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INTRODUCTION

This guide shows installers how to attach ducts, pipes, and
associated equipment to a building to minimize earthquake
damage. Many attachment examples and arrangements are
presented, including anchors and the use of special devices
called seismic restraint devices.

Seismic restraint devices include vibration isolation systems,
cable or strut suspension systems, roof attachment systems,
and the use of steel shapes.

Please note that this guide does not replace:

e Printed instructions shipped with the equipment.

e Instructions in construction documents and
specifications. Use approved construction documents.

¢ Code-required, industry accepted practices.

e Safety guidelines and practices.

e Orders from your supervisor.

e Seismic restraint device submittals.

Please note that this guide does not include fire protection

sprinkler, smoke and fire stops, or fire detection governed by
local codes and the National Fire Protection Association.

If you have questions about any information in this
guide, check with your supervisor.

This guide contains these sections:

e Bracing Layout and Selection: Organized by duct and
pipe components.

e Bracing Details and Installation: Organized by duct and
pipe components. Gives instructions on installing bracing
in many different arrangements.

e Attachments: Contains instructions on attaching
suspended equipment and attachment details that
typically apply to connecting ducts and pipes to building
structures.

e Anchors: Shows many different types of anchors used to
connect equipment to a building.

e Special Cases: Covers cable assemblies, and special
situations involving seismic joints, valves and valve
actuators.



Introduction
To use this guide:

1. Use the Table of Contents to find the Equipment
section that best represents the equipment you are
installing.

2. Using the table (see example below) in the
Equipment section, find the:

- type of equipment you are installing in column 1
- method of installing the equipment in column 2
- attachment type in column 3.

column 1 column 2 column 3

Typical Equipment How is equipment

to be installed? AT 122

Any type of unit Connected to angles Rigid with angles
mounted to the floor Go to page 53

3. Turn to the page referenced in column 3 for the
equipment/attachment type you have selected.
If you are not sure which attachment type is
correct, ask your supervisor.

4. Follow the instructions for the attachment type you
have selected. These instructions will refer you to
the correct anchor section so you can make the
connection to the building structure.

NOTE: All instructions in this guide are arranged in
order using numbered steps. Please follow every step
in the sequence shown.

Special precautions are marked:

continuing. Read all the information next to a flag

A flag means you should take special care before
P before making the attachment.

A warning sign means you can cause serious

@ damage to the building, the device, or the
equipment if you do not follow the instructions
exactly.

A book means you should refer to the
manufacturer’s printed instructions before
continuing.

Note that a Glossary and an Index are also available to
facilitate use of this guide.

DUCT AND PIPE BRACING LAYOUT

drawings and specifications, seismic restraint
submittals, and manufacturer’s instructions.
Also, refer to the manual that was used to
design the seismic bracing. This manual is
required to be on the job site.

g Be sure to refer to approved construction

Refer to approved construction documents that show the
overall layout of the duct and pipe runs throughout the
building. Normal vertical supports are provided at intervals
as defined in codes and standards. Additional seismic bracing
may be required.

Hanger and bracing locations are found in approved
construction documents. Contact your supervisor to obtain
these construction documents. When additional seismic
bracing is required, follow the steps in this section to identify
where you should place the additional bracing. Then turn to
the page showing the details and installation instructions for
each type of seismic brace.

Exceptions for ducts and piping: Refer to codes and
manufacturer’s manuals.

Refer to adopted local codes for any
F requirements that must be met to exclude
seismic bracing.
Refer to local codes for hanger spacing
P requirements.



Duct and Pipe Bracing Layout Duct and Pipe Bracing Layout

Step 1: Lay out supports or refer to drawings Step 2: Lay out transverse bracing

=TFING OR DUCT
ALY ]

A run is a single straight section of duct or piping. Any At a minimum, transverse bracing must be located at each
change in direction is considered a new or different run. end of the run as shown in Figure 3.
Offsets within a run may be allowed if the offset is less than R o BT e S S
the recommended spacing divided by 16 or as allowed by LPILESS, & DESUGH MAMAL ALLOIVIS & GREATEN VALUE. FOR DUCTS, THE
approved construction documents. TRANEVERSE BRACE MAY BE LOCATED 2 TIMES THE WIGTH AS MEASURED
Separate the layout into runs as shown in Figure 1. T T‘ AL 1
UK 3 ‘ ik
RN 2 |
: | CIE S | THANSVERSE BRACING
AT E&CH EMD
|
|

HORMAL VERTICAL SUPPOATS i X
Figure 3: Locate transverse bracing at the ends.

Step 3: Check to see if additional transverse bracing is

required

Figure 1: Separate layout into runs.

Refer to the bracing manual at the job site.
For bracing a single pipe run, there may be many short
sections of pipe. Single or multiple offsets may be allowed if
the total offset is less than the recommended transverse
spacing divided by 16.

If the length of the run is greater than the allowed
transverse spacing in the bracing manual, add intermediate
transverse bracing until the spacing is correct as shown in

Offsets are shown in Figure 2. Figure 4.

ALk 3
IF THE TOWAL OFFSET IS LESS THAN THE

TRANSVERSE SPACING DIVIOED 8Y 18

|— i RN 2
- B N\

PLAN i ELEVATLON OF PIPE i E ]|
SFHLINDG THESE MAY BE SEVERAL
LESE THAN MORMEAL WIRTICAL SUPFTORTS
HANTHLUM ALLOWED IN BETWEEN BRACING

Figure 2: Pipe offset exception.
Figure 4: Install additional transverse bracing as necessary, to stay
within maximum transverse spacing limitations.



Duct and Pipe Bracing Layout Duct and Pipe Bracing Layout

required on every transverse brace for large
ducts and pipes.

Step 4: Add longitudinal bracing P Sometimes longitudinal bracing may be

Each run must have a minimum of one longitudinal brace

as shown in Figure 5.

INTERMEDLATE
LORGITURAL DRACIRG

NI

ALik 2
[ numi | kY l :
[ " LONGITUDMAL BRACING v 3
' / ".|
A
Figure 5: Add longitudinal bracing as necessary. LT TR T O -‘,7/‘\;.
KD LONGTTUDIMAL BRACING b=
AT 45 DEGREE ANGLES T
Transverse bracing on adjacent runs may be considered the
longitudinal bracing as shown in Figure 6.
9 9 9 Figure 7: Final configuration.
CTE Refer to the manufacturer’s/industry manual
for bracing requirements as designated in
approved construction documents.

i P Refer to Figure 67 (page 63) for optional

— | transverse and longitudinal bracing.
1 “=. THES BRACE PRy BEE OOMSIDERED THE
RS 1 TRANSYIRESE BRALCE OF RUM 1 AND THE
LORIITU DI RAL BRACE OF RUN 2

physically attached to pipe. Attaching clevis-
type hangers are not acceptable.

- ALWIAYS PRIOATTOE A TEENSWEHSE BE&LE
AT THE BMD OF THE RUNK

i

P All longitudinal-only bracing must be

Go to pages 8-15 to select the bracing type for typical

Figure 6: One cost-effective way to rearrange bracing. installations. Bracing details start on page 16.

Longitudinal bracing is usually spaced at a maximum
distance that is two times the transverse spacing. For long
runs, every second transverse brace should also have a
longitudinal brace, as shown in Figure 7

(page 7).



Duct/Pipe/In-line Equipment:

DUCT/ PIPE/IN-LINE EQUIPMENT Duct Bracing Selection

BRACING SELECTION

Using the following table, select the attachment that best
matches the installation you have selected, then turn to the
page listed under the bracing type.

Duct Bracing Selection

Be sure to refer to approved construction
drawings and specifications, seismic restraint
submittals, and manufacturer’s instructions.

Typical How is equipment to .
= - Arrangements be installed? Bracing Type
Step 1: Identify the duct bracing used
Suspended Suspended with rods Suspended
Figure 8 shows the different ways to brace ducts. rectangular duct or figgﬁztfr'ar}g cables Efgt;ng;;er ‘;lgCts
WALL-SCINTED Isolated with rod Vibration-isolated
bl Cot RCOF PEMETRATIONS supports and cable rectangular ducts
bracing Go to page 26
ROIOF- Suspended round Suspended with rods Suspended round
MLLATED duct (including oval | or angles using cables | ducts
duct) orrigid laterals Go to page 28
Isolated with rod Vibration-isolated
. supports and cable round ducts
r L bracing Go to page 39
Floor-mounted Suspended off the Floor-mounted
rectangular and floor with angles ducts
WAL 1 round duct Go to page 41
LA TED k*‘_\n
o :rH'}I.r.-'.-'. A Roof-mounted Suspended above the [Roof-mounted
Lo rectangular and roof with angles ducts
L FLOKIR-HOUNTED ACRIND DLCT round duct Go to page 44
*,R A SUPPORTED
x 5 RECTARGLILA Wall-mounted Supported off the wall | Wall-mounted
; 4 FLCHOR M LT ED rectangular and ducts
£ SUPFCATED round duct Go to page 47
ROUND DUCT
| ¥ \\‘:{ Duct penetrations Ducts through Duct Penetrations
{ : | building structure Go to page 50
| - 1 In-line duct- Attached to the In-line duct -
| mounted building structure mounted
| equipment equipment
L . Go to page 10
DOFFUBERE, a9 Table 1: Duct bracing installation types.
T n [raane E& LTS, D Refe.r to approve.d_ contract docm_lme|.1ts for .
- o, details and provisions for crossing fire barriers,
PEMETRATIING area separation walls/floors/roofs, smoke

barriers and seismic separation joints.
Figure 8: Duct system with different seismic braces.

Refer to approved contract documents for
In-line duct-mounted equipment can be found on page 10.

requirements for weatherproofing roof and/or
floor penetrations.



Duct/Pipe/In-line Equipment: In-line

Duct-mounted Equipment Bracing Selection

In-line Duct-mounted Equipment Bracing
Selection

Be sure to refer to construction drawings and
specifications, seismic restraint submittals, and
manufacturer’s instructions.

Step 1: Identify the in-line duct-mounted equipment

Figure 17: Silencer. Figure 18: Fan-coil unit.

Figure 10: Motorized damper.

Figure 19: VAV terminal unit. Figure 20: In-line fan.

Step 2: Select the attachment type

Using the following table, select the attachment that best
matches the installation you have selected, then turn to the
page listed under the attachment type.

Figure 11: Combination smoke Figure 12: Square duct-
and fire damper. mounted fire damper.

Coil, damper, in- Suspended from the Rigid
| line fan, fan-coil structure above using | Go to page 85
. unit, duct silencer, rods and cables
v or VAV terminal
unit Suspended from the Isolated
i structure above using | Go to page 90
L isolators, rods and
cables
Figure 13: Round fire damper. Figure 14: Ceiling fire damper. Suspended fromthe | Rigid with angles
structure above using | Go to page 88
angles
- Humidifier Supported by the duct | Follow
i) -' wall manufacturer's
i instructions
L Suspended from the
_'.'«'.'-_=_'" it structure
Figure 15: Coil. Figure 16: Humidifier. Table 2: In-line duct-mounted equipment installation types.

10 11



Pipe Bracing Selection

drawings and specifications, seismic restraint
submittals, and manufacturer’s instructions.

Step 1: Identify the pipe bracing used

Figure 21 shows the different ways to brace pipes.

g Be sure to refer to approved construction

AZOF-HOUNTEDR
ROOF PEMETIATIONS PIFE

F,ar«:;‘(

‘WALL-MLUUNTED .H"\-.\,
FIFE ?

TR

IKTERIOR
FLOOR SUSPENDED
FERETRATION FIPING

\\ FLOGE-HOUNTED

o FLFE

Figure 21: Pipe system with different seismic bracing.

In-line pipe-mounted equipment can be found on page 14.

12

Duct/Pipe/In-line Equipment:
Pipe Bracing Selection

Step 2: Select the bracing type

Using the following table, select the attachment that best
matches the installation you have selected, then turn to the
page listed under the bracing type.

Typical
Arrangements

How is equipment to
be installed?

Bracing Type

Suspended piping

Suspended with rods
and angles using
cables orrigid laterals

Suspended piping
Go to page 54

Isolated with rod
supports and cable
bracing

Vibration-isolated
Go to page 65

Floor-mounted
piping

Suspended off the
floor with angles/
struts

Floor-mounted
piping
Go to page 70

Roof-mounted
piping

Braced above the roof

Roof-mounted
piping
Go to page 73

Wall-mounted
piping

Supported off the wall

Wall-mounted
piping

Go to page 76

Pipe penetrations Pipes through building | Pipe penetrations

structure Go to page 79
In-line pipe- Attached to the In-line pipe -
mounted building structure mounted
equipment equipment

Go to page 14

Table 3: Pipe bracing installation types.

details and provisions for crossing fire barriers,
area separation walls/floors/roofs, smoke
barriers and seismic separation joints.

@ Refer to approved contract documents for

Refer to approved contract documents for

F requirements for weatherproofing roof and/or
floor penetrations.

Spacing requirements for rigid angle bracing

may be less than spacing of cable bracing due

to the additional weight of the bracing.

B

13
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In-line Pipe-mounted Equipment Bracing
Selection

drawings and specifications, seismic restraint

g Be sure to refer to approved construction
submittals, and manufacturer’s instructions.

Step 1: Identify the in-line pipe-mounted equipment

Figure 22: Valves and valve
air actuator.

Figure 23: Valve and electronic
actuator.

Figure 24: In-line pump. Figure 25: Air separator.

Figure 26: Heat exchanger. Figure 27: Strainer.

Duct/Pipe/In-line Equipment: In-line
Pipe-mounted Equipment Bracing Selection

Step 2: Select the attachment type

Using the following table, select the attachment that best

matches the installation you have selected, then turn to the

page listed under the attachment type.

Typical
Arrangements

How is equipment to
be installed?

Attachment Type

Valve or strainer

Requires additional
bracing at the valve
and actuator if it
weighs more than 20
pounds

Valve actuator

Requires additional
bracing if it weighs
more than 20 pounds

Valves and valve
actuators
Go to page 144

Air separator, in-
line pump or heat
exchanger

Support piping near
equipment/valve

Suspended piping
and pumps
Go to page 97

Air separator
Go to page 99

Heat exchanger
Go to page 100

Table 4: In-line pipe-mounted equipment installation types.

@ Valves with brittle valve bodies/connections

require bracing near the valve.

Strainers and other piping specialties are
braced similar to valves.

15



Bracing Details and Installation Instructions:
Suspended Rectangular Ducts

DUCT BRACING DETAILS AND

INSTALLATION INSTRUCTIONS | Veclrodewithabietans

This section gives instructions on bracing six different kinds Vertical rod-braced ducts with transverse and longitudinal
of ducts: supports are shown in Figure 28 (below), Figure 29 (page

18), and Figure 30 (page 19).
e Suspended rectangular ducts (this page).

e Suspended round ducts (page 28).

e Floor-mounted ducts (page 41). e - i
e Roof-mounted ducts (page 44). o K sssic
e Wall- and chase-mounted ducts (page 47). A _ ::'-‘:‘.";'f;;'* r—
e Duct penetrations (page 50). KM{":' [
Suspended Rectangular Ducts i e P I
The six ways to brace suspended rectangular ducts are by . AR i
using:
e \ertical rods with cable bracing (page 17). - T S
e \Vertical rods with steel-shaped bracing G

(page 20). el
e Vertical steel shapes with cable bracing .|

(page 22). s e
o \Vertical steel shapes with steel-shaped bracing (page S

23). ¥
e Unbraced supports (page 24). zp s L

e Vibration-isolated rectangular duct (page 26).
For post-tension (pre-stressed) buildings,

locate the tendons before drilling. Extreme Figure 28: Rectangular duct with vertical rods and braced with
damage may occur if a tendon is nicked or cut. cables (longitudinal).

Refer to approved construction documents for
details and provisions for crossing fire barriers,
area separation walls/floors/roofs, smoke
barriers, and seismic separation joints.

Use the shortest screws possible when
penetrating ductwork to minimize airflow noise
inside the duct.

Do not use coupling nuts except at building

Pre-approved manufacturer’'s/industry structure connection.

manuals used for the installation of duct and
pipe bracing are required to be on the job site
to ensure that the correct details are being
used.

Longitudinal cable bracing requires bracing in
both directions (as shown).

Rod must be one piece from building structure
to bottom of trapeze support.

BEE E

Bracing must not be attaced to duct joint.

BT ¥ © &

17



Bracing Details and Installation Instructions: Suspended

Bracing Details and Installation Instructions: Suspended
Rectangular Ducts

Rectangular Ducts

Step 3: Install anchors for bracing

Install sheet metal screws to secure duct. Install brackets
and cable bracing. For cable assembly instructions, see

1
i sop counme i

| SEISMIC CABLE Cables (page 134). For instructions on installing anchors,
THREADED ROD see Anchors (page 107).
ROD STIFFEMER MY LISE
In A% RECILIRED FERELLE
SELF TAFPING ATTARCHMENT
SHEET METAL
CHBLE SRACKET ELREWE i I pe=
-4- —h ‘_“!\ | . L PRrSTRETCAED
} [:l:- 1 .I =S o I 0| CEFLE
. = W . . 4 P S } :
UPPER SUFPORT 5 o -....,.1 © ETIRGHEA J THRELDED: ROX L ._,.
(FOR SEISHIC BRACE] J ! [T -
e e : ;I_ § : CAE BAACHET 1 ] / : |
1] THITWH [H TEARTLEREE Ly T N J j
: ST, CARLES
2 - . CPTIAAL.
TRAPETE SUPFORT ;'-'_'\'";':rl'lil-:‘ i b Calik GRACEET
S EHOPAH [H PSS AR OW A ] LUPPER SUPREOIAT
FRIONT VIEW - TRARSVERSE BRACE R

B F-TRFF I BHEET

TRAFETE =1 RPCET FELAL ECHE A

Figure 29: Rectangular duct with vertical rods braced with cables
(transverse).

Step 1: Attach vertical rods with hanger to the building
structure

ll\_.gl :u' ] ¥ {
Lay out all attachment points before anchoring, then refer to | | )
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

FRONT VI - ] IPRCT I PR

Rod must be one piece from building structure
to bottom of trapeze support.

DT O,
ML C{RECT] DA

TOF WL - SLL D{PETCTIAL B0 CARLF FLETEET

The building structure must be point-load

. - A A Figure 30: Rectangular duct with vertical rods and braced with
capable. Verify with the appropriate design

cables (all directional).

professional.
Step 2: Run duct as required by approved construction Rod must be one piece from building structure
documents to bottom of trapeze support.
Assemble the support and connect it to vertical rods as F Do not attach threaded rod and cable to the
shown in Figure 28 (page 17), Figure 29 (above), and Figure same anchor.

30 (page 19).
END OF DETAIL.

18 19



Bracing Details and Installation Instructions: Suspended Bracing Details and Installation Instructions: Suspended
Rectangular Ducts Rectangular Ducts

building structure

Lay out all attachment points before anchoring, then refer to

. i i Attachment Details Connecting to Building Structure (page
b secd P | 102). For instructions on installing anchors, see Anchors
i | 5 o ] 1“-;:!":“:“ (page 107)
AT N | ] Building structure must be point-load capable.
= “h,a. e r e et | Verify with the appropriate design
o e professional.
- T T # o
Step 2: Run duct as required by approved construction
----- 1 ST :p .I..:'::.-.:-.::ﬂ“ documents
Assemble the support and connect to vertical rods as shown
" T ! in the Figure 31 (page 20).
Ny B e coumma i
s P ] E Step 3: Install anchors for bracing
bixes B cryveues e B ASSDRIRED
W ] P — Install brackets and cable bracing to building structure and
sCat, S g = support. For cable assembly instructions, see Cables (page
"'h:g, i 134). For instructions on installing anchors, see Anchors

(page 107).

END OF DETAIL.

TRARETE BUPPGET o 1 Fapdsi SilllT
WM SRFAE

PO YW - ThaNh el ALY

Figure 31: Rectangular duct with vertical rods and braced with steel
shapes (transverse).

Rod must be one piece from building structure
to bottom of trapeze support.

Pre-approved manufacturer’s/industry manuals
P may limit the maximum transverse and
longitudinal angles to 45 degrees.
Additonal weight of steel shaped bracing added
F to dead load and seismic lateral load may
reduce brace spacing or increase rod and rod
anchor sizes.



Bracing Details and Installation Instructions: Suspended
Rectangular Ducts

£
.
- + 1 EweL Asr o
YT LML
il VEATICAL HEMBN

] AMT] TRLNFLEH BLRSCAT

FRCANT VINA ~ TRANMT R ELE AL

Figure 32: Rectangular duct with steel shapes and braced with
cables (transverse).

Step 1: Attach vertical steel shapes to the building
structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

Building structure must be point-load capable.
Verify with the appropriate design
professional.

Step 2: Run duct as required by approved construction
documents

Assemble the support and connect to vertical rods as shown
in the Figure 32 (above).

Step 3: Install anchors for bracing

Install brackets and cable bracing to building structure and
support. For cable assembly instructions, see Cables (page
134). For instructions on installing anchors, see Anchors
(page 107).

END OF DETAIL.
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Bracing Details and Installation Instructions: Suspended
Rectangular Ducts
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Figure 33: Rectangular duct with vertical steel shapes and steel
shaped bracing (transverse and longitudinal).

Rod must be one piece from building structure
to bottom of trapeze support.

P Pre-approved manufacturer’s/industry

manuals may limit the maximum transverse
and longitudinal angles to 45 degrees.

23



Bracing Details and Installation Instructions: Suspended Bracing Details and Installation Instructions: Suspended
Rectangular Ducts Rectangular Ducts

Step 1: Attach vertical rods to the building structure Non-moment-resistant rod support

Lay out all attachment points before anchoring, then refer to I
Attachment Details Connecting to Building Structure (page
102).

Building structure must be point-load capable.
Verify with the appropriate design
professional. =

o I e i}
B i

Step 2: Run duct as required by approved construction s
documents

Figure 34: Rectangular duct non-moment-resistant rod support.
Assemble duct bracing and connect to vertical angles as

shown in the Figure 33 (page 23). Strap support

Step 3: Install anchors for bracing

Install brackets and cable bracing to building structure and
support. For cable assembly instructions, see Cables (page
134). For instructions on installing anchors, see Anchors
(page 107).

END OF DETAIL. =l f

_ .‘ I:

Unbraced supports may be allowed by the Figure 35: Rectangular duct strap support.

authority having jurisdiction and may require

the top of the duct to be attached to the P Refer to manufacturer’s/industry manuals for
support. size of hanger supports (straps) and spacing.

@ Refer to building codes for required exceptions Step 1: Attach rods/straps to the building structure
to unbraced piping and ducts. with anchors

Lay out all attachment points before anchoring. Attach as

There are three types of unbraced supports: shown in Figure 34 (above) and Figure 35 (above).
* Non-moment-resistant rod support P Building structure must be point-load capable.
e Strap support Verify with the appropriate design professional.

» Vibration-isolated support (see the optional view in Step 2: Run duct as required by approved construction
Figure 34 on page 25) documents

Connect straps to duct as shown in Figure 35 (above) or
assemble duct rod support as shown in Figure 36 (page 26).

END OF DETAIL.
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Bracing Details and Installation Instructions: Suspended Bracing Details and Installation Instructions: Suspended
Rectangular Ducts Rectangular Ducts

[T ibratlon-isolated rectangufar duct T Step 3: Install anchors for bracing

Install brackets and cable bracing to building structure and
support. For cable assembly instructions, see Cables (page

SLRT AThinFid 134). For instructions on installing anchors, see Anchors
T (page 107).
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Figure 36: Rectangular duct isolated with vertical rods and braced
with cables (transverse).
SEISHK CABE

fae—

P Verify that the vertical limit stops and

|

clearances meet the manufacturer’s il
requirements. C T T T
Step 1: Attach vertical rods with vibration isolators to THAEADED EC0 # T"-'.
the building structure L g g i
A5 REQUIRED |
Lay out all the attachment points before anchoring, then
refer to Attachment Details Connecting to Building Structure
(page 102). For isolator details, refer to Figure 92 (page 91). TOR WIER - LORGITUDMAL BRACE
For instructions on installing anchors, see Anchors (page
107).
F Building structure must be point-load capable. Figure 37: Rectangular duct isolated with rods and braced with
Verify with the appropriate design professional. cables (all directional and lengitudinal).

Step 2: Run duct as required by approved construction END OF DETAIL.
documents

Assemble angle bracing and connect to vertical rods as
shown in Figure 36 (above).
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Suspended Round Ducts

The six ways to brace suspended round and oval duct
supports are by using:
e Vertical rods with cable bracing (page 29).
* Vertical rods with steel shaped bracing
(page 32).
* Vertical steel shapes with cable bracing
(page 34).
* Vertical steel shapes with steel shaped bracing (page
36).
e Unbraced supports (page 37).

e Vibration isolation (page 39).

For post-tension (pre-stressed) buildings,
@ locate the tendons before drilling. Extreme

damage may occur if a tendon is nicked or cut.

details and provisions for crossing fire
barriers, area separation walls/floors/roofs,
smoke barriers, and seismic separation joints.

@ Refer to approved construction documents for

manuals used for the installation of duct and
pipe bracing are required to be on the job site
to ensure the correct details are being used.

F Pre-approved manufacturer’s/industry

Bracing Details and Installation Instructions: Suspended
Round Ducts
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Figure 38: Round duct with vertical rods and braced with cables
(transverse and longitudinal).

Use the shortest screws possible when
penetrating ductwork to minimize airflow noise
inside the duct.

P Cable bracing requires bracing in both
directions as shown in Figure 38 (above).
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Bracing Details and Installation Instructions: Suspended Bracing Details and Installation Instructions: Suspended
Round Ducts Round Ducts

Step 1: Attach vertical rods with hanger to the building

structure -

HAMGER a
Lay out all attachment points before anchoring, then refer to o
Attachment Details Connecting to Building Structure (page CAALE
102). For instructions on installing anchors, see Anchors
(page 107). i

Building structure must be point-load capable. Al .
Verify with the appropriate design professional. F‘- ———

!
'-" Sl - TRAPEZE

| Figure 40: Optional round duct with vertical rods and braced with

i
cables (transverse).
—or - < — (ransverse)
Step 2: Run duct as required by approved
. construction documents

- : E’: Assemble the support and connect it to the vertical rods as
L - shown in Figure 39 (page 30) and Figure 40 (above).

YR RLILE prr— -
AT O i Step 3: Install anchors for bracing
CABLE AEACKET

Install brackets and cable bracing to building structure and

SEITFIC CRRLE

=" |
ol )

Figure 39: Round duct with vertical rods and braced with cables (all support. For cable assembly instructions, see Cables (page
directional). 134). For instructions on installing anchors, see Anchors
(page 107).

Use the shortest screws possible when
penetrating ductwork to minimize airflow noise END OF DETAIL.
inside the duct.

F Cable bracing requires bracing on both sides as

shown in Figure 39 (above) and Figure 40
(page 31).
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Bracing Details and Installation Instructions: Suspended Bracing Details and Installation Instructions: Suspended
Round Ducts Round Ducts

structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
[ 102). For instructions on installing anchors, see Anchors

I
ALE CTRFLRG ” (page 107).
E.

0

B HLE

SUFFTAT GNDHORLDE

THEEADED F5D

Building structure must be point-load capable.
Verify with the appropriate design professional.

B30 STIFPERER
L BETHLITE:

o

Step 2: Run duct as required by approved construction

=y
-
.-

i

1 documents
s, J Assemble angle bracing and connect to vertical rods as
FRETIL SRR b 551 g shown in Figure 41 (page 32).
el S .“_._'_m“ e Step 3: Install anchors for bracing
R = Install brackets and cable bracing to building structure and
THA RIS A06 support. For cable assembly instructions, see Cables (page
ik aan oy BRACKETS 134). For instructions on installing anchors, see Anchors
{ (page 107).
!:1!1.11".': g - @ o & & 6. ]| '_.l
— E B END OF DETAIL.

S0 10 FRE -
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ToF WIDA - TRAMTYL ASD MO LOHGTTUC HAe. BFACLE

Figure 41: Round duct with vertical rods and braced with steel
shapes (transverse and all-directional).

Pre-approved manufacturer’'s/industry
manuals may limit the maximum transverse
and longitudinal angles to 45 degrees.
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Bracing Details and Installation Instructions: Suspended
Round Ducts
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Figure 42: Round duct with vertical steel shapes and braced with
cables (transverse and longitudinal).

Use the shortest screws possible when
F penetrating ductwork to minimize airflow
noise inside the duct.

Cable bracing requires bracing on both sides as
shown in Figure 42 (above).

Bracing Details and Installation Instructions: Suspended
Round Ducts

Lay out all attachment points before anchoring, then refer
to Attachment Details Connecting to Building Structure
(page 102). For instructions on installing anchors, see
Anchors (page 107).

Building structure must be point-load capable.
Verify with the appropriate design professional.

Step 2: Run duct as required by approved construction
documents

Assemble the support and connect it to vertical steel shapes
as shown in Figure 42 (page 34).

Step 3: Install anchors for bracing

Install brackets and cable bracing to building structure and
support. For cable assembly instructions, see Cables (page
134). For instructions on installing anchors, see Anchors
(page 107).

END OF DETAIL.

Step 1: Attach vertical steel shapes with hanger to the
building structure




Bracing Details and Installation Instructions: Suspended
Round Ducts
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Figure 43: Round duct with vertical steel shapes with steel shaped
bracing (all-directional).

may limit the maximum transverse and
longitudinal angles to 45 degrees.

Step 1: Attach vertical steel shapes to the building
structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102).

P Pre-approved manufacturer’s/industry manuals

Building structure must be point-load capable.
Verify with the appropriate design professional.

Step 2: Run duct as required by approved construction
documents

Assemble duct bracing and connect to vertical angles as
shown in Figure 43 (above).
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Bracing Details and Installation Instructions: Suspended
Round Ducts

Step 3: Install anchors for bracing

Install brackets and cable bracing to building structure and
support. For cable assembly instructions, see Cables (page
134). For instructions on installing anchors, see Anchors
(page 107).

END OF DETAIL.

Unbraced supports may be allowed by the

F authority having jurisdiction and may require
the top of the duct to be attached to the
support.

@ Refer to building codes for required exceptions
to unbraced piping and ducts.

There are three types of unbraced supports:

e Non-moment-resistant rod support
e Strap support

e Vibration-isolated support (see the optional view in
Figure 44 below)

Non-moment-resistant rod support

TN HAHIE B l]
i THILBATETI 8L 4—
13 IMCHES LY
x 3 i
¥
- h
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Figure 44: Round duct non-moment-resistant rod support.

Use the shortest screws possible when
P penetrating ductwork to minimize airflow noise

inside the duct.
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Bracing Details and Installation Instructions: Suspended
Round Ducts

Strap Support

2 SCEwS
B4 HAKGER
STRAP

MIMIMUIM 3 SCREWS
SPACED AT FCHLAL DISTRRCES

Figure 45: Strap support for round duct with steel shaped bracing.

P Refer to manufacturer’'s/industry manuals for
size of hanger supports (straps) and spacing.

Step 1: Attach rods/straps to the building structure
with anchors

Lay out all attachment points before anchoring. Attach as
shown in Figure 44 (page 37) and Figure 45 (above).

Building structure must be point-load capable.
P Verify with the appropriate design
professional.

Step 2: Run duct as required by approved
construction documents

Connect straps to duct as shown in Figure 45 (above) or
assemble duct rod support as shown in Figure 46 (page
39).

END OF DETAIL.
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Bracing Details and Installation Instructions: Suspended
Round Ducts
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Figure 46: Round duct isolated with vertical rods and braced with
cables (all-directional and transverse).

Verify that the verical limit stops and clearances
meet the manufacturer’s requirements.

Step 1: Attach vertical rods with vibration isolators to

the building structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

Building structure must be point load capable.
Verify with the appropriate design professional.
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Bracing Details and Installation Instructions: Suspended
Round Ducts

Step 2: Run duct as required by approved construction Floor-mounted Ducts
documents

_ _ Ducts are usually raised off the floor with a steel shaped
Assemt_)le a_mgle bracing and connect to vertical rods as support system. Figure 47 (page 42) and Figure 48 (page
shown in Figure 46 (page 39). 43) show the support with structural steel shapes.

Step 3: Install anchors for bracing @ For post-tension (pre-stressed) buildings,

locate the tendons before drilling. Extreme

Install brackets and cable bracing to building structure and damage may occur if a tendon is nicked or cut.
support. For cable assembly instructions, see Cables (page

134). For instructions on installing anchors, see Anchors Refer to approved construction documents for
(page 107). @ details and provisions for crossing fire

barriers, area separation walls/floors/roofs,
END OF DETAIL. smoke barriers, and seismic separation joints.

Step 1: Lay out the duct run

Lay out all attachment points before anchoring, then refer
to Attachment Details Connecting to Building Structure
(page 102).

Step 2: Install anchors for bracing

For instructions on installing anchors, see Anchors (page
107).

Step 3: Assemble angles or straps and secure to
anchors and duct with sheet metal screws

Step 4: Run duct as required by approved
construction documents

Attach duct to angle assembly with angles and sheet metal
screws. For round ducts, attach duct to assembly with
straps and sheet metal screws.
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Bracing Details and Installation Instructions:
Floor-mounted Ducts
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Figure 47: Duct supported off the floor with angles.

Use the shortest screws possible when
penetrating ductwork to minimize airflow noise
inside the duct.

Bracing Details and Installation Instructions:
Floor-mounted Ducts

Figure 48: Duct supported off the floor with struts.

penetrating ductwork to minimize airflow

P Use the shortest screws possible when
noise inside the duct.
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Roof-mounted Ducts

Ducts are usually supported above the roof with angles.

For post-tension (pre-stressed) buildings,
@ locate the tendons before drilling. Extreme

damage may occur if a tendon is nicked or cut.

details and provisions for crossing fire

@ Refer to approved construction documents for

barriers, area separation walls/floors/roofs,
smoke barriers, and seismic separation joints.

The four ways to install roof-mounted ducts are:

* Mounted to a pre-manufactured seismic duct brace

(Figure 49, below).

* Mounted to an angle support with cross bracing
attached to a roof curb (Figure 50, page 45).

* Mounted to an angle support attached directly to the
roof in a pitch pocket to seal the roof (Figure 51, page

45).

* Mounted to an angle support for round or oval ducts

(Figure 52, page 46).
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Figure 49: Duct mounted to a pre-manufactured seismic duct brace.
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Bracing Details and Installation Instructions:
Roof-mounted Ducts
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Duct mounted to the roof with cross bracing on a curb.
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Figure 51: Duct mounted and directly attached to the roof in a pitch

Insulate duct with weatherproof jacket where
required.

45



Bracing Details and Installation Instructions:
Roof-mounted Ducts

Wall- and Chase-mounted Ducts

Ducts are usually directly attached to the wall with straps or
angles. Ducts can also be supported in a chase.

ANGLE LEGS
wTH BAKDE

For post-tension (pre-stressed) buildings,
locate the tendons before drilling. Extreme
damage may occur if a tendon is nicked or cut.

- o details and provisions for crossing fire
! N F e barriers, area separation walls/floors/roofs,
= F i smoke barriers, and seismic separation joints.

LI T
AT |

@ Refer to approved construction documents for

oA
BRACTRG WP

Figure 52: Round duct roof support. WL AMEHOR

Step 1: Lay out the duct run

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors

]
1
102). For i . N
page 107). | -
Ik"m) *:;ﬁ
Step 2: Assemble support I T

HEKGER
STRAP

SHEET METAL
SCREWS
Step 3: Anchor support base plate to building
structure
Step 4: Run duct as required by approved construction
documents Figure 53: Strap connected directly to wall.

Straps in Figure 53 (above) do not provide

metal screws. For round ducts, attach duct to the assembly vertical bracing

Attach duct to the angle assembly with angles and sheet P
with straps and sheet metal screws and bolts as required.
Seal all anchors and sheet metal screws and

P Use the shortest screws possible when
make weatherproof.

penetrating ductwork to minimize airflow
noise inside the duct.

END OF DETAIL.



Bracing Details and Installation Instructions: Bracing Details and Installation Instructions:

Wall- and Chase-mounted Ducts Wall- and Chase-mounted Ducts
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Figure 54: Duct supported by angles.
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Figure 56: Duct supported in chase.

Step 1: Lay out the duct run

Step 2: Run duct as required by approved construction
documents
SELF-TRFFIRG

% Step 3: Install anchors for bracing
EHEET FETAL

For instructions on installing anchors, see Anchors (page
o 107).

% Lay out all the attachment points before anchoring.

Step 4: Assemble angles or straps and secure to

S ' anchors and duct with sheet metal screws
T & TUD

Use the shortest screws possible when

penetrating ductwork to minimize airflow
Figure 55: Duct supported from wood or metal stud wall. noise inside the duct.

END OF DETAIL.
49



Bracing Details and Installation Instructions:
Duct Penetrations

Duct Penetrations
Step 1: Lay out the location of penetration

The two types of duct penetrations are:
P P Coordinate the layout with a structural

e Roof duct penetrations (this page). engineer. Additional structural supports may

be required.
e Interior duct penetrations (page 52). requir

Lay out all attachment points before anchoring.

@) o imon Greemes butangs
locate the tendons before drilling. Extreme
damage may occur if a tendon is nicked or cut. For instructions on installing anchors, see Anchors (page
107).
@ Refer to approved construction documents for )
details and provisions for crossing fire Step 3: Run duct as required by approved construction
barriers, area separation walls/floors/roofs, documents
smoke barriers, and seismic separation joints.
Attach duct to the angle assembly with angles and sheet
Pre-approved manufacturer’s/industry metal screws. For round ducts, attach duct to the assembly
manuals used for the installation of duct and with split band and sheet metal screws and bolts as
pipe bracing are required to be on the job site required. Attach angles to the building structure.
to ensure the correct details are being used.
. Use the shortest screws possible when
All roof penetrations should be sealed and penetrating ductwork to minimize airflow noise
may require flashing. inside the duct.

Step 4: Add flashing

@ Coordinate roof penetrations with the roofing documents or as directed in manufacturer’s

g Add flashing as required by approved contract
instructions. See Figure 58 (below).

contractor.
T STEEL DECHI
AMGLE SIFRCATR
] MIMIMLIM 2 SIDES ’ L.
Ky . il e
£
>~ i 5
= ol - > Wi
g
~ - - I
o
Figure 58: Flashing for roof penetrations.
Figure 57: Duct penetration through metal deck roof. END OF DETAIL.
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Bracing Details and Installation Instructions: Bracing Details and Installation Instructions:
Duct Penetrations Duct Penetrations
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Figure 60: Penetration for interior round duct.

ir
D l:Eh'-I:L'lllJ'-:_H'.'llll:r'l:hll. SRS . .
bl i Step 1: Lay out the location of penetration

Coordinate the layout with a structural
engineer. Additional structural supports may be

required.
[ Lay out all attachment points before anchoring.
ALGLE Step 2: Install anchors for bracing
] [T, wncHon
B L - For instructions on installing anchors, see Anchors (page

107).

Step 3: Run duct as required by approved construction
documents

Attach duct to the angle assembly with angles and sheet
metal screws. Attach angles to the building structure.

HEdD COMSRLC TN

Figure 59: Penetration for interior rectangular duct.
P Use the shortest screws possible when

F Use the shortest screws possible when penetrating ductwork to minimize airflow noise

penetrating ductwork to minimize airflow inside the duct.

ise inside the duct.
noise inside the duc F Duct penetrations may be similar to pipe

penetrations (page 79).

END OF DETAIL.
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Bracing Details and Installation Instructions:
Suspended Piping

Step 1: Attach vertical rods with hanger to the building
structure

PIPE BRACING DETAILS AND
INSTALLATION INSTRUCTIONS

This section gives instructions on bracing five different kinds
of piping:

e Suspended piping (this page).

* Floor-mounted piping (page 70). Lay out all attachment points before anchoring, then refer to

e Roof-mounted piping (page 73). Attachment Details Connecting to Building Structure (page

e Wall-mounted piping (page 76). (102). F100r7i)nstructions on installing anchors, see Anchors
page .

e Pipe penetrations (page 79).

Building structure must be point-load capable.
Verify with the appropriate design professional.

Suspended Piping

The seven ways to brace suspended piping are by using: Step 2: Run pipe as required by approved construction

documents

e Clevis hanger braced at the restraining bolt
(page 55).

e Clevis hanger braced with cables (page 57). Step 3: Install anchors for bracing

e Clevis hanger braced at the hanger rod (page 58).
. For instructions on installing anchors, see Anchors (page
e Pipe clamps (page 60). 107)

e Isolated pipe with clevis hanger (page 65).
e Trapeze support system (page 66).
e Double roller for expansive pipe (page 68).

For post-tension (pre-stressed) buildings,
@ locate the tendons before drilling. Extreme
damage may occur if a tendon is nicked or cut.

Refer to approved construction documents for
details and provisions for crossing fire barriers,
area separation walls/floors/roofs, smoke
barriers, and seismic separation joints.

used for the installation of duct and pipe
bracing are required to be on the job site to
ensure that the correct details are being used.

P Pre-approved manufacturer’s/industry manuals
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Bracing Details and Installation Instructions:
Suspended Piping
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Figure 61: Single clevis hanger support with strut or angle
transverse bracing at the restraining bolt.

manuals may limit the maximum transverse

P Pre-approved manufacturer’s/industry

and longitudinal angles to 45 degrees.

Torque bolts per manufacturer’s
recommendations.

END OF DETAIL.

Bracing Details and Installation Instructions:
Suspended Piping
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Figure 62: Single clevis hanger support with cable transverse bracing
at the restraining bolt.

For cable assembly instructions, see Cables (page 134). For
details on attaching cable to the building structure, refer to
Attachment Details Connecting to Building Structure (page
102). For angle and strut attachment, see Figure 61 (page
56).

may limit the maximum transverse and
longitudinal angles to 45 degrees.

Torque bolts per manufacturer’s
recommendations.

END OF DETAIL.
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Bracing Details and Installation Instructions:

Bracing Details and Installation Instructions:
Suspended Piping

Suspended Piping

Step 1: Attach vertical rods with hangers to the

building structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page

. -k — H 102). For instructions on installing anchors, see Anchors

b;. ey PR (page 107).

TRANT S
L oL

Verify with the appropriate design professional.

st -t Step 2: Run pipe as required by approved construction
SO HPE SLADE documents
-

F Building structure must be point-load capable.

e T S Step 3: Install anchors for bracing
! For cable assembly instructions, see Cables (page 134). For
ﬁ; l | P details on attaching cable to the building structure, see
e rb b Attachment Details Connecting to Building Structure (page
102). For angle and strut attachment, see Figure 63 (page

58). For instructions on installing anchors, see Anchors (page

:'.". AT 107).
P Insulate pipe with weatherproof jacket where

required.

END OF DETAIL.

Figure 63: Single clevis hanger support with strut or angle transverse
bracing at hanger rod.

may limit the maximum transverse and

F Pre-approved manufacturer’'s/industry manuals
longitudinal angles to 45 degrees.

Torque bolts per manufacturer’s
recommendations.
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Bracing Details and Installation Instructions:
Suspended Piping
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Figure 64: Pipe clamp supports with transverse strut or angle,
transverse brace and hanger rod.

manuals may limit the maximum transverse

P Pre-approved manufacturer’s/industry
and longitudinal angles to 45 degrees.

Torque bolts per manufacturer’s
recommendations.

P Insulate after attaching pipe clamp.

Bracing Details and Installation Instructions:
Suspended Piping

ACHD STIFFERER
AS REQUIRED

SEI=MIC
4 BRACKET
b

BOLT WITH
SFRING BT

BE ROTATED TO

GAIN AOCESS TO ™,

STALCTURE PIPE CLAME OR
RISER CL&MP

Figure 65: Pipe clamp supports with longitudinal strut or angle,
longitudinal brace and hanger rod.

manuals may limit the maximum transverse

P Pre-approved manufacturer’s/industry
and longitudinal angles to 45 degrees.

Torque bolts per manufacturer’s
recommendations.

P Insulate after attaching pipe clamp.
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Bracing Details and Installation Instructions:
Suspended Piping

THRLADLC D RO0
4
LOMGITUDIRAL
CHBLE BRACE
- 'WELDED BEAM
ATTACHMENT ER&GCKET
- ~ - WELD BRACKET T
COWER WELD FIPE CLAMP

FRONT VIEW

Figure 66: Pipe clamp supports with longitudinal cable brace and
hanger rod.

Bracing Details and Installation Instructions:
Suspended Piping

Figure 67: Pipe clamp supports with all directional brace and hanger
rod.
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Bracing Details and Installation Instructions:

Bracing Details and Installation Instructions:
Suspended Piping

Suspended Piping

Step 1: Attach vertical rods with hanger or vibration

isolator (as required) to the building structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page =

102). For instructions on installing anchors, see Anchors il | a sl
(page 107). bt T 4
F Building structure must be point load capable. P ]
Verify with the appropriate design professional.
H Frie |..-\.-_. ._.-
Step 2: Run pipe as required by approved construction ! ,/
documents \
eV

Step 3: Install anchors for bracing Bais
For cable assembly instructions, see Cables (page 134). For
details on attaching cable to the building structure, refer to u
Attachment Details Connecting to Building Structure (page
102). For angle and strut attachment, see Figure 69 (page Figure 68: Vibration-isolated single pipe.
66). For instructions on installing anchors, see Anchors (page
107). Step 1: Attach vertical rods with hanger or vibration

isolator (as required) to the building structure

END OF DETAIL.
Lay out all attachment points before anchoring, then refer to

Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

Verify with the appropriate design professional.

Step 2: Run pipe as required by approved construction
documents
Step 3: Install anchors for bracing

For cable assembly instructions, see Cables (page 134). For
details on attaching cable to the building structure, refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

F Building structure must be point load capable.

END OF DETAIL.
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Bracing Details and Installation Instructions:
Suspended Piping

. o T
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Figure 69: Trapeze support with strut or angle lateral supports.

manuals may limit the maximum transverse

P Pre-approved manufacturer’'s/industry
and longitudinal angles to 45 degrees.

Separate isolated piping from rigidly braced
piping.

Step 1: Attach vertical rods with hanger to the

building structure

Lay out all attachment points before anchoring, then refer
to Attachment Details Connecting to Building Structure
(page 102). For instructions on installing anchors, see
Anchors (page 107).

Verify with the appropriate design

F Building structure must be point load capable.
professional.
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Bracing Details and Installation Instructions:
Suspended Piping

Step 2: Run pipe as required by approved construction
documents
Step 3: Install anchors for bracing

For cable assembly instructions, see Cables (page 134). For
details on attaching cable to the building structure, refer to
Attachment Details Connecting to Building Structure (page

102). For angle and strut attachment, see Figure 69 (page

66). For instructions on installing anchors, see Anchors

(page 107).
Lo T LD MaL OPTIMLES
CEHLE el ARNGLE
45" 4 Lﬁ;/
ﬂ:lt
THROUGH BOLT
=00 STIFFERER
SIBE WIEW B8 REGUARED
TRARMSNWERSE
CABLE BR&CE
OPTICINAL :
TW0 MIECE A
FIPE CLAMP
/DFTIHUM . » r
) gt W . i £
L A T T T = :{Jﬁ
FROINT VIEW

Figure 70: Trapeze support with cable lateral brace.

Separate isolated piping from rigidly braced
piping.

END OF DETAIL.
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Bracing Details and Installation Instructions: Bracing Details and Installation InStructEOPS:
Suspended Piping Suspended Piping

documents

Step 3: Install anchors for bracing

OO STIFFERENS For cable assembly instructions, see Cables (page 134). For

e angle and strut attachment, see Figure 69 (page 66). For

instructions on installing anchors, see Anchors (page 107).

END OF DETAIL.

THEEADED ROD

THEILETED:
FFF
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J0LE

[ PIPE AL WATH

SOCKETS

TRAHSVYERIE
WFACE

TR

Figure 71: Double roller support for thermally expansive piping.

Pre-approved manufacturer’'s/industry
manuals may limit the maximum transverse
and longitudinal angles to 45 degrees.

Step 1: Attach vertical rods with hanger to the
building structure

Lay out all the attachment points before anchoring, then
refer to Attachment Details Connecting to Building
Structure (page 102). For instructions on installing anchors,
see Anchors (page 107).

Building structure must be point-load capable.

Verify with the appropriate design
professional.
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Floor-mounted Piping

Attach to the floor with angles either in a single pipe
support configuration as shown in Figure 72 (below) or on a
trapeze as shown in Figure 73 (page 71) and Figure 74

(page 72).
U-BOLT SIZED FOR
, FiPE DIAMETER

— ANGLE OR 5TRLUT
SUPPIAT

Figure 72: Single vertical support.
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Bracing Details and Installation Instructions:
Floor-mounted Piping

Figure 73: Attachment to a floor with strut trapeze.
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Bracing Details and Installation Instructions:
Floor-mounted Piping

Roof-mounted Piping

STEAPS OF STEUT . ..
FIPE CLAMPS The three ways of attaching piping to a roof are:

e a_O_Ma' o e Single pipe support (this page).
I_ I/ e Wood blocking support (page 74).
. ]
|

" reez ] S o Trapeze support (page 75).
AMGLE - L=

| DIAGORAL =

| TEAHELII_'E'EF ___.-""'- !f,_.-"f"c-f i

1 E.H.lﬂ - ' ¥ 1
8 - SLIFPORT B B

5 _,-’-’J ol SRS TP
T LORGITURRAL E———
BRALCE SHAME
* K5 TRANSVERSE . .
RACE .

} ...
. . '
AL ANCHORS ’ S—— L i st
E: LEGS ] 3 T
- .\‘. . - 1

PTG e AT T g
WELD TO FLATE
ANCHORED
T B DI RG
STRLICTLRE

Figure 74: Attachment to a floor with steel shaped trapeze. e

- 1 O e A

Step 1: Attach supports or angles to the floor

For instructions on installing anchors, see Anchors (page
107).

Building structure must be point-load capable.
Verify with the appropriate design professional.

- — Figure 75: Single pipe support.
Step 2: Build trapeze support and attach piping to

support with straps or strut pipe clamps

Step 1: Attach vertical support to the building

structure

Torque bolts per manufacturer’'s ] ]
recommendations. Lay out all attachment points before anchoring, then refer

to Attachment Details Connecting to Building Structure
END OF DETAIL. (page 102).For instructions on installing anchors, see
Anchors (page 107).
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Bracing Details and Installation Instructions: Bracing Details and Installation Instructions:

Roof-mounted Piping Roof-mounted Piping
structure
Apply flashing to roof penetration. UN-DMSULATED PIFE INSULATION &
FIPE MCRET FIPE STRAR
LOOSE AT SLIPPORT
Step 3: Run pipe as required by approved construction ikl bl

documents

S&DOLE

END OF DETAIL.

PIFE STRAP

PFIPE FREE Ty MOVE AMCHOE BLOCK TO .
LOKGITLID RALLY BUILLING STRULCTURE ARCHOEED TO AOGF AMD ANLHOR TO
WATES SEALET WITH PITCH POCKET BUILDMG STRLICTURE

S A

= o

OFTICMAL
WELD . WIBRATION
ROOF  molaToR

WEARTHESOLF

. Figure 77: Trapeze support.
ROGF |
Figure 76: Wood blocking support.

St 1: L tth i
Step 1: Attach wood support to the building structure P ay ou € pipe run

Lay out all attachment points before anchoring.
Lay out all attachment points before anchoring, then refer Y P 9

to Attachment Details Connecting to Building Structure Step 2: Install anchors for bracing
(page 102). For instructions on installing anchors, see

Refer to approved contract documents for pitch
pocket details.

Separate isolated piping from rigidly braced
piping.

Anchors (page 107). For instructions on installing anchors, see Anchors (page
Step 2: Apply flashing or sealant to roof penetration 107).
Step 3: Assemble angles and secure to anchors
g Follow the manufacturer’s instructions. Step 4: Run pipe as required by approved construction
documents
Step 3: Run pipe as required by approved construction Attach piping to trapeze support with pipe straps or
documents U-bolts. Provide hard insulation and sheet metal protection

shield at the support area.

END OF DETAIL.
END OF DETAIL.
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Wall-mounted Piping

Directly attach to the wall with two-hole pipe clamps as
shown in Figure 78 (below) or with angle brackets as shown
in Figure 79 (page 77) and Figure 80 (page 78).

Piping surface-mounted from the underside of a building
structural slab or rated structural ceiling should be attached
as shown in Figure 78 (below).
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Figure 78: Direct attachment.

Bracing Details and Installation Instructions:
Wall-mounted Piping

WELD TD BASE FLATE
BATE PLATE s

J.-.J ¥
.‘;..;

) L]
sl 3T 3 s r
e 4 ANCHORS TO WALL  ANGLE OR STRUT

SICE VIEN
DIFFERENT
. CORFIGLEATEONS

ARE AWAILABLE

L

WASHERS

e S10E WIEW END VIEW

Figure 79: Attachment to the wall with angle or strut welded to
attachment plate.

Refer to approved construction documents for
limitations to length of standoffs.
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Bracing Details and Installation Instructions:
Wall-mounted Piping

Pipe Penetrations
VinLL L-BaLT
The two types of pipe penetrations are:
FIPE
e Roof pipe penetrations (below).

vt e Interior pipe penetrations (page 82).

LOOEE AT

SUPPORT AN

s | Reofpipepenctrations
SEISMIC RATED

FIPE SADMILE FOR
INSULATED FIPES

ARGLE OR, STRUT

ARNCHOH TO BUILDING STRUCT UEE

L-BET WTTH D4WLE

FiL Tl AL o B ARGLE ANCHITET

IO MG NG STRLCTAE

brackets.

Step 1: If required, attach supports or angles to the -
Wall ‘ ANCLE MLTED T

For instructions on installing anchors, see Anchors (page
107). [E
[

LT MITH DOk
BT AA Wiesll

Figure 80: Attachment to studs in the wall with pre-manufactured I

Building structure must be point-load capable.
Verify with the appropriate design TR

professional.
Figure 81: Roof pipe penetration detail.

Refer to Attachment Details Connecting to
Building Structure (page 102) for bar joist

Step 2: Attach pipe to support with straps attachment.

Verify that the bar joist is point load capable.
END OF DETAIL.

For drywall attachments, use a strut attachment to the
studs as shown in Figure 55 (page 48). P
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Bracing Details and Installation Instructions:
Pipe Penetrations

FIBERGLASS
IS LS R
__
& - & -«
PIPE CLAMF

ANGLE AMCHORED
T BUILDING STRLUICTURE

Figure 82: Roof pipe penetration detail.

Step 1: Lay out location of penetration

Coordinate the layout with a structural
engineer. Additional structural supports may
be required.

Lay out all attachment points before anchoring.

Step 2: Install anchors and attach angles to building
structure

For instructions on installing anchors, see Anchors (page
107).

Step 3: Run pipe as required by approved construction

documents

Attach pipe to angle assembly with angles and U-bolts or
with pipe clamp.

F Add flashing as required by approved

construction documents or as directed in
manufacturer’s instructions

80

Bracing Details and Installation Instructions:
Pipe Penetrations

FLASHING
SEALANT
BACKER, ROD
FIFE
FIRERGLASS TRSLILATION

FIFE

FLASHING

ROOF MEMERANE

¢

VIBRATION
ISOLATOR.

SLACK
CADLE

Figure 83: Isolated pipe roof penetration detail.

Separate isolated piping from rigidly braced
piping.

END OF DETAIL.
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Bracing Details and Installation Instructions: Bracing Details and Installation Instructions:

Pipe Penetrations Pipe Penetrations
Step 1: Lay out location of penetration
ANCHOn BT WELD 101 PLATE Coordinate the layout with a structural

engineer. Additional structural supports may
be required.

A — Lay out all attachment points before anchoring.

1 .“..:.'.'Ir':; Step 2: Install anchors and attach angles to building
structure

EISER CLA MR SUFFOAT
"y LLAMP

oz For instructions on installing anchors, see Anchors (page
107).
FOR COPPRE RIBE T T g - RISEE FIFE Step 3: Run pipe as required by approved
FiFE CLAKE i eI construction documents
Foon | = : - Attach pipe to angle assembly with angles and U-bolts or
with pipe clamp.
oTISMAL: % P — Piping penetrating walls/floor slabs/roofs
PIFE CLA 1 imginATION SRR must be installed per approved construction
R HE H ’
documents, submittals, or manufacturer’s
nom hp'l instructions.
ELETTOMERIC PAT

WITH BCAAING FLETT

i Bl F Rigid attachment to lightweight walls may

LI E LD 3 - -
FSEE: FIFD cause vibration problems.

] THELILATICN

DFTISEMRL
SPEIND SIPPCRTED
AESTRAIRED S Wk By B EOLTEG 8

ISOHATOR
WELDED TO FIPE CLAKPF AISER CLAME

Separate isolated piping from rigidly braced
F piping.

RAESTRAINED
ARG ERLATOE

Lol v

END OF DETAIL.
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Figure 84: Interior pipe penetration detail.
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SUSPENDED EQUIPMENT ATTACHMENT

F Do not mix bracing systems for strut and cable
bracing.

This section provides instructions for equipment that is:

* Suspended by threaded rods connected to equipment
brackets or additional steel supports (this page).

* Suspended by steel shapes (page 95).

* Suspended by threaded rods for in-line pipe equipment
(page 97).

Suspended by Threaded Rods Connected to
Equipment Brackets or Additional Steel
Supports

The four ways to suspend equipment with threaded rods or
steel supports are:

* Rigid connection to the building structure using four
threaded rods with lateral cable bracing (page 85).

* Rigid connection to the building structure using four
threaded rods with lateral steel shaped bracing
(page 88).

* Vibration-isolated connection to the building structure
using a minimum of four threaded rods and lateral cable
bracing (page 90).

* Two-point equipment attachment—bolted to the building
structure (page 93).

84

Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports

Equipment should have pre-installed brackets
F that can support the attachment to the
building.

CAITULINE OF SEISMIC CAALE
QIUSNTITY AND CRIENTATION
PER CORTRALT DECIMERNTS

| E—

UNIT
|
PLAMN WIEW
 §
| REDM FOfUTED
3 R0 ANGLE OF CABLE
GHALL B 457 £15°
S1DE WIEW UniT

PREINGTALLED BRACKETS OF ECRIIFMENT SLIFFORET FRAMING  ANGLED VIEW

Figure 85: Rigid connection to the building structure.

Cables provide horizontal support for seismic
P loads and should not be installed to hang
equipment.

Step 1: Attach the equipment to the building structure

using threaded rods and anchors

Lay out all attachment points before anchoring, then refer
to Attachment Details Connecting to Building Structure
(page 102). For instructions on installing anchors, see
Anchors (page 107).
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Suspended Equipment: Threaded Rods Connected to

Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports

Equipment Brackets or Additional Steel Supports

Step 2: Add rod stiffeners Step 5: Attach cables to equipment

THREADED
REIG

— For details on attaching cable to the equipment, see Figure
= 87 (below).

LOCEING
BOLT —_ .
_1 DFTIMUM
PUMBER, {6 il ANGLE
45" 195"

SEISMIC BOD CLAMPS
PER MANLIFACTLURER'S
INETRUACTIONS

BRNGLE

F 1
STEFFENEF ANCHORAGE

HANGER ROD /
ROD STIFFENER _e:"

F

F

F

. 4

F
4
STiFENeS T f SEISMIC
-|.|'- CABLE - IN5TALL
HEND TEGHT

- 1] WITHOUT SLACK

[ !

v

EQUIPMENT SUPPORT

Figure 86: Rod stiffeners. ERACKET/FRAME

Step 3: Install anchors for cable attachment

Lay out all attachment points before anchoring, then refer Figure 87: Attachment of cable to the equipment.

to Attachment Details Connecting to Building Structure
(page 102). For instructions on installing anchors, see
Anchors (page 107).

END OF DETAIL.

Step 4: Attach cable to the building structure

For cable assembly instructions, see Cables (page 134). For
details on attaching cable to the building structure, refer to
Attachment Details Connecting to Building Structure (page

102).
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Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports

Equipment may have pre-installed brackets for angle
support attachments as shown in Figure 88 (below).

ANGLE DR
STRUT BRACE

HEMGENR WCED (o o ]
VESTICAL ANGLE SUPPORTS, 4% DEGREE
& STRLIT } AWGLE +15"

¥ EQUIFMENT SUPPORT BRACKETS

. PREINSTALLED B EGUIPHENT
MARLIFACTIAEER OIR CIFTTOIRAL
AMGLE DQUUIFMENT FRAMIMNG.

FLAN VIEW

Figure 88: Rigid attachment of angles to the building structure.

Step 1: Attach the equipment to the building structure

using threaded rods and anchors

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107). Rod stiffeners are not required.

Step 2: Install anchors for angle or strut supports

For building structure attachment details, see Attachment
Details Connecting to Building Structure (page 102). For
instructions on installing anchors, see Anchors (page 107).
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Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports

Step 3: Attach angles or strut supports to the building
structure

Step 4: Attach angles or struts to equipment

STEEL BOLTS
W WASHERS
OFTIHLR
45 DELAEE
| ANGLE® 15"
STEEL BOLTS

W WASHERS

RESTRAINT OFTTHLM
PLATE 4% DEGAEE
| ANGLE 15"

EQUDFMENT
MPORT

RESTRAINT

PLATE
E%TF‘F‘EW IPHENT
PRORT HARGER ROD

EQUIPHENT CORNECTION

Figure 89: Attachment of angle or strut to the equipment.

END OF DETAIL.

89



Suspended Equipment: Threaded Rods Connected to Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports Equipment Brackets or Additional Steel Supports

Step 1: Attach equipment to the building structure

using threaded rods, isolators and anchors

For isolator detail, see Figure 92 (below). For building

Equmtenttt mﬁy ha\t/e %re-|2§tallec;(t)) rabcklets for ganIe 91 structure attachment details, refer to Attachment Details
support attachments. See Figure 90 (below) and Figure Connecting to Building Structure (page 102).
(below).
CLIMLIKE OF SEISHIC CASLE i
QUARTTTY AMD OREENTATION FER i TNCH
CORSTRUCTION DOCLMERTS V' CLEARANCE
= ARGLE OF CHALE
o] = SHALL BE 45" + 15"
; ) SFALCE SHALL
'I BE ECJISAL TCECIA
- = LARGER THAN
cinnct (| wime | BATDIN
) .-/J COMCRNTE E £CT)
STEEL
y | HOLEST MG, E‘ ERTICAL
| | B VERTICAL RESTRAIRING PLATE — [ LIMT ST
ANGEED VIEW LR HARGER

FRE-INSTALLED BRACKETS
O EQUITPMENT SUPPORT FRAMING

Figure 90: Plan view of vibration-isolated, suspended attachment to Figure 92: Isolator detail.

the building structure.
Step 2: Install anchors and attach cable to the building
structure

Side view shows vibration isolators, rods (without rod

stiffeners), and cables. For cable connection to the building structure, refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors

i VIBRATBON i THREADED (page 107).

ERCLATOR

BLACKE SEISMIC
LT CABLE

PRI-INGTALLED BRACKETS OR
EQUIIPMENT SUPPORT FRAMING

Figure 91: Side view of vibration-isolated, suspended attachment
to the building structure.
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Suspended Equipment: Threaded Rods Connected to Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports Equipment Brackets or Additional Steel Supports

For cable assembly, see Cables (page 134). For cable
attachment to equipment, see Figure 93 (below).

5 X
i o
CFTIMUM
";EE'_&'.PE: ‘f{"E-*-E, ROD STIFFERING
5 T15 LIS
ROD STIFFEMER ARCHORAGE ATTACHPMENT
A5 RICUIAED J  PER ENGINEERID TO BUILOITHEG SEISHIC
. CEaWINGS STRULCTURE CHFLE
Al STIFFEMER
IF REQUBRED
VERTICAL LIMIT
=TF ;f
i’; ' ECARSVENT
SEIGMIL.
CABLE - INSTALL
THREADED o0 H&RO TIGHT
WITH ELACK
W
EUDPMENT SUIPFOIRT
RACKET/FRAME
Figure 93: Attachment of cable/rod assembly to the equipment.
CPTIHUM
43
. " . " ..-"f i
Step 4: Re-adjust vertical stop limit after support is F {" !
o, FLAR VIFW h/

fully loaded -

Verify the adjustments of the vibration isolators with
manufacturer’s/industry manuals.

END OF DETAIL.

Figure 94: Two-point equipment attachment.
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Suspended Equipment: Threaded Rods Connected to
Equipment Brackets or Additional Steel Supports

Step 1: Attach anchors and vertical rods to the
building structure

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102). Attach equipment to the vertical rods.

just above the center of gravity of the
equipment to minimize swinging. It should be
a rigid attachment with brackets to the
equipment using double nuts and washers,
especially if connected at the top as shown in
Figure 94 (page 93).

P The equipment attachment should be located

Step 2: Attach rod stiffeners

For attachment details, refer to Figure 86 (page 86).

Step 3: Install anchors for cable attachment

For typical anchorage to different building construction, refer
to Attachment Details Connecting to Building Structure
(page 102). For details on bolting directly to building
structure, see Anchors (page 107).

Step 4: Attach cables to the building structure

For cable assembly see Cables (page 134). For details on
attaching cable to the building structure, refer to
Attachment Details Connecting to Building Structure (page
102).

Step 5: Attach cables to equipment

The detail in Figure 87 (page 87) shows the cable
attachment to the equipment.

END OF DETAIL.

Suspended by Steel Shapes

. EOLT SUPPIAT
HYOLE/STRUT TO
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BMNGLE OH b

STRAUT

= - - LFSE SELF DRILLING SHEET BETHL
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[ T T T
b I ‘."- c
o AII
W BOE OR
FR=C0IL LMIT

|
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WXTER
ATTACH P2 OF OOIL TD WVESTICAL LINT
ARGELE/STRUT LEGS. USE SELF ORILLENG IRLET &
SHEET METAL SCREWS TD ARGLES O, DLITLET

SFANG KUTS TD STEUT

SIDE VIF#A
COIL CONMECTION
Figure 95: Attachment of double angles for equipment support.

Use this type of installation for duct-mounted coils, VAV
boxes, or fan-coil units weighing less than 150 pounds.
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Suspended Equipment: Steel Shapes

Step 1: Attach anchors and vertical angles or strut to
the building structure

For building structure attachment details, refer to
Attachment Details Connecting to Building Structure (page
102).

Step 2: Attach horizontal framing

For attachment details, refer to Attachment Details
Connecting to Building Structure (page 102).

Step 3: Install anchors for angle or strut restraints

For typical anchorage to different building construction,
refer to Attachment Details Connecting to Building Structure
(page 102). For instructions on installing anchors, see
Anchors (page 107).

Step 4: Attach support angles or struts

One support is attached to the two vertical angles or struts.
One support is attached to the building structure and to the
top horizontal frame. For details on angle or strut
attachment, refer to Attachment Details Connecting to
Building Structure (page 102).

Step 5: Attach equipment

Attach equipment to the support assembly as shown in
Figure 95 (page 95).

END OF DETAIL.

96

Suspended by Threaded Rods for In-line
Pipe Equipment

This section decribes the following three types of in-line pipe
equipment suspended by threaded rods:

e In-line pump (below).
e In-line air separator (page 99).
e In-line heat exchanger (page 100).

U £

THREADED
RLCID

SEISMIC
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®O0 STIFFENER
&5 REGUIRID
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\ i HAMGER
| oPTIMUM ~rx-____--s"*'c
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PLAN WIEW
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ATTACHMENTS
SEISHIC
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CLamP BOLTS =
WITH WASHERS

FRONT VIEW

Figure 96: In-line pump.
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Suspended Equipment: Threaded Rods Suspended Equipment: Threaded Rods
for In-line Pipe Equipment for In-line Pipe Equipment

Step 1: Attach pipe clamps to the building structure

using threaded rods and anchors

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page

102). For instructions on installing anchors, see Anchors Ui
(page 107). SEESMIE
CABLE
Step 2: Add rod stiffeners RO STIFFEMER
A% HET]IRRED

For rod stiffener details, refer to Figure 86 (page 86).

b FIFE CLAMF

HERGER H
Step 3: Install anchors for cable bracing CPTIONAL
YEBRATION
ISCHLA TR

Attach cable seismic brackets with anchors. For typical

anchorage to different building construction, refer to R g LOMGITUDINAL
Attachment Details Connecting to Building Structure (page FNELE ALK
102). For instructions on installing anchors, see Anchors TRAMSVERSE CLAMP BOLTS
(page 107). CADLE BRACE WITH WASHERS

Step 4: Attach seismic cable

FIPE CLANP
HAMGER

For cable assembly, see Cables (page 134).

END OF DETAIL.
Figure 97: In-line air separator.

Step 1: Attach pipe clamps to the building structure

using threaded rods and anchors

Lay out all attachment points before anchoring, then refer
to Attachment Details Connecting to Building Structure
(page 102). For instructions on installing anchors, see
Anchors (page 107).

Step 2: Add rod stiffeners

For rod stiffener details, refer to Figure 86 (page 86).



Suspended Equipment: Threaded Rods
for In-line Pipe Equipment

Step 3: Install anchors for cable bracing

Attach cable seismic brackets with anchors. For typical
anchorage to different building construction, refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

Step 4: Attach seismic cable

For cable assembly, see Cables (page 134).

END OF DETAIL.
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Figure 98: In-line heat exchanger.
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Suspended Equipment: Threaded Rods
for In-line Pipe Equipment

Step 1: Attach pipe clamps to the building structure

using threaded rods and anchors

Lay out all attachment points before anchoring, then refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

Step 2: Add rod stiffeners

For rod stiffener details, refer to Figure 86 (page 86).

Step 3: Install anchors for cable bracing

Attach cable seismic brackets with anchors. For typical
anchorage to different building construction, refer to
Attachment Details Connecting to Building Structure (page
102). For instructions on installing anchors, see Anchors
(page 107).

Step 4: Attach seismic cable

For cable assembly, see Cables (page 134).

END OF DETAIL.
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ATTACHMENT DETAILS CONNECTING TO
BUILDING STRUCTURE

This section details seven types of attachments to building
structures:

e To concrete fill on steel deck (this page).

e To wood beam (page 103).

e To I-beam (page 103).

e To bar joist (page 104).

e To concrete slab (page 104).

e (Cable brace attachment (page 105).

e Steel shaped brace attachment (page 106).
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Figure 99: Post-installed anchor; concrete fill on steel deck.

END OF DETAIL.

Attachment Details Connecting to Building Structure
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Figure 100: Wood beam construction.

For edge distance and spacing, see Lag Bolts
(page 116).

END OF DETAIL.

aran A
fors WEEHER
- ' PR
= FETAINER CLAFP
WITS CTICAL AMGLE (18
THRERS B0b RFEUT ATTACHHEMT
ALAIS TARLE CFETE R LG A OB

ETHEL BR[O AHP FOE VREETILAL. QAN CHLT

Figure 101: Steel I-beam construction.

Use center load beam clamps for vertical loads.
Do not use for cables, rods, or structural
members positioned at an angle.

END OF DETAIL.
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Attachment Details Connecting to Building Structure Attachment Details Connecting to Building Structure

Figure 102: Bar joist construction.

Use center load beam clamps for vertical loads.
Do not use for cables, rods, or structural
members positioned at an angle.

END OF DETAIL.
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Figure 104: Attachment of cable brace to the building structure.

END OF DETAIL.
Figure 103: Concrete slab construction.

END OF DETAIL.
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Attachment Details Connecting to Building Structure
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Figure 105: Attachment of angle or strut to the building structure.

END OF DETAIL.

ANCHORS

General Anchors

i

NN\

Figure 106: Types of anchors.

v

IMPORTANT: Installation methods depend on
the type of anchor and the particular
application. Always follow the anchor

manufacturer’s installation instructions.

 UNDERCUT 3, ADHESIVE

IATIERFSELLY
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Some anchors must not be used with vibratory

loads.

SCREWS
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Anchors: General Anchors: General

Step 1: Determine the type of anchor Determine the depth and location of any steel reinforcement

_ _ _ _ or tendons before drilling. This may require relocating
Using Figure 105 (page 107), identify the anchor equipment slightly to avoid the reinforcement.
recommended for your application. Anchors 1-6 are post-

installed anchors and instructions for installing them begin FOR POST-TENSIONED (PRE-STRESSED)
on this page. Anchors 7-11 are specialty anchors and BUILDINGS, LOCATE THE TENDONS BEFORE
instructions are shown on pages 114 to 132. DRILLING. EXTREME DAMAGE MAY OCCUR IF A

TENDON IS NICKED OR CUT.
The various steps for installing anchors into concrete, brick,

and concrete block are shown below. When using electronic locating devices to find reinforcement
- and tendons, make sure you know the limitations of the
device. Calibrate and test with a known standard or location
to confirm accuracy. Check the area of concern in two
i directions. Inform the contractor performing the work of the

_ ’ precision of the test unit and record the results. For
example: agreed upon mark +/- ¥a” location vertical,
horizontal, and depth +/- 2",

Coordinate the location of anchors with the edge of the
TOEHTIFY [ 144 I_'ﬂl||_| ==Y AWTTADH

ARCHOA SMED HOLE WECEGEARY EQUIFMEN concrete, construction joints, and other anchors.
AR TORQUE

Non-Adhesive Anchors

L

of the concrete base. Typically, the anchor’s
distance from the edge is 12 times the

embedment depth.
| P Do not install an anchor too close to another

anchor. Typically, the minimum spacing

P Do not install the anchor too close to the edge

ENTI —— DRILL CLEAN SET AHO  ATTADH between anchors is two times the anchor’s
ANL 1 " Wi ADHEST A T e [k ol
L s e ,..'.' ...,,‘21 e SR embedment depth.

AR

Adhesive Anchors Step 3: Drill the hole

Figure 107: Summary of installation steps.
9 Y P g Drill the right-sized hole for the anchors. Use

F Approved construction documents may require the appropriate ANSI-rated drill bit for the

special inspection to torque anchors or for application.
proof load using hydraulic rams. . )
P Do not drill holes into concrete at an angle.
For wedge, undercut and sleeve anchors, drill the hole
To determine anchor locations for the equipment you are deeper than the required embedment depth.
installing, follow the instructions for the equipment, bracing
and attachment you are using (pages 16 to 106). The required hole depth may be different from
Coordinate the equipment connections and hole locations the embedment depth. See Figure 107
with the location of any steel reinforcements or tendons. (page 110).
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Anchors: General Anchors: General

| Step 4: Clean out the hole
- ..

L

E & Drilled holes must be cleaned before you can insert the
Efy EE anchor. Use clean, dry compressed air to blow out dust and
E‘:' 2o debris. The type of anchor or application also may require

i i X
- - i you to use a brush.

SEFTH oEFTH

it it LIS A See the anchor manufacturer’s instructions for
cleaning the hole.
: e S R CLEANING IS IMPORTANT: a “dirty” hole can
U = HAMT A LIP significantly reduce an anchor’s performance.
: . 55
-EE o Step 5: Insert the anchor
=] =

2 g3 If you are installing any anchor other than an adhesive

Henr : anchor, drive the anchor into the hole with a hammer or

MUEEWE ANLRGOR.. et SHELE ANC use a wrench rotor hammer for concrete bolts.
Fi 108: Embed t depth and hole depth of f hor t .
aure mbecment depth and hole depth of four anchor types @ IMPORTANT: DO NOT DAMAGE THE THREADS
The depth of the concrete base must be at least one inch DURING INSTALLATION. DO NOT FORCE THE

greater than the hole you are drilling. ANCHOR. If you use a larger hammer than
recommended by the manufacturer, you may

P Some undercut anchors require an even damage the anchor.

deeper concrete base. If you are installing an adhesive anchor, insert the capsule
. . . or inject non-capsule adhesive into the hole. Slowly rotate
If you strike steel reinforcement when drilling, the anchor into place as shown in Figure 110 (below).
F you must have the damage inspected. As
directed, fill the hole with approved grout and
select a new location according to minimum e o
spacing requirements. Drill a new hole (see IL'\. -_." .:\._:\-_' X

Figure 109 below).
i

I -

COMmETT IRCONNECT L

. ADHESIVE ANCHDR
Figure 110: Adhesive anchor installation.

If you have installed a wedge or sleeve anchor, go to Step 7
Figure 109: Drilling into concrete with rebar. (page 113).
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Anchors: General Anchors: General

Step 6: Setting adhesive, shell and undercut anchors Step 7: Set the equipment and tighten the anchors
ONLY

Set the equipment in place. Check for gaps. Gaps under the
Adhesive Anchor: Allow enough time for the equipment must not be greater than 1/8” as shown below.
adhesive to fully cure. The curing process may take If the gap is greater than 1/8”, dry pack the gap with grout
a long time. See the manufacturer’s instructions. and repeat this step.

g Shell Anchor: Drive the prescribed setting tool SURFACE

into the anchor until the setting tool shoulder meets =Ty
= > SR | - phimroicly 5

the edge of the anchor, as shown below. See the NOT EXCEED Litr

manufacturer’s instructions. THE ANCHOR,

b

ESETTIHIG TGO

DETEE SETTING TOOL WITH ANLHOR
HAMMER UNTIL UPGEL Wl
ARCHOE

Figure 113: Acceptable gap for grouted plate.

For anchor bolts larger than 3/8”, the equipment housing
1 should be reinforced using a structural angle bracket as
3 shown in Figure 114 (below).
SHELL AMCHOR

Figure 111: Set shell anchors.

BLATE TOANFEIRT
EEEHEN
Undercut Anchor: Use special tools provided by O MULTIFLE SELF-TAPPEN] SOREWS.
the anchor manufacturer to set the anchor, as AS REQUIRED
shown below. See the manufacturer’s instructions. m:t WASHER

STAUCTLIRAL ARGELE

SOME THFES OF
UHEEECUT SMCHOES SOME TYFES
|_| FEQLUMAE & SETTIRG TR OF UIRCER LT
—

AMCHOES SET BRI
FOTATE SETTIRG B WHER TIGHTEREDR -
T T EXmAMD
LNTIL TS
s - __,’/
I HAMMEF: DRILL | [
-

= L wd = i
THERE RAE Hlidy

DFFCALRT THFES OF
URCERCUT

AMNCHOES . . . . . .
i Figure 114: Installing a reinforcing angle bracket to equipment.
SOME TVFES .

L Tighten the anchor bolt to the correct torque
H_ES 11 BE CLMED setting in the manufacturer’s instructions or
WITH SECTAL DRILLS DELLL OUT PRICE TG -

INEERTING ANCHOH approved construction documents. Use a
UNGERCUT ANCHORS calibrated torque wrench.
Figure 112: Set undercut anchors. END OF DETAIL.
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Cast-in-place Anchors Lag Bolts

Cast-in-place anchors are embedded in the concrete when Lag bolts are used to attach equipment or steel shapes to
the floors or walls are poured. Bolts are firmly held in place wood structures. The size and location of the anchors can
while the concrete is poured to maintain proper alignment be determined from approved construction documents (see
and position. The size and location of the anchors can be Figure 116, below).

determined from approved construction documents.

* The edge distance for the non-loaded side is 1" times
Step 1: Move the equipment into place the bolt diameter.

* The edge distance for the loaded side is 4 times the bolt
T diameter.

CAST-IN-FLACE
oo e The spacing between bolts is 4 times the bolt diameter.
* The end distance is 7 times the bolt diameter.
L AR TARLE T DR A
FOR COMPAESEI0H LDans
PLATE WASHPE
il
| m—
il : ~
T 4
ol
Figure 115: Bolting equipment to cast-in-place anchors. SRR LT it e Lot ohly

ERHHAERAT LEFTH
it 1 LI

. SECTION LT oF THE L ELERRTIOR
Step 2: Secure equipment

Once the equipment is in place, apply washers and nuts and Figure 116: Spacing requirements for wood lag bolts.
then tighten.

P Figure 116 is allowed for cable attachments. If

Tighten the anchor bolt to the correct torque a strut is attached to wood, both edge
setting in the manufacturer’s instructions or distances are considered loaded and require 4
approved construction documents. times the bolt diameter.

Do not anchor to the end grain.
Use a calibrated torque wrench or turn-of-nut method (see P g

Table 5, page 127).
bag ) Step 1: Mark the location of the lag bolts

END OF DETAIL. .
Lead holes and clearance holes are not required for lag
bolts that are 3/8” or smaller. If the lag bolt is smaller than
3/8”, go to Step 4 (page 116).
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Anchors: Lag Bolts

Step 2: Drill a clearance hole Masonry and Drywall Anchors

Drill a hole with a drill bit the same size as the shank of the Step 1: Determine the type of anchor
bolt. The depth of the hole is the same as the length of the
unthreaded shank that will extend into the wood (see Figure

116, page 115). T
hy
Step 3: Drill a lead hole f
Drill a hole with a drill bit that is 60% to 70% of the 3

diameter of the shank of the bolt. The depth of the hole is 1. AOHESIVE 1. CONCHETE SCREN 3. LIHBRELLA

the same as the embedment depth of the bolt. {KEYED] ANCHORS FOR HOLLOW SLOCK ADHESIWE PR HOILLOAW
WITH SCREEMEG 1N BER JOINT BLOCE FACE MOLINTED
FOR BRICK OR BLOCK

Step 4: Move the equipment or steel shape into place

Step 5: Install the lag bolt with a wrench {f | |
. s 1

You may use soap or other lubricant on the lag bolt. . ¥ S
DO NOT USE A HAMMER TO INSTALL LAG b
BOLTS. = ‘ \
4, TOEGLE BOLT 5. SLEEVE RBMCHOR E&. THROUGH BOLT
Step 6: Tighten the bolt FOiL HOLLOW BLOCK FOR HOLLOW BLOCK Folk EOLLOW BT
FALE MCOHLNTED N BED KHNT 3= FOR CHAL TR-FILLEE BLOCK
) . i GROUT-FILLED BLOCK O SHEET ROCKE
Hand-adjust the lag bolt until there is firm contact between CENTER FACE
the lag bolt and connected metal components. Hand tools HOUNTED

may be used to bring the lag bolt and metal components
into contact. Following contact, tighten nut as shown in
Table 5 (page 127).

END OF DETAIL.

R

7. WEDGE ANCHDR B. LAG BOLTS FOR 9. GRILL IN
GROUT-FILLED DEWWALL ON WOOD STLOS SHEET HETAL
PLOCK CINTIR SCREWS FOR
FALE MOLNTED CRWALL O
HETAL STUDS

Figure 117: Types of masonry and drywall anchors.
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Step 2: Determine where to drill the hole

118

Anchors: Masonry and Drywall

Anchors shown in Figure 117 (page 117) must be installed in
specific areas of hollow block and in-filled block. See Figure
118 (below) for approved anchor hole locations when using
any of the concrete block anchors shown in Figure 117.

BLOCE HOLLOW AREA,

15 THE F&CE
CENTER OF HOULDW ARES TOGGLE BOLTS AMD UMSRELLA
15 THE CENTES CEL PEITION AN LHOHS MAT [ ANTWHERE
REOUIRED FOR SLEEVE OR O THE CELL DF HOLLOW BLOCK
WEDGE ACHOES [N SIOUT WallS WITH MOCEFTABLE
FILLET BLOCH 'WaLLS CLEARE/RKCT
#
L .
L 3 L 3

i Hl S =
WEATICAL S0AM 15 _':':'E':'H'T.::h.rr"" 5
THE HEAD JDINT e
SLEMWT ANCHORS GO 1N NED J0NT
OR FILLED BLOLCK

COMCRETE SCREWS CAN G0 ANTWHERE

Figure 118: Block wall locations.

The location of the anchors should be coordinated with the
block webs, or centered in the cell face, and properly spaced
from other anchors.

DO NOT POSITION THE HOLES IN THE HEAD
@ JOINT. Carefully note the location of anchors in

the face location, centered face location, and

bed joint as they apply to different anchors.

Anchors: Masonry and Drywall

Find webs in block walls, reinforcements in

P grout-filled walls, or studs in drywall. Location
of through-bolts: Avoid webs in concrete block
and studs in drywall walls.

Location of lag bolts and sheet metal screws in
drywall: Install in a wood or metal stud as
appropriate.

reinforcement in grout-filled block walls or
brick before drilling. This may require
relocating equipment slightly to miss
reinforcement.

F Determine the depth and location of any steel

When using electronic locating devices to find
reinforcements and tendons, make sure you know the
limitations of the device. Calibrate and test with a known
standard or location to confirm accuracy. Check the area of
concern in two directions. Inform the contractor performing
the work of the precision of the test unit and record the
results. For example: agreed upon mark +/- Ya” location
vertical, horizontal, and depth +/- V2".

Step 3: Drill the hole

Drill the right-sized hole for the anchors. Use
the appropriate ANSI-rated drill bit for the
application.

Use masonry drill bits for brick and block.

DO NOT CUT STEEL REINFORCEMENT WHEN
DRILLING HOLES.

you must have the damage inspected. As
directed, fill the hole with approved grout and
select a new location according to minimum
spacing requirements. Drill a new hole (see
Figure 109, page 110).

Holes for concrete screws are smaller than
screw size. See the manufacturer’s
instructions for specific requirements.

P If you strike steel reinforcement when drilling,
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Anchors: Masonry and Drywall Anchors: Masonry and Drywall

Step 4: Clean out the hole For details on installing adhesive anchors in a brick wall,
p 4 see Figure 120 (below). Similar installation applies to
hollow block walls. Adjust the anchor by hand while the

Drilled holes must be cleaned before you can insert the adhesive sets.

anchor. Use clean, dry compressed air to blow out dust and

debris. The type of anchor or application also may require
you to use a brush. DO NOT TOUCH THE ANCHOR WHILE THE

ADHESIVE IS CURING.
g See the anchor manufacturer’s instructions for

cleaning the hole. _

F CLEANING IS IMPORTANT: a “dirty” hole can s

significantly reduce an anchor’s performance.
Figure 119: Brick/block wall insert.

Step 5: Insert the anchor

PLISH 16 THERAT (R THEEST
A, BT BNTO SDH ESTAE
FILED SCREEH, TH|ST
SLIGHTLE

il
The following anchors use different insertion methods: -

e Adhesive screen anchor in a brick wall or hollow block
wall (this page).

e Adhesive anchor in a hollow block wall (page 121).

e Concrete screw (page 122).

e Toggle bolt (page 122).

e Concrete anchor (sleeve anchor or wedge anchor) (page

FASTEMER MAY BE ROUUSTED
CLRIRG EPECIFIED: BET
TIME

123). BETWEEW ESCIFIFD SET
ARD CUNE TIME.
e Drywall anchor (lag bolts and sheet metal screws) (page
123). = =
_ et s e+ mate
See the anchor manufacturer’s instructions See the anchor manufacturer’s instructions
before connecting the anchor to a brick or before connecting the anchor to a hollow block
hollow block wall. wall.
A screen insert is shown in Figure 119 (page 121). Insert the Push an umbrella anchor into the hole until the umbrella
screen in the wall. Inject the adhesive. Slowly insert the unfolds in the block cavity (Figure 121, page 122). Inject
anchor with a twisting motion. adhesive into the umbrella. Slowly insert stud or fastener

with a twisting motion.

inserting the screen into the hole_ DO NOT LEAK ADHESIVE ON THE THREADED
PORTION OR CLEAN WITH SOLVENT. The

threaded area must be free of debris to attach

to a threaded rod or steel bolt.

120 121

F Screens may be filled with adhesive before



Anchors: Masonry and Drywall

UMEAELLA [FWSEATS - SPECIFICALLY MEIEHE[I FOR FIETEHI"'E-
TG THE F&CE OF CORCERTE ILOCK, CLAY 1% TERFA COTT,
AOCEPTS ROODS BETWELN Li4" AMO 12"

LAALGE BESAIMG
FURFACE THSIDE

THE BLOCK FRvIDES
COMSESTENT HIGH
LD CAPRCTTY

FRIY TR
THE FARLFECTURER'S
HIRIH IS CLEARASTE

Figure 121: Umbrella anchor in a hollow block wall.

Drill bits may be specifically sized for each manufacturer,
and typically are smaller in diameter than the nominal or
fractional diameter of a screw. Install a concrete screw with
a rotary drill and bolt the head attachment.

Hold the toggle flat alongside the plastic straps and slide the
channel through the hole. Slide the holding ring toward the
wall until the channel is flush with the wall. Cut off the
straps at the holding ring. Insert the bolt with a rotary drill
over the bracket or equipment mounting. See Figure 122
(page 123).

122

Anchors: Masonry and Drywall

CRILL HOLE. HOLD TOHRGLE FLAT WITH ONE HAND, FULL ADWG 50 METRL
ALONOSIDE MLASTIC STRAFS, SLIDE CHARNMEL RESTS FLUEEH BEHIND WALL.
THRGUGH HOLE. SLIGE MLASTEC Cal ALORHG STRS wiTh

WWITH FIXTURE. MENIPM CLEARAMCE
BEHIMD WALL: 1- /8" (48HM],

Figure 122: Toggle bolt installation.

@ DO NOT OVER-TIGHTEN.

Use a hammer to drive the anchor in the hole.

DO NOT FORCE THE ANCHOR. If you use a
hammer larger than recommended, you may
damage the anchor.

To determine the embedment depth of post-installed
anchors, see Figure 108 (page 110).

Use a rotary drill to insert the anchor.

@ DO NOT OVER-TIGHTEN.
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Anchors: Masonry and Drywall

Step 6: Set the anchor (adhesive only) Power-Actuated Anchors

Allow enough time for the adhesive to harden and adhere to

the concrete. This may take several hours. ST 20 DRI L (i e uer

Step 7: Set the equipment and tighten the anchors

setting as shown in the anchor manufacturer’s i
instructions or approved construction A %

documents. }6; . \‘

In-filled block walls may have gaps in the grout fill or the
grout may slightly crack, requiring anchors to be installed in

g Tighten the anchor bolt to the proper torque

the center of the cell. R TN T
If the grout cracks severely, or if you miss a Figure 123: Two types of power-actuated anchors.
grouted block, the anchor will not tighten and

will pull out. If it pulls out, move the anchor to

Authorities having jurisdiction may require a
a new centered cell location.

license to use power-actuated anchors.

END OF DETAIL. @ Refer to the Anchor Selection Guide (page 148)
for additional information.

Step 2: Determine where to place the fastener

Follow the manufacturer’'s recommendations
for minimum slab thickness and best location.

Step 3: Install anchor

Using tools provided by the anchor manufacturer, install the
anchor at the desired location. Follow all the manufacturer’s
instructions. Also see Power-Actuated information in the
Anchor Selection Guide (page 148).

For threaded rods, follow Step 4.

When using drive pins, install the pin with the strap or wire
to complete the installation.

Step 4: Set equipment and tighten

Tighten the anchor nuts over equipment brackets on the
threaded rods.

END OF DETAIL.
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Steel Bolt Connections

The three ways to attach bolted connections are:
¢ Connecting the base of the equipment to an angle
bolted to a concrete floor (this page).

e Bolting two structural steel shapes together
(page 128).

e Bolting a threaded rod to steel shapes or strut
(page 129).

Step 1: Preparation

Determine the bolt size or sheet metal screw
and material requirements from approved
construction documents or the manufacturer’s
instructions.

EQJUDFHENT

BOLT WITH MUT AND WASHER
PLATE OR HULTIPLE SELF-TAPPING SCREWS
WASHER A% AECLIAED

STRUCTURAL STTEL

e i - ANCTHR

5 L = t _ ] L5 [ ]
LISE PLATE WARSHER TO REINFORCE
LIGHT SHEET HERAL HOUSON LS.

Figure 124: Bolting equipment to an angle.
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Anchors: Steel Bolt Connections

Step 2: Locate holes

Use pre-drilled holes wherever possible. Holes may not have
been pre-drilled at the attachment locations shown in the
instructions. In these cases, carefully drill new holes in the
correct locations.

Use caution when drilling into equipment.
Internal components can be damaged.
DO NOT DRILL OVERSIZED HOLES.

Step 3: Inst