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SECTI ON 13 48 73

SEI SM C CONTROL FOR M SCELLANEQUS EQUI PMENT
05/ 22

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers the
requirenents for seismc structural elenents for
protection of miscellaneous equiprent.

Thi s gui de specification [al so] covers all equi pnent
braci ng requirenents (including mechani cal
electrical and architectural) for antiterrorism
protection fromequi prent falling on building
occupants in accordance with UFC 4-010-01 DoD

M ni mum Antiterrorism Standards for Buil dings.

Adhere to UFC 1-300-02 Unified Facilities Cuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Projects only having antiterrorism equi pment bracing
requirenents with no seismc protection requirenents
will require significant editing to this UFGS
because nobst of the requirenents apply to seismc
protection. Projects having both antiterrorism

equi prent braci ng and seismc protection
requirenents will require the specification to be
edited such that the nost stringent of both
requirenents is net.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R R R S I R R I R R I R S R R R I R S I R R I R R R S R R R R
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PART 1 GENERAL

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The intent of this specification is to
provi de for adequate resistance to lateral forces

i nduced by earthquakes for |isted mechanical

el ectrical and niscell aneous equi pnent and systens.
The design seismic lateral forces are in addition to
the "normal" gravity forces (weight) acting on the
conponents of a system This guide specification
will be used in conjunction with Sections

23 05 48.19 10 SEI SM C CONTROLS FOR HVAC, 01 45 35
SPECI AL | NSTRUCTI ONS, and 26 05 48 SEISM C
PROTECTI ON FOR ELECTRI CAL EQUI PMENT.

Seism c protection design for anchorage and bracing
of all equipnent will be based on UFC 3-301-01
Seism ¢ Design for Buildings and UFC 4-010-01 DoD
M ni mum Antiterrorism Standards for Buil dings.

The designer has 3 options to provide seismc
protection for a project:

1) |Issue a contract requiring the Contractor to
hire a registered structural engineer to submt the
st anped cal cul ati ons and draw ngs in accordance with

this section. The contracting Officer will "accept"
t he design but the registered engi neer (Engineer of
Record) will have final responsibility for the

adequacy of the structural nenbers and their
connecti ons.

2) Hre an A-E who will use this section and will
submt cal cul ati ons and draw ngs stanped by a

regi stered structural engineer. The Contracting
Oficer will "accept" the design but the registered
engi neer (Engi neer of Record) will have final
responsibility for the adequacy of the structural
menbers and their connections. One of the

di sadvant ages of this approach may be that the
actual equi pnent di mensi ons, wei ghts and nounti ng
details may not be known until the equipnment is
acquired. The structural engi neer shoul d be

retai ned during the constructi on phase to review
sei sm c bracing shop drawi ngs and performfield

i nspections as part of the final responsibility.

3) Performthe design in house, in which case the
CGovernment designer will have final responsibility
for the adequacy of the structural nenbers and their
connections. One of the di sadvantages of this
approach may be that the actual equiprent

di mensi ons, wei ghts and nmounting details nmay not be
known until the equi pnent is acquired. The
structural engineer should be retained during the
construction phase to review seisnic bracing shop
drawi ngs and performfield inspections as part of
the final responsibility
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Regardl ess of who perforns the design, this section
properly edited, nmust be included in the
construction docunents to allow the Contractor to
install the seismc protection features.

This section can be used for bracing details of
nmedi cal equi pnent by editing the specification
accordi ngly.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1 REFERENCES

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (R D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

AVERI CAN CONCRETE | NSTI TUTE ( ACl)
ACl 355.2 (2007) Qualification of Post-lnstalled
Mechani cal Anchors in Concrete and
Coment ary
ACl 355.4 (2011) Qualification of Post-lnstalled
Adhesi ve Anchors in Concrete (ACH 355.4)
and Coment ary
AVERI CAN | NSTI TUTE OF STEEL CONSTRUCTI ON (Al SC)
Al SC 325 (2017) Steel Construction Manua
AVERI CAN SOCI ETY OF ClVIL ENG NEERS ( ASCE)
ASCE 7-16 (2017; Errata 2018; Supp 1 2018) M ni nmum

Desi gn Loads and Associated Criteria for
Bui | di ngs and Ot her Structures
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ASTM | NTERNATI ONAL (ASTM

ASTM A36/ A36M

ASTM A53/ A53M

ASTM A153/ A153M

ASTM A325

ASTM A490

ASTM A500/ A500M

ASTM A563

ASTM A603

ASTM E488/ E488M

ASTM F1554

| CC EVALUATI ON SERVI CE,

| CC ES AC156

| CG-ES AC23

(2019) Standard Specification for Carbon
Structural Steel

(2024) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seani ess

(2023) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Har dwar e

(2014) Standard Specification for
Structural Bolts, Steel, Heat Treated,
120/ 105 ksi M nimum Tensile Strength

(2014a) Standard Specification for
Structural Bolts, Alloy Steel, Heat
Treated, 150 ksi M nimum Tensile Strength

(2023) Standard Specification for

Col d- Formed Wl ded and Seam ess Carbon
Steel Structural Tubing in Rounds and
Shapes

(2021; E 2022a) Standard Specification for
Carbon and Alloy Steel Nuts

(2019) Standard Specification for
Zinc-Coated Steel Structural Wre Rope

(2022) Standard Test Methods for Strength
of Anchors in Concrete El enents

(2020) Standard Specification for Anchor
Bolts, Steel, 36, 55, and 105-ksi Yield
Strength

INC. (I CC ES)

(2012) Acceptable Criteria for Seismc
Certification by Shake-Tabl e Testing of
Nonst ruct ural Conponents

(2012; R 2016) Acceptance Criteria for
Sprayed Fire-resistant Materials (SFRMB),
I ntunmescent Fire-resistant Coatings and
Mastic Fire-resistant Coatings Used to
Protect Structural Steel Menbers

| NTERNATI ONAL CODE COUNCI L (1 CC)

| CC I BC

(2024) International Building Code

METAL FRAM NG MANUFACTURERS ASSCCI ATl ON ( MFNMVA)

MFMVA- 4

(2004) Metal Fram ng Standards Publication
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1

U S. DEPARTMENT OF DEFENSE ( DOD)

UFC 3-301-01 (2023; with Change 1, 2023) Structura
Engi neeri ng

UFC 3-301-02 (2023) Design of Risk Category V
Structures, National Strategic Mlitary
Asset s

UFC 4-010-01 (2018; with Change 2, 2022) DoD M ni hum

Antiterrorism Standards for Buil di ngs

VI BRATI ON | SOLATI ON AND SEI SM C CONTROL MANUFACTURERS ASSOCI AT ON
(VI SC\VR)

VI SCVA 412 (2014) Installing Seismc Restraints for
Mechani cal Equi prent

2 SYSTEM DESCRI PTI ON

2.1 CGeneral Requirenents

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Designer should verify that specified details
do not interfere with the performance of the

cat hodi c protection system (when used) or of the

vi bration isolation systens.

For systens and equi pnent in RC V buil dings that
have a perfornmance objective higher than non-m ssion
critical, the designer should show a "G
classification for the itens under SD 02 Shop

Drawi ngs in the SUBM TTALS paragraph. This will
al | ow t he Engi neer of Record (EOR) to: 1)Do a C
revi ew on the anchorage and bracing details of these
essential systens, and 2)Assess the inmpact of the
braci ng and anchorage details on the structura
supporting systemof the essential building. This
al so includes Designated Seismc Systens that nust
remai n operational after an earthquake.

Desi gn done by the Contractor nust be in accordance
with UFC 3-301-01 and UFC 4-010-01. Loadings

det erm ned usi ng UFC 3-301-01 are based on strength
design; therefore, 2018 IBC, ASCE 7-16-10, and
ASCE/ SEI 41-13 shoul d be used to design the stee
menbers in the braci ng and anchorage systens.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

Apply the requirenents for seismc protection neasures, described in this
section and on the drawi ngs, of the m scellaneous equi pment and systens
listed below, in accordance with UFC 3-301-01 and additional data

furni shed by the Contracting Officer. Provide seismc protection neasures
in addition to any other requirenents called for in other sections of

t hese specifications. Wiere there is a conflict between the
specifications and the draw ngs, the specifications will take precedence.
Acconplish resistance to lateral forces induced by earthquakes w thout
consi deration of friction resulting fromgravity | oads
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. 2.2 M scel | aneous Equi pnrent and Systens

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The designer nmust ensure that the |lists bel ow
includes all miscellaneous itenms to be braced.
Delete the itens which are not part of the project
and add itenms which are not included in the list.
The lists should be broken out as follows: For
nonstructural equi pment, conmponents and systens in
Ri sk Category V structures, the designer should
provide three separate |ists of equi pnent and
systenms; non-Mssion Critical (NMC), M ssion
Critical Level 1 (MC1 equipnment and conponents nust
be fully operational imediately after a seismc
event), or Mssion Critical Level 2 (MC2 equi pnent
and components nust be repairable and operabl e

within 3 days after a seisnmc event). For
nonstructural equi pnment/conponents/systens in Risk
Category I, I, Ill, or IV structures, two separate

lists of nonstructural systens/conponents mnust be
provi ded; conponents/systens with Ip = 1.0 and
conponents/systenms with Ip = 1.5 (Designated Seismnc
Syst ens) .

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Provi de bracing and attachnent for the foll owi ng m scel |l aneous equi pnent
and components devel oped by the [Contractor] [A-E] in accordance with the
requi renents of this specification:

Equi pnent / Conponents with Ip = 1.0
St orage cabi nets

O nanent ati ons

St or age Racks

Signs and Bil | boards

Shel vi ng

Fur ni shi ngs

Partitions

St acks

Pol e or frame supported equi pnent
St orage tanks for water and oil

[ 1]

[ Equi prent / Conponents with Ip = 1.5 (Designated Seisnic Systemns)

Insert edited list here simlar to one above for Ip = 1.0]

[Non-M ssion Critical (NMC) Equi prent/ Conmponents in Risk Category V
Insert edited list here simlar to one above for Ip = 1.0 ]

[Mssion Critical Level 1 (MC1) Equi pnent/Conponents in Risk Category V
Insert edited list here simlar to one above for Ip = 1.0 ]

[Mssion Critical Level 2 (MC-2) Equi prent/ Conponents in Risk Category V
Insert edited list here simlar to one above for Ip = 1.0]

. 2.3 Contract or Designed Bracing

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

NOTE: Retain this paragraph when the Contractor
will design the bracing. The designer will refer
and/ or nodify the listings above or will Iist bel ow
t he equi pnent and systenms to receive seismc
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bracing. Delete this paragraph when all bracing
details and | ocations are indicated on the draw ngs

and cal cul ations are included in the Design Analysis.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Submit copies of the design calculations with the drawi ngs. Calcul ations
nmust be approved, certified, stanped and signed by a registered

Prof essional Structural Engineer. Calculations nust verify the capability
of structural nmenbers to which bracing is attached for carrying the | oad
fromthe brace. Design the bracing in accordance with UFC 3-301-01,

UFC 4-010-01 and additional data furnished by the Contracting Oficer

Resi stance to lateral forces induced by earthquakes nust be acconplished
wi t hout consideration of friction resulting fromgravity | oads.

UFC 3-301-01 uses paraneters for the building, not for the equipnment in
the buil ding; therefore, corresponding adjustnents to the fornulas nust be
requi red. Loadings determ ned using UFC 3-301-01 are based on strength
design; therefore, Al SC 325 Specifications nust be used for the design

The bracing for the equi prent designated in paragraph 1.2.2 nust be

devel oped by the Contractor. [Provide docunentation of an independent
design review for mssion critical (M) equiprent bracing design
Docurent ati on nmust be signed by the independent reviewer who rmust al so be
a registered structural engineer.]

1.3 SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and corresponding subnitta

items in the text, to reflect only the subnmittals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or
conplex in context of the project. This includes
Desi gnated Seism c Systems and Mssion Critica
Systens that must remain operational after an

ear t hquake.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO for Area Ofice; "RO for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G typically are not used for Navy
and Air Force projects.

The "S" classification indicates subnittals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
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PRCOCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

Covernment approval is required for submittals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Bracing; C[, [ 11
Resilient Vibration Isolation Devices; ¢, |
Equi prent Requirenents; ¢, [ 11
SD- 03 Product Data

Bracing; C[, |

Equi prent Requirenments; CG[, [ 11
Anchor Bolts; ¢, [ 1]
Vibration Isolators; ¢, [ 11

Snubbers; C[, [
SD- 05 Design Data
Design Calculations; ¢, [ 11
SD-06 Test Reports
Anchor Bolts; G, [ 1]
SD-07 Certificates
| CC ES AC156 Shake Table Test; ¢, [__ 1]

PART 2 PRODUCTS

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

NOTE: Appropriate materials for structural supports
must be used in corrosive environnments. Dissinlar

nmet al s nust be isol at ed.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

2.1 EQUI PMENT REQUI REMENTS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Seismic Control Bracing does not guarantee
that the equipnent itself is rugged enough to
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survive earthquake shaki ng. When a piece of

equi pment is required to remain operational after an
ear t hquake, include paragraph 3.11 Special Testing
for Seism c Resisting Equipnent.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Submit detail drawi ngs of bracing along with cal cul ations, catal og cuts,
tenpl ates, and erection and installation details, as appropriate, for the
items listed in Paragraph 1.2.2. Indicate thickness, type, grade, class
of metal, and dinmensions; and show construction details, reinforcenent,
anchorage, and installation with relation to the building construction
Provi de cal cul ati ons and drawi ngs that are stanped by a regi stered
structural engineer, and that verify the capability of structural nenbers
to which bracing is attached for carrying the load fromthe brace. Design
nmust be based on actual equi pnent and system | ayout. Design nust include
cal cul ated dead | oads, static seismc |oads and capacity of materials
utilized for the connection of the equiprment or systemto the structure.
Anal ysi s nust detail anchoring nethods.

Include drawing for [Mssion Critical Equi pnment and] Designated Seisnic
Syst em Equi pnent indicating the equi pment |location in the facility
sufficient to be used for the installation. Equipnment must be rigidly or
flexibly nmounted as indicated in the specifications and/or draw ngs
dependi ng on vibration isolation requirenments as foll ows bel ow. Roof
nount ed equi pnent both vibration isolated and noni sol ated, nust have
support menbers designed and anchored to building structural steel or
concrete as required for seismc restraint and wi nd | oads.

.11 Ri gidly (Base and Suspended) Mounted Equi prent

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: List itens that nay require additiona
reinforcements (internally) to prevent pernanent
deformation, dislocations, separation of conponents,
or other damage, which woul d render the equi prment

i noperative for significant periods of tine

foll owi ng an earthquake and to neet the specified
requi renents. Coordinate with note in paragraph
BRACI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Equi pnent furni shed under this contract nust be [rigidly nounted] [rigidly
nount ed using cast-in-place anchor bolts to anchor them or post-installed
anchors that are qualified for earthquake |oading in accordance with

ACl 355.2 and ACI 355.4. Anchor bolts rmust conformto ASTM F1554-07ael].
For any rigid equipment which is rigidly anchored, provide flexible joints
for piping, electrical conduit, etc., that are capable of accomopdati ng

di spl acenents equal to the full width of the joint in both orthogona
directions. Suspended equi pnent bracing attachnments shoul d be | ocated
just above the center of gravity to minimze swinging. [Mssion critica
base nounted and suspended equi prent for Risk Category (RC) V,] and

Desi gnated Seism c Systenms (DSS) RC IV buil dings assigned to Seisnic
Desi gn Category Coefficient (SDC) C, D, E, or F and Ri sk Category 1V
conponents needed for continued operation after an earthquake nust have
two nuts provided on each anchor bolt.

1.2 Nonrigid or Flexibly-Munted Equi prent

Sel ect vibration isolation devices so that the naxi num nmovenent of
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equi pmrent fromthe static deflection point is 6 mr 1/4 inch. Equi pnent
flexibly nounted on vibration isolators nust have a bunper restraint or
snubber in each horizontal direction and vertical restraints nust be
provi ded where require to resist overturning. |solator housing and
restraints must be constructed of ductile materials. A viscoelastic pad
or simlar material of appropriate thickness nmust be used between the
bunper and conponents to linmit the inpact |oad. Restraints nust be
designed to resist the calculated horizontal lateral and vertical forces.

Spring vibration isolators nmust be seismically rated, restrained isolators
for equi pnent subject to | oad variations and | arge external forces. The
seismcally rated housing nmust be sized to neet or exceed the force

requi renents applicable to the project and neet the required isolation
criteria. Spring vibration isolator manufacturer's will be a nenber of

VI SCMA. Design force, Fp, nust be doubled for vibration isolators with an
air gap greater than 0.25 inches as specified in ASCE 7-16, Chapter 13.

2.2 BOLTS AND NUTS

Hex head bolts, and heavy hexagon nuts nust be ASTM A325 or ASTM A490
bolts and ASTM A563 nuts. Provide bolts and nuts gal vani zed in accordance
wi th ASTM A153/ A153N when used under ground or exposed to weat her.

2.3 SWAY BRACI NG

Mat erial used for nenbers listed [in this section] [and] [on the
drawi ngs], must be structural steel conforming with the foll ow ng:

a. Plates, rods, and rolled shapes, ASTM A36/ A36\.
b. Wre rope, ASTM A603.

c. Tubes, ASTM A500/ A500l, Grade B.

d. Pipes, ASTM A53/ A53V, G ade B.

e. Angles, ASTM A36/ A36N

f. Channels (Struts) with in-turned |lips and associ ated hardware for
fastening to channel s at random points conform ng to NMFNVA-4.

PART 3 EXECUTI ON

3.1 BRACI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Designs nust include conplete seismc details
showi ng bracing requirenents. The design is for the
supports of the equiprment, not the equi pnent

itself. Bracing does not guarantee that the

equi prent i s rugged enough to survive earthquake
shaki ng. Wen a piece of equipnment is required to
remai n operational after an earthquake, the

manuf acturer shoul d be consulted regarding the
capabilities of the equipnent to wi thstand seisnmic

| oadi ng.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Provi de bracing conforming to the arrangenents shown. Install cables at a
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3.

3.

45-degree slope. Wiere interference is present, the slope nmay be m ni num
of 30 degrees or a maxi mum of 60 degrees per VI SCVA 412.

2 BUI LDI NG DRI FT

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: The designer will be guided by the results of
the seismic analysis to determ ne the expected
drift of the building; this information is needed

for equi pnent braci ng design.
EE IR I Sk S I I S S S I R R R Rk I I S kS kR Sk Ik S S I R Sk I O

Do not attach sway braces for equipnent to two dissimlar structura

el ements of a building that nay respond differentially during an

eart hquake unless a flexible joint is provided. Bracing nust be capabl e
of acconmodating building drift due to seismc displacenents.

.3 ANCHCR BCOLTS

.3.1 Cener al

Submit copies of test results to verify the adequacy of the specific
anchor and application, as specified.

Ensure housekeepi ng pads have adequate space to nount equi pnment and
seism c restraint devices all ow ng adequate edge di stance and enbednent

depth for restraint anchor bolts. Identify position of reinforcing stee
and ot her enbedded itens prior to drilling holes for anchors. Do not
drill holes in concrete or masonry until concrete, nortar, or grout has
achieved full design strength. Install neoprene grommet washers or till

the gap with epoxy on equi pnent anchor bolts where cl earance between
anchor and equi prent support hol e exceeds 0. 125 inches.

3.2 Cast -1 n-Pl ace

EE R I R R S I R R I R I R I R S R R R R S R R I R R R I R R R R O

NOTE: The designer will ensure that foundations and
anchor bolts for pad-nounted or floor-nounted

equi prent are detail ed and designed in accordance
with UFC 3-301-01. When the designer has the
necessary size, weight, and other information for a
pi ece of equi pnment, the anchorage details including
sizes, length and nunber of bolts, thickness and
rei nforcing of pads and foundations for that piece
of equi pment will be shown by the designer on the
drawi ngs. When this information is not avail abl e,
it will be the A-E responsibility to design the
support and anchorage for the equi pnent in
accordance with the specified requirenents.

If the calcul ated seismc forces would cause the
equi prent to uplift, the anchor bolts should be
desi gned for conbined shear and tension

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

Use tenplates to locate cast-in-place bolts accurately and securely in

formmrk. Provide anchor bolts with an enbedded straight |ength equal to
at least 12 tinmes nonminal dianmeter of the bolt. Anchor bolts that exceed
the normal depth of equi pnent foundation piers or pads must either extend
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into concrete floor or the foundation or be increased in depth to
accommodate bolt lengths. Use tenplates to |ocate cast-in-place bolts
accurately and securely in formwork.

3.3.3 Drilled-In Anchor Bolts

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Verify if restrictions exist on the type of

drilling equiprment to be used for the project.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Drill holes with rotary inpact hamer drills. Drill bits nust be of

di ameters as specified by the anchor manufacturer. Unless otherw se shown
on the drawings, all holes nmust be drilled perpendicular to the concrete
surface. Were anchors are pernmitted to be installed in cored holes, use
core bits with matched tol erances as specified by the nmanufacturer
Properly clean cored hole per manufacturer's instructions. Ildentify
position of reinforcing steel and other enbedded itens prior to drilling
hol es for anchors. Exercise care in coring or drilling to avoid danmagi ng
existing reinforcing or enbedded itens. Notify the CORif reinforcing
steel or other enbedded itens are encountered during drilling. Take
precauti ons as necessary to avoid damagi ng prestressing tendons,

el ectrical and tel ecommunications conduit, and gas lines. Unless

ot herwi se specified, do not drill holes in concrete or nmasonry unti
concrete, nortar, or grout has achieved full design strength. Perform
anchor installation in accordance with nmanufacturer instructions. For
Wedge Anchors, Heavy-Duty Sl eeve Anchors, and Undercut Anchors, protect

t hreads from damage during anchor installation. Heavy-duty sleeve anchors
must be installed with sleeve fully engaged in part to be fastened. Set
anchors to manufacturer's reconmended torque, using a torque w ench.
Fol |l owi ng attai nment of 10 percent of the specified torque, 100 percent of
the specified torque nmust be reached within 7 or fewer conplete turns of
the nut. |If the specified torque is not achieved within the required
nunber of turns, the anchor nust be renoved and repl aced unl ess ot herwi se
directed by the Engi neer

For Cartridge |Injection Adhesive Anchors where approved for seismc
application, clean all holes per nanufacturer instructions to renove | oose
material and drilling dust prior to installation of adhesive. Inject
adhesive into hol es proceeding fromthe bottom of the hole and progressing
toward the surface in such a manner as to avoid introduction of air
pockets in the adhesive. Follow manufacturer reconmendati ons to ensure
proper m xi ng of adhesive conponents. Sufficient adhesive nust be
injected in the hole to ensure that the annular gap is filled to the
surface. Renpbve excess adhesive fromthe surface. Shimanchors with

sui tabl e device to center the anchor in the hole. Do not disturb or |oad
anchors before manufacturer specified cure time has el apsed. For Capsule

Anchors where approved for seismc application, performdrilling and
setting operations in accordance with manufacturer instructions. C ean
all holes to renove | oose nmaterial and drilling dust prior to installation

of adhesive. Renove water fromdrilled holes in such a nanner as to
achieve a surface dry condition. Capsule anchors nmust be installed with
equi prent conforming to manufacturer reconmendati ons. Do not disturb or

| oad anchors before manufacturer specified cure tinme has el apsed. Observe
manuf acturer recomendati ons with respect to installation tenperatures for
cartridge injection adhesive anchors and capsul e anchors.
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3.3.4 Anchor Bolt Testing

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Expansion and chemically bonded anchors
shoul d be tested after installation. Testing every
expansi on anchor is not necessary or practical;
therefore a reasonable rate of testing should be
devel oped dependi ng on the inportance of the job.
There are two nethods of testing: Torque wench and
pul l out testing. The torque test is easier and
cheaper and usually gives a good indication of
installation quality; the pullout test gives a
better indication of the strength of both expansion
and chenically bonded anchors. The torque test does
not apply to expansi on bolts which are anchored by
hamreri ng the sl eeve over a cone such as self
drilling anchors.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Test in place expansi on and chemically bonded anchors not nore than [24]
[ ] hours after installation of the anchor, conducted by an

i ndependent testing agency; testing nust be performed on random anchor
bolts as described bel ow

3.3.4.1 Torque Wench Testing

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Delete this paragraph for expansion anchors
whi ch are not anchored by an applied torque, such as
self drilling anchors.

Torque wench testing verifies that a torqued
expansi on anchor has seated properly. |If it has not
seated, the applied torque on the nut will cause the
bolt to twist in the hole. Torque wench testing
does not |oad the bolt up to all owabl e | oad and

t herefore does not verify the capacity of the
installed bolt.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Performtorque wench testing on not |ess than [50] [ ] percent of the
total install ed expansion anchors and at |east [one anchor] [][ ]
anchors] for every piece of equi pnent containing nore than [two] | ]
anchors. The test torque nust equal the nminimumrequired installation
torque as required by the bolt manufacturer. Calibrate torque wenches at
t he begi nning of each day the torque tests are perforned. Recalibrate
torque wenches for each bolt diameter whenever tests are run on bolts of
various dianeters. Apply torque between 20 and 100 percent of wench

capacity. Reach the test torque within one half turn of the nut, except
for 9 nmr 3/8 inch sleeve anchors which nmust reach their torque by one

quarter turn of the nut. |If any anchor fails the test, test simlar
anchors not previously tested until [20] [ ] consecutive anchors
pass. Failed anchors must be retightened and retested to the specified
torque; if the anchor still fails the test it nust be replaced.

3.3.4.2 Pul | out Testing

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Pullout testing is expensive and | abor
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i ntensi ve because of the apparatus needed to pull on
the anchor bolt. Pullout testing deternmnines the
tensi on capacity of the anchor bolt. The anount of

| oad to be applied can vary between 0.5 to 2 tines

t he cal cul ated | oad, depending on the inportance of
the bolt. There is not a significant cost

di fference between testing to 0.5 or 2 tines the

cal cul ated | oad; since nost anchor bolts have a
factor of safety of 4, testing to twice the

speci fied | oad should not cause any distress. The
typical tension failure causes a shear cone to be
pul | ed out of the concrete, the slope of the cone is
about a 45 degree angle so there should be nothing
on the concrete surface in the vicinity of the bolt
to prevent the cone frompulling out. Shear testing
is usually not needed unless the bolt is heavily

| oaded i n shear and close to an edge.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Test expansion and chenically bonded anchors by applying a pullout | oad
using a hydraulic ramattached to the anchor bolt. Testing nust be done
in accordance with ASTM E488/ E488lN or | CC-ES AC23. At least [5] [ ]
percent of the anchors, but not less than [3] | ] per day nust be
tested. Apply the load to the anchor without renoving the nut; when that
is not possible, the nut must be renoved and a threaded coupler must be
installed of the sane tightness as the original nut. Check the test setup
to verify that the anchor is not restrained fromwthdraw ng by the

basepl ate, the test fixture, or any other fixtures. The support for the
testing apparatus nmust be at least 1.5 tinmes the enbednment |ength away

fromthe bolt being tested. Load each tested anchor to [1] | ] tines
t he design tension value for the anchor. The anchor nust have no
observabl e movenent at the test load. |f any anchor fails the test,
simlar anchors not previously tested nust be tested until [10] [ ]
consecutive anchors pass. Failed anchors nust be retightened and retested
to the specified load; if the anchor still fails the test it nust be

repl aced.
.4 RESI LI ENT VI BRATI ON | SOLATI ON DEVI CES

VWere the need for these devices is determ ned, based on the magnitude of
t he design seismic forces, select anchor bolts for vibration isolation
devi ces and/ or snubbers for equi pnent base and foundations that follow the
same procedure as in paragraph ANCHOR BOLTS, except use an equi pnment

wei ght equal to [five] | ] tinmes the actual equipnent weight.

4.1 Spring-Type Vi bration Devices

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

NOTE: Designer nust doubl e design force Fp for

vi bration isolators where maxi mum novenment of

equi prent from static deflection point is greater
than 0.25 inches as specified in ASCE 7-16, Table
13.6-1, footnote b.

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

Sel ect vibration isolation devices so that the naxi num novenent of

equi prent fromthe static deflection point is 13 mr 1/2 inch. Equi prent
flexibly nounted on vibration isolators nust have a bunper restraint or
snubber in each horizontal direction and vertical restraints nust be
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3.

3.

provi ded where required to resist overturning. Isolator housing and
restraints nust be constructed of ductile materials. A viscoelastic pad or
simlar material of appropriate thickness must be used between the bunper
and conmponents to linmt the inpact |load. Restraints must be designed to
resi st the calcul ated horizontal |ateral and vertical forces.

Spring vibration isolators nmust be seismically rated, restrained isolators
for equi pnent subject to |oad variations and | arge external forces. The
seismcally rated housing nmust be sized to neet or exceed the force

requi renents applicable to the project and neet the required isolation
criteria. Spring vibration isolator manufacturers will be a nmenber of

VI SCVA.

. 4.2 Mul ti directional Seismnm c Snubbers

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: Details of multidirectional seismc snubbers
will be shown in drawi ngs if paragraph is retained

Desi gner must doubl e design force Fp for vibration
i sol ators where maxi mum nmovenent of equi pment from
static deflection point is greater than 0.25 inches
as specified in ASCE 7-16, Table 13.6-1, footnote b

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

Install nultidirectional seisnic snubbers enploying el astoneric pads on
floor- or slab-mounted equi pment. Use snubbers that provide 6 mr 1/4 inch
free vertical and horizontal novement fromthe static deflection point.
Provi de snubber medi um consisting of multiple pads of cotton duct and
neoprene or other suitable materials arranged around a fl anged stee
trunnion so both horizontal and vertical forces are resisted by the
snubber medi um

5 EQUI PMENT SWAY BRACI NG

5.1 Suspended Equi pnent

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

NOTE: Equi pnment wei ghi ng nore than one-fifth of the
dead | oad of sl abs above grade at the equi pnent

| evel or equi prent wei ghing nore than one-tenth of
t he buil di ng wei ght nmust be checked by structura
anal ysis to conformwi th building seisnic

provi sions. Such equi pnent has a pronounced effect
on the response of the building. The follow ng
items must be checked structurally and specific

sei sm c bracing and/or anchoring requirenents mnust
be i ncorporated on appropriate drawings and in the
rel evant specifications.

Pol e or frame supported equi prment.
St orage tanks for water and oil

Storage racks with upper storage |evel nore than 2.4
n 8 feet in height.

Snmoke stacks taller than 15 nm 50 feet in height.
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EE R I R R S I R R I R I R I R S R R R R S R I R R R R S R R R R S O

Provi de equi pnent sway bracing for itenms supported fromfloor, overhead
floor or roof structural systems. Provide braces that consist of angles,
rods, wire rope, bars, channels (struts) or pipes arranged as shown in
bracing submittals and secured at both ends with not |less than 13 mr 1/2
inch bolts. Provide sufficient braces for equipnment to resist a

hori zontal force as specified in UFC 3-301-01 without exceeding safe
wor ki ng stress of braci ng components. Provide, for approval, specific
force cal cul ations in accordance with UFC 3-301-01 for the equi pnment in
the project. Submt details of equipnent bracing for acceptance. |In lieu
of bracing with vertical supports, these itens nmay be supported with
hangers inclined at 45 degrees directed up and radially away from

equi prent and oriented symetrically in 90-degree intervals on the

hori zontal plane, bisecting the angles of each corner of the equipment,
provi ded that supporting menbers are properly sized to support operating
wei ght of equi pmrent when hangers are inclined at a 45-degree angl e.

.5.2 Fl oor or Pad Mounted Equi pnment

.5.2.1 Shear Resi stance

Bolt to the floor, floor nmounted equi prment. Provide the nunber and
installation of bolts to resist shear forces in accordance wi th paragraph
ANCHOR BOLTS.

.5.2.2 Overturni ng Resi stance

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R R R R R

NOTE: See UFC 3-301-01 for gui dance on design of

anchor bolts.
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Use the ratio of the overturning noment fromseisnic forces to the
resisting nonment due to gravity loads to determine if overturning forces
need to be considered in the sizing of anchor bolts. Provide cal cul ations
to verify the adequacy of the anchor bolts for conbined shear and
overturni ng.

6 SPECI AL TESTI NG FOR SEI SM C- RESI STI NG EQUI PVENT

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Include this paragraph only for special
testing for seismc-resisting equi pnent and
conponents designated as Ri sk Category V M ssion
Critical Level 1 (MZ1) by the building owner and
specified by the Structural Engineer. M1

equi pnment and components nust be fully operable

i Mmediately after a seismic event. This paragraph
may al so apply to Designated Seismc System

(DSS) (assigned to SDC C thru F) equi prent and
conponents that rnust remain operational after an
eart hquake to function for |life safety purposes or
is needed for continued operation in a Ri sk Category
I'V structure.

Thi s paragraph will be applicable to both new
bui | di ngs desi gned according to UFC 3-301-01
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3.

STRUCTURAL ENGQ NEERI NG, UFC 3-301-02 DESI GN OR RI SK
CATEGORY V STRUCTURES, NATI ONAL STRATEQ C M LI TARY
ASSETS, and to existing building seisnmic
rehabilitation designs.

The desi gner must indicate on the draw ngs al
| ocations and all conponents for which special
i nspection and testing is required for M1
equi prent .

Add any additional requirenents as necessary.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Equi pnent and conponents designated as [MC-1 (Mssion Critical Level 1)]
Desi gnated Seism c Systenms required to remain operational after an

eart hquake will be seismc qualified by shake table testing conforming to
| CC ES AC156 Shake Tabl e Test procedures. The nmanufacturer is to provide
a certification by a fully qualified testing agency for the specific

equi prent and/ or components. Prequalified certifications are acceptable
unl ess noted otherwi se.[ Seismc conponent qualification docunentation
for each piece of equipment must contain the information required in

UFC 3-301-02, Section 2-17.2.5 Conponent Qualification Docunentation.]

M scel | aneous conponents that are required to be certified nust bear

per manent nmarki ng or nanepl ates constructed of a durable heat and water
resistant naterial. Naneplates nust be nechanically attached to such
nonstructural conmponents and pl aced on each conponent for clear
identification. The naneplate nust not be less than 5 inches x 7 inches
with red letters 1 inch in height on a white background stating "Certified
Equi prent." The follow ng statenment nust be on the naneplate: "This
equi pment/ conponent is certified. No nodifications are allowed unless
aut hori zed in advance and docunented in the Equi prent Certification
Docurmentation file." The naneplate nust al so contain the conponent
identification number in accordance with the draw ngs/specifications and
t he O&M manual s.

7 SPECI AL | NSPECTI ON FOR SEI SM C- RESI STI NG SYSTEMS AND EQUI PMENT

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Include this paragraph only for special

i nspection of seismc-resisting systens that serve
Ri sk Category V Structures; designated seismc
systenms and equi pnent per |BC 1705.12.4; and storage
racks per I1BC 1705.12.7. The designer nust indicate
on the drawings all locations and all features for
whi ch special inspection is required. This includes
i ndicating the |locations of all structural
conponents and connections requiring inspection

Desi gnated Seism c Systens are required to be
operational after a design earthquake. MC1

equi prent and conponents nust be fully operable

i Mmediately after a seismic event. MC2 equi pnent
and conmponents nust be repairabl e and operabl e
within 3 days after a seismc event. This paragraph
will be applicable to both new buil di ngs desi gned
according to UFC 3-301-01 SEI SM C DESI GN FOR

BUI LDI NGS, and to existing building seismc

rehabilitati on designs.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
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Perform speci al inspections for seismc-resisting systens, equipnment and
conponents [for structures assigned to Ri sk Category V;] designated
seism c systems and equi pnent per | CC |IBC 1705.12.4; and storage racks per
| CC I BC 1705.12.7. Periodic special inspections will be conducted on
m scel | aneous equi pnment as required by Section 1705.12 of the
I nternational Building Code and paragraph 2-2.4.3 of UFC 3-301-01

Provide a Statenent of Special |nspections and Final Report in accordance
wi t h paragraph 2-2.4.3 of UFC 3-301-0L1.

-- End of Section --
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