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PREFACE

Since the Ronan Point apartment building collapse in London in
1968, the structural engineering profession has engaged in
serious discussion and research about causes and implications
of widespread structural failure initiated by local damage. In the
decades that followed, this work and additional studies of
subsequent catastrophic structural failures have advanced the
body of knowledge for enhancing robustness and limiting col-
lapse when buildings are damaged. Numerous papers and several
guide documents have informed structural engineers, but a single
consensus perspective for mitigating disproportionate collapse
has not been available.

Discussion about a standard for disproportionate collapse
mitigation began when the Disproportionate Collapse Standard
and Guidance Committee, met at the Structural Engineering
Institute (SEI) Structures Congress in 2009. Subsequently, advo-
cates for a standard formally proposed that SEI authorize a
committee to develop a standard on the topic of disproportionate
collapse mitigation. A committee was approved and met for the
first time at the SEI Structures Congress in 2012. After develop-
ing a draft document and a series of ballots, the committee sent its

proposed document to the American Society of Civil Engineers
(ASCE) for Public Ballot in 2021. Public balloting finished in
2023, leading to the publication of this standard.

The committee endeavored to make this standard perfor-
mance-based, allowing engineers maximum flexibility when
finding solutions to mitigate the potential for disproportionate
collapse. The standard does not dictate a course of action, nor
does it prescribe solutions to resist collapse. It does not address
blunders in design or construction. Guidance is given about risk
assessments and avoidance, as well as characteristics that
enhance collapse resistance, including the strength, ductility,
deformation capacity, and robustness necessary to resist collapse
without exceeding relevant limit states. These goals may be
demonstrated by procedures outlined in the document, or by
approved alternate rational analyses.

This standard is intended to address the same structures
covered by ASCE 7-16, Minimum Design Loads and Associated
Criteria for Buildings and Other Structures. The standard is
written in mandatory language, with the expectation that it could
be referenced by building codes or contracts documents.
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CHAPTER 1

GENERAL

1.1 PURPOSE

The purpose of this standard is to provide principles and mini-
mum requirements to mitigate disproportionate collapse potential
of new and existing buildings and other structures.

1.2 SCOPE

This standard provides minimum requirements for planning,
assessment, analysis, material selection, design and detailing,
construction, and qualification testing to mitigate disproportion-
ate collapse of new and existing buildings and other structures.
This standard includes threat-specific and non-threat-specific
methodologies and identifies direct design and indirect design
approaches.

This standard does not prescribe requirements for blast design.
This topic is addressed in other documents (e.g., ASCE 59, Blast
Protection of Buildings).

1.2.1 Organization
This standard is organized as follows:

• Chapter 1 provides general requirements.
• Chapter 2 provides terminology used throughout this
standard.

• Chapter 3 defines requirements for performing a risk
assessment to mitigate disproportionate collapse.

• Chapter 4 provides design objectives, including general
initiating hazard scenarios and performance objectives.

• Chapter 5 presents technical approaches to design new
buildings, determine the capacity of existing buildings to
resist disproportionate collapse, and develop upgrades to
existing buildings to mitigate disproportionate collapse.

• Chapter 6 provides acceptance criteria for component and
system performance based on the selected analysis/design
approach, construction materials, and structural systems.

• Chapter 7 provides minimum requirements and intents for
structural detailing of various materials expected to be used
as part of a disproportionate collapse mitigation strategy.

• Chapter 8 provides minimum requirements and discussion
to evaluate and enhance the robustness of existing buildings
and other structures.

• Chapter 9 provides procedures and standards for the peer
review of the design of structures to resist disproportionate
collapse and the verification of performance of selected
components and structural assemblages.

1.2.2 Applicability The provisions in this standard are
applicable to buildings and other structures that are within the
scope of ASCE 7, Minimum Design Loads and Associated
Criteria for Buildings and Other Structures.

1.3 BASIC REQUIREMENTS

Buildings and other structures shall be designed and constructed
with adequate strength, ductility and deformation capacity, and
robustness to provide resistance to disproportionate collapse.
Acceptable performance shall be demonstrated using one or both
of the following procedures:

1. Typical strength and robustness procedures of Section
1.3.1, and

2. Subject to the approval of the Authority Having Jurisdic-
tion (AHJ) for individual projects, the alternative rational
procedures of Section 1.3.2.

It shall be permitted to use either or both procedures for different
parts of a structure and for different hazard scenarios providing
the intent of this standard is met.

1.3.1 Typical Strength and Robustness Procedures Structural
systems and their connections shall have adequate strength,
ductility and deformation capacity, and robustness to resist
disproportionate collapse in conformance with Chapters 3
through 9 of this standard, without exceeding the applicable
limit states for the materials of construction.

1.3.2 Alternative Rational Procedures Structural systems and
their connections shall be demonstrated by analysis or by a
combination of analysis and testing to provide a reliability not
less than that expected for similar systems and connections
designed in accordance with the strength, ductility and
deformation capacity, and robustness procedures of Section
1.3.1 when subject to initial damage identified as critical for
the performance of the structure. Consideration shall be given to
uncertainties in loadings, initial damage, and resistance.

1.3.2.1 Analysis Analysis shall employ rational methods based
on accepted principles of engineering mechanics and shall
consider all significant sources of deformation and resistance.
Assumptions of stiffness, strength, damping, ductility, and other
properties of components and connections incorporated in the
analysis shall be based on approved test data or referenced
standards. Analyses shall conform to the requirements of
Chapter 5, Section 5.5, and Chapter 9 of this standard.

1.3.2.2 Testing Testing used to substantiate the performance of
structural systems and connections under the influence of hazard
scenarios shall accurately represent the materials, configuration,
construction, loading, and boundary conditions anticipated in the
structure. Testing shall comply with Chapter 9 of this standard.

1.3.2.3 Peer Review The basis, procedures, and results of
analyses, testing, and calculations used to demonstrate compliance
with the requirements of this standard shall be subject to an
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independent peer review when specifically required by this
standard or by the AHJ.

1.4 DOCUMENTATION OF DESIGN

The complete process to develop and implement a strategy and
design to mitigate disproportionate collapse in new and existing
buildings shall be documented to enable review by authorities
having jurisdiction and other relevant design professionals. Key
components of the disproportionate collapse mitigating design
shall be identified on approved construction documents to enable
inspection during construction.

1.5 DISCLAIMER

1.5.1 Qualifications The development and peer review of a
comprehensive strategy and design to mitigate disproportionate

collapse shall be performed by, or under the direct supervision of,
design professionals having the necessary expertise and
knowledge to evaluate compliance with the requirements of
this standard.

1.5.2 Information Sensitivity Building-specific information
created as part of the documented process to develop and
implement a strategy and design to mitigate disproportionate
collapse shall be appropriately protected to the extent permitted
by law.

REFERENCE STANDARDS

ASCE. Blast Protection of Buildings, ASCE 59, 2011.
ASCE. Minimum Design Loads and Associated Criteria for

Buildings and Other Structures, ASCE 7, 2016.
ASCE. Seismic Evaluation and Retrofit of Existing Buildings,

ASCE 41, 2017.
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CHAPTER 2

DEFINITIONS

2.1 ABNORMAL EVENT

An event that is unforeseeable or occurs with very low
probability and is not considered in the ordinary design of a
structure.

2.2 ACTION

A condition that affects a structure and can be characterized by
physical quantities.

2.3 ALTERNATIVE LOAD PATHS

Load paths consisting of a redundant structural arrangement for a
load to be transferred from the point(s) of application to the
point(s) of resistance in the event of structural compromise of the
primary load path. These paths are often different from the load
paths used in the intact design of the structure. The paths may
provide a redistribution of forces originally carried by failed
components, thus preventing a failure from spreading.

2.4 AUTHORITY HAVING JURISDICTION

The organization, political subdivision, office, or individual
legally charged with responsibility for administering and enfor-
cing the provisions of this standard.

2.5 CLIENT

The individual(s) or entity having legal possession or rights to
sanction design or modification of a building.

2.6 COLLAPSE RESISTANCE

Insensitivity to normal or abnormal events such that events will
not lead to disproportionate collapse.

2.7 COLLAPSE-RESISTANT DESIGN CATEGORY

Classification of buildings and other structures to achieve the
desired performance for the collapse-resistant design category
(CRDC) based on the risk posed by their damage or failure and
by their occupancy or use according to Table 1.5-1 in ASCE 7.

2.8 COMPONENT (STRUCTURAL)

An individual load-resisting member that is part of a continuous
load path in a building, such as a beam, column, connection, or
wall.

2.9 CONSEQUENCES

Losses such as severe injury or death, direct damage costs, and
loss of opportunity costs.

2.10 CONTINUITY

Uninterrupted connectivity between structural components to
create a continuous load path.

2.11 DEFORMATION-CONTROLLED ACTIONS

An action that has an associated deformation that is allowed to
exceed the yield value of the element being evaluated. The extent
of permissible deformation beyond yield is based on component
modification factors (m-factors) for linear analysis, and rotation
and deformation limits for nonlinear analysis.

2.12 DESIGN CRITERIA

Design requirements, design objectives, design methods, and
other verification procedures, which form the framework of all
designs, including performance-based design.

2.13 DESIGN APPROACHES

Design strategies that aim at preventing disproportionate
collapse of a structure.

2.14 DESIGN OBJECTIVES

Hazard scenarios, performance objectives, and applicable
combinations of actions and safety factors which form the basis
of direct design.

2.15 DESIGN PROFESSIONAL (DESIGNER)

The individual in responsible charge of the design or evaluation
being performed using this standard.

2.16 DESIGN REQUIREMENTS

Specification of whether design against disproportionate collapse
is required for a structure and, if required, specification of the
level of requirements of design objectives, design methods, and
verification procedures.

2.17 DIRECT DESIGN

An approach to design of collapse resistant structures that
explicitly provides collapse resistance by demonstrating that the
structure meets specified performance objectives when specified
hazard scenarios occur and affect the structure.

2.18 DISPROPORTIONATE COLLAPSE

A collapse that is characterized by a pronounced disparity
between the original cause and the ensuing collapse of a major
part or the whole of a structure.
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2.19 DUCTILITY

The measure of the ability of a structural component or structure
to sustain plastic deformations without failure.

2.20 ELEMENT (STRUCTURAL)

An assembly of structural components that act together in
resisting forces. Such assemblies may include frames, shear
walls, and diaphragms.

2.21 EVENT CONTROL

Reducing the probability of occurrence and the intensity of
exposure of a structure to abnormal events through nonstructural
measures.

2.22 EXPECTED STRENGTH

The mean value of resistance of a component at the deformation
level anticipated for a population of similar components, includ-
ing consideration of the variability in material strength as well as
strain-hardening and plastic section development.

2.23 EXPOSURE (HAZARD)

The set of abnormal events that possibly affect a structure during
the construction period and service life and are not considered in
ordinary structural design.

2.24 FORCE-CONTROLLED ACTION

An action that is not allowed to exceed the nominal strength of
the element being evaluated.

2.25 HAZARD SCENARIOS

The abnormal events to be assumed in design to occur during
construction and lifetime of a structure that have the potential to
cause harm to the structure.

2.26 INDIRECT DESIGN

Indirect design aims at increasing the collapse resistance of a
structure implicitly by incorporating prescriptive design features;
this is done by applying prescriptive design rules and thus,
without explicit consideration of hazard scenarios and without
demonstrating that performance objectives are met.

2.27 INITIAL DAMAGE

The damage to a structure that can be ascribed directly to an
abnormal event (without resorting to the response of the structure
as a whole) or a notional damage as determined from the hazard
scenarios.

2.28 INTEGRITY (GENERAL STRUCTURAL
INTEGRITY)

Ability to sustain local damage with the structural system as a
whole remaining stable and not being damaged to an extent
disproportionate to the original local damage.

Specific to this standard, the use of this term applies to
prescriptive, nonquantifiable, and best practice indirect design
methods contained within separate standards.

2.29 KEY ELEMENT

A structural component (or a part of the structure) whose failure
is expected to result in further damage that violates the perfor-
mance objectives.

2.30 LIKELIHOOD (PROBABILITY)

The chance that the hazard scenarios will materialize in a given
period of time.

2.31 LOCAL RESISTANCE

An increase or confirmation of adequacy of structural component
capacity. Prevents or reduces initial damage that would otherwise
lead to disproportionate collapse.

2.32 LOWER BOUND STRENGTH

The mean minus one standard deviation of the yield strengths,
Qy, for a population of similar components.

2.33 NOMINAL STRENGTH

The capacity of a structure or component to resist the effects of
loads, as determined by (1) computations using specified material
strengths and dimensions, and formulas derived from accepted
principles of structural mechanics; or (2) field tests or laboratory
tests of scaled models, allowing for modeling effects and differ-
ences between laboratory and field conditions.

2.34 NONSTRUCTURAL METHODS

Design features unrelated to the elements of the load-transfer
system that aim at preventing abnormal events from affecting a
structure.

2.35 NON-THREAT-SPECIFIC DESIGN

Design based on the assumption of notional actions or notional
damage in lieu of design for specific threats that can possibly
occur.

2.36 OWNER

See Client.

2.37 PARTIAL COLLAPSE

A structural state in which a hazard scenario results in failure of
one or more structural components, and the remaining structural
system is unable to bridge over the failed components, so that a
portion of the structure becomes unstable or loses adequate
vertical support.

2.38 PERFORMANCE OBJECTIVES

The acceptable response of a structure to the hazard scenarios.

2.39 PRESCRIBED LOCAL RESISTANCE

A local increase or confirmation of adequacy of structural
resistance implemented as an indirect design measure.

2.40 PRESCRIPTIVE DESIGN RULES

Features of indirect design that have been codified in standards
and guidelines or specified for a particular project.
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2.41 PROGRESSIVE COLLAPSE

A collapse that commences with the failure of one or a few
structural components and then progresses with the successive
failures of other components.

2.42 PROPAGATING ACTION

An action that, in the course of a progressive collapse, results
from the failure of one structural component and leads to the
failure of one or more additional structural components.

2.43 PROTECTION

Mitigating the effect of abnormal events through external struc-
tural measures that prevent or reduce initial damage that would
otherwise lead to disproportionate collapse.

2.44 REDUNDANCY

Availability of alternative load paths for redistribution of loads
from paths that have been compromised by a hazard scenario.

2.45 RELIABILITY

Probability that satisfactory performance will occur.

2.46 REQUIRED MEMBER RESISTANCE
(OR REQUIRED STRENGTH)

Action on a component or connection, determined by structural
analysis, resulting from the factored loads and the critical load
combinations.

2.47 RESISTANCE FACTOR

A reduction factor applied to member resistance that accounts
for unavoidable deviations of the actual strength from the
nominal value and for the manner and consequences of failure;
denoted by ϕ.

2.48 RISK

The product of the likelihood, vulnerability, and consequences of
a hazardous event or phenomenon.

2.49 ROBUSTNESS

Insensitivity to initial damage. A structure is robust if an initial
damage does not lead to disproportionate collapse.

A precise definition requires reference to specified design
objectives: a structure is robust if an initial damage as determined
from the hazard scenarios does not lead to an extent of damage
that violates the performance objectives.

2.50 SEGMENT

A part of the structure delimited by dedicated segment borders. In
case of a failure within a segment, the failure is limited to this
segment and no forces are transmitted to, nor displacements
imposed on, adjacent segments that could lead to the failure of
the adjacent segments.

2.51 SEGMENT BORDER

A border of a segment of a structure at which a failure within the
segment is isolated from the remaining structure and is thus
brought to a halt.

2.52 SPECIFIC LOCAL RESISTANCE

A local increase or confirmation of adequacy of structural
resistance implemented as a direct design measure.

2.53 STRUCTURAL METHODS

Structural methods aim at preventing a disproportionate collapse
through the structural design of the structure itself (internal
methods) or of external structural measures of protection, thus
enhancing collapse resistance.

2.54 THREAT-SPECIFIC DESIGN

Design for specific threats that can possibly occur (specific
abnormal events).

2.55 VERIFICATION PROCEDURES

Procedures for demonstrating that specified performance objec-
tives are met when specified hazard scenarios occur. Used in the
context of direct design and event control.
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CHAPTER 3

RISK ASSESSMENT

3.1 GENERAL DESIGN REQUIREMENTS

Where not otherwise established by applicable law, building
code requirements, or government agency regulations, structural
design shall be based on a rational assessment of risk of
disproportionate collapse in accordance with this chapter.

3.1.1 Objectives This chapter provides guidance for building
owners, structural engineers, and architects on assessing risk of
disproportionate collapse of buildings and other structures. The
risk assessment shall be used to determine the performance
requirements and level of analysis appropriate to the given
structure by assigning buildings and other structures to
CRDCs, as defined in Section 3.2.2.

3.1.2 Scope The provisions in this chapter are applicable to
buildings and other structures that are within the scope of ASCE
7-16. They are not intended for facilities presenting a higher risk
than those designated as Risk Category IV in Section 1.5 of
ASCE 7-16.

3.1.3 Administrative Requirements The design team shall
designate a single point-of-responsibility for coordinating the
assessment and mitigation of risk of disproportionate collapse.

Where required, peer review shall be conducted as stipulated
in Chapter 9, Section 9.2.

3.2 RISK ASSESSMENT

The assessment of disproportionate collapse risk to a building or
other structure shall consider the hazards (or threats) to which the
facility is exposed, the likelihood of those hazards, the vulnera-
bility of the facility to those hazards, and the consequences
(impact) of damage to or failure of the facility.

3.2.1 Quantification of Risk It is permitted to quantify the risk
of disproportionate collapse as the product of event likelihood,
vulnerability, and consequences:

Risk=Hazard Likelihood × Vulnerability × Consequences

(3-1)
in which hazard likelihood, vulnerability and consequences are
defined on ordinal scales.

Hazard likelihood is assigned one of the following ordinal
ranks:

1. Unlikely (typically 1% or less in 50 years)
2. Somewhat likely (typically 5% in 50 years)
3. Moderately likely (typically 10% in 50 years)
4. Very likely (typically 25% in 50 years)
5. Highly likely (typically 50% or more in 50 years)

Vulnerability is assigned one of the following ordinal ranks:

1. Limited,
2. Moderate, or
4. Significant.

Consequences are assigned one of the following ordinal ranks:

1. Negligible,
2. Minor,
3. Moderate,
5. Severe, or
7. Catastrophic.

3.2.2 Collapse-Resistant Design Category Unless otherwise
required by the AHJ, buildings and other structures in Risk
Categories II, III and IV, as defined in Section 1.5 of ASCE 7-16,
shall be assigned to CRDC A, B, C, or D, based on the risk
determined in Section 3.2.1 (Table 3-1).

Exception: Buildings taller than 500 ft (152 m) with total
occupied area greater than 800,000 ft2 (74,322 m2) or with
height-minimum width ratio exceeding 7 shall be assigned to
Category D.

3.2.2.1 Collapse-Resistant Design Category A Satisfaction of
the general structural integrity requirements in Section 1.4 of
ASCE 7-16 shall be deemed sufficient for buildings and other
structures in this CRDC.

3.2.2.2 Collapse-Resistant Design Categories B, C, and D
Buildings assigned to CRDC B, C or D shall be designed in
accordance with the remaining chapters of this standard.

3.2.3 Collapse-Resistant Design Categories for Multiple
Hazards When a building or other structure is susceptible to
multiple hazards, the risk for each hazard shall be determined
from Section 3.2.1, a CRDC shall be assigned in accordance with

Table 3-1. Collapse-Resistant Design Category.

Building Risk Category

Risk Equation (3-1) II III IV

1–5 A A B
6–10 A B C
11–35 B C C
36–140 C D D
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