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EVALUATION AND PROCUREMENT GUIDE FOR THREE TYPES OF 
METALLIC RUPTURE DISK ASSEMBLIES 

Abstract 

The conventional pre-bulged, reverse-buckling, and 
snap-over rupture disk units are three commonly used types 
of rupture assemblies with metallic disks. The character-
istics of these types of assemblies are reviewed herein, 
and factors to be considered in their selection for a par-
ticular application are discussed. Precedures for evalu-
ating the burst pressure and fatigue life of each type of 
assembly are presented. Pertinent ordering and installa-
tion data are also discussed. 

1. INTRODUCTION 

"Weak spots" have been purposely designed into pressure systems to 
provide protection against overpressure for many years. Such a weak spot 
is usually a thin circular metallic membrane, called a rupture disk, that 
is clamped between metal flanges by which the disk is connected and sealed 
into the pressure system-. The rupture disk is designed to rupture at a 
specific pressure in a specific environment to give instantaneous and 
full-opening relief from overpressure. The performance characteristics 
of three commonly used metallic rupture disk assemblies (pre-bulged, 
reverse-buckling, and snap-over) are reviewed and procedures for evalu-
ating the rupture pressure and fatigue life of these assemblies are pre-
sented herein. 

The use of rupture disk assemblies in pressure systems is well estab-
lished in the chemical, petro-chemical, petroleum, and refinery indus-
tries. The rupture disk assembly can be used as either a primary or 
secondary relief device, as upstream protection for a relief valve, or 
as a seal to minimize leakage downstream from a relief valve. However, 
the rupture disk assembly alone cannot be used as a primary overpressure 
protection device for Class-1 components in nuclear power plants.1 Rup-
ture disks can be used in conjunction with pressure relief valves in 
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nuclear re actor..systems when they are located;; on the discharge side of 
the valves. The use of pressure relief valve's in water-cooled nuclear 
reactor systems is discussed in detail in Ref. 2. 

The application of rupture disks is not restricted to the originally 
intended use as an overpressure protection device. The rupture disk has 
also been used in missiles, aircraft, autoclaves, pilot plants, and gen-
eral produdtioti plantV as a quick-opening valve to start controlled 
reactions,/a,t predetermined,.pressures.3 Thus, while this document was 
prepared primarily to! provide guidance for those selecting and procuring 
rupture disk.assemblies.;for use in,light-water-cooled nuclear reactor 
plants, the information presented herein is generally applicable" :for all 
uses of the three types of metallic rupture disk assemblies covered. 
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2. TYPES OF RUPTURE DISK ASSEMBLIES COVERED 

Many types of rupture disk assemblies with a variety of disk 
configurations and materials are manufactured to accommodate the wide 
variety of performance requirements, service conditions, and system media 
encountered in pressure systems. The information presented in this docu-
ment is directed toward three basic assembly types: the, conventional 
pre-bulged disk, the reverse-buckling disk, and the snap-over assembly. 
The simple flat rupture disk is used only in systems with low operating 
pressures, and as such, it is not included in this discussion. 

A widely used rupture disk configuration is the pre-bulged disk, 
which is formed into a spherical cap from an initially flat sheet of 
metal. A typical pre-bulged disk is illustrated in Fig. 2.1* In this 
design, the edges of the disk are restrained by seats with a 30° angle. 

Fig. 2.1. Pre-Bulged Rupture Disk With Angular Seating. 

System pressure is applied to the concave side of this disk, which 
is under tension, and rupture occurs when the disk is stressed beyond the 
ultimate tensile strength of the material from which it is fabricated. 
The most commonly used disk metals include aluminum, nickel, Mbnel, Inco-
nel, and austenitic stainless steel. However, disks are sometimes fabri-
cated of copper, silver, gold, platinum, tantalum, and titanium; and 
metal-foil strip and sheet in the soft, annealed condition are also used 

2.1 Pre-Bulged Disk 

ETR6-1 

FLOW 
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on occasion. Pre-bulged rupture disks are readily available in diameters 
ranging from 1/2 to 24 in. and in a variety of thicknesses ranging from 
approximately 0.002 to 0.060 in. 

The rupture pressures obtainable with pre-bulged disks are dependent 
upon the mechanical characteristics of the metal of which they are fabri-
cated. The rupture or bursting pressure varies inversely with the diam-
eter exposed to pressure and directly with the type and thickness of the 
disk metal. For example, a l/2-in.-diam disk may have a minimum rupture 
pressure ranging from 65 to 850 psig, while a 24-in.-diam disk may rupture 
at pressures as low as 3 to 35 psig. Rupture pressures of 100,000 psig 
are obtainable with smaller disk sizes, but rupture pressures higher than 
700 psig are rarely required for larger disks.3 

The burst tolerances for pre-bulged disks are dependent upon mate-
rial thickness. The tolerance is ±5% for 0.001-in.-thick material, ±37» 
for 0.003-in.-thick material, and ±2% for 0.015-in.-thick material.3 Pre-
bulged disks are generally used at system pressures up to 70% of the 
rated burst pressure of the disk. In low-pressure ranges, this type of 
rupture disk is susceptible to fatigue failure as well as failure result-
ing from a vacuum or reverse pressure. Disks that will deform in the 
direction opposite to that in which they are intended to burst when they 
are exposed to a vacuum or reverse pressure can be protected with a 
vacuum support. A vacuum support is not normally necessary if the rup-
ture pressure of the pre-bulged disk is 1000 psig or higher.3 If the 
rated rupture pressure of the disk is lower than this, a vacuum support 
should be used in conjunction with the disk to prohibit reversal of the 
disk under cyclic operating conditions. 

The flanges designed to grip the pre-bulged rupture disk and incor-
porate it into a pressure system are available in many types. The more 
commonly used include the bolted, union, and screw types, and they are 
incorporated in the pressure system with welding or threaded connections. 
The bolted type is also available in a configuration that can be bolted 
to existing flanges in a system. The bolted type of flange assembly can 
be used for all rupture disk diameters in a variety of pressure ratings, 
and this type of flange assembly that can be welded into the system is 
generally used in water-cooled nuclear reactor systems. Use of the union 
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type is limited to rupture disk diameters of 2 in. and smaller, and the 
screw type is used for diameters of up to only 1.5 in. Commonly used 
flange materials of construction include carbon steel, austenitic stain-
less steel, nickel, Monel, brass, and Hastelloy. 

2.2 Reverse-Buckling Disk 

Reverse-buckling disks are formed in a manner similar to that used 
to form pre-bulged disks, but the pressure used to form the reverse-
buckling disk governs its buckling point and must therefore be controlled 
closely. A typical reverse-buckling disk is illustrated in Fig. 2.2. 

ETR6-2 

FLOW 
Fig. 2.2. Typical Reverse-Buckling Rupture Disk Assembly. 

As illustrated in Fig. 2.2, knife blades (usually four) that con-
verge in a sharp point at the center are permanently mounted in the flange-
on the discharge side of the assembly. The disk is pressurized on the 
convex side, and when the pressure rises to a predetermined level, the 
disk buckles. This occurs very rapidly with complete reversal, whereupon 
the disk is pierced by the sharp point and cut by the knife blades to 
provide full opening. 

Burst action may be secured closer to the design point with reverse-
buckling disks because of the inverted configuration of the disk, in which 
the metal is under compression rather than tension, and the resulting 
reverse action and cutting of the metal. The reversing pressure can be 
predicted accurately, and collapse usually occurs within ±2% of the nom-
inal pressure rating.4 Reverse-buckling disks can be used at system 
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operating pressures up to 90% of the rated burst pressure. The cyclic 
life of the reverse-buckling disk is greater than that of the conventional 
pre-bulged disk because strain of the metal in the buckling direction is 
considerably less when the bulge is toward the pressure. The reverse-
buckling disk needs no vacuum support and it withstands repeated pressure-
vacuum cycles.4 

The seating of the reverse-buckling rupture disk is critical. Mis-
alignment of the disk on the seating surface or under-torquing of the 
seat bolting can shift the buckling pressure. 

Standard flat or pre-bulged disks are used in snap-over rupture disk 
assemblies, but the means of rupturing is different. The snap-over assem-
bly has a Belleville spring or springs that rest on the convex side of 
the pre-bulged disk and provide partial backup of the disk, as is illus-
trated in Fig. 2.3. When the pressure exerted on the disk reaches a pre-
determined level, the spring snaps over and allows the system pressure to 
push the disk against a circular cutting ring or hollow punch. This 
action results in shearing of the center portion of the rupture disk. 

2.3 Snap-Over Assembly 

ETR6-3 

FLOW 
Fig. 2.3. Typical Snap-Ove1" Rupture Disk Assembly. 
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The Belleville spring is the determining factor in the operation of 
this type of rupture disk assembly. Pre-loading of the spring during 
assembly minimizes travel prior to snap-over and assures immediate burst 
at the desired pressure. The desired burst pressure setting can be cali-
brated with an accuracy of 1%, and this setting is not affected by the 
material of the rupture disk.5 A wide range of materials can be used, 
and the disk metal can be selected so that it will not be plastically 
strained prior to snap-over. The snap-over rupture disk assembly can be 
operated continuously at system pressures up to 95% of the rated burst 
pressure of the assembly, and it affords stable operation over a broad 
range of operating temperatures with reduced pressure cycling effects.5 
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3. SELECTION OF RUPTURE DISK ASSEMBLY 

Factors influencing the selection of a rupture disk assembly for a 
particular application include the margin between the operating pressure 
of the system and the rated rupture pressure of the assembly, the burst 
tolerance of the assembly, the actual operating temperature of the assem-
bly, the corrosiveness of the environment in which the assembly will be 
used, and the desired design life of the assembly. 

3.1 Operating Margin 

When fluid pressure is applied to a conventional pre-bulged rupture 
disk, the radius of the hemispherical segment decreases. When the applied 
pressure begins to approach the ultimate tensile strength of the disk 
metal held in tension (rupture pressure), a point is reached where severe, 
extremely localized thinning of the metal occurs, leading rapidly to disk 
rupture. If the operating pressure of the system is close enough to the 
rupture pressure of the disk to produce severe local thinning, the disk 
may fail prematurely. Therefore, to obtain an economical disk lifey it 
is imperative that the rupture disk not be exposed to operating pressures 
that produce severe localized thinning. It is recommended3 that pre-
bulged rupture disks not be used at system pressures over 70% of the disk 
rupture pressure unless conditions are ideal (static pressure and temper-
ature below 125°F) and field experience has indicated that a satisfactory 
service life can be achieved with higher operating pressures in a partic-
ular application. If the margin between the normal operating pressure 
and the disk rupture pressure is decreased, the disk may still perform 
its function but its life expectancy will be decreased proportionately. 

When pressure is applied against the convex side of a reverse-
buckling rupture disk, the disk metal is placed in compression. As the 
applied pressure is increased, a point is reached where the disk can no 
longer sustain the compression load and reverse buckling occurs. The 
pressure at which a metal in this configuration reverses is determined 
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by the exposed diameter, type, and thickness of the disk metal and its 
radius of curvature. The larger the radius of curvature, the sooner 
reverse buckling occurs, within certain limits.6 The stress in the 
reverse-buckling disk at the pressure loading point of buckling is 
nowhere near a "bursting" pressure. The metal is between three and five 
times as thick for a given size, type, and reverse buckling pressure as 
that used in a conventional pre-bulged rupture disk loaded under tension. 
Thus, the reverse-buckling rupture disk assembly can be used at system 
pressures up to 90% of the disk reverse-buckling rating (10% margin) 
over extended periods.6 

Since pre-loading of the Belleville spring in snap-over rupture disk 
assemblies assures immediate snap over at the desired rupture pressure, 
this type of assembly can be operated continuously at pressures up to 
95% of the rated burst pressure of the assembly.5 The properties of the 
disk metal are not critical to accurate functioning of this type of assem-
bly, and the disk metal used may be much thicker than that used in a con-
ventional pre-bulged disk for a given size, type of metal, and burst 
pressure. 

Procedures for evaluating the rupture pressures of the three types 
of rupture disk assemblies discussed herein are presented in Section 4 
of this document. Problems that may be encountered in high-pressure 
applications include the effects of disk metal thickness on the mode of 
failure, and efforts must be made to assure that the thicker disk metals 
used in reverse-buckling and snap-over assemblies are sheared completely 
for full opening. The nominal maximum pressure ratings at room tempera-
ture (72°F) for pre-bulged, reverse buckling, and snap-over rupture disk 
assemblies are plotted in Fig. 3.1 as a function of the disk diameter. 
The plotted values were obtained from manufacturers1 catalogs, and higher 
pressure applications should be discussed with prospective manufacturers. 
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ETR6-8 

Fig. 3.1. Nominal Maximum Pressure Ratings at Room Temperature as a 
Function of Diameter for Three Types of Rupture Disk Assemblies. 
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3.2 Burst Tolerance 

The rupture or burst pressure of a rupture disk assembly used in a 
primary coolant loop of a water-cooled nuclear reactor power system may 
be less than the set pressure of the associated pressure-relief valve, 
but this burst pressure must not permit the set pressure requirements for 
the associated pressure-relief valve to be exceeded.1 Thus, the burst 
pressure tolerance of a rupture disk assembly is of utmost importance in 
critical applications. 

The burst pressure tolerance of a rapture disk assembly is the max-
imum expected deviation in burst pressure from the marked rating of any 
one lot of disks fabricated at the same time. As previously discussed, 
the burst tolerances for conventional pre-bulged rupture disks are depend-
ent upon the thickness of the disk metal. Disks fabricated from thin 
sheets (0.001 in. thick) have a burst tolerance of ±5%. This means that 
in all probability over 60% or more of a given lot of these disks will be 
within ±2 to 3% of the rated burst pressure while the remainder will be 
outside this range. Pre-bulged rupture disks fabricated from thicker 
sheets (0.015 in. thick) have a burst tolerance of ±2%. Reverse-buckling 
rupture disks have a nominal burst tolerance of ±2%, and snap-over rupture 
disk assemblies have a nominal burst tolerance of ±17c. 

3.3 Temperature Effects 

The snap-over type of rupture disk assembly can be obtained for 
operating temperatures ranging from -423 to +1000°F.5 The modulus of 
elasticity of the Belleville spring material (usually 17-7 precipitation-
hardened steel) does not vary much with temperature changes, and a 100°F 
change in temperature results in only a 1% shift in rupture pressure. 

However, the effects of temperature must be considered in the selec-
tion of e-'.ther a conventional pre-bulged or a reverse-buckling type of 
rupture disk assembly., Rupture pressure varies with temperature at the 
disk location. As the temperature increases, the strength of the metal 
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and the rupture pressure decrease. There are elevated temperature 
limitations beyond which various metals are not recommended for use in 
rupture disks. For example, the maximum recommended operating tempera-
ture for aluminum is approximately 250°F and that for stainless steel is 
approximately 600°F, while Inconel can be used at temperatures up to 
about 1000°F.3 

The tendency toward metal creep under high operating pressures 
becomes more pronounced with elevated temperature. Thus, somewhat wider 
margins between the system operating pressure and the disk rupture pres-
sure than those used for lower temperatures are desirable for operation 
at elevated temperatures to achieve maximum service life of the rupture 
disk. 

Since the effect of elevated temperatures on some metals and types 
of rupture disks is quite extensive, it is important that the actual oper-
ating temperature of the disk be estimated rather closely. The location 
of the disk in the pressure system has more to do with its actual oper-
ating temperature than the temperature of the system fluid, and the oper-
ating temperature of the disk can be estimated for systems containing 
fluid in both the liquid state and the gaseous state. 

If the contained fluid is normally a liquid at atmospheric tempera-
ture, it is a condensing medium and establishment of the temperature 
ratings for rupture disks is simplified. In such cases, the operating 
temperature of the disk will normally be very close to the saturation 
temperature of the fluid at design pressure if the downstream side of the 
disk is exposed to atmospheric temperature. This temperature gradient 
across the disk will result in the formation of a condensate film of 
liquid on the inside (pressure or high-temperature side) of the disk. 
In summary, the rupture disk used in this type of system should not be 
rated at the superheated temperature of the fluid, but rather at the sat-
urated temperature of the fluid for the pressure rating of the disk. 

If the contained fluid exposed to the disk is in the gaseous state 
and if this fluid is normally a gas at atmospheric temperature, the oper-
ating temperature of the disk will probably be about midway between the 
operating temperature of the system fluid and atmospheric temperature. 
This assumption is valid if the disk is located on a blind connection 



13 

where the system gases are stagrient and if the disk is fairly close to 
the vessel or loop being protected. If hot gases sweep across the disk, 
it will normally operate at a higher temperature. If the disk is located 
in dead-end piping several feet from the vessel or loop being protected, 
the operating temperature of the disk will be closer to atmospheric 
temperature.T 

3.4 Corrosion Resistance 

The effect of corrosive media on rupture disks has a major influence 
on the selection of rupture disk metals. If a disk is not resistant to 
the media with which it is in contact, it will be weakened and fail pre-
maturely. As well as affecting the bursting pressure of an assembly, 
corrosion of rupture disk material can provide a source of contamination 
of primary coolant systems in boiling-water and pressurized-water nuclear 
reactor plants- Thus, the materials of construction of rupture disks 
used in such systems must be compatible with the service environment. 

It does not necessarily follow that the corrosion resistance of a 
rupture disk can be assured by fabricating the disk of the same materials 
used in the particular vessel or loop to be protected by the disk. For 
instance, a pressure vessel constructed of 3/8-in.-thick plate may have 
an adequate service life in a particular environment, while a 0.002-in.-
thick rupture disk of the same material might fail rapidly in that envi-
ronment. Both internal and external sources of corrosion should be con-
sidered when selecting the disk material. The source of internal corro-
sion is the retained system fluid, and it is of primary importance in 
material selection. However, sometimes of equal importance is the exter-
nal or downstream environment in contact with the rupture disk. 

Austenitic stainless steels and nickel-chromium-iron alloy materials 
have good corrosion resistance characteristics if contaminants which lead 
to stress corrosion are not present in the system. If disk materials 
which are intrinsically corrosion resistant cannot be used in a particular 
application, the disk metals can be spray coated on one or both sides 
with plastic coatings such as polyvinyl chloride, epoxy resins, Kel-F, 



14 

and Teflon to provide additional protection against corrosion. Disk 
metals can also be lined with lead, silver, gold, and platinum to suit 
particular applications. However, the use of vinyl at temperatures in 
excess of 150°F, epoxy resins in excess of 250°F, Kel-F in excess of 
350°F, Teflon in excess of 450°F, and lead linings at temperatures in 

o excess of 250 F is not recommended. 

3.5 Design Life 

Because of the numerous variables involved in an application, manu-
facturers of rupture disk assemblies cannot always specify how long a 
disk will last from a metallurgical standpoint. The life expectancy of 
conventional pre-bulged rupture disks follows an exponential curve with 
respect to the operating margin. A disk that would last for 1 month when 
used at operating margins of 10 to 15% would easily last more than 12 
months at an operating margin of 30% (Ref. 6). The pressure conditions 
imposed during normal service life also have a large effect on disk life. 
If a rupture disk made of better metals is subjected to cycling pressures 
from 0 to 70% of its burst rating, it will withstand at least 100,000 
cycles at ambient temperature, while theoretically this same disk could 
withstand a static operating pressure at 70% of its rated burst pressure 
for up to 10 years or more.6 

The most severe type of pulsating pressure on a rupture disk is 
cycling up to some given percent of the rated disk burst pressure and 
then releasing the, pressure completely back to atmospheric. Pressure 
cycles that periodically go into a vacuum or reverse pressure phase have 
extremely adverse effects on the conventional pre-bulged rupture disk. 
Even though a conventional pre-bulged disk may have a rupture pressure 
as high as 600 or 750 psig, it may not withstand reversal if exposed to 
vacuum on the upstream side.3 Such reversal causes flexing during alter-
nate cycles and leads to premature disk failure. The pre-bulged disk can 
be protected from the effects of such pressure cycles with a vacuum sup-
port, which passes the pressure through to the concave side of the disk 
but keeps it from reversing v~ 'er reverse pressure or vacuum conditions. 
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A primary benefit provided by the reverse-buckling type of rupture 
disk is a reduction in the fatigue factor of the metal loaded in compres-
sion. There is also a similar reduction in the creep characteristics of 
the metal. The life expectancy for this type of disk is at least 10 to 
15 times that for the conventional pre-bulged disk under similar condi-
tions.6 No vacuum support is required for the reverse-buckling disk 
since it bulges in the direction that would be imposed by reverse pres-
sure or vacuum conditions. 

The design life of the snap-over type of rupture disk assembly is 
dependent largely upon the effects of operating pressure conditions on 
the Belleville springs incorporated in the unit. A reduction in pressure 
cycling effects is an advantage advertised for this type of assembly.5 

The design life of pre-bulged and reverse-buckling rupture disks and 
of Belleville springs used in snap-over assemblies can be determined by 
performing fatigue tests or fatigue analyses. However, nondestructive 
testing may reduce the fatigue life of a component in some cases, and 
this should be considered when ordering the performance of such tests. 
Methods for performing analytical fatigue analyses of the three types of 
rupture disk assemblies discussed herein are presented in Section 4 of 
this document. 
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4. STRUCTURAL ADEQUACY AND FATIGUE EVALUATION METHODS 

The failure modes of the conventional pre-bulged, reverse-buckling, 
and snap-over types of rupture disk assemblies are different. Therefore, 
the methods used to evaluate their structural adequacy and design life 
are discussed separately in this section, and the critical areas of each 
type of assembly are also identified. 

Methods for checking the burst pressure rating of the three types of 
assemblies considered herein are presented, and representative loading 
conditions for the primary coolant system of a pressurized-water nuclear 
reactor plant are given in Table 4.1. The burst pressure of a conven-
tional pre-bulged rupture disk is particularly sensitive to temperature, 
and accurate determination of the temperature at the location of the disk 
is therefore very important. If the temperature is overestimated, the 
disk will burst at a higher pressure than desired. 

Procedures for calculating strains in the three types of rupture 
disk assemblies for each design transient condition are also presented. 
The design fatigue curve (applicable to stainless steel and Inconel) 
illustrated in Fig. 4.1 is used to determine the allowable number of 
cycles (N) for each transient. The design fatigue curve illustrated in 
Fig. 4.1 is based on strain-controlled fatigue data. To use this curve, 
the calculated strain (which may be in the plastic region) must be con-
verted to a pseudo-elastic stress by multiplying it by the elastic modu-
lus of the material. Stress rather than strain values are used in the 
curve as a matter of convenience to permit direct comparison of stresses 
calculated with the assumption of elastic behavior. 

If there are two or more types of transients which produce signifi-
cant strains, their cumulative effect must be evaluated. The procedure 
to be followed in evaluating the cumulative effect of transients is out-
lined as follows. 

1. The specified number of times each type of strain cycle will be 
repeated during the life of the rupture disk is designated as nx, n2, n3, 
etc. When determining n19 n2, n3, etc., consideration must be given to 
the superposition of cycles of various origins that produce a total strain 



Table 4.1. Representative Loading Conditions for Primary Coolant System of a 
Pressurized-Water Nuclear Reactor Plant3 

Transient 
Condition 

Initial 
Pressure 
(psi) 

Initial 
Temper-
ature 
(°F) 

Duration 
of 

Transient 
(sec) 

Terminal 
Pressure 
(psi) 

Terminal 
Temper-
ature 
(°F) 

Number of 
Occurrences 
Over 40-
Year Period 

Plant heat-up 100 72 28,800 2250 653 500 
Plant cool-down 2250 653 28,800 100 72 500 
Plant loading, 5% 2250 653 500 2400 668 15,000 
Plant unloading, 5% 2250 653 1,200 2130 646 15,000 
10% step load 
increase 

2180 645 150 2370 659 2,000 

10% step load 
decrease 

2330 657 200 2150 645 2,000 

Reactor trip 2280 657 200 1880 627 400 
Loss of secondary 
pressure^ 

2250 653 150 250 400 5 

Loss of loadb,C 2250 653 25 2750 640 40 

aDesign pressure = 2500 psi, normal operating pressure = 2250 psi, and normal 
operating temperature = 653°F. 

bAbnormal condition. 
c Rupture disk will burst in this instance. 
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N = NUMBER OF CYCLES 

Fig. 4.1. Design Fatigue Curve for Austenitic Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-
Chromium Alloy, and Nickel-Copper Alloy (from Ref. 1). 
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difference range greater than the strain difference ranges of the 
individual cycles. 

2. The alternating stress intensity (Sa^t) is determined for each 
type of strain cycle by determining the extremes of the range through 
which each strain difference fluctuates and finding the absolute magni-
tude of this range. The product of this magnitude and Young's modulus 
of elasticity for the particular material is designated as Sr, and the 
alternating stress intensity Sait = 0.5Sr. 

3. The design fatigue curve illustrated in Fig. 4.1 is used to 
determine the maximum number of repetitions or cycles (N , N2, N3, etc.) 
that would be allowed for each value of alternating stress intensity 
(Salti* salt2> Saits, etc.) if this type of cycle were the only one act-
ing. A design margin has been provided in the data plot illustrated in 
Fig. 4.1 by dividing the number of cycles to failure at Sait by 20 for 
cycles below N4. Above N = 104, the design curve results from the divi-
sion of Sait by 2.0. Therefore, when fatigue tests are used to demon-
strate the adequacy of a rupture disk for fatigue life, the number of 
cycles used in the tests should be 20 times the number of cycles specified 
in the ordering data. 

4. Usage factors , U2, U3, etc.) are calculated for each type of 
stress cycle by using the relationship Ux = U2 = n2/N2, U3= n3/N3, 
etc. 

5. The cumulative usage factor (U) is calculated by using the 
relationship U = Ux + U2 + U3 + ... etc. The cumulative usage factor 
must not exceed 1.0. 

4.1 Pre-Bulged Rupture Disk Assemblies 

Conventional pre-bulged rupture disks are generally formed in a two-
stage operation. In the first stage, a hydraulic press and die are used 
to cut a circular disk from a flat sheet of material and to simultaneously 
form the edges. In the second stage, the edges are clamped in a hydraulic 
press and the disk is bulged pneumatically into a concave die. The defor-
mation of a thin circular disk under pressure is illustrated in Fig. 4.2. 



20 

ETR6-8 

The terms illustrated in Fig. 4.2 are defined as follows, 
r = radius of area exposed to pressure, in., 
t = original thickness of disk metal before bulging, in., 

t^ = deformed thickness of disk metal, in., and 
Z m = maximum vertical or axial deflection, in. 

The burst pressure rating of conventional pre-bulged disks is controlled 
by crown height (Zm) rather than forming pressure. 

4.1.1 Burst Pressure 

Analyses of the plastic deformation of pre-bulged disks reported by 
Gleyzal8 and Weil9 relate the true stress-strain characteristics of a 
material to its pressure-deflection response- To predict the relative 
pressure (P) and dimensionless deflection (w) at the point of rupture, 
the true stress-strain characteristics of the particular material and 
its production lot must be known. Representative pressure-deflection 
curves for type 316L stainless steel and Inconel at room temperature are 
illustrated in Figs- 4.3 and 4.4, respectively. The relative pressure 
is defined as 

P = f , ( 4 . 1 ) 
where 

P = relative pressure, psi, 
p = applied pressure, psi, 
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DIMENSIONLESS DEFLECTION 
Fig. 4.3. Relative Pressure Versus Dimensionless Deflection for 

Type 316L Stainless Steel Pre-Bulged Disks at Room Temperature (from data 
given in Ref. 10). 

r = radius of area exposed to pressure, in., and 
t = original thickness of material, in; 

and the dimensionless deflection is defined as 

" = Z m
/ r > (4.2) 

whe re 
oo = dimensionless deflection, 
Z m = maximum axial deflection, in., and 
r = radius of area exposed to pressure, in. 
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D1 MENS 10HLC3S DEFLECTION 
Fig. 4.4. Relative Pressure Versus Dimensionless Deflection for 

Inconel Pre-Bulged Disks at Room Temperature (from data given in Ref. 11). 

Elevated temperature will reduce both the relative pressure at 
rupture and the dimensionless deflection, as is illustrated in Fig. 4.5. 
The curves plotted in Fig. 4.6 illustrate the effect of elevated temper-
ature on two rupture disks, one Inconel and one stainless steel, both of 
which have a rated burst pressure of 1000 psi at a temperature of 72°F.13 

In the absence of test data, the data illustrated in Fig. 4.6 can be used 
to estimate reductions in burst pressure at elevated temperatures. 
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18 Cr-8 Ni-1 Tungsten Steel Pre-Bulged Disks (Flat Seats) at Room Temper-
ature and 347°F (from data given in Ref. 12). 



ETR6-10 

TEMPERATURE (°F) 
Fig. 4.6. Effects of Temperature on Burst Pressure of Inconel and Stainless Steel Pre-Bulged 

Rupture Disks With Rated Burst Pressure of 1000 psi at Room Temperature (from Ref. 13). 
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A numerical example is presented here to illustrate the technique 
used to evaluate the structural adequacy of conventional pre-bulged rup-
ture disks. This technique is based on the assumption that the relative 
pressure (P) versus dimensionless deflection (w) characteristics of the 
disk materials used are known. In this example, the given conditions 
for a 10-in.-diameter pre-bulged disk are a burst pressure of 2500 psi 
at room temperature (72°F). The original disk metal thickness required 
is given by the expression 

t = f- , (4.3) 
Z 

where 
t = original thickness of disk metal before forming, in., 
p = applied pressure, psi, 
r = radius of area exposed to pressure, in., and 

P£ - limiting value (value at rupture) of relative pressure for the 
particular disk metal, psi. 

If the disk metal is type 316L stainless steel, from Fig. 4.3 (page 
21), the limiting value of relative pressure is approximately 10.92 X 104 

psi (from data given in Ref. 10). The required disk metal thickness 

t - <°-25 X 1 0*> 5 = 0.1142 in. 
(10.92 X 104) 

If the disk metal is Inconel, from Fig. 4.4 (page 22), the limiting value 
of relative pressure is 12 X 104 psi (from data given in Ref. 11). The 
required disk metal thickness 

- _ (0-25 X 104)5 n 1 n / . t = c— = 0.104 in. 
(12 X 104) 

If the actual operating temperature of the pre-bulged rupture disk 
is 650°F rather than room temperature, the original metal thickness 
required for the disk will be increased. As shown in Fig. 4.6, the stain-
less steel rupture disk retains approximately 67.5% of its effective 
burst strength at an operating temperature of 65C°F. The original thick-
ness of stainless steel required for disk operation at 650°F can be esti-
mated by using the relationship 

t (0.675) = tx , 
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where t^ = the required thickness of stainless steel calculated for 
operation of the disk at room temperature = 0.1142 in. Thus, 

t = A e-e = 0.169 in. 2 0.675 
Similarly, from Fig. 4.6, the Inconel rupture disk retains approximately 
92.0% of its effective burst strength at an operating temperature of 
650°F. 

For operation at this temperature, the required original thick-
ness of Inconel can be estimated by using the relationship ta(0.920) = tx , 

where t = required thickness of Inconel calculated for disk operation at 
room temperature = 0.104 in. Thus, 

. _ 0.104 _ ... . 
" 0T920 " 0 a i 3 i n' 

4.1.2 Fatigue Analysis 

The metal in a conventional pre-bulged rupture disk is strained 
beyond its elastic limit, and a critical area to be checked is the oper-
ating margin of the disk. It is recommended3 that pre-bulged rupture 
disks not be used at system pressures over 70% of the rated disk burst 
pressure. The accelerated reduction in the fatigue life of rupture disk 
metals that occurs when the 70% limit is exceeded is illustrated in Figs. 
4.7 and 4.8. 

The procedure for evaluating the fatigue life of a pre-bulged rup-
ture disk presented here is based on the assumption that the relative 
pressure versus dimensionless deflection characteristics of the disk 
metal are known. If it is assumed that the configuration taken by the 
disk as a result of deformation is a spherical cap, the average engineer-
ing stress is given by the equation 

^ - g j T s f e • <••*> 
where 

a = average engineering stress, psi, 
p = applied pressure, psi, 
r = radius of area exposed to pressure, in.. 
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PERCENT OF TRUE FRACTURE STRESS 
Fig. 4.7. Increase in Crack Propagation Rate With Increase in 

Alternating Stress (adapted from Ref. 14). 

ETR6-11 b 

PERCENT OF TRUE FRACTURE STRESS 
Fig. 4.8. Increase in Stress Growth Rate With Increase in 

Alternating Stress (adapted from Ref. 14). 
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t^ ~ deformed thickness of the disk metal, in., and 
R = radius of surface of spherical cap, in. 
The deformed thickness of the disk metal8 

td - t(l - 2eo) , (4.5) 

where 
t ~ original thickness of disk metal before deformation, in., and 

6 = strain at center of disk. in./in. o 
The radius of the spherical cap (R) is a function of the vertical or 
axial deflection (Zn) of the disk, as illustrated in Fig. 4.9. The rela-

ETR6-12 

Fig. 4.9- Geometry of Pre-Bulged Rupture Disk. 

tionships developed for this disk geometry are as follows. 

tan a = r/Zm , (4.6) 

0 = 180 ~ 2a , (4.7) 

and sin 3 « r/R . (4.8) 
Therefore, 

and the disk arc length 
R = r/sin 0 (4.9) 

La = (7fR)llo ' ( 4 a 0 ) 

The solution of these relationships for r/R is plotted in Fig. 4.10. 
An approximate expression8 for the maximum true stress (cr) in the 

disk is 

"ix ~ or(l + €q) , (4.11) 

where » strain at the center of the diskj 
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€ = o ( 4 . 1 2 ) 

The peak-to-peak amplitude of ths alternating stress (CTr) for a given 
loading cycle is calculated by using Eqs. 4.4, 4.11, and 4*12. Since 
the material fatigue curve to be used (Fig. 4.1 on page 18) is based on 
strain cycles with a zero mean strain, the effect of cycles with a non-
zero mean strain is accounted for by using an equivalent reversed stress 
S^. When is less than the yield strength of the disk material, 

fV, R 
a (4.13) 

-111 

where Op = the true stress at failure, psi. (Equation 4.13 was adapted 
from data in Ref. 15). When Wj. is greater than or equal to the yield 
strength of the disk material, 

* " (4.14) Sa - V2 
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Equation 4.14 is applicable in most cases where the pre-bulged disk is 
cycled near its rated burst pressure. 

Before the design fatigue curve illustrated in Fig. 4.1 can be used, 
the calculated value of Sa must be corrected by multiplying it by the 
mcdulus of elasticity ratio given in Eq. 4.15. 

a 15 ^ a E ~ • ( 4' 1 5 ) 

where E » Young's modulus of elasticity for the disk material at the mean 
temperature of the cycle, psi* 

A numerical example is presented here co illustrate the procedure 
used Co evaluate the fatigue life of a pre-bulged rupture disk. For 
this example, it is assumed that an Inconel pre-bulged rupture disk is 
cycled from 0 to 85% of its burst pressure at room temperature. 

From the known physical properties of Inconel at room temperature, 
the twsdulus of elasticity E « 31,000,000 psi, the ultimate stress » 
90,500 psi, and the yield stress S y ^ 45,000 psi. From Fig. 4.4 (page 
22), the limiting value (value at rupture) of relative pressure for 
Inconel is 12 x 104 psi. If the loading on the disk is 85% of its rated 
rupture pressure, the relative pressure on the disk 

P * 0.h5P£ » 0.85(12 x 104) 

» 10.2 X 10* psi • 
From Fig. 4.4, at a relative pressure of 10.2 X 104 psi, the dimensionless 
deflection Zm/r « 0.47. From Fig. 4.10 (page 29), the disk radius ratio 
r/R » 0.77 at a dimensionless deflection Zro/r « 0.47. 

From Eqs. 4.4, 4*11, and 4.12, the alternating true stress amplitude 

* . 1 0- 2 * ( W W ) CI - <0.47)*] 

10.2 X 10*(1 » 0.22] B 10.2 X 104/1*221 
1.S4 ll - 0.441 1.54 t0.56f 

« 144,500 psi . 

Since this calculated value of is greater than the yield strength of 
Xnconel at room temperature <S ® 45,000 psi), Eq. 4.14 is used to deter-

i 
mine the equivalent reversed stress, 
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= 72,250 psi . 

This equivalent reversed stress must be corrected by using Eq. 4.15 
before the design fatigue curve plotted in fig. 4.1 can be used. 

From Fig. 4.1 (page 18), the number of cycles N « 9000. 
Pre-bulged rupture disks cycled to 85% of their rated burst pressure 

have been observed to fail at 10,000 to 15,000 cycles.4 Thus, the anal-
ysis approach presented here appears to be a conservative one. The effect 
of elevated temperature on the burst characteristics of a pre-bulged disk 
was estimated in Subsection 4.1.1 by using factors extracted from Fig. 
4*6. This approach is not adequate for a fatigue evaluation. It can be 
seen in Fig. 4.5 (page 23) that the strain is influenced by a temperature 
change. Therefore, knowledge of the relative pressure versus dimension-
less deflection characteristics of the disk material at the mean temper-
ature of a loading cycle is required to perform a fatigue analysis. 

4.1.3 Vacuum Support 

Limits for the use of vacuum support with stainless steel and Inconel 
pre-bulged rupture disks at room temperature are illustrated in Figs. 
4.11 and 4.12, respectively. When the product of the reverse-pressure-
to- forming-pressure ratio (p^/pp) and the radius-to-metal-thickness ratio 
(r/t) for a given radius-to-thickness ratio and deflection-to-radius 
ratio (Zm/r; dimensionless deflection) lies below the curve in either 
Fig. 4.11 or Fig. 4.12, no vacuum support is required. 

For example, consider an Inconel pre-bulged rupture disk with a 
radius-to-thickness ratio r/t = 1000 and a dimensionless deflection 
(deflection-to-radius ratio) Zm/r = 0.50. From Fig. 4.12, for Zm/r = 
0.50, the product of the pressure ratio and the radius-to-thickness ratio 

« 26.0 x 106 
a} E (4.15) 

^ <7'23 * x 10* 
26.0 x 106 

a 6.06 x 104 psi . 
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Fig. 4.11. Limits for Vacuum Support With Type 316L Stainless Steel 
Pre-Bulged Rupture Disks at Room Temperature. 

£(*) -42 • 
PR, Thus, —(1000) = 42 , 
PF 

and ~ = = 0.042 . Pp 1000 

From Fig. 4.4 (page 22), the relative pressure (P = pr/t) at a dimension-
less deflection (Z /r) of 0.50 m ' 

p_(r/t) = 10.6 x 104 psi , 
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Fig. 4.12. Limits for Vacuum Support With Incotiel Pre-Bulged 

Rupture Disks at Room Temperature. 

and the forming pressure 

P 10.6 X 104 
= 106 psi . F 1000 

The disk will buckle at a reverse pressure of 

p R = 106(0.042) = 4.45 psi , 

and a vacuum support should be used with this disk if the reverse pres-
sure is expected to reach or exceed 4.45 psi. 
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4.2 Reverse-Buckling Rupture Disk Assemblies 

A reverse-buckling rupture disk is formed under pressure in a manner 
similar to that used to form conventional pre-bulged rupture disks. How-
ever, the forming pressure rather than the crown height of a die is the 
controlling factor relative to the burst pressure of a reverse-buckling 
rupture disk. A given pressure is used to expand the disk, and this 
forming pressure is controlled in such a manner that the disk shape 
achieved undergoes elastic instability when exposed to a buckling pres-
sure on its convex surface. The reverse-buckling rupture disks consid-
ered in this subsection are assumed to be deep shells, where a deep spher-
ical shell is defined as one whose deflection-to-radius ratio (Zm/r) is 
greater than 1/8. 

4.2.1 Bu<rhling Pressure 

For a reverse-buckling disk to operate properly, it should be formed 
to a dimensionless deflection or crown height (Zm/r) that lies in the 
range 0.40 < 2m/r < 0.50. Disks formed to crown heights less than Zm/r 
= 0.40 with a forming pressure that is less than the desired buckling 
pressure behave more like plates than shells. Disks formed to values of 
Zm/r greater than 0.50 will be close to their rupture point. 

The elastic buckling pressure for near-perfect spheres is given by 
the empirical equation16 

P k — ^ — r f (4-16> 
b [3(1 - V2)]1/2 ' 

where 
p^ = buckling pressure, psi, 
E = modulus of elasticity of disk metal, psi, 
t^ = deformed thickness of disk metal, in., 
R = radius of surface of spherical disk, in., and 
V = Poisson's ratio for disk metal. 
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The approximate thickness of the metal at the center of the disk is given 
by the equation8 

where 

:d = t(l - 2eo) , (4.5) 

t, = thickness of disk metal after forming, in., d 
t = thickness of disk metal before forming, in., and 

€ = strain at center of disk, in./in. o 
For a Poisson's ratio V = 0.3, the relative elastic buckling pressure 

.2 
p

b • " b ( f ! (4-17> 

= 0.84E[sin P(1 - 2e_)]2 , 

where the sin f3(l - 2eQ) is detemined by the forming pressure and the 
geometry of the disk, as illustrated in Fig. 4.9 (page 28). Solutions to 
Eq. 4.17 for type 316L stainless steel and Inconel at room temperature 
are plotted in Fig. 4.13. 

The buckling pressure of the reverse-buckling disk is reduced by 
elevated temperature in proportion to the reduction in the modulus of 
elasticity (E) of the disk material. Although the Poisson's ratio (v) 
for the material is also influenced by an increase in temperature, the 
change is relatively small and is therefore neglected in these calcula-
tions. The effect of elevated temperature on the modulus of elasticity 
of austenitic stainless steel and Inconel is illustrated in Fig. 4.14. 

A numerical example is presented here to illustrate the use of Eq. 
4.17 in checking the buckling pressure of a reverse-buckling rupture disk 
assembly. This illustration is based on the assumption that the relative 
pressure versus dimensionless deflection characteristics of the disk mate-
rials used are known. In this example problem, it is assumed that a 10-
in.-diameter (r = 5 in.) Inconel reverse-buckling disk with a rated buck-
ling pressure (p^) of 1000 psi at room temperature was formed to a dimen-
sionless deflection or crown-height-to-radius ratio Z /r = 0.50. m 

From Fig. 4.4 (page 22), for a dimensionless deflection of 0.50, the 
relative pressure (P = pr/t) at forming 

P = p_,(r/1) = 10.6 X 104 psi , (4.18) 
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tion for Inconel and Type 316L Stainless Steel Reverse-Buckling Disks at 
Room Temperature. 

where p p = the applied forming pressure, psi. From Fig. 4.13, for Zm/r 
= 0.50, the relative buckling pressure 

2 
Pb = pbit) s 4 , 2 5 x 1 0 6 p s i * 

Thus, the radius-to-thickness ratio 

{ * f - 4 . 2 5 X I P 6 _ A o c v -J r»3 
IT) - l.o x ios " 4 , 2 5 x 1 0 

f - 6 5 . 0 , 

and the required disk metal thickness before forming 
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t = = 0.077 in. o_). u 
From Eq. 4.17, the required forming pressure 

10.6 X 104 
PF = 65.0 = 1 6 3 0 P S 1 • 

To examine the effects of elevated temperature on this disk, assume 
that its operating temperature is 650°F. For Inconel from Fig. 4.14, the 
modulus of elasticity E ~ 29,000,000 psi at a temperature T = 650°F, while 
E = 31,600,000 psi at T = 72°F. Thus, the elasticity ratio for this case 

W 29.0 = 0 > 9 2 B 
E?2p 31.6 

Since the buckling pressure of the reverse buckling disk is reduced by 
elevated temperature in proportion to the reduction in the modulus of 
elasticity, the relative buckling pressure at a temperature of 650°F 

.2 
Pb = Pb(t) <°*92) = <4*25 x 106)0.92 

= 3.91 X 10s psi • 
The radius-to-thickness ratio for the disk at an operating temperature 
of 650°F 

m 2
 = 3.91 X lOf = 3 9 1 103 

It) 1.0 x 10* 3 , 9 1 x 1 0 

f - 62.5 , 

and the retired disk metal thickness before forming 

t = t ~ = 0.080 in. 

The forming pressure required for this thicker disk 

10.6 x 104 
PF " 623 1695 PS1 * 

4.2.2 Fatigue Analysis 

A reverse-buckling rupture disk will have a longer fatigue life than 
a conventional pre-bulged rupture disk because it is cycled through 
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comparatively lower strain ranges. In addition, a reverse-buckling disk 
is subjected to compressive loading rather than the tensile loading to 
which a pre-bulged disk is subjected. The results of fatigue tests15 

indicate that the disk subjected to pure compressive loading will nor-
mally have a longer fatigue life than one subjected to tensile loading. 

Because of the lower strain ranges experienced by the reverse-
buckling disk, the true stress (Tj) in the disk is essentially equal to 
the average engineering stress (o-). From Eq. 4.4, the average alternat-
ing engineering stress (cr̂ ) in a reverse buckling disk can be expressed 
as follows. 

( 4 a 9 ) 
a 

where 
p = peak-to-peak. amplitude of alternating pressure, psi, 
r = radius of area exposed to pressure, in., 
t = original thickness of disk metal, in., and 
R = radius of surface of spherical disk, in. 

Solution of Eq. 4.17 for r/t and substitution of the result into Eq. 4.19 
leads to the expression 

^R 1 
P a " 2 

^ l 1 7 2 , (4.20) 
I 

where 
E = modulus of elasticity of disk material, psi, and 

p^ = buckling pressure, psi. 

Solutions of Eq. 4.20 for Inconel and stainless steel reverse-buckling 
disks are plotted in Fig. 4.15. 

The design fatigue curve plotted in Fig. 4.1 (page 18) is based on 
strain cycles with a zero mean strain, and the effect of cycles with a 
compressive mean strain is accounted for by using an equivalent stress 
i 

Sa. When crR is less than the yield strength of the disk material, 
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P b = BUCKLING PRESSURE (psi) 
Fig. 4.15. Average Alternating Engineering Stress Factor Versus 

Buckling Pressure for Inconel and Stainless Steel Reverse-Buckling Rup 
ture Disks at Room Temperature. 

where CTj, = engineering stress at failure, psi. When crR is equal to or 
greater than the yield strength of the disk material, 

S^ = crR/2 . (4.22) 

Before the design fatigue curve illustrated in Fig. 4.1 can be used, the 
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calculated value of S^ must be corrected by multiplying it by the modulus 
of elasticity ratio given in Eq. 4.23. 

a = <Sa> i • ( 4' 2 3 ) 

where E « modulus of elasticity of the disk metal at the mean temperature 
of the cycle, psi. 

A numerical example is presented here to illustrate the procedure 
used to evaluate the fatigue life of a reverse-buckling rupture disk. 
For this example, it is assumed that a 10-in.-diameter (r = 5 in.) Inconel 
reverse-buckling disk with a buckling pressure (p^) rating of 1000 psi 
is cycled at room temperature from 0 to 90% of its rated buckling pres-
sure. Further, it is assumed that this disk was formed to a dimension-
less deflection or crown-height-to-radius ratio Zm/r « 0.50. From the 
known physical properties of Inconel at room temperature, the modulus of 
elasticicy E = 31,000,000 psi, the ultimate stress = 90,500 psi, and the 
yield stress S y ~ 45,000 psi. 

Since the example reverse-buckling disk is loaded to 90% of its 
rated buckling pressure (p. - 1000 psi), the alternating pressure D 

p = 0.90(1000) = 900 psi . d 
From Fig. 4.15, at a buckling pressure p^ = 1000 psi, the average alter-
nating engineering stress factor 

— = 80.5 . 
pa 

Therefore, the average alternating engineering stress in the disk 
crR = 80.5(900) = 72,500 psi . 

Since this calculated value of cr̂  is greater than the yield strength of 
Inconel at room temperature (S = 45,000 psi), Eq. 4*22 is used to deter-

t mine the equivalent stress, Sg. 

e* °R 72,500 _ oc:n . S = -r- = — ^ = 36,250 psi -

This equivalent stress must be corrected by using Eq. 4.23 before the 
design fatigue curve plotted in Fig. 4.1 can be used. 
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. ( 5 . ) M . D V .0" ( 4 2 3 ) 
n <1 t 

. (36.250)26-" * 1 0-
31.0 x 10s 

= 30,500 psi . 

From Fig. 4.1 (page 18), the number of cycles N = 350,000. Comparison of 
this value with the value (9000 cycles) predicted in Subsection 4.1.2 for 
a comparable pre-bulged rupture disk cycled to 85% of its rated rupture 
pressure indicates that the reverse-buckling disk has an approximately 
40 times greater life expectancy. 

4.3 Snap-Over Rupture Disk Assemblies 

Snap-over rupture disk assemblies consist of flexible metal membranes 
or rupture disks supported by pre-loaded Belleville springs. When the 
rated rupture pressure of the assembly is reached, the springs snap over, 
and the system pressure forces the disk downstream into contact with a 
hollow punch. Since the operation of this type of assembly is determined 
primarily by the Belleville springs, the springs and the disk are treated 
separately in this subsection. Procedures for prediction of the snap-
over pressure and fatigue life of the Belleville springs and procedures 
for evaluating the fatigue life of a flat membrane or rupture disk are 
presented. 

4.3.1 Snap-Over Pressure 

Relationships for predicting the snap-over of Belleville springs 
used in snap-over rupture disk assemblies are summarized herein, and » i 
is assumed that the metal rupture disk is cut out after spring snap-over. 
Testing of snap-over assemblies should include some destructive testr; 
wherein the disks and cutters are installed to verify that the flexibility 
of the disk and the travel before contact with the cutter are adequate Lo 
result in complete cutout of the center portion of the disk. 
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A cross sectional view of a disk spring is illustrated in Fig. 4.16, 
and the terms illustrated are defined as follows. 

Fig. 4-16. Cross-Sectional View of Disk Spring (from Ref. 17). 

D^ = inside diameter of spring = 2r^, in., 
DQ = outside diameter of spring = 2rQ, in., 
r^ = inside radius of spring, in., 
rQ = outside radius of spring, in., 
t = thickness of spring, in., 
h = height of spring, in., and 
8 = spring deflection, in. 

The total load (F) supported by n springs in parallel 

where F^ - the load supported by one spring. The relationship between 
the load supported by one spring (Fj) and the deflection (5) of the spring 

ETRB-19 

F = nF. i (4.24) 

is expressed as follows. 1 7 

(4.25) 

where 
V = Poisson's ratio for spring material and 
Ot = spring constant. 

(4.26) 1 + (r./r ) 1 o i o 2 
1 - (r./r ) In (r /r.) I o o 1 
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The total load 

where 

F = p irr2 , (4.27) s 

p = system pressure, psi, and s 
r = radius of disk exposed to pressure, in. 

The combination of Eqs- 4.24, 4.25, and 4.27 yields 

ps 4E 
n 1 - V M O S - f l f t - f l H • « • » 

\ O / 

Solutions of Eq. 4.28 are plotted in Fig. 4.17 for an outside-to-
inside diameter ratio D0/DjL = 2.0 and spring-height-to-thickness ratio 
h/t =2.5 and 3.0 where Poisson's ratio for the spring material V = 0.30 
and the modulus of elasticity of the spring material E = 30,000,000 psi. 
In Fig. 4.17, the spring load factor is defined as 

p I r2D 2 

F s n i t 4 (4.29) 

where 
pg = system pressure, psi, 
n = number of Belleville springs in parallel, 
r = radius of disk exposed to pressure, in., 

D^ = outside diameter of spring, in., and 
t = thickness of spring material, in. 

An assumed preset deflection of 5/t = 2.0 is indicated in Fig. 4.17. As 
the system pressure is increased from zero, the spring deflection remains 
constant at S/t = 2.0 until the load reaches the value on the curve at 
5/t =2.0. In this region, the load-deflection curve has a negative 
slope and a slight increase in load will cause the springs to snap over. 

A numerical example is presented here to illustrate the use of the 
preceding relationships in predicting the snap-over point of n Belleville 
springs in parallel. It is assumed that these springs are made of 17-7 
precipitation-hardened austenitic stainless steel with a modulus of 
elasticity E = 29,000,000 psi. Further, it is assumed that there are 
eight springs with an outside-to-inside-diameter ratio Dq/D^ = 2.0, a 
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Fig. 4.17. Load Factor Versus Deflection-to-Thickness Ratio for 
Belleville Springs With an Outside-to-Inside-Diameter Ratio of 2.0, 
Modulus of Elasticity of 30,000,000 psi, and Poisson's Ratio of 0.30. 

height-to-thickness ratio h/t = 3.0, and a preset deflection at 5/t = 2.0, 
The given conditions also include 
1. a disk diameter, d = 10 in.; 

radius of disk exposed to pressure, r = 5 in.; 2. 
3. 
4. 
5. 

outside diameter of springs, DQ = 22 in.; 
system pressure, p = 1000 psi; and s 
operating temperature, T = 72°F. 
At a preset deflection of 6/t = 2.0 and a height-to-thickness ratio 

h/t = 3.0, from Fig. 4.17, the spring load factor 
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F = — S Tl 

r 2D 2 

= 34.9 X 10 

This spring load factor must be corrected to account for the modulus of 
elasticity E = 29.0 X 10s psi. 

F = (34.9 X 1 0 7 ) ! ^ = 33.8 X 10y . S JU. u 

Since the system pressure p = 1000 psi and there are n = 8 springs, the s 
load supported by each spring 

Ps _ 1000 F. = — = — o — = 125 psi . 
i n 8 r 

Substitution of this value into Eq. 4.29 and solution for t yields 

t4.= 
125r D 2n 2 

33.8 X 10r 

where 
r 2 = (5) 2 _ 25 and 
D 2 = (22)* = 485. o = 

t4 = 3.7(25) (485) (lO""7) = 0.449 X 10~2 , 

t2 = 0.067 , 
and the required spring thickness 

t = 0.258 in. 

4.3.2 Spring Fatigue 

The results of numerous tests17 indicate that the origin of fatigue 
failure in Belleville springs with height-to-thickness ratios h/t > 1.0 
and inside-to-outside-diameter ratios Di/DQ > 0.4 is at the outer edge of 
the lower surface (point A in Fig. 4.16 on page 43). At this point, the 
circumferential stress (cr̂ ) is given by the expression 

(J — — L ' 2 

h „ <=: u I ICIII1IL 2' t p l ) ( « - - 1 ] • 
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where 
E = modulus of elasticity for spring material, psi, 
V = Poisson's ratio for spring material, 
t = thickness of spring, in., 

DQ = outside diameter of spring, in., 
h = height of spring, in., 
6 = spring deflection, in., and 

Cx = 1 - (r./ro) , (4.31) 

where 
r^ = inside radius of spring, in., 
r = outside radius of spring, in., and o 

c = - L - — _ . 1 — - . (4.32) 
2 In (ro/r.) 1 - Cr±/ro) 

The solution of Eq. 4.30 for Bellevills springs with a modulus of elastic-
ity E = 30,000,000 psi, Poisson's ratio V = 0.30, an outside-to-inside-
diameter ratio = 2.0, and a height-to-thickness ratio h/t = 3.0 is 
plotted in Fig. 4.18. In Fig. 4.18, the circumferential stress factor 
is defined as 

Sh = °h 
D \2 

-f] , (4.33) 

where 
= circumferential stress on Belleville spring at fatigue failure 

point of origin, psi, 
Dq = outside diameter of spring, in., and 
t = thickness of spring, in. 

The preset deflection for this case is 6/t = 2.0. 
i 

The equivalent reversed stress for Belleville springs, , to 
be used in the design fatigue curve plotted in Fig. 4.1. is determined by 
using the following expression.14 
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SPRING DEFLECT ION-TO-HE1GHT RATIO (s/h) 
Fig. 4.18. Circumferential Stress Factor Versus Deflection-to-

Height Ratio for Belleville Springs With an Outside-to-Inside-Diameter 
Ratio of 2.0, a Height-to-Thickness Ratio of 3.0, Modulus of Elasticity 
of 30,000,000 psi, and Poisson's Ratio of 0.30. 

where 
cr̂  = peak-to-peak amplitude of engineering alternating stress 

calculated from the loading cycle, psi, 
= residual stress, psi, and 

(Jy = ultimate strength of spring material, psi. 

Before the design fatigue curve illustrated in Fig. 4.1 can be used, the 
calculated value of S^gq) must be corrected by multiplying it by the 
modulus of elasticity ratio given in Eq. 4.35. 

s _ f„» 1 26.0 X 10s f » 1 26.0 X 10p „ 
a " K < e q ) J E

 1 < 4 ' 3 5 ) 
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where E = modulus of elasticity for the spring material at the mean 
temperature of the cycle, psi. 

A numerical example is presented here to illustrate the procedure 
used to evaluate the fatigue life of Belleville springs used in parallel 
in snap-over rupture disk assemblies. In this example, it is assumed 
that there are eight springs made of 17-7 precipitation-hardened steel 
with a modulus of elasticity E = 29,000,000 psi and an ultimate strength 
ay = 240,000 psi used in parallel in a snap-over disk assembly. A load-
ing cycle wherein the springs are flexed from a preload 5/t = 2.0 to a 
deflection-to-height ratio 5/h = 1.0 is assumed. This cycle represents 
a possible test cycle for a snap-over rupture disk assembly. Further, 
it is assumed that the 
1. outside-to-inside-diameter ratio of the springs, = 2.0; 
2. spring thickness, t = 0.254 in.; 
3. height-to-thickness ratio, h/t = 3.0; and 
4. spring preload, 5/t = 2.0. 

At a spring deflection-to-height ratio 5/h = 1.0, the spring 
deflection-to-thickness ratio 

5/t = 1.0(3.0) = 3.0; 
and at 5/t = 2.0, the spring deflection-to-height ratio 

5/h = = 0.667 . 

From Fig. 4.18, at S/h = 0.667, the equivalent factor for the residual 
stress 

2 
= 85 X 107 psi . (4.36) Sh = °Z 

D o 

Correction of this value for the modulus of elasticity yields 

s' = (85 X 1 0 7 ) f H - 82.2 X 107 psi . h c 30.0 

Solution of Eq. 4.36 for the corrected value of the residual stress yields 

az = 82.2 X 107 2 , 
o 

where D o 
0.254 , . 

22 = 1.155 X 10' 
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and = 1.32 \ 10-"' 

Therefore, the residual stress 

c z = 82.2 x 10T(l.32 x 10"":) 
= 108,500 psi . 

At a spring deflection-to-height ratio S/h = 1.0, from Fig. 4.18, 
the circumferential stress factor 

Sh = ^h 
D \2 

- j r j = 106 x 10f psi . (4.37 

Correction of this value for the modulus of elasticity yields 

S h = (106 x 10 7)||~ = 102.5 X 107 psi . 
c 

Solution of Eq. 4.37 for the corrected value of circumferential stress 
yields 

oi = 102.5 x 10 h D 

= 102.5 x 10r<1.32 x 10~4) 
= 135,300 psi . 

The peak-to-peak amplitude of engineering alternating stress calcu-
lated from this loading cycle 

°R = °h " °Z = 2 7 , 0 0 ° p s i ' 
Substitution of this value into Eq. 4.34 yields 

i = | 27 ,000\ 1 
a(eq) i 2 I 108,500 27,000 

240,COO ~ (2)240,000 

13,500 = .13,500 
1 - 0.451 - 0.056 '0.493 

= 27,400 psi . 

The calculated value of Sg(eCj) must be corrected by substitution into 
Eq. 4.35 for use in Fig. 4.1. 
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Sa " <27'400>2S:o x iff ' 2 4' 6°° p s i * 

From Fig. 4.1 (page 18), the number of cycles 

N = 10s . 

4.3.3 Fatigue Analysis of Metal Disk 

A flat metal diaphragm or rupture disk in a snap-over rupture disk 
assembly is treated as a uniformly loaded circular plate wit! built-in 
edges. The classical equations18 for the radial and circumferential 
stresses at the edge of the metal disk are as follows. 

ar = | P(£)2 , (4.38) 

where 
o* = radial stress, psi, 
p = applied pressure, psi, 
r = radius of disk area exposed to pressure, in., and 
t = disk metal thickness, in. 

eh = | , (4.39) 

where 
cr̂  = circumferential stress, psi, 
V = Poisson's ratio for disk metal (0,30), 
p = applied pressure, psi, 
r = radius of disk area exposed to pressure, in., and 
t = disk metal thickness, in. 

When the stress in the axial direction is zero and Poisson's ratio 
for the disk metal is less than one, the maximum stress intensity is that 
of the radial stress (crr) defined in Eq. 4.38. Since the metal disk is 
assumed to be in the elastic range during loading, an equivalent stress 

it amplitude (S ) must be determined before the curve plotted in Fig. 4.1 
Si 

can be used. This equivalent stress amplitude is given by the expression 
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(4.40) 

where 
cr̂  = peak-to-peak amplitude of engineering alternating stress 

calculated from the loading cycle, psi, 
a = mean stress intensity calculated from the loading cycle = peak 

stress intensity minus amplitude of alternating stress component 
(one-half of the alternating stress range or or/2), psi, and 

cfy = ultimate strength of the disk material, psi. 

If the value of cr̂  is greater than 2Sy (where Sy = yield strength of the 
material), crm = 0. 

Before the design fatigue curve illustrated in Fig. 4.1 can be used, 
the calculated value of Sg must be corrected by multiplying it by the 
modulus of elasticity ratio given in Eq. 4.41. 

. {s« 26.0 X 10» ( 4 - 4 1 ) 
a a 

where E = modulus of elasticity for the disk metal at the mean temperature 
of the cycle, psi. 

Numerical examples are presented here to illustrate the use of the 
preceding relationships in determining the required disk metal thickness 
and evaluating the fatigue life of flat metal disks used in snap-over 
rupture disk assemblies. In these examples, a 10-in.-diameter (r = 5 in.) 
Inconel disk is used in an assembly with a rated snap-over pressure (pgo) 
of 1000 psi at room temperature (72°F). The allowable design stress 
intensity (S ) is given as 23,300 psi. From the physical properties of 
Inconel at room temperature, 
1. Poisson's ratio, V = 0.30; 
2. the modulus of elasticity, E = 31,000,000 psi; 
3. the ultimate strength, cr̂  = 80,000 psi; and 
4. the yield strength, S y = 35,000 psi. 

In determining the disk metal thickness required for a snap-over 
disk assembly with a rated snap-over pressure of 1000 psi and an allow-
able design stress intensity value Sm ~ 23,300 psi, the allowable value 
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of the primary membrane (general or local) plus primary bending stress 
intensity is 1 -5Sm-1 Therefore, 

1.5S = 1.5(23,300) = 35,000 psi . 

Since in this case the maximum stress intensity is that of the radial 
stress (crr), from Eq. 4.38, 

35,000 = | p(^)2 . 

Where the rated snap-over pressure of the assembly = 1000 psi and the 
radius of the disk r = 5 in., 

35,000 = |(1000)j^]2 

r/t = 6.81 , 
and t = 5.0/6.81 = 0.735 in. 

To evaluate the fatigue life of this metal disk, assume that it is 
subjected to a cyclic loading from 0 to the rated snap-over pressure of 
the assembly (1000 psi). Since the snap-over type of rupture disk assem-
bly can be operated continuously at system pressures up to 95% of the 
rated assembly snap-over pressure, the pressure applied to the disk 

p = 0.95(1000) = 950 psi . 

In this case, the peak stress intensity experienced by the disk (from 
Eq. 4.38) 

crR = a. = |(950)(46.6) 

= 33,200 psi , 

and the mean stress intensity 

cr = 33,200 - = 16,600 psi . m 2 

Substitution of these values into Eq. 4.40 yields 
cfl - (33,2001 1 
a I 2 L 16,600 

80,000 

= 16,600 = 16,600 
1 - 0.208 0.792 

= 21,000 psi . 
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The calculated value of Ŝ ' must be corrected by substitution into Eq. 
4.41 for use in Fig. 4.1. 

Sa " <21-000)30:0 X ^ " 1 8 • 2 0 0 Psi " 

From Fig. 4.1 (page 18), this calculated value of Sa is below the allow-o 
able endurance limit. That is, the allowable number of cycles, N > 10s. 
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5. RELIEVING CAPACITY 

Adequate flow through a rupture disk can be assured if the disk is 
sized carefully. Inadequate relief area will result in a continued pres-
sure rise in the component or system to be protected even after the disk 
ruptures. The problem is one of determining the rate of volume increase 
in the component or system to be protected under the conditions existing 
when overpressure reaches the rupture pressure rating of the rupture disk 
assembly. The disk must open and continue to vent the system medium at 
a rate equal to this rate of volume increase. The probable cause of over-
pressure is therefore an important consideration in determining the rate 
at which system media must be vented through the rupture disk to prevent 
damaging overpressure in pressure systems. 

When rupture disk assemblies are used in nuclear reactor power sys-
tems, the flow opening provided through a rupture disk after breakage 
must be sufficient to permit flow equal to the rated relieving capacity 
of any associated pressure-relief valve.1 The area of the opening must 
never be less than the area of the piping between the pressure-relief 
valve and the rupture disk assembly. The set pressure of at least one 
of the pressure-relief valves connected to the system must not be greater 
that the design pressure (at design temperature) of the system. Addi-
tional pressure-relief devices may have higher pressure settings, but 
these settings must not permit the total accumulated pressure to exceed 
110% of the design pressure of the system.1 

Capacity requirements can be determined by performing an energy 
analysis of the system or component to be protected. When the system 
capacity has been determined, the relieving capacity of proposed rupture 
disk assemblies can be evaluated by using relationships set forth for the 
flow of fluids through valves, fittings, and pipe.19 These relationships 
are for the discharge from a vessel directly to the atmosphere. However, 
rupture disk assemblies used in the primary coolant loop of a nuclear 
power system must be vented to the same controlled thermal dissipation or 
discharge storage system provided for the associated pressure-relief 
valves. Therefore, in determining the set pressures and capacities 



56 

required to comply with the rules set forth in Sub-article NB-7511 of 
Section III of the ASME Boiler and Pressure Vessel Code, full account 
must be taken of the pressure drop on both the inlet and discharge side 
of the pressure-relief devices at full-flow condition.1 Back pressure 
arising from discharges to closed storage or dissipation systems, from 
the use of rupture disk assemblies in association with pressure-relief 
valves, or from the discharge of other pressure-relieving devices through 
common discharge piping must be taken into accout.1 

This additional discharge pressure drop can be accounted for in the 
aforementioned relationships19 by calculating a reduced value of pressure 
drop for flow through the rupture disk. This value can then be used in 
the equations for determining the relieving capacity of a rupture disk 
assembly given in the following subsections. The reduced pressure drop 
for flow through a rupture disk assembly is determined by using the 
expression 

'i 

£ * a = ^ , (5.1) 
C d 12 

1 + 
d 

where 
= pressure drop for flow through disk, psi, 

Ap = total pressure differential from vessel or system to closed 
storage quench tank, psi, 

Ĉ , = flow coefficient for discharge line, and 
C, = flow coefficient for rupture disk assembly, d 

The flow coefficient for the discharge line 
412 ,, n 2 c n = (d,)^ , (5.2) 

* (%>1/2 1 

where 
K^ = resistance coefficient for discharge line, and 
d^ = internal diameter of discharge line, in. 

The flow coefficient for the rupture disk assembly 
4l2Ydi 

C = , (5.3) 
d (K,)1/2 
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where 
Y = net expansion factor for compressible flow through orifices, 

nozzles, or pipe, 
d^ = internal diameter of rupture disk assembly, in., and 
K^ = discharge coefficient for rupture disk assembly. 

In the equations and examples presented in the following subsections, 
it is assumed that Zip = ^P^* 

5«1 Discharge of a Compressible Fluid 

The weight rate of flow of a compressible fluid in a pipe with a 
given upstream pressure will approach a certain maximum rate which it 
cannot exceed regardless of how much the downstream pressure is reduced. 
The maximum velocity of a compressible fluid in pipe is limited by the 
velocity of propagation of a pressure wave which travels at the speed of 
sound in the fluid. For the purposes of this discussion, the discharge 
from a rupture disk is considered to be a gas. 

The weight densities of gases and vapors are altered greatly by 
pressure changes. The weight density of the "perfect" gases can be com-
puted from the formula19 

- 1 4 4P T m 
P ~ > V 5 - 4 > 

where 
p = weight density, lb/ft3, 

p* = absolute pressure, psia, 
R = individual gas constant, and 

T' = absolute temperature (T + 460), °R. 
The individual gas constant (R) is equal to the universal gas constant 
(MR = 1544) divided by the molecular weight of the gas. 

R = (5.5) 

where M = molecular weight. Specific gravity (S ) is a relative measure 
O 

of weight density, and the specific gravity of gases is defined as the 
ratio of the molecular weight of the gas to that of air and as the ratio 
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M R . 
s - -S5S. = -Sir . (5.6) 
8 M . R air gas 

The maximum flow velocity attainable in the throat of an orifice or 
nozzle (rupture disk assembly) is sonic velocity, which is expressed as 

v = (kgRT1)1/2 , (5.7) 
w 

where 
v = sonic or critical velocity of flow of a gas, ft/sec, s 
k = ratio of specific heats at constant pressure to constant volume, 
g = acceleration of gravity, 
R = individual gas constant, and 

Tr = absolute temperature, °R. 
The value of k, the ratio of specific heat at constant pressure to 
specific heat at constant volume (Cp/cv), is 1.4 for most diatomic gases-
Sonic velocity will occur at the outlet end or in a constricted area when 
the pressure drop is sufficiently high. The critical pressure ratio (rc) 
for compressible flow is the largest ratio of downstream pressure to up-
stream pressure capable of producing sonic velocity, and it is dependent 
upon the ratio of nozzle diameter to upstream diameter as well as the 
specific heat ratio (k). 

For the case of the discharge of a gas through a rupture disk assem-
bly in which the velocity in the throat of the assembly is equal to the 
speed of sound (sonic velocity), the flow rate is given by the expression 
(Eq. 3-20 in Ref. 19) 

1/2 
(5.8) 

, Yd 2 
q = (412)— m b S 

4PPJ 
K 

where 
qf = rate of flow at standard conditions (14.7 psia and 60°F), ft3/min, m 
Y = net expansion factor for compressible flow through nozzles, 

dQ = internal diameter of nozzle or rupture disk assembly, in. 
S = specific gravity of a gas relative to air, s 
Ap = total pressure differential, psia, 
p = weight density of fluid upstream of nozzle, lb/ft3, and 
X = total resistance coefficient. 
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To illustrate the use cf the preceding relationships, consider the 
case of saturated steam at a temperature of 668°F and a pressure of 
2500 psia being vented through a 10-in.-diameter rupture disk from a 
pressure vessel. The specific gravity of the steam relative to air, 
from Eq. 5.6, 

^air _ 53.3 g R ~ R 
gas gas 

where the gas constant for the steam 
144p 

R . m = ^r , (5.9) steam p ^ 

where 
p^ = absolute pressure upstream = 2500 psia, 
p = weight density upstream = 1/0.1307 (from steam tables), and 
T® = absolute temperature upstream = 668°F + 460 = 1128°R. 

Therefore, 

S t . - " ^ ^ ( 0 . 1 3 0 7 ) - 41.70 . 

and S — = 1.28 . g 41.70 

It is assumed that the specific heat ratio 
k = c /c = 1.4 , p v 

and, since venting from a large pressure vessel, the ratio of the inter-
nal nozzle diameter to the upstream internal diameter 

d /d = 0 . o 1 
The critical pressure ratio (r ) can be used to check the validity of 

V 

Eq. 5.8 for this case. From page A-21 in Ref. 19, for k = 1.4 and 
dQ/d^ = 0, the critical pressure ratio 

t 
P 2 rc = -r = 0.528 , (5.10) 
l 

where 
p^ = absolute pressure downstream = 14.7 psia and 
p^ - absolute pressure upstream, psia. 
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Solution of Eq. 5.10 for the absolute pressure upstream yields 
i 

c 
Hence, Eq. 5.8 is valid for upstream pressures greater than 27.8 psia 
when venting to the atmosphere. Since the case in which the upstream 
pressure is 2500 psia is being considered, Eq. 5.8 is applicable. 

To determine the pressure differential, the pressure ratio 

Prom page A-20 in Ref. 19, for a pressure ratio of 0.472, the net expan-
sion factor for compressible flow through nozzles 

Y = 0.70 . 

It is assumed that the rupture disk is in a 12-in. schedule 160 pipe 

tion at one end and a sharp-edged exit. The value of 75 diameters is an 
estimate to account for the pressure drop for flow through a burst rup-
ture disk assembly. From page A-26 in Ref. 19, the resistance resulting 
from the sharp-edged entrance 

K = 0.50 , 
and the resistance resulting from the sharp-edged exit 

K = 1.00 . 
From page A-23 in Ref. 19, the friction factor for complete turbulence in 
a 10-in.-diameter commercial steel pipe 

f = 0.0135 . 
Therefore, the total resistance coefficient 

K = 0.50 + 1.00 + 0.0135(75) 
= 1.50 + 1.01 
= 2.51 . 

Application of these values in Eq. 5.8 yields a flow rate of 

^ = 1 - r = 0.472 , P1 c 

and Ap = 0.472p^ = 0.472(2500) = 1180 psia . 

(dQ
2 = 102.54 in.2) that is 75 diameters long and has a sudden contrac-

a = (412) 0.70(102.54) fll80f 1 \11/2 

1.28 2.51lO.1307 J m 

2.28 X 



61 

= 2.28 X lO^^OO) 1/ 2 = 2.28 X 104(60) 

= 1.37 X 10s ft3/min . 

5.2 Discharge of a Liquid 

For the case of the discharge of a liquid through a rupture disk, 
the flow rate is given by the expression (Eq. 3-19 in Ref. 19) 

0 " 2 3 6 d o S ( ^ ) l / 2 • < 5 - l l > 

where 
Q = flow rate, gpm, 
dQ = internal diameter of rupture disk assembly, in., 

= pressure differential, psi, 
K = total resistance coefficient, and 
p = weight density of fluid, lb/ft3. 

To illustrate the use of Eq. 5.11, consider the case of water at a 
temperature of 600°F being vented through a burst 10-in.-diameter rupcure 
disk in a 12-in. schedule-160 pipe (d = 102.54 in. ) with a pressure 
differential (Ap) of 2500 psi. At a temperature of 600CF, the weight 
density of water 

p = 42.37 lb/ft3 . 

Hie equivalent length of flow resistance (L/D) is assumed as 75 pipe 
diameters to account for the pressure drop through the burst rupture disk 
assembly. From page A-23 in Ref. 19, the friction factor for complete 
turbulence in a 10-in.-diameter commercial steel pipe 

f = 0.0136 . 
When entrance losses are neglected and a sharp-edged exit is assumed, 
from page A-26 in Ref. 19, the resistance resulting from the sharp-edged 
exit 

K = 1.0 . 

Therefore, the total resistance coefficient 
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K = 0 . 0 1 3 5 ( 7 5 ) + 1 . 0 

= 1.01 + 1.0 
= 2 . 0 1 . 

Substitution of these values in Eq. 5.11 yields a flow rate of 

q = 2 3 6 ( 1 0 2 . 5 4 ) [ o ^ 3 7 y ] l / 2 

= 2.42 X 104(29.4)1/2 

= 2.42 X 104(5.42) 

= 13.10 X 104 gpm . 
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6. PROCUREMENT AND INSTALLATION DATA 

Some manufacturers of rupture disk assemblies state that in some 
cases they do not get enough information from the purchaser to determine 
the proper requirements for a particular disk application. The proper 
selection of a rupture disk assembly and its design features is dependent 
upon applicable requirements of codes governing the system in which it 
will be used, the operating conditions to which it will be exposed, and 
the size required to adequately relieve overpressure. The operating con-
ditions and size must be compatible with the chemical resistance and 
mechanical behavior of the assembly and with the commercial availability 
of the material from which it is made. Therefore, in addition to the 
applicable codes and disk size requirements, the purchaser should inform 
the manufacturer of the pressure and temperature conditions under which 
the rupture disk assembly is expected to operate, acceptable materials 
of construction, particular fabrication and testing requirements, and 
any special equipment and features required for the assembly. The instal-
lation requirements for the disk assembly or assemblies should be reviewed 
to assure that any special flange assembly requirements are included in 
the order or procurement specification. Special information that will 
allow the purchaser to evaluate the performance characteristics of the 
rupture disk assemblies may also be required of the manufacturer. 

6.1 Operating Conditions 

The operating conditions under which the rupture disk assembly is 
expected to function should be described by the purchaser. This descrip-
tion should include the following items. 

1. The design pressure of the component or loop to be protected 
and the desired rupture pressure of the rupture disk assembly should be 
stipulated. 
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2. The normal operating pressure of the system should be specified. 
If this pressure is pulsating, this fact and the frequency of pulsation 
should be indicated. 

3. The normal operating temperature at the location of the rupture 
disk assembly should be given. This information is essential since the 
rupture rating of many types of rupture disk assemblies is temperature 
dependent. 

4. The possibility of a vacuum or reverse pressure occurring at the 
location of the rupture disk assembly should also be indicated to the 
manufacturer. This information is needed to determine whether a vacuum 
support is required. 

6.2 Materials of Construction 

The materials of which a rupture disk assembly is constructed must 
be compatible with the environment in which the assembly will be operated. 
The purchaser should therefore submit to the manufacturer a description 
of the service environment. If indicated by the quality assurance 
requirements for a particular application, the purchaser can request 
that the materials of construction meet the requirements of the applicable 
specifications for materials set forth in Article NB-2000 of Section III 
of the ASME Boiler and Pressure Vessel Code.1 To verify that the mate-
rial supplied conforms to these applicable specifications or to any other 
specifications stipulated in the purchaser's procurement specification, 
the manufacturer can be required to furnish the purchaser with certified 
mill test reports showing the results of the chemical and physical tests 
required by the specifications for each heat of all the materials used 
in the rupture disk assemblies ordered. The purchaser may also require 
that the flange material be ultrasonically tested in accordance with the 
rules set forth in Sub-article NB-2552 of Section III of the ASME Boiler 
and Pressure. Vessel Code. 
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6.3 Fabrication and Testing 

The purchaser may require the manufacturer to submit a description 
of his quality control program governing fabrication and testing opera-
tions for informational and approval purposes. The information submitted 
should cover the 
1. dimensional manufacturing tolerances to be used; 
2. control of forming pressure; 
3. destructive testing procedures used to determine material properties; 
4. heat treatment procedures covering any heat treating of disk, spring, 

or knife blade material; 
5. mechanical and thermal cycling and surface conditioning of Belleville 

springs; and 
6. cleaning and packaging procedures. 

The manufacturer's quality control program should include a lot num-
bering system that will permit documentation and tracing of all fabrica-
tion processes and test results for each completed rupture disk assembly. 
This system should also be capable of accommodating documentation of 
results of any special tests required. Such special tests may include 
fatigue tests, flow tests to check relieving capacity, and tests to check 
the load-stroke characteristics of Belleville springs used in snap-over 
assemblies. 

The purchaser should indicate to the manufacturer any special manu-
facturing range required for conventional pre-bulged rupture disks. The 
burst pressure rating of this type of disk is controlled by the crown 
height of the forming die rather than forming pressure. The combination 
of crown height dies and material thicknesses stocked by a manufacturer 
establishes the manufacturing range relative to a specified burst pres-
stire within which pre-bulged rupture disks are fabricated. If required, 
this standard manufacturing range can be reduced by purchasing or forming 
materials to thicknesses different from those normally stocked. 
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6.4 Certification Requirements 

Every rupture disk assembly intended for use in a nuclear reactor 
power system must be marked with a lot number and a bursting pressure at 
a specified temperature, and this marking must conform to the rules in 
Sub-article NB-7920 of Section III of the ASME Boiler and Pressure Vessel 
Code.1 These assemblies must be certified to burst within ±5% of the 
specified rupture pressure, and certification of the burst pressure 
rating of the assemblies is the responsibility of the manufacturer.1 

The bursting pressure must be determined by bursting two or more 
specimens at the specified temperature from a lot of the same material 
and of the same size as those to be used in the nuclear power system. 
The tests must be made in a holder of the same form and pressure area 
dimensions as those with which the rupture disk assembly is to be used. 
A data report, Form NR-1,* for the rupture disk assemblies tested must 
be filled out and signed by the manufacturer. This data report is the 
basis of the manufacturer's authority to certify rupture disk assemblies 
of the same design, size, and pressure range. 

6.5 Special Equipment 

Fragmentation of rupture disks should be considered when the rupture 
assembly is installed in a loop bypass or in a system where fragments 
from the ruptured disk could contaminate the system. Fouling of relief 
valves and system contamination are of special concern in nuclear reactor 
systems where disk fragments could come in contact with fuel elements, 
possibly resulting in fretting. 

When system pressure reaches the rated bursting pressure of a con-
ventional pre-bulged rupture disk, the center area of the disk becomes 
so thin that it can no longer withstand the imposed load. It bursts and 

*Form NR-1, "Manufacturers' Data Report of Rupture Disks as Required 
by the Provisions of the ASME Code Rules," The American Society of Mechan 
ical Engineers, 345 East 47th Street, New York, New York 10017. 
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tears apart in a "rose-petal" fashion wherein the disk "petals" fold 
back against the interior of the fitting and, undoubtedly, some fragments 
are carried downstream. Reversal of the reverse-buckling disk at rupture 
pressure results in piercing of the center of the disk and subsequent 
shearing into four sections. One manufacturer4 considers the reverse-
buckling disks to have better "holding together" characteristics after 
rupture than conventional pre-bulged disks and Inconel to be tLie best 
disk material in this respect. The shearing action inherent in the oper-
ation of snap-over rupture disk assemblies results in complete cutout of 
the center portion of the disk, which travels downstream. 

Special equipment to catch ruptured disk fragments can be supplL u 
by the assembly manufacturer when requested by the purchaser. Such spe-
cial equipment is usually in the form of screens and/or 90° elbows 
installed downstream. These screens and other catching devices must be 
capable of surviving the impact of the disk fragments. The downstream 
flow area must be adequate to allow blockage of an area equal to the area 
of the disk without reducing the relieving capacity of the assembly. The 
capability of readily cleaning out disk fragments that are caught must 
also be incorporated in the design and installation of fragment catchers. 

6.6 Installation Provisions 

Improper installation of rupture disk assemblies may result in 
either premature bursting or bursting at a pressure higher than the 
design pressure in some circumstances. Conventional pre-bulged rupture 
disks will fail prematurely when installed without required vacuum sup-
ports. This type of installation-related failure can be avoided by 
ordering the pre-bulged disk and vacuum support as one integral preassem-
bled unit. 

It is possible to install rupture disk assemblies backwards. If 
installed with the concave side exposed to system pressure, reverse-
buckling disks will burst at a pressure higher than the design pressure. 
Snap-over rupture disk assemblies will also burst at pressures higher 
than the design pressure if they are installed so that the system 
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pressure acts on the Belleville spring side of the metal disk or if 
insufficient pre-load is applied to the Belleville springs. These types 
of assemblies should therefore include design features which will assure 
that they are installed in the right direction and that correct pre—load 
is applied to the springs and bolting. The use of J-bolt or pin arrange-
ments on flanges can prevent backward installation. 

The disks of reverse-buckling rupture disk assemblies have flat 
seats, and alignment of the disk with respect to the seat in the trans-
verse plane is quite critical. Misalignment can change the burst point 
pressure up to 307o. Seat rings should be provided to aid in proper 
alignment, and these rings can be fixed in the assembly by spot welding. 
Some reverse-buckling assemblies can be field installed without the 
knife blades. Even when installed properly, dullness of knife blades 
can affect the performance of this type of assembly. Design features 
should therefore be incorporated in the assembly to assure that it cannot 
be tightened if parts, such as the knife blades, are left out, and the 
sharpness of these blades should be checked before the assembly is 
installed- The reverse-buckling rupture disk requires more careful han-
dling than the conventional pre-bulged disk since dents in the disk tan 
cause premature buckling. 

When rupture disk assemblies are installed in nuclear reactor power 
systems, the space between the assembly and its associated pressure-
relief valve must be provided with the means to monitor its internal pres-
sure during service periods.1 This space must also be vented or drained, 
and the vents and drains must discharge to the same controlled thermal 
dissipation or discharge storage system provided for the associated 
pressure-relief valve-1 

6.7 Data Required From Manufacturer 

In order to perform the structural evaluations and fatigue analyses 
described in Section 4 of this document, certain information relative to 
the rupture disk assemblies considered must be obtained from the manufac-
turer. This necessary information is outlined as follows. 
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1. Detail drawings of the rupture disk assembly should be requested 
from the manufacturer, and these drawings should include features to pre-
vent backward installation of the assembly and provisions for trapping 
disk fragments. 

2. Pressure-deflection characteristics of the material lot from 
which the rupture disks are to be fabricated at the temperature specified 
for the disk location must be provided by the manufacturer. 

3. The crown height, forming pressure, and undeformed thickness of 
the metal used for conventional pre-bulged and reverse-buckling rupture 
disks must also be requested from the manufacturer. 

4- The unloaded dimensions, preset deflection, and number of Belle-
ville springs used in snap-over rupture disk assemblies as well as the 
undeformed thickness and diameter of the rupture disk metal should be 
provided by the manufacturer. 
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N O M E N C L A T U R E 

Aq = original area, in-
Q A, = actual deformed area, in-a 

C^ = flow coefficient for rupture disk assembly 
C^ flow coefficient for discharge line 
D^ = inside diameter of Belleville spring, in. 
Do = outside diameter of Belleville spring, in. 
d = disk diameter, in. 
d^ = internal diameter of rupture disk assembly, in-
d = internal diameter of orifice or nozzle, in. o 
d^ = internal diameter of discharge line, in. 
E = Young's modulus of elasticity, psi 
F = total load supported by n springs in parallel, psi 
F^ = load supported by one spring, psi 
F = load factor for Belleville springs, psi s 
g = acceleration of gravity = 32.2 ft/ssc2 

h - height of Belleville spring, in. 
K = total resistance coefficient 
k = ratio of specific heat at constant pressure to specific heat at 

constant volume (cp/cv) 
L = disk arc length, in. 3 
M = molecular weight 
N = allowable number of cycles 
n = number 
P = relative pressure = pr/t, psi 
P̂ j = limiting value (value at rupture) of relative pressure, psi 
P^ = relative buckling pressure for reverse-buckling disks = p^(r/t)2, 

psi 
p = applied pressure, psi or psig 
p1 = absolute pressure, psia 
p = peak-to-peak amplitude of alternating pressure, psi cI 
p^ = buckling pressure for reverse-buckling disks, psi 
p_ = forming pressure, psi r 
p^ = reverse pressure on pre-bulged disks, psi 
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system pressure, psi 
rate of flow, gpm 
rate of flow at standard conditions (14.7 psia and 60°F), scfm 
radius of surface of spherical disk, in. 
individual gas constant 
radius of area exposed to pressure, in. 
critical pressure ratio for compressible flow 
inside radius of Belleville spring, in. 
outside radius of Belleville spring, in. 
allowable amplitude of the alternating stress component (one-
half of the alternating stress range), psi 
equivalent alternating stress amplitude, psi 
equivalent alternating stress amplitude for flat disk in snap-
over assembly, psi 
equivalent reversed stress amplitude for Belleville springs,psi 
alternating stress intensity, psi 
specific gravity of a gas relative to air = ratio of the molecu-
lar weight of the gas to that of air 
circumferential stress factor for Belleville springs, psi 
allowable design stress intensity = difference between algebra-
ically largest principal stress and algebraically smallest prin-
cipal stress at a given point, psi 
yield strength of a material, psi 
temperature, °F 
absolute temperature (T + 460), °R 
original thickness of disk metal or Belleville spring metal, in. 
deformed thickness of disk metal, in. 
sonic or critical velocity of flow of a gas, ft/sec 
net expansion factor for compressible flow through orifices, 
nozzles, or pipe 
maximum axial deflection of disk or disk crown height, in. 
total pressure differential from vessel or system to quench tank, 
psi 
pressure drop for flow through a rupture disk, psi 
deflection of Belleville spring, in. 
engineering strain = 1 - (t^/t) 
logarithmic or true strain = In (t ,/t) 
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strain at center of disk 
Poisson's ratio for a material 
weight density, lb/ft3 

weight density of fluid upstream of orifice or nozz le, lb/ft3 

average engineering stress = load/AQ, psi 
true stress = load/Aj, psi 
engineering stress at failure, psi 
true stress at failure, psi 
circumferential stress, psi 
mean stress intensity calculated from loading cycle = peak stress 
intensity minus amplitude of the alternating stress component 
(one-half of the alternating stress range or cr /2), psi 
peak-to-peak amplitude of engineering alternating stress calcu-
lated from the loading cycle, psi 
peak-to-peak amplitude of true alternating stress calculated 
from the loading cycle, psi 
radial stress, psi 
ultimate strength of the material, psi 
dimensionless deflection = Z_/r 


