws/defects.

4.2.7.8 Related Mechanisms

Temper embrittlement (see 4.2.3), strain age embrittlement 
(see 4.2.4), 885ºF (475ºC) embrittlement (see 4.2.5), titanium 
hydriding (see 5.1.3.2) and sigma embrittlement (see 4.2.6).
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Figure 4-15 – Brittle Fracture of vessel shell during hydrotest.
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Thank you!


