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elements of the Cable and Conduit Raceway Review

The screening procedure contained in this section is based primarily on the use of earthquake
exnerlence and shake table test data. With few exceptions, raceway syst.em_s have exhibited

designed for earthquakes This section of the DOE Seismic Evaluation Procedure nro d es
guldance for understandlng those aspects of raceway construction that provide accentable
performance and those features that rmght lead to poor performance.

Other more refined or sophisticated seismic qualification techniques may be used to evaluate the
seismic adequacy of cable and conduit raceway systems; however these other methods are
generally not described in detail in this document. Some acceptable methods, based on standard
engineering principles with consistent factors of conservatism, are included herein for evaluating
certain types of outliers to the screening procedure.

Seismic Review Guidelines

The seismic review guidelines contained in this section are applicable to steel and aluminum cable
tray and conduit support systems at any elevation in a DOE facility, provided the Reference
Spectrum (shown in Section 5.3.1) envelopes the largest horizontal component of the 5% damped,
in-structure response spectrum (see Section 5.2) for that elevation.

Cable and conduit raceway systems are considered seismically adequate if, during and following a
DBE, the electrical cables being supported by the raceway systems can continue to function and the
raceway systems continue to maintain overhead support as defined in this section. Minor damage,
such as member bucKlmg or connection y1e1(11ng, is considered acceptable behavior. The
following guidelines are provided in this section:

e Walkdown Guidelines - The purpose of the walkdown gulaeunes is to evaluate that the
raceway syStems are bounded by the earthquake experience and shake table test aata bases.
This is done by checking the raceway systems against a set of "Incrus1on Ruies.” Guidelines
are -“so provided to assess "Other Seismic Performance Concerns” which could resuit in

21 1 £ ~salo el

able damage. Guidance is aiso provided for selecting worst-case samples of the

o
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Outlier Resolution

significant Other Seismic Performance Concerns, or does not satisfy the Limited Analytical Review
Guidelines contained in this section. An outlier may be adequate for seismic loadings, however
additional evaluations should be performed or alternative methods used beyond the scope of the
screening evaluation procedure contained in this section. Section 9.2.1.4 describes some of the
acceptable methods for evaluating raceway outliers. These additional evaluations and alternative

methods should be thoroughly documented to permit independent review.

An outlier is defined as a raceway hardware feature which does not meet the Inclusion Rules, has

Seismic Capability Engineers

The screening guidelines for performing facility walkdowns and limited analytical reviews should
be applied by a Seismic Review Team (SRT) consisting of at least two Seismic Capability
Engineers (SCEs) who meet the qualification and training guidelines given in Chapter 3. These
engineers are expected to exercise engineering judgment based upon the guidelines given in this
section and the background and philosophy used to develop these guidelines as described in
References 46, 47, and 50. They should understand those aspects of raceway construction that
provide acceptable performance and those features that may lead to poor performance.

When resolving outliers, it is especially important that the SCEs exercise professional judgment
when applying the guidelines contained in this section since these guidelines are generic in nature
to cover a wide range of applications. The SRT should be satisfied that the specific raceway
system under review is adequately supported, based upon an understanding of the background and
philosophy used to develop the guidelines in this section.

Scope of Review

The scope of review includes all the cable and conduit raceway systems in the facility which

support electrical wire for equipment on the Seismic Equipment List (SEL), as developed in

m e A PRETRY JU.) LVE IR VRSN I LYo i | ~os Al L L ool a1
In some older facilities it may be difficult to identify which raceways support the power, control,
an 2 am qbiaz iz mam b d D e cxrizacza s e 22a AicriAdiial tbacman AF AT iiiacan azad PR IRCIE. RIS [P U . SRS S Y
and instrumentation wiring for individual items of equipment. If this detailed information is not
avrailalda tlhan oll tha ~rolla and ~rnndinit ranatrot; cxratamme S 4l Loatlie <o Tt Al amaild e <sselen

vdallavic, UICI1 all UiC Cavic 10 colauit 1 < Yy DYDULCLIS 111 UIC jactiil mcii couira L«d.[ly Wl[lllg

'~tr atrtimtmannt Az tho OLT clini:lAd lha mavriarsrad 1rcinag tha gt dalinac mnmtatmnd 2 4hhic anntl
101 Uqulplllclll. ort irne oL SHUULU DU 1TUVIOWUU Udlllyg UN 5u1ut21 10> CULILALLICU 111 LD SCCUVIL



Organization of Section

The remainder of this section is organized as follows:

. Section 9.2.1.2 contains the Walkdown Guidelines for conducting seismic adequacy
reviews of as-installed conduit, cable trays, and their support systems.

. Section 9.2.1.3 contains the Limited Analytical Review Guidelines for checking the seismic
adequacy of a bounding sample of the facility raceway support systems. .

. Section 9.2.1.4 contains a summary of additional evaluations and alternative methods for
assessing the seismic adequacy of raceway outliers.

. Section 9.2.1.5 contains guidelines on how to document the results of the Cable and
Conduit Raceway Review.

9.2.1.2 Walkdown Guidelines?

Guidelines for conducting a s?i-sm‘iq adequacy review of as-installed conduit, cable trays, and their
support systems are presented in this section. The review has two purposes. The first is to check
the raceway systems against certain Inclusion Rules to show the facility raceway systems are
within the envelope of the earthquake experience and shake table test data bases. Guidelines are

W
alaom mrmsiAaAd +4 occaace D3 A Qalcmnim Dol o Y 1.0 1 11 1, 0 L 11

S0 proviaca to assess UICr SCISIINIC reriormadance Loncerns wnicn could resuit in unacceptable
A
UdlIllc g .
MTha carnnd Aitrnnce AF tha raxriaty 1a 0 calant ramracaniotisra ssinvrotr ~aca anmanlac AL L o
111€ SCCOMA purpose o1 UI€ IeViEw IS 10 SCICCL representative, worst-case sampies o1 the raceway
crrmenmed o tem tlhn L tTla nan wxrlai Al T 2aanZbad A Tt il DA facra st 1T L O 1 L __
SUpPpPOILS 11 uiC jaciiity o1 winci LAIICa Anaiytcal REVIEWS Wil O€ periormed. 1ne€ sampies
anlantad clhAszlAd AmvAnsrmnoa thhn Aisramciter ~f ¢l £ 2100l oo ok crqbmann . L 1 10 O
SUICLICU SIIVUIU CHCUHIIPAdDS UIC ULVUISILY UL UIC JACLLILY § > ppurt bybl II1S. 111C gum 1NES 10T
manfasinag tha T 3mmitad Analitinagl Davianrs ara nnsarad t:2 Qandiam 00 7 2
PCIJ.UI.IIUUB LLIC LA1IHICU Alldalyuldl NOVICOW aiC COVCOICU 111 ODCCUOUIL Y.£.1.0
Q9 71 (anaral WallbdAaygmn Deacadiiea3
P AY-TE YN Liliivial vy ainUUWwWIL 1 1ULCUULY
Tha ganaral wall-dawn nracadinre given 1in thic eitheantinn dacrrihac a mathad far narfamming
1 LU guiivial WdlRUUWiL pLULLUULY S1VULL 1L WS SUUSULLIULL UCSLIIULS a 111ICUIVA 101 PCLITOLTIIIE
deatailad coreanino and accacemeant nf candnit and ~rahla trav euctame far caiomin adamiianey Thic
UVAGLIVU SULLUVLLLLLES QLIU ASOVOLLLIVIIL UL VULILUIL LIl VAUILIV Uay SYySuILS 1UL SUIdLUL aucy Ly. 11D
evaliiatinon reliec in nart 1non engineerinog imdomeant which chanld he avarcicad dnring tha fa~7lin,
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walkdown. This engineerine indoment should be based on a2 ocood understandine of the
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nerformance of racewav svstems in nast earthanakes and in shake tahle tacte
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The individuals on the racewav evaluation walkdown team chaonld meet the reanirementce for < o
A AAN ALANAA V ANAUATALL) WAL LAAW ARRAwN VY ‘—-J WV RRAAIRVANIAL VYV RRAANEU VY UL LWRALLL JLAIV UL 11IVVL UiV L\/\iull\-’lll\/lllﬂ AVL LD
as defined in Chapter 3. The walkdown should be conducted by one or more SRT, each
consisting of at least two SCEs. The SRT should have a clear understanding and working
knowledge of the screening guidelines presented below and have studied References 46, 47, and
50 thoroughly. They should also become familiar with the raceway design and construction
practices of the facility, as well as with the general facility layout, raceway routing, and the design
of raceway systems which cross building separations

It is expected that the SRT will spend from one to two weeks in the facility. The duration may
vary depending on the number of SRTs, the size of the facility, the complexity and accessibility of
the facility raceway systems, and so forth.

(Ref. 1)
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The SRT should visually inspect the raceway systems within the scope
general construction practice in the facility is in agreement

The SRT should examine in detail several supports oszpanv of each different configuration type at
a variety of locations in the facility. In addition, the SRT should actively seek out problems and be
alert for and evaluate any instances of non-compliance with the Inclusion Rules noticed as part of
the walkdown.

If it appears that any of the Inclusion Rules are not met, then the SRT should investigate that
portion of the raceway system in sufficient detail so that the team is convinced they understand the
extent of the identified condition. That portion of the raceway system should then be classified as
an outlier and evaluated using the guidelines given in Section 9.2.1.4.

The Other Seismic Performance Concerns given in Section 9.2.1.2.3 represent less significant or
less well-defined conditions which should be evaluated during the facility walkdown. They are
included in the guidelines of this section as representative of the type of concerns which the SRT
should look for and evaluate to determine whether they could significantly compromise the seismic
adequacy of the raceway system.

It is not necessary for all of the raceway systems in the facility to be inspected in detail for the
Other Seismic Performance Concerns. Instead, the SRT should note and evaluate any of these
concerns, if and when they are noticed as a part of the walkdown.

If it appears that any of the other Seismic Performance Concerns are not met, then the SRT should
exercise their engineering judgment in assessing whether the condition significantly compromises
the seismic adequacy of the raceway system. If it appears that the area of concern is not
significant, then the SRT shouid note the condition on the walkdown documentation and provide a
written explanation for their conciusion. However, if, in their judgment, the area of concern is
significant, then that portion of the raceway system shouid be classified as an outlier and evaluated
in a manner similar to an Inclusion Rule outlier.
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A rigid boot connection with gaps can be upgraded to an acceptable connection by using a through
bolt as shown in Figure 9.2.1-2b). This connection has been s D
table tests.

(@)}
1
el
)
3
o
)
3
3
(2]
i

C

'~.<§

z
¢
:

2]
S
j=nl
ov]
3 &
REER ]
~
o=
=y
()

[}
(=N
Q
=
-
D ¢
(o]
PR
]
3 §
"3
»
D =

»
»

k

(

»

»

{

:

['s

(o
{

I

i

J

e

5

¢
=

o8

l

(
p—
(=)
<
D
<
- §
+v)
-

[¢]

>

3
— 0
=+

(
)
uQ

=
o

3

)=
M .
3

3
¢

[
f
;
(
f
)

o

[
i
L
)
i
I
)
)
[

ot o

3
[¢]
Q.
o)
o)
»
Q.
o
o .
]
8
o
8 =
oV
[@)
o
=
()
8

N
2
[«
C

[ alied
3.
=

»
e
€
E

Ny (D
b
§
;

=
(]
fRCRES
=3
<R
i %
0]
=
wn

g
O A, G
(.

=
o
[oN¢]
—
=
(¢]
o
V)
7]
—
-
=
(@]
=
B
=T
=
[e]
=
[
—
4
=
.
[72)
|07
=
o o
g
»”
=)
»
<N

3
£
5}
=
—
5
[=N
=
O
=
=
8 |
=
“"1 I
£
=
<)
o
3 -
(=1
3
@
<]
Q
=
=
"3 09 !
f
(

2
=

9.2.1.2.3 Other Seismic Performance Concerns’

The Other Seismic Performance Concerns in this section represent less significant or less well-
defined conditions which should be evaluated during the facility walkdown. They are included in
the guidelines of this raceway evaluation section as representative of the type of concerns which the
SRT should be looking for during the facility walkdown. When one of these Other Seismic
Performance Concerns is found, the SRT should determine whether the area of concern could
significantly compromise the seismic adequacy of the raceway system. These seismic concerns
should be evaluated using the general walkdown procedure given in Section 9.2.1.2.1.

~ - ~ sy

5 Section 8.2.3 of SQUG GIP (Ref. 1)
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evaluated by giving the conduit a tug by hand.

Concern 2 - Cracks in Concrete. Visible large cracks, significantly spalled concrete, serious
honeycomb or other gross defects in the concrete to which the cable tray or conduit supports are
attached should be evaluated for their potential effects on anchorage integrity during an earthquake.
The walkdown team should include supports of raceways anchored into concrete with gross
defects in the sample selected for the Limited Analytical Review (Section 9.2.1.3).

Concern 3 - Corrosion. Excessive corrosion of cable trays, conduit, supports, or anchorage
should be evaluated for its potential effect on structural integrity. Evaluations should consider the
alternative of estimating the strength reduction due to corrosion, if appropriate.

Concern 4 - Sag of Conduit and Cable Trays. There should not be a noticeable sag of the conduit
or cable tray. As a general guideline, noticeable sags are defined as about 1 inch of deflection in a
span with a length of 10 feet. If a noticeable sag is found, its cause should be determined before
concluding corrective action is required. For example, the sag may have occurred during
construction, have no relation to structural integrity, and thus not require any corrective measures.
The walkdown team should include supports of raceways sagging due to heavy loads in the sample
selected for the Limited Analytical Review (Section 9.2.1.3).

Concern 5 - Broken or Missing Components. Broken or missing cable tray and conduit
components should be repaired or replaced. Locations where cable is routed near rough, sharp
edges such as sheet metal cutouts should be evaluated for their potential to cause insulation damage
in an earthquake.
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The Limited Analytical Review Guidelines in Section 9.2.1.3 include an evaluation for fatigue
effects of fixed-end rod hanger trapeze supports. The walkdown team should note instances of
occasional short, fixed-end rod hangers (stiff supports) in raceway runs with predominantly
longer, more flexible supports. These should be specially evaluated for possible failure due to
fatigue using the Rod Hanger Fatigue Evaluation methodology given in Section 9.2.1.3.5. Rod
hanger trapeze support systems which are eccentrically-braced should also be similarly evaluated.

9.2.1.2.4 Selection of Sample for Limited Analytical Review®

The purpose of this subsection is to provide guidelines for selecting representative, worst-case
samples of raceway supports on which Limited Analytical Reviews will be performed. The
samples should include representative samples of the major different types of raceway support
configurations in the facility. The sample size will vary with the diversity and complexity of the
design and construction of each specific facility's raceway support system. As a general guideline,
10 to 20 different sample supports should be selected.

Before the samples are selected, the SCEs should become familiar with the Limited Analytical
Review Guidelines in Section 9.2.1.3 and should review the sample evaluations contained in
Reference 47.

During the facility walkdown, notes should be taken which describe the basis for selection of each
sample. The location of the selected sampie shouid be noted, and detailed sketches of the
as-instaiied support shouid be made. As-buiit sketches shouid inciude the support configuration,
dimensions, connection details and anchorage attributes, member sizes, and loading. Any
additional information that may be considered relevant to the seismic adequacy of the sampie
support should be noted in detail.
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as these can become heavily loaded.

It may facilitate decision-making processes in the facility if some sample or bounding calculations
are performed prior to walkdowns. As an example, simple screening tables can be developed
which list anchor capacities and raceway system weights. These tables would enable rapid
assessment of certain anchors appearing marginal for the supported load.

9.2.1.2.5 Seismic Interaction’

The SCEs should use the seismic interaction assessment guidelines given in Chapter 7 to look for
and evaluate potential seismic interaction hazards. The interaction concerns to be addressed include
potential proximity effects, structural failure and falling, and flexibility of attached cables. As an
example, raceway systems attached to or in the vicinity of unanchored components, or unrestrained
block walls, should be noted and evaluated.

It may also be necessary to evaluate the seismic interaction effect of a single isolated raceway
support which could fail and fall onto a nearby fragile item of equipment listed on the SEL.

9.2.1.3 Limited Analytical Review Guidelines?

This subsection describes the Limited Analytical Review which should be performed on cable tray
and conduit supports. Analytical review caiculations should be conducted to evaluate the structural
integrity of the raceway supports chosen as representative, worst-case samples of the facility
raceway support systems. The Limited Analytical Review Guidelines given in this section address
structural integrity by correlation with raceway support systems that performed well in past
earthquakes. The purpose of the caiculations is not to estimate actual seismic response and system
performance during an earthquake. Rather, the purpose of the calcuiations is to show that cable
tray and conduit supports are at least as rugged as those that performed well as evidenced by past
experience. It is important to understand the difference between these two purposes.

The Limite
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eference 50 shou d be read oy the SCEs
information on the philosophy for the
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The relationship between the above analytical checks for suspended raceway su
shown in a logic diagram in Figure 9.2.1-6. It is suggested that this figure be used wh
the following descnptlons of these analytical checks.

The raceway supports should pass a normal engineering dead load design review to working stress
level allowable loads. This Dead Load Check is described in Section 9.2.1.3.1. This is the ¢ only
check needed for rigid, wall-mounted supports. Rigid-mounted conduit and cable trays are
mherently very stable and subject to minimal seismic amphﬁcatlon A detailed dead load design
review of these systems provides ample margin for seismic effects. The working stress level
allowable loads which should be used are described in Section 9.2.1.3.8. Supports not meeting
the dead load check should be considered as outliers. If a support does not meet the Dead Load
Check, but is not required in order to meet the span Inclusion Rules #1 and #2 of Section
9.2.1.2.2, then the adjacent supports should be checked, with the support in question assumed to

be not present.

All raceway supports except rigid-mounted conduit and cable trays, and base-mounted raceway
supports should also pass a Vertical Capacity Check of 3 times dead load. This is described in
Section 9.2.1.3.2. The Vertical Capacity Check ensures that the vertical capacity to dead load
demand ratio is at least as high as those of support systems in the earthquake experience data base
that performed well.

The Ductility Check is described in Section 9.2.1.3.3. As shown in Figure 9.2.1-6, supports
characterized as ductile do not require an explicit lateral load check. Instead, seismic ruggedness
for ductile supports is assured by the Vertical Capacity Check (Section 9.2.1.3.2). The high
vertical capacity of the ductile data base raceway supports is the main attribute credited for their
good seismic performance.

Supports that may not respond to seismic loads in a ductile manner shouid be checked for laterai
|

load capacuy T ne Laterai Load Check OCSCI‘IDCG in Section 9.2.1.3.4, is in the form of an
ti al load coefficient. B use this smauc coefficient is derived from the
S

A ~aas ~alk

- consid red applicable to ground motion consistent with the



Reference Spectrum shown in Section 5.3.1. A method for scaling down the load coefficient for
sites with lower ground motion response spectra is provided in Section 9.2.1.3.4.

The simple equivalent static lateral load method becomes overly conservative for suspended
supports with long drop vertical support members from overhead. This is because calculated
moments at the ceiling connection become very large Unless the vertical support member is very
rigid, lateral load effects may be limited by seismic response peak displacements. Section
9.2.1.3.4 provides a method for determining more realistic, deflection-controlled lateral loads for
evaluation of these cases.

Although rod hanger trapeze supports may be characterized as ductile for seismic loading, the
tatlgue life of the threaded rod hangers may limit selsmlc capacity when fixed-end connections are

guidelines in Section 9.2.1.3.5 for rod hanger trapeze supports with fixed-end rods.

The checks described above and illustrated in the Figure 9.2.1-6 logic diagram directly apply only
to seismic evaluations of suspended (and wall-mounted) raceway supports. Similarly, simple
evaluation methods may also be applled to Iloor—to-cellmg supports and base-mounted supports, as
10ng as consideration is glven to lack of penduium restoring force effects and instabilities that may
arise from plastic hinge formation.

1

Floor-to-Ceiling Support Evaluations are discussed in Section 9.2.1.3.6. Ductility arguments may
/1 the suppoﬁ's base mount can be neglectea (e., treaung the support as if it is

suspended). When the base mount is r‘equlrea to help resist vertical load, Lateral Load Checks of
t .

1. ~ PO [ N R 5. AU ~ Lo 11
the top and bottom connections, as well as buckling capacity checks of the vertical support
smmmtmlane ars cxraeeaniad
NIEMDEr, ar€ warrantea
DPaca AMMArinmtad Ciinmemnnnt Dornliiatinng ava Aicnracad f:a Qantimea N T D77 M oo o 1
Dase-viouIca SUpport £Svdiuauions arc aiSCussea in Section ~.4.4.5./. 1n€se supports cannot be
rharantarirad ac inharantlyy Ariintila and ctranath Ahanla awa wamitiond L o ~ale ot T V1 a 1 .1
LilaialbiClizZed ad Hinliciiuy autil, aiiu Suciigiul ChCCKS ar€ reéquir€a 10r ooun e€quivaiént iateral ana
lanaoitindinal Thnade Tn adAitinn tha haca Annnnantiane haowdcoraeas Antalla cbhmal A s oot 1 0.
uligituuliiial 1vausd. 11 auuliuvll, uiC vade CULIICCLOII ndirawar actaiiS Sinould o€ revieweda 1or
raoidito Qlicght rannantinn cling that maxw laaAd ta annantalhla ol acrine £an arzamam oA cxrataac A
Ligidity. oOliglit CULLICLUULL S11PS Uiat Hiidy 1Ldal 10 allCpani® DC1avior 101 SuSpenacda Sysiems can
racnilt 1in an additinnal Aavartnirning mamant Ao ta D_Aalta affanta 73 a2 annamtein Taadimca) £aen
LUOULL 111 all auuilivlial UVUIluliiig HIVIHICLHL UUb W £-ucita CLICC (1.C., CCCCIIC 104aiiigs) 101
aca.mnintad ciinnarte and chanld he raviawad
vaowv ii1ivuiilwva DUPPUL L0 Allu JllVUIuUL Uw 1V VIV VWUAL
If a sunnort fails to meet the Iimited Analvtical Review Guidelines then it should he concidered o
QG OUPPUILL 1GLIS LU LLIVUL UV IV Sl y UVAL INUVVIUVYWY U UIUCLILEUS, UIVEL 1L D11V UIU UC COULDIUCICU W
be an outlier nrther analvceg or tecte mav he narfarmad an thic nnitliar ta damangtrata ite catomin
VUliivie. 1 Gillivi GLGLy OW0 Ul tWols 111Gy ULV PuUliVLLLIVU ULl UUS VuUlLl WU uviiviinuate 1w STDIUC
mooednece ag degcrihed in Section 02 1 4
ggeiness as GesCrioca 1n SeClion 7.2.14.4
If sunnorts of the worst-case samnle selection do not meet the T imited Analvutical Raview chanke
A‘: SLeppvALS v;. LRIV VYV VA OVTVROY ORULIPAY OVIVVUIVIL UV 11UL 11IVUL ULV A/ £ ulbu] UivAl ANV VIVYVYY viiveino
(i.e.. are outliers). then the review team should develon an nunderctandine of what ciinnorte in the
\ ":’.mv NNAVAANVAD J 9 VALV AL VALY AN VAWV VWRRALL TAANIRANE AW Y vlvtl s u;l“vlubmlulll& i vVviiQav Dut}y\ll LD 111 uliw
facilitv are imnacted bv this analvsis result
J e s e B A g
The Vertical Capacitv and Lateral L.oad Checks should be done usine realistic canacitv allowahlec
) o Y S SIOoULd DE AONC using realistic capacity alilowabnics
as discussed in Section 9.2.1.3.8.

The raceway system weights that should be used for these Limited Analytical Reviews are
described in Section 9.2.1.3.9.

9.2.1.3.1 Dead Load Check®

Back-analysis of raceway supports in the data base indicates that most systems have adequate dead
load design. A detailed dead load design review of the worst-case sample conduit and cable tray
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supports should be conducted using normal design working stress allowable loads. The check
should consider the as-installed configuration, connection detailing, and loading condition of the
raceway support. All components such as bracket members, support members, conduit clamps,
internal framing connections, and support anchorage should be checked. All system eccentricities,
including load to anchor point eccentricity, should be considered, excluding evaluation of clip
angle bending stresses. (Note, however, that clip angle bending stress should be considered
during evaluation of base connections of floor-mounted supports as discussed in Section

This is the only check recommended for cable tray and conduit supports directly mounted to or
rigidly cantilevered from an adjacent structural wall. These support types have been shown to be
inherently rugged by past experience. The mounting configuration is generally rigid for lateral
response, so dynamic amplification of seismic motion is minimal. Performing a detailed dead load
design review for these support types ensures adequate margin for seismic loads.

Consideration shouid also be given to the seismic adequacy of the wall to which cable tray and
conduit raceway supports are attached. Reinforced concrete structural waiis are not a concern.
With the exception of very light conduit, anchorage into transite walls (asbestos fiber board) and
um & ns should be considered outliers. Masonry walls should be checked to
en reviewed for seismic adequacy as described in Section 10.5.1. The
3 cannot be used for expansion anchors in masonry block walis
ns w block cores or mortar joints) or in nonstructural

~L £ o alal o ____1

he anchorage of partition walis and shielding walis
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9.2.1.3.6.

Eccentricities resulting in anchor prying and eccentricities between vertical support members and
anchor points should, in general, be ignored. This concept is the result of back-analyses of data
base cable tray supports and is consistent with limit state conditions observed in test laboratories.
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For cantilever bracket support types, the eccentricity of the cantilevered dead load should be
ignored. Even if overhead moment capacity is completely lost, the vertical support integrity is
maintained, as the support balances itself with the center of mass below the anchor point. It is
important to realize that this calculational method is only used to demonstrate seismic adequacy by
comparison with experience data. It is not expected, and it has not been shown by the experience
data, that a support will end up in this deformed position after an earthquake on the order of the
Reference Spectrum shown in Figure 5.3-2 divided by 1.5.

For trapeze frame and rod-hung supports, load distribution between the two vertical framing
members should be considered if the center of the load is significantly distant from the centerline of
the support frame. The bending strength and stiffness of frame members should be checked for
transfer of the load between anchor bolts when overhead support is provided by light metal
framing with anchor bolts spaced at relatively large intervals and when multiple anchor bolts are
needed to resist the vertical load.

For most conduit and cable tray support systems, the anchorage is the weak link in the load path.
For these support systems the Vertical Capacity Check is simply a comparison of anchor capacity
to 3.0 times the supported load.

The 3.0 times dead load static coefficient should not be reduced if the in-structure response
spectrum (see Section 5.2) for that ]aculty is less than the Kejerence bpectrum shown in blgure
5.3- 2 . This is because there are omy a Iew suppor[s in the eartnquaKe experlence data base which
hay acr(-calculatea vertical capacities less than 3.0 times Dead Load. If the 3.0 times Dead Load

iine is n0[ IIICL, then the s be classified as an outlier. Resolution of the outlier
the m ed in Section 9.2.1.4.
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The seismic design of certain raceway support members may have been controlled by high
frequency requirements rather than design loads, yet anchors may have been sized by the design
loads. These types of supports may have low seismic margin due to loads placed on the support
which were not considered by the original design. Supports with rigid, non-ductile anchorage are
subject to further horizontal load strength review (see Section 9.2.1.3.4). -

Examples of ductile and non-ductile raceway support connection details and configurations are
shown in Figures 9.2.1-7 and 9.2.1-8, respectively, and are described below.

Standard Catalog Light Metal, Strut Framing Members, Clip Angles, and Bolts With Channel

Nuts. The seismic experience data include many examples of unbraced supports suspended from
overhead, constructed of standard catalog light metal, strut framing channels, clip angles, and bolts
with channel nuts as shown in Figures 9.2.1-7A, B, C, and D. The good performance of these
support types indicates that they may be characterized as ductile. This is even true of supports
constructed of standard catalog light metal strut framing, gusseted, clip angle connections. Review
of shake table tests of raceway support systems shows that slight slipping of channel nuts due to
prying action of gusseted clip angies leads to acceptable behavior for suspended supports. The
tests show that once the overhead moment connection is relaxed by this slippage, the support
system is free to swing without additional degradation of the overhead connection.

Welded Steel Members. The philosophy of ?C(ieptabie seismic response invoiving clip angie

1 yieldir upports constructed of uggt metal, ’s\trut_iraxypmg is ez(tendegi to supports
IMDErs as shown 1n Figure Y.2.1-/F. 1f an anchor point connection

r, then a plastic hinge will be able to form in the vertical
failure. A support is seismically rugged so long

tic hinge action in the vertical member

chorage point. For open channel
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Braced Cantilever Bracket and Trapeze Frame Supports. The presence of a diagonal brace in a
support, as shown in Figures 9.2.1-8E and F, has the potential of significantly increasing the
pullout loads on anchorage when the support is subjected to horizontal motion. This is a function
of the support geometric configuration, the realistic capacity of the brace, and the realistic capacity
of the anchorage. Non-ductile behavior is possible when the brace reaction to horizontal load plus
dead load has the capability of exceeding the primary the support anchor capacity. If a brace
buckles or has a connection failure before primary support anchor capacity is reached, then the
support may be considered as ductile. Braced supports are subject to further horizontal load
capability review in Section 9.2.1.3.4 with a focus on primary support anchorage.
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Unbraced Rigid Trapeze Frames. Trapeze frames constructed as moment-resisting frames, such as
those with a number of stiff cross-beam members welded to the two vertical supports as shown in
Figure 9.2.1-8D, have the potential of significantly increasing the pullout loads on anchor bolts
when the frame is subject to horizontal motion. Non-ductile behavior is possible when the rigid
frame anchor point reactions to horizontal load exceed the anchor capacity. Unbraced rigid trapeze
frames are subject to further horizontal load strength review in Section 9.2.1.3.4 with focus on
anchorage.
ior of floor-mounted supports may lead to structural
e guidelines, only applies to suspended systems.
d as non-ductile, and are subject to further horizontal
nd 9.2.1.3.7 with focus on stability
s constructed of threaded steel rods with fixed-end
behave in a ductile manner under horizontal motion;
rgo very large strains due to bending imposed by
nds of the rods. Low cycle fatigue may govern response.
, fixed-end rods should be evaluated for low cycle fatigue

No further review of horizontal response capability is required of supports character
Only the support vertical capacity need be evaluated, as discussed in Sections 9.2.1.3.

9.2.1.3.2. If a support is characterized as non-ductile or has questionable ductility, then its lateral
load capacity should be evaluated, as discussed in Section 9.2.1.3.4, as shown in the logic

diagram for making these decisions in Figure 9.2.1-6.
9.2.1.3.4 Lateral I.oad Check!?

A Lateral Load Check should be performed for the bounding case raceway supports that are
characterized as potentially non-ductile. The Lateral Load Check is in the form of an equivalent
static lateral load coefficient. The Lateral Load Check compares the ratio of horizontal load
capacity divided by dead load demand (for potentially non-ductile supports) to the same ratios for
support systems in the seismic experience data base that performed well. Because many of these
data base raceway systems were subjected to earthquake ground motions that may have been
greater than the Design Basis Earthquake for many facilities, provisions for scaling down the
equivalent static horizontal loads are given below.

If a support is ductile, then no further review of horizontal response capability is required, and the
support may be shown to be seismically rugged by the Vertical Capacity Check Section 9.2.1.3.2).
If a support is non-ductile or has questionable ductility, then it should be analyzed for one of the
following transverse load conditions:

. Dead load plus a transverse acceleration of 2.5 times the Zero Period Acceleration (ZPA) of
the floor response spectrum (see Section 5.2) for the anchor point in the facility where the
raceway system is attached.




For these loading conditions, only the tributary mass corresponding to dead load on the support
should be considered. If large junction boxes are included in the worst-case sample, then the
lateral load coefficients described above may be used as the seismic demand and the anchorage
evaluated following the guidelines of Chapter 6.

The loading condition selected should be used consistently for all the facility raceway support
systems selected as samples in any particular building. Different methods may be used for
different structures. For example, the floor ZPA scaling method may be preferable for
rock-founded structures or soil-founded structures for which realistic floor response spectra may
be available. The scaled 2.0g method may be preferable for soil-founded structures, such as diesel
generator buildings, for which realistic floor response spectra may not be available.

The simple equivalent static load coefficient method may be too conservative for supports with
long drops from the ceiling anchorage to the raceways. The static coefficient method predicts very
hlgh connection bendlng moments in these cases. In this case, the bendmg moment imposed on
the ce111ng connection may be limited by pea.k seismic deflection and not seismic accelerations.
This is consistent with observations of back-calculated static coefficient capacities from the
exper1ence data. The lowest back-caiculated capacities were often from supports with long drops
and were not considered representatlve (i.e., they were not used to attempt to justify a static
coefficient iess than 2.0g).

f the support has long vertical members and has low natural frequency, then an aiternative loading
ndition of dead load plus reaction forces due to a realistic estimate for seismic deflection imposed
t e transverse direction may be used. A onservauve estimate for seismic deflection may be
tained by using floor spectral diSp"‘C“rn at a lower bound frequency estimate considering only
C
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Fixed-end connection details include double-nutted rod ends at connections to flanges of steel
members, rods threaded into shell-type concrete expansion anchors, and rods connected by rod
coupler nuts to nonshell concrete expansion anchors. Fixed-end connection details also include
rods with lock nuts at cast-in-place light metal strut channels and rod coupler nuts welded to
overhead steel.

This section describes a screening method for evaluating rod hangers for fatigue based on the use
of rod fatigue bounding (capacity) spectra (shown in Figure 9.2.1-9) and generic rod fatigue
evaluation screening charts (shown in Figures 9.2.1-10 to 9.2.1-14). This screening method is
based upon generic, bounding case fatigue evaluations in Reference 48.

The screening charts are directly applicable to hangers constructed of manufactured all-thread rods
in raceway system runs with uniform length hangers. The charts may aiso be used for evaluation
of supports constructed of fieid-threaded rods, and for short, isolated fixed-end rod hangers in
more flexibie systems with reiativeiy much ionger rod hangers; guidance is given iater in this
section on how to adjust the parameters when evaiuating these speciai cases.

Manufactured Ali-Thread Rods
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. Enter one of the Fatigue Evaluation Screening Charts shown in Figures 9.2.1-10 to 9.2.1-14
corresponding to the diameter of the threaded rod. Focus on the curve associated with the
acceleration (0.33g, 0.50g, or 0.75g) of the Rod Fatigue Bounding Spectrum selected in the
previous step. These charts do not directly apply to field-threaded rods (see discussion
below).

J Compare the rod hanger length (L, length of rod above top tier) and rod hanger weight (W,
total dead weight on the pair of rod supports) with acceptable combinations of length and
weight on the screening charts. Acceptable regions of the Fatigue Evaluation Screening
Charts are below and to the right of the Screening Chart curve selected in the previous step.

If the support parameters are within acceptable regions on the Fatigue Evaluation Screening Chart,
then the rod hanger support is seismically adequate.

The screemng charts also inciude the 3 times Dead Load limit associated with the Vertical Capacity
Check (bectlon 9.2.1.3. 1) which can be used to facilitate evaluation of expansion anchors (based
on reduction factor of 0.75 for anchor capacity determination in Section 6.3) for rod hanger trapeze
supports.

Field-Threaded Rods

Rod fatigue tests have rods have less Iaugue life than aii-thread,
manufactured rods. The evaluation method for ﬁ 1d-thr eaaea rods proceeas the same ‘way as for
manufactured threaded rods, except that adjusted weights and lengths should be used for
comparison with the Fatigue Evaluation Screening Charts. For field-threaded rods, enter the
Screening Charts with double the actual weight and 2/3 the actual length of the rods. If these
modified parameters are in acceptable regions of the Screening Charts, then the rod hanger is
seismically adequate

Isolated, Short, Fixed-End Rod Hangers

If an isolated, short, fixed-end rod hanger is used in a system with predominantly longer, more
flexible hangers, a special evaluation should be conducted that decouples the response effects of
the short isolated rod. The special evaluation method is as follows

Estimate the frequency of the support system, neglecting the isolated, short rod. The
frequency estimation formula given above may be used. The length of the longer rods
should be used in the formula.

. Enter the applicable Fatigue Evaluation Screening Chart (Figures 9.2.1-10 to 9.2.1-14)
which corresponds to the Rod Fatigue Bounding Spectrum (Figure 9.2.1-9) that envelops
the facility floor response spectrum (5% damping) (see Section 5.2) at the frequency of
interest which was calculated in the previous step.

d Back-calculate an equ1valent Welgn[ for evaluation of the isolated short rod nanger llSlIlg the
Irequency of the 10nger rod nanger supports, with the Iouowmg formula:

24 E Ig
eqm'v' - ( )2 —g LZ
. Enter the appropriate Fatigue Evaluation Screening Chart (Figures 9.2.1-10to 9.2.1-14) by
using the above calculated equivalent weight and the length of the isolated short rod hanger.
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If these parameters are in an acceptable region on the Fatigue Evaluation Screening Chart, then the
isolated, short, fixed-end rod hanger is seismically adequate.

Reference 48 may be reviewed to obtain an understanding of the analytical methods used to
develop the Fatigue Evaluation Screening Charts. When using the charts, the simple equations
given in this section for calculating response frequency should be used for consistency since these
are the same equations used to generate the screening charts (i.e., the screening charts are based
on the simplified results obtained from detailed fatigue analysis, considering capacities determined
by component test results).

9.2.1.3.6 Floor-to-Ceiling Support Evaluations!4

Floor-to-ceiling supports may be evaluated as suspended raceway supports if they can meet the
previous Limited Analytical Review Checks by conservatively neglecting the floor connection and
anchorage.

Seismic ruggedness for floor-to-ceiling supports that depend on the floor connection may be
evaluated as follows. The checks described here ensure seismic adequacy by showing that the
supports maintain high vertical capacity, demonstrate ductility, and maintain connection shear
resistance.

b
.0 times Dead Load that cannot be resisted by the overhead
uld be subject to a Lateral Load Check. The imposed
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A detailed, Dead Load Check should be performed, s
9.2.1.3.1. The only exception is that clip angle bending
connections. Base flexibility associated with clip angle i

deflection and subsequent P-delta effects and possibly instability.

14 Section 8.3.6 of SQUG GIP (Ref. 1)
15 Section 8.3.7 of SQUG GIP (Ref. 1)
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A Vertical Capacity Check should not be conducted since the philosophy behind the Vertical
Capacity Check only applies to ductile, suspended raceway supports. A Dead Load plus
equlvalent static Lateral Load Check should be performed instead, for loading non—concurrentlv in
both orthogonal directions.

The equivalent static lateral load should be determined as outlined in Section 9.2.1.3.4. The
Lateral Load Check should evaluate all members, connections, and anchors associated with the
primary support frame and its bracing (if present). Realistic capacities should be used for the
evaluation. If brace members (lower bound capacity estimate) cannot resist all of the lateral load,
the portion of load exceeding the brace capacity may be transmitted to the base and resisted by the
base moment capacity.

If light metal strut framing clip angle construction is used, bolt (with channel nut) slip of 1/16 inch
should be considered for P-delta evaluation. If the nominal capacities given in Section 6.3 are used
for nonshell expansion anchors, anchor bolt slip of 1/8 inch should be considered for P-delta
evaluation. For P-delta evaluation, all these bolt slips should be used to obtain an estimate for
maximum possible base connection rotation.

Using this base rotation, and considering the displacement due to the flexibility of the vertical
support post, a deflection of the raceways should be calculated. This additional deflection times
dead load provides the effective P-delta base moment. If this moment is more than about 5% of the
total moment from the Dead Load plus Lateral Load Check, it shouid be inciuded in the Dead Load
plus Lateral Load Check.

Torsional moments at the base of t‘ne support post that may resuit from iaterai or iongitudinai load
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under dead load and therefore the anchorage are, in effect, contlnuouslv Droof tested The
tightness checks should be carried out, however, for floor-mounted support anchors.

16 Section 8.3.8 of SQUG GIP (Ref. 1)
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the annrnach dicencced in Sectinn 6.2 6 Emhedment Steel and Padc

the approach discussed in Section 6.2.6, Embedment Steel and Pads

The facility design or as-built drawings for cast-in-place anchors and steel plates should be
reviewed to obtain details on these anchorage types. Anchor capacities for cast-in-place light metal
strut framing channels should be taken as the manufacturer's catalog values with published factors
of safety, or may be determined by available test information with appropriate factors of safety.

“apacities for welds, structural steel, and steel bolts should be taken as defined in Part 2 of the
AISC Specification for Steel Design (Ref. 81). Capacity values for light metal strut framin
hardware are taken as the manufacturer's recommended design values, including the published

factor of safety. This factor of safety is considered sufficient to encompass the lower bounds of

strength values, such as may result from minor product variation or low bolt torque.

When upper-bound strength estimates are required, such as in ductility reviews or limit state
evaluations, the manufacturer's catalog capacities should be increased. A recommended upper
bound estimate for bolts with channel nuts is double the manufacturer's published design values.

Tests may be used to establish realistic, ultimate capacities of raceway components. Appropriate
factors of safety should be used with these test results. Dynamic tests should be performed to
establish ultimate capacities of friction-type connections in most cases.

9.2.1.3.9 Raceway System Weights!

-~
/
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Estimated weights for steel and aluminum conduit may be taken as follows
Conduit Weight
Conduit Including Cable
Diameter (pounds per toot)
(inches) Steel Aluminum
172 1.0 0.5
1 2.2 1.1
1119 2 A 1Q
174l & Lo AV L.0
~ £ 1 " O
Z Jd.1 4.0
2-1/2 8.9 5.2
3 12.8 7.9
4 16.5 9.5

Conservative estimates should be made for the weights of other miscellaneous items attached to the

raceway support, such as HVAC ducting, piping, and lighting.
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An outlier is defined as a raceway hardware feature which does not meet one or more of the
screening guidelines contained in this section. Namely, an outlier:

¢ Does not meet the Inclusion Rules given in Section 9.2.1.2.2,

* Has significant Other Seismic Performance Concerns as given in Section 9.2.1.2.3,

* Has potential adverse seismic interaction hazard as given in Section 9.2.1.2.5, or

* Does not satisfy the Limited Analytical Review Guidelines given in Section 9.2.1.3.

When an outlier is identified, proceed to Chapter 12, and document the cause(s) for not meeting the
screening guidelines on an Outlier Seismic Fvaluation Sheet (OSES).

The screening criteria given earlier in this section are intended for use as a generic basis to evaluate
the seismic adequacy of cable and conduit raceway systems. If a raceway hardware feature fails
this generic sc een, it may not necessarily be deficient for seismic loading; however, additional
evaluations are needed to show that it is ad lequate. Some of the additional evaluations and alternate
methods for demonstratmg seismic adequacy are su,_____,_lzod below. Additional details are also
found in the previous subsections where these generic screening guidelines are described. Other

generic methods for resolving outliers are found in Chapter 12.

In some cases it may be necessary to exercise engineering judgment when resolving outliers, since
strict adherence to the screening guldehnes in the previous “subsections is not absolutelv reaulred
for raceway support systems to y be seismically adequate These judgments, however, should be
based on a thorough understandlng of the background and phllosophv used to develoo these
screening guidelines as described in References 46, 47, and 50. The 1ust1ﬁcat10n and reasoning
for considering an outlier to be acceptable should be based on mechanistic principles and sound
engineering judgment.

The screening guidelines contained in the previous subsections have been thoroughly reviewed by
industry experts to ensure that they are appropriate for generic use; however, the alternative
evaluation methods and engineering judgments used to resolve outliers are not subject to the same
level of peer review. Therefore, the evaluations and judgments used to resolve outliers should be
thoroughly documented so that independent reviews can be performed if necessary.

9.2.1.4.1 Cable Tray Span!?
As discussed in Inclusion Rules 1 and 2, the span lengths given there are not necessarily rigid
requlrements For example an isolated cable tray span of about 13 feet may be acceptable if the

tray is lightly loaded and of rugged construction (for example, the tray meets the NEMA standards
in Reference 89 and the cable loading is no more than one-half that in Table 3-1 of Reference 89).
9.2.1.4.2 Conduit Span?®

An isolated conduit overspan may be acceptabile if its vertical deflection is limited by other facility
features in proximity In addition, 3.0 times dead load vertical static ioad tests can be used to show

1

that an isolated over Span is dLLCpLleC

—t

8  Section 8.4 of SQUG GIP (Ref. 1)
7 Section 8.4.1 of SQUG GIP (Ref. 1)
N O OUANT TN ANTES /TS

Section 8.4.2 of SQUG GIP (Ref. 1)
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9.2.1.4.5 Rigid Boot Connection?3
Rigid boots are considered to be outliers even when there is only a small gan between the boot and

& 8 ~ -'A.' v vAAAJ s AJAAANeaa bur SN VY WWAL LAV UUUL QLG
the member it supports. If the boot was field assembled in such a way that no gaps exist and the
boot fits the member tightly, then this connection can be considered acceptable. The basis for the

ceptable. The
finding that there are no gaps should be thoroughly documented. One simple fix to a rigid boot
with gaps is to replace the individual bolts with one through bolt.

S

9.2.1.4.6 Beam Clamps?4

The clamp should be replaced with a positive connection or the clamp oriented so that gravity loads
are not resisted by the clamping friction; however, if supported loads are less than about 15
pounds, the adequacy of an isolated clamp oriented in the wrong direction can simply be evaluated
by tugging and shaking it by hand.

If an entire run of small conduit with light support dead loads (less than about 15 pounds per
support) is anchored with beam clamps which resist dead load only by clamping friction, then a
sufficient number of supports representative of the entire conduit run should be tugged to evaluate
adequacy. o

9.2.1.4.7 Cast-Iron Anchor Embedments?5

Cast-iron anchor embedments should be replaced with an acceptable anchorage or the support
braced horizontally and the stress in the anchor kept very low.

Ne

.2.1.4.8 Analytical Outliers?

Outliers that do not satisfy the Limited Analytical Review guidelines, as illustrated in Figure 9.2.1-
0, can be evaluated Iurther using more detailed analytical models of the raceway system or testing
to demonstrate that the raceways are as rugged as required. Remember, however, that the
‘anaiyticai gpideijne§ og‘liy have to be ‘satisﬁ‘ed in an approximate manner. For example, if a support
has a capacity of only 2.7 times Dead Load rather than the desired 3.0 times Dead Load, the SRT

21 Section 8.4.3 of SQUG GIP (Ref. 1)
22 Section 8.4.4 of SQUG GIP (Ref. 1)
23 Section 8.4.5 of SQUG GIP (Ref. 1)
Section 8.4.6 of SQUG GIP (Ref. 1)
Section 8.4.7 of SQUG GIP (Ref. 1)

Section 8.4.8 of SQUG GIP (Ref. 1)
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performing the screening evaluation may still find the support acceptable based on their
professional judgment. Examples of acceptable outlier evaluation methods include Limit State
Evaluations, Lateral Load Evaluations, Redundancy and Consequence Evaluations, and Support
Upgrades. These methods are described below. .

Limit State Evaluation. A limit state evaluation may be used to resolve ductile supports that do not
meet the Vertical Capacity Check (3.0 times Dead Load) in Section 9.2.1.3.2. The Vertical
Capacity Check provides a quick, generic means for assuring seismic ruggedness, consistent with
the experience data. However, for certain configurations of raceway support systems, especially
unbraced rod hanger trapeze systems, the Vertical Capacity Check may be too conservative.

The principle behind the Limit State Check is that the support anchorage capacity need only be
greater than the maximum possible reactions from plastic hinge formation in the support, while the
support 1s also subjected to dead load. This principle only applies to supports that are suspended
trom above and that are characterized as ductile, following the guidelines of Section 9.2.1.3.3.

The Limit State Evaluation provides a check of anchorage and anchorage connection capacity. The
seismic demand applied to the anchor point using the limit state evaluation method is based on dead
!S)ad‘ plus ancho‘r reacfion due to fprmiaitiion of plastic hinges at credible support joint locations.
Realistic upper bound estimates should be used for the support joint plastic hinge moment
capacities, based on test resuits if possibie.

The basic philosophy for the Limit State Check is that for ductile supports suspended from the
overhead, anchor connection capacity need only exceed the maximum possible reactions resulting
L. ~ : s .

C

the support, plus dead loads.
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Limit State Evaluations of light metal strut framing trapeze supports constructed with clip angles

due to local prying action at the anchor due to a plastic moment in its clip angle.
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The local prying anchor load may be taken as the connection ultimate moment capacity divided by
the distance between anchors for double clip angle connections. For single clip connectlons the
moment may be divided by the distance from the anchor bolt to the far edge of the light metal strut
framing vertical member. The moment capacities for clip angle connections can be very difficult to
estimate by calculation so it is better to base these moment capacities on test data if possible.

Lateral Load Evaluation. The Lateral Load Check of Section 9.2.1.3.4 may be used to evaluate
outliers that do not meet the Vertical Capacity Check (3.0 times dead load) in Section 9.2.1.3.2.
This is most applicable to supports characterized as non-ductile in Section 9.2.1.3.3, but may also
be used for ductile supports.

Redundancy and Consequence Evaluation. Isolated cases of an outlier support which does not
meet the Limited Analytical Review Guidelines described in Section 9.2.1.3 may be resolved if the
adjacent raceway support system has high redundancy, and if a postulated failure of the support in
question has no adverse consequence to facility safety, e.g., it will not fall on safety-related
equipment and damage it. ngh redundancy can be demonstrated by showing that the adjacent
supports are suspended and meet the Vertical Capacity Check (3 times Dead Load) of Section

9.2.1.3.2, and either the Ductility Check of Section 9.2.1.3.3 or the Lateral Load Check of Section
9.2.1.3.4.

"Isolated” means that it is not acceptable for as many as every other support to fail to meet the
gulaeunes In other words, there should be at least two supports each of which meets the

N " 1

gulaeunes of Section 9.2.1.3.2 and either Section 9.2.1.3.3 or Section 9.1.1.5.4, between each

M, I

"isolated" suppon

The consequeﬁce *of a failed isolated support should also be evaluated to determine whether there
is any undesirable effect on nearby equipment. Engineering judgment shoulid be used oy the SCEs
to make this evaluation. If it is not “1ed1ble for the support to swing away or fall, t‘ n there is no
safety consequence. If it is credible for the suppo t to swing away or fall, then it should be treated
as a source of seismic interaction. In this case, there is no safety consequence if there are no
fragile, safety-related targets in the vicinity or below.

Acceptance of worst-case, bounding supports by the Redundancy and Consequency Evaluation
described above does not provide, by itself, sufficient insight into the seismic ruggedness of the
Jfacility's raceway support systems. Rather, this option should be used during the walkdown to
screen out isolated instances of supports which appear marginal, so as to exclude them from the
bounding case sample

Support Upgrade. For certain supports which do not meet the Limited Analytical Review Checks,
it may be preferable to strengthen these supports rather than expend resources on more refined
analyses and evaluations.

When upgrading raceway supports, the facility may wish to use the Limited Analytical Review
guidelines in this section as the starting point in the design process. It is recommended that new
designs or retrofit e._ignq use additional factors of safety, especially for anchorage, since the
incremental added cost for larger anchor bolts is not significant but it leads to significantly larger

seismic margln.
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9.2.1.5 Documentation??

A summary package should be assembled to document and track the SCE’s evaluation activities.
Suggested documentation should include records of the facility areas evaluated, the dates of the
walkdowns, the names of the engineers conducting the evaluations, and a summary of results.
Recommended Seismic Evaluation Work Sheets (SEWS) for the summary package are given in
Chapter 13. Outlier Seismic Evaluation Sheets (OSES) are also given in Chapter 13. Included in

Separate summary sheets should be completed for each designated room number or facility location
where evaluations are condu(‘:ted. The §heets‘inciude reminders, as a checklist, for primary aspects
of the evaluation guidelines; however, the walkdown engineers should be familiar with all aspects
of the seismic evaluation guidelines during screening reviews and not rely solely on the checklist.
A ) .

m . OAT P S 1 S vy
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Itimately responsible for the seismic evaluations conducted.
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Analytical Review Data Sheet ior recording information on the supports selected as the worst-case,
samimian s miadndicra anemnmlan

representative sampies.
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Figure 9.2.1-1 Channel Nut with Teeth or Ridges in Light Metal Framing Strut
(Reference 47) (Figure 8-1 of SQUG GIP, Reference 1)
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(a) Rigid "Boot" Connection Detail (b) Addition of a Through Bolt

That Failed in Shake Table Test Corrected the Design Flaw.
Note: The size of the gap is exaggerated for emphasis.
Any size gap, no matter how small, is a possible
concern.
Figure 9.2.1-2 Rig 1 I ails (Reference 47) (Figure 8-2 of
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Figure 9.2.1-3

March 1

\Ne]

Note:

O

~

This arrangement may loosen and slip,
resulting in support collapse.

Beam Clamps Oriented with Dead Load Resisted Only by Clamping
Friction (Reference 47) (Figure 8-3 of SQUG GIP, Reference 1)
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Cast-Iron Anchorage Detail that Failed at the Pacific Bell
Alhambra Station, 1987 Whittier Earthquake (Reference 47)
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SECTION B-B

longitudinal motion

Short, Stiff Support in a System of Longer, More Flexible Supports
sw- -\ (A _ £ PR oS
{(Reference 47) (Figure 8-5 of SQUG GIP, Reference 1)
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Figure 9.2.1-6  Logic Diagram for Limited Analytical Review of Suspended
Raceway Supports (Figure 8-6 of SQUG GIP, Reference 1)
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Connections A, B, C, and D are ductile connections of standard catalog, light metal,
strut framing systems.

Connection E is a properly oriented beam clamp, configures as a pin-ended connection.
Pin-ended connections are considered ductile.

Connection F is an all-around fillet weld on a structural steel angle section. If combined
weld throat thickness is larger than the steel angle flange thickness, this may be considered
a ductile connection.

Connections C and D are ductile if the vertical bolts are into steel members as shown.
If the vertical bolts are into concrete, the connections may not be ductile and should be
checked.

Examples of Inherently Ductile Raceway Support Connection
MNataile A nnfioratinne (Raoforonco A7) (Fionve R-7 of SOITICC TP
L/CTLALLD diiuv L UILLIIFUIAUIULIO URTITITIILT X/ ) \Liguic U v LA AT IS S Y
Reference 1)



Notes:
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Connections A and B are partially welded connection details. Partial welds cannot develop
the plastic moment capacity of the vertical member, and are considered non-ductile.

Connection C is the non-ductile rigid boot connection.
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Connections E and F are diagonally braced, and should be checked for horizontal load.
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Frequency (Hz)

Rod Fatigue Bounding (Capacity) Specirum Anchored to 0.33g,

0.50g, and 0.75g (Reference 47) (Figure 8-9 of SQUG GIP, Reference 1)
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"W" corresponds to the total dead weight of the support (i.e., carried by both rods).
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3/8" THREADED RODS

(0.33g, 0.50g and 0.75g ZPA s)

1.5

14 —

1.2

14 - 033g

0.9 —
0.8 -
0.7 —

06 -1 0.50g

3.0 DL Anchor Screen
(with Mean/4 capacity)

0.5 —

Maximum Acceptable Weight (W, kips)

0.4 -

0.75
03 - cl

0.2
0.1

Notes: U

4 8 12 16 20 24 28

Minimum Acceptable Rod Length (L, in.)

"W" corresponds to the total dead weight of the support (i.e., carried by both rods).

"L" corresponds to the clear length above the top tier.

Figure 9.2.1-11 Fatigue Evaluation Screening Chart for 3/8-Inch Diameter
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Manufactured All-Thread Rods (Reference 47) (Figure 8-11 of
SQUG GIP, Reference 1)
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5/8" THREADED RODS

(0.33g, 0.50g and 0.75g ZPA s)

4.5

4 -
0.33g
35
)
2
<
2 3
=
o
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o2
8 0.50g
< 2
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< (with Mean/4 capacity) -
R
x
S 0.75g
1 —
05 A~
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Minimum Acceptable Rod Length (L, in.)

Notes: * "W"corresponds to the total dead weight of the support (i.e., carried by both rods).

¢ "L"corresponds to the clear length above the top tier.

Figure 9.2.1-13 Fatigue Evaluation Screening Chart for 5/8-Inch Diameter
Manufactured All-Thread Rods (Reference 47) (Figure 8-13 of
SQUG GIP, Reference 1)
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Maximum Acceptable Weight (W, kips)
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igure Y.2.1-14 ratigue cvaiuation Screening Lnart for 3/4-incn Uiameter
Manufactured Ali-Thread Rods (Reference 47) (Figure 8-14 of
SQUG GIP, Reference 1)
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