*1 e Fermi National Accelerator Laboratory

TM-1377
0121.585

Design Charts for Spacing of Vacuum Line Supports®

J.L. Western and K.J. Krempetz
Fermi National Accelerator Laboratory

P.O. Box 500, Batavia, Illinois 60510

May 4, 1987

# Operated by Universities Research Association Inc. under contract with the United States ODepartment of Energy



DESION CHARTS FOR SPACING OF YACUUM LINE SUPPORTS
by. Jeffrey L Western and KurtJ. Krempetz

introduction

This paper presents design tables and graphs to sid engineers and designers in the
selection af support spacing for vecuum beam lines and other vacuum pipes. 1his data
applies to support spacing for thin wall pipes and tubes under a internal vacuum {or open
to atmosphere) and subject to external atmospheric pressure. Data is generated from the
equations for a simply supporied thin walled pipe or tube of circular cross section. 1

These tables and graphs indicate what the minimum spacing of supports is for a
pipe or tube of a given radius and supply data for carbon steet, stainless steel, aluminum
and copper materials. The wall thickness of the pipe and tube is limited to 1/10 of the
pipe radius { 77 << #/710). A thickness of R/10 results in a decrease in the length values
in the attached tables of 10%, wheress a thickness of R/ 100 results in & decrease in the
length values in the attached tables of 1 8.

Snow loads, wind loads, equipment loads, etc. are not included in the tables and
graphs. This data is applicable for vacuum pipes or tubes under its own static dead weight.

Criteri F ]

The basic loadings to be considered in the selection of support spacing for vacuum
system pipe or tube runs is the weight of the pipe or tube (not inctuding the weight of the
fittings and valves) and what deflection or stress is accepiable. The moments and reactions
caused by these loads can be computed by the law of statics. The spacing of supports is
governed by: 1) The accepteble deflection of the pipe and 2) The allowable stress in the

pipe.
The worst case is 8 sizmply supported beam uniformly loaded. The static equations
that govern the problem are:

M-F[iZ r-3Ff S-M
2 3847 7

Where  Af = Bending Moment
L = Length of Pipe
¥ = Uniform Load in LBS/IN
£ = Modulus of Elasticity
£ = Moment of inertia
5 = Bending Stress
C = R Where & = Radius of Pipe
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1t ean also be shown for a thin walled pipac3
A-2aRT 7 - al?r
Where A = Areaof Pipe
R = Radius of Pipe
T = Wall Thickness of Pipe
I = Moment of inertia
8= 3141593
Then

W-VP - 20RTLP =~ ZoRTP
L L

Where P = Density of Pipe
¥ = Yolume of Pipe Material

Combining the Above Equations for Deflection:
r-J oLt - :_%4 - 3Pt
F8eEl Jo4 192 Rt
Rearranging and Solving for Length:
L -(192 YERC) 174 ( Equation 1)
P

Combining the Above Equetions for Stress:

§-He - ZaBIGIE - PL
27 2 R
Rearranging and Sclving for Length:
L-(4SRN72Z { Equation 2 )
P

Using a computer program the atteched Tables and Oraphs were generated for the following
materials:

A. Carbon / Stainless Steel { Tabie 1 andGraph 1)
5 =18,750PSI; £=30,000,000PSi; P=.284PCl

B. Copper ( Teble 2 and Graph 2 )
S= 6,700 PSI; £=17,000,000PSI; P=.322PCl

C. Aluminum { Teble 3 and Graph 3 )
5= 10,000PS5I; £=10,000,000P3l; Z=.100PCI
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Precautions
The following precautions should be chserved:

}. Tables and Graphs only spply for material that has 8 minimum physica)
praperty better than those shown above.

2. The pipe is carrying no internal fluid.

3. The pipe has no external load other then its own static dead weight and is not
subject to amy dynamic load.

4. The pipe is not subject to any wind, ice or snow loads.

S. No provisions were included for fittings or valves that may cause higher
loadings on the pipe.

6. These Tables and Grephs are for pipes snd tubes that are under vacuum (or open
{0 atmosphere) and subject to external atmospheric pressure.

7. Thickness is limited to 1/10 of the redius ( F << #/10).

Intended Use Of Tobles And Oraphs

These tables and graphs are intended to give deflection and stress information for
simply supported lengths of round pipe and tubes under self weight static condition only.

This deta is not intended for pipes and tubes under maximum stress or deflection
condition. Extremely long pipes and tubes should be snalyzed in more detail.
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PIPE MAXIMUM UNSU RTE H OF PI T} F

TI?:E , ACCEPTABLE DEFLECTION () OR ALLOWABLE STRESS o)
el e vl e SV W I N S N
172 7 9 11 13 15 18 22 26 29 30
I 1 i3 15 25 31
2 15 18 21 35 44
3 18 22 26 43 54
4 21 25 30 50 63
5 24 | 28 33 56 70
6 26 31 36 61 77
7 28 33 39 66 83
8 30 35 42 71 89
g 32 38 45 75 94
10 33 40 47 79 99
1 35 41 19 83 104
12 36 43 52 87 109




PIPE MAXIMUM UNSUPPORTED LENGTH OF PIPE (FEET) FOR
“(::E ACCEPTABLE DEFLECTION (A\) OR ALLOWABLE STRESS (O7)
(?33.13?) =1/16" ﬁ/a" j?in" ﬁ:z" =A| 9’2
1/2 6 7 9 11 13 15 17
1 9 il 13 15 18 21 24
2 13 | 53 18 21 25 30 34
3 15 18 22 26 31 36 I 42
4 18 21 25 30 l 35 42 48
5 20 24 28 33 | 40 47 54 |
6 22 26 31 36 13 52 59 |
7 23 28 33 39 47 56 64
8 25 30 35 42 50 59 I 68
9 27 32 38 45 53 63 72
10 28 33 40 47 6 67 76 I
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MAXIMU NSUPPORTEDED LEN OF PIPE (FEET i
ACCEPTABLE DEFLECTION (A\) OR ALLOWABLE STRESS (O7)

it Gl e Ve i o o P N
=1/716" § =1/8" J =1/4" | =172 10000 psif
12 15 17 22 26 29 37

1/2 7 9 10
i 10 12 15 17 21 25 31 41 53
2 15 17 21 25 29 35 414 58 15
3 18 21 25 30 36 413 54 71 91
4 21 25 29 35 11 19 62 82 105
5 23 28 33 39 416 55 69 91 118
6 25 30 36 13 - 51 60 76 100 129
7 27 33 39 46 95 65 82 108 139
8 29 35 141 419 59 70 88 115 149
9 31 37 44 52 62 74 93 122 158
10 33 39 46 55 66 78 98 129 167
11 34 41 49 58 69 82 103 135 L Y
12 36 43 Y 60 72 I 85 I 107 141 183
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GRAPH NO. 1

CARBON/STAINLESS STEEL

UNSUPF’ORSED LENGTH
VACUUM PIPES
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/ E = 30 X 10° PSI
Cwx = 18750 PSI

EXAMPLE: 20™Z (10™ RADIUS) PIFE
CAN SPAN 56 FT.
SUPPORT TO SUPPORT
FOR A 1/2" DEFLECTION
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GRAPH NO. 2

COFPPER

UNSUPPORSED LENGTH
VACUUM PIPES
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7 / COPPER
- / E = 16 X 10¢ PSI
4 | Ouwx = 6700 PSI
—
- EXAMPLE: 20"@ (10" RADIUS) PIPE
_ g CAN SPAN 47 FT.

* SUPPORT TO SUPPORT

~ FOR A 1/2" DEFLECTION
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GRAPH NO. 3

ALUM INUM

UNSUPPORTED LENGTH
OF
VACUUM PIPES
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ALUM | NUM
e E =10 X 10° PS|
. Cwx = 10000 PSI|

,/EXAMPLE: 20"F (10" RADIUS) PIPE
CAN SPAN 55 FT.
SUPPORT TO SUPFORT
FOR A 1/2" DEFLECTION
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