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ABSTRACT

The pipe loading spplled to flanged comneactions hes been & piping engi~
neer's constsnt concern, This problem has been treated by various authors,’
The latear tendency in evaluation is leaning Eoward the so callad equivalent
pregsure approsch. The paper describes briefly the two popular approaches,
namely rating table method and direct stress calculation method, With extensive
stress caloulatious performed on the standard flanges, it is shown that the
standard flangea not only can take the rating preesure allowed, but slso have
reserve strangth available to reslst algnificant pipe loade. Cautlon s alwo
given to non-standard flangew designed by ASME BAPV Code rules, - Without proper

consfderation of pipe load, s eustom designed non-stendard flange is prone to
lagk. ‘

HOGHENCLATURE

b

i

Cutside diameter of pipe

t = Thickness cf pipe

P = Internal pressure

Pe - Equivalent pressure due to pipe load

¥ ~ Bending moment from plpe

F -~ Axial force from pipe

6 - Dlameter &t lccation of gasketr load rgsction
b - Effective gaeket wideh

84 ~ Longitudinal atvess in hud

SE -~ Radial etress in flange
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ST - Tangentlal stress in [lange

Sc - Basic nllowable stress at awbient temperatere (cold)
Sh - Basic allowable stress at operating temperaturve (hot)
INTRODUCTEON

The pipe load spplied to a flanged connection haes been a constant concern
to plping englneers. An excessive plpe load can ci e leaking or even failure.
This problen has beep investigated by Harkl and George, Blick, and sthers (1,2},
From the extensive tests made on & inch class 300 ANSY flanges, Markl found that
even under unusually severg bendlag stresses, flange asserblles did got fail im
the flange proper, or by fracture of the bolts, or by leakage across the jolnt
face, Structural failure occurred almest invariably in the pipe adjacent to
the flange, and In rare instances, across an unusually weak attachment weld.

Hie staced *"au leakage well in advance of fallure waw observed only in the case

of thre. flanges. Although the test results were definlte, they are no means
telli- that the pipe load on a flanged connectlon should not be g concern.
Becaw he wide ranges of factors such w8 size, claes, type, and material

iavoly ., a leak or fallure can still occur at flange conmections 1if the pipe
lrad 1s excessive. Proper precautions should be teken to ensure the Integrity
0. e comnectiona, .

The current tendency of evaluating the plpe load ia ledning toward the
equlvalent pressure approgch. This conservative approach is relatively simple.
It is especially sultable for high velume daily production analyses, Bowever,

#0 conglderably different methods have emerged from the application of the
egaivalent preassure. One method uses the egulvalent pressure to select the
sultable class of flange from the rating table. The other performs stress check
on the flange to make sure it will take the equivalent pressure. 'The paper
discusses in detsil the approaches used in evaluating the pipe load, It pre~
sents the results of extensive strese anulvuee performed on standard flanges to
glve the readers a feeling on the magnitude of reserve streapth availeble from
these flanges., The paper caurions that proper plpe load should be included in
deslgning a speclal flange for piping applications.

METHOD OF. BVALUATION

A tight joint can be maintained when there {s a sufflicient gasket pressure
te ensure at least 3 contlauous line contact artound the entire clroumference at
all conditioms, This requires that the bolits be strong and stiff enough to
hold the jolmt, the gasket be reallient encugh to allow axlal movement vet
strong enough to prevent crushing or blowout, the flange be strong and stiff
envugh te preveat excessive cupplng, thus making a contlinuous contact possiw
ble,

A Elenge is one of the few items in piplng thae requires the copnsidsration
of both stress and strain. It {z also one of the few items that depends heavily
on other cowmponents to make it functiomal. Designing a flsnge deals nof only
with the flange proper but alse with bols and gasket. The task 15 very complex.
It involves serting up the gasket criteria, seating requlremeni, Stress calcular
tlon procedure, allewable st{resses, and so forth. Fortunately, the ASME Boller
and Pressure Vessel Code (3) has provided & complete and detailed rules for
designing the flange agasingt internsl pressure. With the avallability of this
relisble procedure for infewrnal pressure design, one will naturslly attempt {o
uee rfhe same procedure for the pipe load evaluation. The firat step roward
this utilization is to convert the pipe load into equivalent pressuwre load)

Asguming the equivalent pressure ia the pressure that will ereate the
game amount of gaske: stress as the pipe load does {4), we have

62



T a?re
[

T + M - {1)
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A
After simpliffcation, Fguation (1) becomes
Pe = 4F & J6M (23

med ke

Above equivalence is believed to be counservative becauvee the maximum gas—
ket stress produced by the pipe load existe only at the mutreme edge of the
gasket, wheress the streas generated by the pressure is uniform, Eguatfen {2}
can be vonsidered as belng in the mame spirit as Lhe area replacement approsch
uged in the design of the reinforcement &t branch connections, Et is simple amd
reliable.

By comverting the pilpe load to equivalent pressure, the problem becomes
the standard problem of flange under internal pressure which can be readily
svlved by ASME BAPY code procedure, The total equivalent design pressure
becomes

Protsyl = F + Pe {33}

Fquation (3) bas been used by the petrochemical Industey (4) for more than
30 years, asnd was formally adopted by the nuclesr plpe fode (5) for evaluating
class 2 piping flange couneckions, In fact Eguation (2} has gained such a
popularity that 1t 15 also used in converting torsional moment to eguivalent
pressure (5), although the nature of the stress generated from torsion is 41f-
ferent from the one created hy preassure.

APPLICATION OF EQUIVALENT PRESSURE

With the total equivalient pressure determined, the rest ¢f the evaluation
1s straight forward. One can perform a stress caloulation based on this pres-
sure or wsimply select & L[lange that has the rating suitable for thils pressure,
Although both merhods are acceptable the results can be quite different. This
difference capn be iliustrated by the following exawple: Assuming there is a
moderate pipe load of 8400 1wf-ft (11390 N-M) bending moment acting on & B.625
inch {21%mm) outalde diameter, 0.322 fnch {8.18mm) thick pipe operating at
30092 {149°C) temperature and 200 pai (1379 KPa) internal preseure. The bending
moment will produce a bending stress of 6000 psi (41364 KPa) in the pipe. 1If
a flanged comnection 1s needed at this polnt, a deslgn engineer will take the
operating pressure and temperature and look up the rating table from standards
such as ANST B16.3 (6} to select a sulitable class for the application. An
ANST B16,3 class 150 flange, made frowm A-105 material, would be selected in
thia case by dfsregarding the pipe load. However, based on Fguation {2} rhis
pipe load is equivalent tv a presgure of 527 psi (3633 KPa}., Adding this
equivalent pressure to the isterpal pressure, the rotal pressure to be con—
sidered is 727 pal (5012 EPs}. By using the rating table selection method a
class 400 flange would have to be used, whereas a BtTess calculation will
show the ariginally selected c¢lsss 150 Elange is satisfactory,

From the above example, it 4s clear that the rating table approach which
ignores the reserve streugth of a standard flange is overly conservative. In
"Fact it probably will dispeove mogt of the systems which ate I{n existence be-
cause H000 psil {41364 KEPa) plpe streas is by 7o means excessive. The streas
analysis method Ls much more realdistic and appears to have become & preferred
spproach, However, it should be noted that for internal pressure loading the
rating table should always be used for compliance with Code requirements (V).

In the stress caleulation appreach, the standard method (3} of calcula-
tion 1s ro evaluate the following stressas:
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{a) Llongitudinsl stress in hub, 5H
(b} Radial stress in flange, SR
(¢} Tangential stress in flange, ST

These stresses can be easily caleulated using the Code Rulea (3) based on
the bending moment acting at £he flange bolt circle circemference, However,
the most important point for practical design iy to establigh & proper allow-
4ble stress, TFor example, the Class 2 Nuclear Piping Code (3) limits each of
the above stresses to 1.5 times the basic allowasble stress at operating temper-
ature, TE slso requires that longliuwdinel pressure stress be Included in the
longitudinal hub stresh. The basic allowable stress 1s the code tabulated
stress malnly to be used dn Internsl pressure degign, :

) Most flange designe, other than for nuclear as &bove, ts covered by ANSI/
ASME Sec. VIII.~ Div. 1 {3} for vessels, and by ANSI/ASME B3I Piping Codes {7)
for pipiug. Bules for allowable stresses are contained in each of the pertinent
Codes. The piping Codes refer hack to ref, (3) for stress calculation procedure,
Allowable strepses for flanges {other than cast iron flanges) are generally as
shown below.

Sy equal ta or lesy than 1.3 §;
SR agusl to or lesa than S5f

Sy equal to or less than 8¢
{8y + 83)/2 equal to or leas than §f

(SH + ST)[Z equal to or less than S

Where 8¢ = basic allowzble stress for flangé material at deslgn Eemperature, as
defined by the applicable Code.

STANDARD FLANGES

Among the various standard flanges available in the industry, the ANSE
B16.5 {6} and API 605 {8) are the most popular cnes. The former covers up to
Zheinch €610mm) with classes ranging from 150 to 2500, the latter covers 26~
inch {660mm} through B0-inch {1524mm) with 75, 150, and 300 classes, In this
section the reserve strength of these two categories of flanges will be in-
vestigated.

In selecting a standavrd flange for a specific application, the englneer
will look-up the rating table from the standard to find the particular class of
flange that offers a pressure rating higher than the deaign pressure of the
system 4t the deslign temperature. The flange so selected will be adequate for
the design pressure and at the same time provides some reserve strenglth to
reslgt the pipe load. The magnitude of the reserve strength varies with the
fiange size, Typa, class, waterfal and temperature. Therefore, no rule of
thumb can be used to estimate the amount of reserve strength availsble, APE
51D 605 does clesrly stste that a bending moment capable of producing a longil-
tudinal pipe etress egual to one half of the baslc allowable stress is inciud-
ed 1n the pressure rating at rated temperature. However, the amount of pipe
moment that can be abgorbed at other temperatures is not defined.

To present a general idea ©f the reserve strength available 1in & standard
flange, stress caleulations on typical examples were performed and the results
charted in Figures 1 through 5. ¥Figure 1 shows the relation between the flange
stress produced by the rated pressure load and the reserve atrength available
to absorb the pipe load for ANST Bl6.5 claes 150 flanges. Tn general, this
class of flanges hag a reserve strength much greater than the strength required -
to resist the rated pressure. The reserved strength can be converted to the
bending stress ai pipe as ghown in Pigure 2. This bending stress depende on
the acrual thickmese of the connecting pipe; hut in genersl is abour 8000 pal
{55000 KPa) for class 150 flamges. The reserve strength 1s considerably lowar



for the AFL STD &05 flanges as shown in Figure 3, 1t also decresses for the
higher class flanges. TFigure 4 shows rhe relation for A¥SY BIO,S class 300
flanges. 1t is clear that the reserve strength of a class 300 slip-on flange
decreages rapidly s the pipe size inctesses. For the weld neck flanges, be-
caune the flange bore is assumed to be the same ap the inaide diameter of the
pipe, the reserve strength depends grestly on the thickness of the ¢ommacting
pipe, Take & Z4-inch (610wm) flange for inatance, point A representa the
atrass with X5 welght connecting pipe while polnt B represents the stress with
scheduled 40 comnecting pipe. Figure 3 shows the situation in high temperature
and high pressure applications. In the high temperature vange, the Class 2
Buclear Plping allowable for example, predicts very little reserve strength
aveilable for the ANSL B16.5 clzss 1500 flanges, The FKellogg allowable on the
other hand assumes conelderable reserve for the pipe losd. In the won-nuclear
applleations, it appeare to be logical to limit the sustalned loadlng to Class
2 Huclear Pipiog allowable and to ume the Kellogg allowable for the thermal
expansion loading.

SPECTAL FLANGES

Flanges designed for special conditions have suffered the most leaksge in
actual applicationse. Thie 18 espectially true in low pressure flanges that arn
apeclally designed for a cost savings over standard flanges, The difficulty
experienced by the special flange 1s largely due to the omiasion of the pipe
load In the design. Although ASME BAPV Code, Section VITI, Div, I, Appendix 2
{3} states, "Proper allowance shall be made if connections are sublect to ex-
teynal losde other than external preasure,” it is often disregarded due te lack
of definite value impomed. A apecial flange should he designed with proper
allowance provided for pipe lomd. This pipe losd can be either caleulated from
the acrual pilping system or, te be in line with standard flianges, taken as the
bending moment sufficlent to produce & bending stress equal to one half of the
basic allowsble strees at the conuecting plpe. After taldng the sbove pipe
luesd into comsideration, one will find that the special flange, designed for
low pressure gpplication, is not much different In thicknesa than the standard
flange avallable for higher pressure service, The advantage of using special
low pressure flange is much less than what it appears to he,

CONCLUSION

The equivalent pressure approsch has become a atandard method in evaluat—
ing pipe load acting on Llange connectlons. There are two acceptable weys
of checking the pipe load using the equivalent pressure. They are vating
table wmethod and skress calculation method. The rating table method is simpler
but is much more conservative by lgnoring the reserve strengrh., It is so
conservative that it would probably disprove most of rthe inatallations which
are operating satisfactorily. The stress cslculation method 18 2 more real-
istie approach which evaluates the actual reserve strength avallable in &
flange,
When & standard flange is rated for a certain pressure, it normally
passes sufficleant atrength to resist the vated pressure load plus sustantlal
regerve strength to resist the pipe load, This reserve strength varies from
flange to flange and is not known until a stress analysia is performed., It
$g also highly dependsnt on the thickness of the connecting pilpe when & bore
of the flange de specified to be the pvame as the inside diameter of the pipe,
In designing a spectal flange, it i# neceamary to provide mome allowance
for the pipe loasd. The allowance can be elther based on the actual expected
pipe load or based on the load that will produce a bending streas eguivalent
to ane half of the basic allowsble stress at the connecting pipe, In eny
cage cgre should be exercised in the fimal plping svetem design to keep the
pipe load from exceeding the allowance providsd,
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