GRINNELL — PIPING DESIGN AND ENGINEERING

MULTIPLE PLANE SYSTEM

Given: A 10 inch piping system in accordance with
the sketch shown above.

Maximum Operating Temperature T50°F
Maximum Operating Pressure, P 350 psi
Piping Specification A.8.T.M. A-106 Grade A

Data:
¢ = 0.365 inches

fr age 2. and 12
= schedule 40 e n

d = 10.02 inches
Ip = 160.8 inches*
Sm = 29.9 inches®; from page 12
Ar = 78.9 inches®
Ay =11.91 inches®
Cap 7500 = 996 from page 9
S4 = 17,675 psi from page 3

Find: Renction forces I, F,, and F_, at point e. (At
point a reaction forces are equal and opposite. )

Reaction Moments M.,, M.., and M,, at points a
and e.

Amount and location of Maximum Combined Stress, s.

Solution: Assume point a fixed and point ¢ tempo-
rarily released. The thermal expansion would then
move point ¢ in the direction and by the amounts A,
Ay, and A, to a new location ¢’

Establish axes +X’, +¥’, and +Z’ at point e
opposite to the direction of A,, A,, and A, respectively.
Project the piping system into the three planes formed
by these axes. The three planes are denoted as the
XY, XZ, and YZ planes.
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Determine the location of the centroid and calculate
the line inertias for each projection.
Calculation of the line inertias results in two moments
of inertia for each axis which are added. "
Total I, #2013)€ 3531 % 5544 feet? § 392 Py 5§56
Total I, = 2647 + 3077 = 5724 feet®
Total I. = 2889 - 1998 = 4887 feet?

Products of inertia from the calculations are:

I,y = +1461 feet®
I, = 42360 feet?
I, = + 529 feet?
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Introduce these ‘values into the following equations
and solve for F,, Iy, and F,.

+F:Iz _IFnyy S szz: = L:CCIP
—F Ly + FI, — F.I,, = Lyelp
—Fplyy Fg;[yz + F.I. = Lclp

L. = distance in X direction from a to e
= 14 feet

L, = distance in ¥ direction from a to e
=20 — 8 = 12 feet

L, = distance in Z direction from a to e
= 18 feet

Leelp = 14 X 996 X 160.8 = 2,242,195 Ib £t3
Lyelp = 12 X 996 X 160.8 = 1,921,882 Ib £t3
L.eIp = 18 X 996 X 160.8 = 2,882,822 Ib 3

(1) +F,5544 — F, 1461 — F, 2360 = 2,242,195
(2) —F.1461 + F, 5724 — F, 520 = 1,921,882
(3) —F.2360 — F, 529 + F, 1887 = 2,382,822
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EXPANSION AND STRESSES

PROJECTION IN XY PLANE
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Feelii® ) i To bnd c.g. of each segment
= :5 | "’ see page 54,
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| o | ab = 20’
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‘Centroid (calculated with.origin at e). L
Eq. No. ! Lengﬁi.L, Ft . " Lz ' Ly
b I | 20 1 +280 2 + 40
b, I | 14 + 7 + 98 —8 —112
ed I I 1.3X18 = 23.4 9 0 ~5 —187.2
de I | 8 0 o —4 -3
; SL= 65.4. SLef = +378 Ly = —381.2
o _ 318 e L
Z= g = 1518 =T % - TS .
1 ¢ S
ab Wi 20 3¢ 8.22 X 6.45. =~ 1106 e
be VI 147X 1,225 {—~3.55) = — 8L
- ed VI 1.3 X 18X {~5.78) X (—3.33) = L 481
de Vi 3XW (—5.T8) X 0.4 = - 2% i
. . Ty = +1461 E
I :
L . 20% .
b X1V B T 20X 6487 = 1408 _
be XTIV 4 43,588 = 176
od, XVI 1.3 X 18X 3,85 = 208 -
de XIV B & 48X (0.45) - u
I T :
ab NIV A 20-x 8,992 = 1350
; i3 N y -
be X1v B X e = 20
ed XVI 1.3 % 18 % 5,780 = 750
de XIV 4 8% 578 = 267
| I; = 2647

* For equation. referénce numbers see pages 44 o 48,




GRINNELL — PIPING DESIGN AND ENGINEERING

PROJECTION IN XZ PLANE
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Ceéntroid (cdlculated with origin at ¢}

! ; Ky No { Lengih L, Ft i z’ Lz 2 [ .
T @ | O 13X 20 =28 | it +364 418 ' +368
be i 1 | 14 : + 7 + 9% +18 1253
od I 1§ 0 0 + 9. +162°
de I 13X §=104 | 0 0 T 0 , o
L = 68.4 | Lzt = 462 | 3iz = <3s2 |
L _ 462 il N e
[ T =egg ~ PB.EE =i +12.80
I
Irz: '
= %
ab. Vit 1.3 X 20X 7,25 ) 511 = L 9G4 '
be VI CEX 025 X 511 — I s
cd: Vi S IBX (=£.75) X (—8.89) = 473
de. VIII . LB 8% (—B.78) ¥ (—12.89) = 4 005
‘ i Top = 2360 |
1. i
\ b XV 139 20 X 51l S
be Xiv4d lLs:K 5,112 = 383
éd. Xve % + 183¢ 3,897 53
de XVI 1.5°% 8 % i2.80%
I. ;
ab XvI 1.3 X 20 7,252 )
be XIVE | A+ oo
od XIVA | I8 X675
de XVI 1.3 X.8 X B.75° i74 i
- - ) I.; = 2889 Jf
For equation. referen re numbers see pages 44 to 48, o j




EXPANSION AND STRESSES

PROJECTION IN YZ PLANE

424 | g!
x |
- k’ l .
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D=2 e A S N AN b
_5’,_5 I SENTROID: 5 To find c¢.g, of edch segment
B iz 1 . see page 54.
ks F ; )
™ 1 ab = 20’
475" .l t3i24" be = l‘g
3 ; od =18/
e i 1] de = .8_:’
I
|
il
. [ =
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P
el 5
Centroid (caleulated with origin at e) B
g Tq. No gih L, Et v | Ly’ e Lz
a1 L 20 +2 \ + 40 118 360
e | I 1.3 % 14 = 18.2 -8 | 145,86 <18 43276
éd | I 3 -8 i — g 4+ 9 4162
de 8 —i i —33 0 0 _
SI = 64.2 | 21y = TSers TLs = +840.6
_ 281 .6 K D
7= -fge T T b= grp T TS
'I.'.-z L ‘_
ab L VI 20°% 6,38 X 4:76 _ = 607
st VI 1.3.3¢ 14 % (—8.69) X 4,76, = -3i%
o V1 18 X {—3.823 X {—41.24) = 4378
de VI 8% 038X (—13.24) = — 40
Ly = 4320
Iy
ab XIV 4 20 ¥ & 76 = 453
be, XVT 1.3 X 147X 476 = 412
cd XIV B 111 418 4240 = 810
de XIV 4 § X 13.94° = 1402
I, = 3077
7
g N io208 . .
ab XIVB | ﬁ 20 X 6.382 = 1480
be Xvi 1 1.3 14 ¥ 3.62° = 238
ed Xivad | 18X 3.2t = 236
. ) 3
o XIV.B |; S P = 44
- |_ . L= 1608

.. Tor equation reference numbers see pages 44 to 48,




MOMERNT OF INERTIL

The moment of nertis of an gement is iig length

meultipiied by the square of i distatice from an axis,
The momen of inertia of the entire branch is the sum

these

products.  The monvens. of ‘mertia has a

positive sign only,

The following
various line serments:
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Straight Ling in Plane of Projection
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GRINNELL — PIPING DX

Straight Line Perpendicuiar to Plane of Projection
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