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Progressive Collapse

ASCE 7 Definition:
"The spread of an initial local failure from element to element,
eventually resulting in the collapse of an entire structure or a
disproportionately large part of it”
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UFC 4-023: Design Requirements
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Progressive Collapse
UFC 4-023: Design Requirements
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Alternative Path Analysis

UFC 023: “"determine if the structure can
bridge over the deficient element after it has
been notionally removed”

Linear Static Method



Alternative Path Analysis
Second Floor Framing Plan

Progressive Collapse
Isometric of Area Near Removed Column
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UFC 4-023: Typical Action Classifications

Combonent Deformation- Force- Controlled
; Controlled Action Action

Moment Frames
» Beams
» Columns
« Joints

Shear Walls

Braced Frames
» Braces
« Beams
» Columns
» Shear Link

Moment (M)
V]

III|'
Connections VL M?

Shear (V)
Axial load (P), V
Wi

Alternative Path Analysis
Linear Static Method
M-factors

ASCE 41 definition:
"non-linear deformation capacities”
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UFC 4-023: Typical Action Classifications

Combonent Deformation- Force- Controlled
; Controlled Action Action

Moment Frames
+ Beams Moment (M) Shear (V)
« Columns Vi Axial load (P), V
. Joints — V'

Shear Walls

Braced Frames
» Braces
« Beams
» Columns
» Shear Link

III|'
Connections VL M?

Alternative Path Analysis

Interaction Equation

Moment Divided by m-factor
Expected Strengths Used
Typical Frames =6

8| Mrx | Mry
Pr 9]QxMcx ~ Q*Mcy
Q* Pc m — factor



Presentation Outline

Introduction
Base Steel Redesign #
Progressive Collapse

Tie Force

* Alternative Path

Enhanced Local Resistance
Architectural Breadth
Conclusions

Progressive Collapse
UFC 4-023: Far Load Combination

(0.9or1.2)D + (0.5L or0.25) + 0.0022P
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lsometric of Far Loads
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(Q[(o.9 0or1.2)D + (o.5L or 0.25)] + 0.0022P

Alternative Path Analysis

Force Controlled Actions:
() -=2.0

Deflection Controlled Actions:
() p=0.9m +1.1

m, = : Smallest m-factor
of adjacent elements
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Redesigned Interior Atrium View
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Presentation Outline Progressive Collapse Requirements
Introduction UFC 3-301-01: Occupancy Categories

u ST Seismic | Snow | Wind . |C$
Nature of Occupanc Factor | Factor | Factor actor
Base Steel Rede5|gn = pany il il ol

Buildings and other structures designed as essential
facilities, including, but not limited to:
* Group |-2 occupancies having surgery or emergency

]
Progressive Collapse
= Fire, rescue, and police stations, and emergency vehicle

garages
» Designated earthquake, hurricane, or other emergency

]
[le Force
« Designated emergency preparedness, communication,

and operation centers, and other facilities required for
emergency response

] : - ‘
A It * Emergency backup power-generating facilities required
e rn at Ive at for primary power for Category 1V
+ Power-generating stations and other utility facilities
required for primary power for Category IV, if emergency
™ backup power generating facilities are not available
= Structures containing highly toxic materials as defined by
n a n Ce Oca e S I S a n ce Section 307, where the quantity of material exceeds the

maximum allowable quantities of Table 307.7(2)
= Aviation control towers and air traffic control centers

= required for post earthquake operations where lack of
A rc Ite Ct U ra B re a t system redundancy does not allow for immediate control of
airspace and the use of alternate temporary control facilities
is not feasible. Contact the authority having jurisdiction for

additional guidance.
* Emergency aircraft hangars that house aircraft required

[
‘ o n C I U S I 0 n S for post-earthquake emergency response; if no suitable

 Buildings and other structures not included in Category V,
having DoD mission-essential command, control, primary

[ |
o communications, data handling, and intelligence functions
that are not duplicated at geographically separate locations,

as designated by the using agency

 Buildings and other structures not included in Category V,
having DoD mission-essential command, control, primary

communications, data handling, and intelligence functions
that are not duplicated at geographically separate locations,
as designated by the using agency

pressure for fire suppression

maintain water
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Progressive Collapse
UFC 4-023: Design Requirements

Occupancy _ _
Category Design Requirement
_ No specific requirements

Option 1: Tie Forces for the entire structure and Enhanced
Local Resistance for the corner and penultimate columns or
walls at the first story.

OR
Option 2: Alternate Path for specified column and wall removal
locations.

Alternate Path for specified column and wall removal locations;
Enhanced Local Resistance for all perimeter first story columns

Tie Forces; Alternate Path for specified column and wall
removal locations; Enhanced Local Resistance for all perimeter

first and second story columns or walls.

Requirements

Tie Force
Develop tensile strength in floor

Alternative Path

Span over removed column

Enhanced Local Resistance
Strengthen columns to resist blast
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Columns:

20% Axial Capacity Limit
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Progressive Collapse
ASCE 41: Steel m-factors

me-Factors for Linear Procecdures

Linear interpolatic n between the values on lines a and b for both flange slende
(first term) and web slenderness (second term) shall be perfocmed, and the lowes
resulting value shall be used,

Alternative Path Analysis

Columns:
20% Axial Capacity Limit
>50% Axial Capacity is Force Controlled
Life Safety Values

Beams:
>20% Axial Capacity is Force Controlled
Primary: Frames & Girders
Secondary: Infill Beams
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Progressive Collapse
UFC 023: Connection m-factors

Linear Acceptance Criteria
Connection Type m-factors
Primary'" Secondary

Fully Restrained Moment Connections

Improved WUF with Bolted Web 2.3 4.9-0.0484

Reduced Beam Section (RBS)

4.3 -0.082d 4.3 -0.048d

SidePlate’ 6.7 — 0.039d" 111 —0.062d

Alternative Path Analysis

Connections:
Full Penetration Moment Connections
Deeper Members Result in Lower m-Factors
Typically between 2-3
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Progressive Collapse
Analysis Spreadsheet

Mext to .
Element Mame Size
Removed

REMOVAL OF COLU

e
1=
1
1=
1
1=
1
1-
B
1-

Alternative Path Analysis




Precentation Outline Progressive Collapse Alternative Path Analysis

Introduction Results
Base Steel Redesign #
PI'OQI'ESSiVECO"apSG W14x193  1.54  0.55 Force 2.03
ontrolled: 1.0
Tie Force prseam T " E.:mniffféﬁ; i.n
Alternative Path

Table 7.2: Frame Sizes That Pass Removal of Column Fg Scenario

Enhanced Local Resistance
Architectural Breadth —
Conclusions B &) |
* Appendix
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Architecture Breadth

UFC o010 Minimum Standoff Distances
18 ft.

Standoff Distances

Conventional Construction
Standoff Distance

Load Non-Load | pinimum | Applicable

Applicable . i
Building Level of Bearing Bearing Standoff | Explosive

Distance to: Category Protection Walls Walls " Distance ¥ | Weight

Controlled Billeting and Low A
Perimeter or | High Occupancy

Parking and | Family Housing

Roadways

without a Primary
Controlled Gathering
Perimeter Building

Inhabited Very Low
Building

Site Redesign

UFC o010 Conventional Construction
Standoff Distances
151 ft.

Column Letter

ENEEEE R e

Wood Studs — 105ft | 105 | 791 | esr | 36ft | 36f | 23f 16 ft
Brick Veneer @2m) | G2m | @m | com | @tm) | 11m) | @m) | 5m)
Wood Studs — 207f | 207% | 164ft | 141% | 85f | 8% | 66 56 ft
EIFS ©m) | 63m) | Gom) | 43m) | @m) | 26m) | @m) | (17m)
Metal Studs — 187ft | 108ft | 2072 | 18612 | 75ft | 43k | 82R2 | 75f7
Brick Veneer &7m) | 33m) | ®3m) | 57m) | @m) | (13m) | @5m) | 23m)
Metal Studs — 361 ft 420 2 151t | 85k | 167f2 | 1517
EIFS (110 m) 128m) | (11om) | @6m) | 26m) | Bim) | @6m)
Metal Panels n/a'” fa' 151 ft 108 ft n/a'" n/a'" 56 ft

@6m) | (33m) (17 m)



Presentation Outline

Introduction
Base Steel Redesign #
Progressive Collapse

Tie Force

Alternative Path

Enhanced Local Resistance
Architectural Breadth
Conclusions
* Appendix

Construction Management

Breadth

Base Design Cost and Schedule

$50.012

Cost

Deck Reinf: $12,500
Columns: $829,900
Beams: $948,300
Connections: $39,100

Total: $2.15 million
$17.52 [ SF



Presentation Outline

Introduction
Base Steel Redesign #*
Progressive Collapse

Tie Force

Alternative Path

Enhanced Local Resistance
Architectural Breadth
Conclusions
* Appendix

Construction Management
Breadth

Base Steel: $17.52 /SF
Progressive Collapse: $18.8 / SF
Existing Concrete: $16.39/SF

Cost

Deck Reinf: $87,021
Columns: $1.77 million
Beams: $1.04 million
Connections: $58,600

Total: $2.31 million
$18.80 [ SF



. . Construction Management Base Steel Schedule
Presentation Outline

Introduction Breadth
Base Steel Redesign
" ID |Task Name Duration | Nov 7.'10

Prog ressive Collapse Office Tower Structure 33 days| —

Tie Force | Base Column Erection 2 days|

.  Second Floor 8.5 days

Alternatlve Path l Steel Erection 3 daysi

Enhanced Local Resistance _F |  Rodoonechons 3 daye

. 6 | Place Deck 3 days
Architectural Breadth 7| Place Reinforcing 0.5 days|
Conclusions & Pour Concrete 2 days|

|

9

| A G
Third Floor 10 days ] . : : .
° Ap pe nd IX = oy e g g HWWM,MH.



. . Construction Management Pro Collapse Schedule
Presentation Outline

Introduction B readth
Base Steel Redesign
Progressive Collapse D [Task Name [ Duration Now 21, 10
. 1 Office Tower Structure 44.5 days : : ' : : : : | : : : :
Tie Force ‘ | Base Column Erection 2 days
Alternative Path Second Hoos 11 days

Steel Erection 3 days
Rigid Connections 4.5 days
Place Deck 3 days
Flace Reinforcing 2.5 days
Pour Concrete 2 days
Third Floor 13 days

Enhanced Local Resistance
Architectural Breadth
Conclusions
* Appendix

5
3
4
5
6
=
8
9



