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SECTI ON 23 05 48. 19

[ SEI SM C] BRACI NG FOR HVAC
05/ 18, CHG 2: 08/ 20

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 seisnic protection of nechanica
equi pment, ductwork, building piping, and exterior
utilities.

Thi s gui de specification also covers all HVAC
bracing requirenents for antiterrorism protection
from equi pnment falling on building occupants in
accordance with UFC 4-010-01 DoD M ni mum
Antiterrorism Standards for Buil di ngs.

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 HVAC 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 HVAC
braci ng and seismc protection requirements will
require the specification to be edited such that the
nost stringent of both requirenments 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)

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
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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 and
vertical forces induced by earthquakes for
nmechani cal equi pment and systens descri bed herein
The design seismic |ateral and vertical forces are
in addition to the "nornmal" gravity forces (weight)
acting on the conponents of a system This guide
specification will be used in conjunction with
Section 22 05 48.00 20 MECHANI CAL SOUND, VI BRATI ON
AND SEI SM C CONTROL, 26 05 48 SEI SM C PROTECTI ON FOR
ELECTRI CAL EQUI PMENT, 01 45 35 SPECI AL | NSPECTI ONS
and 13 48 73 SEI SM C CONTROL FOR M SCELLANEQUS

EQUI PMENT

Seismi c protection design for anchorage and braci ng
of all HVAC will be based on UFC 3-301-01 Seismc
Design for Buildings for RCI, Il, IIl, and IV
facilities, UFC 3-301-02 for RC V facilities, and
UFC 4-010-01 DoD M ni mum Antiterrori sm Standards for
Bui | di ngs.

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 Oficer will "accept"
t he design but the registered engi neer (Engineer of
Record) will have final responsibility for the

adequacy of the structural nmenbers and their
connecti ons.

2) Hire 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
nmenbers 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 equipment is
acqui red. The structural engineer should be retained
during the construction phase to review seisnic
braci ng shop drawi ngs and performfield inspections
as part of the final responsibility.

3) Performthe design in house, in which case the
CGovernnment designer will have final responsibility
for the adequacy of the structural nenbers and their
connections. One of the disadvantages of this
approach may be that the actual equi prent

di mensi ons, wei ghts and nmounting details nmay not be
known until the equi pnent is acquired. The
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CGover nment desi gner should be retai ned during the
construction phase to review seisnic bracing shop
drawi ngs and performfield inspections as part of
the final responsibility.

Regardl ess of who perforns the design, this section
properly edited, must be included in the
construction docunents to allow the Contractor to

install the seismc protection features.
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

1.1 REFERENCES

EE R R R S I R I R I R I R S R R R R O S R R S R R R R 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 (RI 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.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

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.

AMERI 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-lInstalled
Adhesi ve Anchors in Concrete (ACH 355.4)
and Coment ary
AMERI CAN | NSTI TUTE OF STEEL CONSTRUCTI ON (Al SC)
Al SC 325 (2017) Steel Construction Manua
AMERI 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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AMERI CAN WATER WORKS ASSCCI ATI ON ( AWM

AWM C105/ A21.5

AWM Cl116/ A21. 16

AWM C153/ A21. 53

AWM C213

(2018) Pol yet hyl ene Encasenent for
Ductile-lron Pipe Systens

(2015) Protective Fusion-Bonded Coatings
for the Interior and Exterior Surfaces of
Ductile-lron and Gray lron Fittings

(2019) Ductile-Iron Conmpact Fittings for
Water Service

(2022) Fusi on-Bonded Epoxy Coatings and
Linings for Steel Water Pipe and Fittings

ASTM | NTERNATI ONAL ( ASTM

ASTM A36/ A36M

ASTM A53/ A53M

ASTM A153/ A153M

ASTM A325

ASTM A490

ASTM A500/ A500M

ASTM A536

ASTM A563

ASTM A603

ASTM D1785

ASTM D2665

ASTM E488/ E488M

(2019) Standard Specification for Carbon
Structural Steel

(2024) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seami 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- For med Wl ded and Seanl ess Car bon
Steel Structural Tubing in Rounds and
Shapes

(1984; R 2019; E 2019) Standard
Specification for Ductile Iron Castings

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

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

(2021) Standard Specification for
Pol y(Vinyl Chloride) (PVC, Plastic Pipe,
Schedul es 40, 80, and 120

(2014) Standard Specification for
Pol y(Vinyl Chloride) (PVC Plastic Drain,
Waste, and Vent Pipe and Fittings

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

ASTM F891 (2024) Standard Specification for
Coextruded Poly (Vinyl Chloride) (PVQ
Plastic Pipe with a Cellular Core

ASTM F1554 (2020) Standard Specification for Anchor
Bolts, Steel, 36, 55, and 105-ksi Yield
Strength

FEDERAL EMERGENCY MANAGEMENT ACENCY ( FEMA)

FENVA P-414 (January 2004) Installing Seismc
Restraints for Duct and Pipe

| CC EVALUATI ON SERVICE, INC. (I CC ES)
| CC ES AC156 (2012) Acceptable Criteria for Seismc
Certification by Shake-Tabl e Testing of
Nonst ruct ural Conponents

| CC ES AC193 (2012) Acceptance Criteria for Mechanical
Anchors in Concrete El enents

| NTERNATI ONAL CODE COUNCI L (1 CO)

I CC I BC (2024) International Building Code
METAL FRAM NG MANUFACTURERS ASSQOCI ATI ON ( MFVA)

MFMVA- 4 (2004) Metal Fram ng Standards Publication
NSF | NTERNATI ONAL ( NSF)

NSF/ ANSI / CAN 61 (2022) Drinking Water System Conponents -
Health Effects

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOC! ATI ON
( SMACNA)

SMACNA 1981 (2008) Seismc Restraint Manual Guidelines
for Mechanical Systens, 3rd Edition

U S. DEPARTMENT OF DEFENSE ( DOD)

UFC 3-301-01 (2023; with Change 1, 2023) Structural
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 3, 2024) DoD M ni num

Antiterrorism Standards for Buil di ngs

VI BRATI ON | SOLATI ON AND SEI SM C CONTROL MANUFACTURERS ASSOCI ATl ON
(VI SCVA)

VI SCVA 412 (2014) Installing Seismc Restraints for
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1

1

2

2.

1

Mechani cal Equi prent

SYSTEM DESCRI PTI ON

CGeneral Requirenents

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

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

vi bration isolation systens.

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

Drawi ngs in the SUBM TTALS par agraph. The Engi neer
of Record (EOR) should review the details of these
essential systens and assess their inpact on the
structural supporting system of the essential

buil ding. This also includes Designated Seismnc
Systens that must remain operational after an

eart hquake.

Desi gn done by the Contractor nust be in accordance
with UFC 3-301-01 (UFC 3-301-02 for RC V facilities)
and UFC 4-010-01. Loadings determnm ned using UFC
3-301-01 and UFC 3-301-02 are based on strength
design; therefore, 2015 I BC, ASCE 7-10, and ASCE/ SE
41-13 should be used to design the steel nenbers in
t he braci ng and anchorage systens.

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

Apply the requirements for seismc protection nmeasures described in this

section and on the drawi ngs to the nechani ca

equi prent and mechani ca

systens both inside and outside of the building along with exterior
utilities and systens listed below. \Were there is a conflict
specifications and the draw ngs, the specifications will take precedence.

Accompl i sh resistance to latera

consi deration of friction resulting fromgravity | oads.

2.

2

Mechani cal Equi prment

bet ween t he

forces induced by earthquakes wi thout

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

NOTE: The designer nust ensure that the |list bel ow
i ncludes all nechanical items to be braced. Delete
the items which are not part of the project and add
items which are not included in the Iist.

The lists should be broken out as foll ows:

For mechani cal equi pnment, conponents and systems in
Ri sk Category V structures, the designer should
provide three separate |lists of equipnment and
systenms; non-Mssion Critical (NMC), M ssion
Critical Level 1 (MC1 equipnent and conponents nust
be fully operational imediately after a seismc
event), or Mssion Critical Level 2 (MC-2 equi pnent
and conmponents nust be repairable and operable
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within 3 days after a seisnmc event).

For mechani cal equi pnent, conponents, and systens in
Ri sk Category I, I1l, Ill, or IV structures, two
separate lists of nonstructural systens/conmponents
nmust be provided; conponents/systens with Ip = 1.0
and conponents/systens with Ip = 1.5 (Designated

Sei sm ¢ Systens).

The lists nmust be specific where nore than one li st
i s required.

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

Mechani cal equi pnment to be seismically protected nust include the
following items to the extent required on the drawi ngs or in other
sections of these specifications:

[ EQui prent / Conponents with I p = 1.0]

Boi |l ers and furnaces Storage Tanks for O and Water

VWat er Heaters

Expansi on Air Separator Tanks Val ves and Fittings for Piping
Heat Exchangers Steam fed Kitchen Appliances
Water Chiller Units Thermal Storage Units

Cool i ng Towers, Evaporative Cool ers, Air and Refrigerant Conpressors

and Fluid Coolers

Conmput er Room Air Condi tioners Air Handling Units

Punps with Mtors Lab Scrubbers

Large Commercial Dryers Pol | uti on Control Equi pment

Gas Dryers Split System DX Units

Fl ash Tanks Unit Heaters

Accurul at or Tank Exhaust, Return and M sc. Fans
Gas Cylinders Sol ar Heating and Hot Water Units
Bri dge Cranes and Mbnorails Punps

Air Terminal Units Unitary HVAC Systens

Humi difiers Fan Coil Units
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1

St acks I nstrunmentation and Control for HVAC

Duct Mounted Coils Duct Silencers

[ Equi prrent / 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 Ri sk Category V
Insert edited list here simlar to one above for Ip = 1.0]

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

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

2.3 Mechani cal Systens

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

NOTE: The designer nust ensure that the |list bel ow
i ncludes all piping and mechani cal systenms which are
to be installed or nodified. Delete the itens which
are not part of the project and add itens which are
not included in the Iist.

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

Mechani cal systenms to be seismically protected nust include the foll ow ng
items to the extent required on the drawings or in this or other sections
of these specifications:

[ Mechani cal systems with Ip = 1.0]

a. Al Piping and Ducts Inside the Building Except as Specifically Stated
Bel ow Under "ltems Not Covered By This Section".

b. Chilled Water Distribution Systens Qutside of Buildings.

c. Steam Water, OGIl, Gas and Fuel Piping Qutside of Buil dings.
d. Al Water Supply Systenms CQutside of Buil dings.

e. Stormand Sanitary Sewer Systens CQutside of Buil dings.

f. Al Process Piping Qutside of Buildings.

g. Heat Distribution Systems (Supply, Return, and Condensate Return)
Qut si de of Buil di ngs.

h. Condenser Water and Refrigerant Piping Qutside the Buil ding.
i. Pneumatic Tube Distribution System Qutside of Buildings.

j. Cold Storage Refrigeration Systens Qutside of Buildings.

k. Fuel Storage Tanks Qutside of Buil dings.

. Water Storage Tanks Qutside of Buil dings.

m  Ductwork Qutside of Buildings.

n. Stacks.
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o. [__ 1]

[ Mechani cal systems with Ip = 1.5 (Designated Seisnmic Systemns)

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

[Non-M ssion Critical (NMC) Mechanical Systens in Ri sk Category V
Insert edited list here simlar to one above for Ip = 1.0]

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

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

1.2.4 Contractor Designed Bracing

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: 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 systens to receive seisnc

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.

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

Prof essi onal Structural Engineer. Calculations nmust verify the capability
of structural menbers to which bracing is attached for carrying the | oad
fromthe brace. Design the bracing in accordance with UFC 3-301-01, [

UFC 3-301-02], UFC 4-010-01 and additional data furnished by the
Contracting O ficer. Resistance to lateral forces induced by earthquakes
nust be acconplished w thout consideration of friction resulting from
gravity loads. UFC 3-301-01 uses paraneters for the building, not for the
equi prent in the building; therefore, corresponding adjustments to the
formul as nust be required. Loadings determ ned using UFC 3-301-01 are
based on strength design; therefore, AISC 325 Specifications nust be used
for the design. The bracing for the nechanical equi pnent designated in
paragraph 1.2.2 and systens designated in paragraph 1.2.3 nust be

devel oped by the Contractor.

[ Provi de docunentation of an independent design review for m ssion
critical (MJ) equiprent bracing design. Docunentation nust be signed by
t he i ndependent reviewer who nmust also be a registered structura

engi neer. ]

1.2.5 Itens Not Covered By This Section
1.2.5.1 Fire Protection Systens

Install seismic protection of piping for fire protection systens as
specified in Sections 21 30 00 FIRE PUWS, 21 13 13 WET Pl PE SPRI NKLER
SYSTEMS, FI RE PROTECTION, 21 13 16 DRY PI PE SPRI NKLER SYSTEMS, FI RE
PROTECTI ON, 21 13 18 PREACTI ON SPRI NKLER SYSTEMS, FI RE PROTECTI ON, and
21 13 24.00 10 AQUEQUS FI LM FORM NG FOAM ( AFFF) FI RE PROTECTI ON SYSTEM

1.2.5.2 Itens Requiring No Seismc Restraints

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: Retain only those itens found in the project
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1

for this Iist of pipes and ducts that do not require
seismc restraints. For facilities designated as
critical, hazardous, or essential with Ip greater
than 1.0 or Mssion Critical MC Level 1 or 2, delete
or edit exceptions for piping and ducts which will
require seismc restraint.

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

Seismc restraints are not required for the following itens:

a.

b

Gas piping less than 25 mm 1 inch noni nal pipe size.

Pi ping in boiler and nechani cal equi pnrent roons |less than 32 mm 1-1/4
i nches nom nal pipe size.

Al'l other piping equal to or less than 80 nr 3 inches nom nal pipe
si ze.

Rectangul ar air handling ducts | ess than 0.56 square neters 6 square
feet in cross sectional area.

Round air handling ducts less than 711 nm 28 inches in dianeter

Pi pi ng suspended by individual hangers 300 mr 12 inches or less in
length fromthe top of pipe to the bottomof the supporting structura
nmenber where the hanger is attached, except as noted bel ow.

Ducts suspended by hangers 300 nmr 12 inches or less in length fromthe
top of the duct to the bottom of the supporting structural nenber,
except as noted bel ow.

In exenptions f. and g. all hangers must neet the length requirenents. |f
the Iength requirement is exceeded by one hanger in the run, brace the
entire run. Seismcally protect interior piping and ducts not |isted
above in accordance with the provisions of this specification

Non-critical itenms nmay require seismc restraints if adjacent to critica
equi pnment or systens that nust renain operational after an earthquake and
could be conpronised by inpact with non-critical adjacent components.

3

SUBM TTALS

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: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following Iist, and correspondi ng submtta

items in the text, to reflect only the submttals
required for the project. The Guide Specification
technical editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submttal 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 gnhated Seism c Systens and Mssion Critica
Systens that must remain operational after an

eart hquake.
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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 Arnmy 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 O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

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

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

Covernment approval is required for submttals with a "G' or "S"
classification. Subnmittals not having a "G' or "S" classification are for
Contractor Quality Control approval. Subnittals not having a "G' or "S"
classification are for information only. Wen used, a code follow ng the
"G' classification identifies the office that will review the submttal
for the Governnent. Submit the followi ng in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs

Coupl i ng and Braci ng

Fl exi bl e Couplings or Joints

Equi prent Restrai nt

Contractor Designed Bracing; C, | ]

SD- 03 Product Data

Coupling and Bracing; G [__ ]

Fl exi bl e Couplings O Joints; G [ ]
Equi prent Restraint; G [__ ]
Contractor Designed Bracing; G [_ ]
Snubber s

Anchor Bolts

Vi bration |solators
SD- 05 Design Data

Desi gn Cal cul ati ons

SD-06 Test Reports
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Anchor Bolts; G [ ]

PART 2 PRODUCTS

2.

2.

1 GENERAL DESI GN REQUI REMENTS

Submit detailed seisnic restraint draw ngs for nechani cal equi prent, duct
systens, piping systems and any ot her nechani cal systenms along with

cal cul ations, catalog cuts, tenplates, and erection and installation
details, as appropriate, for the itens |listed below. Indicate thickness,
type, grade, class of netal, and di nensions; and show construction
details, reinforcenment, anchorage, and installation with relation to the
buil di ng construction. Calculations nmust be stanped, by a registered
structural engineer, and verify the capability of structural nenbers to
whi ch bracing is attached for carrying the load fromthe brace. Include
drawing for Mssion Critical Equipment indicating the equipnent |ocation
inthe facility sufficient to be used for the installation. Design nust
be based on actual equi pnment and systemlayout. Design must include

cal cul ated dead | oads, static seisnmc |oads and capacity of materials
utilized for the connection of the equiprment or systemto the structure.
Anal ysi s nmust detail anchoring nethods.

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

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 EQUI PMENT RESTRAI NT

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 Braci ng does not guarantee that the
equi prent itself is rugged enough to survive

eart hquake shaking. Wen a piece of equipnent is
required to renmmi n operational after an earthquake,
i ncl ude paragraph 3.11 Special Testing for Seisnic
Resi sting Equi pnent. Roof nounted equi pment is
especi ally vul nerable due to building sway during
sei snic event.

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

Equi pnrent nust be rigidly or flexibly mounted as indicated in the
speci fications and/ or draw ngs depending on vibration isolation
requi renents as foll ows bel ow

Roof nounted equi pnent such as cooling towers and condensers, both

vi bration isolated and noni sol ated, must have support nenbers desi gned and
anchored to building structural steel or concrete as required for seisnic
restraint and wi nd | oads.

2.1 Ri gi dly (Base and Suspended) Mounted Equi prent

HVAC equi pnent furni shed under this contract nust be [rigidly nounted]
[rigidly mounted using cast-in-place anchor bolts or post-installed
anchors] that are qualified for earthquake | oading in accordance wth

ACl 355.2 and ACI 355.4. Anchor bolts must conformto ASTM F1554. For
any rigid equi pnrent which is rigidly anchored, provide flexible joints for
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2.

pi pi ng, ductwork, electrical conduit, etc., that are capabl e of
accommmodat i ng di spl acenents equal to the full width of the joint in both
ort hogonal directions. Suspended equi pnent bracing attachnments shoul d be
| ocated just above the center of gravity to mnimze swinging. Use the
rati o of the overturning moment fromseismc forces to the resisting
nonent due to gravity loads to deternmine if overturning forces need to be
considered in the sizing of anchor bolts. Provide calculations to verify
t he adequacy of the anchor bolts for conbi ned shear and overturning.

Roof nounted HVAC equi pnent roof curbs, fram ng and attachnment to

equi prent and structure nmust be designed and braced to w thstand seismc

| oads. [Mssion critical base nounted and suspended equi pnment for Risk
Category (RC) V,] Designated Seisnic Systens (DSS) assigned to Seisnic
Design Category (SDC) C, D, E, or F and Ri sk Category |V conponents needed
for continued operation after an earthquake nmust have two nuts provided on
each anchor bolt.

. 2.2 Nonrigid or Flexibly-Munted Equi prent

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

NOTE: Coordinate this section with Section
22 05 48.00 20 MECHANI CAL SOUND, VI BRATI ON, AND
SEI SM C CONTROL.

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

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

equi prent fromthe static deflection point is 6 mMm1/4 inch. Equi prent
flexibly nounted on vibration isolators nust have a bunper restraint or
snubber in each horizontal direction and vertical restraints nust be

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 nmust be used between the bunper
and conmponents to linmt the inpact |oad. 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 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.
Housed springs nust not be used for seismic restraint applications because
t hey cannot resist uplift.

.3 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 i n accordance
wi th ASTM A153/ A153NV when used under ground or exposed to weat her

4 FLEXI BLE JO NTS

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

NOTE: Designer should include reference to other
speci fication sections containing provisions for
pi pe pressure and tenperature ratings, if deenmed
necessary.

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
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Fl exi bl e joints nmust have sane pressure and tenperature ratings as
adj oi ni ng pi pe. Braided hoses must not be used where there is torsiona
or axial novement unless manufacturer allows it.

2.4.1 Brai ded Hose Expansi on Joi nt

Brai ded hose expansion joint(s) nust be installed in the |ocations

i ndi cated on the drawi ngs and as required to acconmpdate any therna
expansi on, contraction or seismc novenent of the piping system Joints
must consist of two parallel sections of corrugated netal hose, conpatible
brai d, and 180 degree return bend with inlet and outlet connections. Field
fabricated | oops are not acceptable. Braided hose expansion joint(s) mnust
be installed in the |locations indicated on the drawings and as required to
accommodat e any thernal expansion, contraction or seismc novenent of the
pi pi ng system Joints rmust consist of two parallel sections of corrugated
nmetal hose, conpatible braid, and 180 degree return bend with inlet and
outl et connections. Field fabricated | oops nust not be acceptable.

Brai ded hose in a 60 degree flexible V |oop arrangement nust be used for
snal | di aneter pipe connections to coils in variable-air-volune
(VAV)term nal units and fan coil units installed in suspended ductwork
whet her braced or unbraced.

Al'l braided hose expansion joints nust be nanufactured in accordance wth
t he docunented manufacturers weld procedure specifications. The procedure
qualification record nust be used to docunent the execution of this
procedure and rust follow the general "guidelines" of ASME Section |IX
Each i ndivi dual wel der nust conformto the in-house procedure
qualification record and be qualified prior to each production lot. The
testing of each individual welder must be docunmented in a welding
procedure qualification record.

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 would typically select Type 304
stainl ess steel for nmost applications including
chilled water, condenser water, heating hot water
and steam Bronze with applicable certifications
woul d typically be selected for potable water and
fuel oil service. Type 316 and 321 stainless stee
woul d typically be selected for highly corrosive
fluids or surroundi ng environment.

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

2.4.1.1 Cor rugat ed Hose

Corrugat ed hose nmust be [Type [304] [321] [316] stainless steel] [bronze].
Brai d nmust be [Type 304 stainless steel for any series 300 stainless stee
hose] [bronze for any bronze hose]. Fittings materials of construction and
end fitting type nust be consistent with pipe naterial and equi pnent/ pipe
connection fittings. Copper fittings nust not be attached to stainless

st eel hose.

2.4.1.2 Fl exi bl e Hose Expansi on Loops

Fl exi bl e hose expansi on | oops nmust have a factory supplied, hanger /
support lug | ocated at the bottom of the 180deg return. [Flexible hose
expansi on | oop(s) must be furnished with a plugged FPT to be used for a
drain or air release vent.] Flexible hose expansion |oop(s) nust be rated
wi th an operating pressure which is the sane as the adjoi ning pipe. The
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operating pressure must be based on burst pressure with a 4 to 1 safety
factor. [For steam service, the operating pressure nust be based on burst
pressure with a 8 to 1 safety factor.]

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: Fl exi bl e expansion joint suitable for |iquids
under pressure conpatible with naterial and pressure
rating of joint.

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

2.4.2 Doubl e Ball Fl exi bl e Expansi on Joi nt

Install flexible expansion joints nmanufactured of ductile iron conform ng
to the material requirenents of ASTM A536 and AWM C153/ A21.53 in the

| ocations indicated on the drawi ngs. Provide foundry certification of

mat eri al upon request. Each flexible expansion joint nust be pressure
tested prior to shipment against its own restraint to a mni mum of 350 ps
(250 psi for flexible expansion joints 2 inch and 30 i nches di aneter and
larger.) A mininum2:1 safety factor, determned fromthe published
pressure rating, nmust apply. Factory Miutual Approval for the 3 inch
through 12 inch sizes is required. Each flexible expansion joint nust
consi st of an expansion joint designed and cast as an integral part of a
bal | and socket type flexible joint, having a m ni mum per ball deflection
of: 20°, 2" - 12"; 15°, 14" - 36"; 12°, 42"-48" and 4-inches m ni mum
expansi on. Additional expansion sleeves nust be avail able and easily added
or renoved at the factory or in the field. Both standardi zed mechanica
joint and flange end connecti ons rmust be avail abl e.

2.4.2.1 I nternal Surfaces

Line all internal surfaces (wetted parts) with a mninmmof 15 mls of

fusi on bonded epoxy conformng to the applicable requirements of AWM C213.
Seal i ng gaskets must be constructed of EPDM The coating must neet

NSF/ ANSI / CAN 61.

2.4.2.2 Exterior Surfaces

Coat exterior surfaces with a mninmumof 6 mls of fusion bonded epoxy
conforming to the applicable requirenents of AWM C116/ A21.16. Include
appropriately sized pol yet hyl ene sl eeves, neeting AWM CL05/ A21.5, for
direct buried applications.

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: Fl exi bl e expansion joint gravity drain
(non-pressurized) suitable for sanitary drain, waste
and vent applications.

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

2.4.3 Doubl e Ball Fl exible Expansion Joint Gavity Drain (Non-Pressurized)

Fl exi bl e expansion joints gravity drain nmust be installed in the |ocations
i ndi cated on the draw ngs and rmust be manufactured of pvc. Al connections
whet her sol vent wel d or nechani cal must be restrained to all ow novenent to
be transferred to expansion joint. Each ball nust allow up to 15 degrees
def | ecti on.

End connection outside dianeters nust be conpatible with ASTM D1785,
ASTM D2665 and ASTM F891 PVC pi pe and are to be sol vent wel ded.
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2.

2.

5 SWAY BRACI NG MATERI ALS

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: Select Cass C galv coating for wire rope
where used in coastal environnent.

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

Material 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 pre-stretched. [Class B galv coating][Cass C
galv coating] Ferrule clanps nmust be qualified by testing for use in
seismc applications per VISCVA 412. A m nimum of two clanps are
requi red on each end of wre rope.

c. Tubes, ASTM A500/ A500V, Grade B.
d. Pipes, ASTM A53/ A53V, G ade B.
e. Angles, ASTM A36/ A36M\.

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

6 MULTI DI RECTI ONAL SEI SM C SNUBBERS

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: Details of nultidirectional seisnic snubbers
will be shown in drawi ngs if paragraph is retained.

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

Install nultidirectional seisnic snubbers enploying el astonmeric pads on
[floor- or slab-munted equi prent] [and] [l arge piping] as detailed on
drawi ngs. These snubbers nust provide 6 mr 1/4 inch free vertical and

hori zontal movenent fromthe static deflection point. Snubber medi um nust
consi st of multiple pads of cotton duct and neoprene or other suitable

mat eri al s arranged around a flanged steel trunnion so both horizontal and
vertical forces are resisted by the snubber medi um

PART 3 EXECUTI ON

3.

1 COUPLI NG AND BRACI NG

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: Unl ess otherw se determ ned by the
Contracting Oficer, A E designs nust include

conpl ete seismic details show ng coupling

requi renents. Governnent designer should furnish
coupling details for Contractor designed systens if
required by the project.

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

a. Subnit detail draw ngs, as specified here and throughout this
specification, along with catalog cuts, tenplates, and erection and
installation details, as appropriate, for the itens |isted.
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3.

Submittals rmust be conplete in detail; nust indicate thickness, type,
grade, class of netal, and dinensions; and nust show construction
details, reinforcement, anchorage, and installation with relation to
t he buil ding construction.

b. Provide coupling installation conforming to the details shown on the
drawi ngs. Provisions of this paragraph apply to all piping within a
1.5 m 5 foot line around outside of building unless buried in the
ground. Piping grouped for support on trapeze-type hangers mnust be
braced at the nost frequent interval as determ ned by applying the
requi renents of this specification to each piping run on the comon
support.

c. Size bracing components as required for the total |oad carried by the
conmon supports. Bracing rigidly attached to pipe flanges, or
simlar, nust not be used where it would interfere with thermal
expansi on of pi ping.

d. Adjust isolators and restraints after piping systens has been filled
and equipnent is at its operating weight, follow ng the manufacturer's
written instructions.

e. Install cables at a 45-degree slope. Were interference is present,
the sl ope may be ninimum of 30 degrees or a nmaxi num of 60 degrees per
VI SCVA 412.

2 BUI LDI NG DRI FT

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: Refer to Section 13 48 73 SEI SM C CONTROL FOR
M SCELLANEQUS EQUI PMENT to determ ne the expected
drift of the building. Insert the expected drift
ratio (in terns of deflection per unit of height) in

t he bl ank space.
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

Provi de joints capabl e of accomvpdating seism c displacenents for vertica
pi pi ng between fl oors of the building, where pipes pass through a building
seism c or expansion joint, or where rigidly supported pipes connect to
equi prent with vibration isolators. Provide horizontal piping across
expansion joints to accomobdate the resultant of the drifts of each

buil ding unit in each orthogonal direction. For threaded piping, provide
swing joints made of the sane piping material. For piping with

manuf actured ball joints the seismic drift rmust be [0.015] | ] nmeters
per neter feet per foot of height above the base where the seismc
separation occurs; this drift value nmust be used in place of the expansion
given in the manufacturer's selection table.

.3 FLEXI BLE COUPLI NGS OR JO NTS

. 3.1 Bui | di ng Pi pi ng

Provide flexible couplings or joints in building piping at bottom of al
pipe risers for pipe larger than 90 mr 3-1/2 inches in diameter.

Laterally brace flexible couplings or joints without interfering with the
action of the flexible coupling or joint. Cast iron waste and vent piping
need only conply with these provisions when caul ked joints are used.

Fl exi bl e bell and spigot pipe joints using rubber gaskets may be used at
each branch adjacent to tees and el bows for underground waste piping
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3.

3.

3.

i nside of building to satisfy these requirenents.

3.2 Under gr ound Pi pi 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: This paragraph may not be required for sone
Sei sm ¢ Design Category structures. The designer
wi Il coordinate the requirenments for seismc

i solation of piping with the structural and civil
design drawings to locate flexible connections as
required.

The amount of annul ar space will depend on the
stiffness of the foundation assenbly and of the
surroundi ng soil, and the distance between the
foundati on wall and the point outside the building
where the pipe is considered to be restrained. The
geot echni cal engineer will determne the pipe |ength
necessary to provide fixity. As an approximtion, a
value of 76 mm 3 inches woul d be necessary for a
pi pe penetration in a one-story basenent in soft

soil.
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

Install flexible coupling in underground piping and 100 mr 4 inch or

| arger conduit, except heat distribution system where the piping enters
the buil ding. Provide couplings that accomvpdate | ] mr inches of
rel ati ve novenent between the pipe and the building in any direction.
Provi de additional flexible couplings where shown on the draw ngs.

4 Pl PE SLEEVES

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 will determ ne the anmount of

di fferential nmovenent of piping at pipe sleeves
passi ng through non-fire rated walls and partitions
and will indicate on the draw ngs the anount of

cl earance required between the pipe and the sleeve
based on defl ection of the pipe between sway braces
on either side of the wall.

The desi gner shoul d avoi d pi pe penetrations through
fire rated assenblies.

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

Si ze pipe sleeves in interior non-fire rated walls as indicated on the
drawi ngs to provide clearances that will pernmt differential nmovenent of
pi pi ng without the piping striking the pipe sleeve. Pipe sleeves in fire
rated walls must conformto the requirenents in Section 07 84 00

FI RESTOPPI NG

5 SPREADERS

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

NOTE: Refer to UFC 3-301-01 for gui dance on
separ ati on between pi pes and requirenents for

spreaders.
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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Provi de spreaders between adjacent piping runs to prevent contact during
seism c activity whenever pipe or insulated pipe surfaces are | ess than
[100] [ 1] my [4]] ] inches apart. Apply spreaders at sane interva
as sway braces at an equal distance between the sway braces. |If rack type
hangers are used where the pipes are restrained fromcontact by mounting
to the rack, spreaders are not required for pipes nounted in the rack
Apply spreaders to surface of bare pipe and over insulation on insulated
pi pes utilizing high-density inserts and pipe protection shields in
accordance with the requirenents of Section 23 07 00 THERMAL | NSULATI ON
FOR MECHANI CAL SYSTEMS

.6 SWAY BRACES FCR PI PI NG

Provi de sway braces to prevent novenent of the pipes under seisnmic

| oadi ng. Provide braces in both the |ongitudinal and transverse
directions, relative to the axis of the pipe. Provide sufficient braces
for equi pnent to resist a horizontal force as specified in U-C 3-301-01]
UFC 3-301-02] without exceeding safe working stress of bracing
conponents. Provide bracing that does not interfere with thernal
expansi on requirenents for the pipes as described in other sections of

t hese specifications. For seismc analysis of horizontal pipes, the

equi val ent static force should be considered to act concurrently with the
full dead | oad of the pipe, including contents.

.6.1 Transverse Sway Bracing

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: Piping can be either rigid or flexible.

Ri gid piping has a period of vibration of 0.06
seconds or less. Piping systens with spacing

bet ween braces that exceeds all owabl e spacing for
rigid piping will be deened flexible and will be
desi gned accordingly.

The desi gner shoul d provide requirenents for bracing
PVC pi pes.

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

Provi de transverse sway bracing for steel and copper pipe at intervals not
to exceed those shown on the drawings. All runs (length of pipe between
end joints) nust have a mini num of transverse bracing at each end.

Provi de transverse sway bracing for pipes of materials other than steel
and copper at intervals not to exceed the hanger spacing as specified in
Section 22 00 00 PLUMBI NG, GENERAL PURPCSE

6.2 Longi t udi nal Sway Braci ng

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: Locate |ongitudi nal sway braces on the
drawi ngs for systens subject to thermal expansion
because indi scrim nate placenent of sway braces may

interfere with expansion requirenents.
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

Provi de | ongitudi nal sway bracing at 12 m 40 foot intervals unless
otherwi se indicated. Al runs (length of pipe between end joints) nust
have one | ongitudi nal brace m nimum Construct sway braces in accordance
with the drawings. Do not use branch lines, walls, or floors as sway

br aces.
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6.3 Vertical Runs

Run is defined as | ength of pipe between end joints. Do not brace
vertical runs of piping no nore than 3 m 10 foot vertical intervals.
Braces for vertical runs nust be above the center of gravity of the
segnent being braced. Flexible couplings should be provided at the
bottons of risers for pipes larger than 3.5 in. (89 nm in dianeter.

Fl exi bl e coupli ngs and expansion joints should be braced laterally and

| ongi tudinally unless such bracing would interfere with the action of the
couplings or joints. Wen pipes enter buildings, flexible couplings should
be provided to allow for relative novenent between the soil and buil di ng.
Construct all sway braces in accordance with the drawings. Attach sway
braces to the structural system Do not connect to branch lines, walls,
or floors.

.6.4 G anps and Hangers

Apply clanps or hangers on uninsul ated pipes directly to pipe. Insulated
pi pi ng nust have cl anps or hangers applied over insulation in accordance
with Section 23 07 00 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS

Hanger rod stiffener angle or strut bracing nust be securely attached by a
series of attachnent clanps manufactured froma one piece netal stanping
and nust include all require attachnment hardware and | ocking nuts.
Attachnment clanps made from al um num or cast iron nust not be used in
seismc applications. Do not weld vertical braces to hanger rods.

.7 SWAY BRACES FOR DUCTS

7.1 Braced Ducts

Provi de bracing details and spacing for rectangular and round ducts in
accordance with SVACNA 1981. However, the design seisnic |oadings for
these itens must not be | ess than | oadi ngs obtained using the procedures
in UC 3-301-01[ UFC 3-301-02]. Bracing nust not attach to duct joints.
Use shortest screws possible when penetrating ductwork to mnimze airflow
noi se inside duct.

.7.2 Unbr aced Ducts

Attach hangers for unbraced ducts to the duct within 50 mr 2 inches of the
top of the duct with a mininumof two #10 sheet netal screws in accordance
with FEMA P-414. Use shortest screws possible when penetrating ductwork
to mnimze airflow noise inside duct. Install unbraced ducts with a 150
nr 6 inch m nimum cl earance to vertical ceiling hanger wres.

.8  EQUI PMENT

.8.1 Cener al

Ensure housekeepi ng pads have adequate space to nmount equi prent and
seismc restraint devices all owi ng adequate edge di stance and enmbednent
depth for restraint anchor bolts. ldentify position of reinforcing stee

and ot her enbedded itens prior to drilling holes for anchors. Do not dril
holes in concrete or masonry until concrete, nortar, or grout has achieved
full design strength. Install neoprene gromet washers or till the gap

wi th epoxy on equi pnent anchor bolts where cl earance between anchor and
equi prent support hol e exceeds 0. 125 inches.
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3.8.2 Controls

Ensure that controls for critical equi pnent that nust remain operationa
after an earthquake are certified per paragraph 3.11 SPECI AL TESTI NG FOR
SEl SM C- RESI STI NG EQUI PMENT and are served by energency power as required.

3.9 ANCHOR BOLTS
3.9.1 Cast-in-Place Anchor Bolts

Use tenplates to locate cast-in-place bolts accurately and securely in
formwrk. Anchor bolts nust have an enbedded straight | ength equal to at

| east 12 tines nomi nal diameter of the bolt. Anchor bolts that exceed the
normal depth of equi pnent foundation piers or pads must either extend into
concrete floor or the foundation or be increased in depth to acconmodat e
bolt I engths.

3.9.2 Drilled-1n Anchor Bolts

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: Verify if restrictions exist on the type of
drilling equiprment to be used for the project.
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Drill holes with rotary inpact hamrer drills Drill bits must be of

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

el ectrical and tel ecommunications conduit, and gas |ines. Unless

ot herwi se specified, do not drill holes in concrete or nmasonry unti
concrete, nmortar, or grout has achieved full design strength. Perform
anchor installation in accordance with manufacturer instructions.

3.9.2.1 Wedge Anchors, Heavy-Duty Sl eeve Anchors, and Undercut Anchors

Protect threads from danage 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 wench. Follow ng attainnent of 10% of the specified torque, 100%
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

3.9.2.2 Cartridge Injection Adhesive Anchors

Where approved for seismic application, clean all hol es per nanufacturer
instructions to renove | oose material and drilling dust prior to
installation of adhesive. |nject adhesive into holes 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
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recomendati ons to ensure proper mxing of adhesive conponents.
Sufficient adhesive nust be injected in the hole to ensure that the
annular gap is filled to the surface. Renove excess adhesive fromthe
surface. Shimanchors with suitable device to center the anchor in the
hole. Do not disturb or |oad anchors before manufacturer specified cure
ti me has el apsed.

3.9.2.3 Capsul e Anchors

VWhere approved for seismc application, performdrilling and setting
operations in accordance wi th manufacturer instructions. Cean all holes
to renove | ocose material and drilling dust prior to installation of

adhesi ve. Renmove water fromdrilled holes in such a manner as to achieve a
surface dry condition. Capsule anchors nust be installed with equi prent
conform ng to manufacturer recomrendations. Do not disturb or |oad
anchors before manufacturer specified cure tinme has el apsed.

oserve manuf acturer reconmmendations with respect to installation
tenperatures for cartridge injection adhesive anchors and capsul e anchors.

3.10 ANCHOR BOLT TESTI NG
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NOTE: Expansion and chenically 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 | 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.
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Test in place expansion 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.

3.10.1 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
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Performtorque wench testing on not |ess than [50] [ ] percent of the
total installed applied torque expansi on anchors and at |east [one anchor]
[l ] anchors] for every piece of equipnment containing nore than [two]

[ ] anchors. The test torque rmust equal the m ninum required
installation torque as required by the bolt nanufacturer. Calibrate
torque wenches at the beginning of each day the torque tests are
performed. Recalibrate torque wenches for each bolt dianeter whenever
tests are run on bolts of various dianeters. Apply torque between 20 and
100 percent of wench capacity. Reach the test torque w thin one half
turn of the nut, except for 9 nr 3/8 inch sleeve anchors which must reach
their torque by one quarter turn of the nut. |f any anchor fails the
test, test simlar anchors not previously tested until [20] | ]
consecutive anchors pass. Failed anchors nust be retightened and retested
to the specified torque; if the anchor still fails the test it nust be
repl aced.

3.10.2 Pul | out Testing
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NOTE: Pullout testing is expensive and | abor

i ntensi ve because of the apparatus needed to pull on
t he anchor bolt. Pullout testing determ nes the
tension capacity of the anchor bolt. The anount of
|l oad to be applied can vary between 0.5 to 2 tines
the 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 npbst 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 in shear and close to an edge. Sel ect

percent age of anchors to be tested. Smaller or nore
critical installations may warrant a higher

percent age of anchors to be tested and a greater
penalty for mal functioning anchors.
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Test expansi on and chenically bonded anchors by applying a pullout | oad
using a hydraulic ramattached to the anchor bolt. Testing nust be in
accordance with ASTM E488/ E488N or | CC ES AC193. At least [10] [ ]
percent of each type and size of anchors, but not less than [3] | ]
per day must be tested. Apply the load to the anchor wi thout renoving the
nut; when that is not possible, the nut nmust be renpved and a threaded
coupl er rmust be installed of the sane tightness as the original nut.

Check the test setup to verify that the anchor is not restrained from

wi t hdrawi ng by the baseplate, the test fixture, or any other fixtures.

The support for the testing apparatus nust be at least 1.5 tines the
enbednent | ength away fromthe bolt being tested. Load each tested anchor
to [1] [ ] times the design tension value for the anchor. The anchor
must have no observabl e novenent at the test load. |If any anchor fails
the test, simlar type and size anchors not previously tested nust be
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tested until [10] [ ] percent of those type consecutive anchors pass.
Renove and replace failed anchors. Fill enpty anchor holes and patch
fail ed anchor locations with high-strength non-shrink, nonnetallic grout.

3.11 SPECI AL TESTI NG FOR SEI SM C- RESI STI NG EQUI PVENT
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NOTE: Include this paragraph only for special
testing for seismc-resisting equi pnent and
conponents designated as Mssion Critical Level 1
(MC-1) by the building owner and specified by the
Structural Engineer. MC-1 equipnent and conponents
nmust be fully operable imrediately after a seisnic
event. This paragraph nay also apply to Designated
Seism c System (DSS) (assigned to SDC C thru F)

equi prent and conponents that nust remain
operational after an earthquake to function for life
saf ety purposes or is needed for continued operation
in a Risk Category |V structure.

Thi s paragraph will be applicable to both new
bui | di ngs desi gned according to UFC 3-301-01, UFC
3-301-02, and to existing building seismc
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 MC1
equi prent .

Sone HVAC conponents are consi dered rugged and may
not require special testing such as notors and notor
operators, valves (not in cast-iron housings, except
for ductile cast iron), horizontal and vertica
punps (includi ng vacuum punps), and air conpressors

Add any additional requirenents as necessary.
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Equi pnrent and comnponents (including controls) designated as [MC-1 (M ssion
Critical Level 1] Designated Seisnmic Systens required to renmain
operational after an earthquake will be seismc qualified by shake table
testing confornming to | CC ES AC156 procedures. The manufacturer is to
provide a certification by a fully qualified testing agency for the

speci fic equi pnent and/or conponents. Prequalified certifications are
accept abl e unl ess noted otherwi se.[ Seisnic conmponent qualification
docunent ati on for each piece of equipnment nmust contain the infornmation
required in UFC 3-301-02, Section 2-17.2.5 Conponent Qualification
Docunent ati on. ]

Mechani cal conponents that are required to be certified nmust bear

per manent marki ng or nanepl ates constructed of a durable heat and water
resistant material. Naneplates nmust be mechanically attached to such
nonstructural conponents and placed on each conponent for clear
identification. The namepl ate rmust 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 followi ng statement nmust be on the naneplate: "This

equi pent / conponent is certified. No nodifications are allowed unless

aut hori zed in advance and docunented in the Equi prent Certification
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Docurentation file." The naneplate nust al so contain the conponent
identification number in accordance with the draw ngs/specifications and
t he O&M nmanual s.

3.12 SPECI AL | NSPECTI ON FOR SEI SM C- RESI STI NG SYSTEMS AND EQUI PMENT
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NOTE: Include this paragraph only for special

I nspection of seismc-resisting systens that serve
Ri sk Category V Structures; designated seismc
nmechani cal systenms and equi pnent per |1BC 1705.12. 4;
and pl unbi ng and nechani cal conponents per |BC
1705. 12. 6. The designer must indicate on the

drawi ngs all locations and all features for which
speci al inspection is required. This includes

i ndicating the |locations of all structural
conponents and connections requiring inspection
Desi gnated Seismc Systens are required to be
operational after a design earthquake. MC1

equi pnment and components nust be fully operable

i Mmediately after a seismic event. MC2 equi pnent
and conmponents nust be repairable 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 seisnmc

rehabilitati on designs.
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Perform speci al inspections for seismc-resisting nmechani cal systens,

equi prent and conponents [for structures assigned to Risk Category V]
desi gnat ed mechani cal seisnic systens and equi pnent per | CC | BC 1705. 12. 4;
and pl unbi ng and nechani cal conponents per |CC IBC 1705.12.6. Periodic
speci al inspections will be conducted on mechani cal equi pment as required
by Section 1705.12 of the International Building Code and paragraph 2-5.4
of UFC 3-301-01. Provide a Statement of Special Inspections and Fina
Report in accordance with paragraph 2-2.4.3 of U-C 3-301-01.

-- End of Section --
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