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Overview of Presentation 

 A little bit about the ATC-120 project 

 What are the goals for new equations? 

 What are the influences of various parameters? 

 The form and development of new equations 

 Benchmarking the proposed equations 

 Comparisons of results between current and 

proposed equations 

 Illustrative examples 

 Recommendations and next steps 
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ATC-120 Team 

 NIST Project Manager: Matt Hoehler 

 ATC Project Manager: Ayse Hortacsu 

 Project Technical Committee: Maryann Phipps 

(Project Director), John Gillengerten, Bill Holmes, 

Bret Lizundia, Ricardo Medina, Eduardo Miranda, 

Bob Pekelnicky 

 Project Review Panel:  Bob Bachman (Chair), 

Andre Filiatrault, Jim Harris, Mike Mahoney, 

Shannon Rose, Jeff Soulages, Bill Staehlin, Chris 

Tokas 
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Design Equation  
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Dimitrios Vamvatsikos 
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What Are The Goals? 

We want equations that are: 

 Grounded in science: Based on a comprehensive technical 

investigation of the parameters that significantly influence 

component response.  Use instrumental records and 

archetype studies. 

 Transparent:  The form of the equation is easy to 

understand and directly relates to the underlying basis. 

 Not complicated:  Easy to use by practitioners. 

 Addresses various situations:  

– Building type and height are not known. 

– Building type and height are known, but no other info. 

– A building analysis is available. 
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ASCE 7-16 Equations  

13.3-1, 13.3-2, and 13.3-3 
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PCA: Peak Component Acceleration 

 

PFA:  Peak Floor Acceleration 

 

PGA:  Peak Ground Acceleration 

 

 

Key Terminology 
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0.4SDS = Approximation of PGA 

0.4SDS = Approximation of PFA/PGA 

 

ap = component amplification factor, PCA/PFA 

Rp = component response modification factor 

Ip  =  component Importance Factor 
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 Ground shaking intensity, 

PGA 

 Seismic force-resisting 

system of the building 

(SFRS) 

 The building’s modal 

periods, Tn,bldg 

 Building ductility, bldg 

 Building damping, βbldg 

 Building configuration (such 

as plan and vertical 

irregularities), IRR 

 

p

p

F

W

f(PGA, SFRS, Tn,bldg, µbldg, βbldg, IRR, DIA, z/h,Tcomp, µcomp, βcomp, Ω0comp) × Ip 

=  

 Floor diaphragm rigidity, DIA 

 Vertical location of 

component within the 

building, z/h 

 Component period, Tcomp 

 Component and/or 

anchorage ductility, comp 

 Component damping, βcomp 

 Component reserve strength 

margin, Ω0comp 
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PGA 
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PGA 
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Seismic Force-Resisting System 
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Building Modal Periods, Tn,bldg 
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 Inherent Building Damping, βbldg 
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Building Ductility, μbldg 
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Vertical Location Within the Building, z/h 



Applied Technology Council 

Vertical Location Within the Building, z/h 
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Component Period and  

Building Period Resonance 
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Inherent Component Damping, βcomp 
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Inherent Component Damping, βcomp 
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Sources of Component and/or 

Anchorage Ductility, μcomp 

 Component 

 Connection of 

component to anchor 

 Anchor 
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Component /Anchorage Ductility, μcomp 

βcomp = 2% βcomp = 5% 

μcomp=1.25 (low) 

μcomp=1.5 (moderate) 

μcomp=2 (high) 
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Proposed Equation Framework 
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Proposed Equation 
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Unlikely vs. Likely in Resonance 

Likely 

Unlikely 
Unlikely 
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Component Period vs. Building Period 
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Component Period vs. Building Period 
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Component Period vs. Building Period 



Applied Technology Council 

PCA/PFA Capping at Resonance 
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PCA/PFA Capping at Resonance 
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Selecting Exponent for 

Rμbldg = RD
x = (1.1R/Ω0)

x 
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Likely in Resonance Components: 

Fp,actual /Fp,proposed 
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Likely in Resonance Components: 

Fp,actual /Fp,proposed 
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Likely in Resonance Components: 

Fp,actual /Fp,proposed 
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Unlikely in Resonance Components: 

Fp,actual /Fp,proposed 
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Minimum and Maximum Equations 
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Magnitude of the Minimum 

 1991 UBC (basis of ASCE 7-16 equations)  

    Fp,ASD = (2/3)ZIpCpWp  

        = (2/3)(0.4SDS)Ip(0.75)Wp   

          = 0.2SDSIpWp 

    Fp,LRFD ≈ 1.5Fp,ASD = 0.3SDSIpWp 

 Alternate  

    Fp,LRFD = 0.4SDSIpWp / Rpocomp 

  Fp,LRFD ≈ 0.3SDSIpWp 
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Magnitude of the Maximum 
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Example Component Design: 

Partition, z/h=0.5, 6-story SMRF 

 Factors: Rigidity, height, likeliness of 

resonance with building, damping 

 ASCE 7-16: ap=1, Rp=2.5, Fp/Wp = 0.32g. 

Issue: Ductility has no effect at Tcomp = 0. 

 Proposed: 

– CMU and short wood/metal stud: Unlikely 

resonance, Fp/Wp = 0.30g 

– Tall wood/metal stud: Likely resonance, high 

ductility, Fp/Wp = 0.39g 
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Example Component Anchor Design: 

Floor Cabinet, z/h=0.75, 4-story OCBF 

 Factors: In-plane vs. out-of-plane 

 ASCE 7-16: ap=1, Rp=2.5, Ωo=2.0, Fp/Wp = 

0.80g.  Issue: Ductility has no effect at Tcomp=0 

 Proposed: 

– In-plane: Unlikely resonance, Fp/Wp = 0.98g 

– Out-of-plane: Likely resonance, moderate ductility, 

Fp/Wp = 2.87g 

– But out-of-plane with 6-story SMRF, Fp/Wp = 1.46g 
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When Building Type/Height 

 Are Unknown 

 Use the maximum equation 
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ATC-120 Recommendations 

 Develop code change proposal using report 

 Create an industry database on component damping, 

ductility and periods of vibration 

 Study test results to quantify the component reserve 

strength margin 

 Augment archetype studies with low R-factor buildings 

 Augment archetype studies with more amplitude-

scaled response histories 

 Increase strong motion instrumentation of components 

and for more thoughtful vertical response 
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Next Steps 

 PUC IT5 to review and consider adoption 

of proposed equations.   

 IT5 will need to assign components to 

unlikely/likely in resonance and ductility 

categories. 

 A code change proposal will then be 

written. 
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Unlikely in Resonance  

Potential Criteria 

 Tcomp/Tabldg is low, say 

below ≈ 0.2 

 Tcomp is low, say below 

0.06-0.10 seconds 

 Tcomp is relatively low, 

perhaps above 0.10 

seconds, but no or 

limited history of 

issues 
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Criteria for Assigning  

Component Ductility 

 Test data that shows 

ductility 

 Judgment call on 

assumed relative 

level of ductility 

 Similar to current Rp 

 No ductility when not 

in resonance in 

proposed equation 
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Discussion 

Photo from : http://assets2.quakecentre.co.nz/assets/image1_5468_1.png 

 



Applied Technology Council 

 

Likely in Resonance Components: 

Fp,actual /Fp,proposed 


