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ABSTRACT

It is & vonsensuvel belief of piping engineers {hat the current allovable
pipe loads on rotating eqguipment nozzles imposed by the equipment wanufacturw
ers are too low. A more‘rvealistic allowable should be establighed to better
bezlance equipment costs against plping engineering and material costs,

This articls reviews past practices of equipment rozzle loads and points
out Inadequacles and inconsistencles of the current standards. ¥t is believ-
¢d tha the extra manufacturing or engineering cost Incurred in providing in-
vreased gllowable nozzle Loads for rotating equipment ¢an be compenssted by
materfala and engineering savings in the assoclated plping systema, This
paper proposes a set of reagonsble limiting sllowables and suggests giving
credit to equipment with higher allowable nozzle loads when a bid is being
evaluared,

TRTRODUCTE ION
A plping system has to be desipgned to satisfy the following rquiremests:

{a} Functional Adequacy - The pipe shall be big encugh te carry the
amount of £luld required for the process. Ilts wmatsrisl shall he comparible
with the fluid it carries, 1t ie protected from excesaive heat loss and from
environmental damage such as coerxrosion, fveezing and so forth,

{b) Structural Integrity - The pipe shall be thick enough ro vesit
the loternal pressure., ¥t ls properly supported for weighe, wind, selsmic,
and other loadings. 1f should be flexible enough to absorb rhermal expansion

©and contraction,

{c} System Operability — The piping shall not cavse any excessive de-

. formation to the conneetiog eguipwent thus hindering its proper cperation,
Flange leaking, valve sticking, rotsting equipwment vibration and overheating
are some of the preblems to be aveided,

While hoth insuring structural inregrity and maintaining "svstem opera-
billey" are responsibilities of piping engineers, the task of maintaining the
system operabllity is more difficult because it involves the strength of the
comecting equipment which is beyond the control of piping engineers., What



a plping engineer can de 1ls to atrange the pipe 1n such a way that the pipe
lond applied at an equipment nozzle is less than the allownble load furnished
by the equipment manufacrturer, Unfortunately in actusl practice this is not
as eagy as it sounds, since the allowsble loads are generally very low, 1t is
unusual to select a piping syetem meeting rhe allowable nozzle load without
polng through & censiderable nuwbor of -leulstlons. Flexible loops and spe-
tdal restrainte are normally needed for hot piplng systems to bring the pipe
load wirthin the acceptable limirn.

It is a consensual feeling amont Lhe pipe sireass ecegincers that the current
etandard sllowsble nozzle londs shuuld he higher. Theee low allowables have
contributed to increased plant cost by requiring additional pipe loops, re-
stralnts, and englneering manhoors., It f{s belleved that the overall plant cost
can be reduced by providing equipment with higher allowable nozzle load. This
is believed to be particularly so In the case of rotating equipment.

It 1s the object of this paper vo explore merhods for scrting an allowable
pipe load on rotating egquipment nozzles. The paper reviews past and curvent
practices on nozzle sllowable load, discusses the difficulties of mesting the
current allewables, cltes some sperial solutiens to the probiem, and establishe
ey a get of rationsl allowabla,

HISTORICAL BACKGROUND

Piping enpincers have long realized that there 1s a limitation on the
wapunt of pipe load which can be applied to the rotuting equipment nozzle, There-
fore, they bave alwavs refrained from putting too much lead on the equipmen:z.
They also tried for forty yesrs te ratlonslize and standardize the cguipment alw
loweble pipe loads. The Jifficulty faced by today's piping enpineer 1s not any
less than the difficulty faced by englnesrs forty years age, The progress in
standardizing the squipment sllowable can be divided into classical and
modern stages,

CLASSICAL ALLOWABLES

Prior to World War 1I, englneers 4idn't sven bother te know how much pipe
loed a pump or a turbine could take. They rasorted to common semnse and judge-
ment te design many successful plants. Although mancfacturers Insiaved that
absolutely no plpe lpad was allowed to be applied to chelv sguipment, Rosshein
and Markl (1} found that the average pipe rcaction acting onm the pumps were:

Vertical thruse, Lb = 3,25(D + 3}3

Lateral thrust, Lb = 1,30 (D + 3)3 (1

) k!
Bending or torsional moment, ft-1b = 5 (D + 31}

where D iz the outside pipe diameter In ifnches. These loads are several Tiwes
higher than the allowables of the mwodern poums 8-inch {203m) er Iarger. These
were the good old days when a pump could taske a let of lead without even being
designed for it.

Repardless of the successful vperating experience representiad by Equation
(1} leading, in 1950 Wolosewick (2) sugpested that the above londing was ex-
cessive. Based upon a large number of stress caleulations on actual Installa-
tions, he recommended a set of rules with considerably reduced allowables, His
reviged rules may have been bagsed on the vse of higher guality material avall-
able at the time thus resulting In thinner castings. and In higher speed cguip-
ment more sensitive to small deflectlons.

In this era, equipment was aot deslgned directly to take any pipe loads,
‘The loads applied were resisted by the Inherlent equipment atrength desismned
by other Factors such as pressure, arvchitectural shape, and built-in canserva-
tism, Equatlon {1) is no longer applicable, but it does reverl the wmagnitude
uf the loads piping engineers used to awply Co equipment,
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MODERN ALLOWARLEZ

In 1958, a new ¢ra began when Natlenal Electrical Manufacturers Associa-
tion (NEMA)} published the zllewable pipe Forces and moments on mechanical-drive
steam turbloes {3). This publiecation not only standardized the allowsble loads
but also divided rhe lead into two categories; single nozzle load and combined
wachine load. The single nozzle Is the direct measure of. rhe nogzle and casing
stress and deformation which might cause interference hetwsen moving and fixed
parts. The combiped machine lead Is the combination of all the losds acting
on the machine through individual nozzles. This load i3 limited by the pedes-
tal and baseplate strength end rigldity to sssure shafr alignment, Because of

their fundamental significance, rthe NEMA allowables are summavized in the fol-
lowing:

L. 4t each connecticn, Che resultant forces and moment shall satisly the
following:

IF + M = 500D (%
where, ¥ = Resulrant fores, lh,
¥ = Hesultant moment, fe-1b
b= Plpx stze of the conneccion (I.P.S.} ln inches up to & inches

in diaweter. For slzes greater than this, use a value of B
equal to (16 + T.P.5.)/3 inches.

Y - Vertical

1k

Paraul}ei to _
» X ““Farbine Bhait

7 - Horizontal Right Angle to Shafl

Figare 1. NEMA Allowable Directions

7. The combined resultant forces and moments of the inlet, extraction,
and exhaust connections, resolved at the centerline of the exnaust connsetlon,
must Dot excesd the [ollowing condlitons:

{a) Thes¢ resultancs shall sagisfy;

W, + Mo S 258 by {3)

where, ¥Fe = Combined resultant force, 1lbs



Me = Combined resultant moment, ft-lbs

De = Equivalent diameter (ia imches} of a circular
opening equal e the total aress of the inlet,
extraction, and exhaust openinge up to a value of
9 dinches in meter. For values beyond this, use a
value of Dc equal to (18 + Egulvalent Diameter}/3 fnches,

{b) The compenents of these rerultsnt shall mot exceed:

Fx = SODCy Py = 125Dcy Fz = 100 De

(4}
Mx = 250 Do Py = 125 Bej Mz = 125 be

where the directions are as shown in Flgure 1.

As demonstrated in Flgures 3 amd 4, the NEMA allowable for a single nozzle is
only about one eighth of the value given by Rosshelm gnd Markl Ffor a l2-inch
(305 mn)., Weedless to say, this has created a let of problems Lo the piping
systém. The allowable for the combined load is even more stringent.

Although the NEMA allowable is widely considered as very strict, it
nevertheless f{s a atandard with authority. It is also used convenlently as a
reference value in other applicatlong. For Instance, Americal Petroleum Insti-
tute dn its Standard 617 {4) requires that the cantrifugal compressors shall
be designed to withstand external forces and moments at least equal to 1.85
times the values calculated from NEMA SH-21 formulas,

PUMP ALLOWABLES

- Srandardized allowable nozzle load for pumps were not available sntil 1971,
when APY published in irs Standard 610 {3). The original standard covered only
the pumps with 4-inch discharge nozzle or smaller. The new 1991 &ih edicion
has extended the stope to pumps having suctlon nozzles 12 inehes and smaller.

Y

PEDESTAL

Figure 2. API Std 610 Allowable Axes

The allowable piping loads are summarized In Figurey 3, 4, and 5. The
loweyr values represent the allowsble loads applied in the weak direction of
the pumps. Az will become elear later, these new revised 1981 aliowables are
approaching the rational values developed In this paper. The major improve~
ment in the 1981 standards is the strengthening of the baseplates amd pedestal
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supports. 1r also eliminotes the ordginal 1000 pounds minlmum weight yule
which had resulted {n euch an inconsistency thast gave almost the same combined
desipn moment for all sizes of the pumps covered,

However, 1t should be noted that & large uumber of pumps are not huilt
by the API Stsndard. T~ so cslled AVS (9) pumps widely used in the chemical
process Industry, for instance, de not have a standard nozzle allowable.
Mot of the AVS pumps can take congiderably less load than APT pumps,

goou

BN

§000 7

API Std 610 [ 5] =

Equation {9 )

{ LBf<Ft }

€ 4000 A
[ H]
£ \\
L»]
=
3
= NEMA [ 3
8 /‘Assume[ 2F¢ = Me
E 2000 «
4] N L/
N
B- L
¢ %3 T%d ax8 8x8  8x10  10xlz  12x14

Eguipment Size, Discharge by Suction, { inches by inches )

Figure 5. Combined Resultant Momentis
Conversion Factors : 1 inch = 25.4 mm
1L =4, 448 N

From the charts presented, It appesrs that AP1 $TD 610 hag a higher al-
lowable than NEMA, but in realley, the STD 410 allowable 1s the move difEicyle
one to meet. This is wmainly due to the fact that:

a&. Turbine piping lv inherently more flexible than pump piplngs
due to the high temperature and pipe siress requirement,
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b, Most turbines are Independent drives therefore thele piping can be
more ¢asily vestrained, On the other hand, pumps are normaily installed with
100% or 30X spares weaning two or three pumps are generally connected together
with common piplng. This creates twisting beiwesn pumps sod also makes them
more difficult to restvain.

¢, Liguid cap potentlally create a move diaturblng force than streawm,
Thervefore, pump piping Is more prone to vibration when excessive piplag loops
are installed: careful attentlign to loop supports and guides are a necessicy,

DIFFICULTIES WITH CURRENT STANDARD ALLOWABLES

It is probably safe to say thaet the curvent standards for equipment noz—
3;3 #llnwable loeds have caused considerable problems for plping engineers.
They are tog low, Inconwistent and arbirrary.

{a) Teo Low - This Lle exemplified in Figuxe 3, In thisg figure the
Rassbels anc Markl Curve Yepregents the allowables piping emgineers used to
apply. ‘liey are well above the NEMA recommendabions. The realistic value
can be expected to lie bectween these two curves.

{b) Inccnsistency « The current atandard values doas not treat foyces
and moments 1n equal significance, In ¥EMA, for imstance, although the
woments and foxces are combined dinto a single parameter, the fixed scale fac-
tor gppiied to forces ls nor conelatent with the actual equipment geometry,
The inconsistency also s apparent whep Equatfons {2} and (3} are converted
into the Metrie system. The greatesr Inconsistency of the current standard
allowables, bhowever, i1s the variatlon with the pipe diameter. The standard
ailowable does {ncrease with ilocreasing pipe size, 'but is less Chan directly
proportional te the pipe slze. However, 1f based on sueengtbh of pipe or
equlpment, the allewable should vary proportionally to the square or cube of
thie pipe size as shown in Eguation {1). The new 1981 APT 6130 has more or
less corvested this inconsistency by requiving the consideration of beth
forces dnd moments in the comblned evaluvation,

(¢) arbivrary - although some convenlepnt values have to be used when a
standard is being established, these valuea can make the whole standard appear
to be srbltracy. Take NEMA allowable four Ilnztance, the allowables are pro-
porrional to the plpe slze for pipes up to 8 Loches; then the Intreasing
rate sbruptly drops to one third of the original rate for pipe sizes greater
than 8 inchea, Regardless of the reason behind this rate drop, the uge of
3 inches as a change step is arbltrary. The arbitrary factor is even more
apparent in the cese of 1971 API-610 pump allowable whieh 1s srill applicable
to many plants currently under design. Owlng to the minimum LOCGU pound rule,
the L971 API-6L0 allowable of a 1 ineh by 2 inches pump is the same as that
of a E Inch by 10 inch pump. This is due to the fact that except some small
amount of high pressure punps, most pusps of refinery and petrochemical ser-
vices are light weight types, An 8 by 1D pump barely weights 1000 pounds,
the minlmunm weight to be used In calevlating the allowables. Although tests
{6, 7) have shown that a 4 x & pump can resial the load allowed without ex-
cueding the specified 0.010 inch displacement, it is valld to gquestion if a
1 % 2 pump can take the same load. Also it will be loglcal to assume an
8 % 10 punp will be able fo tske wore., Fortunately, this 1000 pound minimum
welghi rule bas been ellminaved in the 1981 API-610,

The low equlpment allowable nozile leoads have forced piping engineers
te use excessive pipe loops coupled with cowmplex restraianb arrangamests to
meet the reguirements. This not only ilncreases capital expenditures but alse
incteases potential operational problems. Vibration, cavitation, and loss of
net posicive suetion head (NPSH) are some of the cowmon operating problems ve-

23



sulting from excesslve plping loops,

Top overcome the above difficulties, snglneers are occaslonally forveed to
resort to usneonveatlensl approaches such as stiffening the pump base plates,
putting the whole equipment set In suspension, making the whole equipment set
free to slide, and so forth. However, even letting the equipwment slide on o
pad, consldersble stiffening on the baseplate is still frequently required
@®.

The fundswental solution fo the problem is to ilnerease the equlpment al-
lowsble loads. In orthev words, higher allovable nezzle leads are needed,
Looking at current allowables, 1t is apparent that the pressure par:i of the
casing of the equipment is generally sufflclently strong to be sble to take
the moment which will penerate a pipe stress equal to approximately one thirvd
of the basic allowable stress. That is a large moment compared with the
gllowable moment. The limiting weak part io the equipment appeaTs to be the
baseplate and pedestal portion which can be very inexpensively stiffeped.

RATIONALIZE THE ALLOWABLE

It has been argued that low equipment allowable nozzle loads have resulted
in ingreasing the overall plant cost. Plping engineers have long realized chat
buying somewhat more expensive equipment with higher allowable nozzie loads any
actuaily be cheaper, overasll, when plping cost is included.

However, this philosophy is seldomly put into effect in buylng the couip-
mst. Because of this, the manufacturers don*t have an lovesntive to devote at-
teation to this problem. They frequently give allowable nozzie loads Tower
than the one thelr equipment can agtwally take to reduce the possibllity of
equipment problems.

Therefore, manufacturers must be given incentives to provide
higher silowsbles as they ave done ip other areas, For Instances, {in buving
pumps or turbines, a credis is generally given to the ones with higher effi-
clency or performance rafe for the eventual saving ln power or energy con-
sumption. Although the enerpy saving is not immediately realizable at the
time of purchasing, engineers are willing to capitalize the future saviag into
the present worth Co compensate the vendors. Because of these incentives the
vendors are censtantly ftyying to improve thelr equipment efficiency without
belng pushed to do 1t. Tnis process works resl well In increasing eguipment
efficiency. There 1s no reason te believe that a similar process will not
work for the equipment allowable load.

Thé savings Trom higher eguipment allowablie nozzle loads are not very
tangible. It comes [rom saving of plpe and pipe support meterial and reduced
englneering offort. UWhen the stated allowable nozzle loading 1s lower than a
practicable wvalue, engineers will be forced to devore much time and effort to
developing 2 solution for what may well be 4 Flcticious problem.

In order to have a guldeline of the magnltude of the zllowabls, 1t 1s
beneficlal to develop a set of rational allowables.

1. allowable Loads

Because of the pipe sbress, flange lead, foundatlon capacity and
other requivements, the allowable pipe loads cannot be arbitrarily {ncreascd
without proper iimit. An equipment allowable exceeding a cortain limfr will
have no practicel lneveased value at all.

In setting the practical allewable, if 1s necessary to avold {alling
into the game difflculties the current standard allowables ave [aclng, the
allowablen should consider the Force and moment in equal sigoificance. They
should also vary more than directly propertional te the pipe diameter,

From Flgure &, for loads setlng wve the Face of nozzle A ov the desrig-
nated resolving point B, the affect on the ceupling displacement will be de-
perding on the force snd moment seting through A-B-C and A~B-D.  {n mast coses
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the flexing deformarion due £o moment is much move significant than the

shear deformation due Eo divect force, Therefore, the total effect of the
toad con be measured by a comblined parameter M + KiLF where Ki 1y {he cor-
relation constant and L the equipment dimeasion, Because the eguipment dimen-
sion is proportional te pipe diameter, the above parameter can be revised to
M + Egp¥. By scrting KiD = 3, this parameter would be ildentical to the HEMA
paraseter. But by usging KD instead of the simple constant, the parameter c¢an
reflect the avtual equal significance of forces and moments. K32 can be set
equal to 4 with conzistent units in M, P, and F, ¥Thls combined parameter can
also be called wgouivalent woment. That 1s

¥ = ¥+ 4DF {5

The varlascion of vhe allowable with the diameter can be derived from the
1dea of Iimitinw pipe stress. Based on past experiences and practices, the
limiving plpe suress shall be smaller for larger pipes. In order to have a
smonth variation, it appears to be loglcal o set the limiting pipe streass in-
versely propertional to the square voot of the pipe diameter. That is

5 = 3 (6}
I

Ky can be roughly set to 1800¢ pst - 1n}/2 (19,800 kpa - wb/d), It should be
noced that this s not the actuwal plpe allowable stress bub rather a measure
to set a refercnce maximum pipe losd. $Since the standard wall thickness var-
ies roughly preporticonal to che square ront of tue pipe diameter, the sesticn
nodulus of the plpe ¢ n bL written as 2 =frip = ans 2 K4 can be set au
0.08 int/2 (0.0128 wl The allowable egquivalent moment M' = SZ then be-
COME )

M+ AUF = Ky ¥y DZ (73
ar, for inbividual nozzle

M+ 4DF = KD (8)
where, M = Resultant moment, fn-lb, {KN-M)

I = Qutside diamecar of pipe, in, (M)

L]
L3

Reseleant fores, Lb, (KN}
K = Constant = 1440 ib/in

253 KM/M

3

Assuming M and 4DF have the same contribution, the relative comparison
af this maximum load with the standard ailowable ls shown in Figure 3, 4, and
3.

Egustion {B) represent the sllowable for each individual nozzle, For com-
bined allowable the zame equation can also be used by replacing the outside
diameter with an equivalent diamerer. That is for combined load

2 (9

Mo + 4 fic Fc = K Do
where, Mc = Combined resultant moment, 1n-1b, (KN-M)

Fe = Combined resultant foree, 1b, (KN)

Do o= Jﬁlz + 922 + 932 + -+, egoivalent dismeter, Iin, (M)

£ = Constont, same g8 in Bguatlion {8)
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Although vach equipment has different stiffnesses ar different divections, the
varlation of the allowables at different dirvections should net be greacer than
50 percent of the maximum component. The difference becween ¥ and ADF should

not be wore than 30 percent of the grester of the twe either,

2. Lokt Benalits

figuations {8) and {9) have laid out the allewable which piping enpi-
neers would llke to have, now 1t iz time to find out what 1s the cost bene-
fit of che high allowable. Flpure 7 shows a typical layout to be used in £his
investigation. Toe actual layoul msy look like the one shown im Figure 7-{a),
but for lovestlgation purpose the layout can be unfolded as in Figure F-{b).
The loop or the leg L 1s needed to abserb the expansion so the pipe will not
create koo much load op the equipment. The Iovestigation is te find the plpe
Tengrh required for different equipment allowables. The lower allowsble will
require fonger length, and the larger the expansion the lenger the L will also
be neaded.  This L ls ¢ied to equipment allowable and the amocunt of expansion
two variables. However, since the line can always be rvonveniently stappad
at Poinl A located 20 or 30 feer away from the eguipment, it really involves
ounly the expansion of about 20 feet of pipe. Purthermore, the higner the
tamperature the longer the inlcial lengrh is requirved iust for the pipe struss
purpose, the effect of temperature on the additional pilpe length in veducing
the pipe load hag greatly reduced. Based on ihe above, a [fixed delta of 0.3
inci €12.7me) can be used for all the cases. This 0.5 inch movement is goui-
valent to the expansion of 20 feet of carbon steel pipe operating at about
400PF (2067C) and also is the amount of displacement that can be controlled
relatively easily by restraints. The lenght reguired can be determinad by
using the gulded cantilever approximation. From gulded cantilever formulus,

. .‘.Li-’..é}_é... R M = _E._l:_;.-_n@,?_%,ém.m {10}
& &
where, £ = Modulas of elasticity of pipe material, psil, (KPA)
I = Mement of lnercisl of plpe, iné, (HQ)
A 0= 0.5 do {0.0127 m)

Fauation (1) can be used to escimate the capital value of the allowable in
teems of the pipe length.

0f course, the suviag fros the hlgher allowable is nob IHmited to the
marerial saved, The supports, restraints, and space saved can easily ex-
ceed the saving from the plpe considering the fact that many restraints have
to be framed wp from the grade. A tight apace can also cost engineering days
Lo comd up with an acceptable loop,

CONCLUSTON

Plping systems connected Lo rotating equipment have occasionally causcd
operating problems. Large plpe forces have caused some punp seal to wear
out permaturely. They have also naused some turbines to vibrate undesivably,
On the other hand, excessive loops used o reduce the pipe forcs have
caused some severe shaking in pipieg. These problems csn be groestly reduced
trivough a better coordinatlion borween piplog engineers, equipment enginesrs
and the wguipment wanufacturers. Thia cen be achieved by the fellowing
pracilee.

1. ¥aaw the amount of pipe loud the equipment can take:
It is not upusual for a piping engineer to discover toward the end of the de-
slgn stage that an equipment can aetually take much less pipe load than
cxpected,  To alleviate this situwation whanever possible, equipment should be
purchased that is builc in accordance with standards providing =llowable noz-
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zle loadsz.

2. Encourage the vendors Eo provide the actual pozzle allowables paryi-
cularly when it 1s higher than the standard values. Tt should be specified
that high allowable nozzle leadings will be viewed as nn advantape.

3. At equipment purchasing coordination weetings, the subject of allow-

able nozzle loads should be discussed and the deyign parameter agreed upon
with the manufzcturer,
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