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ICC AD HOC COMMITTEE ON TERRORISM 
RESISTANT BUILDINGS 

 
DRAFT REVIEW OF FINDINGS ON THE NIST 

WORLD TRADE CENTER REPORT 
 

January 20, 2006 
 

Since the issuance of the draft Report on the Collapse of the World Trade Center 
Towers by NIST in June/2005, the Ad Hoc Committee on Terrorism Resistant 
Buildings (TRB) has been reviewing the recommendations as they relate to the 
International Codes. Included here is a draft of their findings. It should be noted that 
these findings do not address all the NIST recommendations but rather focuses on 
those determined by the TRB to be recommendations for possible consideration in 
the upcoming ICC 2006/2007 Code Development Cycle.   
 
The findings of the TRB will be reviewed at the upcoming meeting of the TRB on 
February 2, 2006 at the Crowne Plaza Orlando Airport in Orlando, Florida [(407) 
856-0100]. This meeting is being held in conjunction with the ICC Code 
Technology Committee (CTC) meeting. For more information on the activities of 
the TRB and CTC, see ICC’s website at: www.iccsafe.org/cs/cc
 
The findings are subject to change at the TRB meeting. After review by the TRB, 
the findings will be presented to the CTC at the CTC  meeting in conjunction with 
the CTC area of study entitled “Review of NIST WTC Recommendations”. The 
findings are keyed to the recommendations included in Chapter 9 of the Final 
Report issued in September/2005 and are presented in ICC conventional code 
change language to the International Building Code (note code sections subject to 
change). The TRB findings are indicated on the pages noted below: 
 
Recommendation #1:   Page 2 
Recommendations #4 & #8:  Page 23 
Recommendation #6:   Page 24 
Recommendation #12:   Page 27 
Recommendations #17 & #18:  Page 29 
Recommendation # 24:   Page 32

http://www.iccsafe.org/cs/cc
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NIST RECOMMENDATION #1 
Progressive collapse 
 
A note about sources: 
The underlying concepts and requirements for disproportionate collapse were drawn from United 
Kingdom standard, "Building Regulations 2004 (Structure)," Approved Document A, specifically 
section A3.  The specific technical criteria for masonry, steel and concrete construction were 
drawn from UFC 4-023-03 (January 25, 2005), Unified Facilities Criteria, "Design of Buildings to 
Resist Progressive Collapse" and from the American Society of Civil Engineers (ASCE) 7, 
Commentary, 2005 edition.  Specific technical criteria for concrete construction also were drawn 
from the American Concrete Institute (ACI) 318-02, "Building Code Requirements for Structural 
Concrete" and from the commentary for this standard. 
 
 
(new) Section 1604.9 Disproportionate Collapse.  Design for structural integrity to protect 
against disproportionate collapse shall be in accordance with this section. 
 
 Section 1604.9.1 General.   The building, structure or portion thereof shall be constructed 
so the building will not suffer collapse as the result of an accident or incident to an extent 
disproportionate to the cause.  Buildings shall be designed for sufficient robustness to sustain a 
limited extent of damage or failure, depending on the class of the building, without collapse. 
 
 Section 1604.9.2  Definitions:   
 
Disproportionate collapse.   Disproportionate collapse shall be deemed to have occurred when 
the local failure of a primary structural component(s) leads to the collapse of the adjoining 
structural members, which then leads to additional collapse.   
 
Load bearing construction   Load bearing construction shall include masonry cross-wall 
construction and walls of lightweight steel section studs.   
 
Key element.   A structural element capable of sustaining an accidental design loading of 700 psf 
applied in the horizontal and vertical directions (in one direction at a time) to the member and any 
attached components (ie. cladding, etc.).   
 
 Section 1604.9.3 Building Class.  Buildings shall be classified in accordance with Table 
1604.9.3.  Buildings with occupancy groups within more than one classification shall be designed 
as the higher class. 
 

 (new) Table 1604.9.3 
Class Building Type and Occupancy

1 Group R-3 or R-5 not exceeding 4 stories 
Agricultural buildings 
Unoccupied buildings that are separated from other buildings by a distance 
of 1.5 times the buildings height.
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2 Group R-3 not exceeding 5 stories 
Group R-1 not exceeding 4 stories 
Group R-2 not exceeding 4 stories 
Group B not exceeding 4 stories 
Group F not exceeding 3 stories 
Group M not exceeding 3 stories of less than 21,500 square feet floor area 
in each story. 
Group E not exceeding one story 
All buildings of Group A not exceeding 2 stories which contain floor areas 
not exceeding 21,500 square feet at each story.

3 Group R-1 and R-2 buildings greater than 4 stories but not exceeding 15 
stories 
Group E buildings greater than 1 story but not exceeding 15 stories. 
Group M buildings greater than 3 stories but not exceeding 15 stories. 
Group I-2 buildings not exceeding 3 stories. 
Group B buildings greater than 4 stories but not exceeding 15 stories. 
Group A buildings which contain floors of more than  21,500 square feet 
but less than 54,000 square feet per floor. 
Group S-2 buildings not exceeding 6 stories.

4 All buildings that exceed the limits on area or number of stories for class 1-
3. 
Grandstands accommodating more than 5000 spectators. 
Building containing hazardous substances and/or processes.

 
 
 
  Section 1604.9.3.1 Class 1 buildings.  Class 1 buildings are not required to comply 
with this section.  
 
  Section 1604.9.3.2 Class 2 buildings.   Class 2 buildings shall be provided with 
horizontal ties, as per section 1604.9.3.2.1 or with anchorage as per section 1609.3.2.2:  
   1604.9.3.2.1 Horizontal ties.  Horizontal ties shall be provided in 
accordance with sections 1604.9.4.1, 1604.9.4.2, and 1604.9.4.3, as applicable. 
   1604.9.3.2.2 Anchorage.  Anchorage of suspended floors to walls shall be 
provided as per sections 1604.9.4.1, 1604.9.4.2, and 1604.9.4.3, as applicable, for load-bearing 
construction.  
  Section 1604.9.3.3 Class 3 buildings.  Class 3 buildings shall be provided with 
horizontal ties, as per section 1604.9.3.3.1, anchorage as per section 1609.3.3.2, and vertical ties as 
per section 1604.9.3.3.3 or shall be designed utilizing alternate load path analysis as per section 
1609.3.3.4.  
   1604.9.3.3.1 Horizontal ties.  Horizontal ties shall be provided in 
accordance with sections 1604.9.4.1, 1604.9.4.2, and 1604.9.4.3, as applicable. 
   1604.9.3.3.2 Anchorage.  Anchorage of suspended floors to walls shall be 
provided as per sections 1604.9.4.1, 1604.9.4.2, and 1604.9.4.3, as applicable, for load-bearing 
construction. 
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   1604.9.3.3.3 Vertical ties.  Vertical ties shall be provided in accordance 
with sections 1604.9.4.1, 1604.9.4.2, and 1604.9.4.3, as applicable.    
   1604.9.3.3.4 Alternate Load Path Analysis.  An alternate load path 
analysis shall be performed in accordance with sections 1604.9.4.1.8, 1604.9.4.2.4, 1604.9.4.3.1, 
as applicable.  
    1604.9.3.3.4.1  Scope.  For the purpose of applying the alternate 
load path analysis, collapse shall be deemed disproportionate when the removal of any supporting 
column or beam supporting one or more columns, or any nominal length of load-bearing wall (one 
at a time in each story of the building) causes the building to become unstable or the floor area at 
risk of collapse exceeds 15% of the area of that story or 750 square feet whichever is smallest, or 
extends furthers than the immediate adjacent story.   
    1604.9.3.3.4.2 Key elements.  Where the removal of columns and 
lengths of walls would result in an extent of damage in excess of the limit established in 
1604.9.3.3.3.1, then such elements shall be designed as “key elements” in compliance with 
Section 1604.9.4.4. 
 
  Section 1604.9.3.4 Class 4 buildings.  Class 4 buildings shall comply with the 
requirements for Class 3 buildings as per section 1604.9.3.3 and a systematic risk assessment of 
the building shall be undertaken taking into account all the normal hazards that may be reasonably 
foreseen, together with any abnormal hazard.  Critical situations for design shall be selected that 
reflect the conditions that can reasonably be foreseen as possible during the life of the building.   
 
 Section 1604.9.4 Building Design Requirements.  The details of the effective anchorage,  
horizontal and vertical ties, together with the design approaches for checking the integrity of the 
building following the removal of vertical members and the design of key elements, shall be in 
accordance with 1604.9.4.1 through 1604.9.4.4:

 
 Section 1604.9.4.1. Structural use of reinforced and unreinforced masonry.  

Design against disproportionate collapse for unreinforced masonry construction shall be in 
accordance with 1604.9.4.1.1 through 1604.9.4.1.8 For internal masonry walls, the distance 
between lateral supports that are subject to a maximum length shall not exceed 2.25 times the 
height of the wall. For an external masonry wall, the length shall be measured between vertical 
lateral supports. 

   
   1604.9.4.1.1 General.  For composite construction, such as masonry load-
bearing walls with other materials for the floor and roof systems, the application of both the 
requirements of this section and those provided for the other materials are required.  The masonry 
walls shall comply with the tie (vertical, peripheral, and wall) requirements or Alternate Path 
requirements.  Peripheral, internal, and column or wall ties shall be provided at each floor level 
and at roof level, except where the roof is of lightweight construction, no such ties need be 
provided at that level.  Horizontal ties shall be provided by structural members or by 
reinforcement that is provided for other purposes. 
 
   1604.9.4.1.2 Tie Force Design requirements.  Load bearing walls shall be 
tied from the lowest to the highest level.  Reinforcement that is provided for other purposes and 
shall be regarded as forming part or whole of the required ties.  Splices in longitudinal reinforcing 
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bars that provide tie forces shall be lapped, welded or mechanically joined.  Splices are not to be 
located near connections or mid-span.  Tie reinforcing bars that provide tie forces at right angle to 
other reinforcing bars shall used 135 degree hooks with six-diameter, but not less than 3 inches, 
extension.  Use the strength reduction factors ϕ for development and splices of reinforcement and 
for anchor bolts as specified in Section 3-1 of Building Code Requirements for Masonry 
Structures in ACI 530 
 
   1604.9.4.1.3 Internal ties.  Internal ties shall be anchored to peripheral ties 
at each end, or must continue as wall or column ties.  Internal ties shall be straight and continuous 
through the entire length of the slab, beam or girder.  Internal ties can be arranged in accordance 
with one of the following: 
 

1. Uniformly throughout the floor or roof width, or 
2. concentrated, with a  20 foot  maximum horizontal tie spacing, or  
3. within walls no more than 20 inches above or below the floor or roof and at 20 foot 

maximum horizontal spacing (in addition to peripheral ties spaced evenly in the 
perimeter zone). 

 
    1604.9.4.1.3.1 Two-way spans.  For two-way spans the internal ties 
shall be design to resist a required tie strengths equal to the greater of: 
 

a) (1.0D + 1.0L)LaFt/(8475) (Kips/ft) 
 
or 
 
b) 1.0Ft/3.3 (Kips/ft) 

 
Where:  D = Dead load (psf) 
  L = Live load (psf) 

La = Lesser of: i) the greatest distance in the direction of the tied between the centers 
of columns or other vertical load-bearing members where this distance is spanned 
by a single slab or by a system of beams and slabs, or ii) 5h (ft). 

h = Clear story height (ft). 
Ft = “Basic Strength” = Lesser of 4.5 + 0.9 Ns) or 13.5. 
Ns = Number of stories including basement(s) 

 
    1604.9.4.1.3.2 One-way spans.  For one-way spans the internal ties 
shall be design to resist a required tie strengths greater than specified in a) and b) above.  In the 
direction perpendicular to the span, the internal ties shall resist a required tie strength of Ft. 
 
   1604.9.4.1.4 Peripheral ties.  Peripheral ties shall have a required tie 
strength of 1.0Ft.  Peripheral ties shall be 4 feet from the edge of a floor or roof or in the perimeter 
wall and anchor at re-entrant corners or changes of construction. 
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   1604.9.4.1.5 Horizontal ties to external columns and walls.  Each 
external column and every 3.33 feet length of external load-bearing wall shall be anchored or tied 
horizontally into the structure at each floor and roof level with a design tie strength equal to: 
 
 2.0Ft or (h/8.2)Ft, whichever is smaller (kips) 
 
 Where:  h = Clear story height (ft)
   Ft = “Basic Strength” = Lesser of (4.5 + 0.9Ns) or 13.5 
   Ns = Number of stories including basement(s) 
 
The tie connection to masonry shall be in accordance with ACI 530.  Tie corner columns in both 
directions.  Space wall ties, where required, uniformly along the length of the wall or concentrated 
at centers not more than 16.5 feet on center and not more than 8.25 feet from the end of the wall.  
External column and wall ties can be provided partly or wholly by the same reinforcement as 
peripheral and internal ties. 
 
   1604.9.4.1.6 Vertical Ties. Vertical ties shall be in accordance with this 
1604.9.4.1.6.1 through 1604.9.4.1.6.3. 
 
    1604.9.4.1.6.1 Wall requirements.  Columns and load-bearing 
walls shall have vertical ties as required by Table 1604.9.4.1.6.1.  Vertical ties shall be spaced at a 
maximum of 16.5 feet on center along the wall, and a maximum of 8.25 feet from any free end of 
any wall.  Vertical ties shall extend from the roof level to the foundation.  Vertical ties fully 
anchored at each end and at each floor level.  All joints shall be design to transmit the required 
tensile forces.  The wall shall be constrained between concrete surfaces or other similar 
construction capable of providing resistance to lateral movement and rotation across the full width 
of the wall.  Vertical ties shall be designed to resist a horizontal tensile force of Ft (kips) per 3.33 
feet width. 
 
    1604.9.4.1.6.2 Columns.  A column or every 3.33 feet length of a 
load-bearing wall that complies with the minimum requirements of Table C4.2, shall provide a 
required tie strength equal to: 
 
 6.2 x 10-4A(ha/t)2 or 22.5 whichever is larger. (kips) 
 
Where: A = Horizontal cross sectional area of the column or wall including piers, but 

excluding the non-load-bearing wythe, if any of an external wall for cavity 
construction (ft). 

 ha = Clear height of a column or wall between restraining surfaces (ft). 
 t = Wall thickness or column dimension (ft). 
 
 
Table 1604.9.4.1.6.1 Minimum Properties for Masonry Walls with Vertical Ties
Property Requirement
Minimum thickness of a solid wall or one 
load-bearing wythe of a cavity wall.

6 inches
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Minimum characteristic compressive 
strength of masonry

725 psi

Maximum ratio ha/t 20
Allowable mortar designations S, N
 
 
    1604.9.4.1.6.3 Load-Bearing Walls and Columns with Deficient 
Vertical Tie Forces.  Load-bearing elements that do not comply with the required vertical tie 
strength, shall be design in accordance with Section 1604.9.4.1.8, the Alternate Path method.  
Each deficient element from the structure shall be removed, one at a time, and performed an 
Alternate Path analysis to verify that the structure can bridge over the missing element.  The 
required number of elements to be removed from the structure is given in Table 1604.9.4.1.6.3. 
 
 
Table 1604.9.4.1.6.3 Removal of Deficient Masonry Vertical Tie Elements 
Vertical Load-bearing 
Element Type

Definition of Element Extent of Structure to 
Remove if Deficient

Column Primary structural support 
member acting alone

Clear height between lateral 
restraints

Wall Incorporating One or 
More Lateral Supportsa

All external and internal 
load-bearing walls

Length between lateral 
supports or length between 
a lateral support and the end 
of the wall. 
 
Remove clear height 
between lateral restraints.

Wall Without Lateral 
Supports

All external and internal 
load-bearing walls

For internal walls: length 
not exceeding 2.25H, 
anywhere along the wall 
where H is the clear height 
of the wall. 
 
For external walls: Full 
length. 
 
For both wall types: clear 
height between lateral 
restraints.

a. Using the definition of Ft, lateral supports shall be provided by the following: 
1) An intersecting or return wall tied to a wall to which it affords support, with 

connections capable of resisting a force of Ft in 0.45Ft in kips per foot height of 
wall, having a length without openings of net less than H/2 at right angles to the 
supported wall and having an average weight of not less than 70 psf. 

2) A pier or stiffened section of the wall not exceeding 3.33 feet in length, capable of 
resisting a horizontal force of 0.45Ft in kips per foot height of wall. 
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3) A substantial partition at right angles to the wall having average weight of not less 
than 31 psf, tied with connections capable of resisting a force of 0.15Ft in kips per 
foot height of wall, and having a length without openings of not less than H at right 
angles to the supported wall. 

 
 
   1604.9.4.1.7 Detailed connections for tie forces.  Reinforced masonry 
connections and joints shall be ductile.  Unreinforced masonry connections and joints shall have 
continuous reinforcement to insure ductile behavior. 
 
   1604.9.4.1.8 Alternate Path Method Design requirements.  Alternate 
path method is used to verify that the structure can bridge over removed elements.  The design 
strengths shall be determined from ACI 530. If the design strengths are less than those in Table 
1604.9.4.1.8, then compliance shall be in accordance with the Alternate Path model subsection. 
 
Table 1604.9.4.1.8 Acceptability Criteria and Subsequent Action for Masonry
Structural Behavior Acceptability Criteria Subsequent Action for 

Alternate Method Model
Element Flexure ϕMn

a Section 1604.9.4.1.8.1
Element Axial ϕPn

a Section 1604.9.4.1.8.2
Element Shear  ϕVnA Section 1604.9.4.1.8.3
Connections Connection Design 

Strengtha
Section 1604.9.4.1.8.4

Deformation Deformation Limits, 
defined in Table 
1604.9.4.1.8.1.8

Section 1604.9.4.1.8.5

a. Nominal strengths are calculated with the appropriate material properties and over-strength 

factor Ω; all ϕ factors are defined per Chapter 3 of ACI 530. 

 
    1604.9.4.1.8.1 Flexural Resistance of Masonry.  The flexural 
design strength shall be equal to the nominal flexural strength multiplied by the strength reduction 
factor ϕ.  The nominal flexural strength shall be determined in accordance with ACI 530. 
 
    1604.9.4.1.8.2 Linear Static Analysis.  An effective plastic hinge 
shall be added to the model by inserting a discrete hinge into the member at an offset from the 
member end if the required moment exceeds the flexural design strength and if the reinforcement 
layout is sufficient for a plastic hinge to form and undergo significant rotation.  The location of the 
hinge is determined through engineering analysis.   
 
    1604.9.4.1.8.3 Non-linear Static Analysis.  For non-linear static 
analysis shall be model to represent post-peak flexural behavior.  Flexural design strength must 
develop before shear failure occurs. 
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    1604.9.4.1.8.1.4.  The structural element shall be removed when the 
required moment exceeds the flexural design strength and shall redistributed as per Section 
1604.9.4.1.8.1.9, if the structural element is not able to develop a constant moment while 
undergoing continued deformation. 
 
     1604.9.4.1.8.1.5 Axial Resistance of Masonry.  The axial design 
strength with the applicable strength reduction factor ϕ shall be determined in accordance with 
Chapter 3 of ACI 530.  If the connection exceeds the design strengths of Table 1604.9.4.1.8, 
remove the connection from the model.  If the connections at each end of an element fail, remove 
the element and redistribute the loads in accordance with Section 1604.9.4.1.8.1.9. 
 
    1604.9.4.1.8.1.6 Shear Resistance of Masonry.  The shear design 
strength of the cross-section with the applicable strength reduction factor ϕ is determined in 
accordance with ACI 530.  If the connection exceeds the design strengths of Table 1604.9.4.1.8, 
remove the connection from the model.  If the connections at each end of an element fail, remove 
the element and redistribute the loads in accordance with Section 1604.9.4.1.8.1.9. 
 
    1604.9.4.1.8.1.7 Connections.  The connections design strength 
with the applicable strength reduction factor ϕ is determined in accordance with ACI 530.  If the 
connection exceeds the design strengths of Table 1604.9.4.1.8, remove the connection from the 
model.  If the connections at each end of an element fail, remove the element and redistribute the 
loads in accordance with Section 1604.9.4.1.8.1.9. 
 
    1604.9.4.1.8.1.8 Deformation Limits for Masonry.   Deformation 
limits shall be applied to structural members as per Table 1604.9.4.1.8.1.8.    
 
Table 1604.9.4.1.8.1.8 Deformation Limits for Masonry
 Class 2 and 3 buildings Class 4 buildings
Component Ductility 

υ 
 

Rotation, 
Degrees 
θ

Ductility 
υ

Rotation, 
Degrees 
θ

Unreinforced 
Masonrya

- 2 - 1

Reinforced 
Masonryb

- 7 - 2

a.  Response of unreinforced masonry walls is also limited by D/t, the maximum member 
displacement to thickness ratio.  This ratio is limited to 0.75.  Compare this limit, with the 
rotation limits and use the most restrictive condition. 
b.  The ultimate resistance is based on the moment capacity using 90% of Fy for reinforcement. 

 
    1604.9.4.1.8.1.9 Loads Associated with Failed Elements. 
Nonlinear Dynamic, and Linear or Nonlinear Static Analysis shall be in accordance with Section 
1604.9.4.1.8.1.9.1 through 1604.9.4.1.8.1.9.3.   
 
 1604.9.4.1.8.1.9.1 Nonlinear Dynamic.  For a 
Nonlinear Dynamic analysis, double the loads from the failed element to account for impact and 
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apply them instantaneously to the section of the structure directly below the failed element, before 
the analysis continues.  Apply the loads from the area supported by the failed element to an area 
equal to or smaller than the area from which they originated.  
 
      1604.9.4.1.8.1.9.2 Linear or Nonlinear Static 
Analysis.  For a Linear or Nonlinear Static analysis, if the loads on the failed element are already 
doubled as shown in Section 1604.9.4.2.4.7.3, then the loads from the failed element are applied to 
the section of the structure directly below the failed element, before the analysis is re-run or 
continued. If the loads on the failed element are not doubled, then double them and apply them to 
the section of the structure directly below the failed element, before the analysis is re-run or 
continued. In both cases, apply the loads from the area supported by the failed element to an area 
equal to and smaller than the area from which they originated.  
 
     1604.9.4.1.8.1.9.3 Linear and Nonlinear Static Analysis 
Load Case.  Linear and nonlinear static analysis shall have a factored load combination applied to 
the immediate adjacent bays and at all the floors above the removed element, using the following 
formula.   
 
 2.0[(0.9 or 1.2)D + (0.5L or 0.2S)] + 0.2W 
 Where:  D = Dead load (psf) 
 
   L = Live load (psf) 
   S = Snow load (psf) 
   W = Wind load (psf) 
 
The adjacent bay for load-bearing wall systems shall be defined as the plan area that spans 
between the removed wall and the nearest load-bearing wall. 
 
    1604.9.4.1.8.1.10 Loading. Perimeter ground floor columns and 
load-bearing walls shall be designed so that the lateral uniform load, which defines the shear 
capacity, is greater than the load associated with the flexural capacity. 
 
 Section 1604.9.4.2.  Structural use of steel.   Design against disproportionate 
collapse for structural steel shall be in accordance with sections 1604.9.4.2.1 through 1604.9.4.2.4. 

 
   1604.9.4.2.1 General.  For composite construction, such as concrete deck 
slabs on steel beams, sheet steel decking with an integral slab, and columns reinforced with 
structural steel shapes, the application of both the requirements of this section and those provided 
for reinforced concrete in ACI 318-02 are required. For a concrete deck slab on steel beam in 
which the slab is used to provide internal tie capacity, the floor system and roof system shall 
comply the internal tie requirements of ACI 318-02, while the steel frame shall comply the other 
tie requirements (vertical, peripheral, and external column) and the Alternate Path requirements of 
this section. 
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   1604.9.4.2.2 Material Properties. The over-strength factor specified in 
Table 1604.9.4.2.2 shall be applied to calculations of the design strength for both Tie Forces and 
Alternate Path method.   
 
 
 
 
 

Table 1604.9.4.2.2 Over-Strength Factors for Structural Steel 
Structural Steel Ultimate Over-Strength 

Factor, Ωu

Yield Over-Strength 
Factor, Ωv

Hot-Rolled Structural Shapes 
and Bars

1.05  

ASTM A36/A36M 1.05 1.5
ASTM A573/A572M Grade 42 1.05 1.3
ASTM A992/A992M 1.05 1.1
All grades 1.05 1.1
Hollow Structural Sections 1.05  
ASTM A500, A501, A618, and 
A847

1.05 1.3

Steel Pipes 1.05  
ASTM A53/A53M 1.05 1.4
Plates 1.05 1.1
All other products 1.05 1.1
 
   1604.9.4.2.3 Steel Tie Force Requirements.  All buildings shall be 
effectively tied together at each principal floor level. Each column shall be effectively held in 
position by means of horizontal ties in two directions, approximately at right angles, at each 
principal floor level supported by that column. Horizontal ties shall similarly be provided at the 
roof level, except where the steelwork only supports cladding that weighs not more than 14.6 psf 
and that carries only imposed roof loads and wind loads. Ties shall be effectively straight.  
Arrange continuous lines of ties as close as practical to the edges of the floor or roof and to each 
column line. At re-entrant corners, anchor the tie members nearest to the edge into the steel 
framework. 
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    1604.9.4.2.3.1. Strength Reduction Factor Φ for Steel Tie Forces.  
For the steel members and connections that provide the design tie strengths, use the applicable 
tensile strength reduction factors Φ from the 2003 version of the Manual of Steel Construction, 
Load and Resistance Factor Design from the American Institute of Steel Construction (AISC 
LRFD. 

    1604.9.4.2.3.2. Horizontal Steel Ties.  The horizontal ties may be 
either steel members, including those also used for other purposes, or steel reinforcement that is 
anchored to the steel frame and embedded in concrete, designed in accordance with ACI 318-02 
and meeting the continuity and anchorage requirements of Sections 1604.9.4.2.3.2.1.  

     1604.9.4.2.3.2.1. Continuity and Anchorage of Ties.  Ties 
shall comply with Section 1604.9.4.2.3.2.1.1 through 1604.9.4.2.3.2.1.2. 

 
 
 
     1604.9.4.2.3.2.1.1.  Splices in longitudinal steel 
reinforcement used to provide the design tie strength shall be lapped, welded or mechanically 
joined with Type 1 or Type 2 mechanical splices, in accordance with ACI 318-02. Locate splices 
away from joints or regions of high stress and shall be staggered.  
 
     1604.9.4.2.3.2.1.2.  Use seismic hooks, as defined in Chapter 
21 of ACI 318-02, and seismic development lengths, as specified in Section 21.5.4 of ACI 318-02, 
to anchor ties to other ties. At re-entrant corners or at substantial changes in construction, ties shall 
be adequately developed. 
 

    1604.9.4.2.3.3. Internal Ties.  Design steel members acting as 
internal ties and their end connections shall be capable of resisting the following required tie 
strength, which need not be considered as additive to other loads.  
 
The required tie strength is calculated as follows: 
 
 0.5(1.2D + 1.6L)stLl   but not less than 16.9 kips 
 
 Where:  D = Dead load (psf) 
   L = Live load (psf) 
   Ll = Span (ft.) 

st = Mean transverse spacing of the ties adjacent to the ties                      
being checked (ft.) 

 

    1604.9.4.2.3.4 Peripheral Ties.  Peripheral ties shall be capable of 
resisting the following load: 
 
 0.25(1.2D + 1.6L)stLl  but not less than 8.4 kips 
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 Where:  D = Dead load (psf) 
   L = Live load (psf) 
   Ll = Span (ft.) 

st = Mean transverse spacing of the ties adjacent to the ties                      
being checked (ft.) 

 

    1604.9.4.2.3.5 Tying of External Columns.  The required tie 
strength for horizontal ties anchoring the column nearest to the edges of a floor or roof and acting 
perpendicular to the edge is equal to the greater of the load calculated in Section 1604.9.4.2.3.3 or 
1% of the maximum factored vertical dead and live load in the column that is being tied, 
considering all load combinations used in the design.  
 

    1604.9.4.2.3.6 Vertical Ties.  All columns shall be continuous 
through each beam-to-column connection. All column splices shall provide a design tie strength 
equal to the largest factored vertical dead and live load reaction (from all load combinations used 
in the design) applied to the column at any single floor level located between that column splice 
and the next column splice down or the base of the column. 

    1604.9.4.2.3.7 Columns with Deficient Vertical Tie Forces.  The 
Alternate Path method shall be used in each deficient column, where it is not possible to provide 
the vertical required tie strength. Remove each deficient column from the structure, one at a time, 
and perform an Alternate Path analysis to verify that the structure can bridge over the missing 
column. 
 
 
  1604.9.4.2.4 Alternate Path Method Design requirements.  Alternate path 
method is used to verify that the structure can bridge over removed elements.  The design 
strengths shall be determined in accordance with AISC LRFD. If the design strengths are less than 
those in Table 1604.9.4.2.4.1, then compliance shall be in accordance with the Alternate Path 
model subsection. 
 

Table 1604.9.4.2.4.1. Acceptability Criteria  
and Subsequent Action for Structural Steel 

Structural Behavior Acceptability Criteria Subsequent Action for 
Violation of Criteria

Element Flexure ϕMn
a Section 1604.9.4.2.4.1

Element Combined Axial 
and Bending

AISC LRFD Chapter H 
Interaction Equationsa

Section 1604.9.4.2.4.2

Element Shear ϕVn
a Section 1604.9.4.2.4.3

Connections Connection Design 
Strengtha

Section 1604.9.4.2.4.4

Deformation Deformation Limits, 
defined in Table 

Section 1604.9.4.2.4.5
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1604.9.4.2.5(1)
a. Nominal strengths are calculated with the appropriate material properties and over-strength 
factors Ωy and Ωu depending upon the limit state; all Φ factors are defined per AISC LRFD. 

  1604.9.4.2.4.1. Flexural Resistance of Structural Steel.  A flexural 
member can fail by reaching its full plastic moment capacity, or it can fail by lateral-torsional 
buckling (LTB), flange local buckling (FLB), or web local buckling (WLB). Calculate nominal 
moment strength, Mn, in accordance with AISC LRFD. If a flexural member's capacity is 
governed by a buckling mode of failure, remove the element when the internal moment reaches 
the nominal moment strength. Distribute the loads associated with the element in accordance with 
Section 1604.9.4.2.4.7. If the member strength is not governed by buckling, the strength will be 
governed by plastification of the cross section and it may be possible for a plastic hinge to form.  
 
Verify that deformation of primary members will not cause premature failure in secondary 
members, due to geometric interference; for instance, torsional rotation of a girder should not 
cause excessive deformation and stresses in any beam that frames into the girder with a simple 
shear tab connection.  
 
    1604.9.4.2.4.1.1 Formation of Plastic Hinge.  If hinge formation, 
i.e. material non-linearity, is included in the Alternate Path analysis, the requirements of Section 
A5.1 of the AISC LRFD for plastic design shall be met. AISC LRFD permits plastic analysis only 
when the structure can remain stable, both locally and globally, up to the point of plastic collapse 
or stabilization. Where the analysis indicates the formation of multiple plastic hinges, ensure each 
cross section or connection assumed to form a plastic hinge is capable of not only forming the 
hinge, but also capable of the deformation demands created by rotation of the hinge as additional 
hinges are formed in the element or structure. Since the element could be required to undergo 
large deformations as plastic hinges are being formed, special lateral bracing is required. The 
magnitude of the plastic moment, Mp, used for analysis shall consider the influence of axial or 
shear force when appropriate. Further information on plastic design is provided in The Plastic 
Methods of Structural Analysis (Neal 1963) and Plastic Design of Steel Frames (Beedle 1958).  

    1604.9.4.2.4.1.2. Modeling of a Plastic Hinge.  Plastic hinges shall 
be modeled as per Sections 1604.9.4.2.4.1.2.1 through 1604.9.4.2.4.1.2.2. 

     1604.9.4.2.4.1.2.1. Linear Static Analysis.  For Linear 
Static analyses, if the calculated moment exceeds the nominal moment strength and it is 
determined that the element is capable of forming a plastic hinge, insert an "equivalent" plastic 
hinge into the model by inserting a discrete hinge in the member at an offset from the member end 
and add two constant moments, one at each side of the new hinge, in the appropriate direction for 
the acting moment. The magnitude of the constant moments is equal to the determined plastic 
moment capacity of the element. Determine the location of the plastic hinge through engineering 
analysis and judgment or with the guidance provided for seismic connections in FEMA 350, 
Recommended Seismic Design Criteria for New Steel Moment-Frame Buildings and AISC 341, 
Seismic Provisions for Structural Steel Buildings. 
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     1604.9.4.2.4.1.2.2. Nonlinear Static and Dynamic 
Analysis.  For Nonlinear Static and Dynamic Analysis, use software capable of representing post-
peak flexural behavior and considering interaction effects of axial loads and moment. Ensure that 
shear failure will not occur prior to developing the full flexural design strength. 

   1604.9.4.2.4.2. Combined Axial and Bending Resistance of Structural 
Steel.  The response of an element under combined axial force and bending moment can be force 
controlled (i.e. non-ductile) or deformation controlled (i.e. ductile). The response is determined by 
the magnitude of the axial force, cross sectional properties, magnitude/direction of moments, and 
the slenderness of the element. If the element is sufficiently braced to prevent buckling and the 
ratio of applied axial force to the axial force at yield (Pu/Py where Py = AgFy) is less than 0.15, the 
member can be treated as deformation controlled with no reduction in plastic moment capacity, 
i.e. as a flexural member in accordance with Section 1604.9.4.2.4.1. For all other cases, treat the 
element as a beam-column and make the determination of whether the element is deformation or 
force controlled in accordance with the provisions of FEMA 356 Chapter 5.  
 

1.  If the controlling action for the element is force controlled, evaluate the strength 
of the element using the interaction equations in Chapter H of AISC LRFD, 
incorporating the appropriate strength reduction factors Φ and the over-strength 
factor Ω. Remove the element from the model when the acceptability criteria is 
violated and redistribute the loads associated with the element per Section 
1604.9.4.2.4.6. 
 
2.  If the controlling action for the element is deformation controlled, the element 
can be modeled for inelastic action using the modeling parameters for nonlinear 
procedures in Table 5-6 in FEMA 356. In linear analyses, take the force 
deformation characteristics of the elements as bilinear (elastic – perfectly plastic), 
ignoring the degrading portion of the relationship specified in FEMA 356. The 
modeling of plastic hinges for beam-columns in linear static analyses must include 
a reduction in the moment capacity due to the effect of the axial force (see FEMA 
356 Equation 5-4). For nonlinear analysis, the modeling of elements, panel zones, 
or connections must follow the guidelines in FEMA 356. Nonlinear analyses must 
utilize coupled (P-M-M) hinges that yield based on the interaction of axial force 
and bending moment. In no cases shall the deformation limits established in FEMA 
356 exceed the deformation limits established in Table 1604.9.4.2.5(1). 

   1604.9.4.2.4.3 Shear Resistance of Structural Steel. The acceptability 
criteria for shear of structural steel is based on the nominal shear strength of the cross-section, per 
AISC LRFD, multiplied by the strength reduction factor Φ and the over-strength factor Ω. If the 
element exceeds the design strengths of Table 1604.9.4.2.4.1, remove the element and redistribute 
the loads associated with the element per Section 1604.9.4.2.4.6. 

   1604.9.4.2.4.4. Connections. All connections shall meet the requirements 
of AISC LRFD; employ the applicable strength reduction factor Φ for each limit state and over-
strength factor Ω. As detailed in AISC LRFD, consider multiple limit states for the connections. If 
a connection exceeds the design strengths of Table 1604.9.4.2.4.1, remove it from the model.  If 
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the connections at each end of an element fail, remove the element and redistribute the loads 
associated with the element per Section 1604.9.4.2.4.6.  
 
   1604.9.4.2.4.5. Deformation Limits for Structural Steel. The 
Deformation Limits are given in Table 1604.9.4.2.5(1). Fully Restrained and Partially Restrained 
connections are given in Table 1604.9.4.2.5(2). Note that testing in accordance with Appendix S 
of AISC 341 can be used to verify and quantify the rotational capacities of connections that are not 
listed in Table 1604.9.4.2.5(2). 

 
 1604.9.4.2.4.6 Loads Associated with Failed Elements. Nonlinear 
Dynamic, and Linear or Nonlinear Static Analysis shall be in accordance with Section 
1604.9.4.2.4.6.1through 1604.9.4.2.4.6.2.   
 
 1604.9.4.2.4.6.1. Nonlinear Dynamic.  For a Nonlinear Dynamic 
analysis, double the loads from the failed element to account for impact and apply them 
instantaneously to the section of the structure directly below the failed element, before the analysis 
continues. Apply the loads from the area supported by the failed element to an area equal to or 
smaller than the area from which they originated.  
 
    1604.9.4.2.4.6.2 Linear or Nonlinear Static Analysis.  For a 
Linear or Nonlinear Static analysis, if the loads on the failed element are already doubled as 
shown in Section 1604.9.4.2.4.6.3, then the loads from the failed element are applied to the section 
of the structure directly below the failed element before the analysis is re-run or continued. If the 
loads on the failed element are not doubled, then double them and apply them to the section of the 
structure directly below the failed element, before the analysis is re-run or continued. In both 
cases, apply the loads from the area supported by the failed element to an area equal to or smaller 
than the area from which they originated.  
  
    1604.9.4.2.4.6.3 Linear and Nonlinear Static Analysis Load 
Case.  Linear and nonlinear static analysis shall have a factored load combination applied to the 
immediate adjacent bays and at all the floors above the removed element, using the following 
formula.   
 
 2.0[(0.9 or 1.2)D + (0.5L or 0.2S)] + 0.2W 
 Where:  D = Dead load (psf) 
 
   L = Live load (psf) 
   S = Snow load (psf) 
   W = Wind load (psf) 
 
 

Table 1604.9.4.2.5(1) Deformation Limits for Structural Steel 
 Class 2 and 3 buildings Class 4 buildings 

Component Ductility 
 µ 

Rotation, 
Degrees 

Ductility 
 µ 

Rotation, 
Degrees 
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θ θ 
Beams – Seismic Sectiona 20 12 10 6 
Beams – Compact Sectiona 5  3  
Beams – Non-Compact Sectiona 1.2  1  
Plates 40 12 20 6 
Columns and Beam-Columns 3  2  
Steel Frame Connections; Fully 
Restrained 

    

Welded Beam Flange or 
Coverplated (all types) 

 2.0  1.5 

Reduced Beam Section  2.6  2 
Steel Frame Connections; 
Partially Restrained 

    

Limit State governed by rivet 
shear or flexural yielding of 
plate, angle or T-section 

 2.0  1.5 

Limit State governed by high 
strength bolt shear, tension 
failure of rivet or bolt, or 
tension failure of plate, angle or 
T-section 

 1.3  0.9 

 
a. As defined in AISC 341. 

 
 

Table 1604.9.4.2.5(2) Steel Moment Frame Connection Types 
Connection Description Type 

Strong Axis 
Welded Unreinforced Flange  Full penetration welds between 

beams and columns, flanges, 
bolted or welded web. 

FR 

Welded Flange Plates  Flange plate with full-
penetration weld at column and 
fillet welded to beam flange. 

FR 

Welded Cover-Plated Flanges Beam flange and cover-plate are 
welded to column flange. 

FR 

Bolted Flanges Plates  Flange plate with full-
penetration weld at column and 
field bolted to beam flange. 

FR or PR 

Improved Welded Unreinforced 
Flange – Bolted Web 

Full-penetration welds between 
beam and column flanges, bolted 
web. 

FR 

Improved Welded Unreinforced 
Flange – Welded Web 

Full-penetration welds between 
beam and column flanges, 
welded web. 

FR 
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Free Flange Web is coped at ends of beam to 
separate flanges; welded web tap 
resists shear and bending 
moment due to eccentricity due 
to coped web. 

FR 

Welded Top and Bottom 
Haunches 

Haunched connection at top and 
bottom flanges. 

FR 

Reduced Beam Section Connection in which net area of 
beam flange is reduced to force 
plastic hinging away from 
column face. 

FR 

Top and Bottom Clip Angles Clip angle bolted or riveted to 
beam flange and column flange. 

PR 

Double Split Tee Split tees bolted or riveted to 
beam flange and column flange. 

PR 

Composite Top and Clip Angle 
Bottom 

Clip angle bolted or riveted to 
column flange and beam bottom 
flange with composite slab. 

PR 

Bolted Flange Plates Flange plate with full-
penetration weld at column and 
bolted to beam flange. 

PR 

Bolted End Plates Stiffened or unstiffened end 
plate welded to beam and bolted 
to column flange. 

PR 

Shear Connection with or 
without Slab 

Simple connection with shear 
tab, may have composite slab. 

PR 

Weak Axis 
Fully Restrained Full-penetration welds between 

beams and columns, flanges, 
bolted or welded web. 

FR 

Shear Connection Simple connection with shear 
tab. 

PR 

Note: PR = Partially Restrained Connections 
 FR = Fully Restrained Connections 
 
 
 
  Section 1604.9.4.3.  Structural use of plain, reinforced and prestressed 
concrete.  Design against disproportionate collapse for concrete shall be in accordance with 
American Concrete Institute (ACI) 318 or 1604.9.4.3.1.  For a reinforced concrete wall, the 
distance between lateral supports that are subject to a maximum length shall not exceed 2.25 times 
the height of the wall. For composite construction, such as concrete deck slabs on steel beams, 
sheet steel decking with an integral slab, and columns reinforced with structural steel shapes, the 
application of both the requirements of this section and those provided for structural steel in 
Section 1604.9.4.2 are required. For a concrete deck slab on steel beam in which the slab is used to 
provide internal tie capacity, the floor system and roof system shall comply the internal tie 
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requirements of ACI 318, while the steel frame shall comply the other tie requirements (vertical, 
peripheral, and external column).   
 
   1604.9.4.3.1 Alternate Path Method Design requirements.  Alternate 
path method is used to verify that the structure can bridge over removed elements.  The design 
strengths shall be determined in accordance with ACI 318. If the design strengths are less than 
those in Table 1604.9.4.3.1, then compliance shall be in accordance with the Alternate Path model 
subsection. 
 

Table 1604.9.4.3.1 Acceptability Criteria  
and Subsequent Action for Reinforced Concrete 

Structural Behavior Acceptability Criteria Subsequent Action for 
Violation of Criteria 

Element Flexure ϕMn
a Section 1604.9.4.3.1.2 

Element Combined 
Axial and Bending 

ACI 318 Chapter 10 
Provisionsa

Section 1604.9.4.3.1.3 

Element Shear ϕVn
a Section 1604.9.4.3.1.4 

Connections Connection Design 
Strengtha

Section 1604.9.4.3.1.5 

Deformation Deformation Limits, 
defined in Table 
1604.9.4.3.1.6 

Section 1604.9.4.3.1.6 

Nominal strengths are calculated with the appropriate material properties and over-strength 
factors Ωy and Ωu depending upon the limit state; all Φ factors are defined per ACI 318. 

    1604.9.4.3.1.1 Over-Strength Factors for Reinforced Concrete. 
The applicable over-strength factor shall be applied to calculations of the design strength Alternate 
Path method.  The over-strength factors are given in Table 1604.9.4.3.1.1. 
 

Table 1604.9.4.3.1.1 Over-Strength Factors for Reinforced Concrete 
Reinforced Concrete Over-Strength Factor, Ω 

Concrete Compressive Strength 1.25 
Reinforcing Steel (ultimate and yield strength) 1.25 

 
 

    1604.9.4.3.1.2 Flexural Resistance of Reinforced Concrete.  The 
flexural design strength shall be equal to the nominal flexural strength calculated with the 
appropriate material properties and over-strength factor Ω, multiplied by the strength reduction 
factor ϕ of 0.75.  The nominal flexural strength shall be calculated in accordance with ACI 318. 
 
     1604.9.4.3.1.2.1 Linear Static Analysis.  For linear static 
analysis when the required moment exceeds the flexural design strength and if the reinforcement 
layout is sufficient for a plastic hinge to form and undergo significant rotation, add an equivalent 
plastic hinge to the model, by inserting a discrete hinge at the correct location within the member.  
The location of the hinge shall be determined through engineering analysis, but shall be less than 
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½ the depth of the member from the face of the column.  Apply two constant moments, one at 
each side of the new hinge, in the appropriate direction of the acting moment.   
 
     1604.9.4.3.1.2.2 Non-linear Static and Dynamic Analysis.  
For non-linear static and dynamic analysis shall be model to represent post-peak flexural behavior.  
Flexural design strength must develop before shear failure occurs. 
 
     1604.9.4.3.1.2.3.  The structural element shall be removed 
when the required moment exceeds the flexural design strength and shall redistributed as per 
Section 1604.9.4.3.2, if the structural element is not able to develop a constant moment while 
undergoing continued deformation. 
 
    1604.9.4.3.1.2.4.  The structural element shall be removed 
when the required moment exceeds the flexural design strength and shall redistributed as per 
Section 1604.9.4.3.2, if the structural element is not able to develop a constant moment while 
undergoing continued deformation. 
 
   1604.9.4.3.1.3  Combined Axial and Bending Resistance of 
Reinforced Concrete.  The acceptability criteria for elements undergoing combined axial and 
bending loads are based on the provisions given in Chapter 10 of ACI 318, including the 
appropriate strength reduction factor Φ and the over-strength factor Ω. If the combination of axial 
load and flexure in an element exceeds the design strength and the un-factored axial load is greater 
than the nominal axial load strength at balanced strain Pb, remove the element and redistribute the 
loads associated with the element per Section 1604.9.4.3.2. If the un-factored axial load is less 
than Pb, then insert an equivalent plastic hinge into the column, per the procedure discussed in 
Section 1604.9.4.3.3.1.  
 
    1604.9.4.3.1.4  Shear Resistance of Reinforced Concrete. The 
acceptability criteria for shear are based on the shear design strength of the cross-section, per ACI 
318, using the appropriate strength reduction factor Φ and the over-strength factor Ω. If the 
element violates the shear criteria, remove the element and redistribute the loads associated with 
the element per Section 1604.9.4.3.2. 
 
    1604.9.4.3.1.5 Connections.  The connections design strength with 
the applicable strength reduction factor ϕ shall be determined in accordance with ACI 318.  The 
effects of embedment length, reinforcement continuity, and confinement of reinforcement in the 
joint shall be considered when determining the joint design strength.  If the connection exceeds the 
design strengths of Table 1604.9.4.3.1, remove it from the model.  If the connections at each end 
of an element fail, remove the element and redistribute the loads associated with the element in 
accordance with section 1604.9.4.3.2 . 
 
    1604.9.4.3.1.6 Deformation Limits for Reinforced Concrete. If 
the element or the connections at each end of an element exceed the a deformation limit in Table 
1604.9.4.3.1.6, remove the element and redistribute the loads associated with the element in 
accordance with section 1604.9.4.3.2.  Deformation limits are only applied to the structural 
elements, not to the connections. 
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Table 1604.9. 4.3.1.6 Deformation Limits for Reinforced Concrete 
 Class 2 & 3 Buildings Class 4 Buildings 

Component Ductility 
υ 
 

Rotation, 
Degrees 

θ 

Ductility 
υ 

Rotation, 
Degrees 

θ 
Slab and Beam Without Tension 
Membramea

    

Single-Reinforced or Double-
Reinforced without Shear 

Reinforcingb

- 3 - 2 

Double-Reinforced with Shear 
Reinforcingc

- 6 - 4 

Slab and Beam with Tension 
Membramea

    

Normal Proportions (L/h ≥ 5) - 20 - 12 
Deep Proportions (L/h < 5) - 12 - 8 

Compression Members     
Walls and Seismic Columnsd,e 3 - 2 - 

Non-Seismic Columnse 1 - 0.9 - 
a 
The tension membrane effect is an extension of the yield line theory of slabs and it increases 

the ultimate resistance. It cannot be developed when the slab has a free edge.  
b 
Single-reinforced members have flexural bars in one face or mid-depth only.  

Double-reinforced members have flexural reinforcing in both faces.  
c 
Stirrups or ties meeting ACI 318 minimums must enclose the flexural bars  

in both faces, otherwise use the response limits for Double-Reinforced without  
shear reinforcing.  
d 
Seismic columns have ties or spirals in accordance with ACI 318 Chapter  

21 seismic design provisions for special moment frames.  
e 
Ductility of compression members is the ratio of total axial shortening to axial  
shortening at the elastic limit.  

 
   1604.9.4.3.2 Loads Associated with Failed Elements. The following 
procedure shall be met for Nonlinear Dynamic, and Linear or Nonlinear Static Analysis. 
 
    1604.9.4.3.2.1  Nonlinear Dynamic.  For a Nonlinear Dynamic 
analysis, double the loads from the failed element to account for impact and apply them 
instantaneously to the section of the structure directly below the failed element, before the analysis 
continues. Apply the loads from the area supported by the failed element to an area equal to or 
smaller than the area from which they originated.  
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    1604.9.4.3.2.2  Linear or Nonlinear Static Analysis.  For a Linear 
or Nonlinear Static analysis, if the loads on the failed element are already doubled as shown in 
Section 1604.9.4.2.4.7.3, then the loads from the failed element are applied to the section of the 
structure directly below the failed element, before the analysis is re-run or continued. If the loads 
on the failed element are not doubled, then double them and apply them to the section of the 
structure directly below the failed element, before the analysis is re-run or continued. In both 
cases, apply the loads from the area supported by the failed element to an area equal to and smaller 
than the area from which they originated.  
  
    1604.9.4.3.2.3   Linear and Nonlinear Static Analysis Load Case.  
Linear and nonlinear static analysis shall have a factored load combination applied to the 
immediate adjacent bays and at all the floors above the removed element, using the following 
formula.   
 
 2.0[(0.9 or 1.2)D + (0.5L or 0.2S)] + 0.2W 
 Where:  D = Dead load (psf) 
 
   L = Live load (psf) 
   S = Snow load (psf) 
   W = Wind load (psf) 
 
 
  Section 1604.9.4.4 Key Elements analysis.  When applying the Alternate Path 
Method Design requirements from sections 1604.9.4.1.8, 1604.9.4.2.4 or 1604.9.4.3.1 and the 
removal of columns and lengths of walls result in a disproportionate collapse, then such element 
shall be designed as a key element.  
  
   Section 1604.9.4.4.1 Load Combinations.  The following load 
combinations shall be used in addition to the accidental design loading in the key element 
analysis: 
 
  1.2D + Ak + (0.5L or 0.2S) 
 
  (0.9 or 1.2)D + Ak + 0.2W 
 
 As per the definition of key element, Ak   =  700 psf.   
 
 Section 1604.9.5  Alternate Approach.  In lieu of compliance with Sections 1604.9.4 and 
1604.9.5, an alternative design approach may be used.  The alternative design approach shall be 
approved upon a finding by the building official that the proposed design is satisfactory and 
complies with the intent of the provisions of this section and that the design is at least the 
equivalent of that prescribed herein in quality, strength, effectiveness, durability and safety.  
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NIST RECOMMENDATIONS #4 & #8 
 #4:     Construction classification based on building height.  
 #8:  Uncontrolled building fires, burnout and building collapse 
 
(new) 403.18  Structural performance.  Buildings having occupied floors located more than 420 
feet (128 m) above the lowest level of fire department vehicle access shall be designed to survive a 
building contents fire without collapse of any primary structural components.  The contents fire 
shall be based on a fuel load of 4 lbs./sq. ft. of combustible materials and shall be analyzed in 
accordance with the International Performance Code.    
 
 
Add to definitions:   
Primary structural components.  Members that transfer gravity and lateral loads to the building 
foundation.      
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NIST RECOMMENDATION # 6 
Criteria, test method and standards of spray-applied fire resistive material.  The issue of 
mandatory “special inspection” for fire proofing should be addressed. 
 
403.XX3.3 Spray- Applied Fire Resistive Materials (SFRM).  The bond strength of the SFRM 
shall be as follows: 
 

Building Height of Occupied Floors 
above the lowest level of fire department 

vehicle access 

SFRM bond strength 

MoreGreater than 75 to 420 feet 300 psf 
MoreGreater than 420 to 840 feet 600 psf 
MoreGreater than 840 to 1260 feet 1200 psf 

MoreGreater than 1260 feet 2400 psf 
 
 
714.8 Spray-Applied Fire Resistive Materials (SFRM).  Spray-applied fire resistive materials 
shall comply with the 714.8.1 through714.8.4 . 
 
 714.8.1 Fire Resistance Rating.  The SFRM shall be applied consistent with its fire 
resistance rating listing including, but not limited to, minimum thickness and dry density of the 
applied SFRM, method of application, substrate surface conditions, the use of bonding adhesives, 
sealants and reinforcing or other materials.   
 
 714.8.2 Manufacturer's Installation Instruction. The manufacturer's published 
instructions for the application of SFRM shall be in accordance with the manufacturer’s 
installation instructioncomplied with.  These instructions include, but are not limited to, substrate 
temperatures and surface conditions, and SFRM handling, storage, mixing, conveyance, method of 
application, curing and ventilation. 
 
  714.8.3  Substrate condition.  The SFRM shall be applied to a substrate in compliance 
with 714.8.3.1 through 714.8.3.3. 
 
  714.8.3.1 Surface Conditions. Substrates to receive SFRM shall be free of dirt, oil, 
grease, release agents, loose scale or point, primers, points and encapsulants other than those fire-
tested and classified by a recognized testing agency, and any other condition that may prevent 
adequate adhesion. The acceptability of primed, painted or encapsulated steel shall be in 
accordance with the design criteria of the fire-rated assembly. 
 

 714.8.3.2 Primers, Paints and Encapsulants. Unless specifically prohibited in the 
fire-resistance-rating design criteria, SFRM shall be permitted to be applied to primed, pointed or 
encapsulated wide range steel shapes in accordance with the following conditions: 

 1.  The beam flange width does not exceed 12 in. (300 mm); or 
   2.  The column flange width does not exceed 16 in. (400 mm); or 
   3.  The beam or column web depth does not exceed 16 in. (400 mm). 
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  4.  Bond tests conducted in accordance with ASTM E736 indicate a   
minimum average bond strength of 80 percent and a minimum individual   
bond strength of 50 percent, when compared to the bond strength of the    SFRM 
as applied to clean uncoated I/8-in. (3-mm) thick steel plate. The    average and 
minimum bond strength values shall be determined based on    a minimum of 
five bond tests conducted in accordance with A5TM E736. 
 
  714.8.3.3 Temperature.   A minimum ambient and substrate temperature of 40oF 
(4.440oC) and a maximum of 90oF (32.22oC)  shall be maintained during and for a minimum of 24 
hours after the application of the SFRM, unless the otherwise recommended by the SFRM 
manufacturer’s installation instructions allow otherwise. 
 
  714.8.4  Condition of Finished ConditionApplication.  The finished condition of SFRM 
applied to structural members or assemblies shall not, upon complete drying or curing, exhibit 
cracks, voids, spalls, delamination or any exposure of the substrate. Surface irregularities of 
spray-applied SFRM are inherent with spray  application and shall be deemed acceptable. 
 
 
1704.11 Sprayed fire-resistant materials.  Special inspections for sprayed fire-resistant 
materials applied to structural elements and decks shall be in accordance with Sections 1704.11.1 
through 1704.11.[5] 6 Special inspections shall be based on the fire-resistance design as 
designated in the approved construction documents.  The tests described in this section shall be 
based on samplings of specific floor, roof and wall assemblies, and structural framing members, 
or roof or floor deck.  Special inspections shall be performed after the rough installation of the 
electrical, mechanical and plumbing systems in the building.   

 
 1704.11.1  Physical and Visual Tests.  The following types of physical and visual tests 
are required by the fire-resistance-rating:  

  1.  Condition of substrates.  
    2.  Thickness of application.  
  3.  Density in pounds per cubic foot (kgs per m').  
  4.  Bond strength -adhesion/cohesion (psf or kPA).  
  5.  Condition of finished application.  

 
1704.11.[1]2 Structural member surface conditions.  The surfaces shall be prepared in 

accordance with the approved fire-resistance design and the approved manufacturer’s written 
instructions. The prepared surface of structural members to be sprayed shall be inspected before 
the application of the sprayed fire-resistant material. 

 
1704.11.[2]3 Application.  The substrate shall have a minimum ambient temperature 

before and after application as specified in the approved manufacturer’s written instructions. The 
area for application shall be ventilated during and after application as required by the approved 
manufacturer’s written instructions. 

 
1704.11.[3]4 Thickness.  The average thickness minus two times the standard deviation of 

the thickness measurements of the sprayed fire-resistant materials applied to structural elements 



TRB Findings 
January 20, 2006 

Page 26 of 34 

shall not be less than the thickness required by the approved fire-resistant design. Individual 
measured thickness, which exceeds the thickness specified in a design by 1/4 inch (6.4 mm) or 
more, shall be recorded as the thickness specified in the design plus 1/4 inch (6.4 mm). For design 
thicknesses 1 inch (25 mm) or greater, the minimum allowable individual thickness shall be the 
design thickness minus 1/4 inch (6.4 mm). For design thicknesses less than 1 inch (25 mm), the 
minimum allowable individual thickness shall be the design thickness minus 25 percent. 
Thickness shall be determined in accordance with ASTM E 605. Samples of the sprayed fire-
resistant materials shall be selected in accordance with Sections 1704.11.[3]4.1 and 
1704.11.[3]4.2. 

 
1704.11.[3]4.1 Floor, roof and wall assemblies.  The thickness of the sprayed fire-

resistant material applied to floor, roof and wall assemblies shall be determined in 
accordance with ASTM E 605, taking the average minus two times the standard deviation 
of the thickness measurements of not less than four measurements for each 1,000 square 
feet (93m2) of the sprayed area on each floor or part thereof. 

    1704.11.4.1.1 Flat Decks.  Thickness measurements shall be taken 
 from a 12-in. (300-mm) square withand take a minimum of four measurements, 
 symmetrically. 
 
     1704.11.4.1.2 Fluted Decks. Thickness measurements shall be taken from a 

12-in. (300-mm) square withand take four random, symmetrical measurements within the 
square, including one each of the following: valley, crest and sides and report as an average. 

 
1704.11.[3]4.2 Structural framing members.  The thickness of the sprayed fire-

resistant material applied to structural members shall be determined in accordance with 
ASTM E 605. Thickness testing shall be performed on not less than 25 percent of the 
structural members on each floor. 

     1704.11.4.2.1 Beams.  Thickness measurements shall be made at   
   nine locations around the beam at each end of a 12-in. (300-mm)    
  length. 

     1704.11.4.2.2  Joists and Trusses. Thickness measurements shall   
   be made at seven locations around the joist or truss at each end of a   
  12-in. (300-mm) length. 

     1704.11.4.2.3 W-Shape Columns. Thickness measurements shall   
    be made at 12 locations around the column at each end of a 12-in.    
   (300-mm) length. 

     1704.11.4.2.4  Tube and Pipe Columns. Thickness measurements  
   shall be made at a minimum of four locations around the column at   
  each end of a 12-in. (300-mm) length. 
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NIST RECOMMENDATION #12 
Performance and redundancy of active fire protection systems.  
 
Amend existing sections as follows: 
  
903.3.5.2   Secondary water supply.  A secondary on-site water supply equal to the hydraulically 
calculated sprinkler demand, including the hose stream requirements, shall be provided for high-
rise buildings in Seismic Design Category C, D, E or F as determined by Section 1616.3 and all 
buildings having occupied floors located more than 420 feet above the lowest level of fire 
department vehicle access.  The secondary water supply shall have duration of not less than 30 
minutes. 
 Exception:  Existing buildings 
 
Summary:  The current code text contemplates an interruption of the water supply for high-rise 
buildings as a result of a seismic event.  Experience has shown that catastrophic events other than 
seismic can occur that could interrupt the primary water supply.  This level of redundancy is 
necessary for high-rise buildings greater than 420 feet in height regardless of the existence of a 
seismic hazard.       
 
403.2  Automatic sprinkler system.   Buildings and structures shall equipped throughout with 
aAn automatic sprinkler system in accordance with Section 903.3.1.1 and a secondary water 
supply where required by Section 903.3.5.2 shall be provided. 

Exception:  An automatic sprinkler system shall not be required in spaces or areas of: 
1.  Open parking garages in accordance with Section 406.3 
2.  Telecommunication equipment buildings used exclusively for 
telecommunications equipment, associated electrical power distribution 
equipment, batteries and standby engines, provided that those spaces or 
areas are equipped throughout with an automatic fire detection system in 
accordance with Section 907.2 and are separated from the remainder of the 
building with fire barriers consisting of 1-hour fire resistance-rated walls 
and 2-hour fire-resistance rated floor/ceiling assemblies. 

 
 

403.2.1 Redundancy and Isolation.  All buildings having occupied fFloors located more 
than 420 feet above the lowest level of fire department vehicle access shall have all risers 
supplying automatic sprinkler systems interconnected to each other at the top most floor of each 
riser zone.  The interconnection shall be at least as large as the largest riser supplied.   
 

403.2.1.1 Number of Risers and Separation.  A minimum of two remote 
sprinkler water supply risers must be provided in each riser zone of the building.  The 
risers shall have a separation of at least one-half the greatest horizontal dimension of the 
floor.  

 
403.2.1.2 Control valves.  Manual or remote control valves shall be provided on 

all riser piping supplying automatic sprinkler systems at every third floor of the building.  
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This requirement is independent of sprinkler floor control valves required by Section 
905.2.3. 

 
403.2.1.3 Water Supply Connections.  A minimum of two remotely located water 

supply connections are required to be provided for each riser zone. 
 
Summary:  The new code text provides all sprinkler system risers in buildings having occupied 
floors located more than 420 feet above the lowest level of fire department vehicle access, the 
assurance of a maintained water supply in the event of a failure of individual sprinkler system 
risers.  The concept requires the installation of manual or remote control valves on every third 
floor to isolate a break in the looped riser system.  Individual looped systems would be created per 
riser zone in order to allow water to feed sprinkler system risers from two directions.  In addition, 
a minimum of two remotely located water supply pipes from a single water source are required to 
be connected to each riser zone. 
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NIST RECOMMENDATIONS #17 & #18 
# 17:   Stairway width and the use of elevators for building evacuation need to be evaluated.  
# 18:    Remoteness and fire resistance of exits 
 
 
403.13 Smokeproof exit enclosures.  Every required stairway serving floors more than 75 feet 
(22 860 mm) above the lowest level of fire department vehicle accessa high rise building shall 
comply with Sections 909.20 and 1019.1.8.   
 
(new) 403.15 Minimum number of exits.  For buildings greatermore than 420 feet in height, one 
additional stairway shall be provided.  This stairway shall be in addition to the minimum number 
of exits required by Section 1018.1. and shall meet all applicable requirements for required 
stairways.   
 
 
(new) 403.16.  Exit path markings.  Exit path markings shall be provided in accordance with 
Section 1011.6  
 
(new) 403.17  Remoteness of stair enclosures.  The sStair enclosures shall be placed a distance 
apart equal to not less than one-half of the length of the maximum overall diagonal dimension of 
the building or area to be served measured in a straight line between the nearest portion of the stair 
enclosure.  In buildings with three or more stair enclosures, the stair enclosures shall be placed a 
distance apart equal to not less than one-third of the length of the maximum overall diagonal 
dimension of the building or area to be served measured in a straight line between the nearest 
portion of the stair enclosure. Interlocking or scissor stairs shall be counted as one exit stairway.  
 
(new)  403.18  Structural integrity of stair enclosures.  Stair enclosures, including but 
not limited to, connections and supporting members, shall be capable of resisting a uniform 
pressure of not less than 2 pounds per square inch (psi) applied perpendicular to both the interior 
and the exterior  face of the enclosure and shall meet all applicable requirements of Section 1019.. 
 
 
(new) 1011.6 Photoluminescent exit path markings: Photoluminescent exit path markings 
(signs and outlining stripes) shall be provided in buildings of Group B, E, and R-1 with occupied 
floors greater than 75 feet above the lowest level of fire department vehicle access and shall be 
internally illuminated in accordance with Section 1011.4 or shall be of an approved 
photoluminescent material. 
 

1011.6.1 Door signs and directional signs: Photoluminescent dDoor signs and 
directional signs shall have “EXIT” printed in sans serif letters at least 4 inches (102 mm) 
in height with strokes that are not less than ½ inch (13 mm) wide.  Where directional 
signage is required in accordance with Section 1011.6.1.1, the directional arrows shall be 
at least 2 ¾ inches (70 mm) in height.  Door signs and directional signs shall be installed in 
accordance with Section 1011.6.1.1 and Section 1011.6.1.2. 
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1011.6.1.1 Signs for exit doors: Where exit signage is required under the 
building code, photoluminescent dDoor signs shall be installed with the top of the 
signs not higher than 18 inches (457 mm) above the finished floor on the center of 
the door, on the half of the door that contains the latch, or on the wall surface 
directly adjacent to the latch side of the door.  Door mounted and wall mounted 
signs shall have directional signage if the exit signs required by the building code 
have directional signage. 
 

1011.6.1.2 Directional signage: Photoluminescent dDirectional signage 
shall be placed in the stairwell or exit at every entrance such that they are visible 
upon entering the door into the stairwell or exit.  Such signs shall include an arrow 
indicating the direction of travel and shall be installed with the top edge of the sign 
within 18 inches (457 mm) of the finished floor.  Directional signs may shall be 
installed on the wall where egress direction is not clear. 
 
1011.6.2 Markings (outlining stripes) within vertical exits:  Photoluminescent 

mMarkings within vertical exits shall comply with Section 1011.6.2.1 through Section 
1011.6.2.5. 
 

1011.6.2.1 Steps: Photoluminescent oOutlining stripes shall be applied to 
the horizontal leading edge of each step and shall extend for the full length of the 
step.  Outlining stripes shall have a minimum horizontal width of 1 inch (25 mm) 
and a maximum width of 2 inches (51 mm).  The leading edge of the stripe shall be 
placed at a maximum of ½ inch (13 mm) from the leading edge of the step and the 
stripe shall not overlap the leading edge of the step by not more than ½ inch (13 
mm) down the vertical face of the step. 
 

1011.6.2.2 Landings: The leading edge of landings in exits shall be marked 
with photoluminescent outlining stripes consistent with the dimensional 
requirements for steps and shall be the same length as and consistent with the 
stripes on the steps or shall extend the full length of the leading edge of the landing. 
 

1011.6.2.3 Handrails: All handrails and handrail extensions shall be 
marked with a photoluminescent stripe having a minimum width of 1 inch (25 
mm).  The stripe shall be placed on the top surface of the handrail for the entire 
length of the handrail, including extensions and newel post caps.  Where handrails 
or handrail extensions bend or turn corners, the stripe shall be as continuous as 
practical with no more than a 4 inch (102 mm) gap of photoluminescent 
material.not have a gap of more than 4 inches (102 mm). 
 

1011.6.2.4 Floor perimeter demarcation stripes: Stair landings and other 
parts of the egress path, with the exception of the sides of steps, shall be provided 
with photoluminescent demarcation lines on the floor or on the walls or a 
combination of both. The stripes shall be 1 (25 mm) to 2 inches (51 mm) wide with 
interruptions not exceeding 4 inches (102 mm) to accommodate obstructions.. 
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1011.6.2.4.1 Floor mounted demarcation lines: Photoluminescent 
perimeter demarcation lines shall be placed as close as practical towithin 4 
inches of  the wall and shall extend to within 2 inches (51 mm) of the 
markings on the leading edge of landings. The demarcation lines shall 
continue across the floor in front of all doors. 

 
1011.6.2.4.2 Wall mounted demarcation lines: Photoluminescent 

perimeter demarcation lines shall be placed on the bottom edge of the wall 
no more than 4 inches (102 mm) above the finished floor.  At the top or 
bottom of the stairs, demarcation lines shall drop vertically to the floor 
within 2 inches (51 mm) of the step or landing edge.  Demarcation lines on 
walls shall transition vertically to the floor and then extend across the floor 
where a line on the floor is the only practical method of outlining the path.  
Demarcation lines on walls shall continue across the face of all doors or 
may transition to the floor and extend across the floor in front of such doors. 

 
1011.6.2.5 Obstacles: Obstacles at or below 6 feet 6 inches (1981 mm) in 

height and projecting more than 4 inches (102 mm) into the egress path shall be 
outlined with photoluminescent stripes not less than 1 inch (25 mm) in width 
comprised of a pattern of alternating equal bands of photoluminescent material and 
black with the alternating bands not more than 2 inches (51 mm) thick and angled 
at 45 degrees. 
 

    
1018.1 Minimum number of exits.  All rooms and spaces within each story shall be provided 
with and have access to the minimum number of approved independent exits as required by Table 
1018.1 based on the occupant load, except as modified in Sections 403.15,  1014.1 or 1018.2. For 
the purposes of this chapter, occupied roofs shall be provided with exits as required for stories. 
The required number of exits from any story, basement or individual space shall be maintained 
until arrival at grade or the public way. 
 
1019.1 Enclosures required.  Interior exit stairways and interior exit ramps shall be enclosed 
with fire barriers. Exit enclosures shall have a fire-resistance rating of not less than 2 hours where 
connecting four stories or more and not less than 1 hour where connecting less than four stories. 
The number of stories connected by the shaft enclosure shall include any basements but not any 
mezzanines. An exit enclosure shall not be used for any purpose other than means of egress. Exit 
stair enclosures shall be continuous from the highest story served by the enclosure to the level of 
exit discharge and shall not include horizontal transfer corridors other than at the level of exit 
discharge.  Enclosures shall be constructed as fire barriers in accordance with Section 706. 
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NIST RECOMMENDATION #24 
Command and control systems 
 
 
403.12 Stairway door operation.  Stairway doors other than the exit discharge doors shall be 
permitted to be locked from stairway side. Stairway doors that are locked from the stairway side 
shall be capable of being unlocked simultaneously without unlatching upon a signal from the fire 
command center or  activation of the sprinkler system, the fire alarm system or the fire detection 
system. 
 

403.12.1Stariway communication and monitoring systems.   The following s[S]tairway 
communications and monitoring systems shall be installed at every fifth floor of each required 
stairway and connected to an approved constantly attended station:[.] 

1.  [A t]Telephone or other two-way communications [system connected to an approved 
constantly attended station shall be provided at not less than every fifth floor in each required 
stairway] where the doors to the stairway are locked[.]; 

2. Smoke sensors; 
3. Video surveillance cameras. 

 
707.14 Elevator and dumbwaiter shafts.  Elevator hoistway and dumbwaiter enclosures shall be 
constructed in accordance with Section 707.4 and Chapter 30. 
 

707.14.1 Elevator lobby.  Elevators opening into a fire-resistance-rated corridor as 
required by Section 1016.1 shall be provided with an elevator lobby at each floor containing such 
a corridor. The lobby shall separate the elevators from the corridor by fire partitions and the 
required opening protection. Elevator lobbies shall have at least one means of egress complying 
with Chapter 10 and other provisions within this code.  In buildings with occupied floors 
moregreater than 75 feet above the lowest level of fire department vehicle accesshigh-rise 
buildings, the elevator lobby shall be provided with smoke sensors and video surveillance 
cameras.   

Exceptions: 
1. In office buildings, separations are not required from a street-floor elevator lobby 

provided the entire street floor is equipped with an automatic sprinkler system in 
accordance with Section 903.3.1.1. 

2. Elevators not required to be located in a shaft in accordance with Section 707.2. 
3. Where additional doors are provided in accordance with Section 3002.6. Such 

doors shall be tested in accordance with UL 1784 without an artificial bottom seal. 
4. In other than Group I-3, and buildings more than four stories above the lowest 

level of fire department vehicle access, lobby separation is not required where the building, 
including the lobby and corridors leading to the lobby, is protected by an automatic 
sprinkler system installed throughout in accordance with Section 903.3.1.1 or 903.3.1.2. 

 
 707.14.2 Elevator shaft monitoring.  In buildings with occupied floors 

moregreater than 75 feet above the lowest level of fire department vehicle accesshigh-rise 
buildings, the elevator shaft shall be provided with smoke sensors and video surveillance cameras.   
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 911.1 Features.  Where required by other sections of this code, a fire command center for fire 
department operations shall be provided. [The location and accessibility of the fire command 
center shall be separated from the remainder of the building by not less than a 1-hour fire-
resistance-rated fire barrier.] The room shall be a minimum of 96 square feet (9m2) with a 
minimum dimension of 8 feet (2438 mm). A layout of the fire command center and all features 
required by the section to be contained therein shall be submitted for approval prior to installation. 
All systems and equipment connected to the fire command center shall be provided with redundant 
circuitry during normal and emergency operating modes and have the ability to transmit and 
communicate to an off-site facility or an alternate remote location in the building.  The fire 
command center shall comply with NFPA 72 and shall contain the following features. 

1. The emergency voice/alarm communication system unit. 
2. The fire department communications unit. 
3. Fire detection and alarm system annunciator unit. 
4. Annunciator unit visually indicating the location of the elevators and whether they are 

operational. 
5. Status indicators and controls for air-handling systems. 
6. The firefighter’s control panel required by Section 909.16 for smoke control systems 

installed in the building. 
7. Controls for unlocking stairway doors simultaneously. 
8. Sprinkler valve and water-flow detector display panels. 
9. Emergency and standby power status indicators. 
10. A telephone for fire department use with controlled access to the public telephone 

system. 
11. Fire pump status indicators. 
12. Schematic building plans indicating the typical floor plan and detailing the building 

core, means of egress, fire protection systems, fire-fighting equipment and fire 
department access and a narrative system of operations approved by the fire department. 

13. Worktable. 
14. Generator supervision devices, manual start and transfer features. 
15. Public address system, where specifically required by other sections of this code. 
16.  Smoke sensors. 
17. Video monitoring terminals for any video surveillance contained within the building 

regardless of whether the surveillance is required by this section.   
 

911.2 Location.  Fire command centers shall not be adjacent to or visible from any public lobby, 
loading dock, mailroom or storage area.  The location shall be approved by the Fire Department.   
 
911.3 Separation.  The fire command center shall be separated from the remainder of the building 
by not less than a 2-hour fire-resistance-rated fire barrier. Fire command center enclosures, 
including but not limited to, connections and supporting members, shall be capable of resisting a 
uniform pressure of not less than 2 pounds per square inch (psi) applied perpendicular to both the 
interior and the exterior  face of the enclosure.   
 
911.4 Off-site or alternate fire command center and transmission.  Fire command centers shall 
have the ability to transmit and communicate with the features of section 911.1, excluding #12 and 
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#13, to an off-site facility or an alternate remote location within the building.  The off-site facility 
shall not be located adjacent to the building that contains the primary fire command center. 
 
3006.4 Machine rooms and machinery spaces.  Elevator machine rooms and machinery spaces 
shall be enclosed with construction having a fire-resistance rating not less than the required rating 
of the hoistway enclosure served by the machinery. Openings shall be protected with assemblies 
having a fire-resistance rating not less than that required for the hoistway enclosure doors. In 
buildings with occupied floors moregreater than 75 feet above the lowest level of fire department 
vehicle accesshigh-rise buildings, the machine room shall be provided with smoke sensors, 
temperature sensors and video surveillance cameras.   
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