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Project Team 
 

Owner:  Health Research 
Architect & Engineer: 
General Contractor: 
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Existing Structure 
 

Two-Way Flat Slab 
22’x20’ Bays 
Drop Panels 

Shear Wall Cores 
Spread Footings 
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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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Proposed Redesign Depth 
 

Goals 
 

• Design to UFC criteria 
• Explore impacts of this analysis 
• Minimal architectural impact 
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Architecture 
 

Structural Impacts  
Atrium Façade 

Site Plan  
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Gravity System 
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Results 
 

Typical Infill Beam: W16x31 [16] 
Typical Girder: w18x40 [7,3,7] 
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6’-4” 



Base Steel Redesign 
Moment Frame Location 

 
 
 
 

Lateral System 
ETABS Computer Model 
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Progressive Collapse 
UFC 4-023: Design Requirements 
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Tie Force Analysis 
 

Longitudinal Ties 
#4 @ 12” O.C. 

Transverse Ties 
#4 @ 13” O.C. 

 

 
 



Progressive Collapse 
UFC 4-023: Design Requirements 
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Tie Force Analysis 
 

Longitudinal Ties 
#4 @ 12” O.C. 

Transverse Ties 
#4 @ 13” O.C. 

Peripheral Ties  
(4) #6 in 3’-0” section 

 

 
 



Progressive Collapse 
UFC 4-023: Design Requirements 
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Tie Force Analysis 
 

Detailing 
 

Seismic Hooks 
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Progressive Collapse 
UFC 4-023: Design Example 

 
 
 
 
 

Alternative Path Analysis 

UFC 023: “determine if the structure can 
bridge over the deficient element after it has 

been notionally removed”  
 

Linear Static Method 
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Progressive Collapse 
Isometric of Area Near Removed Column 

 
 
 
 
 

Alternative Path Analysis 

Second Floor Framing Plan 
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Progressive Collapse 
UFC 4-023: Typical Action Classifications 

 
 
 
 

Alternative Path Analysis 

Linear Static Method 
 

M-factors 
 

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

 
 
 
 
 

Alternative Path Analysis 

Interaction Equation 
 

Moment Divided by m-factor 
Expected Strengths Used 

Typical Frames = 6 

 
 
 
 

 
 

𝑃𝑟

Ω ∗ 𝑃𝑐
+

8
9

𝑀𝑟𝑥
Ω ∗ 𝑀𝑐𝑥

+
𝑀𝑟𝑦

Ω ∗ 𝑀𝑐𝑦

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 

 
(0.9 or 1.2)D + (0.5L or 0.2S) + 0.002ΣP 

 
 
 
 
 
 

Alternative Path Analysis 

Isometric of Far Loads 
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Progressive Collapse 
UFC 4-023: Near Load Combination 

 
Ω[(0.9 or 1.2)D + (0.5L or 0.2S)] + 0.002ΣP 

 

Alternative Path Analysis 

Isometric of Far Loads 
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Progressive Collapse 
UFC 4-023: Near Load Combination 

 
Ω[(0.9 or 1.2)D + (0.5L or 0.2S)] + 0.002ΣP 

 

Alternative Path Analysis 

Force Controlled Actions: 
ΩLF = 2.0 

 
Deflection Controlled Actions: 

 ΩLD = 0.9mLIF+1.1 
 

mLIF : smallest m-factor  
of adjacent elements 
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Progressive Collapse 
Results 

 

Alternative Path Analysis 
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Progressive Collapse 
Removal at 4th Floor    |    Removal at 7th Floor 

 
 
 
 

Alternative Path Analysis 
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Progressive Collapse 
Nonlinear Hand Calculations 

 
 
 
 

Alternative Path Analysis 

Linear Static Results: w21x68 
Nonlinear Results: W21x62 
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Progressive Collapse 
RAM Connection: Moment Connection 

 
 
 
 

Alternative Path Analysis 

Results:  
 

Full Penetration Welds 
(6) 1” dia. A325N Bolts 
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Progressive Collapse 
West Façade Column 

 
 
 
 

Alternative Path Analysis 
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Progressive Collapse 
West Façade Column 

 
 
 
 

Alternative Path Analysis 
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Progressive Collapse 
Atrium Curtain Wall 

 
 
 
 

Alternative Path Analysis 
Floor Plan 
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Progressive Collapse 
Atrium Curtain Wall Plan 

 
 
 
 

Alternative Path Analysis 
Results 

 
½” Cable 

20” Sag at Midspan 
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Progressive Collapse 
Nonlinear Hand Calculations 

 
 
 
 

Enhanced Local Resistance 

Lateral Load Causes Flexural Failure 
 

Corner Column Results 
7/16” Doubler Plate  

 
 
 
 

 
 



Architecture Breadth 
Existing Exterior Atrium View 
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Atrium Curtain Wall 
Existing First Floor Plan 



Architecture Breadth 
Existing Atrium Section 
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Atrium Curtain Wall 
Existing First Floor Plan 

Atrium Highlighted 
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Progressive Collapse 
Atrium Curtain Wall 

 
 
 
 

Alternative Path Analysis 
Floor Plan 

 
 
 
 

 
 



Architecture Breadth 
Existing Interior Atrium View 
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Atrium Curtain Wall 
Redesigned Interior Atrium View 



Architecture Breadth 
Existing Interior Atrium View 
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Atrium Curtain Wall 
Redesigned Interior Atrium View 



Architecture Breadth 
Existing Site Plan 
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Site Redesign 
Existing Project Location 

 



Architecture Breadth 
Redesigned Site Plan 
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Site Redesign 
Alterations 

100 ft. standoff distance 
Location 

Security Wall 
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Costs 
Progressive Collapse Requirements 

 
Slab Reinforcement: 596% Increase 

Columns: 113% Increase 
Beams: 9.9% Increase 

 
Total Superstructure: 7.4% Increase 

 
 

 Design to UFC criteria 
 Explore impacts of this analysis 
 Minimal architectural impact 
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Questions 



Introduction 
 
 
 
 
 

Occupancies 
 

     Mechanical Penthouse 
     Executive Offices 
     Offices 
     Daycare 
     Auditorium 
    Retail 
    Parking 
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Base Steel Redesign 
 
 
 
 
 

Layout Alterations 

Floor to Floor Heights 
 

Existing: 12’-0” 
Proposed: 13’-6” 

Total Building  
Height Increase: 10’-6” 

 

 
 

12’-0” 

9’-0” 

8” Slab 

12” Drop 
Panel 6 1/2” Slab 

16” Beam 
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Progressive Collapse 
UFC 3-301-01: Occupancy Categories  

 
 
 
 
 

Requirements 
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Progressive Collapse 
UFC 4-023: Design Requirements 

 
 
 
 
 

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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Progressive Collapse 
 
 
 

Alternative Path Analysis 

Columns: 
 

20% Axial Capacity Limit 
>50% Axial Capacity is Force Controlled 

Life Safety Values  
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Progressive Collapse 
ASCE 41: Steel m-factors 

 
 

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 

 
 

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 

 

Alternative Path Analysis 
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Results 

 

Alternative Path Analysis 
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Architecture Breadth 
UFC 010 Minimum Standoff Distances 

 
 
 
 
 
 
 

Site Redesign 
UFC 010 Conventional Construction  

Standoff Distances   
151 ft. 

 

 
18 ft. 
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Construction Management 
Breadth 

 

Cost 
 

Deck Reinf: $12,500 
Columns: $829,900 

Beams: $948,300 
Connections: $39,100 

 
Total: $2.15 million 

$17.52 / SF 
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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 
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Base Steel Schedule 
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Pro Collapse Schedule 
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