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1. BUMMARY OF RESULTS

A susmary of the OBE stresses and allowable styessss for the pump are

given below, The DEE stressss are not given becsuse the OEE was the

governing load in all cases,

Izspeller Clsarance

Bax, Column Stress
Longitudinal
Circuxferential

Supsort Bolting

Ancho: Bolts
Biear
Teneile

Column Plartes and Bolting
Bolting (primary membrane)
Redial Flange Stress
Tangential Flange Stress
Bolting(Stress Due To Primary Bending)

Motor Bolting
Max, Shaft Combined Stress
Max, Coupling Combined Stress

Max. Shaft Deflection (in./foot)

Actvel  Allowable

.00C3*
7,997
1,978
4,567

7,307
14,693

9,741
10,827

5,308
31,098

1,208
13,089
13,094

0087

«015°

15,000
15,000
15,000

10, 000
10, 000

15, 000
12,600
12,600
37,500
10, 000
15,000
15,000

01

The OBE allowable stresses are from the ASME Code except for the shaft

and coupling which ere not covered by the Code end the stresses due to

primary bending. The shaft and coupling allowable was established to be

in general accord with the Code and the primary bending stresses are pers

the AEC Regulatory Guide 1.48,
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Figure 1 = Pump Outline Drawing
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2. BEISMIC ANALYEIS

A sultidegres of freedox modal analysis ;s made using the cozputer pro-
gram ICESETRUDL developed at the Massachusetts Institute of Technology.
Detailed data »n the prograz, including users ranuals, can be obtained
from M, 1. T. at very modest cost, The prograc 18 & general purpose type
prograc and various segnents are still under development and have not
been checked out adequately, However, the parts of the prograz used for
this analysis have been well checked out egainst hand solutions and
classical results., These verificstion checks wiil be made available upon

request (see Reference 1 in Appendix A).
2.1 Lateral Seiszic Analysis

The computer podel for the lateral analysis is shown in Figure 2. The
joints and wembers are nunbered to facilitate the computer input. Joint
puzbers are enclosed in circles, Masses are luzped at the flanges and
the motor center of gravity, The results of the analysis show that this
18 an edequate nucber of mass points. The izmpeller masses are shown

saparately so that the icpeller clearance can be easily checked,

The lateral analysis was cade for both the high water level case and the
low water level case. The detailed iaput data are included on peges 5 = 10.
The input data are obtained from the model and pump detailed drawings.
Interpretation of the data should be self explanatory in most cases but

detailed comments will be made as follows,

Input for the high water level case is given first. The joint coordinates

$22-2/Z
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are obtained from the model and are entered in order X, Y, The mezber
incidences are self explanatory., The area properties ere for the simple
bean type mechbers except for the exceptions Qiven as follows, The motor
is modeled as an equivalent beam the properties of which are obtained
frow the motor seed frequency furnished by the manufacturer, The motor
mount is modeled as & variable cross secticn beam to account for the holes
cut out for access, The moment of inertia of the reduced section was
obtained by assuming that the two pipe sectors act independently when the
load is applied. This gives a lower moment of inertia than if the two
sectors were assumed to bend as one bo’. The prelicinary analysis showed
that the section &t the cutouts was inadequa.e and stiffeners were added

prior to the final analysis,

The punp lower bowl assembly is of complex cross sectional gecmetry. An

egquivalent beaz was obtained to model the bowl assembly,

The lump masses include the water internal to the pump and also external
water for the submerged portion of the puzp, Both the high water level
and low water level was checked to determine which was the worst car . The
high water level case was the worst, thus only the frequencies for the

low water case are included for reference only.

An inspection of the response apecira for the lateral case showed that
the Dast-WNest earthquake gave the highest loads for this pump. The OBE
also governs the design since the DEE seismic loads are only slightly
Aigher than the OBE loads.

The output sheets for the computer analysis follow,

s22212 i
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Simple conservative checks were mace to insure that it was not necessary
to include separate zass points to account for the moverent of the shaft

relative to the bearings. The snaft is supported at sufficiently short

intervals so t'wat this is not necessary.

The response spectra must be input into the computer in order to perfors
the modal analysis, Experience has shown that STRUDL does a very poor
job of interpolating between specified points of the spectra. Thus, 1in
order to avoid interpolation errors, the analysis is performed and the
frequencies obtained, Then the spectra is input paying particular atten=

tion to inputting points that coincide with the freQuencies.

An orthogonality check is printed out to show that the mode shapes and
frequencies are accurate, The off diagonal terms in this metrix should

be sero,

The computer output shows that two frequencies (3rd and 4th) are very
close to each other, This should not be interpreted to mean that the
square root of the sum of the squares rethod is not applicable for these
frequencies because one of these frequencies is for the lower part of the
pump and the other is for the upper part. The support makes the lower and

upper parts two separate independent cantilever oseams,

The danping was taken to be 211 for the OEE,
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2.3 Vertical Seismic Analysis

The pusp is sbviocusly rigid in the vertical ducctxon.ncopt for the

jmpeller-shaft asserbly. The shaft is supported at short intervals in
the lateral direction but is only supported near the zotor in the verte
ical direction. In eddition, some of the internal water is supported by
the impeller. The exact amocunt of water supported by the impeller is

difficult to determine due to friction effects, etc, Thus, in order to
be conservative, the entire amount of water inside the puxp is assuned

to be supported by the impeller., The model is shown below,.

#Q.L‘—T

. Shaft ~—
A= 3,7 .
in,2 ;'3
K=EA= 212,969 1b/in, :
r
M= J68] = 6,946
386
vk O =
fte)] : 312870 R
6,120 5,945 Mase »f shaft, irpellers, water
- 27.88 cpe

From the response spectra curve for the JBE, the acceleration is 1.2 ¢

for the impeller assembly and ,2 ¢ f:r the remainder of the pusp.

® This has been proved many times in previous reports, This work
will be made available upon request.

598"2'?/




3. BTRESS ANALYSIS

3.1 Introduction
The seimmic loads are combined with the normal operating loads and a
stress analysis is made, Since the allowable stress for the DBE loading
is approximately twice that for the OBE and the DEE saismic loads are

only slightly more than the OBE and in some cases less, the OBE condition

is the worst case.

The piping loads on the pump are estimated in acccrdance with the spece
ification, These are:
My = 400,000 in=lbs
M, = M) = 200,C00 in-lbs
P= 16,000 lbs
Ve = VL = 4,000 1lbs
The nomenclature used is that of Welding Research Council Bulletin 107,
The atove loads are much higher than expected on this pump because the

thermal gradient will be low,
3.2 Btresses in Column

The highest stresses in the purp cclumn occur at the support and are due
to seismic, pressure, and dead load, These stresses are:
Lateral Seismic
8) = 182266/30 = 6,076 pei
wiere the moment is taken from the computer printout, pege 15, and the

section modulus is that of a 12” sch, 30 pipe in the corroded condition.

Yertical Seiszic Plus Dead Loed
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Total vertical load is P = 1,2 {7961) = 9553 lbs
8y = 9553/9.82 = 973 pei

Pressure Stress
S = PR/t + 6P (from ASME Code)

= 80,3(6) <+ .6(80,3) = 1,975 psi Ciicumferential
25

Total Circum, Stress = ],975 psi

Total Longitudinal Str-ss = 948 + 973 + 6,076 = 7,997 pai

The ASME Code allowable stress for SA 106 Gr.B is 15,000 psi. Therefore
the column is adequate, .

3.3 Stress Analysis of Support Flange and Bolting

The pump is subjected to overturning moments due to seismic and nossle

loads, These are shown in the worst condition in the sketch below,

400,000 Noszzles
241,074 Lateral seismic

-,
| 1592 vertical seismic

-2 « 1%" dia bolts

ll.ﬂ’ 11.22°

47961 dead wt
|

—-

o |

The overturning moment , M = 400,000 + 24,074 ~11.22(796] - 1592)
- 569,591 in-lbe

sZ

2-2 12




The tensile stress in the bolts is:

S = 569591 = 13,096 psi

2(22,44)(.9691)
The shearing loads are due to both seismic and nozzle loads, These are
V = 16,000 + 1704 = 17,704 lbs

The shearing stress is:

8, = 17,704/(4(.963)) = 4,567 psi
The allowable stress for SA 193 Gr, B7 is 25,000 ps: tensile., Thus the

bolts are more than adequate,
3.4 Analyeis of Anchor Bolts

The overturning moment on the anchor bolts is the same as for the bolts
previocusly analyzed., The distance beiween the bolts is different and the
bolts are different size, Thus the stress in tension is:

5 = $6959] - 14,693 psi
32(2)(.6057)

The shearing stress is:
Sg = 17,704/(4(.6C57)) = 7,307 pei

SA 307 anchor bolts will be more than adequate.
3.5 Column Flanges and Bolting

The column is subjected to both internal pressure and external forces and
moments due to seismic, The external forces are converted to equivalent

internal pressure by the method given on page 170, Ref, 3,

- *f?«:s’ 1 *%T?Eb’
2%
52



where:
M = gxternal moment

F = axternal force

C = Jasket diareter
P = 16(18226 + 4(796) = 320
- ai .xs‘zusg) 3.152(157)

The total design pressure is:

P = 320 + 80,3 = 400,39
This flange is also flat faced with metal to metal sontact outside
the bolt circle and is designed to ASME Section VIII, App. 1I, Pert B,
A=166, B= 12,75 Cw=15, t= 1,04, £ =3,7], rf =]
rs = .5 (assumed), B, = 13, a=1,18], Sg= 25000, G =15
By = 1,125° h, =0, Ny = ,5625"  Hp = .785(12.75)2 (400.3) = 51,082
Hr = 19,630 He= ,785(15)(400,3) = 70,712
M - $1082(1.125) + 19630(.5625) = 68509 inelbs
The vealue of he which governs in this case i{8: ho = (A -« C)/2 = .8
He = 68509/.8 = 85,636 lbs
The total bolt load is 85,636 + 70,712 = 156,342 lbe

The above bolt load can be broken down into two types, that caused by

primary loads(pressure plus dead load plus vertical seiszic) and prirary

bending(lateral seiszic). The ASME Code does not provide allowable
stresses for the stresses due to bending but AEC Regulatory Guide 1.48
does. The loads are:
Bolt loads due to pricary membrane stress in pipe = 48,978 lbs
Bolt loads due to prizary bending stress in pipe = 107,370 lbs

522"
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The allowable bnlt loads are:

Loads due to primary mercbrane stress = 12(,.419)(25000) = 125,700 1bs
Loads due to primary bending stress in the pipe plus prizmary membrane

stress (AEC Reg, Guide 1.48) = 12(,419)(25000)(1.5) = 188,550 1bs

48,978 < 125,700
156,348 < 188,550
Thus, the bolts are adequate,

nm0 Stresses
EQp = ‘1“,5“ 25C00)(3.68) - 329(16.6 = }SHGSSO”
16.‘ - 15 13.(1..1 (1.0‘)
= 37,549 pai

Sy = 6(68509 = 10,827 psi
1.0‘ (3.1‘ 15)"2(1))
e -‘—-}-—ﬁ’ 46(68509) ™ sie((2,25 ) + 2(,8) .075)]
12,75(1.04 \ 27,75 31.6 12.75

- 5,418 pai
The ASME Code allowable stress for SA 283 Gr, D is 12,600 pei. Thus the

flarnges are adequate,
3.6 Analysis of Motor Bolting

The motor is fastened to the mount by 4 = 5/8% screws of AISI C 1018
saterial on & 14,75 B, C. The moment caused by lateral seismic is 20,679

in-lbs from pege 15.

522,20,
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S.21 $.21
L i o~
b\
2 bolte 360 (dead icad)

M= 20,679 « 5,21(3600-720) = {,674 in-lbs

14,75" B, C,

The tensile stress is:

8 =5,674 - 1,205 psi
2710.42)(.2260)

The shearing load from page 15 is 985 lbs,
Thus the shearing stress is:

8, = 985 - 1,090 pei
4(.226)

The A1SI C 1018 bolts are more than adequate for these loeds,

3.7 S8tresses in Shaft

T™he stresses in the shaft are caused by normal torsion, normal downthrust,
seismic bending due .o lateral momement, and axial load due to vertical
seismic, The shaft is weakest at the threaded end where it engages the
coupling. The most highly stressed location ie the coupling near where
the moment is highest. This is near the support, thus the moment is
162,268 {n-lbs from page 15. The minimum root diameter of the threads is

2.0792°
Iw,042(2,003% =.,917  J=3Ie1,098 10"

64
soi®



The torque T = 63000(300) = 10,500 i1nelps
1800

The shearing stress due to torque 1.

S) = 10500(2,0792) ® $,949 psi
1,838 (2)

The vertical seismic 'cad ~n the shaft due to weight of the shaft plus

internal fiuid is;

1.2(2681) = 3217 1be

The total axial load on the shaft, conservatively is:
Dead load 2681
seisnic 3217

downthrust 15020
20898

Axial stress is:

S, = 20898/(3.40) = 6,146 pei

Bending stress in shaft:

Sy = )82,266 (1.04) = 1,020 psi
165,67

The total tensile stress is:
& = 61¢- 41020 = 7,166 psi

The combined stress is:

Se= ) (1661 4 (2( 5949007 =13, 889 pas

The maximuz normal stress in the shaft {s 13,889 pei end the maximum

shear .ng stress io 6,94 psi. The ASME Code does not provide stress
values to be uced for the design of shafts. An allcwable of 15000 psi
i» ertabrlished for the A-582 TP 416 shaft, which 18 in accordance with

the general stress imits of the Code.

522,7 12




3.8 Deflections in Shaft

Good practice in trarsrission shaft desigr limits ‘he raxiru- dee
flection to .0l inches per foot to prevent exceesive weer

bearings (see Ref, 5), As rentiored before, the shaft ¢

such that it is rigid tetween the tearings insofar as the

analysis (s concerned, However, the shaft will experience accCu ler-
ations imposec by the bearing supperts and must be checked for re-
sulting deflections, It 1s clear that the raximur total accelera-
tion of the bearings would be less than 1g. This aralysis will be
made for the conservative value of lg and the shaf: will be taker as

-

simply suppcrted at the bearings.,

wt, of shaft x lg = 1.06 lbs/1in

N P —
; SISO .A/Azliii

60" max., span l

Defl, @ midpoint = S(1.06)(60)% - ,0067"
384 (29000000)(.9174)

The above deflection is well within acceptable lirits.,

3.9 Stresses i1 Toupling
The maximum iocads in the coupling are the sare as those previously
applied to the shaft (Article 3,5, page 27), The coupling has the
following dimensions:
O.D, = 2,75" Length = 5,5 Root thd, dia, = 2,187%*

Therefore:

I 3,042(02,79)% = (2,:87¢)Y) = 1.6834 in, ¢
64
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J =2l = 3,367

A= 3042((2,75)% - (2,1875)2) = 2.18) in,2

81 = 10500(1,375) = 4288ps,
3,3667

82 = 20898/2,18) = 9582ps)

Sy = 182266(1,375) = 1350 ps:

85,67

S® $582 + 1350 = 10832ps.

Se= YV (10232))% + (2(4268))2 = 13,85 5 ;

The allowable stress for ASTM A-582 TP 416 is 15000 psi. Thus, the
coupling is adecuate,
The thread engagenent of the coupling 18 rore than the diareter of the

threads, thus the full strength of the coupling ir develcped,

3.10 Colurn Deflections

Excessive colucmn deflections can cause wear on the solid bearings and
mus., therefore, be kept within tolerances, The post critical joint 1is
13 because the bearing lccated at the support canr>t underge rotatior.
Thus the deflection at joint 13 causes the shaft tc bend at the bearing.
The deflection of joint 13 is ,0058"(froc page 16). The span is 18,75°,

thus the deflection is less than the ,0] inch/foot given by Ref, S.

52
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3.11 Nossle Losds

| mentionad previously, the £ z3le l-ads asswed fcr (his pag .r ercordance
A the specificatice are farrly high, This 18 @ low terperature systeas,
wrefore, the piring loeas are expectec te be such l-wer thar thecse preve
wsly assused, The reinforcecert cf this nossle aue to iaternal pressure

- coversd by the AXXE Code, and n- reirforcecert 1s reired. The ASME

de does not cover the stresses in the nczzle ceused by exterral lceas,

@re 18 no enalysis cethod eve.'able 4t this tize (knowr ic this aalyst)
which these stresses. Welding Kesewrck Council Bulletie 107 18 widely

®d but 1t 15 licited t> nossles which do mot exceed half the sise of

® vessel, Bevertheless, an estinate of the stresses can be nade by WIC
1letir 1C7,

Ves.07/.15 « 27,48 P - .gzgé_%ggi - .79

is gives & longitudinal stress of:
8 = 130,00C pet

ick is much too high, of course. The Code does mot give limits for &
scontiruity stress of this type but 35 18 ofter used, which ia this
e woula be 45,00C psi, Thus, the nozzle will withetend loeds of
proxizately one third of those specified without a reiaforcing pad. A
X 16 0.D, ped will be required for the loads gives by the s,ecifie
tion, However, it (s recosmended that this ped mot be added wcil fire
imle loads are received,

<39 92
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3.13 - lcpwiterc<Cloarance -

ThERTpsiter eloaranee relative t- the TUbp Caling 1 weer ring

is cmznmm ThMR the shatt 1s simply SUPPOrted 4t the bearings

AnEd Bg-Se1mnid icec ts appiied, .hie a CORBOPVAL 1ve apprrach,

/Z:.uﬂn ard shaft wetrnh

..“. . :(.,' .."..'
- - _—

The defloetion 104

D e NI - 30003 °
T D )(2.,33)

The tnpsider-elearensw1s ;Ci8", “thus 6.k,
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