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Special Notes 

API publications necessarily address problems of a general nature. With respect to particular 
circumstances, local, state, and federal laws and regulations should be reviewed. The use of API 
publications is voluntary. In some cases, third parties or authorities having jurisdiction may choose to 
incorporate API standards by reference and may mandate compliance. 

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees 
make any warranty or representation, either express or implied, with respect to the accuracy, 
completeness, or usefulness of the information contained herein, or assume any liability or responsibility 
for any use, or the results of such use, of any information or process disclosed in this publication. Neither 
API nor any of API’s employees, subcontractors, consultants, or other assignees represent that use of 
this publication would not infringe upon privately owned rights. 

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to 
assure the accuracy and reliability of the data contained in them; however, the Institute makes no 
representation, warranty, or guarantee in connection with this publication and hereby expressly disclaims 
any liability or responsibility for loss or damage resulting from its use or for the violation of any authorities 
having jurisdiction with which this publication may conflict. 

API publications are published to facilitate the broad availability of proven, sound engineering and 
operating practices. These publications are not intended to obviate the need for applying sound 
engineering judgment regarding when and where these publications should be utilized. The formulation 
and publication of API publications is not intended in any way to inhibit anyone from using any other 
practices. 

Any manufacturer marking equipment or materials in conformance with the marking requirements of an 
API standard is solely responsible for complying with all the applicable requirements of that standard. API 
does not represent, warrant, or guarantee that such products do in fact conform to the applicable API 
standard. 

Classified areas may vary depending on the location, conditions, equipment, and substances involved in 
any given situation. Users of this standard should consult with the appropriate authorities having 
jurisdiction. 

Users of this standard should not rely exclusively on the information contained in this document. Sound 
business, scientific, engineering, and safety judgment should be used in employing the information 
contained herein. 

Information concerning safety and health risks and proper precautions with respect to particular materials 
and conditions should be obtained from the employer, the manufacturer or supplier of that material, or the 
material safety data sheet. 

Where applicable, authorities having jurisdiction should be consulted. 

Work sites and equipment operations may differ. Users are solely responsible for assessing their specific 
equipment and premises in determining the appropriateness of applying the standard. At all times users 
should employ sound business, scientific, engineering, and judgment safety when using this standard.  

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly 
train and equip their employees, and others exposed, concerning health and safety risks and precautions, 
nor undertaking their obligations to comply with authorities having jurisdiction.  

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. 

Contact the publisher, API Publishing Services, 200 Massachusetts Avenue, Suite 1100, Washington, DC. 

Copyright © 2020 American Petroleum Institute 
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Foreword 

API Standard 520, Sizing, Selection, and Installation of Pressure-relieving Devices, is the result of several 
years’ work by engineers in the petroleum industry. The information in this standard is intended to 
supplement the information contained in Section VIII—Pressure Vessels, of the ASME Boiler and 
Pressure Vessel Code. The recommendations presented in this publication are not intended to supersede 
applicable laws and regulations. 

Users of this standard are reminded that no publication of this type can be complete, nor can any written 
document be substituted for qualified engineering analysis. 

The verbal forms used to express the provisions in this document are as follows. 

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard. 

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not 
required in order to conform to the standard. 

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard. 

Can: As used in a standard, “can” denotes a statement of possibility or capability. 

The current edition of this standard, published in two parts, has been updated with respect to the 
practices generally used in the installation of all devices covered in the previous editions; the current 
edition also contains additional information based on revisions suggested by many individuals and 
several organizations. 

The First Edition of this standard was initially released as a recommended practice in 1955. The Second 
Edition was published in two parts: Part I, Design, in 1960 and Part II, Installation, in 1963. The Third 
Edition of Part I was issued in November 1967 and reaffirmed in 1973. The Fourth Edition was issued in 
December 1976, the Fifth Edition was issued in July 1990, the Sixth Edition was issued in March 1993, 
the Seventh Edition was issued in January 2000, the Eighth Edition was issued in December 2008, and 
the Ninth Edition was issued in July 2014. 

Nothing contained in any API publication is to be construed as granting any right, by implication or 
otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by letters 
patent. Neither should anything contained in the publication be construed as insuring anyone against 
liability for infringement of letters patent. 

This document was produced under API standardization procedures that ensure appropriate notification 
and participation in the developmental process and is designated as an API standard. Questions 
concerning the interpretation of the content of this publication or comments and questions concerning the 
procedures under which this publication was developed should be directed in writing to the Director of 
Standards, American Petroleum Institute, 200 Massachusetts Avenue, Suite 1100, Washington, DC 
20001. Requests for permission to reproduce or translate all or any part of the material published herein 
should also be addressed to the director. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-
time extension of up to two years may be added to this review cycle. Status of the publication can be 
ascertained from the API Standards Department, telephone (202) 682-8000. A catalog of API publications 
and materials is published annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001. 

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 
Massachusetts Avenue, Suite 1100, Washington, DC 20001, standards@api.org. 
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1 

Sizing, Selection, and Installation of Pressure-relieving Devices  
Part I—Sizing and Selection 

1 Scope 

This standard applies to the sizing and selection of pressure-relief devices (PRDs) used in refineries, 
chemical facilities, and related industries for equipment that has a maximum allowable working pressure 
(MAWP) of 15 psig (103 kPag) or greater. The pressure-relief devices covered in this standard are 
intended to protect unfired pressure vessels and related equipment against overpressure from operating 
and fire contingencies. 

This standard includes basic definitions and information about the operational characteristics and 
applications of various pressure-relief devices. It also includes sizing procedures and methods based on 
steady-state flow of Newtonian fluids. 

Pressure-relief devices protect a vessel against overpressure only; they do not protect against structural 
failure when the vessel is exposed to extremely high temperatures such as during a fire. See API 521 for 
information about appropriate ways of reducing pressure and restricting heat input. 

Atmospheric and low-pressure storage tanks covered in API 2000 and pressure vessels used for the 
transportation of products in bulk or shipping containers are not within the scope of this standard. 

The rules for overpressure protection of fired vessels are provided in ASME BPVC, Section I and are not 
within the scope of this standard. 

2  Normative References 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

API Standard 520, Sizing, Selection, and Installation of Pressure-relieving Devices, Part II—Installation 

API Standard 521, Pressure-relieving and Depressuring Systems 

API Standard 526, Flanged Steel Pressure-relief Valves 

API Standard 527, Seat Tightness of Pressure-relief Valves 

API Standard 2000, Venting Atmospheric and Low-pressure Storage Tanks 

ASME Boiler and Pressure Vessel Code (BPVC) 1, Section I: Power Boilers  

ASME Boiler and Pressure Vessel Code (BPVC), Section VIII: Pressure Vessels, Division 1: Rules for 
Construction of Pressure Vessels 

ASME Boiler and Pressure Vessel Code (BPVC) Code Case 2203 2, Omission of Lifting Device 
Requirements for Pressure Relief Valves on Air, Water Over 140 °F, or Steam Service 

ASME B31.1, Power Piping 

ASME B31.3, Process Piping 

ASME PTC 25, Pressure Relief Devices 

 
1 American Society of Mechanical Engineers, Two Park Avenue, New York, New York 10016, www.asme.org. 
2 Code Cases are temporary in nature and may not be acceptable in all jurisdictions. The user should verify the current 

applicability of the referenced Code Cases.  
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2 API STANDARD 520, PART I—SIZING AND SELECTION 

 

3 Terms, Definitions, Acronyms, and Abbreviations 

3.1 Terms and Definitions  

For the purposes of this document, the following definitions apply. Many of the terms and definitions are 
taken from ASME PTC 25. 

3.1.1  
accumulation 
The pressure increase over the MAWP of the vessel, expressed in pressure units or as a percentage of 
MAWP or design pressure. Maximum allowable accumulations are established by applicable codes for 
emergency operating and fire contingencies. 

3.1.2  
actual orifice area/actual discharge area 
The cross-sectional area (based on the measured diameter) within the pressure-relief device flow path 
that limits the fluid flow through the pressure-relief device.  

NOTE   The value is normally measured and recorded as part of the certification test by an independent organization 
following the procedures specified in the device’s code of construction. 

3.1.3  
backpressure 
The pressure that exists at the outlet of a pressure-relief device as a result of the pressure in the 
discharge system. Backpressure is the sum of the superimposed and built-up backpressures. 

3.1.4  
balanced pressure-relief valve 
A spring-loaded pressure-relief valve that incorporates a bellows or other means for minimizing the effect 
of backpressure on the operational characteristics of the valve. 

3.1.5  
blowdown 
The difference between the set pressure and the closing pressure of a pressure-relief valve, expressed 
as a percentage of the set pressure or in pressure units.  

3.1.6  
bore area/nozzle area/nozzle throat area/throat area 
The minimum cross-sectional flow area of a nozzle in a pressure-relief valve. 

3.1.7  
built-up backpressure 
The increase in pressure at the outlet of a pressure-relief device that develops as a result of flow after the 
pressure-relief device opens. 

3.1.8  
burst pressure 
The value of the upstream static pressure minus the value of the downstream static pressure just prior to 
when the disk bursts.  When the downstream pressure is atmospheric, the burst pressure is the upstream 
static gauge pressure. 

3.1.9  
burst pressure tolerance 
The variation around the marked burst pressure at the specified disk temperature in which a rupture disk 
shall burst.  
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 SIZING, SELECTION, AND INSTALLATION OF PRESSURE-RELIEVING DEVICES 3 

 

3.1.10  
capacity/relieving capacity 
The flow rate of a fluid through a pressure-relief device or a pressure-relief system under a given set of 
conditions and fluid properties.   

3.1.11  
certified capacity/certified relieving capacity 
The capacity of a pressure-relief device determined using the certification test fluid (commonly air, steam, 
or water), at the certification test overpressure, with the certified coefficient of discharge, and with the 
actual orifice area, all in accordance with the applicable code of construction.   

NOTE 1   It does not include any derating factors based on the physical installation such as a rupture disk upstream 
of a pressure-relief valve or backpressure on a balanced bellows valve. This capacity is provided by the pressure-
relief device vendor and is stamped on the pressure-relief device nameplate.   

NOTE 2   The certification overpressure for ASME BPVC, Section VIII valves is typically the greater of 10 % or 3 psi. 

3.1.12  
certified coefficient of discharge 
The published value for the ratio of the measured relieving capacity to the theoretical relieving capacity of 
an ideal nozzle, multiplied by a capacity derating factor if required by the code of construction. 

NOTE  This value is determined by an independent organization following the capacity certification requirements in 
the device’s code of construction.   

3.1.13  
chatter 
The opening and closing of a pressure-relief valve at a very high frequency (on the order of the natural 
frequency of the valve’s spring mass system).  

3.1.14  
closing pressure 
The value of decreasing inlet static pressure at which the valve disc reestablishes contact with the seat or 
at which lift becomes zero as determined by seeing, feeling, or hearing. 

3.1.15  
cold differential test pressure 
CDTP 
The pressure at which a pressure-relief valve is adjusted to open on the test stand. The CDTP includes 
corrections for the service conditions of backpressure or temperature or both. 

3.1.16  
conventional pressure-relief valve 
A spring-loaded pressure-relief valve whose operational characteristics are directly affected by changes 
in the backpressure. 

3.1.17  
curtain area 
The area of the cylindrical or conical discharge opening between the seating surfaces above the nozzle 
seat created by the lift of the disc. 

3.1.18  
cycling 
The relatively low frequency (a few cycles per second to a few seconds per cycle) opening and closing of 
a pressure-relief valve. 
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4 API STANDARD 520, PART I—SIZING AND SELECTION 

 

3.1.19  
design pressure 
Pressure, together with the design temperature, used to determine the minimum permissible thickness or 
physical characteristic of each vessel component as determined by the vessel design rules. The design 
pressure is selected by the user to provide a suitable margin above the most severe pressure expected 
during normal operation at a coincident temperature. It is the pressure specified on the purchase order. 
This pressure may be used in place of the MAWP in all cases where the MAWP has not been 
established. The design pressure is equal to or less than the MAWP. 

3.1.20  
dual certified pressure-relief valves 
Pressure-relief valves that are both vapor flow certified and liquid flow certified where dual certification is 
achieved without making any modifications or adjustments to the relief device when switching fluids 
during the flow testing. 

3.1.21  
effective coefficient of discharge 
The value for the ratio of the estimated relieving capacity to the theoretical relieving capacity of an ideal 
nozzle. 

NOTE   API 520 provides effective coefficients of discharge. 

3.1.22  
effective discharge area/effective orifice area 
A nominal cross-sectional area within the pressure-relief device flow path that limits the fluid flow through 
the pressure-relief device.   

NOTE   API 526 provides effective orifice areas for a range of valve sizes in terms of letter designations, “D” through 
“T” that allow calculations to be performed per the preliminary sizing equations.   

3.1.23  
flutter 
The abnormal, rapid reciprocating motion of the moveable parts of a pressure-relief valve, during which 
the disk does not contact the seat or the upper stop. 

3.1.24  
huddling chamber 
An annular chamber located downstream of the seat of a pressure-relief valve for the purpose of assisting 
the valve to achieve lift. 

3.1.25  
inlet size 
The nominal pipe size (NPS) of the device at the inlet connection, unless otherwise designated. 

3.1.26  
leak test pressure 
The specified inlet static pressure at which a seat leak test is performed. 

3.1.27  
lift 
The actual travel of the disc from the closed position when a valve is relieving. 

3.1.28  
lot of rupture disks 
Disks manufactured at the same time and of the same size, material, thickness, type, heat, and 
manufacturing process, including heat treatment. 
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3.1.29  
manufacturing design range 
The pressure range in which the rupture disk shall be marked. Manufacturing design ranges are usually 
catalogued by the manufacturer as a percentage of the specified burst pressure. Catalogued 
manufacturing design ranges may be modified by agreement between the user and the manufacturer.  

3.1.30  
marked burst pressure/rated burst pressure 
The burst pressure established by tests for the specified temperature and marked on the disk tag by the 
manufacturer. The marked burst pressure may be any pressure within the manufacturing design range 
unless otherwise specified by the customer. The marked burst pressure is applied to all of the rupture 
disks of the same lot. 

3.1.31  
maximum allowable working pressure 
MAWP  
The maximum gauge pressure permissible at the top of a completed vessel in its normal operating 
position at the designated coincident temperature specified for that pressure. The pressure is the least of 
the values for the internal or external pressure as determined by the vessel design rules for each element 
of the vessel using actual nominal thickness, exclusive of additional metal thickness allowed for corrosion 
and loadings other than pressure. The MAWP is the basis for the pressure setting of the pressure-relief 
devices that protect the vessel. The MAWP is normally greater than the design pressure but can be equal 
to the design pressure when the design rules are used only to calculate the minimum thickness for each 
element and calculations are not made to determine the value of the MAWP. 

3.1.32  
maximum operating pressure 
The maximum pressure expected during normal system operation. 

3.1.33  
minimum net flow area 
The calculated net area after a complete burst of a rupture disk with appropriate allowance for any 
structural members that may reduce the net flow area through the rupture disk device. 

3.1.34  
modulating pressure-relief valve 
A pressure-relief valve that opens and flows in proportion to the inlet pressure for some or all parts of the 
valve’s operating range from set pressure to overpressure at full lift. 

3.1.35  
nonfragmenting rupture disk 
A rupture disk designed and manufactured to be installed upstream of other piping components.  
Nonfragmenting rupture disks do not impair the function of pressure-relief valves when the disk ruptures. 

3.1.36  
nonreclosing pressure-relief device 
A pressure-relief device that remains open after operation. A manual resetting means may be provided. 

3.1.37  
normal cubic meters per minute, Nm3/min 
SI unit for volumetric flow rate of gas at a temperature of 0 °C and an absolute pressure of 101.3 kPa, 
expressed in cubic meters per minute. 

3.1.38  
opening pressure 
The value of increasing inlet static pressure at which there is a measurable lift of the disc or at which 
discharge of the fluid becomes continuous, as determined by seeing, feeling, or hearing. 
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3.1.39  
operating ratio of a pressure-relief valve 
The ratio of maximum system operating pressure to the set pressure. 

3.1.40  
operating ratio of a rupture disk 
The ratio of the maximum system operating pressure to a pressure associated with a rupture disk (see 
Figure 27 and Figure 29). For marked burst pressures above 40 psi, the operating ratio is the ratio of 
maximum system operating pressure to the disk marked burst pressure. For marked burst pressures 
between 15 psi and 40 psi, the operating ratio is the ratio of maximum system operating pressure to the 
marked burst pressure minus 2 psi. For marked burst pressures less than 15 psi, the operating ratio 
should be determined by consulting the manufacturer. 

3.1.41  
outlet size 
The NPS of the device at the discharge connection, unless otherwise designated. 

3.1.42  
overpressure 
The pressure increase over the set pressure of the relieving device. Overpressure is expressed in 
pressure units or as a percentage of set pressure.  Overpressure is the same as accumulation only when 
the relieving device is set to open at the MAWP of the vessel. 

3.1.43  
pilot-operated pressure-relief valve 
A pressure-relief valve in which the major relieving device or main valve is combined with and controlled 
by a self-actuated auxiliary pressure-relief valve (pilot). 

3.1.44  
pin-actuated device 
A nonreclosing pressure-relief device actuated by static pressure and designed to function by buckling or 
breaking a pin, which holds a piston or a plug, in place. Upon buckling or breaking of the pin, the piston or 
plug instantly moves to the full open position. 

3.1.45  
pressure-relief device 
PRD 
A device actuated by inlet static pressure and designed to open during emergency or abnormal conditions 
to prevent a rise of internal fluid pressure in excess of a specified design value. The device also may be 
designed to prevent excessive internal vacuum. The device may be a pressure-relief valve, a 
nonreclosing pressure-relief device, or a vacuum-relief valve. 

3.1.46  
pressure-relief valve 
PRV 
A pressure-relief device designed to open and relieve excess pressure and to reclose and prevent the 
further flow of fluid after normal conditions have been restored. 

3.1.47  
rated capacity/rated relieving capacity 
The capacity of the pressure-relief device determined using the properties of the actual fluid flowing 
through the pressure-relief device at the certification test overpressure. The overpressure is specified by 
the applicable code of construction. This capacity can be determined using the effective coefficient of 
discharge and effective orifice area, or the certified coefficient of discharge and actual orifice area (see 5.2).   

NOTE 1  The certification test overpressure for ASME BPVC, Section VIII valves is typically the greater of 10 % or 3 psi. 

NOTE 2  The rated capacity retains the code-required capacity derating. 
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3.1.48  
relief valve 
A spring-loaded pressure-relief valve actuated by the static pressure upstream of the valve. The valve 
opens normally in proportion to the pressure increase over the opening pressure.  A relief valve is used 
primarily with incompressible fluids. 

3.1.49  
relieving conditions 
The inlet pressure and temperature on a pressure-relief device during an overpressure condition. The 
relieving pressure is equal to the valve set pressure (or rupture disk burst pressure) plus the 
overpressure. The temperature of the flowing fluid at relieving conditions may be higher or lower than the 
operating temperature. 

3.1.50  
required capacity/required relieving capacity/required relief rate/required relief load 
The fluid flow rate that is required to pass through the pressure-relief device for a particular overpressure 
scenario.   

3.1.51  
rupture disk 
A pressure-containing, pressure- and temperature-sensitive element of a rupture disk device. 

3.1.52  
rupture disk device 
A nonreclosing pressure-relief device actuated by static differential pressure between the inlet and outlet 
of the device and designed to function by the bursting of a rupture disk. A rupture disk device includes a 
rupture disk and a rupture disk holder. 

3.1.53  
rupture disk holder 
The structure that encloses and clamps the rupture disk in position. Some disks are designed to be 
installed between standard flanges without holders. 

3.1.54  
safety relief valve 
A spring-loaded pressure-relief valve that may be used as either a safety or relief valve depending on the 
application. 

3.1.55  
safety valve 
A spring-loaded pressure-relief valve actuated by the static pressure upstream of the valve and 
characterized by rapid opening or pop action. A safety valve is normally used with compressible fluids. 

3.1.56  
set pressure 
The inlet gauge pressure at which the pressure-relief device is set to open under service conditions. 

3.1.57  
simmer 
The audible or visible escape of compressible fluid between the seat and disc of a pressure-relief valve 
that may occur at an inlet static pressure below the set pressure prior to opening. 

3.1.58  
specified burst pressure 
The burst pressure specified by the user. The marked burst pressure may be greater than or less than the 
specified burst pressure but shall be within the manufacturing design range. The user is cautioned to 
consider manufacturing design range, superimposed backpressure, and specified temperature when 
determining a specified burst pressure. 
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3.1.59  
specified disk temperature 
The temperature of the disk when the disk is expected to burst. The specified disk temperature is the 
temperature the manufacturer uses to establish the marked burst pressure. The specified disk 
temperature is rarely ever the design temperature of the vessel and may not even be the operating 
temperature or relief temperature, depending on the relief system configuration. 

3.1.60  
standard cubic feet per minute  
SCFM 
USC unit for volumetric flow rate of gas at a temperature of 60 °F and an absolute pressure of 14.7 psi, 
expressed in cubic feet per minute. 

3.1.61  
superimposed backpressure 
The static pressure that exists at the outlet of a pressure-relief device at the time the device is required to 
operate. Superimposed backpressure is the result of pressure in the discharge system coming from other 
sources and may be constant or variable. 

3.2 Acronyms and Abbreviations 

BPVC Boiler and Pressure Vessel Code 

CDTP cold differential test pressure 

HEM Homogeneous Equilibrium Model  

MAWP maximum allowable working pressure 

NPS nominal pipe size 

PRD pressure-relief device 

PRV pressure-relief valve 

SI International System of units 

USC United States customary units 

4 Pressure-relief Devices 

4.1 General 

This section describes the basic principles, operational characteristics, applications, and selection of 
PRDs used independently or in combination. These devices include spring-loaded and pilot-operated 
pressure-relief valves (PRVs), rupture disk devices, and other PRDs. These devices are described in the 
text and illustrated in Figure 1 through Figure 30. 

4.2 Pressure-relief Valves  

4.2.1 Spring-loaded Pressure-relief Valves 

4.2.1.1 Conventional Pressure-relief Valves 

4.2.1.1.1 A conventional PRV (see Figure 1 and Figure 4) is a self-actuated spring-loaded PRV that is 
designed to open at a predetermined pressure and protect a vessel or system from excess pressure by 
removing or relieving fluid from that vessel or system. The valve shown in Figure 4 is available in small 
sizes, commonly used for thermal relief valve applications. The basic elements of a spring-loaded PRV 
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include an inlet nozzle connected to the vessel or system to be protected, a movable disc that controls 
flow through the nozzle, and a spring that controls the position of the disc. Under normal system 
operating conditions, the pressure at the inlet is below the set pressure and the disc is seated on the 
nozzle preventing flow through the nozzle. 

4.2.1.1.2 Spring-loaded PRVs are referred to by a variety of terms, such as safety valves, relief valves, 
and safety relief valves. These terms have been traditionally applied to valves for gas/vapor service, liquid 
service, or multiservice applications, respectively. The more generic term, PRV, is used in the text and is 
applicable to all three. 

4.2.1.1.3 The operation of a conventional spring-loaded PRV is based on a force balance (see Figure 5). 
The spring load is preset to equal the force exerted on the closed disc by the inlet fluid when the system 
pressure is at the set pressure of the valve. When the inlet pressure is below the set pressure, the disc 
remains seated on the nozzle in the closed position. When the inlet pressure exceeds set pressure, the 
pressure force on the disc overcomes the spring force and the valve opens. When the inlet pressure is 
reduced to the closing pressure, the valve recloses. 

4.2.1.1.4 When the valve is closed during normal operation (see Figure 5, Item A) the system or 
vessel pressure acting against the disc surface (area A) is resisted by the spring force. As the system 
pressure approaches the set pressure of the valve, the seating force between the disc and the nozzle 
approaches zero. 

4.2.1.1.5 In vapor or gas service, the valve may “simmer” before it will “pop.” When the vessel pressure 
closely approaches the set pressure, fluid will audibly move past the seating surfaces into the huddling 
chamber B. As a result of the restriction of flow between the disc holder and the adjusting ring, pressure 
builds up in the huddling chamber B (see Figure 5, Item B). Since pressure now acts over a larger area, 
an additional force, commonly referred to as the expansive force, is available to overcome the spring 
force. By changing the position of the adjusting ring, the opening in the annular orifice can be altered, 
thus controlling the pressure buildup in the huddling chamber B. This controlled pressure buildup in the 
huddling chamber will overcome the spring force causing the disc to move away from the nozzle seat, 
and the valve will pop open. 

4.2.1.1.6 Once the valve has opened, an additional pressure buildup at C occurs (see Figure 5, Item C). 
This is due to the sudden flow increase and the restriction to flow through another annular orifice formed 
between the inner edge of the disc holder skirt and the outside diameter of the adjusting ring. These 
additional forces at C cause the disc to lift substantially at pop.  

4.2.1.1.7 Flow is restricted by the opening between the nozzle and the disc until the disc has been 
lifted from the nozzle seat approximately one quarter of the nozzle diameter. After the disc has attained 
this degree of lift, flow is then controlled by the bore area rather than by the area between the seating 
surfaces. 

4.2.1.1.8 The valve closes when the inlet pressure has dropped sufficiently below the set pressure to 
allow the spring force to overcome the summation of forces at A, B, and C. The pressure at which the 
valve reseats is the closing pressure. The difference between the set pressure and the closing pressure is 
blowdown. 
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Figure 1—Conventional Pressure-relief Valve with a Single Adjusting Ring for Blowdown 
Control 
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Figure 2—Balanced-bellows Pressure-relief Valve 
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Figure 3—Balanced-bellows Pressure-relief Valve with an Auxiliary Balanced Piston 
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Figure 4—Conventional Pressure-relief Valve with Threaded Connections 

 

Full document details: API St 520-1-2020 (2023)

http://www.avadocuments.com/doc/api-st-520-1-2020-2023
http://www.avadocuments.com/doc/api-st-520-1-2020-2023


14 API STANDARD 520, PART I—SIZING AND SELECTION 

 

 

Figure 5—Pressure-relief Valve Operation—Vapor/Gas Service 

4.2.1.1.9 Figure 6 shows the disc travel from the set pressure, A, to the maximum relieving pressure, 
B, during the overpressure incident and to the closing pressure, C, during the blowdown. 
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Figure 6—Typical Relationship Between Lift of Disk in a Pressure-relief Valve and Vessel Pressure 

4.2.1.2 Spring-loaded Pressure-relief Valves Designed for Liquid Service Applications 

4.2.1.2.1 Liquid service valves do not pop in the same manner as vapor service valves (see Figure 7), 
since the expansive forces produced by vapor are not present in liquid flow. Liquid service valves typically 
rely on reactive forces to achieve lift. 

4.2.1.2.2 When the valve is closed, the forces acting on the valve disc are the same as those applied 
by vapor until a force balance is reached and the net force holding the seat closed approaches zero. 
From this point on, the force relationship is totally different. 

4.2.1.2.3 At initial opening, the escaping liquid forms a very thin sheet of fluid, as seen in Figure 7, Item 
A, expanding radially between the seating surfaces. The liquid strikes the reaction surface of the disc 
holder and is deflected downward, creating a reactive (turbine) force tending to move the disc and holder 
upward. These forces typically build very slowly during the first 2 % to 4 % of overpressure. 
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Figure 7—Pressure-relief Valve Operation—Liquid Service 
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4.2.1.2.4 As the flow gradually increases, the velocity head of the liquid moving through the nozzle also 
increases. These momentum forces, combined with the reactive forces of the radially discharging liquid 
as it is deflected downward from the reaction surface (see Figure 7, Item B), are substantial enough to 
cause the valve to go into lift. Typically, the valve will suddenly surge to 50 % to 100 % lift at 2 % to 6 % 
overpressure. As the overpressure increases, these forces continue to grow, driving the valve into full lift. 
Liquid service valves, capacity certified in accordance with the ASME Code, are required to reach rated 
capacity at 10 % or less overpressure. 

4.2.1.2.5 In the closing cycle, as the overpressure decreases, momentum and reactive forces 
decrease, allowing the spring force to move the disc back into contact with the seat.  

4.2.1.2.6 Historically, many PRVs used in liquid applications were safety relief or relief valves designed 
for compressible (vapor) service. Many of these valves, when used in liquid service, required high 
overpressure (25 %) to achieve full lift and stable operation, since liquids do not provide the expansive 
forces that vapors do. Where liquid PRVs were required to operate within the accumulation limit of 10 %, 
a conservative factor of 0.6 was applied to the valve capacity when sizing the valves. Consequently, 
many installations were oversized and instability often resulted. The criteria used for sizing this type of 
valve may be found in 5.9. 

4.2.1.2.7 Rules have been incorporated into the ASME Code, as well as other international standards 
that address performance of liquid service valves at 10 % overpressure and require a capacity certification. 
PRVs designed for liquid service have been developed that achieve full lift, stable operation, and rated 
capacity at 10 % overpressure in compliance with the requirements. Blowdown is adjustable in some 
designs. Some valves are designed so that they operate on liquid and gas. Such valves may, however, 
exhibit different operational characteristics, depending on whether the flow stream is liquid, gas, or a 
combination of the two. Many PRVs designed for liquid service, for example, will have a much longer 
blowdown (typically 20 %) on gas than on liquid service. Additionally, some variation in set pressure may 
occur if the valve is set on liquid and required to operate on gas or vice versa. 

4.2.1.2.8 The rules for sizing PRVs designed for liquid service are given in 5.8. If a capacity on gas 
service is required, 5.6.3 or 5.6.4 should be used for the preliminary sizing calculation. Capacity 
certification data (certified coefficients of discharge and actual orifice areas) for sizing on liquid and gas 
service should be obtained from the manufacturer for use in final sizing and application of the valve. 

4.2.1.2.9 Spring-loaded PRVs designed for liquid (or liquid and gas) applications and that are balanced 
to minimize the effects of backpressure are recommended for two-phase applications when the fluid 
being relieved may be liquid, gas, or a multiphase mixture. Many manufacturers recommend that valves 
designed for liquid or liquid-and-gas service be used if the mass percentage of the two-phase mixture at 
the valve inlet is 50 % vapor or less. In addition, if the ratio of liquid to gas in the flow stream is not 
certain, a valve specifically designed for liquid service or for service on liquid and gas should be used. 

4.2.1.2.10 PRVs designed for liquid and gas service should be specified for the fluid to which the valve 
is normally exposed. For example, if a liquid and gas service valve is located in the vapor region of a 
vessel containing a liquid level, the valve should be specified for gas service. The valve’s certified 
capacity stamped on the nameplate will be in SCFM of air. If a liquid and gas service valve is located on 
the liquid side of a heat exchanger, then the valve should be specified in liquid service. This valve will 
have a certified capacity stamped in gallons per minute of water. 

4.2.1.2.11 In some applications, the valve may be required to relieve a liquid or a gas depending on the 
condition causing the overpressure (e.g. heat exchanger tube rupture). In this application, a valve 
designed for liquid service or one designed for liquid and gas service is recommended. 
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4.2.1.2.12 The user is cautioned that vapor certified relief valves relieving liquid are more prone to 
chatter than liquid certified relief valves relieving liquid. It has been observed on PRV test stands that 
vapor certified PRVs relieving liquid at very low overpressures (where flow rate is about 5 % of PRV rated 
capacity) will flow without much flutter, but at higher overpressures the PRV disk may lift abruptly resulting 
in unstable valve operation. Vapor certified valves relieving liquid may exhibit stable flow where 
overpressure is high (20 % or higher) or where the valve lift is mechanically limited. Liquid certified valves 
were designed to solve the observed instability problems with liquid relief. 

4.2.1.3 Balanced Pressure-relief Valves  

4.2.1.3.1 A balanced PRV is a spring-loaded PRV that incorporates a bellows or other means of 
balancing the valve disc to minimize the effects of backpressure on the performance characteristics of the 
valve (see Figure 2 and Figure 3). 

4.2.1.3.2 When a superimposed backpressure is applied to the outlet of a conventional spring-loaded 
PRV, a pressure force is applied to the valve disc that is additive to the spring force. This added force 
increases the pressure at which an unbalanced PRV will open. If the superimposed backpressure is 
variable, then the pressure at which the valve will open will vary (see Figure 8).  

 

Figure 8—Typical Effects of Superimposed Backpressure on the Opening Pressure of 
Conventional Pressure-relief Valves 
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4.2.1.3.3 In a balanced-bellows PRV, a bellows is attached to the disc holder with an effective bellows 
area, AB, approximately equal to or greater than the seating area of the disc, AN (see Figure 9). This 
isolates an area on the disc, approximately equal to the disc seat area, from the backpressure. If the 
bellows area, AB, were identical to the area of the disc, AN, the variable backpressure would not affect the 
PRV opening pressure. However, considerations concerning the bellows manufacturing tolerances and 
the possible variations of opening pressure with backpressure lead to the use of bellows with minimum 
effective bellows area AB greater than or equal to AN. This ensures that backpressure does not increase 
the opening pressure of the balanced PRV. With the addition of a bellows, therefore, the opening 
pressure of the PRV will remain constant or decrease with increases in backpressure. This change in 
opening pressure corresponds to the variation within the bellows manufacturing tolerance. The 
magnitude of this effect is normally acceptable. Where opening pressures are reduced due to 
backpressures, the closing pressures will also be reduced resulting in longer blowdown. Consult the 
manufacturer when there are concerns about backpressure effects on opening pressure. 

 

 

Figure 9—Typical Effects of Backpressure on the Set Pressure of Balanced Pressure-relief Valves 

4.2.1.3.4 The internal area of the bellows in a balanced-bellows spring-loaded PRV is referenced to 
atmospheric pressure in the valve bonnet. It is important that the bonnet of a balanced PRV be vented to 
the atmosphere for the bellows to perform properly. If the valve is located where atmospheric venting 
would present a hazard or is not permitted by regulations, the vent shall be piped to a safe location that is 
free of backpressure that may affect the PRV opening pressure. 

4.2.1.3.5 Other means of balancing a spring-loaded PRV such as a sealed piston are used in some 
valve designs. These designs perform in a manner similar to the balanced bellows design. 
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4.2.1.3.6 When the superimposed backpressure is constant, the spring load can be reduced to 
compensate for the effect of backpressure on set pressure, and a balanced valve is not required. There 
are cases where superimposed backpressure is not always constant and such cases shall be evaluated 
carefully. 

4.2.1.3.7 Balanced PRVs should be considered where the built-up backpressure (backpressure 
caused by flow through the downstream piping after the PRV lifts) is too high for a conventional pressure-
relief (see 5.3.3.1). A detailed discussion of backpressure and its effects on PRV performance and 
capacity can be found in 5.3.  

4.2.1.3.8 Balanced PRVs may also be used as a means to isolate the guide, spring, bonnet, and other 
top works parts within the valve from the relieving fluid. This may be important if there is concern that the 
fluid will cause corrosive damage to these parts. 

4.2.1.3.9 It is important to remember that the bonnet of a balanced PRV shall be vented to atmosphere 
at all times. The user should be cautioned of the potential for freezing of atmospheric moisture inside the 
bonnet in cold service due to auto-refrigeration or cold ambient temperatures.  

4.2.1.4 Pressure-relief Valve Trim Selection 

4.2.1.4.1 PRV trim selection is an important factor when designing relief system installations to 
minimize the potential for instability (see API 520, Part II for discussion on instability).   

4.2.1.4.2 Common types of certified PRVs include ASME vapor certified PRVs, ASME liquid certified 
PRVs, and PRVs that are dual certified. 

4.2.1.4.3 Although guidance can be provided by the valve manufacturer, it is up to the user to select 
the appropriate valve trim. This should be clearly specified on the purchase datasheet (e.g. see the 
Pressure-relief Valve Specification Datasheet provided in Annex D). It is important that the user 
understands how different trims perform within the range of relief conditions that the PRVs could 
experience. Particular attention should be paid to vapor certified valves that have applicable liquid relief 
scenarios. 

4.2.1.4.4 Table 1 summarizes some of the performance characteristics of these valve designs. Table 2 
summarizes the valve trim for different relief media and inlet piping design criteria. 
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Table 1—Spring-loaded Pressure-relief Valve Performance Characteristics as a Function of Valve Trim 

Characteristic Vapor Certified PRV Liquid Certified PRV Dual Certified PRV 

Liquid relief 

Capacity is not certified but can 
be estimated using guidance in 
5.9 (may need up to 25 % 
overpressure to achieve full lift) 

Capacity is certified Capacity is certified 

Vapor relief Capacity is certified 

Capacity is not certified, and 
is not addressed herein 
 
See manufacturer for 
estimated capacity 

Capacity is certified 

Range of blowdown 
available (see manufacturer 
for PRV-specific blowdown 
values; see NOTE) 

Up to 10 % for vapor, and 
Up to 10 % for liquid 

Up to 25 % for vapor  
 
Typically up to 12 % for 
liquids; some vendors may 
offer higher blowdowns  

Up to 25 % for vapor  
 
Typically up to 12 % for 
liquids; some vendors may 
offer higher blowdowns   

Tendency to chatter in liquid 
service  Increased Neutral Neutral 

Effect of medium on the 
opening characteristic 

PRV set on gas or vapor but 
relieving liquid may open 3 % to 
5 % higher  

PRV set on liquid but 
relieving vapor may open 
3 % to 5 % lower  

Minor effect (i.e. within 
code tolerances) 

Effect of required valve 
overpressure vs. set 
medium 

Any shift up or down in the opening point may result in a similar shift in the point at which 
full lift is achieved 

NOTE    These are typical values obtained from valve manufacturers. User is cautioned to fully understand the impact on operations 
when blowdown exceeds the operating margin. 
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Table 2—Design Guidance for Pressure-relief Valve Trim Options 

Relief Medium Certified PRV Trim 

PRV Inlet Line Pressure Drop 
Hydraulic Calculation Basis 

Options 
Comments 

Use PRV  
Rated Capacity 

Use Required 
Relief Load 

Vapor  Vapor or Dual  NOTE 1  

Vapor  Liquid  NOTE 1 Caution (NOTE 2) 

Liquid  Vapor NOTE 3 NOTE 3 Caution (NOTE 3) 

Liquid  Liquid or Dual  NOTE 1  

Two phase Liquid, Vapor, or Dual  NOTE 1  

Supercritical  Liquid, Vapor, or Dual  NOTE 1  

NOTE 1  May be used if PRV exhibits modulating behavior. 

NOTE 2  Application not recommended if vapor is the controlling sizing case, and the valve is not certified for vapor. Where 
vapor loads are not controlling, the capacity of the PRV relieving vapor will need to be estimated; see manufacturer for guidance. 
See Table 1 for blowdown characteristics. 

NOTE 3  Application not recommended if liquid is the controlling sizing case, since the valve is not certified for liquid. Where 
liquid loads are not controlling, the capacity of the PRV relieving liquid will need to be estimated using the noncertified liquid PRV 
sizing equation; see 5.9. When calculating inlet line pressure drop, required rate may be used if PRV exhibits modulating behavior. 
See Table 1 for overpressure characteristics. 

4.2.2 Pilot-operated Pressure-relief Valves 

4.2.2.1 General 

4.2.2.1.1 A pilot-operated PRV consists of the main valve, which normally encloses a floating 
unbalanced piston assembly, and an external pilot (see Figure 10 through Figure 14). The piston is 
designed to have a larger area on the top than on the bottom. Up to the set pressure, the top and bottom 
areas are exposed to the same inlet operating pressure. Because of the larger area on the top of the 
piston, the net force holds the piston tightly against the main valve nozzle. As the operating pressure 
increases, the net seating force increases and tends to make the valve tighter. This feature allows most 
pilot-operated valves to be used where the maximum expected operating pressure is higher than the 
percentage shown in Figure 15. At the set pressure, the pilot vents the pressure from the top of the 
piston; the resulting net force is now upward causing the piston to lift, and process flow is established 
through the main valve. After the overpressure incident, the pilot will close the vent from the top of the 
piston, thereby re-establishing pressure, and the net force will cause the piston to reseat. 

 

 

 

 

Full document details: API St 520-1-2020 (2023)

http://www.avadocuments.com/doc/api-st-520-1-2020-2023
http://www.avadocuments.com/doc/api-st-520-1-2020-2023


 SIZING, SELECTION, AND INSTALLATION OF PRESSURE-RELIEVING DEVICES 23 

 

 

 

 

Figure 10—Pop-action Pilot-operated Valve (Flowing Type) 
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Figure 11—Pop-action Pilot-operated Valve (Nonflowing Type) 
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Figure 12—Modulating Pilot-operated Valve (Flowing Type) 
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Figure 13—Pilot-operated Relief Valve with a Nonflowing Modulating Pilot Valve 
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Figure 14—Low-pressure Pilot-operated Valve (Diaphragm Type) 
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Figure 15—Pressure Level Relationships for Pressure-relief Valves 
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4.2.2.1.2 The main valve of the pilot-operated PRV can use a diaphragm in lieu of a piston to provide 
the unbalanced moving component of the valve. A disc, which normally closes the main valve inlet, is 
integral with a flexible diaphragm (see Figure 14). The external pilot serves the same function to sense 
process pressure, vent the top of the diaphragm at set pressure, and reload the diaphragm once the 
process pressure is reduced. As with the piston valve, the seating force increases proportionally with the 
operating pressure because of the differential exposed area of the diaphragm. 

4.2.2.1.3 The lift of the main valve piston or diaphragm, unlike a conventional or balanced spring-
loaded valve, is not affected by built-up backpressure. This allows for even higher pressures in the relief 
discharge manifolds.  

4.2.2.1.4 The pilot vent can be either directly exhausted to atmosphere or to the main valve outlet 
depending upon the pilot’s design and user’s requirement. Only a balanced type of pilot, where set 
pressure is unaffected by backpressure, should be installed with its exhaust connected to a location with 
varying pressure (such as to the main valve outlet). Slight variations in backpressure may be acceptable 
for unbalanced pilots. 

4.2.2.2 Backflow Prevention 

A backflow preventer is required when the possibility exists of developing a pressure on the discharge 
side of the valve that exceeds the inlet pressure of the valve. The higher discharge pressure can cause 
sufficient upward force on the diaphragm or piston to open the valve and cause flow reversal. The 
backflow preventer allows the discharge pressure to provide a net downward force on the diaphragm or 
piston to keep the valve closed (see Figure 11). The proper operation of the backflow preventer is critical 
to further ensuring no flow reversal occurs in the valve. The selection of the material and seals in the 
backflow preventer should be consistent with the pilot-operated PRV. 

4.2.2.3 Pilot Types 

4.2.2.3.1 The pilot that operates the main valve can be either a pop-action or modulating action pilot. The 
pop-action pilot, as shown in Figure 16, causes the main valve to lift fully at set pressure without overpressure. 
This immediate release of pressure provides extremely high opening and closing forces on the main valve 
seat. This opening action is typically not recommended for liquid services to avoid valve instability. 

 
Figure 16—Typical Relationship Between Lift of Disk or Piston and Vessel Pressure in a Pop-

action Pilot-operated Pressure-relief Valve 
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4.2.2.3.2 The modulating pilot, as shown in Figure 17, opens the main valve only enough to satisfy the 
required relieving capacity and can be used in gas, liquid, or two-phase flow applications. A modulating 
pilot-operated valve, in contrast to a pop-action valve, limits the amount of relieving fluid to only the 
amount required to prevent the pressure from exceeding the allowable accumulation. Since a modulating 
pilot only releases the required relieving rate, the calculation of built-up backpressure may be based on 
the required relieving rate instead of the rated capacity of the valve corrected for the actual overpressure. 
The modulating pilot valve also can reduce interaction with other pressure control equipment in the 
system during an upset condition, reduce unwanted atmospheric emissions, and reduce the noise level 
associated with discharge to the atmosphere. 

 

Figure 17—Typical Relationship Between Lift of Disk or Piston and Vessel Pressure in a 
Modulating-action Pilot-operated Pressure-relief Valve 

4.2.2.3.3 The pilots may be either a flowing or nonflowing type. The flowing type allows process fluid to 
continuously flow through the pilot when the main valve is open; the nonflowing type does not. The 
nonflowing pilot type is generally recommended for most services to reduce the possibility of hydrate 
formation (icing) or solids in the lading fluid affecting the pilot’s performance. 

4.2.2.4 Application and Limitations of Pilot-operated Pressure-relief Valves 

4.2.2.4.1 Pilot-operated PRVs are available for use in liquid and vapor services. Operating 
characteristics of some pilot-operated PRVs are unaffected by the state of fluid (liquid or gas), and these 
types are recommended for two-phase flow applications. 

4.2.2.4.2 Similar to soft seated spring-loaded valves, most main valves and their pilots contain 
nonmetallic components, and process temperature and fluid compatibility can limit their use. In addition, as 
with all PRDs, fluid characteristics such as susceptibility to polymerization or fouling, viscosity, the 
presence of solids, and corrosiveness should be considered. The manufacturer should be consulted to 
ensure that the proposed application is compatible with available valves. 

4.2.2.5 Pilot-operated Pressure-relief Valve Accessories 

4.2.2.5.1 General 

A variety of accessories and options are available for pilot-operated PRVs to provide additional functions. 
The following is a list of some of the more common accessories.  The manufacturer should be contacted to 
determine availability. 
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4.2.2.5.2 Field Test Connection 

Pilot-operated PRVs may be readily tested for verification of set pressure during normal system operation 
with this accessory. This field test is typically done via pressure from an independent source such as a 
nitrogen bottle, where the source gas is slowly admitted through a metering valve. The pilot and main 
valve dome are pressurized simulating an increased system pressure. The field test pressure will actuate 
the pilot and may or may not actuate the main valve. The valve manufacturer should be contacted for 
details. 

4.2.2.5.3 Backflow Preventer 

This accessory, sometimes called a “vacuum block,” prevents a pilot-operated valve from reverse flow 
when the pressure at the outlet flange (superimposed backpressure) is greater than the current system 
pressure. Reverse flow can occur with any standard type or design of pilot-operated PRV when sufficient 
reverse differential pressure exists. A backflow preventer permits the introduction of outlet pressure into 
the dome of the main valve, thereby holding the piston firmly on the nozzle, overcoming the effect of a 
reverse differential pressure. A backflow preventer should be specified whenever any of the following 
situations apply: 

 the protected equipment can be depressured and isolated (e.g. to prepare for maintenance) while 
lined up to an active flare header; 

 a vacuum may be present at the inlet connection due to unusual operating conditions or during start-up; 

 the valve is connected to a downstream pressure vessel where pressure may vary from time to time 
in excess of the pressure in the upstream system; 

 the discharge of multiple PRVs is combined into a single manifold or vent system, creating 
superimposed backpressure in excess of the current upstream system pressure. 

4.2.2.5.4 Pilot Supply Filter 

A pilot supply filter protects the pilot from particulate matter in the flow stream. This accessory, installed in 
the pilot supply line, has expanded the service applications for pilot-operated PRVs. The user is 
cautioned that in services prone to plugging, frequent maintenance of the filter may be required to 
achieve the benefits. For applications with excessive particulate matter, other methods such as the 
addition of a purge system may be required. 

4.2.2.5.5 Pressure Spike Snubber 

A pressure spike snubber is recommended for use on compressible or incompressible lading fluid 
installations where instantaneous pressure spikes or pulsations approach or exceed the simmer or set 
pressure and may cause inadvertent valve wear and actuation (e.g. downstream of positive displacement 
rotating equipment). The device dampens these transient pressure rises before they reach the sensing 
chambers of the pilot without affecting the valve’s set pressure. 

4.2.2.5.6 Remote Pressure Sense Connection 

This optional feature permits the pilot to sense system pressure at a location that most accurately reflects 
the actual operating pressure of the protected system. It can also be used to eliminate the false system 
pressure indication that will occur during relieving conditions due to pressure losses in the inlet piping. 
The addition of a remote pilot sense line allows the pilot to correctly sense system pressure and to keep 
the valve from rapid cycling or chattering due to high inlet piping pressure losses. Rated relieving capacity 
corrected for the actual overpressure will be proportionately reduced whenever there is inlet pressure loss 
to the valve. 

4.2.2.5.7 Manual or Remote Unloader 

An unloader permits the main valve to be opened either manually or remotely to depressurize the system. 
Its use has no effect on the sealed pressure settings. Either a manual, pneumatic, or solenoid operated 
valve is connected to the main valve dome. Opening this valve vents the dome pressure faster than it can 
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be recharged by the pilot supply allowing the piston to lift. When permitted by code, the manual unloader 
may be substituted for a mechanical lift lever. 

4.2.2.5.8 Pilot Lift Lever 

This accessory is provided for those applications where the mechanical lifting of the pilot is required for 
verification of valve operation. Lifting of the pilot spindle will permit the main valve to lift when the system 
pressure is at least equal to or greater than 75 % of the set pressure. The ASME Code requires the use 
of this device or a manual unloader for air, hot water over 140 °F (60 °C), and steam applications, unless 
ASME BPVC Case 2203 has been used to eliminate the need for a lifting lever.  

4.2.2.5.9 Pilot Valve Isolation  

There are several designs that use an inert fluid to isolate all or part of the pilot valve portion of the pilot-
operated PRV from the service conditions. This may allow the pilot-operated PRV to be considered in 
applications where plugging and fouling might otherwise be a concern (e.g. where there is a potential for 
polymerization, high viscosity fluids, presence of solids, or corrosiveness). These isolation systems 
should be designed to provide the inert fluid to protect the critical parts of the pilot valve during normal 
operating conditions and also when the pilot valve operates during an overpressure event. The user 
should contact the manufacturer to discuss the various isolation options available with a particular pilot 
design and what isolation options would be suitable for the specific service condition. The user should 
advise the manufacturer of any local codes or regulations that affect the application and the suitability of a 
particular pilot valve isolation system. 

4.2.3 Cold Differential Test Pressure 

4.2.3.1 The actual service conditions under which a PRV is required to open may be different from the 
conditions at which the PRV is set to operate on a test stand. To compensate for this effect, a cold 
differential test pressure (CDTP) is specified for adjusting the set pressure of the valve on the test stand. 
The CDTP may include a correction for actual service conditions of backpressure and/or temperature. 

4.2.3.2 A temperature correction factor may be applied when the PRV temperature is significantly 
different from the ambient temperature. The magnitude of the correction factor and the minimum 
temperature at which it may be applied is dependent on the PRV model. The correction factor shall be 
obtained from the PRV manufacturer and is often available in their Installation, Operation, and 
Maintenance manuals. The correction factor is normally provided as a multiplier to the set pressure.   

4.2.3.3 The temperature used for the correction factor should be based on the temperature at the inlet 
to the relief valve at its normal service (nonrelieving) conditions. The temperature at the valve may not be 
equal to the operating temperature of the process due to valve’s physical location, collection of 
noncondensable vapors below the valve inlet, isolation from the process by a rupture disk, or heat tracing 
of the valve. The factor compensates for variations in spring load due to thermal growth in valve 
components as well as changes in the spring material properties. Compensation may also be required for 
service below −75 °F (−60 °C). A conventional PRV, operating with a superimposed backpressure, 
normally requires a correction factor to compensate for the superimposed backpressure. In this case, the 
required set pressure minus the superimposed backpressure is equal to the CDTP. This change accounts 
for the additional closing force exerted on the valve disk by the backpressure. In the case of a balanced 
spring-loaded PRV, the change in closing force due to the superimposed backpressure is negligible and 
no correction is required. 

4.2.3.4 When the CDTP is to include a correction for backpressure and temperature, the differential 
pressure is calculated and then multiplied by the temperature correction to determine the CDTP. 

4.2.3.5 Pilot-operated PRVs (see 4.2.2) may require a CDTP when used in high temperature or 
backpressure service. The valve manufacturer should be consulted regarding backpressure and 
temperature limits and required correction factor. 
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4.2.4 Restricted Lift Pressure-relief Valves 

4.2.4.1 API 526 Table 1 shows a 21 % to 78 % increase in effective orifice area from one lettered 
orifice to the next lettered orifice. In some applications, the user may desire less capacity than the next 
size orifice area would provide. A reduction in the pressure relief valve rated capacity can be achieved by 
restricting the lift. A restricted lift pressure relief valve has a reduced flow area, resulting in a lower rated 
capacity for the valve. A lower rated capacity, based on the reduced lift, will lower the inlet and outlet 
piping pressure losses and reduce the acoustic effects. 

4.2.4.2 ASME BPVC, Section VIII prohibits restricting the lift to a value less than 30 % of the full rated 
lift, or less than 0.080 in.   

4.2.4.3 The final relief device design shall meet the requirements of the applicable code or standard.  
For ASME Code applications, the restriction of the relief device lift shall be performed only by the valve 
Manufacturer or Assembler. 

4.2.4.4 The nameplate on restricted lift relief devices shall be stamped to identify the reduced lift value 
and the certified capacity based on that reduced lift value. 

4.2.4.5 Restricted lift versions of the PRVs in API 526 Table 3 through Table 30 may be specified by 
providing the manufacturer with a required capacity and the maximum desired rated capacity. The 
manufacturer shall determine the lift that will provide a rated capacity within these two values. See Figure 
18 for some options for restricting lift in spring-loaded pressure relief valves. Consult the manufacturer for 
more information on restricted lift designs. Prior to making a final selection, the purchaser shall confirm 
that the restricted lift relief device meets the design requirements (see example in Annex F). 

 
Figure 18—Different Options for Restricting Lift in Spring-loaded Pressure-relief Valves 
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4.3 Rupture Disk Devices 

4.3.1 General 

4.3.1.1 Rupture disk devices are nonreclosing PRDs used to protect vessels, piping, and other 
pressure-containing components from excessive pressure and/or vacuum. Rupture disks are used in 
single and multiple relief device installations. They are also used as redundant PRDs. 

4.3.1.2 With no moving parts, rupture disks are simple, reliable, and faster acting than other PRDs. 
Rupture disks react quickly enough to relieve some types of pressure spikes. Because of their light 
weight, rupture disks can be made from high alloy and corrosion resistant materials that are not practical 
in PRVs. 

4.3.1.3 Rupture disks can be specified for systems with vapor (gas) or liquid pressure-relief 
requirements. Also, rupture disk designs are available for highly viscous fluids. The use of rupture disk 
devices in liquid service should be carefully evaluated to ensure that the design of the disk is suitable for 
liquid service. The user should consult the manufacturer for information regarding liquid service 
applications. 

4.3.1.4 Rupture disk devices often have different opening characteristics as a function of the fluid state 
against the disk at the time of bursting. To account for the resulting differences in the resistance to flow, 
certified Kr values are stated in terms of Krg (gas), Krl (liquid), or Krgl (gas or liquid). In application, use the 
following guidelines. 

 When the fluid initiating rupture (in contact with rupture disk) is compressible, rupture disks rated with 
Krg  or Krgl should be used. 

 When the fluid initiating rupture (in contact with rupture disk) is incompressible, rupture disks rated 
with Krl or Krgl should be used. 

4.3.1.5 The rupture disk is also a temperature-sensitive device. Burst pressures can vary significantly 
with the temperature of the rupture disk device. This temperature may be different from the normal fluid 
operating temperature. As the temperature at the disk increases, the burst pressure usually decreases. 
Since the effect of temperature depends on the rupture disk design and material, the manufacturer should 
be consulted for specific applications. For these reasons, the rupture disk shall be specified at the 
pressure and temperature the disk is expected to burst.  

4.3.1.6 Care shall be taken during installation to avoid damaging the disk and to ensure that the 
disk and holder are properly oriented relative to the flow. A damaged or improperly oriented disk may 
burst considerably higher than its marked burst pressure, depending on the style of the disk. Contact 
the manufacturer for information about the effects of damage or improper orientation for a specific 
style of disk. 

4.3.1.7 Care shall also be taken to follow the manufacturer’s bolt torque and tightening procedures 
during installation. Improper torque can also affect the disk’s burst pressure. 

4.3.2 Application of Rupture Disks 

4.3.2.1 Single, Multiple, and Fire Applications 

Rupture disks can be used in any application requiring overpressure protection where a nonreclosing 
device is suitable. This includes single, multiple, and fire applications as specified in UG-134 of the ASME 
Code. Figure 19 provides the pressure level relationships between rupture disks and the protected 
equipment in accordance with the ASME Code. 
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Figure 19—Pressure Level Relationships for Rupture Disk Devices 
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4.3.2.2 Rupture Disk Device at the Inlet of a Pressure-relief Valve  

4.3.2.2.1 The ASME Code also allows for the use of rupture disks in combination with PRVs (see 
Figure 20). Rupture disks are used upstream of PRVs to seal the system to meet emissions standards, to 
provide corrosion protection for the valve, and to reduce valve maintenance. 

  

Figure 20—Rupture Disk Device in Combination with a Pressure-relief Valve 

4.3.2.2.2 When a rupture disk device is installed at the inlet of a PRV, the devices are considered to be 
close coupled, and the specified burst pressure and set pressure should be the same nominal value. 
When installed in liquid service, it is especially important for the disk and valve to be close coupled to 
reduce shock loading on the valve. 

4.3.2.2.3 The space between the rupture disk and the PRV shall have a free vent, pressure gauge, 
trycock, or suitable telltale indicator as required in UG-127 of the ASME Code. A nonvented space with a 
pressure gauge without alarms or other devices is not recommended as a suitable telltale indicator. Users 
are warned that a rupture disk will not burst in tolerance if backpressure builds up in a nonvented space 
between the disk and the PRV, which will occur should leakage develop in the rupture disk due to 
corrosion or other cause (see API 520, Part II). 

Full document details: API St 520-1-2020 (2023)

http://www.avadocuments.com/doc/api-st-520-1-2020-2023
http://www.avadocuments.com/doc/api-st-520-1-2020-2023


 SIZING, SELECTION, AND INSTALLATION OF PRESSURE-RELIEVING DEVICES 37 

 

4.3.2.3 Rupture Disk Device at the Outlet of a Pressure-relief Valve  

A rupture disk device may be installed on the outlet of a PRV to protect the valve from atmospheric or 
downstream fluids. Consideration should be given to the valve design so that it will open at its proper 
pressure setting regardless of any backpressure that may accumulate between the valve and rupture 
disk. See UG-127 of the ASME Code for other requirements and considerations. 

4.3.2.4 Rupture Disk Devices in Series 

4.3.2.4.1 Rupture disks may be installed in series using two distinct rupture disk holders separated by 
a spool piece. Typically, the intermediate spool piece is quite short, rarely exceeding 2 pipe diameters.  
Rupture disks may also be installed in series using a “Double Disk Assembly.”  A double disk assembly is 
most commonly manufactured from three pieces: the inlet, the “mid-flange,” and the outlet. The double 
disk assembly may be configured for either tension-loaded (forward-acting) or compression-loaded 
(reverse-buckling) rupture disks.  

4.3.2.4.2 Regardless of whether a double disk assembly or two rupture disk devices in series are used, 
it is important to remember that rupture disks are pressure differential devices and, accordingly, the space 
between the two disks shall be monitored or vented to ensure that no captive pressure in the intervening 
space is allowed to elevate the burst pressure of the upstream disk to an unsafe value.  The vapor space 
between the disks shall have a free vent, pressure gauge, trycock, or suitable telltale indicator for 
monitoring of pressure buildup (see API 520, Part II). This gives the user an indication that replacement of 
the rupture disk is required.  

4.3.2.4.3 The ASME Code allows rupture disks installed in a double disk assembly to be tested to 
obtain a single Kr value for the device. If two rupture disk devices in series are used, each rupture disk Kr 
value must be considered when sizing the relief system. 

4.3.2.4.4 Rupture disks may be installed in series for highly corrosive applications where any corrosion 
paths (e.g. pinholes) in the upstream disk will be contained by the downstream disk preventing any 
hazardous product releases. If the first disk develops a leak due to corrosion, the second disk will contain 
the fluid. Both rupture disks are typically specified at the same burst pressure.   

4.3.2.4.5 Rupture disks may be installed in series to prevent any superimposed backpressure 
(constant or variable) from elevating the burst pressure of the upstream disk. The burst pressure of the 
upstream disk is typically specified at the desired system relief pressure, whereas the burst pressure of 
the downstream disk is specified at a lower value to account for superimposed backpressure. Since some 
rupture disks designs are better equipped to withstand backpressure, the rupture disk manufacturer 
should be consulted to ensure that the rupture disk device is suitable for the application.  

4.3.2.5 Highly Viscous Applications 

Rupture disk designs are available for processes with high viscosity fluid, including nonabrasive slurries, 
where fluid flow is directed across the rupture disk inlet to prevent product buildup that may otherwise 
adversely affect rupture disk performance. The disk manufacturer should be consulted for details in these 
applications. 

4.3.3 Types of Rupture Disks 

4.3.3.1 General 

There are three major rupture disk types: 

 forward-acting, tension-loaded; 
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 reverse-acting, compression-loaded; 

 graphite, shear-loaded. 

4.3.3.2 Forward-acting Solid Metal Rupture Disks 

A forward-acting rupture disk is a formed (domed), solid metal disk designed to burst at a rated pressure 
applied to the concave side (see Figure 21). This rupture disk typically has an angular seat design and 
provides a satisfactory service life when operating pressures are up to 70 % of the marked burst pressure 
of the disk (70 % operating ratio). Consult the manufacturer for the actual recommended operating ratio 
for the specific disk under consideration. If vacuum or backpressure conditions are present, the disk can 
be furnished with a support to prevent reverse flexing. These disks have a random opening pattern and 
are considered fragmenting designs that are not suitable for installation upstream of a PRV. 
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Figure 21—Forward-acting Solid Metal Rupture Disk 
 

4.3.3.3 Forward-acting Scored Rupture Disks 

The scored forward-acting rupture disk is a formed (domed) disk designed to burst along scored lines 
at a rated pressure applied to the concave side (see Figure 22). Some designs provide satisfactory 
service life when operating pressures are up to 85 % to 90 % of the marked burst pressure of the disk 
(85 % to 90 % operating ratio). Consult the manufacturer for the actual recommended operating ratio 
for the specific disk under consideration. Most designs withstand vacuum conditions without a vacuum 
support. If backpressure conditions are present, the disk can be furnished with a support to prevent 
reverse flexing. Because the score lines control the opening pattern, this type of disk can be 
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manufactured to be nonfragmenting and is acceptable for installation upstream of a PRV. The scored, 
forward-acting rupture disk is manufactured from thicker material than nonscored designs with the 
same burst pressure, and it provides additional resistance to mechanical damage. 

 
 
 

 

Figure 22—Forward-acting Scored Rupture Disk 
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4.3.3.4 Forward-acting Composite Rupture Disks 

4.3.3.4.1 A forward-acting composite rupture disk is a flat or domed multipiece construction disk (see 
Figure 23). The domed composite rupture disk is designed to burst at a rated pressure applied to the 
concave side. The flat composite rupture disk may be designed to burst at a rated pressure in either or 
both directions. Some designs are nonfragmenting and acceptable for use upstream of a PRV. 

 

Figure 23—Forward-acting Composite Rupture Disk 
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4.3.3.4.2 The domed composite rupture disk is available in flat seat or angular seat design. The burst 
pressure is controlled by the combination of slits and tabs in the top section and a metallic or nonmetallic 
seal member under the top section. Composite rupture disks are generally available in burst pressures 
lower than those of forward-acting, nonscored rupture disks. Composite rupture disks may offer a longer 
service life as a result of the corrosion resistant properties of the seal material selected. 

4.3.3.4.3 The slits and tabs in the top section provide a predetermined opening pattern for the 
rupture disk. If vacuum or backpressure conditions are present, composite disks can be furnished with 
a support to prevent reverse flexing (see Figure 23). A domed, composite rupture disk generally 
provides satisfactory service life when the operating pressure is 80 % or less of the marked burst 
pressure (80 % operating ratio). Consult the manufacturer for the actual recommended operating ratio 
for the specific disk under consideration. 

4.3.3.4.4 A flat composite rupture disk is available for the protection of low-pressure vessels or the 
isolation of equipment such as exhaust headers or the outlet side of a PRV. This disk usually comes 
complete with gaskets and is designed to be installed between companion flanges rather than within a 
specific rupture disk holder. Flat composite rupture disks generally provide satisfactory service life when 
operating pressures are 50 % or less of the marked burst pressure (50 % operating ratio). Consult the 
manufacturer for the actual recommended operating ratio for the specific disk under consideration. 

4.3.3.5 Reverse-acting Rupture Disks 

4.3.3.5.1 A reverse-acting rupture disk typically is a formed (domed) solid metal disk designed to reverse 
and burst at a rated pressure applied on the convex side. Reverse-acting rupture disks are designed to 
open by such methods as shear knife blades, tooth rings, or scored lines (see Figure 24 and Figure 25). 
 

 
 
 

 
 

Figure 24—Reverse-acting Rupture Disk with Knife Blades 
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4.3.3.5.2 Reverse-acting rupture disks may be manufactured as nonfragmenting and are suitable for 
installation upstream of PRVs. These disks provide satisfactory service life when operating pressures are 
90 % or less of marked burst pressure (90 % operating ratio). Some types of reverse-buckling disks are 
designed to be exposed to pressures up to 95 % of the marked burst pressure. Consult the manufacturer 
for the actual recommended operating ratio for the specific disk under consideration. Because a reverse-
acting rupture disk is operated with pressure applied on the convex side, thicker disk materials may be 
used, thereby lessening the effects of corrosion, eliminating the need for vacuum support, and providing 
longer service life under pressure/vacuum cycling conditions and pressure fluctuations. 

4.3.3.5.3 Knife blades installed in holders should be constructed of corrosion-resistant material and 
should be inspected periodically to ensure sufficient sharpness to open the disk. Dull or damaged knife 
blades may prevent proper opening of the disk. 
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4.3.3.6 Graphite Rupture Disks 

 
 
 
 
 

Figure 25—Reverse-acting Scored Rupture Disk 
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