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INTRODUCTION

The purpose of this manual is to provide design professionals, contractors, and building officials
responsible for the MEP, Mechanical, Electrical, and Plumbing, with the information and guidance
required to ensure that the seismic restraints required for a specific project are selected and/or
designed, and installed in accordance with the provisions code. This guide will be written in
several easily referenced sections that deal with specific portions of the code.

This guide is based on the International Building Code (IBC). The 2000 IBC and the 2003 IBC are
very similar, and in fact are almost identical. When they are referenced in this manual, it will be as
2000/2003 IBC. The latest version of the IBC that is currently being adopted by the various states
is 2006 IBC. This is the version that will form the core basis for this manual. When appropriate the
differences between the 2006 IBC and the 2000/2003 IBC will be pointed out. The intent is to have
a working guide that is based on the current 2006 IBC, but is also relevant to the 2000/2003 IBC.
The code based requirements for the restraint of pipe and duct are found in the following

references.

1. 2007 ASHRAE HANDBOOK - Heating, Ventilating, and Air-Conditioning Applications;
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie
Circle, N.E. Atlanta, GA 30329, 2007; Chapter 54 Pp 54-11 and 54-12.

2. 2000 International Building Code; International Code Council, 5203 Leesburg Pike, Suite
708, Falls Church, Virginia, 22041-3401; 2000.

3. ASCE 7-98 Minimum Design Loads for Buildings and Other Structures; American Society of
Civil Engineers, 1801 Alexander Bell Drive, Reston, Virginia 20191-4400, Chapter 9.

4. 2003 International Building Code; International Code Council, Inc., 4051 West Flossmoor
Road, Country Club Hills, lllinois 60478-5795; 2002.

5. ASCE/SEI 7-02 Minimum Design Loads for Buildings and Other Structures; American
Society of Civil Engineers, 1801 Alexander Bell Drive, Reston, Virginia 20191-4400, Chapter
9.
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6. 2006 International Building Code; International Code Council, Inc., 4051 West Flossmoor
Road, Country Club Hills, lllinois 60478-5795; 2006.

7. ASCE/SEI 7-05 Minimum Design Loads for Buildings and Other Structures; American
Society of Civil Engineers, 1801 Alexander Bell Drive, Reston, Virginia 20191-4400,
Chapters 1, 2, 11, 13, 20, and 21.

8. SMACNA, Seismic Restraint Manual — Guidelines for Mechanical Systems with Addendum

No. 1 2" Edition; Sheet Metal and Air Conditioning Contractors’ National Association, Inc.,
4201 Lafayette Center Drive, Chantilly, Virginia 20151-1209, 1998.

9. UNIFIED FACILITIES CRITERIA (UEFC) — Seismic Design for Buildings; United States
Department of Defense Document UFC 3-310-03A, 1 March 2005; Table 3-3, Pp 3-13 — 3-
17.

The selection and installation of the proper seismic restraints for MEP systems requires good
coordination with the design professionals and contractors involved with the building project. A
good spirit of cooperation and coordination is especially required for projects that have been
designated as essential facilities, such as hospitals, emergency response centers, police and fire
stations. Coordination between the various design professionals and contractors will be a constant
theme throughout this guide. This coordination is vital for the following reasons.

1. The seismic restraints that are installed for a system can and will interfere with those of
another unless restraint locations are well coordinated.

2. The space required for the installed restraints can cause problems if non-structural walls
need to be penetrated, or other MEP components are in the designed load path for the
restraints.

3. The building end of the seismic restraints must always be attached to structure that is
adequate to carry the code mandated design seismic loads. It is the responsibility of the

structural engineer of record to verify this.
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COMPONENT IMPORTANCE FACTOR

D2.1 — 3.1 Introduction:

MEP components and systems are categorized in ASCE 7-98/02 and ASCE 7-05 as non-
structural components. There are just two values for the Component Importance Factors for MEP
components, 1.0 and 1.5, which are not directly linked to the importance factor for the building

structure. The Component Importance Factor is designated as | , in the body of the code. All MEP

components must be assigned a component importance factor. The design professional that has
responsibility for the MEP system in question is also responsible for assigning the Component

Importance Factor to that system.

D2.1 — 3.2 Criteria for Assigning a Component Importance Factor (Sections 9.6.1 and
9.6.1.5) [Section 13.1.3]%

For MEP systems, the Component Importance Factor (I ,) assigned to the components within the

system shall be determined as follows.

1. If the MEP system is required to remain in place and function for life-safety purposes
following and earthquake the importance factor assigned to the MEP system and its
components shall be 1.5. Some examples of this type of system would be;

a. Fire sprinkler piping and fire suppression systems.

b. Smoke removal and fresh air ventilation systems.

c. Systems required for maintaining the proper air pressure in patient hospital rooms to
prevent the transmission of infectious diseases.

d. Systems that maintain proper air pressure, temperature, and humidity in surgical suites,
bio-hazard labs, and clean rooms.

! References in brackets (Sections 9.6.1 and 9.6.1.5) and [Section 13.1.3] apply to sections, tables, and/or equations in
ASCE 7-98/02 and ASCE 7-05 respectively which forms the basis for the seismic provisions in 2000/2003 IBC and 2006
IBC respectively..

PIPE AND DUCT COMPONENT IMPORTANCE FACTOR
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e. Medical gas lines.
f. Steam lines or high pressure hot water lines.

2. If the MEP system contains or is used to transport hazardous materials, or materials that are
toxic if released in quantities that exceed the exempted limits a Component Importance
Factor of 1.5 shall be assigned to that MEP system and its components. Examples are as
follows.

a. Systems using natural gas.

Systems requiring fuel oil.

Systems used to exhaust laboratory fume hoods.

Boilers, furnaces and flue systems.

Systems that are used to ventilate bio-hazard areas and infectious patient rooms.

-~ o o 0 T

Chemical or by-product systems which are required for industrial processes.

3. If the MEP system is in or attached to a building that has been assigned to Occupancy
Category IV (Seismic Use Group I11), i.e. essential or critical facilities, and is required for the
continued operation of that facility following an earthquake, then a Component Importance
Factor of 1.5 shall be assigned to that system and its components. Hospitals, emergency
response centers, police stations, fire stations, and etc. fall in Occupancy Category IV. The
failure of any system could cause the portion of the building it serves to be evacuated and
unusable would cause that system and its components to be assigned a Component
Importance Factor of 1.5. Even the failure of domestic water lines can flood a building and
render it uninhabitable. So, all of the items listed above under items 1 and 2 would apply to
facilities in Occupancy Category IV.

4. If the MEP system that is located in or attached to an Occupancy Category IV facility and its
failure would impair the operation of that facility, then a Component Importance Factor of 1.5
shall be assigned to that MEP system and its components. This implies that any MEP system
or component that could be assigned a Component Importance Factor of 1.0 that is located
above an MEP system or component that has been assigned a Component Importance

Factor of 1.5 must be reassigned to a Component Importance Factor of 1.5.

PIPE AND DUCT COMPONENT IMPORTANCE FACTOR
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5. All other MEP systems that are not covered under items 1, 2, 3, or 4 may be assigned a
Component Importance Factor of 1.0.
D2.1 - 3.3 Summary:

The Component Importance Factor is very important to the designer responsible for selecting and
certifying the seismic restraints for an MEP system or component. This factor is a direct multiplier
for the horizontal seismic design force, which shall be discussed in a later section. The
Component Importance Factor will also be a key indicator as to whether a particular component
will qualify for and exemption or not. If a Component Importance Factor has not been assigned to
an MEP system, the designer responsible for selecting the seismic restraints must assume that
the Component Importance Factor is equal to 1.5. If the MEP system actually could be assigned a
Component Importance Factor of 1.0, this could result in a large increase in the size and number
of restraints required along with a corresponding increase in the cost for the system.

It is in the best interest of the design professionals responsible for an MEP system to properly
assign the Component Importance Factor to that MEP system. The Component Importance Factor
for each MEP system and component should be clearly indicated on the drawings that are

distributed to other design professionals, contractors, suppliers, and building officials.
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GENERAL EXEMPTIONS AND REQUIREMENTS

D2.1 — 4.1 Introduction:

The International Building Codes (IBC's) allow certain exemptions to be made for MEP systems
and components from the need for seismic restraint. These exemptions are based on the Seismic
Design Category, the Component Importance Factor, and the size and weight, of the MEP

components.

There are further general provisions in the IBC pertaining to MEP components that must be
acknowledged at the outset of a project. These are provisions ranging from the upper bound size
for an MEP component in order for it to be considered as a non-structural component to the

component certifications and documentation required.

This section will present the general exemptions for MEP systems and components and discuss
the general requirements that apply to them.

D2.1 — 4.2 Exemptions for Seismic Design Categories A and B (Section 9.6.1-1 and 9.6.1-3)
[Section 13.1.4-1 and 13.1.4-2]%

MEP systems and their components that are located in or on buildings that have been assigned to
Seismic Design Categories A and B are exempt from the requirements for seismic restraints.
These two exemptions point out the need for having the correct seismic deign in formation for the
project available to all of the design professionals and contractors during the bidding stage of the
project. Being able to use these exemptions can save the MEP contractors as much as 10% to
15% in their costs.

! References in brackets (Section 9.6.1-1 and 9.6.1-2) [Section 13.1.4-1 and 13.1.4-2] apply to sections, tables, and/or
equations in ASCE 7-98/02 and ASCE 7-05 respectively, which forms the basis for the seismic provisions in 2000/2003
IBC and 2006 IBC respectively.

GENERAL EXEMPTIONS AND REQUIREMENTS
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For example, a critical piece of information required at the outset is the Site Class. If the Site
Class has not been determined by a qualified geotechnical engineer, then Site Class D must be
assumed. The resulting combination of the mapped acceleration parameters and soil profile of
Site Class D may force the project to be assigned to Seismic Design Category C which in turn
forces the requirement for seismic restraints. If instead the Site Class had been determined to be
Site Class B by a qualified geotechnical engineer, then the project may have been found to fall
into Seismic Design Category A or B, thus eliminating the need for seismic restraints for MEP

systems and components.

D2.1 — 4.3 Exemptions for Seismic Design Category C (Section 9.6.1-4) [Section 13.1.4-3]:

MEP systems and components that have been assigned to Seismic Design Category C, and that
have been assigned a Component Importance Factor of 1.0, are exempt from the requirements for
seismic restraints. In this case it is very important that the design professionals responsible for the
various MEP systems and components assign the correct Component Importance Factors to
those systems and components. If no Component Importance Factor is assigned, the installing
contractor should prudently assume that the Component Importance Factor is equal to 1.5, and
provide restraints for that system or component. This is particularly true of duct runs where it is

very likely that the ventilation components may also be required for smoke control.

It is also critical to know which MEP systems and components have a component Importance
Factor of 1.0 and which ones have a Component Importance Factor of 1.5. To the extent possible,
those with Component Importance Factors equal to 1.5 should be installed above those with
Component Importance Factors equal to 1.0 in order to reduce the over all number of restraints

needed for the project.
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D2.1 — 4.4 Exemptions for Seismic Design Categories D, E, and F (Sections 9.6.1-5 and
9.1.6-6) [Sections 13.1.4-4 and 13.1.4-5]:

There are basically three exemptions that apply here.

1. MEP components that:
a. Are in Seismic Design Categories D, E, and F.
b. Have a Component Importance Factor equal to 1.0,
c. Have flexible connections between the components and all associated duct, piping,
conduit.
d. Are mounted at 4 ft (1.22 m) or less above a floor level.
e. And weigh 400 Ibs (1780 N) or less.
2. MEP components that:
a. Arein Seismic Design Categories D, E, and F.
b. Have a Component Importance Factor equal to 1.0.
c. Have flexible connections between the components and all associated duct, piping,
conduit.
d. And weigh 20 Ibs (89 N) or less.
3. MEP distribution systems that:
a. Are in Seismic Design Categories D, E, and F.
b. Have a Component Importance Factor equal to 1.0.
c. Have flexible connections between the components and all associated duct, piping,
conduit.
. And weigh 5 Ibs/ft (73 N/m) or less.

o

D2.1 — 4.5 “Chandelier” Exemption (Section 9.6.3.2) [Section 13.6.1]:

This exemption applies to light fixtures, lighted signs, ceiling fans, and other components that are
not connected to ducts or piping and which are supported by chains or other wise suspended from

GENERAL EXEMPTIONS AND REQUIREMENTS
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the structure by a method that allows the component to swing freely. These components will
require no further seismic support provided that all of the following conditions are met.

1. The design load for these components shall be equal to:

a. 3.0 times the operating load, applied as a gravity design load, for 2000/2003 IBC.

b. 1.4 times the operating weight of the component acting downward with a simultaneous
horizontal load that is also equal to 1.4 times the operating weight for 2006 IBC. The
horizontal load is to be applied in the direction that results in the most critical loading
and thus the most conservative result.

2. The component shall not impact other components, systems, or structures as it swings
through its projected range of motion.
3. The connection to the structure shall allow a 360° range of motion in the horizontal plane. In

other words, this must be a “free swinging” connection.

D2.1 — 4.6 Component Size Relative to the Building Structure (Section 9.6.1) [Section
13.1.5]:

For the most part MEP components will be treated as nonstructural components by the code.
However, if the MEP component is very large relative to the building it must be treated as a
nonbuilding structure, which has a completely different set of design issues. For 2000/2006 IBC, If
the weight of the MEP component is greater than or equal to 25% of the combined weight of the
MEP Component and the supporting structure, the MEP component must be treated as a
nonbuilding structure per Section 9.14 of ASCE 7-98/02. For 2006 IBC, if the weight of the
nonstructural component is greater than or equal to 25% of the effective seismic weight of the
building as defined in Section 12.7.2 of ASCE 7-05, then that component must be classified as a

nonbuilding structure and designed accordingly.

When might this apply? This applies to very large pieces of MEP equipment such as large cooling
towers, and the very large air handling units that are placed on the roofs of buildings employing
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lightweight design techniques. The structural engineer of record will have a value for the effective
seismic weight of the building. This must be compared to the operating weight of the MEP

component in question.

D2.1 — 4.7 Reference and Accepted Standards (Sections 9.6.1.1 and 9.6.1.2) and Reference
Documents [Section 13.1.6]:

Typically reference standards, acceptance standards, and reference documents are other
publications that will provide a basis for earthquake resistant design. Examples of reference
documents currently in existence would be the SMACNA Seismic Restraint Manual, listed in
Section 1.0 Introduction of the guide, and NFPA 13. These documents may be used with the

approval of the jurisdiction having authority as long as the following conditions are met.

1. The design earthquake forces used for the design and selection of the seismic restraints
shall not be less that those specified in Section 9.6.1.3 of ASCE 7-98/02 and Section 13.3.1
of ASCE 7-05, which is also covered in Section 8.0 of this guide.

2. The seismic interaction of each MEP component with all other components and building
structures shall be accounted for in the design of the supports and restraints.

3. The MEP component must be able to accommodate drifts, deflections, and relative
displacements that are defined in ASCE 7-05. This means that flexible connections for pipe,
duct, and electrical cables for MEP components are in general, a good idea to prevent
damage if the MEP component, and/or the pipe, duct, and electrical cables that are attached

to it are unrestrained.
D2.1 — 4.8 Allowable Stress Design (Sections 2.3 and 2.4) [Sections 2.3, 2.4, and 13.1.7]:
Reference documents that use allowable stress design may be used as a basis for the design and

selection of seismic restraints. However, the design earthquake loads determined in accordance
with Section 9.6.1.3 of ASCE 7-98/02 and Section 13.3.1 of ASCE 7-05 must be multiplied by 0.7.
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D2.1 — 4.9 Submittals and Construction Documents (Sections 9.6.3.6, 9.6.3.15 and A.9.3.4.5)
[Sections 13.2.1, 13.2.5, 13.2.6, and 13.2.7]:

Projects that require seismic restraints for MEP systems and components will require project
specific certification that the design of the seismic restraints selected for the MEP systems and
their components will meet the code, specification, or details which ever is most stringent. This
certification is to be provided both in the submittals and in the construction documents.

For the submittal of seismic restraints and supports, the certification may be satisfied by one of the

following means.

1. Project and site specific designs and documentation that are prepared and submitted by a
registered design professional. Please note that a specific discipline is not mentioned
regarding the registered design professional that is responsible for the design and signing
and sealing of the documentation.

2. Manufacturer’'s certification accompanying the submittal the restraints are seismically
qualified for the project and site. The certification may be made in any one of three ways as
detailed below.

a. Analysis — this is typical for the seismic restraints used for MEP systems and
components. Manufacturers of these seismic restraint devices will normally have
families of the various types of restraint devices that have different seismic force
capacity ranges. The manufacturer will perform an analysis to determine the project
and site specific seismic design loads, and then analyze the MEP system and/or
components to determine the required restraint capacities at the restraint attachment
points to the system and/or components. The proper restraint will be selected from the
manufacturer’s standard product offering, or a special restraint may be designed and
built for the application. The manufacturer’s certification will include a statement
signed and seal by a registered design professional that the restraint devices will meet
the appropriate code, specification, and/or details.
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b. The manufacturer of the restraint devices may have them tested in accordance with
ICC-ES AC 156 as outlined in Sections 9.6.3.6 and A.9.3.4.5 of ASCE 7-98/02 and
Section 13.2.5 of ASCE 7-05. They will then provide a signed and sealed certification
document stating that the restraint devices will provide adequate protection for the
MEP system and components.

c. Experience data per the requirements in Sections 9.6.3.6 and A.9.3.4.5 of
ASCE 7-98/02 and Section 13.2.6 of ASCE 7-05. This is not a normal avenue for a
manufacturer of seismic restraint devices to use to certify their products as being fit for
a specific project. In using this method, the manufacturers would incur a great deal of
liability.

Section A.9.3.4.5 of ASCE 7-98/02 and Section 13.2.7 of ASCE 7-05 indicates that seismic
restraints for MEP systems and components will require construction documents that are prepared
and, signed and sealed by a registered design professional. Frequently, the submittal package
provided by the manufacturer of the seismic restraints will also have enough information to fulfill
this requirement.

The registered design professional mentioned above needs to be one with knowledge and
experience in force analysis, stress and analysis, and the proper use of steel, aluminum,
elastomers, and other engineering materials in the design of force resisting systems. There are
several disciplines that may fulfill these requirements such as, structural engineers, civil

engineers, and mechanical engineers involved in the area of machine design.

D2.1 — 4.10 Equipment Certification for Essential Facilities (Sections 9.6.3.6, 9.6.6.15, and
A9.3.4.5) [Sections 13.2.2, 13.2.5, and 13.2.6]:

For buildings that have been assigned to Seismic Design Categories C, D, E, and F designated
seismic systems will require certification. Designated seismic systems are those whose failure has
the potential to cause loss of life or loss of function for buildings that were deemed essential for

recovery following an earthquake. Typically essential facilities are those that have been assigned
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to Occupancy Category 1V, see Section 2.2 of this guide. For these types of systems, certification
shall be provided as follows.

1. For active MEP systems and components that must remain functional after an earthquake
shall be certified by the supplier or manufacturer as being operable after the design level
earthquake for the project site based on:

a. Shake table testing such as that specified in ICC-ES AC 156 as described in Section
A.9.3.4.5 of ASCE 7-98/02 and Section 13.2.5 of ASCE 7-05. Evidence of compliance is
to be submitted to the jurisdiction having authority and the design professional of record
for approval.

b. Experience or historical data as outlined in Sections 9.6.3.6, 9.6.3.15 and A.9.3.4.5 of
ASCE 7-98/02 and Section 13.2.6 of ASCE 7-05. This experience data is to come from
a nationally recognized procedures and data base that is acceptable to the authority
having jurisdiction. The substantiated seismic capacities from the experience data must
meet or exceed the specific seismic requirements for the project. As in a. above
evidence of compliance will need to be submitted to the design professional of record,
and the jurisdiction having authority for approval.

2. MEP systems and components that contain hazardous materials must be certified as
maintaining containment of the hazardous materials following an earth quake. Evidence of
compliance must be submitted to the design professional of record and the jurisdiction having
authority for approval. This certification may be made through:

a. Analysis.

b. Approved shake table testing specified in Section 9.6.3.6 of ASCE 7-98/02 and Section
13.2.5 of ASCE 7-05.

c. Experience data as described in Section 9.6.3.6 of ASCE 7-98/02 and Section 13.2.6 of
ASCE 7-05.
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D2.1 — 4.11 Consequential or Collateral Damage (Section 9.6.1) [Section 13.2.3]:

The potential interaction of the MEP systems and components with surrounding systems,
components or building structures must be considered when locating and restraining the MEP
systems and components. The failure of an MEP system or component that has been assigned a
Component Importance Factor equal to 1.0 must not cause the failure of an MEP system or
component that has been assigned a Component Importance Factor equal to 1.5. This goes back
to the issue of assigning a Component Importance Factor of 1.5 to MEP systems or components
with a Component Importance Factor of 1.0 whose failure would cause the failure of a system or

component with a Component Importance Factor of 1.5.

D2.1 — 4.12 Flexibility of Components and their Supports and Restraints (Sections 9.6.1 and
9.6.1.2) [Section 13.2.4]:

All MEP systems and components that are constructed of normal engineering materials will have
a certain amount of flexibility, or springiness. So how these systems and components behave
during an earthquake will greatly affect their performance and survivability. The system or
component could have a flexibility that would put it to resonance with the building and/or the
earthquake, in which case the displacements and stresses in the system would be much larger
than expected. Conversely the flexibility of the system or component could be such that it was not
in resonance with either the building or the earthquake. In this case, the displacements and
stresses may be much lower than a code based analysis would indicate. Therefore, the code
indicates that the flexibility of the components and their supports be considered as well as the
strength of the parts to ensure that the worst cases are considered.

GENERAL EXEMPTIONS AND REQUIREMENTS
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D2.1 - 4.13 Summary:

The exemptions and requirements outlined in this section are intended to assist the MEP design
professionals and contractors in planning their project contribution efficiently. Also, they help
define the limits of responsibility for each MEP design profession and trade.
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EXEMPTIONS FOR PIPING SYSTEMS

D2.1 — 5.1 Introduction:

The exemptions that apply specifically to piping are covered in Section 9.6.3.11.4 of ASCE 7-
98/02 and Section 13.6.8 of ASCE 7-05. The provisions of this section do not cover elevator
system piping which is covered in Section 9.6.3.16 of ASCE 7-98/02 and Section 13.6.10 of
ASCE 7-05. The piping considered in this section is assumed to be high-deformability piping. This
implies pipes made from ductile materials that are joined by welding, brazing, or groove type
couplings, similar to VICTAULIC couplings, where the grooves in the pipe have been roll formed
rather than cut. Limited deformability piping on the other hand, would be pipes made of ductile
materials that are joined by threading, bonding, or the use of groove type couplings where the
grooves in the pipe have been machine cut. Low deformability piping would be comprised of pipes
made from relatively brittle materials such as cast iron or glass. Also not covered in this section is

fire protection piping. Fire protection piping will be covered in a separate publication.

D2.1 —5.2 The 12" Rule (9.6.3.11.4-c) [Section 13.6.8-1]"

No restraints will be required for piping that meets the requirements of the 12" Rule for the entire
piping run. The 12" Rule will be said to apply to a piping run if:

1. The piping is supported by rod hangers.
a. For single clevis supported pipe, all of the hangers in the piping run are 12 in. (305 mm)
or less in length from the top of the pipe to the supporting structure.
b. For trapeze supported pipe, all of the hangers in the piping run are 12 in. (305 mm) or
less in length from the top of the trapeze bar to the supporting structure.
2. For 2000/2003 IBC The hanger rods and their attachments are not to be subjected to
bending moments. For 2006 IBC the hangers are to be detailed to avoid bending of the

! References in brackets (9.6.3.11.4-c) [Section 13.6.8-1] apply to sections, tables, and/or equations in ASCE 7-98/02 and
ASCE 7-05 respectively which forms the basis for the seismic provisions in 2000/2003 IBC and 2006 IBC respectively.
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hangers and their attachments. This statement very is ambiguous. It does not clearly define
the phrase “significant bending”, and leaves it up to the design professional responsible for
the piping system, or worse, the contractor responsible for installing the piping system. The
past practice by SMACNA and other recognized authorities in the industry to call for the
connection between the hanger and the supporting structure to be “non-moment generating”.
This means that the connector must be one that allows the piping run to swing freely on its
hangers without introducing a bending moment in the hanger.

3. There must be sufficient space around the piping run to accommodate the expected motion
of the pipe as it sways back and forth with the earthquake motion in the building.

4. Connections between the piping and the interfacing components must be designed and/or
selected to accept the full range of motion expected for both the pipe and the interfacing

component.

D2.1 — 5.3 Single Clevis Supported Pipe in Seismic Design Categories A and B (Sections
9.6.1-1 and 9.6.1-3) [Sections 13.1.4-1 and 13.1.4-2]

No seismic restraints are required for piping in building assigned to Seismic Design Categories A
and B. This is implied by the general exemptions found in Section 9.6.1 of ASCE 7-98/02 and
Section 13.1.4 of ASCE 7-05.

D2.1 — 5.4 Single Clevis Supported Pipe in Seismic Design Category C (Sections 9.6.1-1 and
9.6.3.11.4-d2) [Sections 13.1.4-3 and 13.6.8-2b]

1. For single clevis supported piping in buildings assigned to Seismic Design Category C for
which the Component Importance Factor is equal to 1.0, no seismic restraint is required.

2. For piping in Buildings assigned to Seismic Design Category C, for which the Component
Importance Factor is equal to 1.5, and for which the nominal size is 2 in. (51 mm) or less; no

seismic restraint is required.
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D2.1 — 5.5 Single Clevis Supported Pipe in Seismic Design Categories D, E, and F (Sections
9.6.3.11.4-d1 and 9.6.3.11.4-d3) [Sections 13.6.8-2a and 13.6.8-2c]

1. For single clevis supported piping in buildings assigned to Seismic Design Categories D, E,

and F, for which the Component Importance Factor is equal to 1.5, and for which the nominal

size is 1 in. (25 mm) or less; no seismic restraint is required.

2. For single clevis supported piping in buildings assigned to Seismic Design Categories D, E,

and F, for which the Component Importance Factor is equal to 1.0, and for which the nominal

size is 3 in. (76 mm) or less; no seismic restraint is required.

D2.1 — 5.6 Exemptions for Trapeze Supported Pipe per VISCMA Recommendations:

Neither ASCE 7-98/02 nor ASCE 7-05 specifies how the piping is to be supported. The point is

that many pipes of the exempted size may be supported on a common trapeze bar using hanger

rods of the same size as would be specified for a single clevis supported pipe. Keep in mind that

the purpose of the seismic restraints is to make sure the pipe moves with the building. The

amount of force that the hanger rod must carry will be a direct function of the weight of pipe being

supported. It is apparent that there must be some limit to how much weight a trapeze bar can

support for a given hanger rod size before seismic restraint is required. VISCMA (Vibration

Isolation and Seismic Control Manufacturer’s Association) has investigated this issue and can

make the following recommendations on the application of the exemptions in Sections 5.4 and 5.5

above to trapeze supported pipe, www.viscma.com.

The following basic provisions must apply.

1. The hangers must be ASTM A36 all-thread rod.
2. The threads must be roll formed.

3. The pipes must be rigidly attached to the hanger rods.
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4. Provisions must be made to avoid impact with adjacent pipe, duct, equipment, or building
structure, or to protect the pipe from such impact.

D2.1-5.6.1 Trapeze Supported Pipe in Seismic Design Categories A and B: (Sections 9.6.1-
1 and 9.6.1-3) [Sections 13.1.4-1 and 13.1.4-2]

For trapeze supported piping in Seismic Design Categories A and B, no seismic restraint is
required.

D2.1 — 5.6.2 Trapeze Supported Pipe in Seismic Design Category C: (Sections 9.6.1-1 and
9.6.3.11-d2) [Sections 13.1.4-3 and 13.6.8-2b]

1. For trapeze supported piping in buildings assigned to Seismic Design Category C, which
have a Component Importance Factor equal to 1.0, and for which the nominal size is 2 in. (51
mm) or less, nor seismic restraint is required.

2. For trapeze supported piping in buildings assigned to Seismic Design Category C, which
have a Component Importance Factor equal to 1.5, and for which the nominal size is 2 in. (51
mm) or less, no seismic restraint is required if:

a. The trapeze bar is supported by 3/8-16 UNC, or larger, hanger rods.
b. The maximum hanger spacing is 10 ft. on center.

c. The total weight supported by the trapeze bar is 15 Ibs/ft or less.

D2.1 — 5.6.3 Trapeze Supported Pipe in Seismic Design Category D: (Sections 9.6.1-6,
9.6.3.11.4-d2 and 9.6.3.11.4-d3) [Sections 13.1.4-5, 13.6.8-2a, and 13.6.8-2c]

1. For trapeze supported piping in buildings assigned to Seismic Design Category D, which
have a Component Importance Factor equal to 1.5, and for which the nominal size is 1 in. (25
mm) or less, no seismic restraint is required if:

a. The trapeze bar is supported by 3/8-16 UNC, or larger, hanger rods.

b. The maximum hanger spacing is 7 ft. on center.

EXEMPTIONS FOR PIPING SYSTEMS

PAGE 4 of 6 D2.1-5.0
Toll Free (USA Only): 800-959-1229 RELEASED ON: 05/27/2008
KI N ET I cs International: 614-889-0480
FAX 614-889-0540 . u
Noise cOntrol World Wide Web: www.kineticsnoise.com - ‘m
E-mail: sales@Kkineticsnoise.com e o hEves

Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Guide to Understanding IBC Seismic for MEP

c. The total weight supported by the trapeze bar is 4 Ibs/ft or less.

2. For trapeze supported piping in buildings assigned to Seismic Design Category D, which
have a Component Importance Factor equal to 1.0, and for which the nominal size is 3 in. (76
mm) or less, no seismic restraint is required if:

a. The trapeze bar is supported by 1/2-13 UNC, or larger, hanger rods.
b. The maximum hanger spacing is 10 ft. on center.
c. The total weight supported by the trapeze bar is 25 Ibs/ft or less.

D2.1 - 5.6.4 Trapeze Supported Pipe in Seismic Design Categories E and F: (Sections 9.6.1-
6, 9.6.3.11.4-d2 and 9.6.3.11.4-d3) [Sections 13.1.4-5, 13.6.8-2a, and 13.6.8-2c]

1. For trapeze supported piping in buildings assigned to Seismic Design Categories E and F,
which have a Component Importance Factor equal to 1.5, and for which the nominal size is 1
in. (25 mm) or less, no seismic restraint is required if:

a. The trapeze bar is supported by 3/8-16 UNC, or larger, hanger rods.
b. The maximum hanger spacing is 7 ft. on center.
c. The total weight supported by the trapeze bar is 4 Ibs/ft or less.

2. For trapeze supported piping in buildings assigned to Seismic Design Category D, which
have a Component Importance Factor equal to 1.0, and for which the nominal size is 3 in. (76
mm) or less, no seismic restraint is required if:

a. The trapeze bar is supported by 1/2-13 UNC, or larger, hanger rods.
b. The maximum hanger spacing is 10 ft. on center.

c. The total weight supported by the trapeze bar is 11 Ibs/ft or less.

D2.1 - 5.7 Summary:

The exemptions and allowances outlined in this section can, with careful planning save a lot of
time and money. They may also mean the difference between making a profit on a project and

breaking even, or worse, losing money. In order to take proper advantage of these exemptions,
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the Seismic Design Category to which the project has been assigned must be known. This is
readily available from the structural engineer. Also, the design professional who is responsible for
the piping system must assign an appropriate Component Importance Factor to the system.

As a sidebar to the previous statement, it should be noted that the specification for the building
may increase the Seismic Design Category in order to ensure an adequate safety margin and the
continued operation of the facility. This is a common practice with schools, government buildings,
and certain manufacturing facilities. Also, the building owner has the prerogative, through the
specification, to require all of the piping systems to be seismically restrained. So, careful attention
to the specification must be paid, as some or all of the exemptions in this section may be nullified
by specification requirements that are more stringent than those provided by the code.
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EXEMPTIONS FOR HVAC DUCTWORK

D2.1 — 6.1 Introduction:

The 2000/2003/2006 IBC has some general exemptions that apply to HVAC ductwork based on
Component Importance Factor and the size of the duct. At present, there are not as many
exemptions for ductwork as there are for piping. The number of exemptions for ductwork changed
with SMACNA being dropped as a reference document in the 2003/2006 IBC. This will be
discussed below in the appropriate section.

D2.1 - 6.2 The 12" Rule (Section 9.6.3.10-a) [Section 13.6.7-a]":

No seismic restraints will be required for ductwork with a Component Importance Factor equal to
1.0 that meets the requirements of the 12" Rule for the entire run of ductwork. The 12" Rule is said
to apply to a run of ductwork if:

1. The HVAC ducts a suspended for hangers that are 12" (305 mm) or less in length for the
entire run of ductwork. This is usually measured from the supporting structure to the top of
the trapeze bar that is supporting the ductwork.

2. The hangers have been detailed and constructed in order to avoid significant bending of the
hanger and its attachments. As with the 12" rule applied to piping, the industry generally
interprets this to mean that the connection of the hanger to the structure must be “non-

moment generating”, or free swinging.

! References in brackets (Section 9.6.3.10-a) [Section 13.6.7-a] apply to sections, tables, and/or equations in

ASCE 7-98/02 and ASCE 7-05 respectively which forms the basis for the seismic provisions in 2000/2003 IBC and 2006
IBC respectively.
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D2.1 — 6.3 Size Exemption (Section 9.6.3.10-b) [Section 13.6.7-b]:

No seismic restraints are required for ductwork with a Component Importance Factor equal to 1.0
if the cross-sectional area is less than 6 ft* (0.557 m?).

D2.1 — 6.4 Further Exemptions for Ductwork (Sections 9.6.1.1.2 and 9.6.3.10) [Section
13.6.7]:

There are no further exemptions for ductwork in 2006 IBC. The SMACNA Seismic Restraint
Manual does have exemptions for ductwork that has been assigned a Component Importance
Factor equal to 1.5. For 2000 IBC the SMACNA Seismic Design Manual was an accepted
standard, and ductwork with a cross-sectional area of less than 6 ft? (0.557 m?) may be exempted
from the need for seismic restraint. However for 2003 IBC and 2006 IBC, the SMACNA Seismic
Design Manual was removed from the design portion of the code and was, instead, incorporated
as an Accepted Standard in Section 9.6.1.1.2 of ASCE 7-02, which applies to 2003 IBC. The
SMACNA Seismic Restraint Manual is not specifically identified in ASCE 7-05, 2006 IBC instead
the following statement was inserted into the design portion of the code.

“HVAC duct systems fabricated and installed in accordance with standards approved by the
authority having jurisdiction shall be deemed to meet the lateral bracing requirements of this

section.”

In other words, it will be up to the local building authority to approve or disapprove SMACNA or
any other reference documents. So, the HVAC design professional and contractor will need to
petition the local building authority for permission to use the exemptions in the SMACNA Seismic

Restraint Manual.
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D2.1 — 6.5 Restraint Allowance for In-Line Components (Section 9.6.3.10) [Section 13.6.7]:

This allowance deals with components, such as fans, heat exchangers, humidifiers, VAV boxes,
and the like, that are installed in-line with the ductwork. Components that have an operating
weight of 75 Ibs (334 N) or less may be supported and laterally, seismically, braced as part of the
duct system. Where the lateral braces, seismic restraints, have been designed and sized to meet
the requirements of ASCE 7-98/02 Section 9.6.1.3 or ASCE 7-05 Section 13.3.1. The following
requirements will also apply to these components.

1. Atleast one end of the component must be hard, rigidly, attached to the ductwork. The other
end may have a flex connector or be open. The flex connected, or open end, of the
component must be supported and laterally braced. This requirement is not mentioned as
part of ASCE 7-98, -02, or -05, but is a requirement that is born out of common sense.

2. Devices such as diffusers, louvers, and dampers shall be positively attached with mechanical
fasteners.

3. Unbraced piping and electrical power and control lines that are attached to in-line
components must be attached with flex connections that allow adequate motion to

accommodate the expected differential motions.

D2.1 - 6.6 Summary:

As with the piping exemptions these exemptions and allowances, with careful planning, can save
the contractor and the building owner a great deal of effort and money. There is also a great
advantage to petition the local building authority to allow the SMACNA Seismic Design Manual to
become a reference document for the project. This will allow the exemptions spelled out in the

SMACNA Seismic Design Manual to be utilized to best advantage

EXEMPTIONS FOR HVAC DUCTWORK
PAGE 3 of 3 D2.1-6.0

Toll Free (USA Only): 800-959-1229 RELEASED ON: 05/06/2008

KI N E I I cs International: 614-889-0480
FAX 614-889-0540 “ u
Noise Control | Woridwidcewed:  wawkineticsnoisecom *+ * =NJHSEHA

E-mail: sales@Kkineticsnoise.com on i Sotsc Contrl Hr
Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Guide to Understanding IBC Seismic for MEP

EXEMPTIONS FOR ELECTRICAL

D2.1 — 7.1 Introduction:

The exemptions mentioned in both ASCE 7-98/02 and ASCE 7-05 are actually implied exemptions
that are stated as requirements. This section is an attempt to more fully define these provisions for
the design professional responsible for the design of the electrical components and distribution
systems, and also for the installing contractor who is responsible for bidding and installing the

restraints.

D2.1 - 7.2 “Implied” Blanket Exemption Based on Component Importance Factorl,

(Section 9.6.3.14) [Sections 13.6.4 and 13.6.5]%

Section 9.6.3.14 of ASCE 7-98/02 states that;

“Attachments and supports for electrical equipment shall meet the force and displacement
provisions of Sections 9.6.1.3 and 9.6.1.4 and the additional provisions of this Section. In addition

to their attachments and supports, electrical equipment designated as having | , = 1.5, itself, shall

be designed to meet the force and displacement provisions of Sections 9.6.1.3 and 9.6.1.4 and

the additional provisions of this Section.”

In this statement, there really are no implied exemptions for electrical equipment, except that if the
supports for the equipment have been designed by the manufacturer to meet the seismic load
requirements with the specified mounting hardware, no further analysis and restraint will be

required.

In Section 13.6.4 of ASCE 7-05, the text reads as follows.

! References in brackets (Section 9.6.3.14) [Sections 13.6.4 and 13.6.5] apply to sections, tables, and/or equations in
ASCE 7-98/02 and ASCE 7-05 respectively which forms the basis for the seismic provisions in 2000/2003 IBC and 2006
IBC respectively.
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“Electrical components with |, greater than 1.0 shall be designed for the seismic forces and

relative displacements defined in Sections 13.3.1 and 13.3.2 ....”

ASCE 7-05 Section 13.6.5 states the following;

“Mechanical and electrical component supports (including those withl, =1.0) and the means by

which they are attached to the component shall be designed for the forces and displacements
determined in Sections 13.3.1 and 13.3.2. Such supports including structural members, braces,
frames, skirts, legs, saddles, pedestals, cables, guys, stays, snubbers, and tethers, as well as
elements forged or cast as part of the mechanical or electrical component.”

ASCE 7-05 Section 13.6.4 implies that electrical components that have been assigned a
Component Importance Factor equal to 1.0, regardless of the Seismic Design Category to which
they have been assigned, will not require seismic restraints beyond the attachment provisions
normally included with the component, provided that a qualified component is selected. This
means that if the component has four mounting feet with holes for ®3/8" mounting hardware, then
the component should be attached to the structure with four ®@3/8" bolts, or anchors. Beyond that
nothing further is required.

However, ASCE 7-05 Section 13.6.5 insists that the supports must be designed to withstand the
code mounted forces and displacements. So, as with ASCE 7-98/02 this is not a general blanket
exemption. The manufacturer of the component must be able to certify that the supports designed
as part of the component will withstand the seismic requirements for the project using hardware of
the appropriate size and strength.

So, while additional analysis and restraint may not be required for electrical components
with | , =1.0, the supports for this equipment must be designed by the manufacturer with sufficient

strength to meet the code mandated requirements. After this the design professional of record for

a project and the contractor may provide attachment hardware of the appropriate type, size, and
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strength, as recommended by the manufacturer of the equipment, without doing any further
analysis, or providing any further restraint.

While this sounds rather “wishy-washy”, it's really not. If the manufacturer of the equipment and its
supports certifies that is was design to handle accelerations in excess of the design acceleration

for the project, then it may be exempted from the need for further seismic restraint or analysis.

D2.1 — 7.3 Conduit Size Exemption [13.6.5.5-6a]:

There are no specific size exemptions for electrical conduit in 2000/2003 IBC, ASCE 7-98/02.
However, 2006 IBC, ASCE 7-05 does have exemptions for electrical conduit. They seem to follow
the exemptions, in terms size, that are used for piping. Therefore, it is reasonable to use the
exemptions in 2006 IBC for 2000/2003 IBC since it is the most recent version, and takes into

account any new testing or analysis.

For 2006 IBC, ASCE 7-05, seismic restraints are not required for conduit that has been assigned
a Component Importance Factor equal to 1.5, and whose trade size is 2.5 in. (64mm) or less.
When sizing and selecting restraints for electrical conduit, that the weight per linear foot of conduit
varies greatly depending on the exact type of conduit being used. Also, when computing the total
weight per foot of the conduit plus the cabling, it standard practice to assume that there will be
~40% copper fill for the cabling.

D2.1 — 7.4 Trapeze Supported Electrical Distribution Systems [13.6.5.5-6b]:

As with conduit, no specific exemptions for trapeze supported electrical distribution systems exist
in 2000/2003 IBC, ASCE 7-98/02. However, an exemption is allowed under 2006 IBC, ASCE 7-
05. It makes sense to argue for the use of this exemption in 2000/2003 IBC as well. The
exemption matches the weight limits proposed for trapeze supported pipe in Section 5.6 of this
guide.
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No restraints are required for conduit, bus ducts, or cable trays that are supported on trapeze
bars, that have been assigned a Component Importance Factor equal to 1.5, and that have a total
weight that is 10 Ib/ft (146 N/m) or less. This total weight includes not only the conduit, bus duct,
or cable trays, but also includes the trapeze bars as well.

D2.1 - 7.5 Summary:

All of the implied exemptions above are made without regard for the Seismic Design Category to
which the building has been assigned. Further, a complete reading of the project specification is in

order to ensure that these exemptions have not been negated by the wishes of the building owner.
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SESIMIC DESIGN FORCES

D2.1 — 8.1 Introduction:

The code based horizontal seismic force requirements for MEP systems and components are
either calculated by the seismic restraint manufacturer as a part of the selection and certification
process, or may be determined by the design professional of record for the MEP systems under

consideration.

This is an informational section. It will discuss the code based horizontal seismic force demand
equations and the variables that go into them. This discussion will provide a deeper understanding
for the designer responsible for selecting the seismic restraints for MEP systems and their
components and the nature of the seismic forces and the factors that affect them.

D2.1 — 8.2 Horizontal Seismic Design Force (Section 9.6.1.3) [Section 13.3.1]%

The seismic force is a mass, or weight, based force, and as such is applied to the MEP
component at its center of gravity. Keep in mind that the earthquake ground motion moves the
base of the building first. Then the motion of the building will accelerate the MEP component
through its supports and/or seismic restraints. The horizontal seismic force acting on an MEP
component will be determined in accordance with Equation 9.6.1.3-1 of ASCE 7-98/02 and
Equation 13.3-1 of ASCE 7-05.

F, =24 SoWe g, 520 Equation 8-1 (9.6.1.3-1) [13.3-1]
R0 ¢ o
P g

! References in brackets (Section 9.6.1.3) [Section 13.3.1] refer to sections and/or tables in ASCE 7-98/02 and

ASCE 7-05 respectively which forms the basis for the seismic provisions in 2000/2003 IBC and 2006 IBC respectively.
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ASCE 7-98/02, and -05 define and upper and lower bound for the horizontal force that is to be
applied to the center of gravity of a component. The horizontal seismic force acting on an MEP
component is not required to be greater than;

F.=16S..1 W Equation 8-2 (9.6.1.3-2) [13.3-2]
P ps!pYVp

And the horizontal seismic force acting on an MEP component is not to be less than;

F,=03S.I W Equation 8-3 (9.6.1.3-3) [13.3-3]
P ps'pPY¥pP

Where:

F. = the design horizontal seismic force acting on an MEP component at its center of gravity.
S, = the short period design spectral acceleration.

a, =the component amplification factor. This factor is a measure of how close to the natural period
of the building the natural period of the component is expected is expected to be. The closer the
natural period of the component is to that of the building, the largera, will be. Conversely, the
further the natural period of the component is away from that of the building, the smallera, will be.
Typically a, will vary from 1.0 to 2.5, and is specified by component type in ASCE 7-98/02 and -05
and listed in Table 8-3.

| .= the component importance factor which be either 1.0 or 1.5.

W, = the operating weight of the MEP system or component that is being restrained.

R, = the response modification factor which varies from 1.25 to 5.0 in ASCE 7-98, 1.5 to 5.0 in
ASCE 7-02, and 1.50 to 12.0 in ASCE 7-05 by component type. This factor is a measure of the

ability of the component and its attachments to the structure to absorb energy. It is really a
measure of how ductile or brittle the component and its attachments are. The more flexible, ductile

the component and its supports and/or restraints are the larger R, will be. And conversely, the

more brittle and inflexible the component and its supports and/or restraints are, the smaller R, will
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be. The values are specified by component type in Table 8-1 for ASCE 7-98, Table 8-2 for ASCE
7-02, and Table 8-3 for ASCE 7-05.

z = the structural attachment mounting height of the MEP component in the building relative to the
grade line of the building.

h = the average height of the building roof as measured from the grade line of the building.

The 0.4 factor was introduced as a modifier for Scas a recognition that the MEP components

inside the building would react more strongly to the long period earthquake ground motion than to
the short period motion. The 0.4 factor brings the design level acceleration for the MEP
components more in line with the design level acceleration that is applied to the building structure
itself.

The§ﬁ+ Zﬁgterm in Equation 8-1 is recognition of the fact that all buildings and structures become
e a

more flexible as they increase in height. That is they are much stiffer, stronger, at the foundation
level than the roof. Since the ground motion from an earthquake enters the building structure at
the foundation level, the actual accelerations imparted an MEP component will be greater the
higher in the building they are attached. A building may be likened to a vertically mounted
cantilever beam that is being shaken by the bottom. It is a vibrating system that will have a certain
natural period that is, in a general fashion, based on its mass and stiffness. If the natural period of
the building is at, or close too, the earthquake period, the motion of the building could be extreme.
This was the case in the Mexico City earthquake of September 19, 1985.

The horizontal seismic design force must be applied independently to the component in at least
two perpendicular directions in the horizontal plane. The horizontal seismic design force must be
applied in conjunction with all of the expected dead loads and service loads. The idea here is that
the horizontal seismic design force is to be applied in the direction that causes the highest stress

in the supports and restraints, and thus produces the most conservative results.
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D2.1 — 8.3 Vertical Seismic Design Force (Sections 9.5.2.7 and 9.6.1.3) [Sections 12.4.2.2
and 13.3.1]:

The MEP component, its supports, and its restraints must also be designed for a vertical seismic
design force that acts concurrently with the horizontal seismic design force. This vertical seismic
design force must be directed such that it also produces the highest stress in the supports and
restraints, thus producing the most conservative result. This vertical seismic design force is

defined as follows.

F, =+0.2S5,.W Equation 8-4 (9.5.2.1-1/-2) [12.4-4]
\% DS P

Where:

F, = the vertical seismic design force.

D2.1 — 8.4 The Evolution ofa, and R, Factors (Sections 9.6.1.3 and 9.6.3.2 and Table 9.6.3.2)
[Sections 13.3.1 and 13.6.1 and Table 13.6-1]:

The MEP component, along with its supports, will also form a vibrating system with a natural
period that depends on the mass of the component and the stiffness of the supports. The

component amplification factor (a,) is a measure of how closely the natural period of the
component and its supports matches the natural period of the building. Fora, =1.0the natural
periods are not close, while for a, =2.5the natural period of the MEP component and their

support is very close to that of the building.

The component response modification factor(R;)is a measure of how much energy the MEP
component along with its supports and attachments can absorb without sustaining crippling
damage. A common term used throughout the HVAC industry is fragility. As the term implies, it is

concerned with how fragile a component might be. That is, how easily a component may be
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damaged, and to what degree it might be damaged by a specified load and loading rate.

The R factor, then, is considered to be an indicator of how fragile an MEP component might be.
ForR, =1.0the component is extremely fragile. For R, =12.0, on the other hand, would be a

component that is very robust.

The values fora,andR,are assigned by the ASCE 7 committee based on accumulated

experience throughout the building industry. The evolution of these factors may be traced through
Tables 8-1; 8-2, and 8-3 which represent 2000 IBC, ASCE 7-98; 2003 IBC, ASCE 7-02; and 2006
IBC, ASCE 7-05 respectively. The different values for the same items in the three tables indicate
the lack of knowledge and understanding concerning these components throughout the industry.

Only time, experience, and shake table testing will produce true usable values fora, and R, .

D2.1 — 8.5 LRFD versus ASD: (Sections 2.3 and 2.4) [Sections 2.3, 2.4 and 13.1.7]

This topic was briefly touched upon in Section 4.8 of this guide. However, more should be said
about it in this section dealing the design seismic forces that will be applied to the MEP
components. The Civil and Structural Engineering community has adopted the LRFD, Load
Resistance Factor Design, philosophy. With this design philosophy the factors controlling the
serviceability of the structure as assigned to the design loads. ASD, Allowable Stress Design, is
the design philosophy which preceded LRFD. In ASD, the factors controlling the serviceability of
the structure are assigned to the yield strength or to the ultimate strength of the material.
Traditionally the factors controlling the serviceability of the structure have been known as the
Safety Factors, or Factors of Safety.

The forces calculated using Equations 8-1, 8-2, 8-3, and 8-4 will have magnitudes that correspond
to LRFD. Many standard components such a concrete anchors, bolts, screws, and etc. will have
their capacities listed as ASD values. Components whose capacities are listed as ASD values
may be compared to the LRFD results from Equations 8-1 through 8-4 by multiplying the ASD

values by 1.4.
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Table 8-1; Component Amplification and Response Modification Factors for 2000 IBC
(Table 9.6.3.2)

Mechanical & Electrical Component? a’ | R
General Mechanical Equipment | smm | -
Boilers and furnaces. 1.0 25
Pressure vessels on skirts and free-standing. 25 25
Stacks & cantilevered chimneys 25 25
Other 1.0 25
Piping Systems | e[ e
High deformability elements and attachments (welded steel pipe & brazed copper pipe). 1.0 35
Limited deformability elements a_nd attachm.ents (steel pipe with .screwed connections, no hub 10 o5
connections, and Victaulic type connections).
Low deformability elements and attachments (ir.on )pipe with screwed connections, and glass lined 10 1.5
pipe).
HVAC Systems | e | e
Vibration isolated. 25 25
Non-vibration isolated. 1.0 25
Mounted-in-line with ductwork. 1.0 25
Other 1.0 25
General Electrical | e | e
Distributed systems (bus ducts, conduit, and cable trays). 25 5.0
Equipment. 1.0 25
Lighting fixtures. 1.0 1.25

2 Components mounted on vibration isolators shall be restrained in each horizontal direction with bumpers or snubbers,
and the horizontal seismic design force shall be equal to 2F.

® The value for a» shall not be less than 1.0. Lower values shall not be used unless justified by a detailed dynamic
analysis. A value of a-=1.0 is to be applied to equipment that is rigid or rigidly attached. A value of ax=2.5 is to be applied
to equipment regarded as flexible or flexibly attached.

* Avalue of Rp=1.25 is to be used for component anchorage design with expansion anchor bolts, shallow chemical
anchor, shall low deformability cast in place anchors, or when the component is constructed of brittle materials. Shallow
anchors are those with an embedment depth to nominal diameter ratio that is less than 8.
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Table 8-2; Component Amplification and Response Modification Factors for 2003 IBC
(Table 9.6.3.2)

Mechanical & Electrical Component® a° | Rp

General Mechanical Equipment | seem | e

Boilers and furnaces. 1.0 25

Pressure vessels on skirts and free standing. 25 25

Stacks and cantilevered chimneys. 25 25

Other 1.0 25

Piping Systems | e | e

High deformability elements and attachments (welded steel pipe & brazed copper pipe). 1.0 35

Limited deformability elements and attachments (steel pipe with screwed connections, no hub

connections, and Victaulic type connections). 1.0 2.5

Low deformability elements and attachments (ir.on pipe with screwed connections, and glass lined 10 15
pipe).

HVAC Systems | e | e

Vibration isolated. 25 25

Non-vibration isolated. 1.0 25

Mounted-in-line with ductwork. 1.0 25

Other 1.0 25

General Electrical | e e

Distribution systems (bus ducts, conduit, and cable trays). 25 5.0

Equipment 1.0 25

Lighting fixtures. 1.0 15

> Components mounted on vibration isolators shall be restrained in each horizontal direction with bumpers or snubbers. If
the maximum bumper/snubber clearance, or air gap, is greater than 1/4 in., the horizontal seismic design force shall be
equal to 2Fp. If the maximum bumper/snubber clearance, air gap, is less than or equal to 1/4 in., the horizontal seismic
design force shall be taken as Fp.

® The value for a» shall not be less than 1.0. Lower values shall not be used unless justified by a detailed dynamic
analysis. A value of a,=1.0 is to be applied to equipment that is rigid or rigidly attached. A value of ap=2.5 is to be applied
to equipment regarded as flexible or flexibly attached.
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KINETICS™ Guide to Understanding IBC Seismic for MEP

Table 8-3; Component Amplification and Response Modification Factors for 2006 IBC
[Table 13.6-1]

MECHANICAL AND ELECTRICAL COMPONENTS ap ! RP 8
Air-side HVAC — fans, air handlers, and other mechanical components with sheet metal framing. 2.5 6.0
Wet-side HVAC — boilers, chillers, & other mechanical components constructed of ductile materials. 1.0 25
Engines, turbines, pumps compressors, and pressure vessels not supported on skirts. 1.0 25
Skirt supported pressure vessels. 25 25
Generators, batteries, transformers, motors, & other electrical components made of ductile materials. 1.0 2.5
Motor control cabinets, switchgear, & other components constructed of sheet metal framing. 25 6.0
Communication equipment, computers, instrumentation and controls. 1.0 25
Roof-mounted chimneys, stacks, cooling and electrical towers braced below their C.G. 25 3.0
Roof-mounted chimneys, stacks, cooling and electrical towers braced below their C.G. 1.0 2.5
Lighting fixtures. 1.0 15
Other mechanical & electrical components. 1.0 15
Vibration Isolated Components & Systems | ——m | -
Components & systems isolated using neoprene elements & neoprene isolated floors with elastomeric o5 o5
snubbers or resilient perimeter stops ’
Spring isolated components & systems & vibration isolated floors closely restrained with elastomeric o5 20
snubbing devices or resilient perimeter stops. ’ )
Internally isolated components or systems. 25 2.0
Suspended vibration isolated equipment including in-line duct devices & suspended internally isolated o5 o5
components. ' '
Distribution Systems | e | -
Piping in accordance with ASME B31, this includes in-line components, with joints made by welding or o5 120
brazing. ’
Piping in accordance with ASME B31, this includes in-line components, constructed of high or limited
deformability materials with joints made by threading, bonding, compression couplings, or grooved 25 6.0
couplings.
Piping & tubing that is not in accordance with ASME B31, this includes in-line components, constructed o5 90
with high deformability materials with joints made by welding or brazing. ’
Piping & tubing that is not in accordance with ASME B31, this includes in-line components, constructed
of high or limited deformability materials with joints made by threading, bonding, compression 25 45
couplings, or grooved couplings.
Piping & tubing of low deformability materials, such as cast iron, glass, or non-ductile plastics. 25 3.0
Ductwork, including in-line components, constructed of high deformability materials, with joints made by o5 90
welding or brazing. ’ ’
Ductwork, including in-line components, constructed of high or limited deformability materials, with
. : ; 25 6.0
joints made by means other than welding or brazing.
Duct work constructed of low deformability materials such as cast iron, glass, or non-ductile plastics. 25 3.0
Electrical conduit, bus ducts, rigidly mounted cable trays, & plumbing. 1.0 25
Suspended cable trays. 25 6.0

" The value for a shall not be less than 1.0. Lower values shall not be used unless justified by a detailed dynamic
analysis. A value of ap=1.0 is to be applied to components that are rigid or rigidly attached. A value of a-=2.5 is to be
applied to components regarded as flexible or flexibly attached.

® Components mounted on vibration isolators shall be restrained in each horizontal direction with bumpers or snubbers. If
the maximum bumper/snubber clearance, or air gap, is greater than 1/4 in., the horizontal seismic design force shall be
equal to 2Fp. If the maximum bumper/snubber clearance, air gap, is less than or equal to 1/4 in., the horizontal seismic
design force shall be taken as Fp.
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KINETICS™ Guide to Understanding IBC Seismic for MEP

D2.1 - 8.6 Summary:

This section has provided an insight into the way in which the seismic design forces for MEP
systems and components are to be computed. It is generally not necessary for a designer to
actually run the computations for the seismic design forces. These forces are normally computed
by the manufacturer of the seismic restraint devices as part of the selection and certification

process to ensure that the proper components are selected per the code and the specification.
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KINETICS™ Guide to Understanding IBC Seismic for MEP

ANCHORAGE OF MEP COMPONENTS TO THE BUILDING STRUCTURE

D2.1 — 9.1 Introduction:

The anchorage, or attachment, of the MEP components and their seismic restraints to the building
structure has always been a gray area generally left to the installing contractor with little or no
guidance from the design professionals responsible for the MEP systems or the building structure.
ASCE/SEI 7-05 does give some general guidance for the making these attachments. However,
the design professionals involved with the MEP systems and the building structure must share the
responsibility for ensuring the adequacy of these attachments. This section will cover the guidance
provided to the design professionals of record in ASCE/SEI 7-05.

D2.1 — 9.2 General Guidelines for MEP Component Anchorage (Section 9.6.1.6 and 9.6.3.4)
[Section 13.4]*:

1. The MEP component, its supports, and seismic restraints must be positively attached to the
building structure without relying on frictional resistance generated by the dead weight of the
component. The following are some of the acceptable ways and means of attachment.

a. Bolting

b. Welding

c. Post installed concrete anchors
d. Castin place concrete anchors

2. There must be a continuous load path of sufficient strength and stiffness between the
component and the building structure to withstand the expected seismic loads and
displacements. This means that when cable restraints are used for distributed MEP systems,
the cables can not bend or wrap around any other component or structure in a straight line

path between the component and the structure.

! References in brackets (Sections 9.6.1.6 and 9.6.3.4) [Section 13.4] apply to sections, tables, and/or equations in ASCE
7-98/02 and ASCE 7-05 respectively which forms the basis for the seismic provisions in 2000/2003 IBC and 2006 IBC
respectively.
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3. The local areas of the building structure must be designed with sufficient strength and
stiffness to resist and transfer the seismic restraint forces from the MEP systems and
components to the main force resisting structure of the building. It is at this point that the
design professional of record, and the installing contractor for the MEP system must work
closely with the structural engineer of record to make sure that the intended anchorage
points for the MEP system seismic restraints have sufficient capacity.

D2.1 — 9.3 Anchorage in (Cracked) Concrete and Masonry (Section 9.6.1.6) [Section 13.4.2]:

1. Anchors for MEP component seismic restraints and supports are to be designed and
proportioned to carry the least of the following:
a. A force equal to 1.3 times the seismic design forces acting on the component and its
supports and restraints.
b. The maximum force that can be transferred to the anchor by the component and its
supports.

2. Ry, £ 1.5will be used to determine the component forces unless:

a. The design anchorage of the component and/or its restraints is governed by the
strength of a ductile steel element.

b. The design of post installed anchors in concrete used for the anchorage of the
component supports and restraints is prequalified for seismic applications according to
ACI 355.2.

i. Anchors that have been prequalified per ACI 355.2 will have an ICC-ES ESR
Report issued for that anchor stating the fact that it is suitable for seismic
applications for the current version of IBC. It will also give the allowable loads,
embedments, and edge distances pertinent to the allowable loads.

ii. Anchors from different manufacturers may not be directly substituted on a one-
to-one basis. Each manufacturer will have a different design that will have
different allowable loads when tested under ACI 355.2. The allowable loads for

equivalent anchor sizes may be radically different.
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c. The anchor is designed in accordance with Section 14.2.2.14 of ASCE 7-05.

For 2000 IBC, ASCE 7-98, the “cracked” concrete anchors are not required, and standard post
installed wedge type anchors may be used for seismic restraint as long as there is an ICC Legacy
report stating that the anchors may be used in seismic applications. For 2003 IBC, ASCE 7-02,
there are no specific statements in ASCE 7-02 that require the use of “cracked” concrete anchors
in seismic applications. However, ASCE 7-02 Section 9.9 adopts ACI 318-02 as a reference
document. ACI 318-02 specifies that the post installed anchors meet ACI 355.2 and “are required
to be qualified for moderate or high seismic risk zone usage.” ACI 355.2 is the test standard by
which post installed anchors are to be pre-qualified for seismic applications in cracked concrete.
So, by inference, “cracked” concrete anchors should also be used for 2003 IBC. However, that
has not yet been widely enforced since few if any post installed anchors had been qualified to this
standard before 2006 IBC was issued.

D2.1 — 9.4 Undercut Anchors (Section 9.6.3.13.2-c) [Section 13.6.5.5-5]:

For both 2000 IBC, ASCE 7-98, and 2006 IBC, ASCE 7-05, post installed expansion, wedge,
anchors may not be used for non-vibration isolated mechanical equipment rated over 10 hp (7.45
kW). However, post installed undercut expansion anchors may be used.

For 2003 IBC, ASCE 7-02, post installed expansion, wedge, anchors may not be used for non-
vibration isolated mechanical equipment. However, post installed undercut expansion anchors are

permitted.

D2.1 - 9.5 Prying of Bolts and Anchors (Section 9.6.1.6.3) [Section 13.4.3]:

The design of the attachment of the MEP component supports and restraints must take into
account the mounting conditions such as eccentricity in the supports and brackets, and prying of
the bolts or anchors.

ANCHORAGE OF MEP COMPONENTS TO THE BUILDING STRUCTURE
PAGE 3 of 4 D2.1-9.0

Toll Free (USA Only): 800-959-1229 RELEASED ON: 07/18/2008

KI N E I I cs International: 614-889-0480
FAX 614-889-0540 “ u
Noise Control | Woridwidcewed:  wawkineticsnoisecom *+ * =NJHSEHA

E-mail: sales@Kkineticsnoise.com on i Sotsc Contrl Hr
Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Guide to Understanding IBC Seismic for MEP

D2.1 — 9.6 Power Actuated or Driven Fasteners (Section 9.6.1.6.5) [Section 13.4.5]:

Power actuated or driven fasteners, such as powder shot pins, may not be used for tensile load
applications in Seismic Design Categories D, E, and F unless specifically approved for this

application.

D2.1 — 9.7 Friction Clips (Section 9.6.3.13.2-b) [Section 13.4.6]:

Friction clips may not be used to attach seismic restraints to the component or the building
structure. A typical example would be the attachment of a cable restraint to a structural beam with
a standard beam clamp. A beam clamp with a restraint strap or safety strap, capable of resisting
the applied seismic load that will ensure that the clamp will be prevented from walking off the
beam may be used.

D2.1 - 9.8 Summary:

Attachment of the MEP components and their seismic restraints to the building structure is of the
utmost importance to maintaining the building function following an earthquake. It is the
responsibility of the design professionals of record for the MEP systems to work with the structural
engineer of record and the architect of record for the building to ensure that the anchorage points
for the MEP component supports and restraints have been properly designed to transfer the

design seismic loads as well as any other dead weight and service loads.
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IBC 2000/2003 Piping Restraint Rules

The following information is based on the 2000 IBC Code. (The same data is present in
the 2003 IBC and/or Chapter 9 of ASCE 7-02, but the citation references would vary).
These do not take into account more stringent specifications or local requirements.
Systems relating to power piping; process piping; liquid transportation systems for
hydrocarbons, LPG, anhydrous ammonia and alcohol; refrigeration; slurries; or gas
transmission are subject to ASME standards that should also be consulted where
applicable.  Should such requirements exist, they would need to be evaluated
independently.

For the remainder of this document “piping” refers only to piping not related to those items
above.

Prior to using this document, the appropriate (Sps) design spectral response for the
project in question must be determined. This is a function of the mapped short period
spectral response and the soil classification factor. If the soil type is unknown, type “D”
should be assumed.

In addition, the project must be classified according to “seismic use group.” Refer to the
code or separate documentation for a detailed breakdown as to the definitions of various
“seismic use groups.”

Lastly, the piping system’s importance factor must be determined. This factor is now tied
more closely to the use of, or hazard generated by, the piping rather than the use of the
structure. There are two levels of importance: 1.0 and 1.5. The importance factor of 1.5
is used under the following conditions:

1) The component is a life-safety component that must function after an
earthquake.

2) The component contains hazardous or flammable material in excess of
exempted limits.

3) Components needed for continued operation of Group Il occupancy structure.

4) Components whose failure could result damage to a system or space required
for continued operation of Group Il occupancy structure.

5) All other conditions use an importance factor of 1.0.

Using the seismic use group in conjunction with the design spectral response, the seismic
design category can be determined from the table below:

KINETICS ™ Seismic Design Manual

IBC 2000 PIPING RESTRAINT RULES

PAGE 1 OF 4 RELEASE DATE: 3/04/06
KI N ETI cs Toll Free (USA only): 800-959-1229 DOCUMENT:
International: 614-889-0480 D2 2
- Fax: 614-889-0540 -
NOIse contro' World Wide Web: www.Kineticsnoise.com VISCMH

DUBLIN, OHIO, USA « MISSISSAUGA, ONTARIO, CANADA ~ EMail: sales@kineticsnoise.com MEMBER

Kinetics Noise Control © 2003


http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

Seismic Design Category based on
.2 Second Response Accelerations
Seismic Use Group
Sps Value | Il Il
Sps < 0.167g A A A
0.1679g<Sps<0.33g B B C
0.33<Sps<0.50g C C D
0.50g9<Sps D D D
0.750<S;" E E F

?S, is mapped max considered spectral response

Piping Exempt from Restraint Requirements

Piping of all types that does not require seismic restraint per code:

1) Any piping that is placed in a structure that falls into seismic design category A or B
(1621.1.1).

2) Any piping that is placed in a structure that falls into seismic design category C and
has an importance factor of 1.0 (1621.1.1).

3) Any piping system in any seismic design category that has an importance factor of 1.0,
weighs less than 400 Ib, is mounted within 4 ft of the floor, is flexibly mounted to all
interfacing equipment, and is not critical to the continued operation of the structure
(1621.1.1).

Fire-Protection piping that does not require seismic restraint per code:

1) All piping when not “subject to earthquakes” (NFPA 13 6-4). As this definition is not
clear, defer back to IBC 1621.1.1 indicating nothing required for design category A or
B (only).

2) Lateral bracing not required if the top of the pipe is within 6” of the support structure
and the pipe is individually supported. Longitudinal bracing still is required (NFPA 13
6-4.5.3, NFPA 13 6-4.5.4).

3) Branch lines that are under 2.5” diameter require no bracing (NFPA 13 6-4.5.3).

Gas, fuel or other high hazard piping systems that do not require seismic restraint

per code:

1) Runs of piping supported by hangers where all rod hangers are a maximum of 12"
long (from top anchor position to top of pipe or from top anchor position to top of
trapeze bar, whichever is longer). The rods must be fitted with a non-moment
generating free swinging connection at the top and adequate flexes at the equipment
interfaces must be provided. (Note, all hanger rods on the run must comply with the
above to meet this criteria, and the swinging of the pipes must not interfere with other
pipes and systems.) (1621.3.10.2.1-2.2.1 and 1621.3.10)

2) High deformability piping (see below for examples) in seismic design category D, E, or
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F if the diameter is 1.0” or less. The piping must also be located such that impacts
with other piping or equipment will not occur during a seismic event, and adequate
flexes at the equipment interfaces must be provided. (1621.3.10.2.1-2.2.2 and
1621.3.10).

3) High deformability piping (see below for examples) in seismic design category C if the
diameter is 2.0” or less. The piping must also be located such that impacts with other
piping or equipment will not occur during a seismic event, and adequate flexes at the
equipment interfaces must be provided. (1621.3.10.2.1-2.2.3 and 1621.3.10).

Medical gas piping systems that do not require seismic restraint per code:

1) Runs of piping supported by hangers where all rod hangers are a maximum of 12”
long (from top anchor position to top of pipe or from top anchor position to top of
trapeze bar, whichever is longer). The rods must be fitted with a non-moment
generating free swinging connection at the top and adequate flexes at the equipment
interfaces must be provided. Note that all hanger rods on the run must comply with
the above to meet this criteria, and the swinging of the pipes must not interfere with
other pipes and systems (1621.3.10.2.1-2.2.1 and 1621.3.10).

2) High deformability piping (see below for examples) in seismic design category D, E, or
F if the diameter is 1.0” or less. The piping must also be located such that impacts with
other piping or equipment will not occur during a seismic event, and adequate flexes at
the equipment interfaces must be provided (1621.3.10.2.1-2.2.2 and 1621.3.10).

3) High deformability piping (see below for examples) in seismic design category C if the
diameter is 2.0” or less. The piping must also be located such that impacts with other
piping or equipment will not occur during a seismic event, and adequate flexes at the
equipment interfaces must be provided (1621.3.10.2.1-2.2.3 and 1621.3.10).

General Piping Systems that do not require Seismic Restraint per Code:

1) Runs of piping supported by hangers where all rod hangers are a maximum of 12"
long (from top anchor position to top of pipe or from top anchor position to top of
trapeze bar, whichever is longer). The rods must be fitted with a non-moment
generating free swinging connection at the top and adequate flexes at the equipment
interfaces must be provided. Note that all hanger rods on the run must comply with
the above to meet this criteria and the swinging of the pipes must not interfere with
other pipes and systems (1621.3.10.2.1-2.2.1).

2) High deformability piping (see below for examples) in seismic design category D, E, or
F and an importance factor of 1.5, if the diameter is 1.0” or less. The piping must also
be located such that impacts with other piping or equipment will not occur during a
seismic event, and adequate flexes at the equipment interfaces must be provided
(1621.3.10.2.1-2.2.2).

3) High deformability piping (see below for examples) in seismic design category C and
an importance factor of 1.5, if the diameter is 2.0” or less. The piping must also be
located such that impacts with other piping or equipment will not occur during a
seismic event, and adequate flexes at the equipment interfaces must be provided
(1621.3.10.2.1-2.2.3 and 1621.3.10).
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4) High deformability piping (see below for examples) in seismic design category D, E, or
F and an importance factor of 1.0, if the diameter is 3.0” or less. The piping must also
be located such that impacts with other piping or equipment will not occur during a
seismic event, and adequate flexes at the equipment interfaces must be provided
(1621.3.10.2.1-2.2.4).

Piping system deformability Classifications and Flexibility Issues:

The Code identifies piping systems by levels of deformability. Unfortunately the
definitions as expressed in the body of the code are difficult to match up to typical
hardware that might be used. As a guide, various types of commonly used components
and corresponding deformability ratings are listed below.

High deformability: These are comprised of piping made of ductile materials and
connected with strain tolerant connections. Steel or copper pipe with welded, brazed or
roll formed groove type connections, PVC/PVDF plastic piping with glued connections or
ductile iron pipe with no-hub connections can normally be assumed to fall into this
category.

Medium deformability: These are systems that are commonly made up of relatively ductile
materials, but are connected together with couplings that are less strain resistant. Steel
pipe and fittings as well as plastic piping connected with screwed joints or cut groove type
connections can normally be assumed to fall into this category.

Low deformability: These systems are made of brittle materials and/or have connectors
with a low strain tolerance. Plain cast iron, glass lined and FRP pipe and connectors fall
into this group.

Flexibility: Some motion tolerant coupling types, when used in seismic applications, are
actually too flexible. On these a reduced restraint spacing (one half that specified by
SMACNA) must be used to prevent excessive motion in and resulting damage to the
piping system. Examples of these include non-rigid groove type connectors and 2 band
no-hub couplings.

Unless noted otherwise, KNC assumes piping installed in seismic areas to meet the high
deformability criteria and that measures have been taken to control the system flexibility
when sizing and locating restraint components.
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IBC 2000 Ductwork Restraint Rules

The following information is based on the 2000 IBC Code itself and does not take into
account more stringent specifications or local requirements.

Prior to using this document, the appropriate (Sps) design spectral response for the
project in question must be determined. This is a function of the mapped short period
spectral response and the solil classification factor. If the soil type is unknown, type “D”
should be assumed.

In addition, the project must be classified according to “seismic use group”. Refer to the
code or separate documentation for a detailed breakdown as to the definitions of various
“seismic use groups.”

Lastly, the ductwork system’s importance factor must be determined. This factor is now
tied more closely to the use of, or hazard generated by, the ductwork rather than the use
of the structure. There are two levels of importance: 1.0 and 1.5. The importance factor
of 1.5 is used under the following conditions:

1) The component is a life-safety component that must function after an
earthquake.

2) The component contains hazardous or flammable material in excess of
exempted limits.

3) Components needed for continued operation of Group Il occupancy structures.

4) Components whose failure could result in damage to a system or space
required for continued operation of Group Ill occupancy structures.

5) All other conditions use an importance factor of 1.0.

Using the seismic use group in conjunction with the design spectral response, the seismic
design category can be determined from the table below:

Seismic Design Category based on

.2 Second Response Accelerations
Seismic Use Group
Sps Value I I [l

Spbs < 0.167g
0.1679<Sps<0.33g
0.33<Sps<0.50g
0.509<Sps

0.750<S;" E E

?s, is mapped max considered spectral response

A
B
C
D

o0 |m|>

T |O |0 [0 [|[>
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Ductwork Exempt from Restraint Requirement

Ductwork of all types that does not require seismic restraint per code:

1) Any ductwork that is placed in a structure that falls into seismic design category A or B
(1621.1.1).

2) Any ductwork that is placed in a structure that falls into seismic design category C and
has an importance factor of 1.0 (1621.1.1).

3) Any ducting system in any seismic design category that has an importance factor of
1.0, weighs less than 400 Ib, is mounted within 4 ft of the floor, is flexibly mounted to
all interfacing equipment, and is not critical to the continued operation of the structure
(1621.1.1).

High hazard ductwork systems that do not require seismic restraint per code:
1) Restrain all ducts regardless of size (1621.3.9).

General ducting systems that do not require seismic restraint per code:

1) Runs of ductwork with an importance factor of 1.0 that are supported by hangers
where all rod hangers are a maximum of 12” long (from top anchor position to top of
duct or from top anchor position to top of trapeze bar, whichever is longer). The rods
must be detailed to avoid significant bending of the hanger rods or connections Note
that all hanger rods on the run must comply with the above to meet this criteria and the
swinging of the ducts must not interfere with other ducts or systems (1621.3.9 item 1).

2) Ducts with an importance factor of 1.0 and with a cross-sectional area of 6 square feet
of less. The ductwork must also be located such that impacts with other ductwork or
equipment will not occur during a seismic event, and adequate flexes at the equipment
interfaces must be provided (1621.3.9 item 2).
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BOCA 1996/SBC 1997 Piping Restraint Rules

The following information is based on the 1996 BOCA and 1997 SBC codes and does not
take into account more stringent specifications or local requirements. Systems relating to
power piping; process piping; liquid transportation systems for hydrocarbons, LPG,
anhydrous ammonia and alcohol; refrigeration; slurries; or gas transmission are subject to
ASME standards that should also be consulted where applicable. Should such
requirements exist, they would need to be evaluated independently.

For the remainder of this document “piping” refers only to piping not related to those items
above.

Prior to using this document, the appropriate peak velocity related acceleration (A,) for the
project in question must be determined.

In addition, the project must be classified by “seismic performance category”. Refer to the
code or separate documentation for a detailed breakdown as to the definitions of various
“seismic hazard exposure groups.”

Effective Peak Velocity | Seismic Hazard Exp Grp
Related Accelerations I Il Ml
A<.05 A A A
.05<A<.10 B B C
.10<AL.15 C C C
.15<A<.20 C D D
.20<A, D D E

Seismic Performance Category

Piping Exempt from Restraint Requirements

Piping of all types that does not require seismic restraint per code:
1) Any piping that is placed in a structure that falls into seismic performance category A
or B (BOCA-1610.6 item 2 and SBC-1607.6 item 2).

Fire-Protection piping that does not require seismic restraint per code:

1) All piping when not “subject to earthquakes” (NFPA 13 6-4). As this definition is not
clear, defer back to BOCA code 1610-2 and SBC-1607.6-2 indicating nothing required
for performance category A or B (only).

2) Lateral bracing not required if the top of the pipe is within 6” of the support structure
and the pipe is individually supported. Longitudinal bracing still is required (NFPA 13
6-4.5.3, NFPA 13 6-4.5.4).

3) Branch lines that are under 2.5” diameter require no bracing (NFPA 13 6-4.5.3).
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Gas, fuel or other high hazard piping systems that do not require seismic restraint

per code:

1) No exceptions, must all be restrained (BOCA-Table 1610.6.4(1) and SBC-Table
1607.6.4A no applicable notes)

Medical gas piping systems that do not require seismic restraint per code

(assumed “other pipe systems” in BOCA-Table 1610.6.4(1) and SBC-Table

1607.6.4A as no other categories apply, however 1992 SMACNA indicates 1” max

for unrestrained medical gas piping (Section 3.3)):

1) Runs of piping individually supported by hangers where all rod hangers are a
maximum of 12” long (from top anchor position to top of pipe or from top anchor
position to top of trapeze bar, whichever is longer). Adequate flexes at the equipment
interfaces must be provided. Note that all hanger rods on the run must comply with
the above to meet this criteria, and the swinging of the pipes must not interfere with
other pipes and systems (BOCA 1610.6.4.2 and Table 1610.6.4(1) note c1 / SBC
1607.6.4.2 and Table 1607.6.4A note 3a).

2) Piping in mechanical rooms that is 1.0” diameter or less. The piping must also be
located such that impacts with other piping or equipment will not occur during a
seismic event, and adequate flexes at the equipment interfaces must be provided
(BOCA Table 1610.6.4(1) note c2 and SBC Table 1607.6.4A note 3b).

3) Piping in other areas that is 2.0” diameter or less. The piping must also be located
such that impacts with other piping or equipment will not occur during a seismic event,
and adequate flexes at the equipment interfaces must be provided (Min of 1992
SMACNA (3.3) and BOCA Table 1610.6.4(1) note c3 or SBC Table 1607.6.4A
note 3c).

General piping systems that do not require seismic restraint per code:

1) Runs of piping individually supported by hangers where all rod hangers are a
maximum of 12” long (from top anchor position to top of pipe or from top anchor
position to top of trapeze bar, whichever is longer). Adequate flexes at the equipment
interfaces must be provided. Note that all hanger rods on the run must comply with
the above to meet this criteria, and the swinging of the pipes must not interfere with
other pipes and systems (BOCA 1610.6.4.2 and Table 1610.6.4(1) note cl1 / SBC
1607.6.4.2 and Table 1607.6.4A note 3a).

2) Piping in mechanical rooms that is 1.0” diameter or less. The piping must also be
located such that impacts with other piping or equipment will not occur during a
seismic event ,and adequate flexes at the equipment interfaces must be provided
(BOCA Table 1610.6.4(1) note c2 and SBC Table 1607.6.4A note 3b).

3) Piping in other areas that is 2.0” diameter or less. The piping must also be located
such that impacts with other piping or equipment will not occur during a seismic event,
and adequate flexes at the equipment interfaces must be provided (BOCA Table
1610.6.4(1) note c3 and SBC Table 1607.6.4A note 3c).
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BOCA 1996/SBC 1997 Ductwork Restraint Rules

The following information is based on the 1996 BOCA and 1997 SBC codes and does not
take into account more stringent specifications or local requirements.

Prior to using this document, the appropriate peak velocity related acceleration (A,) for the
project in question must be determined. In addition, the project must be classified by
“seismic performance category”. Refer to the code or separate documentation for a
detailed breakdown as to the definitions of various “seismic hazard exposure groups”.

Effective Peak Velocity | Seismic Hazard Exp Grp
Related Accelerations | | 1 | 11l
A,<.05 A A A
.05<A<.10 B B C
.10<A<.15 C C C
.15<A<.20 C D D
.20<A, D D E

Seismic Performance Category

Ductwork Exempt from Restraint Requirements

Ductwork of all types that does not require seismic restraint per code:
1) Any ductwork that is placed in a structure that falls into seismic performance category
A or B (BOCA-1610.6 item 2 and SBC-1607.6 item 2).

High hazard ductwork systems that do not require seismic restraint per code:
1) No exceptions, must all be restrained (BOCA-Table 1610.6.4(1) and SBC-Table
1607.6.4A no applicable notes).

HVAC ducting systems that do not require seismic restraint per code:

1) Runs of ductwork supported by hangers where all rod hangers are a maximum of 12"
long (from top anchor position to top of duct or from top anchor position to top of
trapeze bar, whichever is longer). Adequate flexes at the equipment interfaces must
be provided. Note that all hanger rods on the run must comply with the above to meet
this criteria, and the swinging of the ducts must not interfere with other ducts and
systems (BOCA 1610.6.4.2 and Table 1610.6.4(1) note d1 / SBC 1607.6.4.2 and
Table 1607.6.4A note 4a).

2) Ductwork that is less than 6 square feet in area. The ductwork must also be located
such that impacts with other ductwork or equipment will not occur during a seismic
event, and adequate flexes at the equipment interfaces must be provided (BOCA
Table 1610.6.4(1) note d2 and SBC Table 1607.6.4A note 4b).
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UBC 1997 Piping Restraint Rules

The following information is based on the 1997 UBC code and does not take into account
more stringent specifications or local requirements. Systems relating to power piping;
process piping; liquid transportation systems for hydrocarbons, LPG, anhydrous ammonia
and alcohol; refrigeration; slurries; or gas transmission are subject to ASME standards
that should also be consulted where applicable. Should such requirements exist, they
would need to be evaluated independently.

For the remainder of this document “piping” refers only to piping not related to those items
above.

The UBC grants several exclusions without regard to the project or piping systems importance
factor or the expected peak ground accelerations. As such, it is not necessary to review
project importance factors or Seismic Zone when reviewing piping systems for possible
exclusion (Footnotes on Table 16-O).

Piping, Except Fire, Exempt from Restraint Requirements

Any piping that meets all of the following criteria (Table 16-O Footnotes):

A) Lateral motion will not cause damaging impact with other systems.

B) Piping uses exclusively ductile materials and contains ductile connections.

C) Lateral motion will not cause damage to fragile appurtenances (example: sprinkler
heads).

D) If mounted on a post protruding up from the floor, the post is checked for stability.

E) The piping supports are under 12” in length and contain a connection that will not
allow them to carry a moment (swivel).

Rule of Thumb Exclusions

While the code does not identify any exclusions based on pipe size or fluid carried, most
jurisdictions will apply limits to the minimum piping size that requires bracing based on
SMACNA. In addition, because hazardous materials such as gas are not addressed in
the 97UBC, again the SMACNA document will typically be considered to be the guiding
reference. Because the local authority has the final say on this, however, both of these
items should be confirmed for each locale.

Restraints can be excluded per SMACNA for:
1) Piping in mechanical rooms that is 1.0” diameter or less (SMACNA 3.3).
2) Piping in other areas that is 2.0” diameter or less (SMACNA 3.3).

Additional locations where restraint is required:
1) All gas and hazardous piping regardless of size (SMACNA 3.3).
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Assuming fire-protection is governed by NFPA 13, restraint exclusions associated

with it would be:

1) Lateral bracing not required if the top of the pipe is within 6” of the support structure
and the pipe is individually supported. Longitudinal bracing still is required (NFPA 13

6-4.5.3, NFPA 13 6-4.5.4).

2) Branch lines that are under 2.5” diameter require no bracing (NFPA 13 6-4.5.3).
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UBC 1997 Ductwork Restraint Rules

The following information is based on 1997 UBC Code and does not take into account
more stringent specifications or local requirements.

The UBC grants several exclusions without regard to the project or ductwork system’s
importance factor or the expected peak ground accelerations. As such, it is not necessary to
review project importance factors or seismic zone when reviewing ductwork systems for
possible exclusion (Footnotes on Table 16-O).

Ductwork Exempt from Restraint Requirements

Any duct that meets all of the following criteria (Table 16-O footnotes):
A) Lateral motion will not cause damaging impact with other systems.
B) Lateral motion will not result in the loss of vertical support.
C) If mounted on a post protruding up from the floor, the post is checked for stability.
D) The duct supports are under 12" in length and contain a connection that will not
allow them to carry a moment (swivel).

Rule of Thumb Exclusions

While the code does not identify any exclusions based on duct size or importance factor,
most jurisdictions will apply limits to the minimum duct size that requires bracing based on
SMACNA. Because the local authority has the final say on this, however, this should be
confirmed for each locale.

Restraints can be excluded per SMACNA for:
1) All ductwork that is under 6 sq feet in area (SMACNA 3.2).
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Evaluating Seismic Requirements in Specifications

There are four or five items that are critical when determining the extent of seismic
restraint required by a specification. Once the need for restraint is determined, the
magnitude of the seismic forces must be evaluated to select the required components.

The initial four items affecting all codes are:

1) The effective national code (code document and year).

2) The location of the project and the ground acceleration coefficient (A, or Z depending
on the code).

3) The occupancy category (essential, hazardous, or emergency service-related in
particular).

4) Any special seismic factors that may be listed in the spec and that exceed code
requirements. These may dictate restraint even if the code would not normally require
it, and a seismic requirement is often added to a spec to afford some degree of bomb
blast protection.

A fifth item that affects only the 97 UBC, 2000 IBC, and Tl 809-04 spec is:

5) The class of soil present at the jobsite (geotechnical report data).

The above information will need to be applied to the code requirements to determine the
extent of seismic restraint to be included in the project. Once the above information is

gathered, we can compare it to the appropriate code to determine specific requirements.

A typical map for the BOCA, SBC, and UBC codes is shown below for reference.

Earthquake Probability

KINETICS ™ Seismic Design Manual

Epicenters
States
Seismic Coefficient
[

3 0.01 - 0.05
N 0.05-0.1
N 0.1-0.2
0204 1] A00 1000 Miles

Sorrees: App ik d Techiokgy Covicil NatkaalGeophys kal Data Cener, 1990 -0 4

EVALUATING SEISMIC REQUIREMENTS IN SPECIFICATIONS

PAGE 1 OF 16 RELEASE DATE: 11/10/03
KI N ETI cs Toll Free (USA only): 800-959-1229 DOCUMENT:
International: 614-889-0480 D2 8
- Fax: 614-889-0540 -
NOIse contro' World Wide Web: www.Kkineticsnoise.com VISCMH

DUBLIN, OHIO, USA + MISSISSAUGA, ONTARIO, CANADA  Email: sales@kineticsnoise.com MEMBER

Kinetics Noise Control © 2003


http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

1996 BOCA and 1997 SBC

The last version of both the BOCA and SBC codes, although being phased out by the
2000 IBC code, are still occasionally referenced at the state level or for a specific project.
These two codes have basically identical seismic design parameters and will be
considered together in this section.

Equipment Exempt from Seismic Requirements

The first step in calculating the seismic requirements for a job is to determine if restraint
can be ruled out for the entire project. Start by determining the seismic use (or hazard
exposure) group. All structures are placed into one of three classifications:

| — Anything not in Groups Il or IlI
Il — High occupancy structures and schools
Il — Emergency, hazardous, and essential facilities.

Using the seismic use group, along with the site ground acceleration factor and the table
below, a “performance” factor can be obtained. Equipment in buildings with a
performance factor of “A” or “B” is exempt from seismic design requirements.

Effective Peak Velocity | Seismic Hazard Exp Grp
Related Accelerations | Il 1]
A<.05 A A A
.05<A<.10 B B C
10<A<.15 C C C
15<A,<.20 C D D
.20<A, D D E

Seismic Performance Factor

In addition, mechanical equipment in performance category “C” buildings which falls into
seismic use group | occupancies and is not related to safety, emergency power, or
hazardous material transfer is also exempt.

KINETICS ™ Seismic Design Manual

Piping does not require restraint in any seismic zone or performance category as long as
it is 1) not hazardous, and 2) mounted such that the dimension from the top of the pipe to
the supporting surface does not exceed 12" and adequate flexes are included at
equipment connections. In addition, if the pipe is under 2-1/2” in diameter and is not in a
mechanical room, or if it is under 1-1/4” in diameter and is in a mechanical room, no
restraint is required.

Ducting does not require restraint in any seismic zone or performance category as long as
it is 1) not hazardous, and 2) mounted such that the pendulum length from the support
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surface to the trapeze does not exceed 12" and adequate flexes are included at
equipment connections. Also, if the duct is less than 6 sq ft in area no restraint is
required.

In the BOCA and SBC codes there is no specific equipment exemption by weight or
mounting location. If there is a requirement in the building to restrain equipment, it must
all be restrained without regard to weight.

Estimating Seismic Forces

The global lateral seismic load is
F, =AC.PaW, (Eg. 2.8-1)

where:

Fp = lateral seismic load

A, = ground acceleration coefficient

C. = seismic coefficient (Table 2.8-1)

P = performance criteria factor (Table 2.8-1)

a. = attachment amplification factor
= 2.0 for resiliently mounted equipment above grade
= 1.0 for all others

W, = equipment/component weight.

Worst-Case Load/Required Restraint Estimates
The worst-case loads can be estimated for preliminary design as:
Lateral Load: 2 * (total lateral load / number of restraints)
Vertical Load: 0 (Fp <.25W)
0.5Fp (.25W¢ < Fp < .5W¢)

1.0F, (.5W, < Fp < 1.0W,)
2.0F, (Fp > 1.0W,)
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For general guidance, when restraint is required with these codes, FHS and FLSS
isolators and 1/4" restraint cables will work in virtually all zones and with most equipment
types. For attachment to concrete in higher seismic zones, load spreader plates will
almost certainly be required.

For non-hazardous piping and ductwork, a reasonable estimate of the number of
restraints required is the total length of restrained pipe divided by 25, or the total length of
restrained duct divided by 20. For hazardous systems, the values would be about 3/2 of
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the above.

Table 2.8-1. Seismic Coefficients and Performance Criteria Factors (BOCA and SBC).

Mech / Elec component or system Cc P
Ssmc Hzrd Grp
| 1l 1]

Fire protection equip and systems 20] 15| 15] 15
Emergency or standby electrical systems 2.0 | 1.5 | 1.5 | 1.5
General Equipment 20] 05| 10| 15

A) Boilers, furnaces, incinerators, water htrs, and other equipment utilizing combustible
energy sources or high-temperature energy sources

B) Communication systems

C) Electrical bus ducts and primary cable systems suspended farther than 12" from
supporting surface or 2-1/2" or more inside diameter

D) Electrical motor control centers, motor control devices, switchgear, transformers, and
unit substations

E) Reciprocating or rotating equipment

F) Tanks, heat exchangers and pressure vessels.

Manufacturing and process machinery 0.67 | 0.5 | 1.0 | 1.5
Pipe systems

A) Gas and high-hazard piping 20| 15| 15] 15
B) Fire suppression piping 20| 15] 15] 15
C) Other pipe systems 067| 05| 10| 15
HVAC ducts 0.67] 05] 10] 15
Electrical panel boards 0.67] 05] 10| 15
Lighting fixtures (Cc for pendulum fixtures must be 1.5) 067 05| 10| 15

1997 UBC

The 97 UBC code is considerably more complex than the BOCA or SBC codes. This
code introduces soil factors, equipment elevation, and fault proximity into the equation.

Equipment Exempt from Seismic Requirements

When determining the seismic requirements the first step, as with BOCA and SBC, is to
review the job to see if restraint can be ruled out of the project globally. The 97 UBC code
contains only a single global exclusion. All components in buildings constructed in seismic
zones 2 and higher must be designed for seismic loads. By exclusion, this indicates that
components in all buildings constructed in seismic zone 1 (Z < .075) need not be reviewed
for seismic loads.

The 97 UBC excludes equipment weighing 400 Ib or less which is floor or roof mounted.
For equipment meeting this exclusion it need be restrained only in the manner normally
recommended for general applications by the equipment manufacturer. No engineering
support documentation is required to substantiate the design and no special components
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are required.

Piping does not require restraint in any zone as long as it is 1) not hazardous, and 2)
mounted with a swivel-type connection such that the dimension from the top of the pipe to
the supporting surface does not exceed 12" and adequate flexes are included at
equipment connections.

Ducting does not require restraint in any seismic zone or performance category as long as
it is mounted with a swivel-type connection such that the pendulum length from the
support surface to the trapeze does not exceed 12" and adequate flexes are included at
equipment connections.

Raceways do not require restraint in any seismic zone or performance category as long
as they are mounted with a swivel-type connection such that the pendulum length from
the support surface to the raceway does not exceed 12" and adequate flexes are included
at equipment connections.

Although not in the code, it is accepted practice to not restrain piping outside of
mechanical rooms that is under 2-1/2” in diameter or ductwork that is under 6 sq ft in area.
This is referenced in the SMACNA guidelines and these guidelines have been accepted
by the UBC as meeting code compliance. These can be excluded if SMACNA is
referenced in the specification.

Estimating Seismic Forces

The lateral seismic force acting on a component or piece of equipment is calculated as

. alp
_a : 8?+3_|'xg, N Eq. 2.8-2

T
=]

where:

Fp = total design lateral force

ap = component amplification factor (Table 2.8-2)

Ca = seismic coefficient

l, = importance factor

Rp = component response modification factor (Table 2.8-2)
hy = component attachment elevation with respect to grade
h,  =roof elevation with respect to grade

W, = weight of component.

The design lateral force need not exceed
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F, =4.0C,I W, (Eq. 2.8-3)
and the absolute minimum design load is

F, =0.7C,I W, . (Eq. 2.8-4)

In any case, if the equipment is anchored to concrete the load can be reduced by a factor
of 1.4 to account for the different design factors used for the anchor capacity and load
determination (this applies to either hard-mounted or isolated equipment). If the
equipment is isolated and anchored to concrete with post installed or shallow (less than 8
bolt diameter) cast-in-place anchors, the design load used must be doubled to account for
dynamic impact.

The importance factor I, for a piece of equipment is 1.5 if the equipment is essential to the
continued operation of essential or hazardous services (whether or not the building itself
is essential). Otherwise the importance factor is 1.0.

Table 2.8-2. Component Amplification and Response Modification Factors.

Horizontal Force Factors

Components ap Rp

Ceilings and light fixtures 1 3
Equipment

Tanks and vessels 1 3
Elec, mech, plumbing equip, conduit, piping, ductwork 1 3
All equip anchored to structure below its center of mass 2.5 3
Emergency systems and essential communications 1 3
Isolated equipment 25 15

The seismic coefficient (C,) is a measure of the ground motion acceleration and its
calculation requires the following information.

1) The Site Ground Acceleration Coefficient (z). This will range from .075 to .4
depending on location.

2) The Site Soil Classification (Hard Rock - Sa, Rock - Sg, Dense Soil - S¢, Stiff
Soil - Sp, Soft Soil - Sg, and Other - Sg). If unknown, use soil profile Sp.

3) If the Site Ground Acceleration Coefficient (z) is 0.4 (Seismic Zone 4) the
proximity to the nearest active fault is required. Fault maps can be pulled up on
the Internet to help in this task, but it should be specified by the Engineer of
Record. |If the distance to the fault is greater than 10 km, the forces are not
increased. If less than 10 km, the distance in km should be estimated.

4) If the Site Ground Acceleration Coefficient (z) is 0.4 (Seismic Zone 4) the
seismic source type must be identified. A — faults that are capable of producing
large magnitude earthquakes and that have a high rate of seismic activity. C —
faults not capable of producing large magnitude earthquakes and that have a
relatively low rate of seismic activity. B — all other faults.

KINETICS ™ Seismic Design Manual

EVALUATING SEISMIC REQUIREMENTS IN SPECIFICATIONS

PAGE 6 OF 16 RELEASE DATE: 11/10/03
KI N ETI cs Toll Free (USA only): 800-959-1229 DOCUMENT:
International: 614-889-0480 Dz 8
- Fax: 614-889-0540 -
NOIse contro' World Wide Web: www.Kkineticsnoise.com VISCMH

DUBLIN, OHIO, USA + MISSISSAUGA, ONTARIO, CANADA  Email: sales@kineticsnoise.com MEMBER

Kinetics Noise Control © 2003


http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

The Seismic Coefficient is determined from Table 2.8-3b. The table is entered with the

Seismic Zone Factor and Soil Profile and the value of C, is determined. In Seismic

Zone 4 (z = 0.4) the Near Source Factor (N;) should be determined from Table 2.8-3a.
Table 2.8-3. Near Source Factor and Seismic Coefficient.

(a) Near Source Factor (b) Seismic Coefficient

Seisimic Coefficient C,

Selsimic Zone Factor, z
Soil Profile Type | z=0.075] z=015[ z=02 | z=03 | z=04
0.06 012 0.16 0.24 0.32N,

Near Source Factor (N)

Sa
Closest Distance to know Seismic Source Sb 0.08 0.15 0.20 0.30 0.40N4
Seismic Source Type <=2km 5km >=10 km e 0.09 0418 0.24 033 040N,
A 1.5 1.2 1.0
B 13 10 10 S 0.12 0.22 0.28 0.36 0.44N,
C 1.0 1.0 1.0 Se 0.19 0.30 0.34 0.36 0.36N,
St

Linear Interpolation for distance is permitted Site Specific Geotechnical Report Required

Worst-Case Load/Required Restraint Estimates
The worst-case loads can be estimated for preliminary design as:
Lateral Load: 2 * (total lateral load / number of restraints)

Vertical Load: 0 (Fp <.25W,)
0.5Fp (.25W, < Fp < .5W))
1.0F, (.5Wp < Fp < 1.0W))
2.0Fp (1.0W, < Fp < 2.0W))
4.0F, (Fp> 2.0W))

KINETICS ™ Seismic Design Manual

When restraint is required with this code, FHS and FLSS isolators and 1/4 inch restraint
cables will generally work for “at grade” applications in virtually all zones and with most
equipment types. For equipment locations at higher elevations and the roof, particularly in
higher seismic zones, it may be necessary to use separate restraints (HS-5 or 7) or FMS
isolator/restraints. If attached to concrete, load spreader plates will almost certainly be
required.

For non-hazardous piping and ductwork at grade, a reasonable estimate of the number of
restraints required is the total length of restrained pipe divided by 20 and the total length
of restrained duct divided by 15. For hazardous systems the values would be about 3/2
the above. For piping and duct at the roof, the required restraints will approximately
double. For pipes over 6” diameter in all cases cable sizes will increase to 3/8” and for
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pipes over 12” diameter the size can increase to 1/2".

2000 IBC and Tl 809-04

This code and federal spec represent the latest round of thinking in seismic design. They
are similar to the 97 UBC but use new maps and factors to allow more accurate load
assessments at a given site without having to research fault information. Soil factors and
equipment elevation still factor into the equation.

The primary difference between TI 809-04 and the 2000 IBC is in the area of exclusions.
The 2000 IBC excludes some structures and components from the seismic design scope
that Tl 809-04 does not.

Equipment Exempt from Seismic Requirements

As with all building codes, the first step in calculating the seismic requirements for a job is
to determine if restraint can be ruled out for the entire project.

The 2000 IBC exempts components from the seismic requirements as follows:

Entire Structures (and contents):

1) Group R-3, single-family, stand-alone residential structures not more than three
stories in height, in areas where the mapped Sps value is less than .5g.

2) Agricultural storage structures intended only for incidental human occupancy.

3) All structures where the mapped Sps value is less than .167g and the mapped
Spi value is less than .067g.

Mechanical/Electrical Components and Architectural Elements:

1) All non-structural mechanical components and architectural elements in
structures that fall into seismic design category A or B.

2) All mechanical components in structures that fall into seismic design category C
and where the importance factor is 1.0

3) All architectural elements in structures that fall into seismic design category C
and where the importance factor is 1.0, and there are fewer than three stories.

Specific Mechanical/Electrical Equipment:

1) All components (no matter what seismic design category) with an importance
factor of 1.0 weighing less than 400 Ib, mounted to the floor with legs under 4’ in
height, connected via flexible connections between components and associated
ductwork, piping, etc., and not critical to the continued operation of the
structure.

KINETICS ™ Seismic Design Manual
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2) Mechanical and electrical components in seismic design categories D and E
that weigh 20 Ib or less (no matter where mounted), that are connected via
flexible connections between components and associated ductwork, piping,
etc., where the importance factor does not exceed 1.0.

3) Ductwork that is less than 6 sq ft in area for the full length of a run where the
importance factor does not exceed 1.0 (no matter what seismic design
category) and the motion induced by a seismic event will not result in contact
with other components.

4) All ductwork that is suspended on hangers 12” or less in length for the full
length of a run with a non-moment generating connection to the structure and
where the importance factor does not exceed 1.0 (no matter what seismic
design category) and motion induced by a seismic event will not result in
contact with other components.

5) High deformability piping in all seismic design categories that is 3.0 inches or
less in diameter and has an importance factor of 1.0. (Note: High deformability
is a measure of ductility as defined in the code section 1602.1.) (Note: if
trapeze mounted and the cumulative total area of the pipes supported is less
than 5”, no restraint is required.)

6) High deformability piping in seismic design category C that is 2.0 inches or less
in diameter with an importance factor of 1.5. (Note: if trapeze mounted and the
cumulative total area of the pipes supported is less than 3.2”, no restraint is
required.)

7) High deformability piping in seismic design category D or E that is 1.0 inch or
less in diameter, with an importance factor of 1.5.

8) All piping that is suspended on hangers 12” or less in length (from the top of the
pipe) with a non-moment generating (swivel) connection to the structure, for all
importance factors and seismic eesign categories.

9) Any component that is supported from above by chains or other non-moment
generating connection provided it cannot be damaged by or cannot damage
any other component and has a supporting connection designed to take at least
three times the operating weight.

Specific Architectural Elements:

KINETICS ™ Seismic Design Manual

1) Components supported on chains or otherwise suspended from the structural
system above, as long as they are capable of moving a minimum of 12” or a
swing of 45 degrees without damage or contact with an obstruction, and as long
as the gravity design load used when sizing the attachment hardware is 3g.

2) Seismic load of less than 5 psf.

Other:

1) Equipment installed in line and hard mounted to the ductwork that weighs 75 Ib
or less can be restrained as though it is part of the duct (no separate restraints
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are required).
There are considerably fewer exemptions from seismic restraint design in the Tl 809-04
Code. There are no exemptions for entire structures or general equipment types and
there are only a few for specific components as follows:

Specific Mechanical Equipment:

1) Piping in seismic design category A.

2) Piping in seismic design category B in structures that are not categorized as
essential or hazardous.

3) Gas piping under 1” diameter.

4) Piping in boiler and mechanical rooms of less than 1-1/4” diameter.

5) All other piping of less than 2-1/2” diameter.

6) All electrical conduit of less than 2-1/2” diameter.

7) Ductwork that is less than 6 sq ft in area .

8) All ductwork that is suspended on hangers 12" or less in length for the full
length of a run with a non-moment generating connection to the structure.

9) All piping that is suspended on individual hangers 12” or less in length (from the
top of the pipe) with a non-moment generating (swivel) connection to the
structure.

Estimating Seismic Forces

The lateral seismic force acting on a component or piece of equipment in both the 2000
IBC and Tl 809-04 is calculated as

0.4a S A
J=— s 0 f8y (Eq. 2.8-5)
Rp/lp e hg

where:
Fp = total design lateral force

ap = component amplification factor (Table 2.8-4)
Sps = design spectral response acceleration at short periods

KINETICS ™ Seismic Design Manual

l, = component importance factor

Rp = component response modification factor (Table 2.8-4)
z = component attachment elevation with respect to grade
h = average roof elevation with respect to grade

W, = weight of component.
The design lateral force need not exceed

F, =1.6S,1,W, (Eq. 2.8-6)
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and the absolute minimum design load is

F, =0.33Sy51,W, .

The Component Amplification (a,) and Response Modification (Rp) factors are shown in
Table 2.8-4. When anchoring components to concrete using shallow embedment anchors
(those with an embedment length-to-diameter ratio of less than 8), an R, value of 1.5 is to
be used and overides the value identified in the Component Coefficient table.

(Eq. 2.8-7)

Table 2.8-4. Component Amplification and Response Modification Factors.

The importance factor in the 2000 IBC or Tl 809-04 document is now tied more closely to
the use of the equipment rather than the use of the structure. There are two levels of

Component Coefficients

Mechanical and Electrical Component or Element ap Rp
General Mechanical
Boilers and furnaces 1.0 25
Pres vessels, stacks, cantilevered chimneys 2.5 2.5
Other 1.0 2.5
Mfg and Process Equipment
General 1.0 2.5
Conveyors 25 2.5
Piping
High deformability elements and attachments 1.0 3.5
Limited deformability elements and attachments 1.0 2.5
Low deformability elements or attachments 1.0 1.25
HVAC Equipment
Vibration isolated 2.5 2.5
Non-vibration isolated 1.0 25
Mounted in line with ductwork 1.0 2.5
Elevator & Escalator Components 1.0 25
Trussed Towers 2.5 2.5
General Electrical
Distribution systems 1.0 35
Equipment 1.0 2.5
Lighting Fixtures 1.0 1.25
Architectural Component or Element
Interior Non-Structural Walls and Partitions
Plain (unreinforced) masonry 1.0 1.25
Other 1.0 25
Ceilings 1.0 2.5
Access Floors
Floors (built on and affixed to seismic frame) 1.0 25
Other 1.0 1.25
Flexible Components
High deformability 1.0 3.5
Limited deformability 25 25
Low deformability 25 1.25
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importance: 1.0 and 1.5. The importance factor of 1.5 is used under the following
conditions:

1) The component is a life-safety component that must function after an
earthquakea

2) The component contains hazardous or flammable material in excess of
exempted limits.

3) Storage racks in structures that are open to the public (Home Depot for
example).

4) Components needed for continued operation of Group Il occupancy structure.

All other conditions use an importance factor of 1.0.

Determination of the seismic response spectral acceleration at short periods (Sps)
requires the use of a spectral response map. Current maps applicable to either
specification can be quite detailed and unreadable in a small scale. To avoid this
problem, dynamic maps can be downloaded from the following website:
http://geohazards.cr.usgs.gov/eg/design/ibc/IBC1615-1us.pdf. For evaluating the
attachment of equipment and architectural components, the maps of interest are those
that list the maximum short period spectral response (.2 second). The maps identifying
maximum long period spectral response (1 second) are of interest to us only to determine
if the structure can be exempted (IBC applications only) from seismic analysis and would
only come into play if the design spectral response at short period (.2 second) is less than
0.167.

It must be noted that the maps indicate the maximum spectral response for long and short
periods (Sws & Smi) and not the design spectral response. The ground accelerations used
for the design of architectural and equipment attachment are the short period (.2 second)
values only (Ss). These are multiplied by the site (soil) classification factor (F,) from the
table below (2.8-5a) and then reduced by a factor of 2/3 except in the case of immediate
occupancy structures under Tl 809-04. In the Tl 809-04 immediate occupancy case (A)
the reduction factor is increased to 3/4. The result, the design spectral response at short
periods (Sps) is the final acceleration coefficient used in the design.

Levels of seismic concern are identified in the new code as the seismic design category.
These are a function of the structure’s end use and the ground acceleration coefficient. A
rough definition of the three possible use groups (I, Il, and Ill) is as follows: Group Ill is an
emergency treatment, an essential service structure or a structure containing potentially
hazardous material; Group Il is a high occupancy structure or non-essential utilities;;
Group | is what is left. Table 2.8-5b indicates the seismic design categories for various
conditions.
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Table 2.8-5. Site Factors and Seismic Design Categories.

(a) Site Factors (b) Seismic Design Category

Site Factor (F,) Based on Site Class.and Mapaped Seismic Design Category based on
: §pectral Response for Short Periods (Ss) : 2 Second Response Accelerations
Site Soil Mapped Spectral Response Accel at Short Periods —
Class Type S.<0.25[S.=0.50] S,=0.75] S,=1.0 [ S,>1.25 Seismic Use Group
A Hard Rock 0.8 0.8 0.8 0.8 0.8 Sos Value ' I l
B Moderate Rock 1 1 1 1 1 Sps < 0.167g A A A
C Dense Soil, Soft Rock 1.2 1.2 1.1 1 1
D° Stiff Soil 16 14 1.2 1.1 1 0.1679<Sps<033g | B B <
E Soft Soil, Clay 2.5 1.7 1.2 0.9 Note b 0.33<Sps<0.50g C C D
F Fill and Other Note b Note b Note b Note b Note b 0.509<Sps D D D
duse straight line interpolation for intermediate values of mapped spectral acceleration a
® site specific geotechnical investigation and dynamic site response analyses shall be performed to determine values O75g$81 E E F

“In lieu of geotechnical data and in cases where Site Class E or F are not expected, Site Class D shall be assumed.

s, is Mapped Max Considered Spectral Response

Vertical Force Component

It

can be assumed that a vertical force component must be factored into the restraint

analysis for most situations. The vertical force to be used is

F,, =0.2S (Eq. 2.8-8)

Force Tailoring Factors

In order to apply the above forces, there are additional factors that may be applicable,
depending on the component being analyzed and the method of attachment used.

1)

2)

3)

4)

As with the 97 UBC, the forces obtained from the above equations are working
strength figures. Because of this, the forces can be reduced by a factor of 1.4 when
computing concrete anchorage loads (working stress-based ratings). It comes into
play when evaluating connections using the older ASD (Allowable Stress Design) bolt
allowables, connections to timber with lag screws, or connections to concrete with post
installed anchors.

Permitted design loads and the resulting stresses in the attachment hardware can be
increased by a factor of 1.33 for short-term wind and seismic load applications when
working with working stress-based allowables.

Shallow embedment anchors must be sized to withstand 1.95 (or 1.3 x Ry, (where R,
equals 1.5)) times the computed design load.

For mechanical or electrical equipment that is supported on vibration isolation
systems, the design lateral force shall be taken as 2 F, .
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Consolidating the above into simple understandable equations, we get the following:

Using the previously determined design force F;, steel bolt and fastener allowables as per
LFRD, ASD and/or published post installed anchor allowables per ICBO

1) Rigid Equipment Connection via Through Bolts using the ASD Bolt Allowables:

Lateral Design Load = F,/ 1.4, but increase bolt allowables by multiplying by 4/3
Vertical Design Load = Fp,/ 1.4, but increase bolt allowables by multiplying by 4/3

2) Rigid Equipment Connection to Concrete with Post-Installed Anchors using ICBO
Anchor Ratings (Non OSHPD Applications):

Increase all anchor allowables by multiplying by 4/3 in all cases.
Shallow embed anchors (< 8 dias)

Lateral Design Load = 1.95F,/ 1.4
Vertical Design Load = 1.95F,/ 1.4

Standard embed anchors (>= 8 dias)

Lateral Design Load = 1.3F,/ 1.4
Vertical Design Load = 1.3F,/ 1.4

3) Rigid Equipment Connection to Concrete with Post Installed Anchors using ICBO
Special Inspection Anchor Ratings (OSHPD Applications):

Shallow embed anchors (< 8 dias)

Lateral Design Load = 1.95F,/ 1.4
Vertical Design Load = 1.95F,/ 1.4

KINETICS ™ Seismic Design Manual

Standard embed anchors (>= 8 dias)

Lateral Design Load = 1.3F,/ 1.4
Vertical Design Load = 1.3F,/ 1.4

4) Rigid Equipment Connection to Wood with Lag Screws as rated per ASD:

Lateral Design Load = F,/ 1.4, but increase Lag Screw Allowables by 1.6
Vertical Design Load = Fp,/ 1.4, but increase Lag Screw Allowables by 1.6
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5) Isolated Equipment Connection via Through Bolts using the ASD Bolt Allowables:

Increase Bolt Allowables by multiplying by 4/3 in all cases.

Lateral Design Load = 2F,/ 1.4
Vertical Design Load = 2F, / 1.4

6) Isolated Equipment Connection to Concrete with Post Installed Anchors using ICBO

Anchor Ratings (Non OSHPD Applications):

Increase Anchor Allowables by multiplying by 4/3 in all cases.

Shallow embed anchors (< 8 dias)

Lateral Design Load = 3.9F,/ 1.4
Vertical Design Load = 3.9F,,/ 1.4

Standard embed anchors (>= 8 dias)

Lateral Design Load = 2.6F,/ 1.4
Vertical Design Load = 2.6Fp,/ 1.4

7) lsolated Equipment Connection to Concrete with Post Installed Anchors using ICBO

Special Inspection Anchor Ratings (OSHPD Applications):

Shallow embed anchors (< 8 dias)

Lateral Design Load = 3.9F,/ 1.4
Vertical Design Load = 3.9F,,/ 1.4

Standard embed anchors (>= 8 dias)

Lateral Design Load = 2.6F,/ 1.4
Vertical Design Load = 2.6F,/ 1.4

8) Isolated Equipment Connection to Wood with Lag Screws as rated per ASD:

Increase Lag Screw Allowables by multiplying by 1.6 in all cases.

Lateral Design Load = 2F,/ 1.4
Vertical Design Load = 2Fp,/ 1.4
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Special Anchorage Requirements

With the exception of undercut anchors, expansion anchors shall not be used to attach
non-vibration isolated equipment rated at over 10 hp. Conventional wedge-type, post-
installed anchors are acceptable for isolated equipment as long as they meet the load
requirements as defined here.

For general guidance, when restraint is required with this code, FHS and FLSS isolators
as well as 1/4” restraint cables will work for “at grade” applications in lower level (below
1g) zones and with most equipment types. For equipment locations in more severe zones
and/or at higher elevations and the roof, particularly in higher seismic zones, it will likely
be necessary to use separate restraints (HS-5 or 7) or FMS isolator/restraints. If attached
to concrete, load spreader plates will be required.

For non-hazardous piping and ductwork at grade, a reasonable estimate of the restraints
required is (for piping) the total length of restrained pipe divided by 20 and (for ductwork)
the total length of restrained duct divided by 15. For hazardous systems, the values
would be about 2/3 of the above. For piping and duct at the roof, these spacings will
decrease to about half of the above values. For pipes over 6” diameter in all cases, cable
sizes will increase to 3/8” and for pipes over 12" diameter, the size can increase to 1/2”.

In higher seismic areas, the use of anchor bolts will be heavily restricted, not only
because of severe limitations for their use on equipment over 10 hp, but also because of
factors that dictate more severe design load magnitudes when they are used. The higher
loads require larger anchors and the larger anchors require greater embedment depths. If
an embedment depth of under 8 bolt diameters is required due to slab thickness
limitations, the design load is again doubled and the idea of using concrete anchors can
be effectively eliminated. This leaves through-bolting through the slab as the only viable
option.

Unless housekeeping pads are monolithic to the floor slab, their added thickness cannot
be included in the embedment depth. Therefore, an anchor that penetrates a 6”
housekeeping pad and extends 2" into the structural floor slab is considered to have an
embedment depth of 2” instead of 8”. Significant pre-planning is needed to ensure that
the problems that can result from these situations are adequately addressed.
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Other Referenced Standards

Several other standards and codes are frequently mentioned in specifications. A short
summary of these standards, and their applicability, is presented in this section.

ASCE 7

ASCE 7, “Minimum Design Loads for Buildings and Other Structures,” published by the
American Society of Civil Engineers, is the basis for the seismic and wind load provisions
in most building codes. It has been adopted virtually word-for-word, and in the future will
be adopted by reference. Specifications occasionally refer to ASCE 7 for determining the
loads, especially wind loads, on equipment or non-structural components. For
preliminary, estimating purposes, this can be assumed to be identical to the 2000 IBC
provisions.  Final design must explicitly consider the referenced standard and/or
applicable code.

OSHPD

OSHPD is the California Office of Statewide Health Planning and Development. It is
responsible for overseeing the design of hospitals and their contents within the state of
California. Outside of that narrow focus, OSHPD has no legal authority.

OSHPD has a pre-approval process for seismic restraints of equipment (as well as for the
equipment itself). In order to gain pre-approval, a manufacturer submits drawings, load
test results, and calculations for OSHPD that show the equipment seismic capacities and
how they were determined. OSHPD may approve the listed capacities, request
additional information, or reject the submittal. Upon approval, the equipment can then be
used in California hospitals, up to the loads listed on the drawings, without further review
by OSHPD. The time required to obtain approval is currently up to three years after
submittal of the initial information. Note that a lack of “pre-approval” does not mean that a
piece of equipment cannot be used in projects under OSHPD jurisdiction. Approval of
equipment for individual projects can be obtained by submitting similar information to the
OSHPD office overseeing the particular project. The time required to obtain these one-
time approvals is typically a few weeks.

A recent trend in specifications is to require OSHPD pre-approval for projects that do not
fall under OSHPD jurisdiction. There are several reasons why this is not a good idea.
First, OSHPD has no legal authority outside of hospitals in California. Therefore, their
pre-approval has no meaning and does not supply any extra “legitimacy” to the product.
Second, there are no consistent standards for the data used to obtain OSHPD approval.
The required test data and calculations vary widely depending upon the reviewer. Thus,
OSHPD approval could mean that an extensive set of tests was performed, backed by
numerous calculations; alternatively, it could mean that a one-page letter listing the
capacities was submitted, or anything in between. Until consistent standards are applied,
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OSHPD approval has no more meaning than sales literature, other than for California
hospitals.

SMACNA

The SMACNA (Sheet Metal and Air Conditioning Contractors’ National Association, Inc.)
“Seismic Restraint Manual — Guidelines for Mechanical Systems” contains guidelines for
the restraint of ducts and piping. These guidelines do not replace the applicable building
code, but can be considered to be the “state of the practice” for seismic bracing of ducts
and piping.

NEPA 5000

The NFPA 5000 (National Fire Protection Association) is an alternate building code. Itis
currently not adopted for use in any jurisdiction, although California has preliminarily
adopted it for the next round of code revisions in that state. Expect the provisions to be
very similar to the IBC.

FEMA

FEMA (Federal Emergency Management Agency) has produced several documents
intended to provide practical guidance for the installation of seismic restraints. The
documents are FEMA 412 (Installing Seismic Restraints for Mechanical Equipment),
FEMA 413 (Installing Seismic Restraints for Electrical Equipment ), and FEMA 415
(Installing Seismic Restraints for Ducts and Pipe). These manuals give detailed
installation instructions, including numerous photographs and illustrations, and specify
which types of restraints are appropriate for different conditions. They are meant to be
used in the field by installers and, to a lesser extent, by designers looking for the correct
type of restraint. They are not design guides and give no information for selecting the
appropriate size of restraints.

ASHRAE Practical Guide

The ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc.) has produced “A Practical Guide to Seismic Restraint.” This guide
contains practical information about the building code requirements related to seismic
restraint and presents clarifying examples and calculation procedures. This is a very
useful publication for understanding the code requirements and how both the letter and
spirit can be followed.
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KINETICS™ Guide to Understanding NBCC Seismic for MEP

INTRODUCTION

The purpose of this guide is to provide design professionals, contractors, and building officials
responsible for the MEP, Mechanical, Electrical, and Plumbing, with the information and guidance
required to ensure that the seismic restraints required for a specific project are selected and/or
designed, and installed in accordance with the code provisions. This guide will be written in
several easily referenced sections that deal with specific portions of the code.

This guide is based on the National Building Code of Canada 2005 (NBCC 2005). The NBCC
2005 appears to be very different in the formulation of the design forces than the previous NBCC
1995 version. This document will be based entirely on the newer NBCC 2005 version.

1. National Building Code of Canada 2005; Canadian Commission on Building and Fire Codes
and National Research Council of Canada, 1200 Montreal RD, Ottawa, ON K1A 979 Chapter
Division B — Part 4 Structural Design.

The selection and installation of the proper seismic restraints for MEP systems requires good
coordination with the design professionals and contractors involved with the building project. A
good spirit of cooperation and coordination is especially required for projects that have been
designated as post-disaster buildings, such as hospitals, emergency response centers, police and
fire stations. Coordination between the various design professionals and contractors will be a
constant theme throughout this guide. This coordination is vital for the following reasons.
1. The seismic restraints that are installed for a system can and will interfere with those of
another unless restraint locations are well coordinated.
2. The space required for the installed restraints can cause problems if non-structural walls
need to be penetrated, or other MEP components are in the designed load path for the

restraints.
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3. The building end of the seismic restraints must always be attached to structure that is
adequate to carry the code mandated design seismic loads. It is the responsibility of the
structural engineer of record to verify this.

INTRODUCTION
PAGE 2 of 2 D29-1.0
Toll Free (USA Only): 800-959-1229 RELEASED ON: 06/30/2008
KI N ET I cs International: 614-889-0480
FAX 614-889-0540 . u
Noise cOntrol World Wide Web: www.kineticsnoise.com - ‘m
E-mail: sales@Kkineticsnoise.com e o hEves

Dublin, Ohio, USA = Mississauga, Ontario, Canada Member



http://www.kineticsnoise.com
mailto:sales@kineticsnoise.com

KINETICS™ Guide to Understanding NBCC Seismic for MEP

REQUIRED BASIC PROJECT INFORMATION

D2.9 — 2.1 Introduction:

As with any design job, there is certain basic information that is required before seismic restraints
can be selected and placed. The building owner, architect, and structural engineer make the
decisions that form the basis for the information required to select the seismic restraints for the
pipe and duct systems in the building. This is information that should be included in the
specification and bid package for the project. It also should appear on the first sheet of the
structural drawings. For consistency, it is good practice to echo this information in the specification
for each building system, and on the first sheet of the drawings for each system. In this fashion,

this information is available to all of the contractors and suppliers that will have a need to know.

D2.9 — 2.2 Building Use — Nature of Occupancy [Sentence 4.1.2.1]*

How a building is to be used greatly affects the level of seismic restraint that is required for the
MEP (Mechanical, Electrical, and Plumbing) components. In the NBCC 2005 the building use is
defined through the Importance Category, which ranges in four stages from Low to Post-Disaster.
Table 2-1 below summarizes the information found in Tables 4.1.2.1 of the NBCC 2005. The
nature of the building use, or its Occupancy Category, is determined by the building owner and the

architect of record.

! References in brackets [Sentence 4.1.2.1 and Table 4.1.2.1] apply to sections, tables, and/or equations in the
National Building Code of Canada 2005.
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Table 2-1; Importance Category vs. Building Use and Occupancy [Table 4.1.2.1]

Importance .
P Building Use or Nature of Occupancy
Category
Buildings whose failure will present a low direct or indirect hazard to human life
Low @ Low human occupancy buildings where structural collapse is unlikely to cause
injury or other serious consequences.
@ Minor storage buildings and structures.
Normal Buildings not listed as Importance Category Low, High, or Post-Disaster.
Buildings which are likely to be used in Post-Disaster situations as shelters, which will
include the following building types:
@ Elementary, middle, or secondary schools.
@ Community centers.
High . - . o .
Manufacturing and storage facilities which contain toxic, explosive, or hazardous
materials in sufficient quantities to pose a hazard to the public is released, such as:
@ Petrochemical facilities.
@ Fuel storage facilities
@ Manufacturing and storage facilities for dangerous goods.
Buildings and structures which are designated as essential facilities which include but
are not limited to:
@ Hospitals, emergency treatment facilities, and blood banks.
@ Emergency response facilities, fire, rescue, ambulance, and police stations,
housing for emergency response equipment, and communications facilities
Post- including radio and television, unless exempted by the jurisdiction having
Disaster authority). . .
@ Power generating stations and sub-stations.
@ Control centers for air land and marine transportation.
@ Water treatment, storage, and pumping facilities.
@ Sewage treatment facilities and buildings or structures required for national
defense.
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D2.9 — 2.3 Site Class — Soil Type [Sentences 4.1.8.4.(2) and 4.1.8.1.(3)]:

The Site Class is related to the type of soil and rock strata that directly underlies the building site.
The Site Class ranges from A to F progressing from the stiffest to the softest strata. Table 2-2 lists
the various Site Classes and their corresponding strata.

Generally the structural engineer is responsible for determining the Site Class for a project. If the
structural engineer’'s firm does not have a geotechnical engineer on staff, this job will be
contracted to a geotechnical firm. The site profile is normally obtained by drilling several cores on
the property. Unlike the U. S. building codes, there is no published default Site Class that may be
that can be substituted for the actual Site Class that is determined from soils testing performed at
the actual project location.

Table 2-2; Site Class vs. Soil Type [Table 4.1.8.4A]

Site Class Soil Type
A Hard Rock
Rock
Very Dense Soil & Soft Rock
Stiff Soil
Soft Soll

Liquefiable Soils, Quick Highly Sensitive Clays, Collapsible Weakly Cemented Soils, & etc.
These require site-specific evaluation.

m (MOIO|w

D2.9 — 2.4 Spectral Response Acceleration Value at 0.2 Second [Sentence 4.1.8.4.(1) and
Table C-2]

The Spectral Response Acceleration Values at 0.2 Second, which are denoted as S,,), have

been determined for selected location in Canada and documented in the Canadian Journal of Civil

Engineering, Volume 10, Number 4, pp 670-680, 1983. These values for selected location in
Canada are presented in Table C-2 of the NBCC 2005, and are repeated for convenience below
in Table 2-3
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Table 2-3; Spectral Response Acceleration Value at 0.2 Second for Selected Locations in Canada

[Table C-2]
Province & Location | Syg2 Province & Location Sa02) Province & Location Sa02)
British Columbia [ ------ Masset 0.53 Langley 1.10
100 Mile House 0.28 McBride 0.27 New Westminster 0.99
Abbotsford 0.92 Mcleod Lake 0.18 North Vancouver 0.88
Agassiz 0.67 Merrit 0.32 Richmond 1.10
Alberi 0.75 Mission City 0.93 Surrey (88 Ave & 156 St.) 1.10
Ashcroft 0.33 Montrose 0.27 Vancouver 0.94
Beatton River 0.12 Nakusp 0.27 Vancouver (Granville & 41 Ave) | 0.88
Burns Lake 0.12 Nanaimo 1.00 Vernon 0.27
Cache Creek 0.33 Nelson 0.27 Victoria Region | -
Campbell River 0.62 Ocean Falls 0.38 Victoria (Gonzales Hts.) 1.20
Carmi 0.28 Osoyoos 0.28 Victoria (Mt. Tolmie) 1.20
Castlegar 0.27 Penticton 0.28 Victoria 1.20
Chetwynd 0.24 Port Alberni 0.75 Williams Lake 0.28
Chilliwack 0.73 Port Hardy 0.43 Youbou 1.00
Comox 0.66 Port McNeill 0.43 Alberta | -
Courtenay 0.65 Powell River 0.67 Athabasca 0.12
Cranbrook 0.27 Prince George 0.13 Banff 0.24
Crescent Valley 0.27 Prince Rupert 0.38 Barrhead 0.12
Crofton 1.10 Princeton 0.42 Beaverlodge 0.13
Dawson Creek 0.12 Qualicum Beach 0.82 Brooks 0.12
Dog Creek 0.32 Quesnel 0.27 Calgary 0.15
Duncan 1.10 Revelstoke 0.27 Campsie 0.12
Elko 0.27 Salmon Arm 0.27 Camrose 0.12
Fernie 0.27 Sandspit 0.56 Cardston 0.18
Fort Nelson 0.12 Sidney 1.20 Claresholm 0.15
Fort St. John 0.12 Smith River 0.52 Cold Lake 0.12
Glacier 0.27 Smithers 0.12 Coleman 0.24
Golden 0.26 Squamish 0.72 Coronation 0.12
Grand Forks 0.27 Stewart 0.30 Cowley 0.20
Hope 0.63 Taylor 0.12 Drumheller 0.12
Kamloops 0.28 Terrace 0.34 Edmonton 0.12
Kaslo 0.27 Tofino 1.20 Edson 0.15
Kelowna 0.28 Trail 0.27 Embarras Portage 0.12
Kimberley 0.27 Ucluelet 1.20 Fairview 0.12
Kitimat Plant 0.37 Vancouver Region [ - Fort MacLeod 0.16
Kitimat Townsite 0.37 Burnaby (Simon Fraser Univ.) | 0.94 Fort McMurray 0.12
Lilooet 0.60 Cloverdale 1.00 Fort Saskatchewan 0.12
Lytton 0.60 Haney 0.97 Fort Vermilion 0.12
Mackenzie 0.23 Ladner 1.10 Grande Prairie 0.12
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Table 2-3 Continued; Spectral Response Acceleration Value at 0.2 Second for Selected Locations in
Canada [Table C-2]

Province & Location | Syp2 Province & Location | Syp2 Province & Location | Syp2
Alberta | - Humboldt Bay 0.12 Selkirk 0.12

Habay 0.12 Island Falls 0.12 Spit Lake 0.12
Hardisty 0.12 Kamsack 0.12 Steinbach 0.12
High River 0.15 Kindersley 0.12 Swan River 0.12
Hinton 0.24 Lloydminster 0.12 The Pas 0.12
Jasper 0.24 Maple Creek 0.12 Virden 0.12
Keg River 0.12 Meadow Lake 0.12 Winnipeg 0.12
Lac la Bishe 0.12 Melfort 0.12 Ontario | --—---
Lacombe 0.12 Melville 0.12 Ailsa Craig 0.16
Lethbridge 0.15 Moose Jaw 0.12 Ajax 0.22
Manning 0.12 Nipawin 0.12 Alexandria 0.68
Medicine Hat 0.12 North Battleford 0.12 Alliston 0.17
Peace River 0.12 Prince Albert 0.12 Almonte 0.58
Pincher Creek 0.19 Qu’ Appelle 0.12 Armstrong 0.12
Ranfurly 0.12 Regina 0.12 Arnprior 0.64
Red Deer 0.12 Rosetown 0.12 Atikokan 0.12
Rocky Mountain House 0.15 Saskatoon 0.12 Aurora 0.19
Slave Lake 0.12 Scott 0.12 Bancroft 0.26
Stettler 0.12 Strasbourg 0.12 Barrie 0.16
Stony Plain 0.12 Swift Current 0.12 Beaverton 0.16
Suffield 0.12 Uranium City 0.12 Belleville 0.26
Taber 0.12 Weyburn 0.23 Belmont 0.20
Turner Valley 0.15 Yorktown 0.12 Big Trout Lake 0.12
Valleyview 0.12 Manitoba | ---- CFB Borden 0.16
Vegreville 0.12 Beausejour 0.12 Bracebridge 0.18
Vermilion 0.12 Boussevain 0.12 Bradford 0.18
Wagner 0.12 Churchill 0.12 Brampton 0.26
Wainwright 0.12 Dauphin 0.12 Brantford 0.24
Wetaskiwin 0.12 Flin Flon 0.12 Brighton 0.25
Whitecourt 0.12 Gimli 0.12 Brockton 0.40
Wimborne 0.12 Island Lake 0.12 Burk’s Falls 0.21
Saskatchewan | ------ Lac du Bonnet 0.12 Burlington 0.36
Assiniboia 0.17 Lynn Lake 0.12 Cambridge 0.22
Battrum 0.12 Morden 0.12 Campbeliford 0.23
Biggar 0.12 Neepawa 0.12 Cannington 0.17
Broadview 0.12 Pine Falls 0.12 Carleton Place 0.52
Dafoe 0.12 Portage la Prairie 0.12 Cavan 0.20
Dundurn 0.12 Rivers 0.12 Centralia 0.14
Estevan 0.15 Sandilands 0.12 Chapleau 0.12
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Table 2-3 Continued; Spectral Response Acceleration Value at 0.2 Second for Selected Locations in

Canada [Table C-2]

Province & Location Sa02) Province & Location Sa02) Province & Location | Sypy
Ontario | == Grimshy 0.40 Mattawa 0.51
Chatham 0.20 Guelph 0.21 Midland 0.15
Chesley 0.13 Guthrie 0.16 Milton 0.30
Clinton 0.13 Haileybury 0.29 Milverton 0.15
Coboconk 0.18 Haldimand (Caledonia) 0.34 Minden 0.19
Cobourg 0.24 Haldimand (Hagersville) 0.29 Mississauga 0.31
Cochrane 0.21 Haliburton 0.21 Mississauga (Port Credit) | 0.32
Colborne 0.24 Halton Hills (Georgetown) 0.25 Mitchell 0.14
Collingwood 0.14 Hamilton 0.33 Moosonee 0.15
Cornwall 0.67 Hanover 0.13 Morrisburg 0.63
Corunna 0.14 Hastings 0.23 Mount Forest 0.15
Deep River 0.66 Hawkesbury 0.65 Nakina 0.12
Deseronto 0.27 Hearst 0.12 Nanticoke (Jarvis) 0.26
Dorchester 0.19 Honey Harbour 0.15 Nanticoke (Port Dover) 0.23
Dorion 0.12 Hornepayne 0.12 Napanee 0.28
Dresden 0.18 Huntsville 0.20 New Liskeard 0.29
Dryden 0.12 Ingersoll 0.19 Newcastle 0.22
Dunnville 0.35 Iroquois Falls 0.21 Newcastle (Bowmanville) | 0.21
Durham 0.14 Jellicoe 0.12 Newmarket 0.19
Dutton 0.20 Kapuskasing 0.14 Niagara Falls 0.41
Earlton 0.26 Kemptville 0.60 North Bay 0.29
Edison 0.12 Kenora 0.12 Norwood 0.22
Elmvale 0.15 Killaloe 0.48 Oakville 0.35
Embro 0.18 Kincardine 0.12 Orangeville 0.18
Englehart 0.25 Kingston 0.30 Orillia 0.16
Espanola 0.12 Kinmount 0.19 Oshawa 0.21
Exeter 0.14 Kirkland Lake 0.24 Ottawa 0.66
Fenelon Falls 0.18 Kitchener 0.19 Owen Sound 0.13
Fergus 0.18 Lakefield 0.20 Pagwa River 0.12
Forest 0.14 Lansdowne House Leamington | 0.20 Paris 0.22
Fort Erie 0.40 Lindsay 0.18 Parkhill 0.15
Fort Erie (Ridgeway) 0.39 Lion’s Head 0.15 Parry Sound 0.16
Gananoque 0.31 London 0.18 Pelham (Fonthill) 0.40
Geraldton 0.12 Lucan 0.16 Pembroke 0.66
Glencoe 0.19 Maitland 0.41 Penetanguishene 0.15
Goderich 0.12 Markdale 0.14 Perth 0.39
Gore Bay 0.12 Markham 0.22 Petawawa 0.66
Graham 0.12 Martin 0.12 Peterborough 0.20
Gravehurst (Muskoka Airport) | 0.17 Matheson 0.22 Petrolia 0.16
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Table 2-3 Continued; Spectral Response Acceleration Value at 0.2 Second for Selected Locations in
Canada [Table C-2]

Province & Location Sa02) Province & Location | Syp2 Province & Location | Syp2
Ontario | == Temagami 0.30 Beauport 0.60

Pickering (Dunbarton) 0.23 Thamesford 0.18 Bedford 0.60
Picton 0.26 Thedford 0.14 Beloeil 0.67
Plattsville 0.18 Thunder Bay 0.12 Brome 0.42
Point Alexander 0.66 Tillsonburg 0.20 Brossard 0.68
Port Burwell 0.21 Timmins 0.17 Buckingham 0.68
Port Colborne 0.38 Timmins (Porcupine) 0.19 Campbell’'s Bay 0.67
Port Elgin 0.12 Toronto (Metropolitan) | ------ Chambly 0.67
Port Hope 0.23 Etobicoke 0.26 Chicoutimi 0.62
Port Perry 0.19 North York 0.24 Chicoutimi (Bagotville) 0.63
Port Stanley 0.20 Scarborough 0.24 Chicoutimi (Kenogami) 0.62
Prescott 0.44 Toronto 0.26 Coaticook 0.41
Princeton 0.20 Trenton 0.25 Contrecoeur 0.66
Raith 0.12 Trout Creek 0.25 Cowansville 0.48
Rayside-Balfour (Chelmsford) | 0.14 Uxbridge 0.19 Deux-Montagnes 0.68
Red Lake 0.12 Vaughan (Woodbridge) 0.24 Dolbeau 0.31
Renfrew 0.63 Vittoria 0.21 Drummondville 0.50
Richmond Hill 0.22 Walkerton 0.13 Farnham 0.59
Rockland 0.66 Wallaceburg 0.18 Fort-coulonge 0.67
Sault Ste. Marie 0.12 Waterloo 0.19 Gagon 0.12
Schreiber 0.12 Watford 0.16 Gaspé 0.22
Seaforth 0.14 Wawa 0.12 Gatineau 0.68
Simcoe 0.22 Welland 0.40 Gracefield 0.62
Sioux Lookout 0.12 West Lorne 0.20 Granby 0.48
Smith Falls 0.42 Whitby 0.21 Harrington-Harbour 0.12
Smithville 0.40 Whitby (Brooklin) 0.20 Harve-St-Pierre 0.33
Smooth Rock Falls 0.19 White River 0.12 Hemmingford 0.68
South River 0.23 Wiarton 0.12 Hull 0.68
Southhampton 0.12 Windsor 0.18 Iberville 0.66
St. Catharines 0.41 Wingham 0.13 Inukjuak 0.12
St. Mary’s 0.16 Woodstock 0.19 Joliette 0.63
St. Thomas 0.20 Wyoming 0.15 Jonquiére 0.62
Stirling 0.25 Québec | - Kuujjuag 0.12
Stratford 0.16 Acton-Vale 0.45 Kuujjuarapik 0.12
Strathroy 0.17 Alma 0.59 La-Malbaie 2.30
Sturgeon Falls 0.23 Amos 0.17 La-Tuque 0.29
Sudbury 0.15 Asbestos 0.37 Lac-Mégantic 0.40
Sundridge 0.22 Aylmer 0.67 Lachute 0.64
Tavistock 0.17 Baie-Comeau 0.66 Lennoxville 0.38
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Table 2-3 Continued; Spectral Response Acceleration Value at 0.2 Second for Selected Locations in
Canada [Table C-2]

Province & Location | Syp2 Province & Location | Syo2 Province & Location | Syp2
Québec | ---—--- Richmond 0.38 New Brunswick [ ------
Léry 0.70 Rimouski 0.63 Alma 0.27
Loretteville 0.63 Riviere-du-loup 1.10 Bathhurst 0.41
Louisevilee 0.63 Roberval 0.43 Campbellton 0.39
Magog 0.38 Rock-Island 0.42 Chatham 0.41
Malartic 0.21 Rosemére 0.68 Edmundston 0.41
Maniwaki 0.66 Rouyn 0.20 Fredericton 0.39
Masson 0.66 Salaberry-de-Valleyfield 0.69 Gagetown 0.34
Matane 0.68 Schefferville 0.12 Grand Falls 0.42
Mont-Joli 0.62 Senneterre 0.20 Moncton 0.30
Mont-Laurier 0.66 Sept-lles 0.37 Oromocto 0.36
Montmagny 0.89 Shawinigan 0.58 Sackville 0.25
Montréal Region | ----- Shawville 0.67 Saint John 0.34
Beaconsfield 0.69 Sherbrooke 0.37 Shippagan 0.34
Dorval 0.69 Sorel 0.65 St. Stephen 0.66
Laval 0.68 St-Félicien 0.31 Woodstock 0.41
Montréal 0.69 St-Georges-de-Cacouna 0.98 Nova Scotia | ------
Montréal-Est 0.68 St-Hubert 0.68 Ambherst 0.24
Montréal-Nord 0.69 St-hubert-de-Temiscouata | 0.64 Antigonish 0.19
Outremont 0.69 St-Hyacinthe 0.59 Bridgewater 0.23
Pierrefonds 0.69 St-jean 0.69 Canso 0.24
St-Lambert 0.69 St-Jérdme 0.64 Debert 0.22
St-Laurent 0.69 St-Jovite 0.63 Digby 0.26
Ste-Anne-de-Bellevue 0.69 St-Nicolas 0.59 Greenwood (CFB) 0.25
Verdun 0.69 Ste-Agathe-des-Monts 0.59 Halifax Region | ----
Nicolet (Gentilly) 0.64 Sutton 0.44 Dartmouth 0.23
Nitchequon 0.12 Tadoussac 0.84 Halifax 0.23
Noranda 0.20 Témiscaming 0.59 Kentville 0.24
Percé 0.20 Thetford Mines 0.35 Liverpool 0.24
Pincourt 0.69 Thurso 0.63 Lockeport 0.26
Plessisville 0.45 Trois-Rivieres 0.64 Louisburg 0.22
Port-Cartier 0.46 Val-d'Or 0.22 Lunenburg 0.23
Povungnituk 0.22 Varennes 0.68 New Glasgow 0.18
Québec City Region | ------ Vercheres 0.67 North Sydney 0.19
Ancienne-Lorette 0.60 Victoriaville 0.43 Pictou 0.18
Levis 0.58 Ville-Marie 0.33 Port Hawkesbury 0.21
Québec 0.59 Waterloo 0.41 Springhill 0.24
Sillery 0.58 Windsor 0.36 Stewiacke 0.22
Ste-Foy 0.59 [l - s Sydney 0.20
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Table 2-3 Continued;

Canada [Table C-2]

Spectral Response Acceleration Value at 0.2 Second for Selected Locations in

Province & Location | Syo2 Province & Location | Syp2
Nova Scotia | ------ Echo Bay / Port Radium | 0.12
Tatamagouche 0.19 Fort Good Hope 0.15
Truro 0.21 Fort Providence 0.12
Wolfville 0.25 Fort Resolution 0.12
Yarmouth 0.23 Fort Simpson 0.12
Prince Edward Island | ------ Fort Smith 0.12
Charlottetown 0.19 Hay River 0.12
Souris 0.15 Holman 0.12
Summerside 0.19 Inuvik 0.12
Tignish 0.22 Mould Bay 0.35
Newfoundland | ----- Norman Wells 0.51
Argentia 0.18 Rae-Edzo 0.12
Bonavista 0.17 Tungsten 0.51
Buchans 0.15 Yellowknife 0.12
Cape Harrison 0.24 Nunavut | ---—-
Cape Race 0.20 Alert 0.12
Channel-Port aux Basques | 0.15 Arctic Bay 0.18
Corner Brook 0.14 Arviat / Eskimo Point 0.18
Gander 0.16 Baker Lake 0.12
Grand Bank 0.18 Cambridge Bay 0.12
Grand Falls 0.15 Chesterfield Inlet 0.16
Happy Valley-Goose Bay 0.15 Clyde River 0.50
Labrador City 0.12 Coppermine 0.12
St. Anthony 0.15 Coral Harbour 0.24
St. John’s 0.18 Eureka 0.33
Stephenville 0.14 Iqaluit 0.13
Twin Falls 0.12 Isachsen 0.40
Wabana 0.12 Nottingham Island 0.24
Wabush 0.12 Rankin Inlet 0.12
Yukon | - Resolute 0.35
Aishihik 0.26 Resolution Island 0.44
Dawson 054 E - [ e
Destruction Bay 0.73 [l -------mmemmememmeee | e
Snag 0.61 M --—-----------mmmmmmmeeen [ e
Teslin 0.19 [ -------mmemmememmeeeen | e
Watson Lake 0.45 [l -------mmemmememeeeen e
Whitehorse 0.22 [ - | e
Northwest Territories | ------ [l -------m-mmmmmmmmmmmeeee [ e
Aklavik 0.18 [ --------memmemmmememeee | s
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D2.9 — 2.5 Importance Factor for Earthquake Loads [Sentence 4.1.8.5 and Table 4.1.8.5]:

The Importance Factor for Earthquake Loads (I.) for the building is assigned based on the

Importance Category of the building. It may be prudent to request both the assigned Importance
Category and the Importance Factor for Earthquake Loads. The Importance Factor for Earthquake
Loads may be specified more stringently than the Importance Category of the building would
indicate in order to artificially provide increased protection for the building and its contents. The

Importance Factor for Earthquake Loads is assigned as shown in Table 2-4

Table 2-4; Importance Factor for Earthquake Loads by Importance Category [Table 4.1.8.5]

Importance Factor for Earthquake Loads
Importance Category I
E

Low 0.8
Normal 1.0
High 1.3
Post-Disaster 1.5

D2.9 — 2.6 Summary:

The following parameters will be required by the design professionals having responsibility for
MEP systems in a building, and should be determined by the structural engineer of record.

1. Importance Category: This defines the building use and specifies which buildings are
required for emergency response or disaster recovery.

2. Spectral Response Acceleration Value at 0.2 Second: This is used to determine the actual
Lateral Design Seismic Force.

3. Importance Factor for Earthquake Loads: This is a numerical value that translates the

building usage into the Lateral Design Seismic Force used to design and/or select seismic
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restraints for non-structural components. This value used in conjunction with the Spectral
Response Acceleration Value at 0.2 Second will determine whether seismic restraints are
required for non-structural components or not.

These parameters should be repeated in the specification and drawing package for the particular

system, mechanical, electrical, or plumbing, in question.
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DESIGN SESIMIC FORCES

D2.9 — 3.1 Introduction:

The code based horizontal seismic force requirements for MEP systems and components are
either calculated by the seismic restraint manufacturer as a part of the selection and certification
process, or may be determined by the design professional of record for the MEP systems under

consideration.

This is an informational section. It will discuss the code based horizontal seismic force demand
equations and the variables that go into them. This discussion will provide a deeper understanding
for the designer responsible for selecting the seismic restraints for MEP systems and their
components and the nature of the seismic forces and the factors that affect them.

D2.9 — 3.2 Lateral Design Seismic Force [Sentence 4.1.8.17.(1)]%

The seismic force is a mass, or weight, based force, and as such is applied to the MEP
component at its center of gravity. Keep in mind that the earthquake ground motion moves the
base of the building first. Then the motion of the building will accelerate the MEP component
through its supports and/or seismic restraints. The lateral seismic force acting on an MEP
component will be determined in accordance with the following set of equations from NBCC 2005.

Ve =0.3F,S,02) £ SpW5p Equation 3-1

Where:

V, = the Lateral Design Seismic Force
F, = the acceleration based site coefficient. Values for this coefficient are given in Table 3-1 based

on the site class. Linear interpolation between these values is permitted.

! References in brackets [Sentence 4.1.8.17.(1)] apply to sections, tables, and/or equations in the National Building Code
of Canada 2005.
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| ¢ = the Importance Factor for Earthquake Loads for the building. See Section D2.9 — 2.5 of this

guide.
S, = the horizontal force factor for the non-structural component and its anchorage to the building.

W, = the weight of the non-structural component.

The value for S, is computed in the following fashion.

— CP'A‘r Ax

Equation 3-2
Re

S

Where:
C, = the seismic coefficient for mechanical and electrical equipment. These values are given per
component category in Table 3-2.

A = the response amplification factor used to account for the type of attachment of the

4

mechanical or electrical component to the building listed by component category in Table 3-2.
A, = the amplification factor at the elevation of the component attachment point in the building. It
is used to account for the increasing flexibility of the building from grade level to roof level.

R, = the element or component response modification factor listed by component category in

Table 3-2.

A, is computed as follows.

: Equation 3-3

A, :E?HZE—:

Q-0

Where:
h, = the elevation of the attachment point to the structure of the non-structural component.
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h,= the elevation of the roof line.

The values for S, must remain within the following limits.

0.7£S, £4.0 Equation 3-4

Table 3-1; Acceleration Based Site Coefficient, F_ [Table 4.1.8.4]

Spectral Response Acceleration Value at 0.2 Second

Site (Linear Interpolation Is Permitted)
Class
Sa02) < 0.25 | Sy02 = 0.50 | Sy02 = 0.75 | Sy02 = 1.00 | Syo2 2 1.25
A 0.7 0.7 0.8 0.8 0.8
B 0.8 0.8 0.9 1.0 1.0
C 1.0 1.0 1.0 1.0 1.0
D 1.3 1.2 1.1 1.1 1.0
E 2.1 14 1.1 0.9 0.9
F These values to be determined by site response analysis.

D2.9 — 3.3 Basis of Design for NBCC 2005 [Sentences 4.1.3.1.(1a), 4.1.3.2.(4), 4.1.3.2.(6),
4.1.3.2.(7), and 4.1.3.2.(8) and Table 4.1.3.2]:

The design of seismic restraints in the NBCC 2005 is based on the Ultimate Limit State. This limit
state is used for design when life safety is at issue to prevent building or system collapse. This
design basis along with the prescribed loads for earthquake design will produce results which are
consistent with LRFD design techniques. Therefore; LRFD allowable loads may be used for the
design and selection of seismic restraints for MEP components.

D2.9 — 3.4 Summary:

This section has provided an insight into the way in which the seismic design forces for MEP
systems and components are to be computed. It is generally not necessary for a designer to
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actually run the computations for the seismic design forces. These forces are normally computed
by the manufacturer of the seismic restraint devices as part of the selection and certification
process to ensure that the proper components are selected per the code and the specification.

Table 3-2; Seismic Coefficient, Response Amplification Factor, and Response Modification Factor
NBCC 2005 [Table 4.1.8.17]

Category Non-Structural Component Co | A Re
7 Suspended light fixtures with independent vertical 100! 1.00 | 2.50
support
11 Machinery, fixtures, equipment, ducts, and tanks | | |
(including contents):
That are rigidly connected. 1.00 | 1.00 | 1.25
That are flexible or flexibly connected. 1.00 | 2.50 | 2.50
Machinery, fixtures, equipment, ducts, and tanks
12 (including contents) containing toxic or explosive | | |
materials, materials having a flash point below
38°C or firefighting fluids:
That are rigidly connected. 150 1.00 | 1.25
That are flexible or flexibly connected. 1.50 | 2.50 | 2.50
Flat bottom tanks (including contents) that are
13 attached directly to the floor at or below grade 0.70 | 1.00 | 2.50

within a building.

Flat bottom tanks (including contents) that are
attached directly to the floor at or below grade
14 within a building that contain toxic or explosive 1.00 | 1.00 | 2.50
materials, materials that have a flash point below
38°C or firefighting materials.

15 Pipes, ducts, cable trays (including contents) 1.00 | 1.00 | 3.00

Pipes, ducts, cable trays (including contents)

16 -~ ; \ . 1.50| 1.00 | 3.00
containing toxic or explosive materials.

17 Electrical cable trays, bus ducts, conduits. 1.00 | 2.50 | 5.00

18 Rigid components with ductile material and 100! 1.00 | 2.50
Connections.

19 Rigid components with non-ductile material or 100! 1.00 | 1.00
Connections.

20 Flexible pomponents with ductile material and 100 | 2550 | 2.50
Connections.

21 Flexible pomponents with non-ductile material or 100! 2550 | 1.00
Connections.
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GENERAL EXEMPTIONS AND REQUIREMENTS

D2.9 — 4.1 Introduction:

The National Building Code of Canada has limited exemptions for MEP components written in to

it. The SMACNA Seismic Restraint Manual — Guidelines for Mechanical Systems, 2" Edition with

Addendum No. 1, 1998; is not directly referenced in the NBCC. Therefore, it is safe to assume
that any exemptions in the SMACNA manual that have been previously taken are no longer
allowed.

There are, however, some general exemptions for MEP components which will be covered in this
section. Along with the exemptions, this section will the requirements for flexible/flexibly connected
(isolated) components, direction of seismic design force application, structural connections,
deflections, transfer of seismic forces to the building structure, and hanger rods for MEP

components.

D2.9 — 4.2 General Acceleration Based Exemption for MEP Components [Sentences 4.1.8.1,
and 4.1.8.17.(2)]*

Sentence 4.1.8.1 is a general exemption for building, and also applies to those buildings that have
been assigned to the Importance Category classified as Post Disaster. The deflections and loads
due to earthquake motion as specified in Sentence 4.1.8.17, do not apply to MEP Components

when S, ,,, £ 0.12. Under this condition seismic restraints will not be required for MEP

components.

The next general exemption is found in Sentence 4.1.8.17.(2) and applies to buildings that have
been assigned to Importance Categories Low, Normal, and High. Section 2.9 — 3.0 of this guide

! References in brackets [Sentence 4.1.8.17.(2)] apply to sections, tables, and/or equations in the National Building Code
of Canada 2005.
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covered the seismic design forces specified by the NBCC. The basic acceleration term multiplying

the weight (mass) of the MEP component is| .F,S,,,. This term includes the importance of the

building, the effects of the ground upon which the project is being built, and the expected
horizontal acceleration produced by the design earthquake for the project location. This general

exemption for MEP components is based on the value of this term. If | .F, S, ,,, <0.35, then MEP

components that fall into categories 7 through 21 in Table 3-2 of this guide do not require seismic
restraint for buildings assigned to Importance Categories Low, Normal, and High.

D2.9 — 4.3 “Chandelier” Exemption [Sentence 4.1.8.17.(13)]
This exemption does not read exactly as the companion exemption in the International Building

Code (IBC); see Kinetic's Guide to Understanding IBC Seismic for MEP, Section D2.1 — 4.5. So,
for clarity it will be directly quoted below.

Isolated suspended equipment and components, such as pendant lights, may be designed as a
pendulum system provided that adequate chains or cables capable of supporting 2.0 times the weight of
the suspended component are provided and the deflection requirements of Sentence 4.1.8.17.(11) are

satisfied.

D2.9 — 4.4 Isolated vs. Rigidly Connected Components [Sentence 4.1.8.17.(4)]:

The NBCC basically says that MEP components that can be defined by Categories 11 and 12 in
Table 3-2 of this Guide are to be treated as flexible/flexibly connected (isolated) components. If,
however, the fundamental period of the component and its connections to the building structure
can be shown to be less than or equal to 0.06 second, it mat be treated as though it were a rigid
or rigidly connected component.
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D2.9 — 4.5 Design Horizontal Seismic Load Application [Sentence 4.1.8.17.(7)]:

The design horizontal seismic loads are to be applied in the direction the results in the most
critical loading for the MEP component and its attachment to the structure. This will ensure that
the most conservative design and selection of seismic restraints for the MEP component has been

made.

D29 - 4.6 Connection of MEP Components to the Building Structure [Sentence
4.1.8.17.(8)]:

Connections for the MEP components to the building structure must be designed to resist gravity
loads, meet the requirements of Sentence 4.1.8.1 of the NBCC, and also satisfy the following

additional requirements.

1. Friction due to gravity loads may not be used to resist seismic forces.
2. The R, value for non-ductile fasteners such as adhesives, powder shot pins, and other power

actuated fasteners must be taken as 1.0.

3. Shallow embedment anchors, shallow expansion, chemical, epoxy, or cast-in-place, are
those whose embedment depth to nominal diameter ratio is less than 8:1. For these types of
anchors the value for R, shall be taken as 1.5.

4. Drop in anchors and power actuated fasteners, such as powder shot pins, are not to be used
in tensile applications.

D2.9 — 4.7 Lateral Deflections of MEP Components [Sentence 4.1.8.17.(10)]:

The lateral deflections based on design horizontal seismic force specified the Sentence
4.1.8.17.(1), see Section D2.9 — 3.0 of this guide, need to be multiplied by a factor of R, /I . to

yield more realistic values for the anticipated deflections. The values of R,and| . are used to
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artificially inflate the loads to ensure the selection of seismic restraints and attachments that will
meet the Post-Disaster criteria.

D2.9 — 4.8 Transfer of Seismic Restraint Forces [Sentence 4.1.8.17.(11)]:

This provision is intended to engender co-operation between the MEP design professionals and
the structural engineering professionals. It is basically saying that the MEP components and their
attachments to the building structure must be designed in such away that they do not transfer any
loads to the structure that were not anticipated by the structural engineer. This means that the
MEP design professionals must inform the structural engineer of the anticipated dead loads and
seismic restraint forces at the restraint attachment points as soon as the MEP component
selections have been finalized. Conversely, the structural engineer needs to make him or her self
available to the MEP design professionals to work out issues surrounding the seismic loads and

the attachment points for the seismic restraints used for the MEP components.

D2.9 — 4.9 Seismic Restraints for Suspended MEP Components & Hanger Rods [Sentence
4.1.8.17.(12)]:

The seismic restraints for suspended MEP equipment, pipes, ducts, electrical cable trays, bus
ducts, and so on, must meet the force and displacement conditions of Sentence 4.1.8.17, and be
designed in such away that they do not place the hanger rods in bending.

D2.9 — 4.13 Summary:

The exemptions and requirements outlined in this section are intended to assist the MEP design
professionals and contractors in planning their project contribution efficiently. Also, they help

define the limits of responsibility for each MEP design profession and trade.

GENERAL EXEMPTIONS AND REQUIREMENTS
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