KINETICS™ Pipe & Duct Seismic Application Manual

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS

S8.1 — Introduction:

During an earthquake, the hanger rods are not passive components that just simply support the
dead load of the pipe or duct. They must also resist the reaction forces generated by the seismic
restraints. First, there is a vertical compressive reaction force with both the strut and cable
restraints. Second, there is a tensile reaction force when strut restraints are employed. These
compressive and tensile reaction forces may exceed the tensile loads due to the dead weight of
the pipe or duct being supported. The compressive reaction forces may be large enough to cause
the hanger rod to buckle, and the tensile reaction forces, when added to the dead load being
supported, may cause the hanger rod or anchor to fail in tension. When the compressive loads in
the hanger rod exceed the buckling strength of the rod, a rod stiffener must be employed to
prevent buckling, or a larger hanger rod must be used. When the tensile reaction load plus the
dead load exceeds the allowable limit for the hanger rod or anchor, a larger hanger rod or anchor

must be used.

This section will examine the nature of the hanger rod reaction forces for both the strut and cable
restraints, and outline the basic requirements for the application of rod stiffeners. As will be seen
in the discussion that follows, the requirements for hanger rod stiffeners will be very project and
location dependent. It will also be noted that seismic restraint reaction forces and the
requirements for hanger rod stiffeners will affect only those hanger rods directly connected to or

immediately adjacent to the seismic restraints.

S8.2 — Horizontal Force Class:

Since the seismic design force (F.) discussed in Section S5.0 acts in a horizontal direction,
Kinetics Noise Control has developed a Horizontal Force Class system to rate their seismic
restraints for Pipe and Duct and to classify the seismic requirements for projects. This system is
defined in Table S8-1 below. The Horizontal Force Class system provides a quick and easy way
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to select the proper components while being sure that a satisfactory Factor of Safety is being
maintained. It simply requires matching the Horizontal Force Class rating of the seismic restraint
with the calculated Horizontal Force Class requirement of the pipe or duct. Also, the Horizontal
Force Class system provides a convenient vehicle for a general discussion of hanger rod reaction
forces and the requirements for hanger rod stiffeners.

Table S8-1; Horizontal Seismic Force Class System Designations

Horizontal Horizontal Seismic Force Range
Force ber
Class Force Class
(Ibs)
I 0<Fp =250
I 250 < Fp <500
1 500 < Fp 1,000
v 1,000 < Fp 2,000
Vv 2,000 < Fp 5,000
VI 5,000 < Fp 10,000

S8.3 — Hanger Rod Size Code and Allowable Load Data:

The hanger rod size code that will be used in this section is a numerical value that corresponds to
the basic rod size in eighths of an inch. For instance a 3/8 inch hanger rod will have a hanger rod
size code of 3 and a 1 inch hanger rod will have a hanger rod size code of 8. The hanger rod load
rating information used in this section was obtained from the following source and is shown in
Table S8-2.

MSS SP-58-2002; Pipe Hangers and Supports — Materials, Design, and Manufacture,
Manufacturer's Standardization Society; 127 Park Street, NE, Vienna, Virginia 22180; Pgl12

The loads are based on an allowable stress of 10,700 psi acting on the minor thread diameter of
United National Course threads. Further the loads listed are based on a maximum hanger rod
temperature of 650° F.
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Table S8-2; Hanger Rod Size Code, Size, and Allowable Load Data

Hanger Minor Area H;f;%er
Moment
Hanger Rod Thread Allowable
Rod : ) of
Size Diameter . Load
Code ) Inertia
UNC (in) " ASD
(M) 1 (kips)
3 3/8 - 16| 0.2992 0.000393 0.73
4 1/2 - 13| 0.4069 0.001346 1.35
5 5/8 - 11| 0.5152 0.003458 2.16
6 3/4 - 10| 0.6291 0.007689 3.23
7 718 - 9 0.7408 0.014783 4.48
8 1 - 8 0.8492 0.025528 5.90
10 1 14 - 7 1.0777 0.066216 9.50

S8.4 — Hanger Rod Seismic Reaction Loads with Strut Restraints:

Strut restraints have been employed in the building industry for seismic applications involving pipe
and duct for many years. They will be discussed first because of the common usage, and to point
out, the not so apparent, limitations to their use. The discussion will start with pipe or duct
suspended by single hanger rods and restrained by struts, which is shown in Figure S8-1. Shown
in this figure is a single clevis hung pipe. However, the applied forces and reactions can also apply
to a duct that is supported by a single hanger rod. The variables in Figure S8.1 will have the

following definitions.

A =the seismic restraint installation angle. It is measured from the horizontal and typically has a

range of 30" £ A£ 60° Occasionally installation angle less than 30° are used, but installation
angles greater than 60° are never used.

F- = the design horizontal seismic force, horizontal seismic force, that is acting at the restraint

location. The direction of this force will alternate 180° as the earthquake progresses. This
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horizontal design force is a code mandated figure and is discussed in detail in Section S5.0 of this
manual.

F¢ = the reaction force acting along the axis of the strut. This will be either compressive or tensile
depending on the direction of the seismic force.
F, = the vertical reaction force due to the design horizontal seismic force acting along the axis of

the hanger rod. This force will alternate between tension and compression as the horizontal
seismic force changes direction.

W, = the dead weight of the pipe or duct that is supported by the hanger rod.

(Fv + WR)

Fs

Fe

Figure S8-1; Forces Acting on a Strut Restrained Single Hanger Rod Supported Pipe or Duct

The magnitude of the reaction load in the strut restraint may be determined as follows.
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Fp

Fs = Cos(A)

Equation S8-1

The magnitude of the vertical reaction force in the hanger rod will be;
F, =Tan(A) Equation S8-2

For a single hanger rod supported pipe or duct, the component weight supported by the hanger
rod will be as follows.

W, =S, w, Equation S8-3

Where:

S,, = the pipe or duct hanger rod spacing, usually given in ft.
w, = the weight of the pipe or duct, generally expresses as Ibs/ft. See Appendices A2.0 and A3.0

for typical values.

In Figure S8-1 in the view marked A, the horizontal seismic load is attempting to push the pipe or
duct to the right. This produces a compressive reaction load in the strut restraint and causes a
vertical tensile reaction load in the hanger rod which adds to the dead weight load already being
supported by the hanger rod. In the view marked B, the horizontal seismic load attempts to move
the pipe or duct to the left. This will produce a tensile reaction force in the strut restraint, and a
compressive reaction load in the hanger rod. The dead weight load supported by the hanger rod
puts the rod in tension which effectively reduces the overall compressive load to which the hanger
rod is ultimately exposed. In many cases the dead load of the pipe or duct will exceed the
compressive reaction forces generated by the horizontal seismic force. When this occurs, no rod
stiffeners will ever be required at that restraint location. Tables S8-3 and S8-4 present the
maximum hanger rod reaction forces for single hanger rod supported pipe or duct with strut

restraints and the minimum recommended hanger rod size for each Horizontal Force Class. The
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design horizontal seismic load used was the maximum value for each Horizontal Force Class. The
hanger rod spacing was assumed to be 10 ft, which is a common hanger spacing. For hanger rod
spacings other than 10 ft, see Kinetics Noise Control’s web based tools for pipe and duct. Table
S8.3 assumes an installation angle of 45° and Table S8.4 assumes an installation angle of 60°.
Note, as the installation angle increases, the tensile/compressive loads in the hanger rod also
increase.

Table S8-3; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Single Hanger Rod
Supported Pipe and Duct with Strut Restraints — Hanger Spacing = 10 ft. & Installation Angle = 45°

Horizontal Force Class
I Il 1] v Vv \Y

S B | B | B | 3 | 3 |9 3 |9
8 o) <]o] o <]l ol o < |lol o <|lol o <]l o] o < | o
S lal| glolal|l alolal alolal| alolal| alola]| |0
sl elglslelgls)elelslelsls]lelsls] gls

Lo v N fown) v N oo v N ~ v N ~~~ v N ~~ X N
8 - IR B0 A I - B B -t I B -1 B R - A -
s le|2dlcle|d|lcle|d|lcle| d|lc]le| Z|c]lae| |
Q D n = D n = D n = D N — D N — D N =
5 c o 19 c o 19 c o 19 c ] e c o 19 c o 19
S [ s | 2] o s | 2] o s | 2] o s | 2| o g | 2| o s |2
AL L R L R AL R A
n @) @) @) @) @) @)
5 023|013 310411031} 31076066 41148 138| 51362352 7]17.19] 7.09]| 10
10 0281 008| 3 1046|026 3 1081|061 4)1153]|133| 51367347 | 7 )17.24] 7.04| 10
15 0.33|]003|] 310511021 31086|056| 4)1158|128| 501372342 7]17.29]6.99]| 10
25 043 |-007|] 31061011 3109 |046| 4)1168]118| 5913821332 7]1739]6.89]|10
50 0.68 |-032| 3108 |-014| 411211021 | 4]1193]093| 51407307 7]764] 6.64| 10
100 1 1.181-082| 4 1136 |-064| 511.71]-029| 5243|1043 | 6 | 457|257 | 81814 ] 6.14 | 10
150 | 168 |-1.32| 51186 |-1.14| 5] 221]|-0.79| 6 | 293 ]|-0.07| 6 | 5.07]| 207 | 8 | 8.64 | 5.64 | 10
200 | 218 |1-1.82]| 6 | 236 |-1.64] 6 | 2.71|-1.29| 6 | 3.43|-057]| 7 | 557|157 | 8 | 9.14| 5.14 | 10
250 | 268 |-2.32] 6 | 286 |-2.14] 6 | 3.21|-1.79] 6 | 3.93|-1.07] 7 | 6.07| 1.07 ] 10]) 9.64 | 4.64 | -—--
300 | 3.18|-282]| 6 | 3.36 |-264] 7 | 3.71|-229| 7 | 443 |-157]| 7 | 6.57| 0.57 | 10]10.14| 4.14 | ----

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal
seismic force.

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS

PAGE 6 of 29 SECTION - S8.0
Toll Free (USA Only): 800-959-1229 RELEASED ON: 05/21/2009
KI N ET I cs International: 614-889-0480
FAX 614-889-0540 . u
Noise cOntrol World Wide Web: www.kineticsnoise.com - ‘m
E-mail: sales@Kkineticsnoise.com e o hEves

Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Pipe & Duct Seismic Application Manual

Table S8-4; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Single Hanger Rod
Supported Pipe and Duct with Strut Restraints — Hanger Spacing = 10 ft. & Installation Angle = 60°

Horizontal Force Class

I Il 1] v \Y \
S 3 | 3 | 3 | 3 | 3 |9 3 |9
4 ) <|lal o < |lal] o < |lal] o <|lao] o < | o] o < | 2o
S lal|l alola| alolal alolal|l alola]| |0l al|l &0
sl elglslelgls)elelslelsls]elsls] gls
~ v N ~— v N oo v N foon) v N ~—~~ v N ~—~ X N
Sl g[S el e8| els[s]| el =] s
s leoe | glele| dlcle|l alecle| alclel|l dlce|le| 3|c
Q D 0 = D 0 = D 0 = D 0 = D 0 = D 0 =
5 c o 19 c o 19 c o 19 c ] @ c o 19 c o 19
S ) s | 2] o s | 2] o s | 2] o s | 2| o g | 2| o s |2
S|P ELE T ElE e ElE T BRI g

n @) @) @) @) @) @)
5 0361026 3 1067|057 3129|119 4 ]1252|242]| 6] 6.24]6.14 | 10|12.42]|12.32( ----
10 041]1021) 31072 052| 3 |134(114| 4257|237 ]| 6]6.29]6.09]|10|12.47]|12.27( ----

15 046 | 0.16 | 3 ]| 0.77 ] 0.47 1391 109] 51262|232| 6 ] 6.34] 6.04| 10]1252]12.22] ----

4
25 056 (006 31087]037| 411491099 ]| 5 ]1272]|222]| 6 | 6.44]| 594 ] 10]12.62|12.12]| ----
4

50 0.81 | -0.19 112 ] 0.12 1741074 5 1297|197 6 | 6.69| 569 | 10|12.87]|11.87| ----

100 | 1.31 | -0.69 162 ]-038] 51224|024| 6 |347 | 147)| 7| 719|519 | 10]13.37]11.37] ----

150 | 1.81]-119| 51212 (-088| 5]274]-026| 6 | 397|097 | 7 | 7.69| 4.69 | 10]13.87]|10.87| ----

200 1 231 |-169] 6 | 262 |-1.38] 6 | 3.24|-0.76| 7 | 4471047 ]| 7 ] 8.19| 4.19 | 10]14.37110.37| ----

250 |1 281 |-219] 6 | 312 |-188| 6 | 3.74|-1.26| 7 | 497 |-0.03|] 8 | 869 | 3.69 | 10]14.87]| 9.87 | ----

300 | 331 (-269| 7 | 3.62|-238| 7 | 424|-1.76| 7 | 547 |-053] 8 | 9.19| 3.19 | 10]15.37| 9.37 | ----

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal
seismic force.

Trapeze supported pipe and duct utilizes two hanger rods per support location. Each hanger rod is
assumed to carry exactly half of the dead weight load of the pipe or duct. Figure S8-2 shows
trapeze supported pipe or duct that is restrained by struts.
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(Fv + WR)

Figure S8-2; Forces Acting on a Strut Restrained Trapeze Supported Pipe or Duct

For both cases in Figure S8-2, the dead weight load supported by each hanger rod will be;

W, = Equation S8-4

The strut restraint will be placed at or near one of the trapeze bar hanger rods. In both cases for
Figure S8-2, the strut restraint is located at the left hand hanger rod. All of the seismic reaction
loads will be assumed to pass through the hanger rod closest to the strut restraint. This is a fairly
valid assumption since the seismic reaction forces will be like an electric current in that they will

find the quickest and easiest path to ground (the building structure).

In Figure S8-2, the view marked A shows that the horizontal seismic load is attempting to push the
trapeze bar to the right. This produces a compressive reaction load in the strut restraint and
causes a vertical tensile reaction load in the left hand hanger rod which adds to the dead weight
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load already being supported by that hanger rod. In the view marked B, the horizontal seismic
load attempts to move the trapeze bar to the left. This will produce a tensile reaction force in the
strut restraint, and a compressive reaction load in the left hand hanger rod. The dead weight load
supported by the left hand hanger rod introduces a tensile load into the rod which effectively
reduces the overall compressive load to which the hanger rod is subjected. In many cases the
dead load of the pipe or duct will exceed the compressive reaction forces generated by the
horizontal seismic force. When this occurs, no rod stiffeners will ever be required at that restraint

location.

Tables S8-5 and S8-6, for restraint installation angles of 45° and 60° respectively, present the
maximum hanger rod reaction forces for trapeze supported pipe or duct with strut restraints and
the minimum recommended hanger rod size for each Horizontal Force Class. Again, the
horizontal seismic load used was the maximum value for each Horizontal Force Class and the
hanger rod spacing was assumed to be 10 ft. For hanger rod spacings other than 10 ft, see
Kinetics Noise Control's web based tools for pipe and duct.

Comparing Tables S8-3 and S8-4 to Tables S8-5 and S8-6 will lead to the following conclusions.

1. In many cases, the hanger rod size for trapeze supported pipe or duct may be reduced one
rod size from that required for single hanger rod supported pipe or duct for the same
supported weight. This is due to the fact that the dead weight load carried by each hanger
rod has been reduced by half.

2. Hanger rod stiffeners will be required more often for the trapeze supported pipe and duct
than for the single hanger rod supported pipe or duct. This is also due to the reduction in the
dead weight load carried by each hanger rod.

3. Use of a 60° installation angle, for both single hanger rod supported and trapeze supported
pipe and duct, will place higher loads on the hanger rods potentially causing an increase in
the required hanger rod size, and requiring the use of hanger rod stiffeners.
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It should be mentioned here, that, if circumstance s dictate the need for it, only the hanger rod
closest to the strut restraint would require a hanger rod stiffener.

Table S8-5; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Trapeze Supported Pipe
and Duct with Strut Restraints — Hanger Spacing = 10 ft. & Installation Angle = 45°

Horizontal Force Class
I Il 1] v \Y \Y

S 3 | 3 | 3 | 3 | 3 |9 3 |9
38 o <|ol o <]l ol o <]l ol o <|lol o <] o] o < | o
S lal| glolal|l alolal alolal|l alolal| alola]| |0
sl elgl sl el s) el elsls]elsls] gls

~ v N oo v N ~— v N ~—~ X N ~~ v N ~~ X N
=8 - IR B0 A I - B B -t I B -1 B N - A R -
sl leoe | glele|l dlcle|l alecle| alclel|l dlc|le| 3|c
Q D %] = D %] = D %] = D %] = D 7] = D 7] =
5 c o 19 c o 19 c o 19 c ] e c o 1o c o 19
S ) s | 2] o s | 2] o s | 2] o s | 2| o g | 2] o s |2
AL L R L R R R A R
n @) @) @) @) @) @)
5 020|015 31038033 31074|1069| 411451140 591360355 7 717] 7.12| 10
10 0231013 310411031 31076066 41148 138| 51362352 7]17.19] 7.09]| 10
15 025|010 310431028 3 1079|064 4115013 )| 51365350 7722 707|110
25 030 005| 31048 023| 31084]|059| 411551130 501370345 7 )7.27]|7.02| 10
50 043 |-007|] 310610112 3109 |046| 4)1168]118| 5913821332 7]1739]6.89]|10
100 1 0.68 1-0.32| 3 1086 |-0.14| 4 1121|021 | 4]1193]093| 51407307 7 ]764] 6.64| 10
150 1 093 ]|-057| 4 1111]-039| 41146|-004| 51218 068| 6432|282 7]17.89]6.39]| 10
200 | 1.181-0.82] 4 1 136 |-0.64] 5| 1.71|-029] 5243|043 ]| 6 | 457|257 | 8 | 8.14| 6.14 | 10
250 | 143 1-1.07] 51 161]|-0.89] 51196|-054] 51268 0.18]| 6 |482]|232| 8| 839]|5.89] 10
300 | 168 (-1.32] 5186 |-1.14] 5| 221(-0.79] 6 | 293 |-0.07] 6 | 5.07| 207 | 8 | 864 | 564 | 10

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal
seismic force.
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Table S8-6; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Trapeze Supported Pipe
and Duct with Strut Restraints — Hanger Spacing = 10 ft. & Installation Angle = 60°

Horizontal Force Class
I Il 1] v V VI

e 3 |9 3 |9 3 |9 3 |9 3 |9 3 |9
2 o) < | o] o < | o] o < | o] o <ol o < | o] o < | o
S lal| glolal|l alolal alolal| alolal| alola]| |0
sl elglslelgls)elelslelsls]elsls] gls

~—~~ x N ~ x N ~ x N ~ x N ~~~ x N ~~ x N
8 A BN B0 A I - B B -t I B -1 B N - A I -
s leoe | glele| dlcle|l alecle| alclel|l dlce|le| 3|c
Q D 0 = D 0 = D 0 = D 0 = D 0 = D 0 =
5 c o 19 c o 19 c o 19 c ] @ c o 19 c o 19
S ) s | 2] o s | 2] o s | 2] o s | 2| o g | 2| o s |2
AL L R L R R R R
2 O O O O O O
5 033028 31064)059| 31126 121] 4]1250]|245]| 6] 6.21| 6.16] 10]12.40|12.35]{ ----
10 036|026 31067057 31129 119] 4 ]1252]|242]| 6 | 6.24]| 6.14 ] 10]12.42|12.32| ----
15 038 023] 31069054 3 §131|116)] 4] 255]|240]| 6 | 6.26| 6.11 ] 10]12.45|12.30]( ----
25 0431018 310741 049| 4 136 111] 51260]|235]| 6 | 6.31| 6.06 ] 10]12.50|12.25] ----
50 056 (006 31087]037| 411491099 ]| 5 ]1272]|222]| 6 | 6.44]| 594 ] 10]12.62|12.12]| ----
100 ] 081 (-0.19| 4 1112 0.12| 4 §1.74|1 074 5 1297|197 6 | 6.69| 569 | 10]12.87|11.87| ----
150 106 |-044]| 4 | 1.37|-0.13] 5 1199|049 | 51322 172]| 6 ] 6.94| 544 | 10]13.12]11.62| ----
200 1.31|1-069| 4 | 162 |-038] 5 1224|024 6 | 347|147} 7 |} 7.19| 519 10]13.37]11.37| ----
250 156 |1-094| 5187 |-063] 51249|-001| 6 | 3.72| 122 7 | 744 | 494 | 10]13.62]|11.12| ----
300 181 1]-119| 5)§212|-088| 51274|-026|] 6 | 3.97|1 097 7 ]769| 4.69 | 10]13.87]10.87| ----

seismic force.

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead

weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal

S8.5 — Hanger Rod Seismic Reaction Loads with Cable Restraints:

Cable restraints reduce the range of hanger rod reaction forces in half. This is due to the fact that
cables are “tension only” restraints. Two cables with the same installation angle and located 180°
apart (opposite each other) must be used for the transverse or longitudinal direction at each
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restraint location instead of one rigid strut type restraint that acts in two direction. Thus, where
only a transverse or a longitudinal restraint is required, one single pair of cables will be needed
with 180° between cables will be need. Where both transverse and longitudinal restraints are
required, two pairs of cables will be needed with 90° between cables.

Figure S8-3 shows a single hanger rod supported pipe or duct. In this figure and those which
follow;

T =the tensile reaction force generated in the restraint cables due to the horizontal seismic force.

Fp

= Cos(A)

Equation S8-5

(Fv-Wy (Fv-Wy

Figure S8-3; Forces Acting on a Cable Restrained Single Hanger Rod Supported Pipe or Duct
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For Figure S8-3, in the view marked A, the horizontal seismic load is attempting to push the pipe
or duct to the right. This produces a tensile reaction load in the left hand restraint cable, indicated
by the heavy solid line with the arrowhead, and causes a vertical compressive reaction load in the
hanger rod which deducts from the dead weight load already being supported by the hanger rod.
The right hand restraint cable will be slack, which is indicated by the heavy dashed line. In the
view marked B, the horizontal seismic load is attempting to move the pipe or duct to the left. This
will produce a tensile reaction force in the right hand restraint cable, and a compressive reaction
load in the hanger rod. The left hand restraint cable will be slack. Notice that the vertical reaction
force due to the horizontal seismic force will always act so as to place the hanger rod in
compression. As a result, cable restraints will never cause a load condition which places a tensile
load in the hanger rod that is greater than the dead weight load of the pipe or duct. The dead
weight load supported by the hanger rod puts the rod in tension which effectively reduces the
overall compressive load to which the hanger rod is exposed. In many cases the dead weight load
of the pipe or duct will be such that the tensile forces exceed the compressive reaction forces
generated by the horizontal seismic force. When this occurs, no rod stiffeners will ever be required
at that restraint location. Tables S8-7 and S8-8, for restraint installation angles of 45° and 60°
respectively, present the maximum hanger rod reaction forces for single hanger rod supported
pipe or duct with cable restraints and the minimum recommended hanger rod size for each
Horizontal Force Class. As before, the horizontal seismic load used was the maximum value for
each Horizontal Force Class and the hanger rod spacing was assumed to be 10 ft. For hanger rod
spacings other than 10 ft, see Kinetics Noise Control’'s web based tools for pipe and duct.

Figures S8-4 and S8-5 present the basic scenarios for trapeze supported pipe and duct with cable
restraints. In both cases the horizontal seismic force will produce a tensile reaction force in one of
the cables, and a slack condition in the opposite cable. The major difference between the two
arrangements is that in the scenario portrayed by Figure S8-4, only one of the hanger rods, the
left hand one, will ever see the compressive reaction force due to the horizontal seismic force. For
the scenario shown in Figure S8-5, each hanger rods will be exposed to the compressive reaction

force due to the horizontal seismic load, depending on the direction of the horizontal seismic load.
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Thus, for the case shown in Figure S8-4, only the left hand hanger rod would need a rod stiffener
if it was required, while both hanger rods would need rod stiffeners for the case shown in the
Figure S8-5.

Table S8-7; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Single Hanger Rod
Supported Pipe and Duct with Cable Restraints — Hanger Spacing =10 ft. & Installation Angle = 45°

Horizontal Force Class

| Il " v \Y VI
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10 010 008| 3 1010]026| 3 1010(061| 31010 133| 3 )1010]347| 3 1010|7041 3

15 015 003| 31015]1021| 3 1015(05 | 3 1015|128 3 J1015]342| 3 1015|699 3

25 025|-007] 310251011 31025(046| 3 1025]118] 3 1025]332| 3]1025]|689] 3

50 0.50 |-0.32] 3 1050]-014] 3 1050|021 3 J050|093] 3J050]307| 3]1050]|¢664] 3

100 J 1.00|-082] 4 | 1.00 |-064| 4 ] 1.00]-0.29] 4 1100|043 | 4100|257 4]1100]|614]| 4

150 | 150]-132] 51150 (-1.14|] 5] 150]-0.79] 51 150(|-007| 5150|207 5150]|564| 5

200 1 200 |-1.82] 5| 200]|-164| 5]1200|-129] 5| 200|-057] 51200|157| 5]200]|514] 5

250 | 250 |-2.32] 6 | 250 |-214| 6 | 250 |-1.79] 6 | 250 |-1.07| 6 | 250 | 1.07| 6 | 250 | 464 | 6

300 | 3.00|-2.82] 6 | 3.00|-264| 6 | 3.00|-229] 6 | 3.00|-157| 6 | 3.00| 057 | 6 | 3.00| 414 | 6

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal
seismic force.

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS

PAGE 14 of 29 SECTION - S8.0
Toll Free (USA Only): 800-959-1229 RELEASED ON: 05/21/2009
KI N ET I cs International: 614-889-0480
FAX 614-889-0540 “ w
Noise cOntrol World Wide Web: www.kineticsnoise.com - ‘m
E-mail: sales@Kkineticsnoise.com vibetion ic Contrl Manutacturers Ast

Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Pipe & Duct Seismic Application Manual

Table S8-8; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Single Hanger Rod
Supported Pipe and Duct with Cable Restraints — Hanger Spacing = 10 ft. & Installation Angle = 60°

Horizontal Force Class
I Il 1] v \Y \Y

S 3 | 3 | 3 | 3 | 3 |9 3 |9
38 o) < ]ol o <]l ol o <]l ol o <|lol o <] o] o < | o
S lal| glolal|l alolal alolal| alolal| alola]| |0
sl elglslelgls)elelslelsls]elsls] gls

~ v N ~— v N oo v N ~ v N ~~~ v N ~~ X N
8 A BN B0 A I - B B -t I B -1 B N - A I -
s leoe | glele| dlcle|l alecle| alclel|l dlce|le| 3|c
Q D 0 = D 0 = D 0 = D 0 = D 0 = D 0 =
5 c o 19 c o 19 c o 19 c ] @ c o 19 c o 19
S ) s | 2] o s | 2] o s | 2] o s | 2| o g | 2| o s |2
AL L R L R R R R
n @) @) @) @) @) @)
5 005|026 3 1005|057 31005]119| 3J1005]242| 3]1005]6.214| 3]0.05]12.32] 3
10 010021} 31010]052| 31010]114| 31010237 3)10.10]6.09| 3)0.10]12.27| 3
15 0151016 31015047 31015]109| 31015232 3]1015]6.04| 3])0.15]12.22] 3
25 025]1]006| 3 1025|037 31025]099| 31025]222]| 3]1025]594| 3]0.25]12.12| 3
50 0501]-0.19| 31050012 31050074 31050]197| 3)J050]569| 3]050]11.87| 3
100 | 1.00 |-069| 4 1 100|-038|] 41100]024| 41100147 41100]| 519 4 ]1.00]|11.37| 4
150 | 150 ]-1.19| 51150]|-088| 5]1150]|-0.26] 51150]1097| 51150]469]| 5] 1501]10.87| 5
200 | 200 |-1.69] 51200 |-1.38] 51200|-0.76] 51200 047| 51200]| 4.19| 51 2.00]10.37| 5
250 | 250 |-2.19]| 6 | 250 |-1.88] 6 | 250 |-1.26| 6 | 250|-0.03| 6 | 250 369 | 6 | 250 987 | 6
300 | 3.00|-2.69| 6 | 3.00|-2.38] 6 | 3.00|-1.76| 6 | 3.00|-053] 6 | 3.00] 3.19| 6 1] 3.00] 9.37| 6

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal

seismic force.
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(Fv - Wr) (Fv - Wr)

Figure S8-4; Forces Acting on a Cable Restrained Trapeze Supported Pipe or Duct — Both Cable
Restraints Attached at One Hanger Rod

(Fv - Wr) (Fv - Wr)

Figure S8-5; Forces Acting on a Cable Restrained Trapeze Supported Pipe or Duct — One Cable
Restraints Attached at Each Hanger Rod

Tables S8-9 and S8-10 present the maximum hanger rod reaction forces for trapeze supported
pipe or duct with cable restraints and the minimum recommended hanger rod size for each
Horizontal Force Class. As with the previous cases, the horizontal seismic load used was the

maximum value for each Horizontal Force Class and the hanger rod spacing was assumed to be

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS
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pipe and duct.

10 ft. For hanger rod spacings other than 10 ft, see Kinetics Noise Control's web based tools for

Table S8-9; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Trapeze Supported Pipe
and Duct with Cable Restraints — Hanger Spacing = 10 ft. & Installation Angle = 45°

Horizontal Force Class
I Il 1] v V VI

e 3 | 3 | 3 | 3 |9 3 |9 3 |9
2 o) < |aol o < |a]l o < |a]l o < | ol o <[] o < |5
S lal| glolal|l alolal alolal| alolal| alola]| |0
sl elgl sl el s)elelslelsls]elsls] gls

~—~~ x N Loon) x N Lon) x N ~—~~ x N ~~ x N ~~ x N
= - IR -0 = I - B B -t I B -1 B - A R -
sl e | glele| dlcle|l alecle| alclel|l dlc|le| 3|c
Q D 0 = D 0 = D 0 = D 0 = D 0 = D n =
5 c o 19 c o 19 c o 19 c 1@ c o 19 c o 19
S ) s | 2] o s | 2] o s | 2] o s | 2| o g | 2| o s |2
AL L R L R AL R A
2 O O O O O O
5 0.03|(015] 31003033 3J1003[069] 3)1003])1240] 3 10.03|]355| 3})J003})712] 3
10 005(1013] 3 1005]031| 3J005[1066| 3)1005]138] 31005]1352| 300570 3
15 0.08 010] 3 1008|028 3008|1064 3)1008)135] 31008 350| 3008} 707] 3
25 0.13( 005 31013023 310131059 3)1013]130| 310131 345| 3013} 702] 3
50 0.25(-007] 31025011 3 J1025|1046)| 3)1025]118] 3 1025]1332| 3025|689 3
100 J 050 (-0.32] 3 1050|-0.14|] 3 10501021 31050])]093] 31050]1307| 3J050]664] 3
150 J 0.75|-057| 4 10.75]|-0.39| 4 | 0.75|1-004| 4 1075|068 410751 282| 4]075]1639]| 4
200 1.00]-0.82| 4 | 1.00|-064] 4 1 100|-029] 4 1100]043| 4100|257 4]1100]|6.14]| 4
250 1.25]1-1.07| 4 | 1.25]1-089| 4 1 125|-054] 4 1125]1018| 4 125 232]| 4]1125]|589]| 4
300 1501]-1.32| 54150 |-114] 51 150]|-0.79] 5] 150|-007] 51150)207| 5]1150]|564]| 5

seismic force.

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal
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Table S8-10; Maximum Hanger Rod Reactions & Minimum Hanger Rod Size for Trapeze Supported Pipe
and Duct with Cable Restraints — Hanger Spacing = 10 ft. & Installation Angle = 60°

Horizontal Force Class

I Il 1] v \Y \

S 3 | 3 | 3 | 3 | 3 |9 3 |9
4 ) <|lal o < |al] o < |al] o <|lao] o < | o] o < | 2o
S lal|l alola| alolal alolal|l alola]| a0l al|l &0
sl elglslelsls)elelslelsls]elsls] gls

~ v N ~— v N oo v N Lown) v N ~— v N ~~ X N
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sl leoe | glele| dlcle|l alecle| alclel|l dlcec|le| 3|c
Q D 0 = D 0 = D 0 = D 0 = D N = D 0 =
5 c o 19 c o 19 c o 19 c ] e c o 19 c o 19
S ) s | 2] o s | 2] o s | 2] o s | 2| o g | 2| o s |2
S|P ELE T ElE e ElE T BRI g
n @) @) @) @) @) @)
5 0.031028] 31003]059| 31003121 310.03|245] 3)1003]6.16| 3| 0.03]12.35( 3
10 0051026 31005057 31005(119| 3 1005|242 310051614 3| 0.05]12.32( 3
15 0.081 023] 3 1008|054 31008116 3 1008|240 3)J008]6.11| 3 | 0.08]12.30( 3
25 0131018)] 31013049} 310131112 3 1013|235 3]1013]16.06] 3| 0.13]12.25( 3
50 0251 006] 31025037 31025(099| 31025222 310251594 3| 0.25]12.12( 3
100 | 050 |-0.19]1 3 10501012 3050|074 3 J050|]197| 31050|569| 3]1050]1]11.87] 3
150 | 0.75|-044] 4 10.75]1-013] 40751049 4075|172 4 1075|544 | 4]10.75]11.62| 4
200 | 1.00|-0.69| 4 | 1.00|-0.38] 4 1100|1024 4100 147| 4| 100] 519 4] 1.00|121.37| 4
250 | 1.25|-094| 4 | 1.25|-063] 4 1125|-001] 4 )1125]122| 4 |125]494 | 4| 125]|11.12| 4
300 ] 150 ]-1.19| 5} 150(|-0.88] 5] 150|-0.26] 51150|097] 51150 469]| 5| 1.50]10.87| 5

1. Negative (-) Compressive reaction forces indicate that no rod stiffeners will ever be required because the dead
weight load of the pipe or duct on the hanger rod exceeds the vertical reaction due to the design horizontal

seismic force.

There are some useful conclusions which may be drawn from the information presented in Tables

S8-3 through S8-10.
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1. When cable restraints are used for pipe and duct, the horizontal seismic force does not
adversely affect the selection of the hanger rod size. Comparing Tables S8-3 though S8-6
with Tables S8-7 through S8-10 leads to the conclusion that much larger hanger rods may be
required to resist the vertical seismic reaction loads plus the dead weight loads of the pipe
and duct when strut restraints are used than when cable restraints are used.

2. When strut restraints are used, the hanger rod, in tension, becomes part of the seismic force
reaction loop and seismically qualified hardware, especially for post installed concrete
anchors, must be specified.

3. When cable restraints are used for trapeze supported pipe and duct, care must be taken
where rod stiffeners are required to ensure that the stiffeners are applied to both hanger rods
if the cable restraints are attached at both hanger rod locations.

4. When cable restraints are used, selection of the proper hanger rod size is not dependent on

the installation angle of the seismic restraints.

S8.6 — Requirements for Hanger Rod Stiffeners:

In the previous discussions in this section, it was pointed out that if the dead weight load
supported by the hanger rod exceeded the vertical compressive reaction in the hanger rod due to
the horizontal seismic force, then hanger rod stiffeners would never be required at that seismic
restraint location. However, where the vertical compressive reaction force due to the horizontal
seismic force exceeds the dead weight load of the pipe and duct the need for rod stiffeners will be

dependent upon several additional variables, which are listed below.

1. The hanger rod size, minor thread diameter.

2. The hanger rod length.

3. The dead weight being supported by the hanger rod.
a. The dead weight per foot of the components being supported.
b. The hanger spacing.

4. The vertical compressive reaction force.

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS
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a. Design horizontal seismic force, Horizontal Force Class value.

b. The seismic restraint installation angle.

Hanger rod stiffeners are structural components that may be clamped to the hanger rod to
increase its resistance to buckling. Many different shapes may be used as rod stiffeners, some of
the most common through out the industry are listed below with equivalency charts given in
Appendix A5.8

AISI rolled structural angles
Pipe
Electrical conduit

A

UNISTRUT® channels (There are several different manufacturers of shapes similar to those
provided by UNISTRUT®.)

There are basically three ways to attach the stiffeners to the hanger rod. A clamp is used, or the
stiffener is welded to a threaded component such as a coupling nut and then threaded on to the
hanger rod, or the stiffener is welded directly to the hanger rod. Kinetics Noise Control, as well as
SMACNA and other industry organizations, discourages the practice of welding the stiffener
directly to the hanger rod to make this attachment because the root of the hanger rod threads may
be damaged, and the material properties of the hanger rod are locally altered. Because the
clamps used to attach the stiffener to the hanger rod can not completely prevent the rod from
slipping against the stiffener. The possibility exists that the hanger rod may buckle inside the
envelope of the stiffener. For this reason, multiple clamps may be required along the length of the
hanger rod. Kinetics Noise Control manufactures a two rod stiffener clamps that are used with a
wide range AISI rolled structural channels to an equally wide range hanger rod sizes. These
clamps are shown in detail in Figures S8-6 and S8-7. The AISI rolled structural angles were

chosen because;

1. They are readily available.

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS
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2. Cost — They are relatively cheap when compared to UNISTRUT® channels, and will have
costs approximately equal to that of Pipe.
3. They are easier to hold in place while clamping than pipe or conduit.

3
13
[35]

RANGE OF STIFFENER

! ANGLES
AISC STANDARD METRIC
1x1x1/8 25x25x3

1-1/4 x 1-1/4 x 1/4 30x30x5
1-1/2 x 1-1/2 x 1/4 40x40x 6

RANGE OF HANGER
RODS
INCH METRIC

STANDARD | STANDARD
3 318 M10
5-16 UNC x 2 12 M12
HEX HD. BOLT 5/8 M16
3/4 M20
§-16 UNC B 718 M22
HEX JAM NUT e M24
118 M30

3
15 RANGE OF STIFFENER
[35] ANGLES
AISC STANDARD METRIC
1-3/4 x 1-3/4 x 1/4 45x45x 6
¢ 2x2x1/4 50 x 50 x 6
2x2x3/8 50x50x8
2%- 2-1/2 x 2-1/12 x 1/4 60 x 60 X 6
[54] RANGE OF HANGER
‘ RODS
? INCH METRIC
STANDARD STANDARD
3/8 M10
§-16 UNC x 23 2 M12
5/8 M16
HEX HD. BOLT o o
316 UNC — i s
HEX JAM NUT _| Kinerics @ 1 =T V30
KHRCC T 1-1/4 M36

Figure S8-7; Kinetics Noise Control Model KHRC-C Hanger Rod Stiffener Clamp
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A typical hanger rod stiffener installation is shown in Figure S8-8.

| a L
PIAN g

Rod Stiffener Angle
Hanger Rod

Rod Stiffener Clamp

Clamp Bolt

1.) Center clamp
bolt on hanger
rod.

2.) Tighten clamp
bolt securely.

I " 3.) Tighten jam nut
IF% . // against clamp
k{{% \L/ body.

Figure S8-8; Typical Hanger Rod Stiffener Installation

Kinetics Noise Control generated tables or analytical tools recommend hanger rod stiffeners and
the number of clamps used based on the following assumptions.

1. The compression members, hanger rods and rod stiffeners, are long relative to their cross-
sections. Therefore, Euler’s buckling theory will be used for the analysis. Short column and
eccentricity effects will not be considered since they introduce unnecessary complications to
an already complicated analysis.

2. A 1.5:1 factor of safety with respect to the applied load will be used for all situations to
account for unknowns such as eccentricity.

3. The number of hanger rod stiffener clamps used will be based on keeping the free length of
hanger rod between each clamp below that which would be prone to buckle under the
expected compressive load on the hanger rod.

4. The AISI rolled structural steel angle used for the hanger rod stiffener will be sized carry the
entire expected compressive load without buckling.
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Euler’'s formula for the critical buckling load on a long slender column is given below.

2E| .
P = % Equation S8-6

Letting Py, = N(F, - W, );

C\P°El

N(FV-WR): L2

Equation S8-7
Where:
C, = a constant that depends on the end attachment conditions for the hanger rod.

C, =0.25 — For a column with one end fixed and one end free.

C, =1.00 — For a column with both ends rounded.

C, =1.20 — For a column with both ends fixed.

E = the modulus of elasticity of the hanger rod, normally assumed to be E = 30x10° psi .

| r = the area moment of inertia of the hanger rod based on the minor thread diameter.

L = the length of the hanger rod.

N = the Factor of Safety. A factor of safety must always be applied to buckling applications
because it is a highly statistical failure mode, and is very difficult to predict accurately; for the
purposes of this section and as mentioned above N =1.5.

P = the critical buckling load.

Equation S8-7 and the values used for the end condition constantsC,may be found in the
following reference.

Shigley, Joseph E., Mischke, Charles R., and Budynas, Richard, G.; Mechanical Engineering
Design 7™ Edition; Mc Graw-Hill, 2004; Pp 217-220.
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Equation S8-7 may be solved for the critical hanger rod length using the value forC,. The upper

end of the hanger rod is fixed by the anchorage to the structure, and the lower end is free. This is
the hanger rod length beyond which a rod stiffener will be required.

C,p ’El .
L., = L R Equation S8-8
RTAN(F, - W,) a

Where:

L. = the critical hanger rod length, or the maximum un-stiffened hanger rod length.

If the hanger rod length is less than this value, then the hanger rod will not require a rod stiffener.
The number of rod stiffener clamps that will be required for a particular hanger will be equal to;

el 0 : .
N rc :g L ++1 This value must be rounded up to the next whole number. Equation S8-9
CR @

Where:

N .. = the number of rod stiffener clamps required at a particular restraint location. For most

cases the minimum number of clamps that may be used will be three. For the cases where hanger
rods are short, only two clamps may be required. This condition is described below.

Sqc = the maximum allowable spacing between rod stiffener clamps based onC,, which is the

end condition constant for a column with both ends fixed. This is the case because both ends of
each segment of rod are tightly clamped against the rod stiffener.

C,p 2El .
Sk = 3 R Equation S8-10
R TVN(F, - W) g
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The case where only two hanger rod clamps would be required is defined by the condition where
the maximum allowable spacing between hanger rod clamps as calculated by Equation S8-10 is

greater than or equal to the length of the hanger rod, orL £ S...

A clamp should be placed within 1 inch of each end of the rod stiffener. The remaining clamps will
be evenly spaced between the clamps on either end.

The proper AISI angle size to be used for a hanger rod stiffener may be selected by modifying
Equation S8-7 as follows.
C,p*El,_,

N(FV-WR): L2

Equation S8-11

Where:
|, , = the minimum area moment of inertia of the AISI structural angle being used as a hanger

rod stiffener. This will be the moment of inertia about the Z-Z axis, see Figure S8-9.

Y
S
N
X 1T - X
| N
\%
Y

Figure S8-9; Axis Orientation for AISI Rolled Structural Angles with Equal Legs
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The AISI structural angles that are normally recommended by Kinetics Noise Control are listed by
rod stiffener code below in Table S8-11. This rod stiffener code is a letter designation A through
G. It is now possible to determine the minimum cross-section properties for the rod stiffener angle
by solving Equation S8-11 for the area moment of inertia of the rod stiffener angle.

_N (Fv B WR)L2

[ = Equation S8-12
Z-7Z Czp 2E q

The column end condition value of C,will apply to this situation. This is because both ends of the

rod stiffener angle will act as though they are rounded and free to pivot due to the low relative
stiffness of the hanger rod. The value computed with Equation S8-12 should be considered to

apply to the minimum required rod stiffener. This computed value for |, , should be compared to
those in Table S8-11 and the AISI structural angle whose value forl, , exceeds the calculated

value should be selected for the rod stiffener.

The online tools provided by Kinetics Noise Control for selecting hanger rod stiffeners and
specifying rod stiffener clamps use this basic procedure. It must be noted here that there may be
some hanger rod sizes that will be inappropriate for the higher seismic applications because so
many rod stiffener clamps may be required so as to make the installation nearly impossible.
Appendix A5.0 will provide tables that may be used for the selection of hanger rod stiffeners and
the rod stiffener clamps. These tables can be used for most general cases and allow a fairly quick
and easy estimate. They are not intended to replace the on line tools provided by Kinetics Noise
Control which are intended to address particular situations more effectively, but are provided to
allow the designer and design professionals to make quick estimates sizing selections or

estimates.

HANGER ROD REACTION FORCES & STIFFENER REQUIREMENTS

PAGE 26 of 29 SECTION - S8.0
Toll Free (USA Only): 800-959-1229 RELEASED ON: 05/21/2009
KI N ET I cs International: 614-889-0480
FAX 614-889-0540 . u
Noise cOntrol World Wide Web: www.kineticsnoise.com - ‘m
E-mail: sales@Kkineticsnoise.com e o hEves

Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Pipe & Duct Seismic Application Manual

Table S8-11; Rod Stiffener Angle Code Designation and Design Data

Rod AlS| Weight | goction | ' Ragflus |
Stiffener Angle. If;;t Area | ?:Y Gyration (i:1_42)
Code Designation (Ibs) (in) i Zz
(in)
A L1x1x1/8 0.80 0.234 0.022 0.196 | 0.0090
B L1-1/4x 1-1/4 x 1/4 1.92 0.563 0.077 0.243 | 0.0332
C L1-1/2x 1-1/2 x 1/4 2.34 0.688 0.139 0.292 | 0.0587
D L 1-3/4 x 1-3/4 x 1/4 2.77 0.813 0.227 0.341 | 0.0945
E L2x2x1/4 3.19 0.938 0.348 0.391 | 0.1434
F L2x2x3/8 4.70 1.36 0.479 0.389 | 0.2058
G L 2-1/2 x 2-1/2 x 1/4 4.10 1.19 0.703 0.491 | 0.2869
H! L 2-1/2 x 2-1/2 x 3/8 5.90 1.73 0.984 0.487 | 0.4103
It L 2-1/2 x 2-1/2 x 1/2 7.70 2.25 1.230 0.487 | 0.5336

! These rod stiffener angles may be used with the Kinetics Noise Control Model KHRC-C
rod stiffener clamp. Not all hanger rod sizes may work with these arrangements. Check with
Kinetics Noise Control Engineering for your particular application.

S8.7 — Kinetics On-Line Rod Stiffener Application Tool:

Kinetics Noise Control has developed an on-line analysis tool to assist in the selection of rod
stiffeners and the size and number of rod stiffener clamps. The use of this tool will require a KNC
number to access previously entered data for selecting seismic restraints for pipe and duct. So at
the very least a project will need to have a submittal provided by Kinetics Noise Control for

seismic restraints for pipe and/or duct.

To use the web based program:

1. You will need a User Name and a Password supplied by Kinetics Noise Control.

2. Go to the Kinetics Noise Control Web Sit at www.kineticsnoise.com .
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Click on Web Programs in the upper right hand corner of the screen.

Enter the User Name and Password.

Go to Seismic Applications and select Rod Stiffener.

Select the year and the Project Code (KNC number) using the pop ups.

Enter the restraint location (this is a designation that the user can give to the restraint
locations).

Select Pipe or Duct.

9. If Pipe is selected, input the number of pipes, and enter the data requested for each pipe

using the pop-ups.

10. Enter the requested Hanger Information and Floor Information and Submit.

11.1f Duct is selected, input the number of ducts being supported by the same hanger system

and enter the requested data for each duct.

12.Enter the requested Hanger Information and Floor Information and Submit.

13.The program output will indicate whether rod stiffeners are required at this restraint location.

If they are required, the program will recommend an specific angle size to use as a rod
stiffener, and the size and number of clamps required for each hanger rod.

S8.8 — Summary:

1.

Use of strut type restraints may dictate the use of larger hanger rods than those normally
applied. Whereas, the use of cable restraints imposes no such limitations on the hanger rod

size choice.

. The same comment may be applied to the anchorage of the hanger rods to the building

structure. The use of strut restraints require the use of seismically qualified components and
potentially much larger than normal post installed concrete anchors or attachment hardware.

In instances where the dead weight load of the pipe or duct on the hanger rod exceeds the
vertical compressive reaction force due to the horizontal seismic load, no rod stiffeners will

ever be required for those restraint locations.
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4. Where net compressive forces are present and if the hanger rod length is less than the
critical length calculated with Equation S8-8, a hanger rod stiffener will not be required at that
restraint location.

5. Only the hanger rods at the restraint attachment points need to be considered for hanger rod
stiffeners.

6. Hanger rod stiffeners should be sized to resist buckling under the maximum expected
compressive loads.

7. The hanger rod stiffener is selected from Table S8-11 using the minimum area moment of
inertia is defined by | ,_, in Equation S8-12.

8. The number of hanger rod clamps should be chosen so that the distance between clamps is
less than the maximum allowable spacing between the hanger rod clamps as calculated with
Equation S8-10.

9. Refer to Appendix A5.0 and/or Kinetics Noise Control's online tools for size selection

information for hanger rod stiffeners.
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