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HistoryHistory

1976 – Guidelines for Seismic 
Restraint of Mechanical Systems
(Sheet Metal Industry Fund of Los Angeles)

1982 – Guidelines for Seismic 
Restraints of Mechanical Systems 
and Plumbing Piping Systems
(Sheet Metal Industry Fund of Los Angeles and 
The Plumbing and Piping Industry Council , Inc.)



HistoryHistory
1991 – Seismic Restraint Manual –
Guidelines for Mechanical Systems
(SMACNA)
– Included larger ducts
– Included conduit
– Created Seismic Hazard Level (SHL)

1993 – Appendix E
– Corrections and Clarifications
– Specific Requirements for OSHPD
– OSHPD Approval



HistoryHistory

1998 – Second Edition
– 2000 – ANSI Approval
– 2000 – Addendum #1

» Changes in the 1997 UBC
» Brought about SHL AA



Poll Question #1Poll Question #1
• Which best describes your experience with projects requiring 

Seismic Bracing?
– The vast majority or all of our projects require seismic 

bracing (80%+).
– Most of our projects require seismic bracing (60%-

80%).
– About half of our projects require seismic bracing 

(40%-60%).
– Most of our projects do not require seismic bracing 

(20%-40%).
– Only “special” projects require seismic bracing (20% 

or less)
– We have never done a project that requires seismic 

bracing.



PHYSICSPHYSICS

F = Ma
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Current CodesCurrent Codes

International Building Code (IBC) 2006 & 2009
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All Codes Take the Form ofAll Codes Take the Form of

Where Cs = a series of variables given in 
the building code

Cs is a measure of acceleration

psp WCF =



The Form is the SameThe Form is the Same

⎟
⎠
⎞

⎜
⎝
⎛ +

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

h
z

I
R

WSa
F

p

p

pDSp
p 21

4.0

The portion in the green box is Cs



SimplifyingSimplifying

Fp = CsWp (1 +2Z/h)
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The ComponentsThe Components

Is an adjustment for 
the anticipated force 
levels dependant on 
the location in the 
building (height)

⎟
⎠
⎞

⎜
⎝
⎛ +

h
z21



Basic EquationBasic Equation

Where Cs includes the location 
adjustment factors

psp



Rearranging the EquationRearranging the Equation
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The SMACNA Seismic Restraint 
Manual has tables for four values 

of Cs

These tables are identified as 
Seismic Hazard Level (SHL)



SMACNA SHL ValuesSMACNA SHL Values

SHL A = Cs =   1.0

SHL B = Cs = 0.75

SHL C = Cs = 0.50

SHL D = Cs = 0.25
These values differ from previous editions!



Responsibilities of the Responsibilities of the 
Design ProfessionalDesign Professional

1. Calculate Cs from the information in 
the applicable local building code

2. Calculate the values of Cs at the 
various attachment locations in the 
building

3. Indicate the required SMACNA SHL 
tables to be used at the different 
attachment locations
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ASCEASCE--7 057 05



⎟
⎠
⎞

⎜
⎝
⎛ +

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

h
z

I
R

WSa
F

p

p

pDSp
p 21

4.0
ASCEASCE--7 05 Terms7 05 Terms

Fp is the seismic design force
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ASCEASCE--7 05 Terms7 05 Terms

ap is the component amplification factor that varies from 1.00 
to 2.50 (select from table 13.5-1 or 13.6-1)
Table 13.6-1 contains duct and piping



ASCE-7 05 Terms



ASCE-7 05 Terms

Typically ductwork will have ap = 2.5 and Rp = 6.0
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SDS is the spectral acceleration, short period, as determined 
from Section 11.4.4
Based on the soil type (site class) and the maximum 
considered earthquake motion for 0.2 sec (the “contour maps”)
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ASCEASCE--7 05 Terms7 05 Terms

Wp is the component operating weight
When using the SMACNA seismic restraint manual be sure not 
to exceed the max wt. per linear ft.
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ASCEASCE--7 05 Terms7 05 Terms

Rp is the component response modification factor that varies 
from 1.00 to 12 (Select the appropriate value from Table 13.5-1 
or 13.6-1)  Duct and piping are in 13.6-1
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ASCEASCE--7 05 Terms7 05 Terms

z is the height in structure of point of attachment of component
with respect to the base.  For items at or below the base z shall 
be taken as 0.  The value z/h need not exceed 1.0

h is the average roof height of structure with respect to the base
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Ip is the component importance factor that varies from 1.0 to 
1.5 (see Section 13.1.3)



Component Importance FactorComponent Importance Factor

Ip = 1.5 if any of the following apply:
– The component is required to function for life-

safety purposes after an earthquake, including 
fire protection sprinkler systems (sprinkler 
systems are not covered in SMACNA’s seismic 
restraint manual)

– The component contains hazardous materials
– The component is in or attached to an 

Occupancy Category IV structure and it is 
needed for continued operation of the facility 
or its failure could impair the continued 
operation of the facility



Component Importance FactorComponent Importance Factor

Ip = 1.0 for all other components

DO NOT CONFUSE THIS WITH THE 
IMPORTANCE FACTOR I FOUND IN 
SECTION 11.5 OF ASCE 7-05 (for the 
structure itself)



Occupancy CategoryOccupancy Category

Occupancy category  is defined in 
Table 1-1 in ASCE7-05.  
The values go from I to IV



Table 1-1 Occupancy Category



Table 1-1 Occupancy Category



Seismic Design CategorySeismic Design Category

Section 11.6 in ASCE 7-05
– Occupancy Category I, II, or III where 

S1≥0.75 shall be Seismic Design 
Category E

– Occupancy Category IV where S1≥0.75 
shall be Seismic Design Category F



Seismic Design CategorySeismic Design Category

Section 11.6 in ASCE 7-05
– Otherwise pick the more severe option 

from Tables 11.6-1 or 11.6-2
– Other exceptions and conditions exist 

consult ASCE7-05 sections 11.6 and 
11.7 for specifics



Table 11.6-1 and Table 11.6-2



Seismic Hazard LevelSeismic Hazard Level

Seismic Hazard Level (SHL) is a term 
used in the SMACNA manual.

SHL = Fp/Wpwhich = Cs

SHL is the ratio of the seismic force 
to the item’s weight.



TermsTerms

It is not necessary for the contractor 
to fully understand the previous 
terms as these values should be 
determined by the designer.
A basic understanding of the terms 
will help the contractor determine 
when exceptions can be applied.



Poll Question #2Poll Question #2

• Which best describes your typical approach to 
seismic bracing?
– We have designers on staff and rarely use outside 

consulting.
– We hire outside consultants for design but fabricate 

as much of the bracing as possible in house.
– We go to a third party that designs and supplies most 

of the bracing.
– We typically avoid projects that require seismic 

bracing.



General RequirementsGeneral Requirements

1. Details provide lateral bracing 
system. Typical vertical supports 
per local building code must be 
used. 

2. Thermal expansion not given but 
must be considered. 

3. Duct construction to conform to the 
appropriate SMACNA publications. 



General RequirementsGeneral Requirements
4. Pipes will conform to ANSI/ASME B 

31.9 Building Services Piping Code.
5. Brace in-line equipment 

independently of ducts and pipes. 
6. Cold formed angles to conform to the 

requirements of the latest 
"Specifications for the Design of 
Cold-Formed Steel Structural 
Members" (AISI) (FY = 33 KSI) 



General RequirementsGeneral Requirements

7. Hot rolled shapes and plates to 
conform to ASTM A36.  Pipes used 
as braces to conform to ASTM A120 
or A53. 

8. Cables to have minimum breaking 
strength.  Per Table 3-2.



General RequirementsGeneral Requirements
9. Bolts to conform to ASTM A307.
10.Expansion anchors per Table 3-3.  

Proprietary connectors may be used 
where values are greater.

11.Welding to conform to AWS D1.1 using 
shielded or submerged ARC method.

12.Brace conduit same as equivalent 
weight of pipe.



General RequirementsGeneral Requirements
13.Do not mix solid and cable bracing. 
14.Bracing for equipment NOT included.
15.All runs will have a minimum of two 

transverse and one longitudinal 
braces. 

16.A run is defined as any change in 
direction except as allowed by offsets. 



Bracing of DuctsBracing of Ducts
Seismic supports are not required for 
HVAC ductwork when the Ip = 1.0 if 
either of the following conditions is 
met for the entire duct run:

1. Ducts are suspended from hangers 12 
in. or less as measured from the top 
of the duct to the bottom of the 
support where 



Bracing of DuctsBracing of Ducts
the hanger is attached. Hangers must be 
positively attached to the duct within 2 
in. of the top of the duct with a minimum 
of two #10 sheet metal screws. Lateral 
motion will not cause damaging impact 
with other systems. Lateral motion will 
not cause loss of vertical support.

2. Ducts have a cross-sectional area of  6 
ft2 or less.** (less than 6 ft2 per ASCE7-05)



Code ChangesCode Changes
The third edition of the Seismic Restraint Manual 
was written to be compliant with IBC 2006 and 
ASCE 7-05.
– The CBC 20071614A.1.14 ASCE 7 Section 13.6.7.

» Modify ASCE 7 Section 13.6.7 by the following:
Requirements of this section shall also apply for lp=1.5 

– The IBC 2009
» 1613.6.8 HVAC ductwork with Ip = 1.5. Seismic supports 

are not required for HVAC ductwork with Ip = 1.5 if either of 
the following conditions is met for the full length of each 
duct run:

» 1. HVAC ducts are suspended from hangers 12 inches (305 
mm) or less in length with hangers detailed to avoid 
significant bending of the hangers and their attachments, 
or

» 2. HVAC ducts have a cross-sectional area of less than 6 
square feet (0.557 m2)..

– (expands the exceptions on previous slides)



Bracing of DuctsBracing of Ducts

1. Transverse and longitudinal 
bracing per tables (Chapters 5, 6, 7 
and 8). 

2. Ducts may be grouped.  Select 
bracing requirements based on 
combined weight.  Minimum of two 
sides to be attached to horizontal or 
vertical angles. 



Bracing of DuctsBracing of Ducts

3. Wall penetrations may replace 
transverse brace.  Solid blocking 
required. 



Bracing of Pipes or ConduitBracing of Pipes or Conduit
1. Brace fuel oil, and gas (such as, fuel 

gas, medical gas, and compressed air) 
as per local codes. 

2. Brace all pipes 3 inch nominal 
diameter or larger.



Bracing of Pipes Bracing of Pipes -- ConduitConduit
3. Transverse and longitudinal bracing as 

per tables (Chapters 5, 6, 7 and 8).
4. Provide joints/connections capable of 

accommodating seismic displacements 
where pipes pass through building 
seismic or expansion joints or where 
pipes connect to equipment with 
vibration isolators.



Bracing of Pipes Bracing of Pipes -- ConduitConduit

Seismic supports are not required 
for piping systems where one of the 
following conditions is met:

1. Piping is supported by rod hangers; 
hangers in the pipe run are 12 in. (305 
mm) or less in length from the top of 
the pipe to the supporting structure; 



Bracing of Pipes Bracing of Pipes -- ConduitConduit

1. hangers are detailed to avoid bending 
of the hangers and their attachments; 
and provisions are made for piping to  
accommodate expected deflections.

2. High-deformability piping is used; 
provisions are made to avoid impact 
with larger piping or mechanical  



Bracing of Pipes Bracing of Pipes -- ConduitConduit
2. components or to protect the piping in 

the event of such impact; and the 
following requirements are satisfied: 

a) For Seismic Design Categories D, E or F 
where Ip is greater than 1.0, the nominal 
pipe size shall be 1 in. (25 mm) or less.



Bracing of Pipes Bracing of Pipes -- ConduitConduit

b) For Seismic Design Category C, where Ip
is greater than 1.0, the nominal pipe size 
shall be 2 in. (51 mm) or less.

c) For Seismic Design Category D, E or F 
where Ip is equal to 1.0, the nominal pipe 
size shall be 3 in. (76 mm) or less.



Bracing of Pipes Bracing of Pipes -- ConduitConduit

Ductile pipes shall be braced as outlined in 
the manual when using brazed or welded 
connections (Copper, Ductile Iron, aluminum, 
or steel)
Non-ductile pipes or pipes using screw 
connections (cast iron, no hub, PVC) shall 
reduce the brace spacing by ½ of the 
spacing allowed in the manual.
CBC 2007 allows screw connections to be in 
the ductile category if the piping is ductile



CBC 2007CBC 2007
1614A.1.13 ASCE 7, Section 13.6.1. 

Modify ASCE 7 Section 13.6.1 by adding Sections 13.6.1.1 and 
13.6.1.2 as follows: 

13.6.1.1 HVAC ductwork, plumbing/piping and conduit systems. 
Ductwork shall be constructed in accordance with provisions 
contained in Part 4, Title 24, California Mechanical Code. Where
possible, pipes, conduit and their connections shall be 
constructed of ductile materials (copper, ductile iron, steel or 
aluminum and brazed, welded or screwed 
connections). Pipes, conduits and their connections, 
constructed of non-ductile materials (e.g., cast iron, no-hub pipe 
and plastic), shall have the brace spacing reduced to satisfy 
requirements of ASCE 7 Chapter 13 and not to exceed one-
half of the spacing allowed for ductile materials.



Vertical risers not specifically 

engineered will be laterally 

supported with a riser clamp at 

each floor.



Figure 10-10 Riser Bracing for Hubless Pipe



DEFINITIONSDEFINITIONS

TRANSVERSE BRACE - those 
designed and installed to restrain 
movement in the direction 
perpendicular to the piping or duct 
run



DEFINITIONSDEFINITIONS

LONGITUDINAL BRACE - those 
designed and installed to restrain 
movement in the direction parallel to 
the piping or duct run

RUN (Piping or Duct) - a straight 
length with no changes in direction 
except as allowed by offsets



Elements of a Seismic Elements of a Seismic 
RestraintRestraint

Brace

Attachment to the 
Component

Attachment to the Structure



Bracing MembersBracing Members

RIGID
Angles
Pipes
Strut Channels

NON-RIGID
Cables



Connections to DuctsConnections to Ducts

The SMACNA Seismic Restraint 
Manual Contains 12 Different 
Details for Connecting to 
Ductwork, Rectangular and 
Round



FIGURE 4-2 SIDE BRACING FOR RECTANGULAR DUCTS



NotesNotes

The notes are specific to each 
drawing these are just a typical 
representation.



FIGURE 4-3 SIDE BRACING FOR RECTANGULAR DUCTS



FIGURE 4-4 CABLE SIDE BRACING FOR RECTANGULAR DUCTS



FIGURE 4-5 SIDE BRACING FOR RECTANGULAR DUCTS



FIGURE 4-6 CENTER BRACING FOR RECTANGULAR DUCTS



FIGURE 4-7 CABLE CENTER BRACING FOR RECTANGULAR DUCTS



FIGURE 4-8 FLOOR SUPPORTED DUCT



FIGURE 4-8 FLOOR SUPPORTED DUCT



FIGURE 4-9 SINGLE HANGER SPACING FOR ROUND DUCTS
33-36 INCHES (838-900 MM)



FIGURE 4-10 SINGLE HANGER CABLE BRACING FOR ROUND DUCTS
33-36 INCHES (838-900 MM)



FIGURE 4-11 DOUBLE HANGER BRACING FOR ROUND DUCTS
UP TO 84 INCHES (2100 MM)



FIGURE 4-12 DOUBLE HANGER CABLE BRACING FOR ROUND DUCTS
33-36 INCHES (838-900 MM)



Connections to Piping/Conduit Connections to Piping/Conduit 
SystemsSystems

The SMACNA Seismic Restraint 
Manual Contains 10 Different 
Details for Connecting to 
Piping/Conduit Systems



FIGURE 4-13 TRANSVERSE BRACING FOR PIPES



FIGURE 4-14 TRANSVERSE STRUT BRACING FOR PIPES



FIGURE 4-15 ALTERNATE ATTACHMENT TO HANGER FOR PIPE BRACING



FIGURE 4-16 LONGITUDINAL BRACING FOR PIPES



FIGURE 4-17 ALTERNATE BRACING FOR PIPES



FIGURE 4-18 TRANSVERSE CABLE BRACING FOR PIPES



FIGURE 4-19 LONGITUDINAL CABLE BRACING FOR PIPES



FIGURE 4-20 STRUT BRACING FOR PIPE TRAPEZE



FIGURE 4-21 CABLE BRACING FOR PIPE TRAPEZE



FIGURE 4-22 FLOOR SUPPORTED PIPES



Connections to the Connections to the 
StructureStructure

The SMACNA Seismic Restraint 
Manual Contains 8 Levels for 
Connection into Concrete

(2) 1 Bolt Connection
(3) 2 Bolt Connections
(3) 4 Bolt Connections



Connections to the Connections to the 
StructureStructure

The SMACNA Manual Contains
(6) Alternative Connections to 
Concrete
(6) Details for Connection to Steel
(3) Details for Connections to Wood



CONNECTIONS TO STRUCTURES



CONNECTIONS TO STRUCTURES



CONNECTIONS TO STRUCTURES



CONNECTIONS TO STRUCTURES



CONNECTIONS TO STRUCTURES



CONNECTIONS TO STRUCTURES



Miscellaneous ConnectionsMiscellaneous Connections

The SMACNA Manual contains:
Specific Details on Various 
Connections
Bracing for Hubless Cast Iron Pipe
Riser Bracing for Hubless Pipes
Seismic Joints in Pipes



Miscellaneous ConnectionsMiscellaneous Connections

The SMACNA Manual contains:

Welded Tabs for Pipe Connections

Stiffeners & Saddles at Pipe Clamps



MISCELLANEOUS CONNECTIONS



MISCELLANEOUS CONNECTIONS



MISCELLANEOUS CONNECTIONS



MISCELLANEOUS CONNECTIONS



The Ten Step ProcessThe Ten Step Process

1. Get the SHL from the Designer
2. Check the structural system (What 

the ducts and pipes hang from)
3. Find the detail in Chapter 4 that 

corresponds to your condition
4. Determine which chapter has the 

correct schedule (based on SHL)



The Ten Step ProcessThe Ten Step Process

5. Find the correct table in that 
chapter (see notes from detail 
selected in chapter 4)

6. Determine the proper row (size and 
weight)

7. Use the row to get information on 
the sizes of hangers, bolts, etc.



The Ten Step ProcessThe Ten Step Process

8. Use the row to get the connection 
type (A through I)

9. Use Table 9-1 and connection type 
to determine the size and quantity 
of anchor, bolt, angle, etc.

10.Find the detail in Chapter 9 that 
corresponds to the connection type 
and the supporting structure.



Example 1Example 1

• Single run of rectangular duct

• Top of duct is 5’-8” from to supporting 
structure

• Duct size 58” x 24” @ 36 lb/ft

• Cs = .80 so SHL=A Provided by designer



Example 1Example 1

• First determine the applicable figures in 
Chapter 4.
– Can not use Figures 4-2 thru 4-4 

• too far from the structure
– Figures 4-5 thru 4-7 qualify

• Note Figure 4-8 is for floor supports
– Because of preference and jobsite conditions 

we will use Figure 4-7 which is for center 
bracing using cable



Example 1Example 1

Figure 4-7



Example 1Example 1

• Figure 4-7
– Note 3, Since L = 5’-8” we need to use table 

5-3, 6-3, 7-3, or 8-3

– In our case SHL = A (Chapter 5)
• Use Table 5-3 because chapter 5 is for SHL A



Example 1Example 1



Example 1Example 1



Example 1Example 1



Example 1Example 1

• The vertical hangers 
are 4 x 4 x 14 gage 
angle



Example 1Example 1



Example 1Example 1

• The horizontal braces 
are 2 x 2 x 16 gage 
angle



Example 1Example 1



Example 1Example 1

Safety factor ~ 2.85



Example 1Example 1

• The transverse brace 
cables are a class E 
per Table 3-2 
(nominal ¼” diameter)

• The transverse brace 
spacing is 30 ft.



Example 1Example 1

• Figures 10-1 and 10-2 cable connection to duct frame



Example 1Example 1



Example 1Example 1

Safety factor ~ 2.85



Example 1Example 1
• The longitudinal brace 

cables are a class F 
per Table 3-2 

• (nominal 9/32” diameter)
• The longitudinal brace 

spacing is 60 ft.
• Longitudinal cable 

bracing is on each 
side of the hanger 
and on each side of 
the duct (4)

10-3 or 
10-4



Example 1Example 1

• Figures 10-3 and 10-4 cable connection to duct hanger



Example 1Example 1

• Figure 10-5 Cable End Connections



Example 1Example 1



Example 1Example 1

• Connection bolts are 
3/8 inch diameter



Example 1Example 1



Example 1Example 1



Example 1Example 1



Example 1Example 1

• Chapter 9 has other 
“typical” connections 
including:

• Steel
– Web
– I BEAMS 

(SPREADERS)
• concrete decking
• hollow core plank



Example 1Example 1

Expansion Anchors
(2) 5/8” Table 3-3

Machine Bolt
½”

Angles
5x3x3/8x4
LLH



CCss>1.00>1.00

What happens if Cs is greater than 1?

Appendix A
– Cs = 1.15

– Use SHL A where Cs = 1.00 and adjust 
spacing accordingly.



CCss>1.00>1.00

Spacing for SHL A = 30 ft.
– Reduce the spacing by 

» CsA/CsX
» (1.00/1.15) = .87

– .87 x 30 ft = 26 ft. 
– Brace using SHL A but use 26 ft. spacing



Thank YouThank You

Technical Inquiries:
www.smacna.org

click “Technical Services”

click “Technical Inquiries”

http://www.smacna.org/technical/index.cfm?fuseaction=inquiry


