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- REPORT SUMMARY

E Thrs report provrdes gurdelmes that can be used to perform an experience based seismic
: ’capabllrty verification of HVAC duct and damper systems in nuclear power plants. The report
- summarizes seismic experience data from strong-motion earthquakes for these systems and
‘identifies the characteristics of systems that could lead to failure or unacceptable behavior in
‘an earthquake. The seismic experience data show that HVAC duct and damper systems exhibit
. extremely good performance under strong-motion seismic loading, with the pressure boundary
bemg retamed in all but a handful of cases.

o Background . ‘

;" The Seismic Quahﬁcatron Utrllty Group (SQUG) provrdes gurdelmes for seismic capability

; Verification of nuclear plant electrical and mechanical equlpment relays, tanks and heat

' exchangers; and electrical raceway systems using seismic expenence and test data. As part of

- this effort, the performance of HVAC duct and damper systems in 100 power and industrial
facilities in more than 20 strong-motion earthquakes has been comprled into a seismic experience
_database. This database has been used to establish guidelines to seismically verify as-installed
"HVAC duct and damper. systems and screen out potential failure modes and undesirable
conditions that could lead to seismic damage or failure.

Objective
To provide gurdelmes that can be applled to as-rnstalled HVAC duct and damper systems to
demonstrate seismic ruggedness

Approach ' :

The research team assembled data on the seismic performance of HVAC duct and damper
- systems from over 20 strong-motlon earthquakes since 1971. The team studied these data to
- ¢ determine failure modes, capacities, and success parameters. They used the recorded experience
o data to deve]op gurde]mes for eva]uatlon of ductwork and dampers

- :_-':Results

- ’:'f;_;'The gurde]mes in thrs report can be used to demonstrate the sersmrc'capablhty of HVAC duct _ .' : T

P -and damper systems ‘The recommended seismic adequacy review. procedure includes
.*- “documentation review, m-plant screening. ‘walkdowns,. analytrca] review of selected duct runs and
. supports, and 1dentrﬁcat10n and resolution of outliers that do not meet the screening or. analysrs

. criteria, Documentation is rev1ewed to determine input parameters such as systcm identification,”

- function, system boundanes, operating conditions, materials, and seismic input. Freld
walkdowns, which should be performed by qualrﬁed personnel who meet SQUG experience and
training requrrements for Seismic Capability. Engineers, are used to screen the HVAC duct and

‘damper systems for known seismic vulnerabilities and undesirable conditions that could lead to




damage or failure in a seismic event. The walkdown team revrews the as-msta]led HVAC duct
and damper system agamst a checklist of conditions to assess acceptablhty As part of the field
. walkdowns, the review team selects and details representatlve, worst-case samples of duct runs
" and duct supports for analytical review. The guldelmes include criteria for this analytical review.
. Appendix A of this report summarizes the seismic experience database for HVAC duct systems.
‘Appendtx B summarizes the seismic expenence database for dampers. '

B EPRI Perspectlve S :
“The use of seismic experience data from actual strong-motlon earthquakes has proven tobe a

" reliable and cost effective method for seismic capability verification. Accordingly, SQUG has

: ‘developed the Generic Implementation Procedure, which structures the method and applies it to

- some twenty dlfferent classes of nuclear p]ant equipment, re]ays, tanks and heat exchangers, and .

- electrical raceways. ‘As part of SQUG’s ongoing effort to expand the method to new classes of
. ‘equipment, this report extends the method to HVAC duct and damper systems and provides

- ‘guidelines to demonstrate seismic adequacy of exlstmg HVAC duct and damper systems. The

' appendlces to this report prov1de a summary of seismic experience ‘database for HVAC duct

~ and damper systems that has been assembled from power and industrial facilities located in

. the strong-motion areas of over 20 earthquakes. This database prov1des valuable information

. on the performance of HVAC duct and damper systems in earthquakes and it will enhance the
; mdustry s overall database of seismic performance of equlpment and systems. -

i Keywords

¢ Damper
- Duet .-
-~ Earthquakes
- HVAC ..
Seismic Effects
Seismic Experience Data
~ Seismic Verification Guidelines .
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S srgmficant sersmrc effects to dampers or their actuators.

g

~INTRODUCTION

' 1.}1-.' Background

- This report provrdes gurdehnes for sersmrc adequacy review of HVAC duct and damper systems.

‘The screening guidelines are primarily based on seismic experience data that show that most
types of HVAC duct and damper.systems exhibit extreme]y good performance under strong-
motion seismic ]oadmg, with the pressure boundary being retained in all but a handful of cases.
The guidelines provide a method to screen and identify features seismic vulnerabilities and
weaknesses

The guidelines re]y on the evaluatlon of sersmlc failure mechamsms for duct and damper
systems from seismic experience data presented in Appendrces A and B of this report. The data
show that the damage to duct systems are generally limited to direct seismic damage of the duct
or supports, and local damage due to seismic interaction with ad_]acent commodities. Seismic
-damage to HVAC duct systems documented in the seismic experlence database can be attributed
to the followmg categones ~

e Broken and Fallen Cantzlevered Sectzons Cantilevered sectlons of duct and duct diffusers -
‘have broken due to hrgh inertia loadmg at weak joints, and due to inadequate ﬂexrbrlrty
of short duct segments to accommodate header movement.

"o Opened and Sheared Seams Lrght gage crrcu]ar duct constructed with riveted lap Jomts have -
opened up and sheared in past strong-motron earthquakes. This damage has occurred at
locations subject to hrgh bendmg strain in very flexible duct’ systems.

e Duct Fallen off Support. The database includes one examp]e where the end of a cantilevered
~ duct section jumped off of i its end hanger support and was damaged. The duct was not tied
o the support and was sub_]ect to hrgh levels of sersmrc motlon STt

e o Equzpment on Vzbratton Isolators HVAC duct has been damaged by excessrve movement S
' “";of 1n-]1ne equlpment components supported on vrbratr : o

«:”;-‘;f-'The seistic expenence database rndrcates that dampers posse charactenstrcs that genera]ly '
k prec]ude damage in earthquakes The experrence database contam Amstances of damage or’

" ‘,1 2 Overwew of Gurdelrnes

The gurdehnes for sersmrc ‘ac equacy revrew of HV‘_:C duct and ﬁamper systems include the
following sections: '
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Introduction

) App]icaoility and _Qua]iﬁcations (Section 2)
e Walkdown Screening Guidelines (Section 3)

' Ana]ytical Review Criten'a (Section 4)

- Sectlon 2 provrdes genera] requrrements the HVAC duct and damper system must meet to

. be able to use these guidelines for seismic verification. Section 2 also includes quahﬁcatnon

requrrements for 1nd1vrdua]s who perform the seismic adequacy review.

Sectlon 3 presents gurdelmes for conductmg in-plant seismic adequacy review of the HVAC
duct and damper systems including } supports. These walkdown gurde]mes are used to screen
out potential failure modes indicated by seismic experience data, and to ensure database
representation of the duct and damper system. As part of the walkdown, representative worst-
case examples of duct supports are identified by the walkdown team and detailed for analytical
review. In addition, represéntative worst-case examp]es of duct runs are identified by the
walkdown team and detailed for analytical review for duct systems that require pressure
boundary integrity to be mamtamed :

Section 4 1nc1udes cntena for performmg ana]ytrcal review of representatrve samples of duct
systems and supports selected by the walkdown team. When these representative samples do not
pass the analytical review, further evaluations should be conducted and the samp]e expanded

as appropnate : -

The results of the walkdown are documented in walkdown notes and forms included in
Section 5.

Section 6 describes outliers and how they may be resolved.

References are mcluded in Sectlon 7

A summary of the sersmrc expenence database for HVAC duct systems is‘included in
Appendix A. The seismic experience database for dampers is included in Appendix B. These

appendices provide details on thé performance of HVAC duct and damper systems at selected
industrial and power p]ant faCl]lthS in actua] strong-motron earthquakes




B AplecABiLlfv AND QUALIFICATIONS

| 21 Apphcablllty

' _ These gurde]mes apply to exrstmg heatmg, ventilation and arr-condrtromng (HVAC) ducts,

23 -:.;;j..odéiif"i'ééiib‘ﬁéf.""‘

dampers and supports. Appurtenances such as registers, access doors turning vanes, filters,
louvers, air diffusers and similar components normally attached to HVAC ducts are also
included. These guidelines apply to duct fabricated of hot-rolled and cold-rolled carbon steel,
galvanized sheet steel, stam]ess steel and aluminum wrthm the followmg maximum operating
temperature llmrtatlons

Table 2-1 - S
Temperature leltatlons for Duct Matenals
. Matenal ' Maximum Temperature
Hot-Rolled Carbon Steel | 400°F
Cold-Roiled Carbon Steel  400°F
-| Galvarized Sheet Steel  400°F
| Stainless Steel - | . 400°F
’ 'A'Iurlnin'um : . 300°F

The gurdelmes are apphcable to any HVAC duct and damper system at any elevation in a plant
where the nuclear plant free-field grourid motion 5% damped seismic design spectrum does not
exceed the Seismic Motion Boundmg Spectrum of Reference [1]. The Bounding Spectrum is

shown m Flgure 2- 1 = : :

8 '.',These gundelmes are 1ntended to be applied by qualrﬁed engmeers who meet the trarnmg and
; expenence requrrements defined in this section.” : :
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Seismic Motion Boundmg Spectrum

The Seismic Rev1ew Team (SRT) should consist of at least two engineers who meet the
requirements for Seismic Capablhty Engineers (SCEs) as defined in Section 2 of Reference [1].
These individuals are requrred to be degreed engineers, or equivalent, who have completed a
SQUG developed training course on seismic adequacy verification of nuclear power plant
equipment. They are requlred to have at least five years experience in earthquake engmeermg
apphcable to nuclear power p]ants and in structural or mechanical engmeermg Atleast one
engmeer on each Se1sm1c Rev1ew Team should be a licensed profess1ona1 engmeer '

In addition, quahf ied users of these gundehnes must be familiar with the followmg toplcs

o Content and intent of the gu1de1mes _ ,
~e HVACduct and support des:gn requnrements of the Sheet Metal and Air Condmonmg

Contractor s Natlonal Assocxatlon Inc (SMACNA) mc]udmg References [4 through 7] N

g .. ;Selsmlc expenence data for HVAC duct ind damper systems :




'i}f}wA_LKDole SCREENING GUIDELINES

3.1 OverVieyv' of Walkdown Guidelines -

_ This section presents requlrements for performmg the m-plant screenmg review of HVAC duct
and damper systems for structural integrity, support review, seismic interaction, and pressure
boundary integrity. Requrrements are also provided for the selection of bounding/sample
conﬁguratlons for subsequent analytical evaluation. Analytical evaluation criteria are covered
in Section 4. Screemng and evaluation worksheets (SEWS) for recordmg information from the .
in-plant screenmg rev1ew are provxded in Sectlon S.

The HVAC duct system seismic evaluation consists of two phases (1) an m-plant screening
review of field conditions to evaluate as-installed confi 1gurations for seismic deficiencies and
(2) the analytical evaluation of se]ected duct and/or support configurations. The specific

- requirements for the eva]uatlon are dependent upon the functional pressure boundary integrity
‘requirements desrred . _

The 1n-p]ant screemng rev1ew of HVAC duct systems encompasses the followmg

e ‘Review duct system structura] features that may lead to poor performance as 1]lustrated
by the seismic expenence and test data (Section 3. 2).

e Review support system for undesnrable condmons that may lead to poor performance
(Section 3.3). s

.o Review potentlal selsmlc mteractmn hazards (Sectlon 3 4)

e Review duct system features to provrde a high confidence level that pressure boundary
~ integrity is assured These requnrements are based on seismic expenence and test data
) (Sectlon 3 5) ' : .-

5 , Identlfy boundmg conﬁguratlons/samples for analytlca] evaluatrons (Sectlon 3 6).

Items not meetmg the m-p]ant screenmg revnew should be 1dent1f' ed as outhers Outliers require
a more detar]ed review (see Section 6) -

An ana]ytlca] evaluation shou]d also be conducted for boundmg conﬁguratlons/samples of

~ duct and/or supports selected during the in-plant review. Where pressure integrity is required
following an earthquake, duct and support configurations should be selected to provxde
representative, worst-case, bounding samples. This will typically involve a careful review of
available drawings and collectlon of as-burlt mfonnatlon Ana]ysrs of boundmg configurations

S
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a larger duct population. Where structural integrity (preventron of collapse and fallrng) is the
only concern, analysis of a ‘random samplmg of support configuratrons is sufficient, along
with the satisfaction of the m-plant screening review requirements. If the selected configurations .

d *. do niot pass the analytical review, the sample population should be expanded to identify the
o populatron of HVAC system conf' guratlons that meet the requrred seismic cntena -

Regardless of the pressure boundary integrity requrrements the HVAC duct evaluation

_ includes an assessment of structural integrity and potential interaction, and analysrs of support

*_configurations. If pressure boundary integrity is requrred the HVAC in-plant screening review
also includes requirements for duct pressure boundary assessment and a selection of bounding

conﬁguratlons for analysis. Items not satisfying the analytical evaluations are outlrers that may

require more detarled analysrs or modrﬁcatnon

3.2 Structural lntegrlty Revrew

This section describes HVAC duct and support attributes for revrew durmg the m-plant
screening review walkdowns. These attributes have led to poor seismic performance based on
past earthquakes and testmg (see Reference 3, Appendix A, Appendrx B and Appendrx D).

3.2.1 Duct Span

Duct span govems the sersmrc and dead load stress in the duct. Developmg allowable duct
spans and maximum cantrlever lengths for various duct sizes prior to the in-plant screening
review will facrlrtate the screenmg of as-mstalled spans. An example of how allowable spans
presented in Section 4.1. Lateral and vertical spans that appear to be beyond the developed
requirements should be noted forfurther evaluation.

3.2.2 Duct Tie-down‘s '

Ducts should be secured to therr supports to preclude the possrbrlrty of displacing, falling or
- sliding off dunng a seismic event. Systems do not have to be secured to every support unless’
. the supports are at the maximum ‘spacing descnbed in Section 3.2.1. The HVAC duct should
. "be securely attached to the last hanger support ‘at the ‘terminal end of the duct run. Srmrlarly,

f"‘supports configured to limit the lateral movement of the HVAC duct system should also be -
attached to the duct. ‘Seismic’ expenence data indicate that’a mode of failure for HVAC duict

O © systems subject to earthquake ]oadmg is the duct falling off of end supports: An example of .

o ki "fthrs occurred at the Fertrmexplant durrng the 1985 Mexico

Cit; 'earthquake (F1 gure A-11 of .

Bty fThe SRT should use exp ience and Judgment when evaluatrng where duct tle-downs are -

B requrred "For example, attachment to the last support is not requrred if the distance from the end
of the duct to the next to last support does riot exceed the* maximum allowable cantilever length _
In this case the duct would be sersmrcally adequate wrthout takmg credtt for the ]ast support in
the'ductrun. . e .
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© 3.2.3 Duct Joints

. : .HVAC joints should be vrsually mspected to venfy their structural integrity. Jomts
“(including connected tees and elbows) that are observed to be loose, mcomplete, corroded, or

o .otherwise suspect (such as those repaired with duct tape or fiberglass, or missing rivets, screws,

etc.). should be reviewed in detail. Seismic experience data have shown that such joints are often .

o .the point of excessive leakage or failure of HVAC systems in an earthquake. A ‘corroded riveted

- duct joint failed at the Caxton Paper Mill as a result of the 1987.New Zealand earthquake

o (see Appendix A, Section A.2.1). In addition, HVAC without pressure boundary requirements

and with runs consisting of slip joints without pocket locks, rivets or screws should be reviewed

" to assure that the differential displacement between the two ad101mng ducts due to seismic

LA _ .'?i.;, 3 2 6 Flex:blllty Mounted Heavy EquPme”t

‘loading will not cause joint separatron Figure 3-1 shows different SMACNA duct Jomts as
- described in Reference [4] to aid in identifying slip-type Jomts

3.2, 4 Riveted Lap Jomts

Round HVAC duct w1th ltght gage nveted lap joint construction should be considered outliers
and subjected to more detailed investigation. The seismic expenence database contains isolated
cases of damage occurring to this kind of duct construction, such as the failure at the Wiltron
Electronics Plant during the Morgan Hill earthquake (Frgure A-9 of Appendix A). More detailed
investigation should be performed to assure the seismic adequacy of thlS type of duct.

-3.2.5 Appurtenahcés‘- ‘

Appurtenances attached to HVAC ducts must be checked to assure they will not fall in the

event of an earthquake. This' equrpment includes items such as dampers turning vanes, registers,
access doors, filters, louvers, and air diffusers. Earthquake experience data have shown that
intake and discharge screens and vanes that are inadequately attached to the duct (1 .. only -
slipped into place and not fastened with screws or rivets) have fallen during seismic events.
Figure A-8 of Appendix . A shows this type of failure. Appurtenances not positively attached to
the duct that appear to be at risk of falling during an earthquake should be evaluated to determine
'if failure will affect the functlomng of the HVAC system and whether they will become an '
interaction hazard with other nearby safety related equipment.- Appurtenances projecting from

_ the duct (cantllevered) should be revrewed to assure connections are sersmncally adequate

- HVAC systems often have heavyv.preces of mechanical equrpment mounted 1n-lme wrth the duct '

' {'-,Examples include fans; coolers dryers dampers wrth motor operators, and blowers Earthquake

-expenence data have shown that large pteces of equrpment mounted in-line on flexible supports

o “(e.g., without lateral and longrtudmal bracing) can damage the. ‘duct from excessive displacement _

* during an earthquake This occurred at the Watkms-Johnson Plant durmg the 1989 Loma Prieta

L ’earthquake (Flgure A- l7 of Appendrx A) Mechamcal equtpment should be investigated to

- determine if the Jomts connectmg the equlpment to the duct are sufﬁcrently flexible to
: accommodate any expected swmgmg of the equrpment dunng a setsmtc event. Potential

equipment should also be 1nvest1gated (see Sectton 3 4)
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Heavyeqtinpment with con ted HVAC duct may be ﬂoor-mounted on v1bratlon lsolatlon

pads: Earthquake expenence ‘'data have shown examples of excessnve leakage and failures of such
HVAC systems due to insuffi cient restraint of this equ1pment “Excessive leakage and failures
have been caused by : floor—mounted equxpment falling off their xsolatlon pads and damagmg
attached ducts in'the process. Fxgure A-13 in Appendix ‘A shows one such failure where a
flexible bellows was torn due to the motion of an attached fan on vibration 1solat10n mounts
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- The SQUG GIP [1] provrdes gurdehncs for seismic venﬁcatlon of HVAC equlpment such as

. fans (axial and centrifugal), air handlers and chillers. Heavy equlpment that is flexibly supported
. or on vibration isolation pads should be evaluated separate]y using the SQUG GIP or identified

s -as outhers for further eva]uatlon -

- _;,-"3”2"7"B'ranch Flexibility

- Earthquake expenence data have indicated that “hard points” are prone to seismic damage

. Examples of hard points include locations such as wall penetratlons and ngld supports on short

stiff branches that are attached to ﬂexrbly supported duct. This type of seismic damage occurred
at the Wiltron Electronics Plant during the Morgan Hill earthquake (Figure A-10 of Appendix

.~ A). Short, stiff branches on a flexibly supported header should be identified as outliers and
checked for adequate ﬂexrbrhty to accommodate the expected header motion during a seismic
event based on the gurde]mes in Section 4.1.

3.2.8 Cantilevered Duct

Earthquake expenence data mclude 1so]ated cases of cantllevered duct sections separating and
falling from the main duct header. An example of 1nadequate attachment occurred at the Pacific
Bell Watsonville facrhty dunng the Loma Prieta earthquake where a vertical cantilevered duct
section separated and fell to the floor (Figure A-19 of Appendix A). Another example occurred _
at the Wiltron facility during the Morgan Hill earthquake where a vertical cantilever broke from
its supporting header and fell (Frgure A-9 of Appendix A). Cantilever duct sections should be
adequately restrained to prevent excessive loads at the cantilever attachment point. The

cantilever should be supported SO that the maximum allowable cantilever length is not exceeded.
Unrestrained short cantiléver ducts that meet the maximum allowable cantilever length should be
reviewed to insure posmve attachment to the supporting headers :

3.2. 9 Duct Corros:on

Excessive corrosion of HVAC ducts should be evaluated for its effect on structural integrity.
Light surface corrosion is genera]ly nota concern but heavy flaking or pxttmg might be. Seismic
_ experience data have shown that si gmﬁcant corrosion ‘may lead to poor seismic performance for

Ty many plant items. Corrosron reviews are especral]y important in damp aréas of a plant such as

S 'Srgmficant corrosion should generally be identified for repair

E ThlS sectron descnbes support attributes for review. dunng the in-plant screemng review

= ‘pump houses Eva]uatrons should consider an estimated’ strength reductron due to corrosron

L -walkdowns These attnbutes have led to poor seismic performance in similar distributed type

systems, such as piping, cab]e tray and conduit systems [1:and 3]. Exxstmg duct systems judged
to have srmllar potentlally poor selsmlc perforrnance attnbutes, sha]l be documented as outliers.
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3.3.1 Beam Clamps

~ Beam clamps should not be oriented in such a way that grav:ty ]oads are resisted only by the
frictional forces déveloped by the clamps. Beam clamps oriented this way might loosen and slip .
-off in an earthquake and possrb]y cause a collapse of the system

3. 3 2 Channel Nut's

E Channel nuts used with ]tght metal strut frammg systems should have teeth or ridges stamped
into the nut where it bears on the lip of the channel when slip resistance is relied upon to
maintain structural 1ntegnty Laboratory tests have shown that in a seismic enviroriment, channel
nuts without these teeth or ridges have significantly 1 lower slip resistance capacity than those with
the teeth or ridges. Excessive galvamzatlon or loose and flaking galvamzatlon on the strut
channel may also lead to reduced bolt resistance to slippage. Channel nuts should be visually
reviewed on a random basis to provide reasonable assurance that teeth or ridges are present when
required for structural 1ntegr1ty, and that the nuts are properly engaged on the frame sections.

3.3.3 Cast Iron Anchor Embedment

Threaded rod hanger anchor embedments constructed of cast iron should be evaluated because
of potential brittle failure modes. Plant documentationshould be consulted to determine whether
anchor embedments are cast iron. Earthquake experience data includes examples where heavily
loaded rod hangers threaded into cast-iron inserts have failed [8). Failure modes include anchor
pullout and anchor fracture where rods are only partially threaded into the anchor

3.34 Broken Hardware (

Any observed mrssmg or broken hardware for HVAC duct and supports should be noted so
that repair or replacement may be provnded This includes examples such as missing nuts or
bolts on connections, bent or damaged support members, dented duct seams, separated duct
joints, torn expansion joints and similar defects. HVAC related hardware that is missing or
- broken should be evaluated to determine the consequences that this would have on the HVAC
. system.In parttcular it should be determmed lf the mtegnty of the HVAC pressure boundary
e could be affected : SR ‘ LSRR

- "i': 3 3 5 Support Corrosron

' Excesswe corrosron of HVAC duct supports and support components (mcludmg anchorage)

s should be evaluated for its effect on structural integrity. Lrght surface corrosion is generally not

-~a concern but heavy ﬂakmg or pxttmg mtght be. Seismic expenence data have shown that
sl gmficant corrosion may lead to poor.seismic perfonnance for many plant items. Evaluations.

- should consrder the effects of an estimated strength’ reductlon_or loss of support due to corrosion.

Slgmficant corroswn should generally be‘identlﬁed for repair.
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- 3.3 6 Concrete Quallty

- Gross defects or large cracks in the concrete to which the duct supports are attached should be

N ‘Aevaluated for their potentlal effects on seismic performance “Visibly large cracks, significant
" 'spalled concrete, and serious honeycombmg in the vicinity of HVAC duct support anchors
_ - :should be consrdered as gross defects. The walkdown team should consider grossly defective
" . “concrete areas as outliers and include supports anchored to marginally defective concrete in

The walkdown team' ould

._' -_the sample selected for the limited analytical review.

3.3. 7 Welded Attachments

. Support connections contammg obv:ously undersized welds, mcomplete welds, or welds of
poor quality (i.e., with si gmﬁcant burn-through) require analytical review incorporating reduced
capacities. Sersmrc experience data and shake table tests have shown that welds not capable of
developmg the strength of connected members may be subject to a brittle- type failure mode
during seismic loadmg

3 3 8 Rod Hanger Fatlgue

Although no specxﬁc mstance of faugue farlure has been 1dent1ﬁed for HVAC duct rod hangers,

- raceway shake table tests, have shown that short, fixed ended, heavily loaded rod hangers may be
-subject to low cycle, hlgh strain fatlgue failures during seismic events [1 and 8). Rod hangers

that may be subject to high strain low cycle fatigue effects should be investigated in greater
detail. The rod fatigue evaluatlon requlrements outlined in Section 4.4.2 should be used to
address rod fatigue concems Rods to be evaluated are characterized as follows:

e Rods double nutted to ﬂanges of steel members
e Rods threaded 1nto shell-type concrete expansmn anchors
* Rods connected by rod couplers to non-shell type concrete expansion anchors

‘e Rods threaded into rod couplers wh1ch are welded to overhead steel embedments.

. .';._3\4 Selsmlc Interactlon Revrew': |

-Requlrements for the eyaluatlon of selsmlc 1nteract10n follow the requlremems out]med
»-'-',7-."1 Appendlx D of Reference [11.. SR _ _

‘- 3 4 1 ,Prox:mlty and Fallmg Hazards

awa e Of lSSUCS a ocrated Wlt selsmlc mteractlon and be

L alert for potentral selsmlc mteractron hazards Duct systems attached to or in the vicinity of
~ -unanchored components or unrestramed block walls should be noted and evaluated. Only

" credible and sngmﬁcant mteractron Sources should be considered as outliers. Damage that may
occur to the duct itself as well as'to any “safety related equipment that the duct may interact with
should be considered.
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If an isolated support with questionable structural adequacy is found, the walkdown team

should perform further evaluation of its adequacy or exercise judgment regarding the likely
consequences of failure. If the adjacent spans are not excessive (see Appendix C for span length
requirements), and if adjacent supports have a sufficiently high factor of safety (see Section 4.4),
failure of a single support can be acceptable if the walkdown team judges the adjacent supports
have adequate margin for the increase in distributed load. The effect of the assumed failed
support swmgmg or falling should be evaluated as a seismic spatial mteractlon hazard for fragile
components in proxlmlty .

3.4.2 FIexibiIity of Attached Lines

Distribution lines such as small bore piping, tubing, conduit or cable that are connected to
dampers can potentially fail if there is insufficient flexibility to accommodate relative motion
between the damper and the adjacent equipment or structures. Straight, in-line connections in
particular are prone to seismic damage or failure. The walkdown team should review distribution
lines connected to dampers to insure there is adequate flexibility between the damper and the
first support on the building or nearby structure.

3.4.3 Differential Displacement Hazards

Ducts spanning from one structure to another should be checked to assure that they can
accommodate any relative movement of the structures. Experience data indicate there can be
excessive leakage or failures for duct systems without sufficient flexibility at spans experiencing
differential displacement [3]. If this condition is identified, stress criteria established in Section 4
of this report should be used.

3.5 Pressure Boundary Integrity Review

This section applies to HVAC duct systems where a high confidence level of pressure boundary
integrity is required for functional considerations. Examples where pressure boundary integrity
may be required include the following:

e Systems with little or no margin for airflow

¢ Systems where leakage could significantly change system balance

e Systems that separate clean from potentially contaminated or hazardous material
(such as battery room exhaust).

The following are in-plant screening requirements to achieve a high level of confidence of
pressure boundary integrity.

3.5.1 Duct Joints and Stiffener Spacing

Stiffeners prevent bulging of the duct panels due to internal pressure. Lateral joints such

as companion angles, and lateral reinforcements, typically of steel angles, are considered as
stiffeners. Earthquake experience and test data have demonstrated that duct systems that met
the SMACNA guidelines performed well during earthquakes. Items to be checked for the given
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- system operatmg pressure requrrements include sheet metal gage, stiffener size and spacing, and -
“panel dimensions. For bolted duct connections, it is also necessary to check minimum flange -

- height, number. of 'bolts, maximum hole spacing, and ring size where segments of round duct

are bolted together. Applicable sections from the SMACNA standards include Section 7 of

" -Reference [6] Chapters 4 and 12 of Reference [7]; and Chapters 1 and 3 of Reference [S].

- 3 5 2 Round Duct Supports

- Round HVAC duct runs supported such that the duct is point loaded shou]d be considered
outliers unless the duct is reinforced at the point of support. An example of this situation is
a round duct supported by a rod “hanger without a saddle. -

3.5.3 FIex:bIe Bellows B

Flexrble bellows connectmg HVAC duct to in-line equlpment may become damaged if they

do not have enough slack to accommodate differential motion between the equipment and the
duct. Bellows are typrca]ly not designed to resist any large’ dlfferentral motions imposed by the
earthquake. If reasonable estimates of bellows flexibility cannot be determined by judging the
available slack in the as-lnstalled conﬁguratron, then manufacturer’s data should be reviewed.

3.6 Selection of Bounding COnfiguratiOns

_As part of the 1n-plant screemng revrew representatrve ‘worst-case HVAC duct and duct
supports should be selected as boundlng configurations. The extent of the sample should be _
determined by the Seismic Capabrhty Engineers based on the diversity, complexrty and extent o
of the systems bemg reviewed. The samples should include representative samples of the "
major different types of duct and duct supports for the HVAC duct and ‘damper systems bemg o

reviewed. As a general guideline; 10 to 20 different sample supports and 1 to 4 sample duct .~

runs should be selected for facrlmes evaluatmg multiple HVAC systems 'These selected -
configurations should be eva]uated usmg the analytical review criteria in Section 4. Detar]ed
evaluation of boundrng, worst-case conﬁguratlons assures the’ sersmlc adequacy of the entlre =
population. When selected confi guratlons do not pass the analytical | rev1ew, the selected ..

o populatlon should be expanded to  identify | the populauon of HVAC | system conﬁguratlons thatj RS
o hmeet ‘the requrred seismic criteria. For examp]e “all’ supports ‘and duct runs that are represented Doat

L . AThe procedure for the selection of ,boundary _confirguratlons for duct and supportsystem N
¥ »analytlcal review is dependent upon the functional requrrements of the system. For duct -

..~ Systems requiring structural integrity or reasonable assurance for- pressure boundary integrity =
‘- (where potential sma]l tears or leaks are acceptab]e) ‘the samp]e selectlon only needs to include
~ worst-case boundmg duct supports -For systems where full pressure boundary integrity is

, requlred the worst-case boundmg samp]e should 1nclude the duct run 1tself as well as the

o supports




Walkdown Screening Guidelines

The walkdown team needs to understand the analytlcal revrew requirements presented in

Section 4 prior to performmg in-plant screening reviews and selection of bounding -

. configurations. The goal is to establish a biased, worst-case sampling, representative of and -

~ bounding the major different HVAC conﬁguratrons in the plant ThlS boundmg of worst-case
- samples will be subject to ana]ytrcal review. - -

B Notes should be taken descnbmg the basis for selection of each conﬁguratlon The location
. -of the selected confi guration should be noted, and detailed sketches of the as-installed -

- -condition should be made As-built sketches should include the duct and support conﬁguratron
“dimensions, connection details, anchorage attributes, member sizes, and loading. Any additional

information that may be considered relevant to the seismic adequacy of the selected
configuration should be noted in detail.

Building elevation should be taken 1nto account when choosmg HVAC duct conﬁguratlons
as boundmg samples Identlcal systems at two different elevations in the plant expenence
different seismic environments. The htgher the bulldmg elevation, the greater the seismic
demand. Therefore, it is possrble that a system appearing to have few seismic vulnerabilities
which is located at an upper, elevation in a building may. actually have a greater probability of
failure than a system located at a lower elevation with a worse conﬁguratlon The walkdown
team members should acquamt themselves with the differing seismic demand environments
in the buildings being 1nspected by revrewmg the floor response spectra before selecting the
bounding sample. :

3.6.1 Selectlng Boundlng Duct Support Samples

The most heavily loaded support for each duct conﬁguratlon should be selected as a boundmg
case. Long spans, insulated duct, supports carrying multiple ducts, top supports of vertical runs,
heavy in-line components and isolated “stiff”” supports on rod hung systems are indicators of
heavy load. Duct support conﬁguratlons to consider are long HVAC runs with few supports _
providing lateral or longitudinal restraint, long vertical runs, runs with seemingly weak curved
sections, and runs with large; ﬂexnbly mounted in-line equipment. Of particular importance are
duct supports that appear to have more loading than originally designed for. Heavily loaded
supports can be identified by the presence of other plant components attached to the supports,
such as supports for plpe, cable trays, and condult _

Selectlon ofa boundmg duct support should consrder conditions where anchorage appears .
. tobethe weéak link in the load path; ‘Duct supports Wwith anchorage that appears marginal for the

L 'supported wetght should be mvestlgated “Anchorage with undersized welds 1ncomplete welds,
" " or welds of poor’ quahty should also be evaluated. Overhead support steel, such as steel angle, o

" used spécifi cally as an anchor pomt to support the duct system should have 1ts anchorage to the
S ,;bulldmg structure eva]uated . : L

-«"~When appropnate the selection should mclude duct systems \ w1th'ev1dence of extreme or over-

- pressure loads, and/or duct systems ‘that appear to have unusual ]oadmg condmons Examples
include duct rins that support ‘other equipment items (such as raceways or plpmg) “ducts that are

: shlelded heavily insulated or covered with ﬁreproof' ing, and ducts with suspect flexible Jomts
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** ANALYTICAL REVIEW CRITERIA

a1, _Overview of Ahalysis Criteria

~ Analytical evaluatlons shall be performed on the se]ected boundmg or samp]e HVAC duct
‘and support conﬁguratrons required to achieve duct system function followmg a seismic event.

The selection of duct and/or support conﬁ guratrons shall be consistent with the requirements
of Section 3.6. The duct evaluatron criteria are based primarily on the design approach utilized
in SMACNA’s constructron standards for round and rectangular industrial duct [6, 7]. Equations -
for computing pressure stresses in duct and stiffeners are taken drrect]y from SMACNA

- standards. Use of this procedure resultsin a conservatrve estimate of the true duct capacity and
1s compatrb]e with data’ obtamed from various test programs ]|sted as References [9 through13].

The pressure boundary mtegnty review of HVAC duct consrders the combined effects of -
pressure, dead weight and seismic loads on the duct. The combined dead load and seismic
-stress is checked agamst a factored allowable workmg stress-for acceptance. The general stress
combination equatrons are glven below: :

Horizontal Rectangu]ar Duct -
fDL+[(EQV)2+(EQh)2]°5<17Fb | | S Eq. 4-1

Vertical Rectangu]arDuct T | _
[(EQm)2+(EQh'2)2 ‘]°-57<'.1.7,F., o | Eq.4-2

. Honzonta] Crrcular Duct

fDL+EQ,,<]7Fb Nt " YEq.43
PR S v‘é‘r"{.‘f-.'?Eq'.A-d
""" Eq. 4-5
: “Pressure Stress
f <F

Eq.4-6




Analytical Review Criteria

- Where: - o
foo = Dead load bending stress
f, .= Pressure stress
EQ, = Bending stress resultmg from DBE seismic loads in the vertrcal direction

EQ, = Bending stress resulting from DBE seismic loads in the
horizontal transverse direction. The additional .
. subscripts 1 and 2 refer to stress components from two
orthogonal transverse seismic loading conditions -

F, = - Bending stress allowable (normal working stress allowable)
F, = Pressure stress allowable (normal workmg stress allowable)

The 1.7 increase in allowable stress accounts for the short duration of seismic loading.
This increase is consistent with realistic allowable capacities for cable tray support components
in Section 8.3.8 of Reference [1] ; .

The effect of longltudmal sersrmc ]oadmg on the ducts is typrcally not srgmﬁcant since these
forces are usually distributed over many support points. The effects of longitudinal seismic
loading should be combined with transverse and vertical seismic loading by the Square Root
of the Sum of the Squares (SRSS) method in the stress calculations.

4.2 Dead L'ciada"n'd'fSei's‘mic Stress

Analysis for dead and sersmrc loads may be performed using elther the equivalent statrc load
method or the response spectrum method. - :

The equnvalent static load method follows a tributary length approach using the spectral
acceleration at the applicable frequency (use peak floor spectral acceleration if frequency is
unknown) An equivalent static coefficient of 1.0 times the spectral acceleration is used which
is similar to the static coefficient used for équipment items addressed in Reference [1]. For this
method, the bending moment lS approxrmated by [6 7]:

M ; —_ (For ducts.spann_rng oyer one or two spans) ' Eq.4-7

% (For ducts spanning over 3 or moré Supports)

ipplied lmear load (lb/m)
tnbutary span (m) -
duc 'bendmg moment (m-lb)
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Other conﬁguratron anomalles such as cantilevered duct sectlons shall be consrdered ona

- case-by-case basis.

| C ».Bendmg stresses due to axial response of a duct system may result if the axial run of duct is not
" - braced in the longitudinal direction along the run of duct. If the axial restraint is provided by the

- first lateral restraint around a bend in the system, then the bending stress in the duct at the lateral .
- :restramt should be checked also for longitudinal motion of a tnbutary span of the axial run.

Altematlvely, longltudmal load resistance along an axial run may be prov1ded by framing action
-between the duct itself and the supports if the duct is adequately attached to the supports. In this
case, the additional bending moment in the duct (about the transverse horizontal axis) must be

checked

The response spectrum method requ1res modeling of sufficient ductmg to analytically represent
the expected dynamic response of the system. In general, this includes duct up to anchor points

or equivalent restraint. Modal combinations are performed using the Square Root of the Sum of
the Squares (SRSS) method. The analyses should consider all modes up to'33 Hz and include a -

minimum 90% mass participation.

For both methods, a cntlcal damping ratio of 7% is appropriate for determining the seismic
loads. This damping ratio is a conservative estimate of derived dampmg ratlos from actual shake
table tests [9 through 13] ' , :

-Bendmg stresses for dead welght and seismic loads are derived usmg the duct section modulus
as follows :

: M
fi=— Eq. 4-9
b= =q
where
f, = Bending stress (psi)
M = Applted bendmg moment (m-lb)

of sheet metal for calculauon of the :
duct section modulus to a 2-inch by 2-1nch reglon at'the four corners of the duct. A reduced
- séction modulus is thus calculated by assummg only these corners are effectlve in res:stmg

- 'iifbendtng For round ducts, the full sectlon is avallable for resrstmg the bendmg moment on the

| 3 i-‘:};’duct [7] 7

‘}'._-"-In addltlon, frequency correctlon factors of 0.59 and 0.87 for pocket lock and compamon angle
constructions, respectrvely, must be apphed to adjust the calculated rectangular duct frequency
based on analytrcal correlatron of test results (Appendix’ C) Duct Jomts that do not fit any of the
Figure 3-1 duct joint types and can not be shown to behave in a manner equnvalent to one of
them should be evaluated separately o . :
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Allowable bendmg stresses differ for rectangular and round ducts as detarled in the following .
sections. R :

. _4 2, 1 Allowable Bendmg Stress for Rectangular Ducts |

) The al]owab]e bendmg stress for norma] operating condmons as specrﬁed by SMACNA{6],
. is 8 ksi for carbon steel,’ ga]vamzed sheet and stainless steel materials: This corresponds to

- 0.27 times the minimum yield strength of 30 ksi for typical matena]s used for industrial duct
: constructlon w1th1n the specified temperature range.

: The SMACNA standard for rectangu]ar 1ndustr1al duct constructlon [6] does not mc]ude desrgn
" of duct fabricated of aluminum. A reasonable allowable bendmg stress for normal operatmg '
conditions for aluminum may, be taken as 4.9 ksi. Thrs corresponds to 0.27 times the minimum
yield strength of 21 ksi for alummum materials, times a yield strength reductlon factor of 0.86
for temperatures up to 300 degrees Fahrenhelt

The normal allowable bendmg stress for rectangu]ar ducts may be increased by a factor of 1.7 -
for DBE loads as detailed at the begmmng of Section 4. This increase may be taken for ducts

having pocket lock and companion angle (or equrva]ent) joints. This applies to joint types T-1 o

through T-3 and T-15 through T-24 of Figure 3-1, since Appendix D tests were performed on
joints that are structural]y similar to these types of duct joints. The normal allowable stress
should not be increased by 1.7 for DBE for ducts with potentially weaker j joints thatrelyon .-
friction or crimping. Jomts such as types T-4 through T-14 of Frgure 3-1 are examp]cs of -
potentially weaker _]omt types

Duct joint that do not ﬁ any of the Frgure 3-1 duct joint types and can not be shown to behave :
in a manner equrva]ent to one of them should be evaluated separately.”

4.2.2 AIIowable Bendmg Stress for Circular Ducts

The a]lowable bendmg stress for'crrcu]ar ducts as specnf' ed by SMACNA (71 depends on the ‘ __v B

The normal a]lowable bendmg stress for hot ro]]ed carbon steel (based on.a mlmmum yre]d

15 stress of 33 ks1 and:maxrmum temperature of 400 degrees Fahrenhéit) is as follows R
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Where
D = Diameter of circular duct (in)
t = Duct thickness (in)
= Bendmg stress allowable (normal workmg stress allowab]e)

| - "I'he normal allowable ‘bending stress for cold rolled carbon steel and galvamzed sheet (based on
“a minimum yield stress of 32 ksi and maximum temperature of 400 degrees Fahrenheit is as
' fo]lows

: .Fb.

11.0 ksi for D/t <285 (cold rolled carbon steel, galvanized sheet)

3140

D/t

The normal allowable bendmg stress for stainless steel is as follows. The following are minimum -
values that envelope parameters given in T the SMACNA standard [7] for types of stainless steel
typically used for duct. These values assume minimum yield strength of 30 ksi and maximum
temperature of 400 degrees Fahrenheit. Hi gher allowable stress values may be obtained from
Reference [7] for materials with a higher minimum yield strength and lower temperature, based

~ on more detailed analysis.. ' :

Fy

ksi for D/t > 285 (cold rolled carbon steel, galvanized sheet)

F, = 88ksi _ for D/t <113 (stainless steel)

F, = 993 ksi for D/t > 113 (stainless steel)

D/t .

The normal a]]owable bendmg stress for aluminum is as follows. The followmg are minimum o
values that envelope parameters given in the SMACNA standard [7] for types of a]ummum
typically used for duct. These values assume a minimum yield strength of 21 ksi and maximum
‘temperature of 300 degrees’ Fahrenhert Hi gher allowable stress values may be obtamed from ..
Reference [7] for materials wrth a hrgher mrmmum yreld strength and ]ower temperature based
on more. detarled ana]ysrs R . e :

60ksr \for(D/tﬁ<110(a]ummum)

o

Coe iThe norma] al]owab]e bendmg stress for round ducts may be mcreased.by a factor of 1 7 for 2 '
B “DBE loads as detar]ed at the begmnmg of. Sectron 4, This increase may be taken for ducts havmg
o pocket lock and companion angle (or equwa]ent) Jomts “This apphes to joint types T-1 through

T-3 and T-15 through T-24 of Figure 3-1, since Appendrx D tests were performed on joints that

. are structura]ly similar to these types ¢ of duct joints. The normal allowable stress should not be -
‘increased by 1.7 for DBE for. ducts with potentially weaker joints such as types T-4 through T-14

of Figure 3-1. These joints ate potentlally weaker because they rely on friction or crimping to

transfer force across the joint.
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4.3 Pressure Stress in Ducts-

- . The effect of stress in HVAC duct material from mternal pressure sha]l be accounted for in the
analytic evaluation of HVAC duct requiring pressure boundary integrity. These pressure stresses .
-are checked agamst pressure stress allowables estab]rshed in the SMACNA guidelines.

4 3 1 Pressure Stresses in Rectangular Ducts

: The SMACNA desrgn of rectangu]ar ducts is based on srmphfymg assumptions which perrmt the
* reduction of the analysis from a three-dimensional to a two-dimensional problem. Each of the
four sides of the duct is assumed to'act as an mdependent two-dimensional panel. Duct panel
stresses are computed based on thm plate bending equations found in Reference [15].

For a grven rectangular duct the largest cross-sectional drmensron (. e. width or height) is used
for stress ana]ysrs (see thure 4-1). The applicable plate bending equatrons are dependent on the
ratio of this maximum duct drmensron S, to the duct stiffener spacing, L. :

Rectangular Duct Conflgura
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- Two simplified models are used to calculate duct pressure stresses. The followmg notations are
- used: . _

Herght of duct (m)
* 'Width of duct (in)
‘Max (H, W) (in)
Stiffener spacing (in)
Duct thickness (in) :
Young’s Modulus of duct material (psi) adjusted for temperature Use
9.5x10° psi for stainless steel, and 9.2x10° psi for aluminum. Slightly higher
values may be obtained using more detailed analy31s from Reference [7].
Porsson s ratio (dlmensmnless) taken as 0 30 for all duct materials
.Applled pressure (p51) :

M”bﬁs:
R RER

<
non

P
VLUL<S

' : The duct panel is 1deallzed as ‘one- way plate bendmg overa ﬁxed-ended span, L, with axial
Do m-plane tensrle reactlons resrstmg the increase in panel length due to bending curvature.

CiLer
T

-—.-' Axial tensrle reactron resrstmg the increase in length
. .dueto bendmg curvature
D, = E t3/(12(1-v2)) (plate bendmg strffness coefﬁcrent) " Eq.4-10
u o= 051,('r/1))°~s S o Eq.411

o To obtam u, use Frgure 4-2 taken from Reference [15] To use this chart, the variable U, is first
calculated as: o :

U s B ts)/((l v2)2 21}‘) o | | Eq. 4-12

L The quantity log,o(lo4 U,° 5) then gwes the ordinate of the carve in Figure 4-2, and the

R :»,correspondmg abscrssa gives ‘the requrred value of u, After determmmg U the max1mum
stresses in the plate are calculated as follows: € : A

' "_i-._:Themaxrmumtesrle ressrs[154.; o
’ * A Eq. 4-13

; tanh(u))

Eq. 4-14

Eq.4-15
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Figure 4-2
Value of u for Rectangular Ducts [1 5]

._;"‘IfL>S(A o

PR 'As the stlffener spacing exceeds the width of the critical duct section, the restrammg effect of the_ S

" 'panel side’ edges mcreasmgly mﬂuences the stress dlstnbutron wrthm the panel requmng the use
. ‘of a second set of stress equatrons el '

‘ t:,-;The pan is modeled asa umformly loaded rectangular two-way plate ﬁxed on the two opposite
“edges at the stiffeners and hinged on'the edges’ along the’ srdes The max1mum bendmg moment
occurs at the mrd-pomts of the ﬁxed edges and is. grven by [15]% P

M. _Kps2

. ‘Eq., 4-16

~max
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- Alist of K values for various L/S 'ratios, is given in Table 4-1.

Table 4-1

Value of K for 'Rectangular Ducts [1 5]
Values of Parameter K -
s K s K
1.0 = | -0.0697 1.7 =0.1090
1.1 -0.0787 1.8 | . -0.1122
13 | -0.0868 1.9 . -0.1152
14 | -0.0938 - 20 1 -0.1174
15.- | -0.0008 | .30, -0.1191
16 -0.1049 - -0.1250
The resultmg stressis: _
Cf, = 6KpSzlt o B ' Eq. 417

p

. ‘Through the use of equatlons Eq 4-16 and Eq '4-17, the panel pressure stresses can
- be ca]cu]ated for any combmatron of system pressure and duct drmensrons

smrTmsmn e

' 4 3 2 Pressure Stresses in "Round Ducts 5

The allowable pressure stress for rectangular carbon steel, galvamzed sheet and stainless
stee] ducts is taken from Reference [6] as:

F, = 24 ks1 (carbon steel ga]vamzed sheet and stainless stee])

-"‘I_“he_a}]lowahle pressure'stress for aluminum ducts rnay be taken as:

; F, =15 ksi ;(alurnin_u_r'n').

_‘~The pressure capacrty of circular ductmg is contro]led 1by. either buck]mg of the duct-‘skin’ or
. bucklmg (or. yre]dmg) of the duct stiffeners : assuming negatrve duct pressure Duct skln buckling
: '1s mﬂuenced by the duct end condmons The followmg notations are used '

A t*-ea-aai*;a'ffe;;gr_*~s-n¢;;,g iy
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Analytical Review Criteria

The critical duct pressure as ‘determined in Reference [7] 1s dependent on the spacing of the:
stiffeners. The critical spacing of the stiffness is defined as the spacing beyond which the duct is
. regarded as unstiffened, because the stiffeners are no ‘longer contributing to the capacity of the

" ductto resrst negative pressure The critical spacing is as follows:

z._1115D,/ - - - 'Eq.'a-rs

‘ When the crrcumferentlal strffener spacmg is less than critical spacmg, the allowable duct
. pressure lS as fo]lows _ .

. P= ]8 1x10° (t/D)“(D/L) psi (carbon steel, galvanized sheet) * Eq.4-19
P,=16. lx]O6 (t/D)zs(D/L) psi (stam]ess stee]) | . Eq.420
P 5. 6x106 (t/D)“(D/L) p51 (a]ummum) _— Eq. 4-21

When the duct is unstrffened or when the circumferential stlffener spacmg is greater than
...the. cnt|cal spacmg, the maxrmum duct pressure is as follows: . :

P,= 16. 2x106 (t/D) psr (carbon steel, galvanized sheet) ' Eqa22
- P,= 14. leO6 (t/D) psr (stamless steel) . Eq.4-23
P,,=5.1x103 (t/D)n»psr (a]u_mmum)_ . - : Eq.. 4-24

o i_These formula are vahd for carbon steel ga]vamzed sheet steel and stam]ess steel up to

i .-:f : 400 degrees Fahrenhert and for aluminum up to 300 degrees Fahrenhert They are based on -

sy temperature adJusted Young s Modulr of 29.5x10° psi for carbon steel and galvanized sheet steel,
i "26 3x10° psi for stainless steel, and 9. 2x10° psi for aluminum. Shght]y higher values for pressure

: may be obtained for specific stainless steel and aluminum materials at lower temperatures by
usmg more detarled ana]ysrs from Reference 7. :

oot The cntrca] duct pressure shou]d be used as the pressure stress allowable F and contpared with

B b4 p!
he actual préssure :

4.4.1 StlffenerE valuation for RectangularDucts .

Tributary load to stlffener (Ib/m)
~Duct pressure (psi) - =i hr - -
Height of duct (in)

o
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W = Widthof duct (i)

S = Max (H, W)

L = Stiffener spacing (in) :

Fb(STlFF) = Allowable bending stress in the strffener (ksi)

Followmg analysrs of_ the panels, the duct stiffeners are checl(ed for two conditions:
e Maximum deflection < /360 '

e Maxlmum bendmg siress in the stiffener < Fb(STlFF)

The load transmrtted to the strffener from the duct panel is dependent on the ratio of L/S.
. The tributary load to the stiffener, g, is calculated as follows:

ForL/SSZ.(_)_,. o . :
g=pL = . , N  Eq.425

For20<L/S<100, . |
q=p(1.25-0.125L/S)L . : . 'Eq. 4-26

- ForL/S 210.0,
q = tributary load resultmg from pressure P bemg applied on an area bounded
by lines radratmg at 45° from the ends of the stiffener (see Figure 4-3).
= p(S/2) L Eq.4-27

The stiffener stress evaluatlon for the above loading condltrons is dependent upon whether the
stiffener ends are ﬁxed or pmned

' Stlffeners welded at therr ends to stiffeners from the adjacent snde of the duct provide bendmg
moment transmon and are con51dered fixed Such stiffeners should be analyzed as follows:

f quc/(101)< mm e -‘;{ e  Eq.4-28

= 3q S4l(384 E 1) < S/360>:. o Equa2e

. Where:

o Moment of mertra of the strffener (m") T
;’}_Drstance between neutral axis and extreme ﬁber of stlffener (in)
~Young’s Modulus of stiffener - (psi) adjusted for’ temperature Use
<, 29. leO6 psr for stamless steel ‘and 9, 2x106 psi for aluminum. Slightly hrgher
LA ~avalues may be obtained usmg more detarled'analysw from Reference [7].
d . = maximum strffener drsplacement (in) - R
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LOAD GOING

TO STIFFENER E— o STIFFENEFI

Flgure 4-3 )
Load Gomg to Strffener ona Rectangular Duct When L/SZ 10. 0 [6]

L Strffeners are consrdered pmned regardless of whether they are bolted at their ends, tack welded,
or not connected at thelr ends Such stiffeners should be evaluated as follows:

'-d=5q.S4/(384EI)SS_/360 . Eqast

_ The allowable bendmg stress in the stlffener is set as follows

Fb(STll?E) = 24 ksr (Carbon steel, galvamzed sheet steel)
Fusrrrr) = 19. 2 ksr (Stamless steel)
Fb(sﬂm = 13 1 ksr (Alummum)

Inadequate stlffeners wrl] need to be supplemented Stlffeners placed on only two opposite sides
ofa rectangular duct and meetmg the above cntena are adequate as ]ong as the panel width is
-\'less than 72 inches. For panels of longer srze stress concentratlon becomes excessrve and ,
addmonal strffeners are requrred TR IR AP e

: 4 4 2 . Stlffener E "'Iuatron for Round'Ducts‘

The capacrty of round duct stiffeners is controlled by buckling or yielding, where the theoretlcal

bucklmg strength is proportronal to thé moment of inertia of the stiffener, and the yield strength -

is propomonal to 'the area, Both of the followmg equatlons for moment of 1nert1a and strffener
area for the respectwe matenal type ‘must therefore be satisfied [7]:
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Analytical Review Criteria

IL>hyy =~ = 1.6le’8 LD? P, (Carbon steel, galvanized sheet steel) _.
L>lyy = 1.7x10°L D’ P, (Sltainlessfsteel)

1> Ty = 50x10%LD? P, (Aluminum)

6.3x10° L D P, (Carbon steel, galvanized sheet steel)
CA>Auy = T6x10°L D P, (Stainless stecl)

" “A>Ayy = 108x105LDP, (Aluminum)

‘where:

Moment of mertla of stlffener (m4)
Area of suffener (m )
Apphed pressure in duct (psi)

Stiffener spacing (in)
Duct dlameter (1n)

bt
]

v
U3
nn

3

u I

oY

Eq. 4-32
Eq. 4-33

Eq.4-34

Eq. 4-35

Eqg. 4-36

Eq. 4-37

Higher values may be obtamed for specrﬁc matenals and for lower temperatures by using more

detailed analysrs from Reference [7]

4.5 Duct Support_ E\(alu'ation'

4.5.1 Metal Frame .

The selection of support conﬁguranons for evaluatlon “shall be consrstent with the requrrements
of Section 3.6. Slmphﬁed support ¢ evaluation requrrements consistent with those presented in

the seismic adequacy venficauon of duct supports These include the followmg checks:

o Ul‘ ' "" "” !"'t ~:‘.“:"

Dead load

. ,--.T'A_Ductlhty

:'aLateral load check

'ff;Vertrcal capacxty (5 X Dea

Longltudmal load check

Rod hanger fan gue evaluanon

‘Section 8 of Reference [1] for limited analytlcal review of raceway supports, are applicable for
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Analytical Review Criteria

The 5 times dead load check is used for overhead HVAC duct supports to account for the

dynamic characteristic differences in terms of system damping between the HVAC and

. raceway systems. That is, the 3 times dead load check established for raceways is ‘factored
 up by the difference in spectral acceleration demand due to the lower damping in HVAC

. systems (on the order of 7%) as compared to raceway systems dampmg (on the order of 15%).

- A drscussron of the requtrements for the dead load check vertrcal capacrty check, ductrlrty
' review, lateral and longitudinal loads checks is included in Appendrx F. The rod hanger fatrgue
evaluatlon gu1delmes are presented in Appendlx E.

~ For systems in whrch detalled modal response spectrum analysrs is performed, the duct
support frame should be evaluated for the resulting seismic loads combined with dead loads.

- Loads from other’ attached systems, such as conduit or piping, should also be considered. All
~ - steel components such as bracket members, support members, and internal support framing -

~ connections should be checked usmg maxrmum allowables as deﬁned in Part 2 of the AISC [2].

Exceedance of AISC allowable stresses is permrtted as follows If the hrgh stress results in
. plastic hmge formation in support members, and support mstabrhty (vertical-load-carrying
~ capability) does not occur, and the additional support deflection | can be accommodated by the
:duct system, the conﬁguratlon should be adequate The effect on pressure boundary integrity

" ¢ shall be considered i in these cases of support overstress. The basis for the evaluatlon should be
S documented wrthm the lrmrted analytlcal review calculations.

The bucklmg analysrs of vertrcal support members and lateral bracmg should also follow the

~ criteria of Part 2 of AISC {2]. It is recognized that many support configurations have structurally
redundant members. If buckling is predrcted to occur in a support member which does not affect
the overall stability of the duct system, the support may still be acceptable. For example ifa .
lateral brace is found to buckle under 1mposed seismic loading, but vertical capacity is not
jeopardized, the duct can be analyzed ignoring the presence of the brace. If the duct system
stresses are acceptable without the lateral brace and spatial (proxrmlty-related) interaction .

due to duct seismic drsplacement is not a problem, then the support is acceptable

. 4.5.2 Rod Hanger Fatlgue E valuatlon

' Short ﬁxed ended heavrly loaded rod hangers may be subject to low cycle hrgh strain fatrgue
failures durmg seismic events [8]. Rod hangers of concern are typrcally of fixed end connectrons.
: These rods are charactenzed as follows 5 : _

e Rods double nutted to ﬂanges of steel members ;;i”"

. Rods threaded mto shell-type concrete expansron anchors_

. _Rods connected by rod couplers to non-shell type concrete expansron anchors

e Rods threaded 1nto rod couplers welded to overhead steel embedments

Rod hangers that may be sub_]ect to hr gh strarn low. cycle fati gue effects should be mvestrgated
_ in greater detail. The rod fatigue evaluation gurdehnes outlined in Attachment E should be used
to address any rod fatlgue concerns.
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- 4.5, 3 Anchorage EvaIUation

: Capacrty values for anchors should be taken from Reference [1] The provrsrons of these
anchorage guldelmes should be followed, including edge distance, bolt spacing, and i mspecnon

_ . ‘procedures. Tightness checks are not required for expansion anchor bolts that are normally
"subjected to tensile forces dué to dead weight, since the adeqtacy of the anchorage set is

~effectively proof tested by the dead weight loading. This applies to expansion anchors for
‘;overhead and wa]] mounted supports '

' 4 5 4 Redundancy and Consequence Test

. Isolated cases of a support ot meetmg the analytlca] review gurdelmes may be accepted

if the HVAC support system has redundancy so that postulated support failure would have

no consequence to overall system ‘performance. Adequate redundancy is demonstrated if the
adjacent supports are capable of sustaining the addmonal welght resulting from the postulated
support failure. :
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~ DOCUMENTATION

R *A summary package shou]d be assemb]ed to document and track the Sersmrc Capabrlrty
" Engineer’s evaluation activities. Documentation should mclude records of the HVAC duct and
damper systems evaluated the dates of the walkdowns, the names of the engmeers conducting
- 'the evaluations, and a summary of results. Recommend data sheets for the summary package are
given in Exhibits 5-1'to 5-4 and are described below. The Outher Seismic Verification Sheet
(OSVS) givenin Sectron 5 Exhrblt 5-1 of the SQUG GIP [1] may be used to document outliers. -

Exhibit 5-1 prov1des Screenmg Evaluatlon Worksheet (SEWS) that can be used to document the.
walkdowns. The SEWS includes remmders, as a checklist, for pnmary aspects of the evaluation
guidelines; however, the walkdown engmeers shou]d be familiar with all aspects of the seismic -
_evaluation guldelmes dunng 1n-p1ant screening reviews and not rely solely on the checklist.
The checklist items on the SEWS are worded so that all acceptable conditions are answered Y
(for yes). Any condition that is answered N (for no) or U (for unknown) is an outlier. The SEWS
should be signed and dated by al] members of the SRT. : :

Exhibit 5-2 provides a Duct Support Analytrcal Revrew Data Sheet for recordmg information on
the supports selected as the worst case, representatwe samples.

Exhlbrt 5-3 provrdes a Trackmg Summary for the Duct Support Analytrcal Review Data Sheets.
As items are completed and resolved, the responsible engineers should initial the line item on the
trackmg sheets to conﬁrm ﬁnal closure : '

Exhibit 5-4 provrdes an HVAC Duct System Analytical Review Data Sheet for recordrng
information on the duct system selected as worst case, representatrve samples for systems
requrred to mamtam pressure boundary :

"Exhrblt 5-5 provrdes a HVAC System Out]rer Sheet (HSOS) for documentmg outliers.

e _An outlier’i is an HVAC duct system or support feature that does not meet the screening

' f‘gurdelmes in Section 3, or an HVAC duct or support selectlon that fails the ana]ytrcal review
“criteria in Section 4. The outller sheet 1dent1f ies the screemng gurdehnes that are not met, the

o _Teasons’ ‘for the outher and the proposed method' f resolvmg the oul 'er Outlrers are drscussed_ _'

* Photographs may be

: 'nSectron 6 0.

'to uppl men do‘umentat qu ired. When used as-

o - formal documentatron for the summary packages photographs should be clearly labeled

. for 1dent1ﬁcat10n




Documentation

4 Exhibit5-1 .-
| SCREENING AND EVALUATION WORKSHEET {SEWS)
"~ HVAC System I.D.

Sheet 1 of

. [_)amper Equipment L.D.

' System Description and Boundaries

. HVAC System Locations arid Reference Drawings

Duct Materials and Sizes -

Linear Weight:

Duct ~ Insulation - ' Total

References

Concurrent Pressure and Temperature _

Applicability

1. lIsthe operatmg temperature Iess than the temperature Irmltatlons _ .

in Table 2-1? » Y
2. Plant ground spectrum rs enveloped by the sQuUG Bounding Spectrum .

(Figure 2-1)? . - , _ 4 4 N Y

.. Does duct meet apphcabili" cri

Is any pressure boundary mtegnty re | :
“IF the answer to the above question is NO, 'SKIP THIS SECTION and
¢ proceed to the Structural Integrity Review = ;
- Stiffener spacrngs are within the gundellnes ‘
“Bolted flanged joints satisfy SMACNA requrrements
" “+'4.”"No point supported round duct "
5. Flexible bellows can accommodate motrons )
6. No addmonal concerns ST

Are the 3“"93?)’,‘?3‘,?1 met?. T T

K<<

<

cceccc -

zzzzz

P

e

N/A
N/A

CNA

N/A
" N/A

N/A

N/A .

N/A




Documentation

~ Exhibits-1.- . . Sheet2of
SCREENING AND EVALUATION WORKSHEET (SEWS)

“Duct System I.D.

- _Damper EqUipment 1.D.

-Structural Intequtv Revrew ‘

N/A

N -"_‘Support spans satlsfy the criteria - Y N U
= ‘2. Ducts are properly tied-down to the supports Y N U NA
* 8. Industry standard duct joints are utilized Y N U. NA
4. 'Slip joints can accommodate displacements Y N U NA
- 5. Round duct ;ornts exclude riveted lap joints Y N U NA
6. Appurtenances are posrtrvely attached to duct Y N U NA
7. Heavy in-line equipment is adequately restranned Y N U NA
8. No stiff branch with fiexible header . Y N U NA
9. Cantilevered duct section is attached to last support Y N U NA
10. Ducts are free of corrosion detrimental to integrity Y N U NA
11. Systemiis free of obvrous damage or defects Y N U NA
12 No other concerns? ' -Y N U NA
Are the above caveats met? Y N U
Support Review
1. Beam clamps are onented to preclude slrppnng off the support Y N U NA
2. Channel nuts have teeth or rrdges T Y N U NA
3. Castironinserts - 7<= ’ Y N U NA -
4. No broken or obvrously defectrve hardware Y N .U NA
5. Support is free of excessive corrosion . Y N U NA’
6. Welded joints appear to be of good qualrty Y N U NA
7. Does the anchorage appear adequate? : Y N U NA
8. No stiff supports or hard spots in long flexible duct runs? Y N U NA
9. No short, fixed ended heavrly Ioaded rod hangers subject to potentral .
fatigue failure? . Y N U NA"-
10. No addrtronal concerns - Y N U NA
- 'Are the above caveats met? - Y N U
K Damger Revrew
p o
,:_dampers in Attachment B i Y N .U N/A
‘2. "Damper operator/actuator not of cast iron Y N U NA
" 3. Attached lines have sufficient slack and ﬂexrbrlrty ' B . Y.oN U NA
4. - Damper controls motnted separately from the damper adequately anchored “Y-N.U NA
. 5. Motoror pneumatrc operator mounted on the damper has adequate anchorage L
and load path - : Y .N U NA
6. Isductatthe damper Iocatron free from srgns of drstortlon that could mtertere T , '
with damper operation? - S e Y N U NA
7. No other adverse concerns L Y N U NA
Y N U

Are t_he above caveats met?_
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‘Documentation

Exhibit 5-1

HVAC System |.D.

Damper Equipment 1.D.

SeiSmic Interaction Review
“1.-.Free lrom impact by nearby equnpment

" 3. Able to accommodate differential displacements
4. No other adverse concerns

Are the above caveats met?

Sheet 3 of
SCREENING AND EVALUATION WORKSH_EET (SEWS)

_ Y N U NA
"2. No collapse of overhead equipment, distribution systems or masonry walls - Y N U NA
. Y N U NA
.Y N U NA

Y N U

Y N U

IS THE HVAC DUCT AND DAMPER SYSTEM SEISMICALLY ADEQUATE?

Supports Selected for Analytlcal Rewew

Duct System Selected for Analytlcal Review

Comments

- (All team members) ‘-
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Documentation
. Exhibits2 .. Sheet 1 of
DUCT SUPPORT ANALYTICAL REVIEW DATA SHEET

’.,;.H\'/AC Duct System: Selection No.:

'Plant Locatlon

'Descngtlon and Sketch

CERTIFICATION (Slgnatures of at Ieast two Selsmlc Capabnhty Engmeers are requnred one of whom is
a Ilcensed professnonal engineer.) -

.Print prType Name/Title T ' ; Signature . Date

Print orType Name/T| itle .- ‘ . . - Signature Date




Documentation
Exhibits-3 ~ . Sheetiof .

. HVAG DUCT SUPPORT = * |
* ANALYTICAL REVIEW TRACKING SUMMARY

" HVAC Duct ' - Plant - Selection - - Final Initials/
- .System " Location Number - Besoluton =~ . . Date
- Designation - ' ' : ' . .
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Documentation

Exhibit5-4 - . o Sheet1_of

“HVAC DUCT SYSTEM
ANALYTICAL REVIEW DATA SHEET

A

HVAC Duct System: Selection No.:

Plant Locatlon

E Descngtlon and Sketch

:cERTlFICATION (Slgnatures of at least-two Selsmlc Capabnhty Engmeers are requnred one of whom is
-a llcensed professnonal englneer ) PR ‘

"-’PrintorTybé N%merrit|e -. © Signature - . Date

Print or Type Name/Title - - - Signature* - ' Date




E *HVAc System I.D.’

' ':CERTIFICATION (Slgnatures of at Ieast two Selsmlc

Documentation

Exhibit5-5 " ~ Sheet1of

HVAC SYSTEM OUTLIER SHEET (HSOS)
OUTLIER NO.

1. OUTLIER IDENTIFICATION AND LOCATION

' ‘Location_.:

2, OUTLIER ISSUE DEFINITION

a. Identify the screening gu:dehnes that are not met, or indicate if the analytlcal review selection fails the -
analysis criteria. _
Applicability SR © Damper Review ;
Pressure Boundary lntegnty Interaction Effects
Structural Integrity Review Support Analytical Review
Support Review Duct Analytical Review

b. Descnbe all the reasons for the outher

3. PROPOSED METHOD OF OUTLIER RESOLUTION (OPTIONAL)

a. Define the proposed method(s) for resolvmg the outlier:

* b Providsinformation esdedt o mplamént iopesed ethod) o esching the cutr: -

- tjgineérs'are required; one of whom is
,-.alncensed professnonal engmeer) TR

-Print fo; .Type N_arhefl' itle Date

Print or Type Name/Title ‘ - _ Signature - Date
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~ OUTLIERS

': 6 1 ldentlflcatton of Outllers

~ An outher is def' ned as an HVAC duct damper or support feature that does not meet the .
screemng gurdelmes in Section 3, or an HVAC duct or support selectlon that fails the analytical
review criteria in Section 4. The gurdehnes and analysis criteria are intended to be used on a
generic basis for seismic adequacy review of HVAC systems (including supports). HVAC duct,
dampers or supports that do not pass the generic criteria may still be shown to be seismically
adequate by obtammg addmonal mformatron or by performmg additional evaluations.

. 6. 2 Outller Resoluhon o

- An outlier may be shown to be adequate for seismic loadmgs by performmg additional
.evaluations to demonstrate there is adequate seismic margin. These additional evaluations

and alternate methods should be thoroughly documented to permlt independent review.
.Methods to determme the avar]able sersmlc margm are contamed in EPRI NP-6041-SL, R1 []4].

In some cases it may be necessary 0 exercrse engmeermg Judgment when resolving outliers,
since strict adherence to the scréening gu1de11nes is not absolutely required for HVAC systems
to be seismically adequate ‘These judgments, however, should be based on a thorough
understanding of the background and philosophy used to develop these screening guidelines
as described in this report. The justification and reasoning for consrdenng an outlier to be
-acceptable should be based on mechamstlc prmclp]es and sound engmeenng judgment.

The screemng gurdehnes contamed m th1s report have been revrewed to ensure that they are

T ;Vappropnate for generic use; however the altematnve evaluatron methods and engmeermg

- 54'_.";,»: ‘that mdependent revrews can be performed 1f necessary

‘f} “the eva]uatrons and _]udgments used to resolve outhers shou]d be thorough]y documented so j R
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'..'.-'HVAC DUCT SYSTEM EARTHQUAKE EXPERIENCE
" 'DATA

C A1 Ihfrdduétion

?Thls attachment documents the performance hrstory of HVAC duct and duct support systems

B . under seismic loadmg The bulk of data was obtained from extensive field investigations .
" of systems that have expenenced strong motion earthquakes. Further information on the

- performance of HVAC duct systems was gained from a hterature search on earthquake
damage m past eanhquakes -

. A summary of the known damage data for the performance of HVAC duct systems when subject

".."to seismic loadmg is presented The seismic experience database includes many examples of

*ducts that have performed well in actual earthquakes The presented data focuses on examples of
* ducts that have performed poorly in seismic excitations, with a discussion of the attributes of the .

" _‘installations that caused them to perform poor]y

e HVAC ductmg 1s found at nearly all industrial sites. The seismic expenence database therefore

- -includes a vast amount of data on ‘the survrvablhty of ducting installed in many different ways,
. .and experiencing many different seismic excitation levels. The large number of duct systems .

. that have survived earthquakes indicate the inherent ruggedness of these systems. The limited,

- smaller set of HVAC duct systems that have been found to have performed poorly in a seismic

3 event pomt out key charactenstlcs of HVAC mstal]atlons that may contnbute to seismic damage.

{ 'A 2 Earthquake Expenence Database

The seismic expenence database is founded on studies of over 100 facilities located in the
' jstrong-motnon areas of more ‘than twenty strong-motron earthquakes that have occurred i in
.- the United States, *’Latm Amenca, New Zealand, and other parts of the wor]d since 1971

/ ‘ossrl-f‘ueled power p]ants :

¢ Hydroe]ectnc power p]ants

o Electncal dnstnbutlon substatlon

e Oil processmg and reﬁmng fac1ht1es

Ll TN B i h e 0F Wme

e Water treatment and pumpmg statlons




HVAC Duct System Earthquake Experience Data

Natural gas processing and pumping stations
Manufacturing facilities

Large commercial facilities

In general, data collection efforts focused on facilities located in the areas of strongest ground
motion for each earthquake investigated. Facilities were sought that contained substantial
inventories of mechanical and electrical equipment or control and instrumentation systems.
Because of the number of earthquake-affected areas and types of facilities investigated, there
is a wide diversity in the types of installations included in the database. For the HVAC duct of
focus in this study, there is a wide diversity in size, configuration, type of building, local soil
conditions, and quality of construction. :

The database currently includes in detail fourteen earthquakes from which duct data have been
processed for this report. Each earthquake includes several different sites investigated within
each epicentral area. The earthquakes investigated range in Richter magnitude (M) from 5.5 to
8.1. The strong motion duration is as high as forty seconds. Local soil conditions range from
deep alluvium to rock.

The buildings housing the ductwork have a wide range in size and type of construction. As a-
result, the database covers a wide diversity of seismic input to duct installations, in terms of
seismic motion, amplitude, duration, and frequency content.

A.2.1 Facilities Surveyed in Compiling the Database

Information on each database facility, its performance during the earthquake, and any damage
or adverse effects caused by the earthquake were collected through the following sources:

o Interviews with the facility management and operating personnel usually provide the most
_reliable and detailed information on the effects of the earthquake on each facility. At most
facilities, several individuals were consulted to confirm or enhance details. In most cases,
interviews are recorded on audio tape.

» Observations by earthquake reconnaissance teams are documented and photographed.
Typical observations include descriptions and details of both damaged and undamaged
installations or equipment and any indications of the cause of damage, such as substantial
ground settlement or evidence of seismic interaction.

e The facility operating logs provide a written record of the conditions of the operating systems
before and after the earthquake. Operating logs list problems in system operation associated
with the earthquake and usually tabulate earthquake damage to the facility. Operating logs
are useful in determining how long the facility may have been out of operation following
the earthquake and any problems encountered in restarting the facility.

o The facility management often produces a report summarizing the effects of the earthquake
following detailed inspections. These reports normally describe causes of any system -
malfunctions or damage.

o Earthquake damage can often be inspected prior to repairsA if the facility can be surveyed
immediately following the earthquake. This has been the case in most of the earthquakes
included in the database.
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H VAC Duct System Earthquake Experience Data

Table A-1
Summary of Sites Revnewed in Compiling the Seismic Expenence Database .

LR C o . : o - Estimated Peak
". Earthquake Magnitude : Facility Type of Facility ‘Ground
o i, : ' . / Acceleration (g)**

' * San Fernando, CA Sylmar Station Large electrical substation _ 0.65

- Earthquake 1971 (M6.6) .
S ~ Rinaldi Receiving Large electrical substation - 0.50-0.75
Station o -
‘Valley Steam Plant - Four-unit gas-fired . - - 0.40
e power plant ,
Burbank PoWer Plant  Six-unit gas4tirad_ power plant - . 0.25.
- Gléhdalé Power Plant .Five-u,nit gas-fired : 0.30
T : power plant
. Pasadena Power Plant - . Five-unit gas-fired : 0.30
| S .0+ powerplant
Point Mugu CA '*Ormond Beach Power . Large th;unitoil fired . - 0.10-
' Earthquake1973 (M5. 7) _Plant : : _ powerplant -
Ferndale CA - o Humboldt Bay Power Two ga_thired' units, 0.30*
Earthquake1975 (M5 5) Plant R one nuclear unit
Santa Barbara, CA . ”Goleta Substatlon " Electrical substation 0.26*
- Earthquake 1978 (M5 7) e S
Imperial Valley, CA '-‘LEI Centro Steam Plant . Four-unit gas-fired ' 0.42*
Earthquake 1979 (M6. 6) o _ power plant -
Drop IV Hydro Plant “Two-unit hydr&etéctric . 0.30
Humboldt, CA _ .. .,,;','.'.-:.QjHumboldt Bay Power- ~ Two gaé{ired urtits' . 025
“Plant - one nuclearunit - - :

. Earthquake1980 (M7.0)

. -i" - Ground acceleratlon measured by an instrument at the siter
e verage of two honzontal components ° o
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HVAC Duct System Earthquake Experience Data

Table A-1 -

Summary of Sites Reviewed in Comprlrng the Sersmlc Experrence Database (Contmued)

_ _Earthquake Magnitude

. Coalinga, CA
- Earthquake 1983 (M6.7)

‘Morgan Hill, CA

Earthquake 1984 (Me 2)"

. Ground acceleratron measured by an instrument atthe srte

e Umted Tech Chemrcal

' lBM/Santa Teresa
Facrlrty *

Facﬂhy

* Main Oil Pumping Plant’

Union Oil Butane Plant.

Shell Water Treatment

Plant

Coalrnga Water -
Treatment Plant

' Coalmga Substatron

No. 2

' Shell Tank Farm No. 29

" Pleasant Valley.

Pumping Plant

. San Luis Canal |

Pumping Stations (29)

"_Gates 'Substa_tivon -

Kettleman Compressor
" Statron

Plant

i_WlI'tron: -E‘Iectr'onics l5|ant'
TP R ~facmty

etcall Substatlon

e Average of two honzontal components

A4

Wmery

Type of Facility '_

Pumping station feeding oil

pipeline from Coalinga area -

Petrochemical facility to
extract butane and propane

~from well waste gas

Petrochemrcal facrlrty to
demineralize water prior to
steam injection into oil wells -

'Potable Water purification

facrlrty

" Electrical substatlon

Oil storage

Pumping station to supply
water from the San Luis
Canal to the Coalinga Canal

Agricultural pumping stations
taking water from the San

~ Luis Canal’

Large electrioal substation

Natural gas prpelme booster
statron : _

R Large research facnllty for
- mrssrle systems development

- b Large computer facrllty for
S software development

Electromcs manufactunng

Large electncal substatlon

Estlmated Peak |

.Ground

Acceleration (g)**

050

0.60

0.60

0.52 -

.0.38
0.56*

0.20-0.60

0.25
0.20

050
- 0.37*

.0.30
' 'o._35

0.40
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HVAC Duct System Earthquake Experience Data

Table A-1 ‘ ‘
Summary of Sites Revrewed in Compiling the Sersmlc Expenence Database (Contmued)
L o o : - . Estimated Peak
- Earthquake Magnitude " Facility Type of Facility - : Ground
o L L _ I _ Acceleration (g)**
"-‘_'ll/lorga:n Hill, CA’ ‘Evergreen Community  Large college complex with 0.20
*- Earthquake 1984 (M6 2) College self-contained HVAC power
»-,‘(cont d) : B plant - .
| o ~MirassouWinery - Winéry B | 0.20
‘- Chrle Earthquake 1985 .Bata Shoe Factory Four-building factory _ ' 064
. (M7.8) e and tannery -
_ San lsudro Substatlon . Electrical ‘suostation - 0.58*
Llolleo Water Pumpmg' Water pumping station 0.78
-Plant o | : :
. Terqunm Tank Farm Oil/acetate/acid storage ' 0.55
T , - . tankfarm
E Vlcuna Hospltal '_ Four-story hospital 0.55
Rapel Hydroelectnc  Five-unit hydroelectric plant 0.40*
. Plant o -
. San Sebastlon o Electrical substation ' 0.35
_Substatlon _ ' _
. “Concon Petroleum ',Petrochern'ical facility 0.30
Refinery - R producing fuel oil, asphalt,
o ‘ gasoline and other petroleum
S products ' ‘
A Oi}louirn”Che’mical Plant Chemlcal fac:lrty producmg 0.30
R - various chemicals, mcludlng .
feed stock for parnt

' i lngredrents

‘Concon Water Pumping .

Water pumprng sta_tio_n' o 0.30

ETwo-umt coal'frredi N 0.30

Two unlttcoal-frred 3

0.30
power plant :

‘0.22

* - Ground acceleration measured by an instrument at the site
**  Average of two horizontal components -




HVAC Duct System Earthquake Experience Data

Table A-1

Summary of Sltes Reviewed in Complllng the Selsmlc Expenence Database (Contlnued)

. _Earthquake Magnitude -

"“'Chile Earthquake 1985

’ ,: - (M7.8) (contd) -

Mexico Earthquake
1985 (M8.1)

Adak, Alaska

Earthquake 1986 (M7.5).

North Palm Springs, CA

Earthquake 1986 (M6.0)

Chalfant Valley, CA
Eanhqua_ke 1986 (M6.0)

San Salvador

Cerro Prieto, Mexico
"Earthquake 1987 (M5.4)

. Bay of Plenty, New

_Facil'ity

. Las Ventanas Power
Plant

San Cristobal °
Substation

Las Cbndés Hospital
La Vilita Power Plant

SICARfSA'SteéI Ml
Femmex Femllzer Plant

Adak Naval Base

‘Devers Substation

'Co'ntfolléo:rge )

Hydro Plant -

S 'Soyopango Substatlon
Earthquake 1986 (M5 4) - . .

| San'l\_ﬁtgﬁib Substation

Power Plant 1. ..

Power Plant 2 |

-Zealand Earthquake .., . x|

1987 (M6.25)

* Ground acceleratnon meas ed by an lnstru
** . Average of two  horizontal components

A-6_

Edgecumbe Substation

Type 6_f Facility -

Two-unit coal-ﬁred peaklng

plant

Electrical substation

Four-story hospital

Four-unit hydroelectric plant

‘Large modern steel mill -

Fertilizer plant

Diesel-electric power plants,
- electrical substations, .

sewage lift stations, water

. treatment plant, steam plants

Large elec{ricél distribution’

“ Two-unit hydroelectric plant

Electrical substation

Electrical substation

Geothermal power plant

Geothermal power plant

_"230/1 1 5kV substatlon

E_stimated Peak
.Ground
Acceleration (g)**

- 025
0.25 .

0.20
0.14

0.25-0.50
0.25-0.50
0.25

" o085
£ 0.25
0.50

0.40

0.20-0.30 .

.0.20-0.30 -




Table A-1

HVAC Duct § ystem Earthquake Exﬁerience Data

Summary of Sites Reviewed in Compiling the Seismic Expenence Database (Continued)

o ‘Earthq'uake Magnitude

Bay of Plent'y,.N_ew
.. Zealand Earthquake
. 1987 (cont'd) (M6.25)

Whittier, CA Earthquake

1987 (M5.9)

Facility

New Zealand Distillery

‘Bay Milk
_Caxton Paper Mill

Kawerau Substation

Whakatane Board Mill

. Matahina Da_m'

Olinda Substation

'SCE Central Dispatch

Headquarters

' SCE:He:ad"quarters

_‘Callforma Federal Bank

- E Facﬂlty

* Ground acceleratlon measured by an instrument at the site

,Tlcor Fa_c_rhty

Mes:’a Subefation

Sanwa Bank Faclllty

o Alhambra Telephone
_ -Statlon -

: Rosemead Telephone

Statlon

Central Teiephone
Station "

Wells Fargo Bank
Facility

Center Subetation

' Lighthype Substatlon

b Average of two horizontal components

Type of Facility

Liquor distillery

Dairy Products -
Paper and pulp mill
230/115kV substation

Paper mill producing
cardboard '

Two-tnit hydro-electric plant

_ Electrical substation

Data Processing Center

Large office complex

Data processing facility

Data processing facility

Electrical substation

'Data processrng facrlnty

Three-story concrete frame
burldlng ,

- Two-story steel-frame '
-:burldmg R

Three steel-frame hrgh-nse
buildings :

- Data pro_cessing'facility

 Electrical substation

Electrical Substation

. Ground

- Estimated Peak

Aooeleration (o)

0.50-1.0

0.50

© 0.40-0.55

0.40-0.55
0.25
0.26*
0.65*

0.56"

0.42*
0.40

0.40
0.35
0.40
0.40

. 0.40
0.15
0.30

0.26*
0.30




HVAC Duct § ystem Earthquake Experiencé.Data

Table A- 1

. - Whittier, CA Earthquake -
11987 (M5.9) (cont'd)

Superstition Hills EI
Centro, CA 1987 (M6.3)

Loma Prieta Earthquake

N 'Earthquake Magnitude

1989 (M7.1)

[

A

Ground accele

Faciiity

Del Amo Substation

Pasadena Power Plant

Glendele Rower Plant

“Commerce Refuse-to-
Energy Plant ’

Puente Hrlls Landfull
" Gas and Energy
Recovery Plant

‘ Mesqunte Lake .
Resource Recovery
. Plant

EI centro St'ear‘n' Plant "

‘Moss Landmg Power
'Plant ;

Grlroy EnergyCogen
Plant

Cardiﬁal'co_cjen Plant

Metcalf Substatron

measured by an instrument at the site

- Average of two horizontal components

L soo kV substatron "

: _San Mateo Substatlon ’

. Type of Facility
Electrical Substation

Five-unit gas-fired

power plant

Five-unit gas-fired
power plant

_One-unit gas-fired
. power plant

. One-unit gas-fired

power plant

* 16 MW gas-fired power plant .

Four-unit gas-fired
power plant

Seven-unit ges-ﬁred
power plant '

" One-unit combined gas

turbine and steam turbme
plant :

One-unit combined gas
turbine and steam turbine
~ plant

230KV substatron IR

Summary of Sites Reviewed in Complllng the Seismic Experience Dalabase (Contmued)

Estrmated Peak
- Ground '

Acceleration (g)**

0.20
0.20 -

' 0.25
0.40

020
0.20

~ 0.25*
- 0.34

0.40

0.25

0.30
0.20




Table A-1

‘ﬂ) v .
HVAC Duct System Earthquake Experience Data

Summary of Sltes Reviewed in Compiling the Selsmlc Expenence Database (Contmued)

o Earthqﬁ_ake Magnitude

o Loma Pneta Earthquake
- .1989 (M7 1) (cont’d)

Facility
Natlonal Refractory

Green Giant Foods

E Watson Wastewater

Treatment

Santa Cruz Telephone
Station - .

| ., Watsonvrlle Telephone

. _Statlon

Seagate Technology

o Watsonvrlle

| Santa Cruz Water
E Treatment

' ) ~Soquel Water District
. _Headquarters

* Ground acceleration measured by an instrument at the site

' '_Llpto'n Foods_ '

_ Lone Vétér‘ Cement |

. Watkms-Johnson
) lnstruments

, Riconada Water
T Treatment Plant ‘

' lBM/Santa Teresa .

Facnluty

**  Average of two horizontal components

Type of Facility
Large brick & magnesia
extraction plant

Concrete tilt-up food

_processing plant

Sewage treatment plant

Three-story concrete shear
wall switching station’

" Four-story conorete shear -_
wall switching station

~ Concrete tilt-up - -

manufacturing facility

Potable water purification
facility

One-stor'y,wood-frame office
complex with small pumping

- station & storage tanks

Concrete tilt-up food
processing and packaging
facility

‘Large cement factory

-One-,; two-; and three-story
- .concrete & steel-frame
" . “buildings for light

. manufacturlng

Potable water processmg K
- facility -

'f‘Steel-frame high-rise
-complex for software
. development

Ground
0.30
0.33
0.40
0.50.

0.33*
0.40
0.42

0.50

0.30

0.25

045

030

. 020

> Estlmated Peak

Acceleration (g)**

A9




HVAC Duct System thhquake Expen’encé Dara

Table A-1-

Summary of Sites Revuewed in Compllmg the Seismic Expenence Database (Contmued)

. Earthquake Magnitude

Loma Prieta Earthquake -

* 1989 (M7.1) (cont'd)

' Central Luzon
. Phillipines Earthquake
- 1990 (M7.7) :

" Valle de Estrella, Costa
Rica Earthquake 1991
(M7.4)

Facility
EPRI Headquarters

San Martin Winery

-Baguio Telephone

‘Cabanatuan ‘Substation

La Trinidad Substation
San Manuel Substation

Moog Manufacturing
Plant ~

Bofnba Water
Treatment Plant

Cachi bam’

*Changuinola Power

Plant

‘ _leon Telephone

Mom Power Plant

- 'necops; Refinery

Sierra Madre, California

- . Earthquake 1991 (M5.8) -

"~ ‘Cape Méndocino,
.* California Earthquake >
1992 (M7 0) SR

S : Average of two horizontal components

A-10

PaéadeoaVPoWer;Plant o
: A —trtjplant

Goodnch Substatlon

230 kV substatlon v

Type of Facility -

Two-and three-story
concrete-frame office

Winery

Telephone switching station

230 kV substation

230 KV substation

230 kV substation.

Manufacturihg plant -

. Water treatment plant

1,000 MW hydroglectric plant

Diesel power plant

Telephone switching station

140 MW thermoelectric
power plant

Oil refinery

Flve-unlt gas-flred power

"'Two-unlt power plant s

E_stlmated Peak
Ground '

- Acceleration (g)**

025
0.30

0.12*

020

" o.éo‘ :
-0.47




HVAC Duct S ystem Earthquake Experience Data

Table A-1 '
Summary of Sltes Reviewed in Compiling the Seismic Experlence Database (Continued)

: . o o S , . Estimated Peak
- Earthquake Magnitude » Facility Type of Facility Ground
A - S ‘ o Acceleration (g)**

= Cape‘ll/'le‘ndoclno, ~ Humboldt Bay Power Two gas-fired units,. - ' 0.24
", California Earthquake . Plant : one nuclear unit :
..1992 (M7.0) (cont'd) - B
| Centerville Beach Naval facility ' 0.40*
Station o s o
" Landers and Big Bear,'_ Cool Water Generatron Four-unit 'powfer plant, : | 0.36"
California Earthquake Plant. = =~ = two gas/oil-fired and

1992 (M 7.6) . - ' o “two combined cycle units

- Mitsubishi Cement Plant Cement plant - . -

~ LUZ Projects . Solar electric generatmg - 035
7 ST »-.statlon, :

" Northridge, California” - - AES Placerita . . ) Two-unit electnc gas turbine 0.60
Earthquake 1994 Cogeneration Plant generators (80OMW), two heat .
(M6.7) L S . ' recovery steam generators
: . e : and one 20 MW steam

_ _ _ turbine generator
" _ARCO Placerita - Two-unit electric gas turbine 0.60
- Cogeneration Plant " generators and two heat
B recovery steam generators
Pitchess Cogeneration . 21 MW electric gas turbine 0.50
. Plant- =~ and heat recovery steam .
ST generator :
' Ollve Vrew 6MW power generatron 0.72

'Cogeneratlon Plant . _.and heat recovery system

' 'Valley Steam Plan

»'Burbank Power Plant E

Z'Glendale Power Plant ";;‘Frve-unlt gas-fured power

plant (148MW) -

Ty

; Ground acceleratlon measured by an Instrument at the s
Average of two honzontal components el e




HVAC Duct System Earthquake Experiénce Data

Standard procedures used in surveymg database facrhtres focus on co]lectmg all 1nformatlon
on damage or adverse effects of any kind caused by the earthquake Seismic damage to well-

. engmeered facilities is norma]ly limited to only a few items except at sites that experience very -

o high seismic motion, that is, in excess of 0.50g Peak Ground Acce]eratron (PGA), or greater than

o thlrty seconds of strong motion.

- '.;'Informatron on damaged and undamaged ductwork consrsts of photographs measurements made
- -at the site, visual obsérvations, quahtatlve assessments of detalls and. workmanship, and

';mformatlon supp]red by personnel at the individual sites. “This information includes typical
assemblies, unusual details or systems, and supports that appear to be espec:a]]y weak and prone
to damage or far]ure

An extensive search of the sersmrc expenence database revealed thzrty -nine srtes in fourteen
different earthquakes where ductmg experienced PGAs of at least 0.25g. Eighteen of the thzrty-
nine experienced 0. 40g or greater. The database sites represented a wide variety of duct sizes,
shapes, configurations and support types ‘Round and rectangu]ar ducts were found at seventeen
and thirty-five sites, respectrvely, with sizes ranging from six to seventy-two inches. The above
data have been compiled and summarized according to database site, duct construction type and
size, support type, bur]dlng type and noted damage Thts mformatlon is shown in Table A-2.

The large number of duct systems that have survived earthquakes mdlcates the lnherent
ruggedness of these systems. The light gauge sheet metal ducts' were constructed with pocket
locks, companion angles, and nveted connections. In many cases the ducting had no stiffener
angles and still survxved the strong motxon General]y, the database HVAC ducts were supported
with either rod hangers or long ' sheet metal straps; however, there were also instances of frame--
mounted ducts. Some HVAC ducts were hung with rope, cables; or wrre Rod hanger supports
were typically trapezes which were attached to concrete ceilings with expansion anchors,or . -
either clamped or threaded and tapped into overhead steel structures. Sheet metal strap supports B
were usually spot welded to the duct sides and attached to overhead ceilings with expansion .
anchors. Figures A-1 through AT 1]]ustrate some of the typical database duct conﬁguratlons
and supports that have survrved past strong-motlon earthquakes : -

It is important to note that nearly a]l of the HVAC duct msta]latrons in the database facrlmes

T were desrgned and lnstalled without specrf ¢ consideration of seismic loads ‘Also, some facrlmes_‘ S

> .wereupto forty years old: at ‘the time of their earthquakes In addition to the effects of age,- 25

_+“the initial msta]lauon and : any subsequent modifications to database ducts and therrsupports
_'ncluded a]l of the norma] versrghts and def'crencre of ind stnal constructron

""}Ductwork ruggednes was em
. -one or.more attnbutes ]ed to selsmlc damage A summary, orgamzed by earthquake, of the




' HVAC Dict System 'Earth'qualée Exberie'n.c_'é_ Data
Table A2 - AR
=xperience Database " .

PR PR

Wt | Duet Type ] ‘Support Type | - _ Damage DU :| .  Buiding Type

Framed
Shearwall

angle:
et x - o X , | - X
cop12X120 )l e )L X I - : : : . ) C . X
X122 X fee b e b | N - ] T - X

N N

Canti-

- . Concrete Block/
Lever

Shearyval_l

site”. - [pe Duct ' Strap ' Frame |: Falling | - Dented Titi-Up .| Frame

b

ADAK .:"
ADAK
ADAK
ADAK. -
ADAK &

ADAK !
ADAK | .
. [BATASHOE " | ;
FACTORY - ‘| ™"
BATA SHOE:
FACTORY : i :
BAY MILK - [0.50] -

P

Toxzl T x T 1 T , » —
Ti2a0 [ | — :
12Xz,

o). 24X24 .
wo |4 VERT..
. i ‘ o RUN +
"|BURBANK..- | 0.30 |+ -X. . o e OO R P
BURBANK -] 0.30 |+ i~ fe X }- LARGE |
BURBANK . [ I IR
POWER ':: U] LARGE
BURBANK -+
POWER 1. |
BURBANK .. | 5 an
POWER: [ 93]
CALFED : - |]040] ;. 2%
CALFED: " 1040 " -
CALFED .- 10.40]: -~ -. J)-30X8 ) el ] X
CALFED .1040] .- = |:w 130X8. | s X0
Legend:- - NV -~ NotVisible™ " -~ -~""FR™; Framed . .-~
CSW ...Concrete ShearWal * - " BR . Braced -
‘RC Reinforced Concrete - NA' " . Not Applicable

X

x [
X
X

< | UARGE |-

LaRGE ¢
v 60X48 |1, 0x
J30X8 | - X

x|t |-
<[] x|
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HVAC Duct System qu?hdﬁé[;é:'ﬁibeﬁence Data

Table A2 -

HVAC Duct Seismic Experience Database (Contmued)

" Duct Type

Building Type

‘. ‘ SUppon Type Damage
Rect-‘ gl Rod Canti- i Concrete Block/ i o Framed
ljf:und angle Duct Size Hung Strap Lever Flfame Fglllng Dented Shearwall Tilt:Up Frame Shearwall
r X -[16X16 | NV N | NV NV T
CAXTON 2. Lo X ] 18 X12 - NV NV - NV NV .FR/ICBW
CAXTON » e e 800 ROPE IR B P FR/CBW
-|CAXTON ..~ SNV ].7.80 NV - NV NV . "FR/ICBW .
CAXTON i w4 S X |t NV : i S, FR/CBW
: = .ol FLEX .
CAXTON = S ouer X
CAXTON - .- ¢ Xl 18X18 |- R L
{CAXTON -~ 18“ [V RS SPLIT - FR/CBW : -
) CAXTON 18"t | A e > SPUT - FR./CBW
CTAN ,.,'u ol |10 BEAM A -
CAXTON; RT3 R I GLAMP FR/ICBW
" BEAM. —
CLAMP FR/CBW
BEAM
CLAMP FR/CBW
. BEAM
ON Sl oiame FR-CBW
- |[CAXTON - :¢ X ‘-‘18 X18 X - o . FR/CBW
CAXTON - s X ] . 18'X8 - X PROPPED RC
CAXTON . /- | X 5]|-30X30 | - R X
CAXTON .. . X 1| 18X18, | -| PROPPED X ]
CAXTON . : - X 118 X 18 . .| PROPPED X -
CAXTON ;- - X N X
CAXTON ..+ | 0. rXe et NV )
CAXTON .- | 0.40 X | 18X18-] X X
CAXTON .= |1 0.40 - X I X . :
CAXTON.* - ]0.40| ~.c-= o f--X » ] NV < NV CSwW-
CAXTON -~ | 0.40|.. X X CSwW
CAXTON :-*10.40 [« X e 112000 X ’
CAXTON . 0.40] - X SNV X
CAXTON: - 0.40|  X: e NV
Legend: ° NV T NotVisle | B FR Framed
: csw . COncreteSheavWan ~ BA Braced
RC ) - Refnforced Concreta B e NA Not Applicable
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HVAC Duct Seismic Experler

HVAC Duct System Earthquake Exﬁériehbe Data

.Support Type

Damage

Building Type

. Site!

M

- Duct Type ..

Canti-

Strap - Lever

Fr_ame

Falling

Dented

Concrete Block/
Shearwall

— o - Framed
Tilt-Up | Frame Shearwall

COMMERCE

0.40). -
0.40] .-

| 24°,12X12

. |COMMERCE

COMMERCE

a0

v oo |oi12°0 ]
il 24x04

X
X
. «)‘(::.;.

COMMERCE

O

T ) 20000

BRACED

COMMERCE*

0.40] "

2000

BRACED | -

COMMERCE .

0.40

1670240 | .-

COMMERCE:

0.40 [~

X~ | 60X60_|.

BRACED |-
X

- |COMMERCE -

0.40 |

+124°030X30] .

~* [COMMERCE-

040} -

.-~ 24%0;,.

- [CONCON -,

PETROLEUM |

020

TP TN B

PROPPED

X
X
i

“oss |

TNV

SNV

| 18 x 24

LIGHT

CcswW

‘| 24" x 48" |

LIGHT

CsSw

<|various i+

LIGHT

CsSwW.

EL CENTRO | £

1| i38X36 |

ELCENTRO | *

EL CENTRO,| -

| 6024

EL CENTRO - | -

“oaxos |

ANGLE
LEGS

EL CENTRO .

oavxa4' |-

ANGLE
LEGS

EL CENTRO ’

.25

a2, [

2X U] aetxT2e [

EL CENTRO

42,
.25

T x| sz

Legend:

NV
Ccsw
RC

Not Visible

Concrete Shear Walt
Reinforced Concrete -

FR
BR
NA

. Framed
Braced

Not Applicable
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HVAC Duct System Ea‘hht}yaféé Zjitbgﬁén'cel Data

Table A2 -

HVAC Duct Seismic Experience Database (Contlnued)

" Duet Type

Support Type

- Damage

Round

‘Rect-' | | Rod
‘angle pﬁ’f’f St2¢ | - Hung

Strap Canti-

_Lever -

Frame

Falling | Dented

Concrete Block/
Shearwall

Building Type

TitUp | Frame

Framed .
Shearwall

EL CENTRO | 2

25 |

| x Vs

ELCENTRO.

42, |
.25

[ vames [

ANGLE [,

LEGS

EL CENTRQ_ | .28

42,

|.vaRiES'| -

. ANGLE
LEGS®

EL CENTRO | 42

cos |

EL CENTRO.-

42,
025 |

‘[ELcenTro | 42

25 -

EL CENTRO | 42

1.o5] . "

EL CENTRO | 42

a5

x| x| x|x

AR
eLoentRO | % |

EL CENTRO - | 42

‘25

Tray| 42|
EL CENTRO [ ;52|

entRe | 42,
EL CENTRO ‘| "2

PN R o N S B N R S R
X
©
[o-]

POSTS

EL CENTRO | /%2

‘o5

|42,
ELCENTRO [ %%

“leorx20° | x

.25

EL CENTRO a2, [

L feerx 12

EL CENTRO. | :42

25|

x| x. X ,

24* X 60°

ELCENTRO |42

~ X | 2axe0°

25

Legend: N
- cswW
RC

A-16
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Table A2 - Lo
HVAC Duct Seismic Experience Database (Continued)

R

\
[
. ¢

’

HVAC Duct Systérrli'Eanh'qual'cé' Experi_eﬁcé_ Data

| Duct Type

Support Type

Damage

Building Type

Site*

i Treer |5

found.| angte’| 21t

RN

Strap

Canti-
Lever

Frame

Falling

~ Dented

Concrete Block/
Shean_/val_l

Titt-Up.

Frame

Framed
Shearwall .

ELCENTRO |

X

EL CENTRO' | *

|4 xaa o

ELCENTRO |

| 48 x 240

EL CENTRO

42,

EL CENTRO

;‘Vti‘:R.'::‘ P
:48X48. |7 -

NA

EL CENTRO

NA

NA

NA

NA

EL CENTRO

[ (P

NA

NA

NA

NA

ELCENTRO |-

EL CENTRO

EL CENTRO. |

EL CENTRO -

42,
~.25

EL CENTRO | ;

EL CENTRO ;| -

S| sexizo |

PROPPED ‘

ELCENTRO ' |-

PROPPED

EL CENTRO *

ELCENTRO | -

48X 24.

EL CENTRO .
STEAM -

R R A I I R S R Y Y R R 3 M e

24%24

Legend:

Nv

" RC

NotVisible .. .., "~ .
Concreta Shear Walt "
Reinforced Concrete

- FR

"BR
NA

Framed
Braced
Not Applicable




HVAC Duct System Earthq’zgélé_ Expenence Dbta

Table A2

HVAC Duct Setsmlc Experience Database (Continued)

" Duct Type

Suppon Type

Damage

Bulldlng Type

Rect-

' angle l?ucts I\ze

" Rod

Hung

Strap

Canti-

-Lever -

Frame

_Falling Dented

Concrete Block/
Shearwall

Tilt-Up

Frame

Framed -
Shearwall

STEAM .= ~].°.25

ELCENTRO '| 42, |.

SX1 ] 2axa0" |

EL CENTF!O,'5 42,

" |STEAM . 25

EL CENTHO a2,
STEAM ‘25

s,

Fearlmsx

025-4

24%24 [

[FerTIMEX

0.25-
05 |

“li2axao | %

‘|Fermimex |G

-10.25|-

< [igeXie | o

FERTIMEX " | 05
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Table A-2

HVAC Duct Seisrh c Experience Database (Continued)

HVAC Dil(;‘t ;S'yste}n 'Eafthqu?zke Exbenfeﬁcel Data -

-~ Duct Type

. Supporl Type

Damage

Rect- '

Round.‘ an gle

R
€

Duct Size

' ‘Rod
“Hung

Strap -

Canti-
Lever

Frame

Falling

Dented -

Concrete Block/ .

Shearwall

Tilt-Up

" Building Type -

- Frame
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_ Shearwall
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Support Type

Damage

- Building Type

" Site

J "Rod
Hung

Strap

Canti-

Lever -

Frame

Falling

Dented

Concfet_'e Block/
Shearwall

Tilt-Up

Frame

Framed -
Shearwall
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Table A-2

HVAC Duct Seismlc 'Experience Database (Continued)

HVAC Duct Systeni Edﬁhqu&ké Exp_eri_ehéq Data

-Support Type

Damage

BulldIng Type

- 'Duct Type "

Rect-'|
angle:| .

;6| - Rod
| - Hung

Canti-

Strap Lever

Frame

Falling Dented
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Table A2 -
HVAC Duct Seismic Experience Database (Continued)

Support Type

Damage

- Building Type

.| Duct Size

.Rod

‘Hung

Strap” Canti-

Lever -

Frame

Falling

Dented

Concrete Block/
Shearwall
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HVAC Duct Systehi Eanhquizl.ce. Expéi-i_en‘_ce. Data

Support Type Damage ~ Building Type
Rod Canti- | - ' - .Concrete Biock/ |- 4o v | o Framed
e Duct Si Hung Strap Lever frame Falling .Dented : Shgarwall-i ﬂ!t-Upv frame Shearwall
MT. UMANUM « ;‘j-X]cU “VARIES | - X X, csw’
MT. UMANUM- | 0.50 | X )ri24Xe | X X CSW -
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HVAC Duct System Eanhquake Expenence Data

A-24

< Reinforced COQC!O_QO

~Table A-2
HVAC Duct Se mic Experience Database (Continued)
DuctType Support Type " Damage- ' - - Building Type
il “ oo Reet | Rod Lo oeantie | oo | o o]0 | Concrete Block! | - - Framed .
. she angle’| Hung | S | Lever | Frame |-Falling |  Dented. | “~ qhearwan TitUp | Frame | shearwall
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SEAGATE ;.. |12016%0 | X X X B
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Table A-2

HVAC Duct Seismlc Experlence Database (Continued)

R

' HVAC Dact System Earthguake Experience Data

;- Duet Type

Support Type

' Damage

Building Type

site .7, b‘_GA

AT

Round

Rect-
‘angle.

Diét Size

.. Rod
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Table A-2 -

HVAC Duct Seil#mii; Expgr_ ence Database (Continuéd)

.

vir] Duct Type '

Support Type

Damage

Building Type
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Frame
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SYLMAR *

-.BR:

STEEL

SYLMAR -

BR .
STEEL

SYLMAR - | ¢

Toxe [0

BR
STEEL

|sywmar

PPN

BR

UcsC.
COGEN

200

CABLES

STEEL

FR/CBW

~ |unionon oo

| LARGE.,

UNIONOIL;-|0.60] - ;-

VALLEY :..-»

STEAM - -

.36%36 | .

VALLEY -,
STEAM

N RN

- [VALEY
STEAM &'

VALLEY .~ | g0
STEAM -7 | 94

VALLEY - .
“ISTEAM - °..C

" NV | SPRINGS

VALLEY .
STEAM '« °

BN R B e E A S R

"INV’ . |SPRINGS

VALLEY - laailiiw. |
STEAM -7 |040F 0 X o o

VALLEY . -
STEAM

3 étab

R

e

LARGE

Legend:

. NV
csw
RC

A-26

" Contrete Shearwan
Reinforced Concrete -

Not Visible

FR - Framed
BR Braced
NA: Not Applicable




- JOHNSON

H VAC Duct System Earthquake Experlence Data

N - T I

Table A-2

SupportType : Damage - e R BuildlngType .

- site-: PGA Round Rect:. Duct 8|ze . Rod - Strap; { . Cantl- Frame Falling-|. Dented ) Concrete Block/ Tilt-Up Framed

‘angle | . Hung Lever ‘Shearwall Fra.me . Shearwall
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HVAC Duct System Earthquake Expeﬁe'hc‘é Data

A-28

Reinforced Concrete -

NA

_ TableA2 - . .
HVAC Duct Seismic Experience Database (Continued)
Duct Type Support Type Damage Building Type
“site bg(\ Round | Z- | Duct stzs | bung | Strep | Davt Frame | Falling | Dentea | COWreBOCK | mnyp | Frame | JFrATed

WATS. — '
WASTE ‘| 0.40 X | 30x16 X X
WATER - | ,

- |WHAKATANE | 0.25 X |18x10 |- x " RC
WHAKATANE | 0.25| - X A D S RC
WHAKATANE | 0.25 | - X |aaxwo | ox . RC
WHAKATANE [0.25| X |aax2:| " x; RC -
WHAKATANE | 0.25 X [20x12 | .x- RC

IWHAKATANE [0.25] . X 16'0 - | "NV X
WILTRON- - |0.35] . x S12°0° X. X X X
WILTRON . |0.35] @ X~ 1270 X - X X X
WILTRON  [0.35] = X. 120 X X X X
WILTRON . |0.35] . X X ] 1270 X X "X . X
WILTRON |o35| Xx | . | 120 X X X X 1E
Legend: NV .- 'NotVisible - .- o FR Framed :

csw - Concrete Shear Wall B8R Braced
] RC Not Applicable



] i’A'C Duct System Earthquake Experience Data

FlgureA-1 L L .
Sylmar Converter Stat:on, 1971 San Fernando Earthquake. Strap-Hung and Wall-Mounted
Duct with Wall Penetratlons

‘Glendale Pawer Plant, 1971 San Fernando”Earthquake. Cantllever Bracket Supported
Rectangular Duct
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H VA"C‘ Duct System Earthquake Experience Data
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1987 New Zealand Earthquake.
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B Flgure A-5 :
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Figure A6 _ S e -
Watkins-Johnson Instrument Plant, 1989 Loma Prieta Earthquake. Large, Insulated Round
Duct with Branch Ducts and Cable Supports . S '

Figure A7 " 2
" Pacific Bell Watsonville,
.~ Rectangular Duct " .-
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'HVAC Duct System Earthquake Experience Data

A2.1.1 1983 Coahnga California. Earthquake

The Coalinga, Cahfomra earthquake occurred at about 4 43 P M., local time, on May 2, 1983
and had a Richter magmtude of 6.7. It was centered near the town of Coalinga which is midway
-between San Francisco and Los’ Ange]es Coalinga is situated in a Jarge oil ﬁeld that includes
numerous petrochemrcal and other 1ndustr1a1 and power rnsta]latrons.

. Gates Substatron is located on the 500 kilovolt (kV) mteme that runs north to south through

" the California Central Valley. The facility has two control buildings, several shops, and storage
vburldmgs. -All of these structures are one-story structures ‘of reinforced concrete block or precast

concrete construction. ‘All were designed to the seismic standards of the concurrent Uniform

Building Code, seismic zone IV or more stringent requrrements 1mposed by the operating

facility.

Gates Substatron is ]ocated about fourteen miles southeast of the main shock’s epicenter,

and about an equtva]ent distance south of the nearest strong motion record at Pleasant Valley
Pumping Plant. Standard ground motion attenuation formulae mdrcate a PGA of approxrmate]y
'0.25¢g for the site’s drstance from the eprcenter.

Durmg the earthquake, an HVAC drffuser fell from a suspended cer]mg ‘The drffuser was
slipped into place and supported from the ceiling, but was not attached to the HVAC ductmg
(see Figure A- 8) '

Flgure A-8 2 R '
Gates Substauon, 1983 Coalmga Earthquake. An HVAC thfuser Fell from the Suspended

Ceiling -
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A.2.1.2 1984 Morgan Hm Cahforma Earthquake

. The Morgan Hill, Cahfomla earthquake occurred on the Ca]averas fault at 1: 15 P.M., PST on
' April 24, 1984, The Richter ‘magnitude 6.2 earthquake was centered approximately ten miles due
" east of San Jose. Despite localized pockets of damage to residences and commerc1a1 facilities,
: ‘the damage to structures was genera]ly light. :

. --Wl]tron located on Mast Street in Morgan Hll] manufactures i mlcrowave and communication "
---equipment for telephone and other companies. The facility is housed in a reinforced concrete tilt- -
up building which has a p]ywood diaphragm roof. Based upon the nearest recording instruments
at Anderson Dam and the nineteen mile distance to the epicenter, the site experienced an .
. estlmated PGA of O 35g ‘

“Atthe Wlltron Facnhty, a four foot long vertical cantr]evered section of HVAC ductwork broke
from its supportmg header and fell to the floor (see Figure A9). The round duct was constructed
of riveted lap joints which failed under the cantilever’s inertial loads.

z.j‘i-.'from its Supportmg Header and Fell

iAnother section of HVAC duct at the same facility split a seam where a branch lme entered
Cawall penetratlon (see Figure A-lO) Thedamaged section was approxnmate]y ten inches in

o jdnameter branching off of an estimated twenty inch’ diameter header. The seam pulled apart near
- the'wall; approxlmate]y four feet from the branch pomt The branch apparently was not flexible

" ‘enough to accommodate the header motion, and the'seam was too ‘weak to resist the imposed
differential dlsp]acement '
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Frgure A-10
Wiltron Faclllty, 1984 Morgan Hrll Earthquake. A Branch Llne Tore ata Wall Penetration -
Due to Flexrble Header Motron ' '

| A213 1985 Mékico'léarthquake |

- The Rlchter magmtude 8. 1 earthquake of September 19, 1985 was centered near a large

- industrial area at Lazaro Cardenas on the west coast of Mexico: The industrial area includes a
large steel mill and a fertilizer plant as well as several other manufactunng and service facilities.
The industrial area is served by two large hydroelectnc plants located on the Rio Balsas. Both
the power plants and the industrial facilities are relatrvely new, havmg been constructed
primarily in the 1970s and 19803..,

The Fertimex facrhty isa large femhzer plant on an island at the mouth of the Rio Balsas.
Reconnaissance teams observed several sand boils and settlement : as large as twelve inches on
the island. The site’s PGA'is estrmated at 0.25g based upon the nearest ground motion records
 at Zacatula; however, the section of the: island which supports Fertlmex s Packagmg Plant is
-.thought to have cxpenenced at least 0. 50g' Lot :

."HVAC ductmg was damaged on the second floor of the packagmg plant s swrtchgear burldmO. a
' T.The second floor slab'is approxrmately ﬁfteen feet above grade. The two-story concrete-frame :
“structure is about 120 feet long, fifty. feet wide, and has eccentric rigidity due to the asymmetnc
: locatlon of bnck in-fill and. partral concrete walls. The eccentncrty created high torsronal
acceleratrons in'some regions of the structure. In one of these areas, the last section'in a long
duct run Jumped off the final support ‘The resultmg cantilever’ farled atan adjacent support
(see Frgure A- 11) The HVAC duct section was of pocket lock: construction and was not

- positively : attached t6 the rod hung trapeze support Had it beén attached the damage would
llkely have been avoided. Also in the same area, one of the duct’s rod supports pulled i its”
expansion anchor from the concrete ceiling: The concrete quality was questronable and the ribs
on the non-dnl]mg shell anchor’s cone expander were flat rather than slanted. '
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KA-130!

| ;,Flgure A-11
- Fertimex Packagmg Plant 1985 Mexico Earthquake. A seetlon of Duct Tore when the Duct
. Jumped off the Fmal Support ina Long Run :

A2.1.4. 1987 New Zealand Earthquake

- On March 2, 1987 at'1 43 P. M.,a Rnchter magmtude 6. 2 earthquake struck the eastern Bay of -
. . Plenty region of North Island, New Zealand. The earthquake was preceded at 1:36 PM. by a
.- M5.2 foreshock and followed at 1 :52 P.M. by a M5.2 aftershock. The main event, centered
G about four miles northwest of the small town of Edgecumbe propagated along a previously
i unmapped fault that opened a large surface rupture and caused w1despread soil failures. Strong .
ground motion also affected the nearby towns of Kawerau, Te Teko, and Whakatane. An average
, honzontal PGA of 0. 26g was recordcd approx:mately six mlles from the rupture, and PGAs from

; and a]ong aline extendmg in'the drrectlon of surface rupture. Based upon the ground motions
‘recorded at the Matahina Dam and a companson of the Modifi ed Mercallr mtensmes for the dam

nd the paper mill, the mill’s PGA is estimated to be 0.40g."

1

'The facility’s paper machme buildings (Nos.:2 and 3) are ﬂex1b1e hrgh-bay stee] frames and
: reportedly deflected excesswe]y dunng the earthquake. Damaged HVAC duct was found in both

' bu:ldmgs

At Paper Machlne Bu1ldmg No.2, there were several mstances of sheared ductwork JOlntS'
however, no sections fell to the floor. The circular duct was mounted near the ceiling and
constructed of riveted lap joints (see Figure A- ]2)
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Figure A-12 :
:Caxton Paper Mill, 1987 New Zealand Earthquake. A long, Unrestrained Run of Duct
,Constructed of Riveted Lap Joints (Top) and a Taped Repair of a Sheared Jomt (Bottom)

Paper Machme Building No.

was fastened by riveted ]ap Jomts and supported from the roof truss wnth rod hangers and beam
'clamps. Large deﬂectlon of the ductwork p}llled adjacent sections of ductmg apart allowing a

- portion to pry jtself away from the supports and fall to the operating floor. Inspection of the
fal]en ductwork noted heavy corrosion at the riveted joint,
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A21 .5 1987 Whittier, Caltfomta Earthquake - i

-~ On Thursday, October 1, 1987, at 7 42 A. M a Rxchter M5 9 earthquake occurred due east of

Los Angeles near the city | of Whittier, Cahfomna The shock caused damage over a large area

... of the Los Angelés Basin. The main shock was followed by numerous aftershocks, including
-aMS5.5 aftershock at about 3:00 a.m. on Sunday, October 4, whlch further damaged structures
: already weakened by the 1mt|a] shock.’ ‘ :

The City of Commerce Refuse-to-Energy Plant is located approxrmately seven miles southwest
- of the eplcentral area. The plant was constructed in 1985, and its buildings were designed
accordmg to the current Uniform Building Code for seismic zone IV. The 11.5.MW plant is

housed in a large stee]-frame structure, including an enclosed htgh-bay refuse storage pit, with

* adjoining office complex; open turbine deck,’and open steel-frame boxler tower. The PGA is
‘estimated as 0.40g, based upon the records at the Bulk Mail Center and a comparison of the

Modified Mercalli Intensities at similar sites. The Bulk Mail Center 1s less than a mile south
of the plant and has srmllar 5011 condltlons

Damage to the Commerce Energy Plant was mlmmal but mc]uded an HVAC dtffuser which
fell in an office area. The dtffuser was apparently not secured to the duct main run.

The main ofﬁce of the Southem Callfomta Edtson (SCE) Headquarters is located within a mile

. of the epicenter and has ground motion equipment located on site. The four-story concrete shear
.wall structure endured a PGA of 0 42g and sustained the most s1gmﬁcant structural damage

of the three buildings in the comp]ex An HVAC fan in this building dislodged from its spring
isolators and dlsplaced enough to tear the ﬂexnble bellows coup]mg to the duct on its discharge
s1de : : , :

The Ticor Data Processmg Center isa two-story concrete ttlt—up butldmg constructed around
1980. It is a somewhat comphcated structure combining steel and reinforced concrete internal
framing with a spancrete second floor, a ‘metal roof deck, and. extenor concrete wall panels.
The building suffered substantial damage including shear cracks in wall panels, spalling and

-fracture of the second floor slab, separatton of j _]omts between wa]l panels and frammg, and a

torn expansron _10mt m the roof e

Nonstructural damage was aIso extensrve and 1nc1uded HVAC duct Roof-mounted HVAC

o ;Aeqmpment at Ticor was severe]y damaged and the’ system was shut down. Most of the equipment
L was mounted on v1bratlon lso]ators w1thout latera] (selsmtc) restramts Two axial fans had
g _"‘shtfted off the| mounts rupturmg therr duct attachments (see thure A-13)
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Figure A-13 T ' :
Ticor Facility, 1987 Whlttler Earthquake. A Flexmle Bellows has Torn Due to the Motion of
an Attached Fan on anrataon lsolatnon Mounts

The free-f e]d record taken adJacent to the SCE Headquarters rs‘near enough to the Ticor facrhty
1o essentlally be considered a site record. Both the Ticor and SCE sites are on soft al]uvral
deposrts laid down from the" nearby San Gabnel Rrver ‘

. 'The SCE free-f eld accelerogragh is likely representatlve of the effectlve free-ﬁe]d ground -
‘motion at Trcor. Although the peak accéleration exceeded 0. 40g in  both honzontal dlrectrons
:-and the | response Spectra show. relatlve]y broadband frequency content, the motron was very °

short in duration, with only three to five cycles of srgmf cant amplitude. . .

The Sanwa Data Processmg Center is housed in adJommg steel-frame concrete panel sided
bulldmgs of about 100,000 square feet each, on four staggered floor levels. The center contains
data processing equipment mounted on raised Tloors, as wel] as ofﬁce facilities. The roof
mc]udes a penthouse for HVAC equrpment
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- The Sanwa fac1hty is ]ocated in the Repito Hills, a sha]low formatlon of sedlmentary rock that
penetrates the surroundmg alluvial valleys. The nearest record at Garvey Reservoir, with a peak
- horizontal acceleration of about 0.40g, is a reasonable representatlon of the effective free-fi eld
motion experienced by the site. The strong motion instrument is founded on compacted

o alluvnum less than a mn]e and a half from the Sanwa facxhty

HVAC ducts in the space above the raised ceiling experienced movement and permanent
.distortion without excessive ]eakage failure or loss of function. .In addition, a duct above the _
» battery racks, approximately twelve inches by twelve inches, deformed but did not fall. The long -
~run was supported at the. ceiling by sheet metal straps and had no companion angles or stiffeners.
The duct deformed at the Jomts of an angled offset section Wthh contamed an HVAC register
A(see Flgure A-]4) -

bt WTRRY (O S YA

i r, 1987, Whlttter‘Earthquake.
‘ Deformed at the Jomts of an Angled Offset Section:

. The lum Rock earthquake had a low PGA (O 15g) and relatxve]y minor damage however
there was HVAC related damage in the third floor mechamca] penthouse of the East Ridge Mall.
The damage occurred when air handling units, mounted on vibration isolation springs without
lateral support, deﬂected and tore the attached flexible bel]ows to the ad_]acent ductmg '

(see Figure A-15). = - :
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FlgureA-15 S : . ’ T : oo c
East Ridge Mall, 1988 Alum Rock Earthquake. A Flexlble Bellows Tore Due to the Motlon

of Attached Air Handlers on Vlbratron Isolatlon Mounts

_ A21.7 1989 Loma Pneta Earthqu ke

ey S T T

fﬂAt 5:04 P M., Tuesday, October 17,1989, a thhter magmtude 7.1 earthquake struck

' fapproxtmate]y ten miles’ northeast of Santa’ Cruz, Ca]rfomla. ;The twenty second earthquake ,
-."occurred a]ong a segment of the San’ Andreas Fault near Loma Pneta Peak ground shakmg as
strong as 0.65g was recorded in both the honzontal an

The computer disk dnve manufacturmg p]ant_operated by Seagate Technology is housed in .
“i a‘concrete tllt-up burldmg made of adjoining one-"and two-story sections. The site is ]ocated

o \approxrmately two miles northwest of an instrument in downtown Watsonvrlle. Soil condltlons

_in the vicinity of Seagate are ]abe]ed “fluvial facies,” a form of marine’ terrace deposns
‘characteristic of the Watsonvrlle area. The telephone butldmg where the strong-motlon
instruments are Tocated i is embedded in ﬂood plain deposrts unconsohdated sand and sﬂt
The Seagate site ‘therefore appears to be on somewhat firmer soil: Based upon the observed
effects within the burldmg, a reasonable estlmate of the peak horizontal ground acceleration is

0. 40g
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The sections of Seagate s cxrcu]ar duct are lap _]omted (w1thout nvets or bolts) and hung from
the ceiling with sheet metal straps. During the earthquake, a portlon of the duct fell to the floor
when a strap broke at the duct connection and the attached section pulled free of its joints

(see Fi gure A- 16) :

Frgure A-16 L ' ' ' ' S
Seagate Technology, 1989 Loma Pneta Earthquake. A Strap Support Broke and the
‘Attached Duct Fell to the Floor

The Watkins-Johnson Instrument Plant is an expansion of a small instrument as;sernbly operation
that was started in the 1950s. The site includes eight buildings of various construction and
-vintage built into the base of hlllsrdes within a small valley :

The nearest mstruments are at the Lle Observatory (CDMG) and m the Earth Scnences Burldmg |
.._on the University of California; Santa Cruz. Both instrument sites are just over five mlles away

- “from Watkms-Johnson and each measured PGAs. greater than 0 40g The UCSC ¢ campus .

_'.rnstrument sites are founded on sedlmentary rock whereas the Watkms-J ohnson plantisina o
small valley thh alluvral deposrts overlymg sedlmentary rock The site condmons at the plant

‘anda companson of the Modified Mercalli Intensmes, the Watkrns-Johnson srte PGA 1s
;-estlmatedvas 0.45g." S e e

i Burldmg number,srx' at the. Watkms-Johnson Instrument Plant is a orefabncated steel structure.

Constructed in 1967, the structure hasan HVAC penthouse rough]y thirty feet above grade.

. Insrde the penthouse the flexible bellows ‘connecting circular HVAC ducting to an in-line axial’
.fan tore (see Figure . ‘A-17). The duct was rod hung and the fan was supported with a rod
hanger/spnng arrangement. The be]lows were not designed to resist the différential motion

imposed by the earthquake.
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Figure A-17. - "~ - "~ ; s ’
Watkins-Johnson Instrument Plant 1989 Loma Prlela Earthquake. The Flexlble Bellows
Connectmg HVAC Ductmg to an In-Lme Axial Fan Tore '

Also at Watkms-]ohnson s bulldmg number six, the support frame anchorage for a large
rectangular roof-mounted duct was distressed. The P-1000 unistrut frame and its clip angle
anchorage were not desrgned to withstand the inertial loads. The duct was not damaged and,
other than the minor anchorage dlStl‘CSS the support survived as well (see Figure A-18).

Pacific Bell s Watsonvrlle swrtchmg statlon is a four story concrete shear wa]l structure which
endured a measured PGA of 0.33g. Dunng the earthquake, a vertical cantilevered section of duct
and its attached diffuser fell to the floor (see Figure A-19). Closer inspection revea]ed
insufficient positive attachment between the cantilever and the header.
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Figure A-18 -

Watkins-Johnson Instrument Plant, 1989 Loma P

son Instrument Plant, 198! rieta Earthquake. The Support Anchorage
for a Roof-Mounted Duct was Distressed - P
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Frgure A-19 N S
Pacific Bell; Watsonvnlle, 1989 Loma Prieta Earthquake. A Vertrcal Cantllevered e
Section of Duct Fell to the Floor with its Attached Diffuser

g.On ‘Monday, July 16, 990 at 4: 26 P M.-local txme the heavily popu]ated 1s]and of Luzon,
Repubhc of Phlhppmes was struck by an earthquake of magmtude 7.7. The earthquake was
 caused by major rupture a]ong the Phrhppme and Digdig faults, extendmg approxrmately seventy
mrles a]ong the northem edge of the Central Plams and mto the Cordrl]era Central ‘

The Texas Instruments facility in Baguio City was‘about forty mr]es northwest of the eprcenter m
a region of extensive landslides. No accurate estrmate of the ground motron exists. In one region
of the facility, round shp-Jomted duct pu]led apart at its seams and fell to the floor. The rod hung
duct had no positive connection between sections and was attached to 'unanchored equipment and
flexibly mounted fume hoods , creating the differential motion failure. The drffusers in'the:
building’s clean room a]so fel] along w1th the room’s suspended ceiling. '

A-46




it

.

"if

HVAC Duct System Earthquake Experience Data

-+

Bl

Eifs
L

Figure A-20_ V

1971 San Femandb Earthquake
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“SCE Rosemead Headquarters, 1987 Whittier Earthquake. HVAC Dented from Sway
- of Adjacent Fixtures . S ‘ I
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Figure A-24 . -
Magnolia Plant, Bu

- Figﬁré A25 .

' .ElCentro Steam Plant,
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A.3 Summary of Observed Damage

The cases of duct system damage listed above are generally limited to direct seismic damagc
of the ducting or supports. The database search also uncovered a number of instances in which
HVAC ducting was dented or damaged by interaction with adjacent commodities. These cases
include impact with flexibly supported piping, false ceilings, and equipment. HVAC diffusers
have fallen from false ceilings on several occasions, typically when the ceiling is not properly
restrained against lateral motion and the diffuser is not attached to the structura] slab above.

In summary, seismic damage to HVAC duct systems from the seismic experience databasc can
be characterized as follows:

e Broken and Fallen Cantilevered Sections. Cantilevered sections of duct and duct diffusers -
constructed of riveted lap joints and simple friction connections have broken or fallen in past
strong motion earthquakes. The cases of damage appear to be the result of:

— High inertial loading of the cantilever sections causing high reaction forces at relatively
weak joints

— Flexible headers developing high seismic stresses in short duct segments not flexible
enough to accommodate the motion

e Opened and Sheared Seams. Light gage circular duct constructed with riveted lap joints have
opened up and sheared in past strong motion earthquakes. This damage has occurred at
locations subject to high bending strain in very flexible duct systems.

e Duct Fallen off Support. The database includes one example where the end of a cantilévered
duct section jumped off of its end hanger support and was damaged. The duct was not tied to
the support, and was subject to high levels of seismic motion.

o Equipment on Vibration Isolators. HVAC duct has been damaged by excessive movement
of in-line equipment components supported on vibration isolators.
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o Dampers are sheet metal fabncated devices that consrst of a system of parallel vanes or louvers

~ . “to'either permit or prevent air flow. The actuators controllmg the position of these louvers tan be

_ operated manually, electrrcally or pneumatically.

' B. 1 Defmltlon of Equrpment Class

Dampers are part of any heatmg, ventllatmg and air condmomng (HVAC) system, and are
‘found at nearly all industrial sites. The prmcrpal functions of this equipment are control of

air flow and isolation of HVAC systems. Some dampers at nuclear plants are used in safety
related apphcatrons and must function under extreme conditions of violent weather, radiation,

© temperature, seismic shock, and hrgh préssure transients (due to loss of coolant accident or
tornado transient). Dampers are self-supportmg structures that do not require additional integral
supports or bracing. These devrces are typically used in the followmg applications:

. Inlet or outlet srde of an a1r handler
* In-linein HVAC ductmg

¢ ‘Mounted in walls to allow or prevent air ﬂow between rooms

Dampers may be operated passrvely, manually, or actrvely The louvers of dampers are tied
together by a common lmkage which is externally controlled by an electric, pneumatrc or
manual actuator. Typical- components mounted on an air operated actuator are air tubing,
flexible conduit, solenoid operated valves and pressure gages. Air recelver tanks that supply
air to the solenoid valves requrre Separate evaluatron :

B.1.1: Equ:pment Anchorage

ampe teg part of the fans ‘air handlers and HVAC ductmg and as such are
charactenzed as m-]me components ‘Dampers in fans or alrhand]ers are part of the’ equlpment
and are evaluated ‘with the “Rule of The Box”. ‘Someé dampers such as fire dampers are mounted
n walls or cellmgs and therefore are not consrdered as 1n-lme components These devrces are -

bolts, rivets; or weldmg along their penmeter, Heavy motor-operated or pneumatlc dampers
'typlcally have ‘their own supporting system. PR
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B. 1.2 Equipntent Applications

r Dampers are typically operated pneumatlcally, e]ecmcally or manually. In the case of the
-pneumatically controlled and motor-operated dampers, such as flow/pressure control and -
. isolation/shutoff dampers, a pneumatic or electrical signal is sent to the actuator to either
o open close or modulate the louver position. Some dampers, such as pressure relief and tornado
- protection dampers, are self actuated when quick differential pressure changes are detected and
. use counterweights or counterbalances to return to normal position. Some fire dampers have -
. fuseable link that would break ina ﬁre and force the damper to c]ose

B.1.3 Appllcatlon in Nuclear Plants

Dampers are used in all nuclear p]ants for control of air flow and isolation of HVAC systems.
Dampers are utrhzed in the HVAC systems to perform one or more of the followmg functrons

o Flowand Pressure Control - Used to control a given flow rate or pressure wrthm a system
Actuators may be e]ectrrcal pneumatrc or manual. . : :

. Balancmg Used to estabhsh a ﬂow and pressure relatronshlp within a system. Actuation is
through a manual adjustment hand-quadrant that is left at a pre-set level.

o Isolation/Shutoff Control . Used to isolate or seal ‘'off a portion of the system from selected
flows. This type of damper is used on]y in an open/c]ose apphcatlon Actuators could be
electrrc pneumatlc or manua] ' : : :

o Backdraft Control Utrhzed where reverse flow of air is undesirable or could cause system
inefficiencies. Actuatlon is by counterwelght or counterbalance.

e Pressure Relief - Used fo protect the system from excess pressure or damaging surges.
"The dampers are ‘closed under normal conditions and open very quickly when posmve
pressures are detected Actuatlon is by counterwelght or counterbalance.

e Tornado Protection - Used at the intake or exhaust opemngs of the HVAC system
During tornado condmons thrs damper c]oses automatrca]ly Actuatlon 1s by counterwerght
or counterbalance. : .

e Isolation Shutojf Used to prohrbrt any’]eakage passrng through the damper and downstream
- _Actuators are typrca]ly elther pneumatrc or manua] o

Fire’ Dampers Mounted in walls‘or erl'ngs and 1s used for Jso]atlon of two separate but
’ _:ﬂad_lacent areas in case of fir re.. ' : .

- 1pel 1thm the database The database
_ inventory of dampers in¢ludes at least:175 examp]es representmg 20 sites and 14 earthquakes
studred of thrs mventory, there are no instances of seismic damaoe

B-2




- HVAC Damper Earthquake Experience Data

" - EXTERNAL -
POSITMON .
INDICATOR

COACTUATOR NN RN Y
. MOUNT O .

-EXPLODED VIEW OF DAMPER PARTS

. _FlgureB-1 T -
" Exploded Vlew ofa Typlcal Damper

' Typlcal Damper Blades or Louvers
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Flgure B-3 .
Typical Damper Actuators

Flgure B-4
Pneumatic Damper at El Centro Steam Plant Subjected to'the 1979 lmpenal Valley

Eanhquake '
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Louver Style Damper on the Bonler Structure at the El Centro Steam Plant
‘which Expenenced the 1979 Imperral Valley Earthquake

Frgure B- 6>
Pneumatlc Actuator at the Puente Hrlls Landflll Gas and Energy Recovery Plant
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Flgure B-7

Radial Type Damper at the El Centro Steam Plant whlch was Subjected to the 1979
lmperial Valley and 1987 Superstmon Hills Earthquakes
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‘ Radlalland Louver Type Dampers at the Humboldt Bay' Power Is_labm Which'éxperience_d
the 1975 Ferndale Earthquake
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FigureB-10. . ' o
Motor-operated Damper at Adak Naval Station, which Experienced the 1986 Adak Alaska
Earthquake : L o g : )

+ " Figure B11
~ Damper at Ad
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Figure B-13 . -

" Electric Motor for a Fire Damper at AES Placerita Cbg{enération’ Plant Experienced

the 1994 Northridge Earthquake
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Flgure B-14 V
Pneumatic Damper wuth Long Actuator at Valley Steam Plant which Expenenced the 1971
San Fernando and the 1994 Northndge Earthquakes :
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Flgure B-15.

Pneumatic Louver Control Damper at Pasadena Power Plant which Expenenced Several
Database Earthquakes

Heavy Pneumatnc Controller with Independent Support for a Large Damper at Pasadena

Power Plant Located Very ngh in the Borler Structure
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Figure B-17 . e _’ : R K
Floor-mounted Air Operated Damper with Remove Actuator at Burbank Power Plant
Experienced the 1 971 San Fernando and the 1994 Northridge Earthquakes
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Flgure B-18 . C -
Large Independently Supported Damper Controller at the Burbank Power Plant

Figure B 19 presents a bar chart that illustrates the inventory of dampers at various database sites
asa funcnon of estlmated PGA

The database represents a w1de varlety of damper confi guratlons. Pneumatrc motor driven and
manual dampers are well represented Some dampers in the database are housed in steel boxes
which are anchored to the _ground or to the building’s structural steel. Heavy pneumatrca]ly
operated dampers in the database have their own independent supporting system, and their -
usually ]ong actuators attach to the side of the duct for louver control wrthm the duct
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‘B.2.1 Basrs for the Genenc Boundmg Spectrum

- The sersmtc experience database includes a vast amount of data on the performance of dampers . -
- -of various configurations and installations which expenenced many different seismic excitation
" levels. The Generic Bounding Spectrum developed by SSRAP [B-2] to represent the motion at
* . typical data sites was based on the average horizontal free field motion from each of the four-
- reference database sites: Sylmar Converter Station (1971 San Femando) El Centro Steam Plant
- ..(1979 Impenal Valley), Pleasant Valley Pumping Plant (1983 Coalmga) and Llolleo Pumping
Lo ‘Plant (1985 Chile). The average of the four ground motion spectra is referred to as the Reference
L Spectrum This spectrum is'a conservative representatlon of the ground motion level to which the
earthquake expenence data demonstrate seismic ruggedness. In other words, the Reference
' Spectrum is used as a measure of the equ1pment capacity which has been demonstrated by
experience. The Generic. Boundmg Spectrum is obtained by dividing thts Reference Spectrum
by 1.5. This 1.5 factor is to account for the possibility that floor spectra within about 40 feet
above garde in the nuclear power plant mi ght be amplified over the ground spectra more than
“occurred in the database plants. Thus, the resultant Bounding Spectrum is directly applicable
_for comparison with Ground Spectra The capacity as defined as either the Reference Spectrum
or the Bounding Spectrum coupled with caveats on equrpment attributes and mstallatlon is then
compared to the demand as deﬁned in the GIP Table 4-1. -

El Centro Steam Plant expenenced a peak ground acceleratron of O 42¢g dunng the 1979 Impenal :
Valley Earthquake Strong” motion at the site lasted about ]5 seconds. The site ground motion is
based on measurements from an lnstrument located within 1/2 mile of the plant.

This plant mcludes many pneumatlc and manual controlled dampers The positioners for these
dampers are enclosed in steel boxes whtch are then anchored to the ground or the bulldtng
structural steel There were no mstances of damage to the dampers or their operators in the
earthquake.

The Sylmar Converter Statzon located niear the fault rupture of the 1971 San Fernando.
Earthquake, is estimated to have experienced at least 0. 65g peak ground acceleration,
wrth about 10 seconds of strong motton o o

: Etght lnstances of dampers are 1ncluded 1n the database at thts facrllty None of the dampers
expenenced any. setsmtc effects. S »

“The Shell Water Treatment Plant is located about two mlles north of the Mam Orl Plant .
*:The peak ground acceleration’ expenenced at this srte dunng the 1983 Coalmga Earthquake : L
s conservatively estimated at ,0 60g S e

At thts site'only.one documented case ofa butterfly damper exists in the database ThlS damper
remamed undamaged asa result of the earthquake" i e

The IBM/Sa a Te sa. ompute Faczltty expenenced a PGA of 0. 37g, wnh strong motlon B
occurring for about etght seconds during the 1984 Morgan Hill Earthquake This’ facrltty
: mcluded several motion momtors one located in the free ﬁeld lOO yards from the main burldmg
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- The database includes one pneumatlc operated damper at thls fac111ty This damper was not
: damaged in the earthquake ' . ,
- Valley Steam Plant expenenced ground shaking dunng both the 1971 San Fernando earthquake
" and the 1994 Northridge earthquake. The peak ground acceleration at the site due to each of
: f;these earthquakes was approxnmately 0.40g. The plant, which 1nc]udes four units with a total
- +".generating capacity of 513 MW, is located about 10 mlles from the epicenter and three miles
o from the fault of the San Femando Earthquake : :

' A,Twenty four of the pneumatlcally operated dampers at thls plant are represented in the seismic

e 'expenence database None of these dampers sustained any damage due to the above earthquakes

- —Burbank Power PIant ]ocated in the Burbank/Glendale ared of the San Fernando Valley, is

‘estimated to have expenenced a peak ground acce]eratlon of 0.25g, with about 10 seconds of
~ strong motion, during the 1971 San Fernando Earthquake This plant also experienced the 1994
* Northridge earthquake with an estimated peak free field acceleratlon of 0.30g. This plant consrsts '

o of ﬁve steam generatmg umts and two gas turbme units.

- A total of 35 pneumatlcally operated dampers at thlS site are represented in the database
[ No damage was repoxted to these dampers as a result of the above earthquakes.

o Pasadena Power Plant has the umque dnstmctxon of bemg the only site included in the seismic
'} experience database that has been shaken at comparable levels of intensity by four earthquakes,
i each producmg alevel of moderate ground motion comparable to a design basis event fora

" nuclear plant in the eastern United States. The Pasadena Plant experienced the magnitude 6.6 San

" Fernando earthquake in 1971, the ‘magnitude 5.9 Whittier earthquake in 1987, the - magnitude 5. 8

Sierra Madre earthquake in:1991; and finally the magmtude 6.7 Northridge earthquake in. 1994

- The peak ground acceleratlon expenenced by this site durmg these shakmgs is estlmated to be
about 0. 20g :

The database lncludes a total of 24 pneumatlcally operated dampers at thls facrhty
‘These dampers functloned properly during and after the above mentloned earthquakes '
with no damage e -

-_AES Placerrta Cogeneratron Plant expenenced a peak ground acceleration of at least() 60g

SRS durmg the 1994 Northrldge Earthquake [B-3]. The estlmated site ground motion is based on

measurements from several i

struments located a fe kllome rs from the plant -

'.'vl'_{-database for. thls plant No damage as aresult of the Northndge earthquake was reported for f_'. SRR
'these dampers i . . ’ L _
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B.3 Instances of Seismic Effects and Damage

The experience database contains no instances of seismic effects to dampers. The database
contains no evidence of the malfunction of dampers during or immediately after an earthquake.
In addition no instances of seismically induced damage to dampers were found in an extensive
literature search. In general dampers can be classified as inherently rugged equipment.

B.4 Sources of Seismic Damage

The seismic experience database indicates that dampers possess characteristics that generally
preclude damage in earthquakes. The experience database contains no mstances of damage or
significant seismic effects to dampers or their actuators.

B.5 Caveats for Dampers

The equipment class of Dampers described below has been determined to be seismically rugged
based on earthquake experience data, provided the intent of each of the caveats listed below

is met. This equipment class includes all components of dampers installed in HVAC systems
(or other types of duct systems). Fire dampers which are installed in walls or ceilings are also
within this equipment class. Damper components are louver blades, actuators (pneumatic,
electrical, and manual, as well as automatic counterweight and counterbalance actuators),
attached air tubing and rigid or flexible electrical conduit, solenoid valves and pressure gages.

Dampers are sheet metal fabricated devices that consist of parallel flaps to either permit or
prevent air flow. Dampers are an integral part of fans, air handlers and HVAC ducting and in
case of fire dampers they are installed in walls or ceilings. The flaps or louvers of dampers are
tied together by a common linkage which is externally controlled by an electric, pneumatic or
manual actuator. Automatic dampers are operated by a pre-set counterweight or counterbalance.

Attachment of dampers to the HVAC ducting or equipment is through bolting, riveting or
welding provided around the perimeter of the damper housing. The pneumatic or electric motors
that control the actuation are typically attached to the damper housing; however, they also could
be mounted on a nearby wall or floor with rack and pinion connection provided for the actuator.
Dampers with heavy motor-operated actuators (typically greater than about 200 pounds) that are
installed in-line in HVAC ducting are also represented in the database. This type of damper
however, should have its own independent support system.

The Bounding Spectrum represents the seismic capacity (defined as free-field motion at effective
grade) of dampers when the damper meets the intent of the following inclusion and exclusion
rules. Note, however, that when the specific wording of a caveat is not met, then a reason for
concluding that the intent has been met should be provided on the SEWS.

DMPR/BS Caveat 1 - Earthquake Experience Equipment Class. The damper should be similar

to and bounded by the DMPR class of equipment described above. The equipment class
descriptions are general and the Seismic Capability Engineers should be aware that worst case

B-18



H VA C Damper Earthquake Expen'ence Data

- combination of certain parameters may not be represented in the generic equlpment class.
These worst case combinations may have reduced seismic capacrty and should be carefully
evaluated ona case-by-case basrs - :

o -DMPR/BS Caveat 2- Damper Operator/Actuator Not of Cast Iron The intent of thts caveat isto
_avoid the brittle failure mode of cast iron as evidenced by poor performance of some cast iron -
. components in the past earthquakes Note that the database does not contain actuators with cast
* iron components; therefore, it is not necessary to détermine the material of the damper control

B components unless it appears to the selsmlc capabthty engmeers to be made of cast iron. '

. ,DMPRS/BS Caveat 3 Suff cient Slack and Flextbtltty of Attached Lines. Sufficient slack and
+ flexibility should be present in attached lines (e.g., air. tubmg, electrical conduit) to preclude a
. “line breach due to differential seismic dlsplacement of the equrpment and the line’s nearest

: * support. Also, for. damper posmoners with 1ndependent supports {i.e., ‘not mounted integrally on

BRI .'and EQE Engineering Ic: 'December, 1990 EPRINP-7126.." <.

the duct) the effect of differential displacement on the actuator (with actuator defined as the rod
connected at one end to the positioner and at the other end to the duct louver tontrols) needs to
be considered. The issue here i is to watch out for cases where the actuator is connected to a
rigidly mounted posmoner at one end and toa rod hung duct system at the other.

DMPRS/BS Caveat 4 Adequate Anchorage Damper controls when mounted on the ground or
nearby structures should be properly anchored in accordance with the guidelines of GIP section
4.4, When the motor- or pneumatrc operator is mounted on the duct at the damper locatlon the

: adequacy of the attachment pomt to the duct skm or 1ts stlffeners should be ensured.

.DMPR/BS Caveat 5- Duct Dtstortton The duct at the damper location should be carefully
1nvest1gated for any srgns of drstortlon as this would mterfere with the damper operation.
B.6 References o L

B-1. Qualrty Air Desrgn “Desrgn of Nuclear Dampers ” D1v1sron of ACDC Inc.

B-2. Senior Seismic Revrew Advrsory Panel (SSRAP) “Use of Setsmlc Expenence -
and Test Date to Show- Ruggedness of Equipment in Nuclear Power Plants,”
Sandta Report SAND92-O]40 Part l 1992 '

. B3, | ) The January 1 7 I 994 Northrtdge Earthquake Eﬁ‘ects on Selected Industrial Facilities
D and Ltfelmes__Prepared by.EQE Intematlona ' Electnc'Power Research Instltute July,

,Ther,October 1, 1987, Whittier. Eanhquake : Effects on Selected‘Power,
and Commiercial Facrltttes, Prepared by Electric Power Research ]nstltute k
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o .-VjDEVELOPMENT OF ALLOWABLE SPANS FOR SHEET
- METAL DUCTS |

o A]lowab]e span ]ength charts for honzonta] ducts wnth selsmlc loads are deve]oped to check for
conformance with SMACNA standards These charts may be used durmg the in-plant screenmg
" review or to guide sample se]ectlon for. ana]ytlca] reviews. The screening charts consider seismic
and dead weight loading; pressure loads are decoup]ed since they only influence duct thickness
and spacing between duct stiffeners: Seismic loading consists of horizontal and vertical static
approximations using peak spcctral acceleration. Dead load stresses are summed absolutely with
the Square Root Sum of the Squares (SRSS) of the vertical and horizontal seismic stresses.
Allowable span length calculation criteria are deve]oped using ana]ytrcal requiréments presented
in Section 4. HVAC duct systems not meetmg these spans should be selected for analytical
eva]uauon The process for deve]opmg allowable span charts is described below.

Ca Rectangular Ducts

_The evaluation gurdehnes (see Sectron 4) for rectangu]ar ducts define the section property
ofa rectangu]ar duct as being compnsed of 2-'by 2-inch angu]ar sections at each corner.
The maximum expected _bendmg moment is approximated by:

M= —8— (For ductsspanmng over one or two spans) Eq. C-1

M= lvl—o- (For ducts spanning over 3 or more supports) : Eq. C-2

i = :.applied load (Ibs/in)" -
'span between vertical supports (in)
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'Development of Allowable Spans for Sheet Metal Ducts

where:

p = duct wall material density (lb/1n3) Note an equwalent werght densrty should be
used to account for additional matenal wetght on the duct wall, such as _]omts
and stiffeners. :

Fb' = - allowable material stress (psi)

H = duct height (in)

W. =" duct, ‘width (in) ‘

S, = horizontal peak spectral acceleratton (g's)

S, = vertical peak spectral acceleratton (g's) .

'R = (honzontal restraint span length)/(verttcal support span length)

K, =

a derived constant (m ?) based on a rectangular duct w1th a linear

‘weight of 2p t(H+ W) sectlon moduh based on 2-1nch by 2-1nch angular sections at each
corner, such that the section modulus about the honzontal is 8t [ H - 2 + (2/H)] and the section -
modulus about the vertical is 8t [W- 2 + (2/W)), and an SRSS summation of seismic stresses,
resultmg in ' _ .

L ) .
'S, 2R4W2 ., s 2H2 | R
(w2/2 W+10) (H212 H+10) | (H2,/2—H+1.0)

Note that the allowable span length equauon is mdependent of duct thickness since duct section
modulus and duct welght are, both lmear w1th respect to duct thlckness :

For a given duct geometry, allowable span length screemng charts can be developed using
Eq. C-3 for various span ratios and spectral acceleration levels. Material allowable bending
stress should be taken as deﬁned in Section 4.1. 1. ‘

C.2 Clrcular Ducts

The evaluatnon gutdelmes (see Sectton 4) for cnrcular duct support spacmg defme the duct
.sectron modulus tobe:s - IR S N L

) 25)(1:)D2

Eq.C4

duct dlameter (m)
{_duct thlckness (1n) ¥
‘ duet section modulus (m3)
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Development of Allowable Spans for Sheet Metal Ducts

- The maximum bending moment is approximated by:

2 .
M= _vy_l__ (For ducts spanning over one or two spans) . Eq.C5
M= To (For ducts spanning over 3 or more supports) -~ - EQ.C-6

: '_ The desrgn of duct support spacing for circular ducts i is govemed for small’ spans by duct
‘bending.: As the span length increases, buckling controls. Allowable stresses reflecting these

- - _modes of fallure are given m Sectron 4.1.2.

" The circular duct allowable span length for the typrcal case (for ducts spannmg over 3 or more
supports) is determmed by :

—. ZPK2 . ' &

where:

p = duct wall matenal densny (lb/m3) ‘Note: an equlvalent weight-
density should be used to account for additional material weight on
. the duct wall, such as joints and stiffeners.
F, = allowable material stress (psi) -

= honzontal peak spectral acceleratlon (g's)
S, = vertical peak spectral acceleratlon (g's)

(horizontal restraint span length)/(vemcal support span length)
“duct dlameter (m)

a derived constant (lb/m ) based ona crrcular duct witha lmear

welght of f pnD t,a section modulus of n D*/4, and an SRSS
_ summatron of sexsmrc stresses, resultmg in -

For a glven duct geometry, allowablespan length screening charts tan be’ developed usmg |
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' SEISMIC AND PRESSURE TESTING OF HVAC DUCTS

."D1 Introductlon

s Severa] tests were conducted by testmg facrhtres to demonstrate the mherent resistance of HVAC

- systems to seismic damage in combination with pressure loadmgs ‘The test pressure loading
Lo L (both posrtrve ‘and negative pressure) was generally several times the typical normal operating.
" .: pressures in the ducts at nuclear power plants. Srmrlar]y, the seismic test loading, in the form

- of biaxial input motions or equrvalent static loadings, was greater or equivalent to the maximum_ -

| seismic demand at most nuclear power plants. The tests confirmed that the HVAC ducts
©.7% constructed to SMACNA standards have adequate structural mtegnty ‘and functional capability

B ‘,i' for the postu]ated DBE ]oads, as we]l as the nonnal operatmg pressure loads.-

S "D 2 HVAC Duct Test Programs

. D 2.1 Summary of Tests Performed for TVA Ducts

.Vrbratron testmg of rectangular ducts, whrch 1nc1uded both pocket lock and companion angle
SRS duct constructions, ‘was conducted Three different duct sizes '(60"x24" 48"x1 8", and 36"x24")

. ¢ ‘with width-thickness ratios ranging between 602 and 1671, and constructed to SMACNA

standards were tested. Four of each duct size were avar]able for testrng for a total of twelve test -

specimen (six ducts with’ pocket locks and six ducts with compamon ang]es) Each duct size

 was-tested, nonconcurrently, in'the two drrectrons perpendrcu]ar to the longitudinal axis of the .

duct specimen. The sheet metal thrckness ranged from 20 ga. to 22 ga. and the duct span ]engths
varied from 14 to 28 feet. ]n order to tune the test setups toa first mode resonance of 8 to 11 Hz.,

o whrch was the frequency range of the dominant 1 IESponse ‘as defmed by the requrred response
i _pectra (RRS) with a peak acceleration va]ue of 6 4g, a vanable support was desr gned to alter
he structural response of the duct/support system Su L

structlon w e capable of sustarmng sersmrc '
oads ‘of t up to 6.4g with | no or. very little’ damage The < compamon angle ducts expenenced mrnor," :
:f.-hrghly locahzed failires i in'the duct skin that occurred as small separations in the duct skm -
"corners Or near.a strffener ‘These localized separatrons remained sufficrently c]osed that air -

: dehvery wou]d not be srgmfcantly 1mparred Ducts with pocket lock construction demonstrated
an unexpected capabrhty for sustammg hrgh dynamrc ]oads ~The more flexrb]e joints and hrgher _
damping in thrs type of constructlon are the primary reasons ‘that no local farlures, such as found
with the companron ang]e ducts were observed wrth the pocket lock constructron '




Seismic ahd Pressure Tesring of H VAC Duers

The average dampmg values obtamed from testlngs forcompamon angle and pocket lock ducts

were about 7% and 10%, respectlvely In addition, first mode natural frequency of each duct

. specimen was determined dunng testing. These tests revealed that the fundamental mode

.~ frequency of both pocket lock and companion angle ducts was less than what would be predicted
.. based on beam theory.and using the SMACNA four corner method to calculate the effective

e moment of inertia of the duct section. The resulting reduction factors used to adjust calculated

“ _natural frequencies are, 0.59 and 0 87 for pocket lock and companion angle constructrons

R respectwely

All duct specxmen were subsequently tested to fallure The peak acceleratlon value of actual ‘test
. 'response spectra (TRS) at failure ranged from 10.2g to 14.0g for the compamon angle ducts, and
. .from 11.0g to 16.2g for the pocket lock ducts. Analysis of the test results, using the acceleration

. % levels sustained at failure; indicated a bending stress at failure ranging from 25.2 to 51.7 ksi

~ calculated by the SMACNA four corner effective section method. The general failure mode -

. for compamon angle ducts was'a gradual very ductile failure; with no complete separation
.» of sections and with no gross opening of the pressure boundary. The general failure - mode for

© pocket lock ducts was usually a sudden opening of the crimped joint. A sudden, catastrophic type

~+ % of failure resultéd and actual separation of duct sections caused the span to fall to the test table.

- ¢ Itis noted that two of the pocket lock ducts could not be failed due to force limitations of the
© ..t shake table : :

| D 2.2 Summary of Tests Performed for leerlck Ducts

- The test program for ducts at leenck consrsted of testmg seventeen test groups Each test group

. consisted of three identical specimen except for one test group ‘which had one specimen. Fifteen

. - stiffeners mounted on the hexght of the ducts

- test groups included rectangular ducts with sizes rangmg from 24"x24" to 96"x48". All duct
specimen were of welded construction with a minimum sheet thickness of 18 ga., and the actual
width-thickness ratios vaned from 502 to 1605. Stiffener angle sizes ranged from 1"x1"x1/8" to
3"x3"x1/4", with spacmgs ranged from 24" t0 48",

All specimen were tested for negatrve pressure with the exceptlon of one specxmen that was
tested for positive pressure ‘The average negative test pressure ranged from 17.8 to 104.2 inches
~ of water gage and the positive test pressure was 48.0 inches of water gage. Duct spans were from
~ 8to.12 feet long, and all duct specrmen were sxmply supported on the ends along the bottom end
stifféner widths with the exception of two specrmen that were supported along thelr end vertlcal

'»'"All ducts were ub_]ected to hve load or‘sersmrc load-srmulatlon tests or both followed by the
» pressure ‘test to failure or toa maximum negatlve pressure of 14 psi (-407.0" w.g.). Apphcatlon
“of live load and s1mulated seismic load was accomphshed by predetenmned steel weights -~

to ‘and bagged sand Test mtema] pressures (negatrve or posmve pressures) were apphed to the :

groups were sub_]ected to srmulated selsmlc ]oadmg The test sequence began w1th the live load
tests. followed by the seismic load tests, if any. Thereafter the pressure tests to failure began. =~
Nore of the ducts falled during the live load or seismic load tésts.‘All ducts farled durmg the
pressure load testlng, thh exceptron of the 8" diameter duct that did not farl '




Seismic and Pressure Testing of HVAC Ducts

In general, the test results demonstrated that failure modes of ducts were not catastrophic

and there is a great reserve strength after failure. The negative pressure loading was the most
important loading, since the failure mode under positive pressure was stiffener buckling whereas
under negative pressure loading the duct failure mode was either the stiffener buckling or the
corner crippling of the sheet metal. Dead load, live load, and seismic stresses in duct acting as

a beam between supports were relatively low. The test results also supported using duct width-
thickness and height-thickness ratios of up to 1500, as opposed to 500 and 200, respectively,

per American Iron and Steel Institute (AISI) requirements.

D.2.3 Tests Performed at Other Plants

. Similar duct tests were also conducted for CPSES and CP&L plants to verify the structural
integrity of ductwork, particularly with longitudinal seam construction, under combined seismic
and pressure (both positive and negative) loadings. The results of these tests are generally in
agreement with the duct tests described in detail above.

D.3 Conclusions from Test Programs

In general, the tested ducts were either constructed to the SMACNA standards or were of a less
conservative construction. The tests, collectively, provided the following results:

'« The duct beam properties established based on the test results are comparable to the method -
prescribed by SMACNA guidelines but are less conservative.

e The average damping values for companion angle and pocket lock construction were
established to be about 7% and 10%, respectively.

o Long spans of ducts (14’ to 28') performed adequately under seismic input motions with a
peak acceleration value of up to 6.4g.

e When tested to failure, such as seismic input motions with peak acceleration value ranging
from 10.2g to 16.2g, the failure of the duct specimen was very gradual and of ductile nature,
except for the ducts with pocket lock construction in which the crimped joints would
suddenly open and cause a catastrophic type failure.

The overall conclusion from these limited tests indicates that as long as brittle failure of duct
section connections is precluded, duct deformation under increasing loads is very ductile.
Furthermore, for HVAC ducts with typical span lengths of about 15 feet and constructed to the
SMACNA standards, duct capacity can be expected to significantly exceed typical demand under
the combined normal operating and seismic loadings postulated for most nuclear power plants.
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~ ROD FATIGUE EVALUATION GUIDELINES

" E1 Introductlon

5 o Shake tab]e tests have shown that the seismic capacity of ﬁxed-end rod hanger trapeze supports
'is limited by the fatigue life of the hanger rods. Rod hanger trapeze supports should be evaluated
for poss:ble fatl gue effects if they are constructed wrth ﬂxed-end connectlon details.

Fixed-end connectlon detalls 1nc]ude doub]e-nutted rod ends at connectlons to flanges of steel
members, rods threaded 1nto she]l-type concrete expansion anchors and rods connected by rod
coupler nuts to non-shell concrete expansion anchors. Fixed-end connection details also include
rods with lock nuts at cast-m-p]ace light metal strut channels and rod coupler nuts welded to

. overhead steel.

~ This attachment descnbes a screemng ‘method for eva]uatmg rod hangers for fatlgue based on
‘the use of rod fatigue boundmg spectra (shown in Figure E-1) and generic rod fatigue evaluation
screening charts (shown in Flgure E-2 through E-6).

20

" Accslaration (')
s

Flgure E-1 .
Bounding Rod Fatigue Spectra T




‘Rod Fatigue Evaluation Guidelines
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Y Flgure E-2 : S ' :
Fatigue’ Elevation Screemng Chart for Yo mch Dlameter Manufactured All-thread Rods. "
‘Welght Corresponds to the Total Supported Load (i.e., on both Rods). Length Corresponds

‘ to Clear Length

_ The screemng charts are drrectly app]rcable to hangers constructed of manufactured all-thread
... rods in overhead suspended system runs with uniform lenigth hangers. The charts may also be
* *used for evaluation of supports constructed of field threaded rods and for short, isolated fixed-
end rod hangers in more flexible systems with relatlvely much longer rod hangers; gurdance is
- given ]ater in this appendtx on how to adjust the parameters when eva]uatmg these special cases.

A fangue eva]uatron shou]d be conducted"for rod hanger supports that have rods w1th fixed end '
connection detarls -For rod hting ] HVAC du t systems wrth rod of umform length the fatrgue _
valuatron is conducted as follows: SR o

-j:(a) ‘ Obtamp\the 'S%damped ﬂoor response pectrum for the locatton of the support attachment :

: -‘,Compare the | oundmg od Fatrgue‘Spectra 0 Frgure E 1 wrth the damped ﬂoor response
_ spectra. For a a grven ZPA if aRod Fatigue Spectmm entrre]y enve]ops the floor r response
',spectrum, proceed to step (OX If the Rod Fatigue Spectrum does not entrrely envelop the

floor response spectrum,’ ‘then ‘compare the Rod Fatrgue Spectrum ‘with the Tloor response
spectrum (unbroadened) at the frequency of the support Support frequency may be
esttmated as Tollows: _ _




Rod Fatigue Evaluation Guidelines

1K,
A 27 VM,
. where: _
M, = /g (Ibs-sec /m)
_ K, = “24E1L° +W /L (trapeze support lbs/m) _
W = total dead welght on the pair of rod supports (Ibs)
g = : v.gravnatlona] constant (386.4 infsec’ )
E = Young s modu]us of rod hanger material (p51)
I = moment of inertia of rod root section (in )
L =

length of rod above top tier (in) .

3/8° THREADED RODS'

033, 0,500 and 0TS ZPAY)

‘Y'Flgure E-3* : L
_Fatigue’ Evaluatlon 8creening Chart for 3/8 inch Dlameter Manutactured All-thread Rods
Welght Corresponds to the Total Supported Load (i e on both Rods) Welght Corresponds

to Clear Leng
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1/2 THREADED RODS
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Figure E-4 o ' :
Fatigue Evaluatlon Sereenmg Chart for 1/2 -inch Dlameter Manufactured All-thread Rods.

Weight Corresponds to the Total Supported Load (i.e., on both Rods) Length Corresponds
_to Clear Length ' _

If the bounding Rod Fatlgue Spectrum does not envelop the ﬂoor response spectrum at the
frequency of interest, then a more detailed evaluation should be conducted (by requirements
_other than the screenmg evaluatlon requnrements presented herem)

~(c) - Enter one of the Fat1 gue Evaluatlon Screemng Charts shown m Flgures E-2 through E-6

T -"correspondmg to the diameter of the threaded rod. Use the curve assocnated with the -
acce]eratton (0. 33g,0 SOg or0. 758) « of the Rod Fatlgue Boundmg Spectrum of the previous
-step. If hanger length is greater than minimum acceptable length and support dead wetght
+is less than maximum acceptable wei ght then the’ support is acceptable This chart is
apphcab]e for all contmuously th eaded rods For f e]d threaded rods see (d) be]ow

| (d) lfn‘If ﬁeld threaded rods are to be evaluated then the screenmg chart may be used for modlfied
" rod lengths and werghts For ﬁeld threaded rods, doub]e the‘welght and decrease rod length :
by 1/3 before using the chan o e R S

E-4
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5/8" THREADED RODS

(0.33g. 0.509 and 0TSgZPA®)

a8

RE
C ol 0.339

0805 _

3
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B T I T ©
' Lo L. . - B i ISMldnum'Aeegp‘ubb‘Rodumn.h)
Qo Figure E5 . Tt o
- Fatigue Evaluatron Screenmg Chart for 5/8-inch Dlameter Manufactured All-thread Rods.

- Weight Corresponds to the Total Supported Load (r e., on both Rods). Length Corresponds
. ' _-toClear Length '

'If 1solated short fi xed-end rod hangers are used ina system wrth predommantly longer, more
flexible hangers, a special evaluatron should be conducted that decouples the response effects
: of the short 1solated rod The special evaluatron proceeds as follows L

(a) ?;Estlmate the frequency “of the system neglectmg the 1solated short rod fsupport
. The frequency estimation formula glven above may be used provrdmg that the length
‘of the longer rods 1s consrdered o " . .

) : ,_‘Assure that th : ‘d fatrgue boundmg spectrum envelops the apphcable ﬂoor response
'l"'spectrum at thrs frequency of i mterest : g

N ‘equivalent
' '_'the frequency of the long rods as follows

E-5




Rod Fatigue Evaluation Guidelines' E

| (@ Enter the appropnate Fau gue Evaluatlon Screemng Chart (Frgures E-2 to E—6) by usmg
the above calculated equlva]ent werght and length of the isolated short rod hanger. If thesé

' parameters are in an acceptable region on the Fatigue Evaluation Screenmg Chart, then the .

o 1so]ated short, ﬁxed-end rod hanger is sersmrcally adequate

B _When usmg the charts, the srmp]e equatlons gnven in thls sectlon for ca]culatmg response
o '3,frequency should be used for con51stency since these are the same equations used to generate
- -the screening charts (that is, the screening charts are based on the simplified results obtained
_ from detailed faugue ana]ysrs, con51der1ng capacmes deterrmned by component test results)

o/ THREADEG RODS.

: '7.-0:. ) (0339, 050g 40 O.75g ZPAY) - - -
80 .
85 - o3%

i .
4
1
B

2a° by am

:'; Fatigue Evaluation Screening Chart for 3/4-inch Diameter. Manufactured All-thread Rods. -
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| f.'-f';GUIDELINES FOR LIMITED ANALYTICAL REVIEW
OF SUPPORTS

" FA Introductlon

A L1m1ted Ana]ytnca] Revxew (LAR) should be perfonned to assess the structural integrity of
- HVAC duct supports chosen as representative, worst-case boundlng samples of the evaluation
~ scope of HVAC duct systems. The purpose of the LAR is not to estimate actual seismic response
+and system performance during a DBE. Rather, the LAR is intended to demonstrate that the "

-+ HVAC duct supports are at least as rugged as supports that performed well as evidenced by past -
IR 'expenence usmg empmca] methods p]astlc dcsngn pnncrples, and engmeenng Judgment

o There are severa] steps in the LAR process that must be understood in their. entlrety in order to

’ ensure that the 1ntent of the eva]uatlon guidelines are met. These steps include:

: '0-, Dead ]oad check

-® Vertical capac1ty check
e :.Ductlhty revxew
e Lateral and ]ongrtudmal load check

3' ; Rod hanger fatlgue eva]uanons

B _The above checks are descnbed in detail in the fo]lowmg sections except for the rod hanger L
fatlgue evaluatlon Gurdehnes for rod hanger fatrgue eva]uatlon are contamed in Appendlx E

o -:The ﬁrst check to be performed is a‘standard ead' load des1gnrc eck. Supports not passmg lhlS
. -,,gcheck are “outliers. This check serves ‘the functrons of an 1nc1usxon rule. Most of the earthquake

o experience database supports are conservanve]y assumed to have been adequately designed for

L’"‘_adequacy 'Th'scheck is dlscussed in Sectlon F 2

:-._The second check is the vemcal capacnty check ThlS check ensures hi gh capacity of anchoraoe

' descnbed m Sectlon F 3

| The thrrd check is a ductlhty review. ThlS requlres an assessment of how the support responds :
to lateral and longltudmal seismic motion, and what are the weak Jinks in ‘the support load path.
~ The next two checks are the lateral and longxtudma] ]oad checks. These checks are static

F-1

dead weight. Adequate dead load desrgn is thus the first i 1mportant step for verlf .catlon of selsmlc'.'_j ' .

. retention is consxdered the most 1mportant aspect of ensunng structural mte 'nty ThlS check is - L




Guidelines for Limited Analytical Review of Supports '

coefficient approaches for eva]uatmg support capacrty ]f fallure modes are ductlle then the
lateral and longitudinal checks may not be required. See section F.4 for a dlscussron of the
ductlllty review, and SCCUOH F 5 for the lateral and ]ongntudma] checks

Ttis important for the evaluator to understand the functlona] goa]s (followmg the DBE) for the
. HVAC duct system being reviewed. If the seismic eévaluation is being performed solely to ensure
- structural integrity, then support flexibility and ductility prmclples may be used to their fullest
" extent. Converse]y, if duct system pressure boundary integrity is of high concern, then the

o eva]uator must use caution when applying the ductlhty guxdelmes contamed herem

When ductlle p]astlc deformatron of supports is allowed in either the lateral or longitudinal

~ directions of motion, Judgment must be passed on the potentra] consequences of this support

- behavior on ‘the duct system For examp]e, consider an axial run of duct with an €lbow at the end
to a transverse run. If, in the longitudinal direction for the ax1a1 run, the supports are allowed to
go into ductile plastic deformatlon ‘then the évaluator must ensure that the first lateral support
around the elbow to the transverse run will respond in a similar manneér. If not, the support may
act as a hard spot, and cause potentrally detrimental consequences to the duct elbow or that first
lateral support on the transverse Tun (see Frgure F-1)..

‘RIGID CEIUNG
© . PENETRATION - N

FLEX]BLE puct _

Vulnerable Duct Elboerdjacent to ngld Lateral Restramt i Lo




: Guidelinesfor Limited Analytical Review of Supports

3 F2 Dead Load Check

: A detalled dead load desrgn review of the representatlve worst-case boundmg sample .
- HVAC duct supports should be conducted using normal desrgn workmg stress allowable loads. o

! .- The check should consrder the as-mstalled configuration, connection detailing, and loadmg
- ~condition of the support All'tomponents such as bracket and trapeze cross members, vertical
S :support members, internal framing connections, and support anchorage should be checked.

woAll system eccentricities,’ mcludmg load to anchor pomt eccentrxcxty, should be cons1dered

*“Evaluation of chp angle bendlng stresses may be excluded for trapeze supports suspended

from the overhead Loads from other attached systems such as plpmg or conduit, should be

R consrdered

i . 'Consrderatlon should also be glven to the seismic adequacy of the wall to whlch the HVAC

7 duct supports are attached. Remforced concrete structural walls aré not a concern but masonry

walls should be checked to venfy that they are sersmlcally adequate ‘Anchorage into transite
walls (asbestos fiber. board) and gypsum board partitions should be considered outliers.
Reduced anchor bolt capacities should be used for expansion ; anchors in masonry block.
walls. The anchorage of partmon walls and shielding walls should bechecked.

F.3 Vertlcal Capaclty Check

. The check concentrates on the support anchorage focusing on the weak link in the support
.anchorage load path ngh vertical | capacity is one of the primary design attributes that is given
credit for good seismic performance The Vertical Capacrty Check evaluates whether the vertical
capacnty to dead load demand ratio is as least as high as that of support systems in the earthquake
expenence database that performed well. The hi gh vertical capaclty provides considerable
margin for honzontal earthquake loadmg

The Vertical Capacity Check isan equlvalent statrc load check in Wthh the support is subjected
to 5.0 times Dead Load in the downward direction. This check is lrmrted to the HVAC duct '
support primary connections ‘and anchorage It is not necessary. to evaluate clip angle bending
stress or secondary support members. ‘The lower ‘support member of floor-to-ceiling
conﬁguratlons and base-mounted supports should be checked for bucklmg

" Eccentncmes resultmg in anchor prymg and eccentrrcmes between vertical support members

= ;and anchor pomts should,’in general be i gnored Thrs ‘concept is the result of back-analyses of

e earthquake expenence database supports and is consistent with limit state conditions observed -

S ':_i%For cantilever bracket support types, the eccentricity of the cantilevered dead load should ey L

‘»".;For trapeze frame and rod-hung supports, load drstn utlon etween the two vertrcal framrno -

‘members should be con51dered only if the center of the load is srgmﬁcantly ‘distant from the -
centerline of the support frame. The bendmg strength and stlffness of frame members should be
checked for transfer of the load between anchor bolts ‘when overhead ! support is provided by light -
‘metal frammg with anchor bolts spaced at relatively large mtervals and when multiple anchor
bolts are needed to resrst the vertlcal load : :

F-3




Guidelines for Limited Analytical Review ofSupports :

For most HVAC duct support systems, the anchorage wr]l be found to be the weak ]mk inthe
load path For these cases of HVAC duct supports the Vertical Capacrty Check is simply a
_comparrson of anchor capacrty to 5.0 times the supported load

- IfthesS. O times Dead Load gurde]me is not met, then the support should be classrfied asan
' outlrer :

'- .l_-F4 Ductrlrty Check

E An eva]uatron should be conducted of the supports selected for review to characterrze their

) ¢ response to lateral and ]ongrtudrna] seismic motion as either ductilé or potentra]ly non-ductile.
. The purpose of the ductility check is to identify support conﬁguratrons that requrre a lateral and '

Asubject to further strength réview (see Sectron F‘S)

longitudinal load check (drscussed in Sectron F-5).

Supports suspended on]y from overhead may be characterrzed as ductrle if they can respond to
lateral seismic motion by swinging free]y without degradatron of primary vertical support
connections and anchorage ‘Ductilé, inelastic performance such as clip angle yielding or vertical
support member yielding is acceptab]e so long as deformatron does not lead to brittle or
premature failure of overhead vertrca] support. S

Review of typical ] HVAC duct support systems in the earthquake experrence and shake table
test databases indicates that many overhead mounted support types are inherently ductile for.
lateral seismic motion. Back-ana]ysrs of many database supports predicts yre]dmg of members
and connections. These database systems performed well, with no visible signs of distress.
Ductile yielding of suspended supports results in a stable, damped swaying response mode.
This is considered to be acceptab]e seismic response and use of the support plastic moment

is penmtted : E

_ The ductility review of anchorage connectron detarls is most rmportant for rrgrd type suspended
supports. Supports with rigid, non-ductrle anchorage that do not have the capacity to develop
the plastic strength of the vertical support members can possibly behave in a non-ductile fashion.
Examples include large tube steel supports welded to overhead steel with relatively light welds,

- or rigid supports welded 10 large base plates and outfitted with relatively light anchorage. These

._types of support systems are not wel] represented in the database and are not preferab]e since
. hey have a bntt]e farlure mode B , T co

ar;t;bnea‘sy‘fh,’gr T

The seismic d gn of certain HVAC duct support members may have bee

‘which were not considered by the original design. Supports wrth ngrd non-ductrle anchorage are\‘j N

! frequency requrrements rather than desrgn loads,’ yet anchors may have been sized by the design & _
oads. Thése types of supports may have Jow seismic margin due to loads p]aced on'thesupport-; . 7L

Examples of ductrle and non-ductrle support connectron detarls and conf” guratrons are descrrbed e

"below and rllustrated rnFrgure F-2 SIS S SR
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FlgureF-z TR LI L R
Examples of Potentlally Non-Ductile Connection Details and (:ontlguratlons .

Standard Catalog nght Metal, Strut F rammg Members, Clzp Angles and Bolts w:th Channel

Nuts Unbraced supports suspended from overhead, constructed of standard Cata]og light mietal,
strut frammg channe]s clip angles, and bolts with channel nuts may be characterized as ductile.

This includes supports constructed of standard catalog hght meta] strut frammg gusseted chp

Welded Steel Member. If an anchor pomt connectlon weld is stronger than the vemca] member
thena plastlc hinge will be able toformin ‘the vertical member ‘allowmg ductlle response
without weld failure;"A ‘supportis selsmlcal]y rugged so long as overhead support is maintained.
In this case, plastic hmge action in the vertical member prevents transmission of loads capable of

F-5




'Guidelirtes for, Limited flnalyn'cal Review of Supporrs

failing the welded anchorage pornt For open channel structural sectlons an all-around ﬁllet weld
- whose combined throat thicknesses exceed the thlckness of the part fastened, may | be considered
. capable of deve]opmg the plastic hinge capacity of an open « channel section vertlcal member. If
- the plastic hinge capacity of the frammg support member exceeds the capacrty of the weld, then -

- abrittle failure i is possible, which is not acceptable seismic performance ‘For light metal, strut

framing members, welded connections are likely to be non-ductrle and thus not capable of

o developrng plastrc moment capacrty of the frammg member

' ‘Cezlmg Connecnon Plate Secured wzth Expanswn Anchors Supports wrth overhead anchorage

s provrded bya plate attached to concrete with expansion anchors should be evaluated for ductility
. - “as follows. The anchorage may be characterized as ductile if it is stronger than the plastic -
- i flexural strength of the vertical support member. A simple anchor moment capacrty estimate
~ & :may be used, by. multlplymg the bolt pulloutcapacrty times the distance between the bolts or

- o strength revrew wrth focus on stabrllty o

~ center of bolt groups. In some cases, it may be possrble to demonstrate ductlhty if the ceiling
connection plate is the weak link in the anchorage load path. This is ‘similar to the case of clip
angle bending. The key to charactenzmg a support as ductile or non-ductile is reviewing the
anchorage load path, and determmmg 1f the weak link responds in the ductrle or brittle manner.

Braced Canttlever Bracket and Trapeze F rame Supports The presence of a dragonal brace .

in a support has the potentral of srgmﬁcantly mcreasmg the pullout loads on anchorage when.
the support is sub_]ected to horizontal motion. This is a function of the support geometric
conﬁguratron, the realistic capacity of the brace, and the realistic capacity of the anchorage.
Non-ductile behavior is possible' when the brace reaction of horizontal load, plus dead load, -

has the capability of exceedmg the primary support anchor capacrty If a brace buckles or has

a connection failure before pnmary support anchor capacity is reached, thén the support may

be considered as ducttle Braced supports are subject to further horizontal load capabrhty review
with a focus on pnmary support anchorage

Unbraced Rrgzd Trapeze F rames. Trapeze frames constructed as moment-resrstmg frames,
such as those with a number of stiff cross-beam members welded to the two vertical supports
have the potential of srgmﬁcantly increasing the pullout loads on anchor bolts when the frame
is subject to horizontal motion. Non-ductile behavior i is possrble when the ngrd frame anchor
point reactions to horizontal load exceed the anchor capacity. Unbraced rigid trapeze frames
are subject to further honzontal load strength revrew wrth focus on anchora €. S

At

, F, loor-mounted Suppor s':Plastrc:be avror‘of floor-moun edv suppo s may ead to structural
. ,mstabrhty Ductrlrty, as defmed by these gurdelmes only apphes to suspended systems
B _‘Floor-mounted supports are characterized as non-ductrle 7 and are subject {0 further horrzontal

g pp ris. Supports constructed' of threaded steel rods w1th fixed-end
: ~‘connectlon ‘details at the ends of the rods behave ina ductlle ‘manner under honzontal motlon

o however, relatrvely short rods may undergo very large strains due | to bendmg 1mposed by

horizontal seismic motron ‘at the fixed ends of the rods. Low’ cycle fatigue' may govern response
Rod hanger trap ze" upports wrth short frxed-end rods should be evaluated for low cycle fatigue
effects ' LA S : SR S ~
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Guidelines for Limited Analytical Review of Supports

: "capaerty should be verified, as discussed in Section F.5. If a support is characterized as ductlle,
. and the duct system as a whole, dependmg on the functional goals, is judged capable of handling
* anticipated plastic deformation of supports, then it may be judged that no further lateral or
L -longrtudmal load check is necessary

- :-':F 5 Lateral and Longltudmal Load Check

' A Lateral and Longltudmal Load Check should be performed for the boundmg case HVAC
o+ duct supports that are characterized as potentrally non-ductile. The Lateral and Longitudinal
-+ Load Check is m the form of an equrvalent static lateral ]oad coefﬁcrent

o Ifa support is non-ducttle or. has questlonable ductlllty, then 1t should be analyzed for dead
7 load plus a transverse acceleratlon of 1.0 times the Peak Spectral Acceleration (PSA) of the

- “in-structure response spectrum, at 5% dampmg, for the anchor pomt in the plant where the
HVAC duct system is attached

- To evaluate a given support transverse loads for the two honzontal axes should be applied,
-+ and capacmes checked non-concurrently That is, two separate load cases should be checked. .
. For example, one load case would be dead load plus loads due to north-south seismic motlon
g and the second would be dead load plus loads due to east-west setsmrc motion.

'For these loadmg condmons Judgment must be used to ascertam the tributary mass, or length
" of duct run, to consider for each direction of load. As a general gundelme tributary length of
" duct for consideration for each direction of load should inclide one-half the length of duct to
the next supports on erther srde of the ‘support being evaluated that resist load in that direction.
This general rule may not always apply, and tributary spans should be adjusted as Judged
necessary based on strffness consrderatrons for the duct systems _

It is not requlred that the PSA always be used; th1s ]S 1ntended to be a “f rst screen” method.
If a reasonably accurate estimate of dominant mode response can be made, then the spectral
acceleration assoc1ated wrth the frequency estimate may be made. As appropnate beam-on-
. elastic-foundation approxrmatlons or Dunkerley s equation’ approxrmatnons may be used
e (separately or together) ‘These frequency estimation approaches are shown in Figures F-3
. -and F-4.'When these. methods are used the basrs for thelr applrcabrllty should be documented
¢ with the LAR calculatrons St T

‘ qulvalen statlc load coefﬁcrent method may be too conservatrve for very low . :
requency supports with long drops from the cellmg anchorage to the HVAC duct. The static ©
coefficient method predlcts very hlgh connection bendmg moments in these cases. In this -
s f_f“case the bendmg moment lmposed on the cerlmg connection may.  be limited by peak seismic
" deflection and not selsmlc acceleratlon An altematrve loadmg condition of dead load plus
‘reaction forces due to a realistic estimate for lmposed seismic deﬂectton may be used. Seismic
deﬂectron may ‘be calculated by using floor. spectral dlsplacement at a lower bound frequency
estlmate, consrdermg only smgle degree-of-freedom pendulum response of the support

s \7‘."_ s I BN '? -
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—rrrEree

Figure F-3 -
System Frequency Estlmatlon usmg Beam-on-elastlc-foundatlon Approxnmatlon

For diagonally-braced supports w1th ductlle overhead anchorages the load reactlon lmposed

on the support anchorage during the Lateral Load Chéck does not need to exceed the buckling
capacity of the brace or its connections. For dlagonally-braced supports where the anchorage is
not ductile, the portion of the lateral load that is not resisted by the brace should be redistributed
as bending stress to the overhead connection. The loads in the diagonal brace will cause
addmonal vertical and horlzonta] loads on the anchorage and shou]d be accounted for.

An upper and lower bound estrmate shou]d be used for buckhng capacrty of the brace whichever
" is worse, for the overhead anchorage ‘There is considerable variation in test data capacity for

light metal strut frammg connections: An upper bound estrmate of 2.0 times the manufacturer s

suggested capacmes can be used for these connectron types -

~e - Connections A and B are partla]ly welded connectlon detar]s Partra] welds cannot develop
the plastic momentcapacrty of the vertlcal member, and are consrdered non-ductile.

e Connection C is the non-ductn]e ngld boot connectron .
e Connection D isa ngld moment-resrstmg frame and should be checked for horizontal ]oad

_ - -_,Connectlons E and_F are dlagonally braced and should be checked for honzonta] load

nch corner sectlon method o

R f ;'.f-f(uzn)(ng‘ Wegi)” s
' l;._)(n/z)(ElD g/wLD )1’2

*0. 87 is for compamon ang]e duct Use 0 59 for other _]omts in Frgure 3 1
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N
-

Flgure F-4 '
' Dunkerley s Equahon Frequency Estlmatlon Methodology

-~

For I, use SMACNA 2-inch comner section method

K,, £ are typical
Weguy = WE
1, = (1/2m) (Ks glwequlv .
5 = (0.87* )(n/2)(Elo 9/ Wf4)"2

Sysem = [(1/f)2 +(1/f.>>21 '"-

*0.87 is for. companion angle duct. Use 0.59 for other joints in Figure 31,
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Peer Revrew Comments on EPRI Selsmlc Evaluation .
Gurdelmes for HVAC Duct and Damper Systems

: R.P. Kennedy
- February 7, 2004

1. Introductlon

L The EPRI Technlcal Report 1007896 entrtled Selsmzc Evaluatzon
D Gutdelmes for HVAC Duct and Damper Systems (Ref 1) prov1des an earthquake
" . ‘experience’ based approach for verifying the seismic-adequacy of HVAC duct and
. damper systems 1t is my understandmg that Ref. 1 has not been subjected to a
" detailed review by an mdependent peer review panel in a manner similar to that .
s performed for other classes of equipment evaluated usmg an earthquake
T experlence ‘based seismic evaluatlon approach Although not from an. mdependent
" peer review panel ‘this report presents my individual independent peer revrew of
' the seismic evaluatron guldelmes presented in Ref. 1. "

A The sersmlc evaluatlon approach recommended inRef. 1 conmsts of atwo-
step. process The first step consists of a detailed in-plant seismic walkdown '
- screening review of the HVAC duct systems to be evaluated. This review is to be
~ conducted by a Selsmlc Rev1ew Team (SRT) that consists of at least two qualrﬁed
engineers that must mutually agree that the walkdown reviewed- HVAC duct
system has passed the seismic screenmg so that it is eligible to have itsseismic - -
adequacy verified by. the earthquake experience based approach Guldanee for th1s T
seismic walkdown review is presented in Sectlon 3 of Ref. 1. R S

For the second step, the SRT selects a boundmg sample of HVAC duct o ,'
systems and supports to be sub_]ected to a'srmphﬁed analytlcal review. . Detalls for
- ‘this analyt1cal Teview are presented in Sectron 4'of Ref.’1.. The mmplrﬁed PR
oo analytlcal approach presented in Section 4 of Ref 1 is very srmllar to the Deszgn- R
e by-Rule approach presented in Ref 2 for HVAC duct’ systems and thelr supports
.‘:_.’.‘;;Ref 2 vwas-ve ’ ’thoroughly rev1ewed and accepted by an mdependent peer revrew }'

S .,,r,,Th above sum anzed two st P process is also v ry s mrlar tc the -
' .earthquake experlence > based approach developed by SQUG and. presented m ;
: Sectlon 8of. Ref: 3 for Cable and Conduit Raceway Systems and their supports
"~ Ref.3 was also very thoroughly revrewed and accepted by an 1nde endent peer :
review panel ST : L S N

RPK S Structural Meehamcs Consulting
. _ © -7~ 28625 Mountain Meadow Road, Escondndo, CA 92026

(760)7:1-3510 * (760) 751-3537 (Fax)
email: rpkstruct@earthlink.net




I served as chairman of the five member independent Senior Seismic
Review and Advisory Panel (SSRAP) which provided considerable technical
review and advice during the development of the SQUG (Ref. 3) approach for
evaluating the seismic adequacy of 20 classes of equipment plus Cable and
Conduit Raceway Systems and their supports. SSRAP (Ref. 4) unanimously'
endorsed the SQUG {Ref. 3) approach Tor use on existing components in exlstmg
nuclear power plants.

Furthermore, I served as a member of a four member independent panel
established by the U.S. Nuclear Regulatory Commission to provide advice on the
use of this earthquake experience based approach for the seismic qualification of
new equipment, cable trays, and HVAC duct systems in new plants. In Chapter5 -
of Ref. 5, this panel explicitly endorsed the earthquake experience based Design-
by-Rule approach proposed in Ref. 2 for HVAC ducts and their supports. The
independent panel stated:

“The Panel fu]ly supports the idea of ‘design-by-rule’ for HVAC
ducts. This requires simplified design procedures with minor
computational needs. The Panel observed that, in the past,
significant efforts were expended for nuclear power plants to analyze
and design HVAC ducts. The lessons learned from past practice and
experience, if incorporated in the new design rules, will significantly
reduce cost without sacrificing confidence in performance.’
Therefore, the Panel not only endorses a new design approach but
also encourages it.”

Therefore, even though the detailed material presented in Ref. 1 has not
been reviewed by an independent peer review panel, the overall approach has been
reviewed and endorsed by independent peer review panels.

My review of Ref. 1 has heavily concentrated upon whether important
aspects of the SQUG approach{Ref. 3) for Cable Raceways and the Design-by-
Rule approach (Ref. 2) for HVAC systems and their supports have not been
incorporated into Ref. 1.

2. Overall Conclusions

In general, I find the seismic evaluation guidelines for HVAC Duct and
Damper Systems and their supports presented in Ref. 1 to be excellent. However,
I believe that Ref. 1 is deficient in certain details that are included in either Ref. 2
or 3. These minor deficiencies are discussed in the remainder of this report. 1
recommend that these minor deficiencies be corrected. Each minor deficiency can

‘be easily corrected and will have very little overall impact on the use of Ref. 1.
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' 3.’-‘Minor Deficiencies in Ref.-"l BE

L " .3‘1 Limit's on‘Applicability :

In Sectlon 2 1 of Ref 1 1t 1s stated that the gurdehnes are appl1cab1e to any

s HVAC duct and dampmg system at any elevationin a plant where the nuclear . = :

. f{’plant free-ﬁe]d ground motion 5% damped seismic de51gn spectrum does not -
. vexceed the Selsmlc Motron Boundmg Spectrum of Ref 1. '

.'";jijg_-‘some reahstlc situation. -

I do not con51der thlS 11m1t to be suff c1ent HVAC duct systems can be o
.Asupported at very high e]evatlons ina vanety of bu11d1ngs where the in-structure-
- response-spectra (ISRS) ¢ can be much higher than the free-ﬁeld ground motion. I
don’t believe that the expenence data adequately covers thlS s1tuatlon

, Sectron 3.10f Ref 2 restncts 1ts proposed Deszgn-by-RuIe method to
situations where the honzontal zero penod acoeleration {ZPA,) at the HVAC
support anchorage does not exceed 2.0g. T'doubt that very many situations exist

‘where ZPA,, exceeds 2 Og when the free-field spectrum is less than'the Bounding

- Spectrum. Even so, 1 strongly believe that the ZPA,,’ less than 2.0g limit is an

* important additional llmltatlon that should be included in’ Ref 1. Tdoubt thatit

. can be demonstrated that any of the HVAC duct earthquake experience data base
included s1tuatlons where ZPA;l exceeded 2. .0g. Wlthout asrgmficant amount of

-~ such data the 2. Og lrmltatlon is needed :

3 2 Duct Span Lengths Between Vertlcal Supports

Section 3 2 1 of Ref -;l-fsuggests that tables of allowable duct spans and
max1mum cantilever lengths for various duct sizes be developed prior to the
seismic walkdown screemng of duct systems Development of these allowable
= ‘Span tables should be a prewalkdown' e qurreme 'and not Just a suggestlon

Sectlon 3 2 1 refers to ’Appendlx C example _ ‘how a tabulatlon of
llowable spans can be developed Here agam, Appendlx C should bea:

- “'example’ apphcatron of Appendlx C.with an"example'set of screemng tables for

= Inaddmon,som lir ott pans should be- '
estabhshed ~This 11m1t should be ﬁbased upon spans observed in the earthqual\e

o _'expenence data. base Ref 2 whlch ‘was based ¢ on' the ‘experience data in Ref. 6

‘established the followmg hmlts on support spans for the Deszgn by-Rule method:

1.- Duct support to support spansshou]d not exceed 15 feet.

-3-

'equrrement and’ not Just an example Furthermore, it would be helpful to have an -




o {fthls check Even so, it shou]d be made. clear in’ Sectlon 457

2. Supports shou]d be provrded w1thm ‘5 feet from ﬁttmgs such as Ts and
Ys in each branch of the ﬁttmg :

3. Duct cantllcvered length (beyond enid of last support) shou]d not exceed
' 6 feet

H -These hmlts are mtended to place the duct spans wrthm the hmrts of extensrve
earthquake experlence data. Unless significant amounts of new earthquake
~ experience data can be used to justify higher span hmlts, I believe that these hmlts
from Ref. 2 shou]d be mcorporated into Ref. 1. ' :

' 3 3 Seismic Interactlon Revrew

Sectlons 3. 4 of Ref 1 requrres that the SRT conduct a seismic mteractlon

- review. However very little guidance is. grven in Ref. 1 for the Proxlmlty
Interaction review. ‘A key element of this review is to estimate the seismic
induced dlsplacement of both the duct systems and of any adjacent item that might
damage the duct upon 1mpact ‘Some guidance on how to make these dxsplacement
estimates for the duct system should be included in Ref. 1. At least some limited -
guidance is presented in Sectlon 3.3 of Ref. 2. This gu1dance could at least: serve
as a start for gurdance in Ref 1. :

- 34 Vertlca] Capacrtv Check

Section 4.5. i of Ref 1 requlres a Vertrca] Capac1ty check of the vert1ca]
supports. Further gurdance is given in Appendlx F. ‘This check is to verlfy that
the duct supports ‘lie within the range of duct support capacrtles within the
.earthquake experlence data base : :

I Sectlon 4 5. 1 dea]s only w1t e metal frameff‘"Sectlon 4 5. 3 deals w1th
anchorage “No Vertical Capacrty check is requrred in -Sectron 4, S 3.0t needs to

-+ made very, c]ear in Sectlon 4:5 that the Vertical’ Capacrty check apphes both to the

- ai "'horage m . "'

. ;l‘-ﬁmetal frame and the anchorage Appendlx F does properly mc]ude anc

The fourth paragraph on Page 4:14 of Sect on 4.5.1 states that itis" _
permltted to exceed AISC allowable stresses in certam situations.’ However, it is
my. understandrng that essentrally all of the successful duct supports in'the Ref. 6

o 'earthquake experience data base passed the Vertrcal Capacrty check at AISC

 allowable stress levels. For this reason, ‘Sectron 6.1.2 of Ref. 2 requrres that the -
Vertical Capacity check to be passed at ‘AISC allowable stress levels. Unless it -
. can be demonstrated that a‘slgnlf cant number of the successﬁJ] duct supports in

4




-~ the earthquake expenence data do not pass the Vertical Capacity check at AISC
_allowablestress levels, Istrong]y recommend that the Vertical Capaclty check be
' hmlted to the AISC a]lowab]e stresses

Ref 1 does not clearly de]meate the 11m1ts of the Vertical check For

o ductlle failure modes, only primary stresses from vertical loads need to be

.- included: Stresses reheved by small dlsplacements do not have to beincludedin
. ithe. Vemcal Capac1ty ‘check. Some useful guldance on this topic is- glven in
L Sectlon 6 1 2 ofRef 2.

11‘bvafrom Eqn_(3) '

= 3 5 Peer Rev1ew Requlrement e

The Vertlcal Capa01ty check is made for a vertlcal load Pv deﬁned by:.
Pv FV x (Dead Load) e @)
where Fv‘ 1s a vertlcal ]oad increase factor deﬁned in Ref 1 by:
FV—SOg -. _ . @ '

_ The 1ndependent peer rev1ew panel whlch reviewed Ref 2 dld not consider
" Fyfrom Eqn. (2) to-be adequate for hlgh seismic lateral forces. As a result Ref. 2
uses: '

FV Greater[S 0g,60(ZPAh)] @)

where ZPA, is the zero perlod acceleratlon at the support anchor The net effect of
this change is- to increase Fv when ZPAy exceeds 0. 83g

In my. oplmon Ref 1 shou]d use Eqn (3) to defme Fy unless it can be
demonstrated that a 51gn1ﬁcant number of the successful duct supports in the data
base will not pass' the Vemcal Capaclty check when Fv from Eqn (2) is replaced

he eatthquake expenence based seismic eva]uatron'approaches presented : ,‘

: rr_,-l-“fjudgment and-e expenence is used inlieu of extensive analyses As a result both-

| the'SSRAP Teport: (Ref.4) and the"SQUG approach (Ref. 3). requlre mdependent
© peer review. of the _]udgments and conclusions made by the SRT as we]l asa.
samp]mg rev1ew of, the limited analytlcal evaluations. " : ; :

“in Refs.1: through 3 rely heav1ly on the Judgment and expenence of the SRT. ThlS o




However, Ref. 1 does not requrre this mdependent peer review. I consrder
this to be a fatal deficiency in Ref. 1 that must be corrected. Independent peer
review is an mtegra] part of an expenence based approach

.4, Fmal Comments

: _ I fully concur w1th and support the use of the Ref lsersmlc evaluation
. ,,-,guldehnes for HVAC duct-and damper systems and thelr supports so long as the-

- minor deﬁcrenmes 1dent1fied in Section 3 are corrected In the: meantlme I

. suggest that users of Ref.'1 should implement the changes recommended in’
“Section 3 for their plant specific use. 1don’t believe that any of these changes will
significantly affect the usefulness of Ref. 1. o
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" Peer Revnew of the Seismic Venf cation
of the Turbine Bulldmg Exhaust Ductwork
for Hatch Nuclear Plant Unit 1
by

R.P. Kennedy. 3
November 24, 2004

1 Introductlon

The Hatch Umt 1 Turbme Bulldmg exhaust ductwork was not ori gmally
selsmlcally desrgned ThlS ductwork is required to bé selsm1cally evaluated as part of a
review forcontrol room hab1tab111ty The ductwork was evaluated using the earthquake .
expenence based methods documented in EPRI Report 1007896 (Ref 1) plus my
prevrous peer review comments on Ref 1 as documented in Ref 2.

- The experience. based seismic evaluatron of the Turbme Burldmg exhaust .
- ductwork is presented in Refs 3 through 5 which T have revrewed Reference 3 presents
. the overall approach and results of the expenence based seismic evaluatlon “This
evaluation relies heavily on the professwnal experience and Judgment of the two seismic
capability engineers (P. Baughman and D.P. Moore) conducting the detalled seismic
‘walkdown of the Turblne Burldmg exhaust ductwork v :

"Ref.4 develops HVAC duct allowable span tables for the varrous ﬂoor levels and =~ 7
-~ duct sizes for Hatch Unit 1. Turbine and Control Buildings. These'span tables were e
‘developed prior to the sersmlc ‘walkdown documented in Ref. 3. The seismic walkdown R
team assured themselves that all’screened ductwork satisfied both the allowable spans - T
tabulated in Ref. 4 and the ‘experience ' based limits that I previously recommended inRef. .-~ .
2. Generally the Ref. 2 limits controlled All ductwork sansﬁed the allowab]e span hmlts
~ ofboth Refs 2 and 4 ’ : _ . _

e Dunng the sersmlc walkdown,‘boundmg cases for both the ductwork and 1ts L G
R ’;supports were selected for further analytrcal ‘rev1ew These analytlcal rev1ews are
- ";presented 'n Ref 5 cT _

L 2 Conduct of VPeer Revrew

'The mrtral step of my'peer'revxew as to rev1ew Refs 3 through n order to'

.assess

2 ‘Thoroughness of the documentatlonTof walkdown results

3 Searchmg for deﬁcrencles in the boundrng calcu]atlons -

- RPK - ) _‘ A" e Structural Mechamcs Consulting- o
' ‘ 28625 Mountam Mcadow Road Escondldo, CA 92026
(760)751-3510 ¢ (760) 751-3537-(Fax)ema|l rpl\structharthhnl\ net . -




My fmdmgs on the Refs 3 through 5 documentatron are presented in Sectron 3.

- Next I spent one full day at Hatch Unit1ina peer réview walkdown of the _
" Turbine Building exhaust ductwork. I was accompanied on my walkdown by the ongmal _

'f_walkdown team of P. Baughman and D.P. Moore. During my walkdown I extensively -
- discussed with the walkdown team therr basis for decisions and I mdependently assessed |

o ‘f_concluswns‘ L

these decrsrons The pnmary purpose of my walkdown was to search for any s1tuat10ns
: where o :

1. Imight differ with the walkdown team’s judgment '

2 Potentrally boundmg cases for ductwork and supports were not evaluated
in Refs 5 - S

My walkdown revrewed lOO% of all Turbme Burldmg exhaust ductwork not
within high radiological areas i. e condenser bay. | ‘This sample constituted miore than
50% of the ductwork rev1ewed by the walkdown team. I did not enter the high
radiological areas. However, the walkdown team made extensive photographic
documentation of the ductwork and supports in these high radrologrcal areas. I reviewed
this photographrc documentatron Tdidn’t see any ductwork or supports in these -
photographs that differed meanmgfully from ductwork and supports which I dld
walkdown. LD :

. A summary of my peer rev1ew walkdown and its ﬁndmgs are presented in Sectron
4, Lastly, my peer rev1ew conclusrons are presented in Sectron S.

3. Peer Review Fmdmgs Concemmg Refs 3 through §

The documentatron presented in Refs 3 through 5 fully comphes with all
requirements of Refs. 1 and 2. The ‘documentation is both technically correct and
‘complete. The Screenmg and Evaluatron Worksheets véry thoroughly document the’
. ducting and supports I found no deﬁcrencres in the boundmg calculatlons I support all

' 4 Summary and Fmdmgs of Peer Revrew Walkdown

The attached table summanz 3 the ductmg and sup orts that 1 1nspected I found '

- the ocumentatron of this ductwork in’ the Screenmg and Evaluation Worksheets of Ref 3

| 't be excellent ] drdn’t ﬁnd any srtuatron where I drffered from the walkdown team’s -
_Judgment o T A .

- e Under Item C'(see'attached table), I noted that the fans:onthe reactor burldmg
_ roof are - mounted on vibration isolators. I carefully inspected these isolators. My "o
Judgment is that the sprmg within these 1solators is suffcrently entrapped laterally and




- longrtudmally that it cannot latera]ly collapse. Therefore, Iconcur with the walkdown
. ._team S Judgment that these rsolators are selsmrcally acceptable :

- -The Item E duct passes through a non-se1sm1cally de51gned oncrete block wall
,:Sectron 6.1 of Ref. 3 identifies this situation as a potential seismic interaction outlier that -

© - needs to beresolved (outlrer No. 4). I concur. D.P. Moore orally described a proposed
IR '.;-resolutron of "removing concrete block around the duct sufﬁclently such that collapse of

- - the concrete block wall would not impact the duct. Iconsrder thls approach to resolvmg C

- ‘thrs potentral outlier issue to be acceptable

I found two support condltrons that were potentlally of concern to me and were

_; . not covered by any of the Ref 5 boundrng analyses These two support conditions are
S bneﬂy dlscussed - o

~A 2l-feet long sectron of the 44-inch by 40-1nch duct in Item Ais vertrcally
'supported by six 2. 5x2.5 inch angles acting as compressron lcgs ‘The longitudinal

o ;jl-‘drrcctlon unsupported length of these legs is 14.5 feet while the lateral unsupported
e _'._fﬁ'_'length is 7.25 feet. The KL/r ratio for these legs is large 50 that their compressive -
" - buckling capacrty is small. However the duct weight is also small. Based upona qulck

. {:calculation, I concluded that these supports are acceptable :

In a number of locatlons smaller ducts are hung from l-mch by 3/32-inch vertrcal .
o 'straps At supports, in Some cases, ‘these straps are bent 90 degrees to make an angle and
are bolted with one l/z-mch bolt to'the support. Thrs bolt is eccentric from the strap byas .

much as Y-inch. T was concemed about the bendmg stress introduced into the strapatthe "~ -

~ bend by this eccentricity. ‘From my walkdown, the boundmg case was at the item D' 14- -
inch diameter circular ducts where supports were up to 8-feet apart However, because
this 8-feet section of duct werghs only about 40 1bs, I Judged thls strap hangar eccentncrty
to be acceptable. - : .

Although I probably would have mcluded boundmgcalculatrons for the above
- two cases in Ref. 5, 1 consrder the Judgment of the walkdown team m selectmg boundmg
».-i;,cases to be acceptable Rl e S L %

- The expenence based sersmlc evaluatron of the Hatch Unrt l Turbme Bulldmg,..-;} .'

s 'exhaust ductwork presented in Refs 3 through 51is excellent This evaluatlon fully

o complres with the evaluation requrrements of Refs. 1: and 2 The walkdown team "f ‘
.perfonned a very thorough and competent evaluatron I drdn t 1dentrfy any open lssues I
. fully concur wrth theconclusrons of Ref. 3. R S
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Hatch Unit 1 Turbine Building Exhaust

Y

" Ductwork Insgected Durmg Peer Revne\ S

‘| Elev.

Ductwork' InSpected 2ol

It Bulldmg Dwg. : '

A~ ]164 | Turbine Bldg. H-16050 - | 44x40 Duct between T9 a'nd T10.5

| " :| Control Bldg. H-16194 | between TAand TD

1B |'164 .| Control Bldg. - H-16194 | 20x20 Duct between TlO S and T13 at
C 7- 1185 " | Reactor Bldg. Roof | H-16232 | Ductwork from Control Bldg to filters

: i R | and from filters to'stack
D 1130 | Turbine Bldg. H-16048 | 14-inch Circular Duct between T1 and

L R PR T7 betweeén TA and TE

|E .|112 |TurbineBldg.. - |H-16047 12x12 Duct between T2 and T7 along

F. . | 112 | Turbine Bldg. | H-16047 18x20 Duct in RBCCW Heat
S " : S R Exchanger Room between T7 and T10

S e .. |between TBand TD"

(G - 112 | Control Bldg. -~ | H-16053 - | 16x14 Duct between T9 and T12 along

TBS




