by Paul Selman

efore the development and imple-

mentation of comprehensive build-
ing codes, it was common practice for
rooftop equipment to be installed with-
out being firmly attached to a building’s
structure. The thinking was the weight of
an HVAC rooftop unit would be suffi-
cient to keep a curb and the rooftop unit
on top of a building. However, recent re-
search into the effects of natural disasters
has shown that to resist significant seis-
mic and wind loads, rooftop units must
be firmly restrained from moving off
their curbs, and curbs must be attached
to a building’s structure. This research is
changing the way curbs are designed,
built and installed.

Many U.S. jurisdictions require a li-
censed engineer to certify that curbs and
restraints meet the requirements of ap-
plicable building codes. The process by
which curbs are now designed can be
summarized in three steps.

-

R

o

First, a roof curb designer must deter-
mine the governing building code for a
particular project. This information is
typically provided in the mechanical or
structural sections of project specifica-
tions. The designer should also be aware
of any project requirements that are
more stringent than those listed in the
building code.

If the project specifications do not in-
clude an applicable building code, the
designer can determine it by contacting
the building department that has juris-
diction in the area where the building
is located.

Once an applicable building code is
identified, a designer’s second step is
to determine the seismic- or wind-load
design force a rooftop unit and curb are
required to withstand. Building codes
commonly adopted in the U.S. provide
step-by-step procedures for determining
design force. A design force may be a

result of seismic activity or wind load
depending on the project location. In
areas of the U.S. where it is not intu-
itively clear which load is greater, the
designer should perform both calcula-
tions and design curb and restraints
accordingly.

A designer’s third step is to determine
the requirement for attachment of roof-
top equipment to a curb and the curb to
a roof.

Once the design load on the rooftop
equipment is calculated, the designer
uses static analysis to ensure the load is
safely transmitted through the equip-
ment base into the equipment support.
The method of attachment between the
rooftop equipment and curb must be
sufficient to keep the equipment in place
while resisting tension, shear, moment
and uplift forces generated by the design
force acting on the rooftop equipment. A
curb must be designed and manufactured



Figure 1: A section view of a curb with equipment restraints and

attachment to a building’s structure

with the ability to safely transfer these
forces into a building’s structure. A sec-
tion view of a curb with equipment re-
straints and attachment to a building’s
structure is shown in Figure 1.

A project’s mechanical or structural
engineer must be aware of the loads that
will be imposed on a building’s structure
by rooftop equipment through a curb.

Building codes

Seismic- and wind-load-related building
codes provide a uniform method for de-
termining seismic- and wind-induced
forces for any location. The forces must
be determined with enough accuracy to
ensure safe and economical design. Dif-
ferent regions of the U.S. have adopted
standard codes and modified applicable
portions of model codes to fit their par-
ticular needs. Two examples of such
codes are the International Building Code
(IBC) and Uniform Building Code (UBC).

IBC
IBC was originally prepared in 2000 by

five drafting subcommittees appointed by
the International Code Council. The sub-
committees included representatives
from Building Officials and Code
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Administrators Interna-
tional Inc., International
Conference of Building
Officials and Southern
Building Code Congress

International Inc. Their
intent was to draft a
comprehensive set of
regulations for building
systems consistent with
and inclusive of the
scope of existing model
codes.

Forty-seven states and
the District of Columbia
have adopted IBC as
their governing build-

BASE FLANGE ATTACHMENT

ing code. Because IBC
is emerging as the
dominant code for
seismic- and wind-load
design issues, an explanation of design
force determination is necessary.

IBC 2006’s Section 1615 provides
general procedures for determining
maximum considered earthquake (MCE)
ground motion. IBC 2006’s Section
1621.1 refers to ASCE 7, “Minimum
Design Loads for Buildings and Other
Structures” for the seismic design force
(F,) on mechanical components and
systems. Fy is the force exerted at the
component’s center of gravity and dis-
tributed relative to the component’s
mass distribution. F, can be determined
by using ASCE 7-05, Equation 13.3-1,
as shown in Figure 2.

Although the full details of all vari-
ables used in this formula are beyond
this article’s scope, four key pieces of
information are required to complete
curb and restraint design, which follow:

* S, is the short-period MCE ground
motion acceleration at a project site.
This information typically can be
found by identifying the project
location on a map to determine the
project-specific MCE acceleration.

* F, is the site coefficient and depends
on the site class and value of S,. Site
class is determined using a project
site’s soil profile and average

properties in the top 100 feet of soil.
Where project-specific soil properties
are unknown, IBC allows Site Class D
to be used. Site Class D is known as
“Stiff Soil.”

* W, is the mechanical component
operating weight as provided by the
equipment manufacturer.

. Ip is the component importance fac-
tor and can be determined by the
nature of the building occupancy.

A designer must know a building’s
final intended use to determine the
importance factor. I, will differ for
buildings that represent a low or
substantial hazard to human life in
the event of failure and buildings
designated as essential facilities,
such as hospitals or earthquake
shelters.

IBC 2006’s Section 1609 requires that
wind loads on buildings or structures be
determined in accordance with ASCE 7.
The design wind force on rooftop equip-
ment is calculated according to ASCE 7,
Section 6.5.15, “Design Wind Loads
on Other Structures.” The equation for
wind-load design force (F,,) is shown
in Figure 3.

Key pieces of information a designer
must have include the following:

* Cyis the force coefficient and depends
on the height and width of rooftop
equipment as provided by an equip-
ment manufacturer.

* K, is the velocity pressure coefficient
and depends on building height and
exposure category. The exposure
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Figure 2: This equation can be used to determine
the seismic design force on a building’s mechani-
cal components and systems.
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Figure 3: This equation can be used to determine
the design wind force on rooftop equipment.
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category depends on the landscape
around a building and varies for
urban or wooded areas or areas
with bodies of water nearby.

* K, is the topographic factor and de-
pends on the geography of a build-
ing’s surrounding area. It accounts
for wind speed changes at hills,
ridges and escarpments.

* Vis the design wind speed in miles
per hour. V depends on a project’s lo-
cation and can be derived from iden-
tifying the project location on a map.

* Iis the importance factor, which de-
pends on project occupancy category
and design wind speed.

UBC

UBC was first issued in 1927 by the In-
ternational Conference of Building Offi-
cials and was previously the most widely
used building code in North America.
Although California is in the process of
adopting IBC, the seismic design provi-
sions of the current California Building
Code are based on UBC.

UBC classifies earthquake hazard on
a scale from zero (least hazardous) to
four (most hazardous). These values are
used to determine the strengths of vari-
ous components of a building required
to resist earthquake damage. UBC 1997
is the most recent edition and specifies
a design lateral force () for nonstruc-
tural components as shown in Figure 4.
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Figure 4: This equation can be used to determine
the design lateral force for a building’s nonstruc-
tural components.

Information required to complete the
design of roof curbs and restraints in
accordance with UBC 1997 includes:

1.The seismic zone, which is deter-
mined by identifying a project’s location
on a UBC map.

2.The soil profile type—where
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Figure 5: A typical free-body diagram of a static analysis

project-specific soil properties are
unknown, UBC allows type “SD” to be
used. UBC defines type SD as a “Stiff
Soil Profile.”

3.The mechanical component operat-
ing weight, or Wy, as provided by an
equipment manufacturer.

4.The component importance factor,
or Ip, which is determined by the nature
of a building’s occupancy. As previously
mentioned, the designer must know the
intended use of a building to determine
the importance factor.

Static analysis

Once the design load is determined, sta-
tic analysis is used to ensure equipment
will not move during an earthquake or
high wind speeds. The forces generated
by the difference in accelerations be-
tween the equipment’s center of gravity
and a building’s roof must be balanced
by reactions at the curb and restraints.
The sum of the forces and moments
generated between the equipment and
equipment support, as well as between
the equipment support and building
structure, must equal zero. A typical
free-body diagram of a static analysis
is shown in Figure 5.

A licensed engineer uses sound engi-
neering principals and industry-accepted
safety factors to perform a static analysis.

Detailed drawings of the curb and equip-
ment restraint are used with known
material properties and shape factors to
verify that allowable stress values are not
exceeded in the curb, unit restraints or
attachment hardware. The result of this
analysis will be a seismic- or wind-
load-rated assembly that will safely han-
dle the design forces on a rooftop unit.
Restraint brackets are used to provide a
positive attachment between a unit and
curb, and the curb can be attached to a
building’s structure using welds, bolts or
anchors through holes in the curb base
flange. The rooftop unit/curb assembly
is, therefore, designed to provide a con-
tinuous load path from the unit to the
building’s structure.

Know the requirements

By following recent building code re-
quirements, a curb can be designed to
resist the forces expected from a seismic-
or wind-load event. A rooftop unit that
resists these forces will remain firmly
attached to a curb, and the curb will stay
attached to a building’s structure, reduc-
ing wind and water damage to the build-
ing’s interior and maintaining function-
ality of the rooftop unit. & # %
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