APPENDIX
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—Example Problem

In order to illustrate the interrelationship between s piping
system and the connecting tank noszle, the following idealized
two-dimensional example problem is presented. The more
uﬁl?ﬁ-&%%?ww!v?nﬁmgiw
space connected to 8 tank can be found in reference [1].

glﬁomﬂﬂn.awsg?bu anchored. The com-
patibility equations of this piping system considering the elastic
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= EI{ARor ~ ARos}

. — (Sa)x + (Se)Fr — (BJML = EI{ALor} (5)
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= EI{lror — Oros)

S., Sy, Sa are the summed shape coefficients of the piping
system as determined by the procedure outlined in reference [1].
Fa, F1, My are the redundant Tadial and vertical force and
vertical moment at point D. EI is the flexural rigidity of the
attached piping.

ARop, ALop are the unrestrained expansions and O1op is the
unrestrained rotation of the piping at point D. ARos, Oros 810
the outward growth in the radial direction and downward ro-
¢ation in the meridionsl direction of the tank sheil-nozzle con-
nection die to thermal and pressure loading only. These de-
formations are furnished by the tank designer or owner to the
piping designer. o

Solving these three simultaneous equations yields the values
of Fx, F1, and My. The deformation of the tank shell due to
the reaction Fp is neglected as it is assumed that the tank
shell-nozzle connection is extremely rigid in the longitudinal
direction. The effect of very large upward Fr loads would be
to pick up s large portion of the tank shell and a portion of
the bottom. Conversely a large downward 7z loed would add
load to s portion of the foundation.

Exampls Problem. The following problem exemplifies the use
of the curves in calculating the local translational and fiexural
rigidity of a tank-nozzle connection. The calculated values
can be incorporated into the analysis of the piping system a3
shown.

Detalls of Fiat-Bottom Tank:
Cylindrical tank diameter = 180 ft
Height of stored product = 70 ft. (s.g. = 1.0)
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Fig. ¢ Flexibility analysis of example probiem
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Shell thickness = 1.5 in.
Opersting temperature = 150°F (80°F above ambient of 70°F).
Modulus of elasticity E at operating temperature = 27.7 X 108

pei

Outward radial growth = ARog = 0.66 in.

Downward rotation = —0.036 rad

Downward rotation and outward growth are due to hydrostatic
product head and temperature differential of 80°F; it is ay-
sumed that the bottom is restrained from movement by fric-
tion forces.

Details of Low-Type Nozzie in Tank:
Nominal pipe diameter = 10-in. schedule 40
0.D. = 2a = 10.75 in.
Distance of .nozzle centerline from bottom = L = 16 in.
Reinforcing has been provided in shell.

Details of Connected Piping:  Refer to Fig. 6 for pipe config-
urstion details and Table 2 for calculations for flexibility co-
efficients S, Ss, Ses, ..., ete, (obtained using reference (11).
Mean coefficient of thermsl expansion = 6.25 X 10¢ in./in.
per °F.

ARop = — (1) (@ (AT) = — (40 X 12) (6.25 X 107%) (80)
= — 0.24 in. o
ALop = — (20 X 12) (625 X 10-¢) (80) = — 0.12 in.

Step 1: Calculatle Stiffness Coefficients for Nozzle-Tank Con-
nection
R/t = 1080/1.5 = 720
a/R = 5.375/1080 = 0.00498 use curves for a/R value of 0.005
L/2a = 16/10.75 = 1.488 use curves for L/2a value of 1.50
From Fig. 11 for radial load:
Ke_
E(2a)
Kp = (9 X 1074) (27.7 X 10%) 10.75 = 268000 Ib/in. = 3.216

= 9 X 10

X 106 1b/ft
From Fig. 12 for longitudinal moment:

K.
E(2a)®

- (2.8 X 1073) (27.7 X 10¢8) (10.75)
: 12

= 2.8 X 10°

KL
= 7.17 X 108 ft-lb/rad

27.7 A
El = XM X 10T, 30.91 X 10s1b-ft?

144
Table 2
MEMBER p-1 | 1-0 |% o-0
L 400| 200
h 200 400
v 0.0 100
nz 1333 333
s 2 300| 200, 600
Sa {h}(S) 800.0| 8000 1600C.
Sb {v)(S) 00| 200.0f 2000
Sob {v}(Sa) 0.0 8000.0] 8000.
| Sga | (hXSoIHSILYI2} 21332, 32000.0[{53332.
Sub | (v ) (Sp)+SIE/I2 0.0| 2666.0] 2666.0
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FINAL LONGITUDINAL
ROTATION OF TANK SHELL
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FINAL RADIAL RADIA
TRANSLATION ] cc_m «w»..ﬂmrpdoz
OF TANK SHELL AR=-5%
M, = 69320 f1-Ib \
—_— _qnmmo b
x/ :/w,
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FINAL
ROTATION DUE TO
IMPOSED REACTIONS ROTATION

Fo AND M

aRos = QUTWARD GROWTH DUE TO HYDROSTATIC
D AND TEMPERATURE DIFFERENTIAL

Bios” WARD ROTATION DUE TO HYDROSTATIC
HEAD AND TEMPERATURE DIFFERENTIAL

Ig. 7 Final deformation of tank shell-nozzle connection

30.91 X 108
g = - L - 9.61 ft?
e = 3216 x 106 9811t
30.91 X 108
o= xR
EI
C = 721182 EIL _ 510
2 K
EI EIL
f “ o §ASft?
rage o LKx and £ 48 ft

te: Average value is used to insure necessary symmetry
tiffness matrix.)

lep 2: Sole Compatibility Equations to Determine Fa,
M,.. Substituting values in the equations (4), (5), and (8)

="
36 + ewwa — (8000)F; + (200 — 8.48)M
_ = 30.91 X 108 { —0.020 — (0.055)}
| 3000)Fx + (53332)FL — (1600)M, = 30.91 X 108 (—0.01)
0 — 6.48)Fg — (1600)F: + (60 + 4.31)M,
= 30.91 X 108 { —(~—0.038)}
ving these linear algebraic equation yields:
= 580 Ib, Fr = 2160 lb, M = 69320 ft-Ib

Step 3: Determine Deflections. The deformations due to
' calculated loads from the piping are combined with the
wvements of the nozzle acting with the cylindrical shell due
" hydrostatic head and temperature differential. These are
nmarized in Fig. 7.

Deflection of Tauk Shell Due to Imposed Reactions:

flection due to Fp:

Fg 380
R et s e a in. (=
Kz 268000 0.0022 in. (=)
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REINFORCING ON SHELL
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Deflection due to My:

M: 69320
Op = — =

_ 73 = 0.5540 N
K. .ZqXE.Xm deg (M)

AR = —16 tan (0.554) = —.1547 in. (+)
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REINFORCING ON NOZZLE ONLY

REINFORCING ON NOZZLE ONLY
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REINFORCING ON NOZZLE ONLY

REINFORCING ON NOZZLE ONLY
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REINFORCING ON NOZZLE ONLY REINFORCING ON NOZZLE ONLY
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s_i to both Fz and M: Longitudinal rotation = 8105 + 6= —2.06 + 0.55 = —1.51deg
jion AR = +0.0022 —0.1547 = —0.15 in. (=) ()

station = 0, = —0.0077 +0.5540 = 4-0.55 deg " Check Acceptability of Calculated Loads From Example Problem
Using Suggested Criteria

VRt = +/1080(1.5) = 40.25

tank shell—nozzle connection:
ement = ARos + AR = 0.66 — 0.15 = 0.51 in.

2/3 OF THE REQUIRED REINFORCED

/3 OF THE REQUIRED REINFORCED AREA MUST BE LOCATED WITHIN
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624

Lo (70 —1.33)x(5.375) = 2700 Ib

= 3.4; xr = 15.0 (refer to Fig. 20)

5.375)/40.25 = 0.53

.375)/40.25 = 0.26

"

. does not apply for sample problem, M¢ = 0
s at nozzle-shell connection are:
M. = 832000 in.-lb

o._wmmo
79 BaD)) a..cAmﬂ_v = 0.00¢

‘Vessel Technology
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N M\ 013 832000 05
axr \Fr J  (5.38) (15)\ 2700 )

The nomograph shown in Fig. 5(a) has been drawn for this
nozzle configuration. The point (0.004, 0.5) lies within the
boundaries; therefore, the calculated nozzle loads are acceptable
for this nozzle-tank configuration.

Check Stresses in Nozzle Neck. (Assume nozzle wall thickness
= (.5.) )

muﬁhm+W+Ew:e _

_ 200 . 580 . 832000 X 54

2X*X54X.5 166 212.0 : m

= 159 + 36 + 21192 .
= 21387 psi

B
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