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CTC-1, ICC Gxx-09/10-:  Bracing members
SECTION 202

DEFINITIONS

PRIMARY STRUCTURAL FRAME.  The primary structural frame shall include all consists of all the following structural members:

1.
The columns; 

2.
Structural members having direct connections to the columns, including girders, beams, trusses and spandrels;

3.
Members of the floor construction and roof construction having direct connections to the columns;  and

4.
Bracing members that are essential to the vertical stability of the primary structural frame members under gravity loading shall be considered part of the primary structural frame whether or not the bracing member carries is designed to resist gravity loads.
SECONDARY MEMBERS.  The following Secondary members are structural members shall be considered secondary members and not part of other than members of the primary structural frame and consist of all the following:

1.
Structural members not having direct connections to the columns;

2.
Members of the floor construction and roof construction not having direct connections to the columns;  and

3.
Bracing members other than those that are part of the primary structural frame essential to the stability of secondary members under gravity loading whether or not the bracing member is designed to resist gravity loads.

Reason Statement:

The purpose for this proposal is to eliminate mandatory and superfluous text in the definitions of “primary structural frame” and “secondary members” and to correct two unintended consequences caused by the item for bracing members in the definition of “secondary members.”  The text for “primary structural frame” and “secondary members” was originally developed for placement in Section 704 on Fire-resistance Ratings of Structural Members (Section 714 in the 2006 IBC).  Mandatory text was utilized for that purpose.  At the most recent final action hearings, however, this text was relocated to Section 202 essentially without revision.  Mandatory text is not appropriate for definitions and this proposal converts this text accordingly.  The proposal also removes superfluous text from the item for bracing members in the definition of “primary structural frame.”
At the items for bracing members in both definitions, “carries” is changed to “designed to resist.”  Bracing members in this context serve a structural purpose by providing structural stability to the primary structural frame member or secondary member and “designed to resist” conveys a more technically precise meaning than “carries” for the purpose of structural design.
In the 2009 IBC, bracing members are defined as members of the primary structural frame where they are essential to the stability of the primary structural frame under gravity loading regardless of whether they are designed to resist gravity loads.  All other bracing members are defined as secondary members.  Thus, all bracing members are either members of the primary structural frame or secondary members.  The definitions for “primary structural frame” and “secondary members” account for virtually all structural members in a building designed to resist gravity loads but they are not exhaustive in the same manner as for bracing members.  Thus, not all structural members resisting gravity loads are either members of the primary structural frame or secondary members.  Table 601 lists secondary members with floor construction and roof construction for required fire-resistance ratings due to the type of construction.  An unintended consequence of this is that fire-resistance ratings are specified for all bracing members, being either members of the primary structural frame or secondary members, but similar fire-resistance ratings are only required for structural members included in the definitions of “primary structural frame” and “secondary members.”  The proposal revises the text of the items for bracing members in both definitions to limit them to the structural members they brace.
Proposal FS115-07/08 created lists of items comprising members of the primary structural frame and secondary members, which had been partially created by Proposal FS98-06/07.  Bracing members designed to carry gravity loads were specified as part of the primary structural frame and bracing members not designed to carry gravity loads were specified as secondary members.  The intent was that, in addition to the floor construction and roof construction, the typically horizontal structural members supporting the floors and roofs (e.g., girders, beams, trusses and spandrels) and the typically vertical structural members supporting the horizontal structural members (e.g., columns) are provided with sufficient passive fire protection to ensure that the structural system of the building will perform as expected during a fire event.  For certain types of construction, Table 601 specifies higher fire-resistance ratings for members of the primary structural frame than for the floor construction, the roof construction and secondary members due to the greater risk posed by failure of a member of the primary structural frame compared to the floor construction, the roof construction or a secondary member.  Where structural members depend on bracing members for structural stability, those bracing members should be protected with at least the same level of passive fire protection as the structural members they brace.  The intent of Proposal FS115-07/08 was to include only these bracing members in the definitions of “primary structural frame” and “secondary members.”  The revisions to the text for the items on bracing members restore this intent.
As discussed above, the text for bracing members in the definitions of “primary structural frame” and “secondary members” was originally developed to account for load combinations related to gravity loading but an unintended consequence is that load combinations with wind or earthquake loads are also included.  This proposal revises the text of the items for bracing members in the definitions of “primary structural frame” and “secondary members” to limit their application to load combinations that consider only gravity loads.
One effect of the proposal is that bracing members of lateral-force-resisting systems will typically not require passive fire protection where they are designed to resist load combinations that do not include gravity loads.  This is commonly done in steel braced frames, which typically consist of beams and columns with braces placed at angles between beam-column intersections or other locations (i.e., eccentric, chevron, K-type, etc.).  The beams and columns are designed to resist all load combinations that include only gravity loads.  They are also designed to resist all load combinations that also include wind or earthquake loads depending on the configuration of the frame.  The braces, however, are typically designed to resist only the wind or earthquake loads.  It is commonly assumed in the structural models for such frames that the brace members do not resist gravity loads.

The need for fire-resistance of braces in steel braced frames and similar design configurations is substantially less than for braces that are essential to the stability of structural members designed to resist gravity loads.  The possibility a fire will occur during the time a structural member, designed to resist gravity loads, is actually resisting at least a portion of these loads is great.  The possibility a fire will occur during the time a structural member, designed to resist gravity loads and wind or earthquake loads, is actually resisting at least a portion of these loads is also great.  The possibility a wind storm or earthquake will occur requiring bracing members of the lateral-force-resisting system to resist the wind or earthquake loads is obvious and why we design buildings to withstand the structural demands from such events.  However, the possibility a fire will occur at the same time as a wind storm or earthquake of such magnitude that the bracing members of the lateral-force-resisting system need to be fire-resistant in response to the fire event and structurally resistant in response to the wind or earthquake loads is infinitesimally small.
Reference Material:

TABLE 601

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (hours)

	
	TYPE I
	TYPE II
	TYPE III
	TYPE IV
	TYPE V


	BUILDING ELEMENT
	A
	B
	A d
	B
	A d
	B
	HT
	A d
	B

	Primary structural frame g 

(see Section 202)
	3 a
	2 a
	1
	0
	1
	0
	HT
	1
	0

	Bearing walls
Exterior f, g 

Interior
	3

3 a
	2

2 a
	1

1
	0

0
	2

1
	2

0
	2

1/HT
	1

1
	0

0

	Nonbearing walls and partitions

Exterior
	
	
	
	See
	Table
	602
	
	
	

	Nonbearing walls and partitions

Interior e 
	0
	0
	0
	0
	0
	0
	See Section 602.4.6
	0
	0

	Floor construction and secondary members

(see Section 202)
	2
	2
	1
	0
	1
	0
	HT
	1
	0

	Roof construction and secondary members

(see Section 202)
	1-1/2 b 
	1 b, c 
	1 b, c 
	0 c
	1 b, c 
	0
	HT
	1 b, c 
	0


CTC-2, ICC Gxx-09/10-:  Bearing walls
TABLE 601

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (hours)

	
	TYPE I
	TYPE II
	TYPE III
	TYPE IV
	TYPE V


	BUILDING ELEMENT
	A
	B
	A d
	B
	A d
	B
	HT
	A d
	B

	Primary structural frame g 

(see Section 202)
	3 a
	2 a
	1
	0
	1
	0
	HT
	1
	0

	Bearing walls, including bracing members h 
Exterior f, g 

Interior
	3

3 a
	2

2 a
	1

1
	0

0
	2

1
	2

0
	2

1/HT
	1

1
	0

0

	Nonbearing walls and partitions

Exterior
	
	
	
	See
	Table
	602
	
	
	

	Nonbearing walls and partitions

Interior e 
	0
	0
	0
	0
	0
	0
	See Section 602.4.6
	0
	0

	Floor construction and secondary members

(see Section 202)
	2
	2
	1
	0
	1
	0
	HT
	1
	0

	Roof construction and secondary members

(see Section 202)
	1-1/2 b 
	1 b, c 
	1 b, c 
	0 c
	1 b, c 
	0
	HT
	1 b, c 
	0


For SI: 1 foot = 304.8 mm.

a.
Roof supports: Fire-resistance ratings of the primary structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only.

b.
Except in Group F-1, H, M and S-1 occupancies, fire protection of structural members shall not be required, including protection of roof framing and decking where every part of the roof construction is 20 feet or more above any floor immediately below. Fire-retardant-treated wood members shall be allowed to be used for such unprotected members.

c.
In all occupancies, heavy timber shall be allowed where a 1-hour or less fire-resistance rating is required.

d.
An approved automatic sprinkler system in accordance with Section 903.3.1.1 shall be allowed to be substituted for 1-hour fire-resistance-rated construction, provided such system is not otherwise required by other provisions of the code or used for an allowable area increase in accordance with Section 506.3 or an allowable height increase in accordance with Section 504.2. The 1-hour substitution for the fire resistance of exterior walls shall not be permitted.

e.
Not less than the fire-resistance rating required by other sections of this code.

f.
Not less than the fire-resistance rating based on fire separation distance (see Table 602).

g.
Not less than the fire-resistance rating as referenced in Section 714.5.
h.
Bracing members of bearing walls shall include members that are essential to the stability of the bearing wall under gravity loading whether or not the bracing member is designed to resist gravity loads.
Reason Statement:

The definitions of “primary structural frame” and “secondary members” in Section 202 of the 2009 IBC intend to include bracing members essential to the stability of the members of the primary structural frame and secondary members.  Where Table 601 specifies fire-resistance ratings for the primary structural frame and secondary members it intends to provide sufficient passive fire protection to ensure that the structural system of the building will perform as expected during a fire event.  This protection is achieved by protecting the floor construction, the roof construction, the typically horizontal structural members supporting the floors and roofs (e.g., girders, beams, trusses and spandrels) and the typically vertical structural members supporting the horizontal structural members (e.g., columns).  Where structural members depend on bracing members for structural stability, those bracing members should be protected with at least the same level of passive fire protection as the structural members they brace.  Otherwise, an unprotected bracing member could fail prematurely in a fire event, which could lead to the premature failure of the structural member it braces, which could, in turn, jeopardize the integrity of the building’s structural system by leading to the premature failure of other structural members.
What is described above applies equally to bearing walls.  Table 601 also specifies fire-resistance ratings for bearing walls but is silent on bracing members that structural elements of the bearing walls depend upon for structural stability.  This proposal adds text to require at least the same level of passive fire protection for bracing members as the structural elements of the bearing walls they brace.

Reference Material:

SECTION 704

FIRE-RESISTANCE RATING OF STRUCTURAL MEMBERS

704.1 Requirements. The fire-resistance rating of structural members and assemblies shall comply with this section and the requirements for the type of construction as specified in Table 601.  The fire-resistance ratings shall not be less than the rating required for the fire-resistance-rated assemblies supported by the structural members.

Exception: Fire barriers, fire partitions, and smoke barriers and horizontal assemblies as provided in Sections 707.5, 709.4, 710.4 and 712.4, respectively.

704.2 Column protection. Where columns are required to be fire-resistance-rated, the entire column shall be provided individual encasement protection by protecting it on all sides for the full column length, including connections to other structural members, with materials having the required fire-resistance rating.  Where the column extends through a ceiling, the encasement protection shall be continuous from the top of the foundation or floor/ceiling assembly below through the ceiling space to the top of the column.

704.3 Protection of the primary structural frame other than columns.  Members of the primary structural frame other than columns that are required to have a fire-resistance rating and support more than two floors or one floor and roof, or support a load-bearing wall or a nonload-bearing wall more than two stories high, shall be provided individual encasement protection by protecting them on all sides for their full length, including connections to other structural members, with materials having the required fire-resistance rating.

Exception:  Individual encasement protection on all sides shall be permitted on all exposed sides provided the extent of protection is in accordance with the required fire-resistance rating, as determined in Section 703.

704.4 Protection of secondary members.  Secondary members that are required to have a fire-resistance rating shall be protected by individual encasement protection, by the membrane or ceiling of a horizontal assembly in accordance with Section 712, or by a combination of both.
704.4.1 Light-frame construction.  King studs and boundary elements that are integral elements in load-bearing walls of light-framed construction shall be permitted to have required fire-resistance ratings provided by the membrane protection provided for the load-bearing wall.

704.10 Exterior structural members. Load-bearing structural members located within the exterior walls or on the outside of a building or structure shall be provided with the highest fire-resistance rating as determined in accordance with the following:

1.
As required by Table 601 for the type of building element based on the type of construction of the building;

2.
As required by Table 601 for exterior bearing walls based on the type of construction; and

3.
As required by Table 602 for exterior walls based on the fire separation distance.

704.11 Bottom flange protection. Fire protection is not required at the bottom flange of lintels, shelf angles and plates, spanning not more than 6 feet (1829 mm) whether part of the primary structural frame or not, and from the bottom flange of lintels, shelf angles and plates not part of the primary structural frame, regardless of span.

Superseded text for CTC-1:

Structural systems in buildings are designed for numerous loads, including combinations of these loads.  There are two principal groups: typically vertical gravity loads (e.g.., dead, live, rain, snow, ice, etc.) and typically horizontal loads due to wind and earthquakes.  Load combinations considered in the structural design of buildings typically consist of dead load plus one or more variable loads.  When considering combinations of multiple variable loads, the dead load is combined with a maximum value of one variable load and reduced values of the other variable loads.  Additional load combinations will consider the maximum value of each of the other variable loads in a similar manner.  This is done because most variable design loads are based on rare occurrences, such as a snow load that has a 50-50 chance of occurring once in a 50-year period (e.g., 50-year mean recurrence interval).  Designing a structure for two such variable loads assumes the building will be subjected to both loads at the same time but the chances of this occurring are infinitesimally small.  Thus, load combinations typically consider the maximum load effect of one variable load in combination with reduced load effects of the other variable loads.
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