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 Seismic Design Category Consolodation 

 Reliability of Structural and Nonstructural Components for Safety 

 Function of RC IV Reliability 

 Egress 

 

Topics 
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 Simplify the standard, by consolidating 6 SDCs to 4 

 A, B/C, D, E/F 

 Note these could be called- 

 Low seismic 

 Moderate Seismic 

 High Seismic 

 Near Fault 

 By combining several B and C eliminate some of the instability in SDC determination as ground 

motion values change. 

 Separate structural and nonstructural requirements.  They should not be triggered by the same 

motions. 

Purpose 



 Seismic Design Categories as presently used in ASCE 7 were developed under the 1997 NEHRP 

Provisions 

Background 

SDC SDS SMS MCE MMI SD1 SM1 MCE MMI Requirements

A <.167 <.25 VI <.067 <.1 VI Structural Integrity

B <.33 <.5 VII <.133 <.2 VII Structure design, parapets, few system limits

C <.5 <.75 VIII <.2 <.3 VII Structure design, multi-direction, nonstructural, few more 

D .5< .75< VIII+ .2< .3< VIII Restrictions on analysis method and systems

E IX .75< 1.1< IX Irregularity restrictions

F IX IX Irregularity restrictions and height limits

16th percentile MMI to Sa 

conversion` 



 Current SDC boundaries map reasonably well to high  confidence of having: 

 SDC A – MMI V - maximum 

 SDC B – MMI VI - maximum 

 SDC C – MMI VII - Maximum 

 SDC D – having MMI VIII or higher 

 Recent evidence suggests that MMI VI and lower, there  is no need to provide 

seismic protection 

 For MMI VII – probably need to protect against  cantilevered parapets, chimneys 

and nonstructural falling hazards 

 MMI VIII and above design for earthquake like you mean  it! 

EQ Damage Study Conclusions 



 Separate structural and nonstructural SDCs 

 Establish Structural SDCs as follows: 

A – No seismic design required (structural Integrity) 

 Assign this to all structures with MCE MMI <VI at the 16th percentile 

BC – Seismic design required, little regulation of analysis procedure, or systems 

 Assign this to all structures with  MMI VII at the 16th percentile 

DEF – High seismic design required. Analysis and system limitations. No extreme weak story irregularity. 

 Assign this to all structures with MMI VIII or greater 

Proposal 



 SDC – A:   MMI VI and lower SDS<0.15g, SD1< 0.05g  (presently 0.167/0.067)  “A shrinks”  

 SDC – BC: VI < MMI < VIII SDS<0.5g, SD1<0.25g  (presently .5/.2)  “BC grows at lower end” 

 SDC – DEF: SDS>0.5g, SD1>0.25g (presently 0.5/0.2)  “D grows to encompass E & F” 

Proposed conversion of  Sa to MMI 

Worden C.B., Gertenberger, M.C., Rhoades, D.A. and Wald, 

D.J.   Probabilistic Relationships between Ground Motion 

Parameters and Modified Mercalli Intensity in California, 

Bulletin of Seismological Society of America, Vol 102, No.1 pp 

204-221, Feb, 2012. 



 ELF allowed for any structure 

 Direction combination required 

 Adopt following System limits 

 Not permitted (all are currently permitted in SDC B) 

 Plain concrete, Plain masonry, Plain AAC 

 Ordinary composite frames 

 Ordinary concrete frames (?) 

 Height Limits – adopt present SDC “C” 

 Ordinary reinforced masonry limited to 160 

 Ordinary reinforced AAC limited to 35 feet 

 

SDC BC Criteria 



 Preserve present SDC D criteria 

 Add prohibition of extreme weak story irregularity 

 The only SDC E & F difference than SDC D are height limits and some system exclusions: 

 SDC E/F – 160’ limit reduced to 100’ 

 SDC D/E -160 feet reduced to SDC F 100 feet for bearing wall systems 

 SDC F prohibits Special Truss Moment frames 

 SDC F prohibits Composite Special Concentric Braced Frames 

 SDC F prohibits OCBF under 35’ 

 Really there is no basis for these extra limits, other than a desire to be “more conservative”  Recent ATC 

58 studies suggest bearing wall systems are among the best performing in SDC IV – so why limit? 

 

SDC DEF 



 Desire to align with structural SDCs 

 SDC A – No nonstructural design requirements (including Risk Category IV) 

 No Change 

 SDC B/C – Nonstructural design requirements for items that could hurt/kill. 

 Different from current requirements. More items will be braced in B and C. 

 Use FEMA E74 and ASCE 41 Nonstructural Life Safety as basis. 

 SDC DEF – Current SDC D requirements 

 Anchor or brace almost everything 

 Require equipment qualification for Risk Category IV facilities. 

Nonstructural 
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2015 NEHRP Provisions 



2015 NEHRP Provisions 



2015 NEHRP Provisions 



ASCE 7-16 



ASCE 7-16 

The standard also seeks to protect against local failure that does not result in global collapse but could 

result in injury risk to a few persons.  Chapter 16 of the standard defines structural elements according 

to their criticality as critical, ordinary and noncritical, where critical elements can lead to global collapse; 

ordinary elements to endangerment of a limited number of lives; and noncritical elements do not have 

safety consequences.  For ordinary elements in risk category II structures, the standard accepts a 25% 

probability of failure given MCER shaking (approximately 10% probability of failure for DE shaking).  

Failure probabilities for ordinary elements in Risk Category III and IV structures are respectively 15% 

and 9% for MCER shaking and 4% and 2% for DE shaking. 



ASCE 7-10 



ASCE 7-10 Basis for 25% in MCE 
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Individual Elements Proposed for 2020 NEHRP 

Risk Category1 

Probability of Failure for Component or 

Anchorage 

Given DE Shaking Given MCER Shaking 

I ** ** 

II 10% 25% 

III 5% 15% 

IV 2.5% 10% 

This would align with the targeted reliability for ordinary force-controlled actions per Chapter 16. 



Individual Elements Proposed for 2020 NEHRP 

Risk Category1 

Failure That Could Result In Individual Lives 

Given DE Shaking Given MCER Shaking 

I ** ** 

II 10% 25% 

III 5% 15% 

IV 2.5% 10% 

This would align with the targeted reliability for ordinary force-controlled actions per Chapter 16. 



Should we extend the individual element reliability in the Design Earthquake to Nonstructural 

Components? 

Nonstructural Reliability 

Risk Category1 

Probability of Failure for Component or 

Anchorage 

Given DE Shaking Given MCER Shaking 

I ** ** 

II 10% 25% 

III 5% 15% 

IV 2.5% 10% 



ATC 120 project had strong consensus that nonstructural components should not have any explicity 

MCE performance target.  

Nonstructural Reliability 

Risk Category1 

Probability of Failure for Component or 

Anchorage 

Given DE Shaking Given MCER Shaking 

I ** ** 

II 10% 25% 

III 5% 15% 

IV 2.5% 10% 



Since there are only two nonstructural performance categories, we would be left with  

Nonstructural Reliability 

Risk Category / 

Nonstructural Importance 

Factor 

Probability of Failure 

for Component or 

Anchorage 

Given DE Shaking 

II / Ip = 1.0 10% 

IV / Ip = 1.5 2.5% 



ASCE 7-16 currently requires Ip = 1.5 for a component that “conveys, supports, or otherwise 

contains toxic, highly toxic, or explosive substances … sufficient to pose a threat to the public if 

released.” 

Provisions currently identify release of hazardous materials is “very low at the DE ground motion 

and thus low at the MCER ground motion.”  

Hazardous Material Reliability 

Risk Category/ 

Nonstructural Importance 

Factor 

Probability of Failure for Component or 

Anchorage 

Given DE Shaking Given MCER Shaking 

IV / Ip = 1.5 2.5% 10% 



 Provides guidelines for ATC 120 and IT-5 to set equation for nonstructural design forces. 

Impacts / Changes 



 Would require further study of hazardous materials containment systems to validate reliabilities. 

Impacts / Changes 



 Task group discussing should probabilities for “ordinary” component failure or for endangerment 

to individual life. 

 Task group discussing should probabilities at the Design Earthquake be extended to 

Nonstructural components. 

 Task group discussing should probabilities at the Design Earthquake and MCE_R be set for 

hazardous material release. 

Proposal Status 
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2015 NEHRP Provisions 



2015 NEHRP Provisions 



ASCE 7-16 Section 1.3.3 Functionality 

 

Structural systems and members and connections thereof assigned to Risk Category IV 

shall be designed with reasonable probability to have adequate structural strength and 

stiffness to limit deflections, lateral drift, or other deformations such that their behavior 

would not prevent function of the facility immediately following any of the design 

level environmental hazard events specified in this standard.  Designated nonstructural 

systems and their attachment to the structure shall be designed with sufficient strength and 

stiffness such that their behavior would not prevent function immediately following any of 

the design level environmental hazard events specified in this standard.   Components of 

designated nonstructural systems shall be designed, qualified or otherwise protected such 

that they shall be demonstrated capable of performing their critical function after the 

facility is subjected to any of the design level environmental hazards specified in this 

standard.   

 



Define the reliability of Risk Category IV buildings and nonbuilding structures as having only a 10% 

probability of losing function in the Design Earthquake ground motion.  

Remove reference to “some” Risk Category III nonbuilding structures having a function preservation 

goal.  

Need to define what constitues “loss of function” 

Proposal 



In SDC A, B, C, and E, the SDC is increased by one increment. 

Design forces are increased by 50%. 

Drift limits are reduced by a factor of 2. 

Liquefaction limits are reduced by a factor of 3 to 4. 

Freeboard requirement for tanks and buckling prohibition for elevated tanks. 

Added requirements for boilers and pressure vessels. 

Ip = 1.5 increases SDC requirements again (2 SDC jump for Nonstructural). 

Ip = 1.5 requires certified equipment. 

Ip = 1.5 adds requirement to evaluate component attachment point. 

Ip = 1.5 requires joints for electrical distribution systems. 

Note: No explicit DE check in Chapter 16 

Risk Category IV Requirements 



In SDC A, B, C, and E, the SDC is increased by one increment. 

Design forces are increased by 25%. 

Drift limits are reduced by a factor of 1.5. 

Liquefaction limits are reduced by a factor of 1.5. 

Freeboard requirement for tanks and buckling prohibition for elevated tanks. 

Added requirements for boilers and pressure vessels. 

Ip = 1.5 increases SDC requirements again (2 SDC jump for Nonstr.). 

Ip = 1.5 requires certified equipment. 

Ip = 1.5 adds requirement to evaluate component attachment point. 

Ip = 1.5 requires joints for electrical distribution systems. 

Note: No explicit DE check in Chapter 16 

Risk Category III Requirements 



ATC 120 report identifies performance 

objective of nonstructural components 

required for postearthquake function as 

being able to function following the Design 

Earthquake.   

 

Supporting Data 



Use the ATC 58-2 studies on probability of an unsafe placard and 90th percentile repair time 

Look at bounds of the “design space” and “representative design” 

Use buildings designed to Risk Category IV requirements 

 

Supporting Data 



Steel Special Moment Frame 
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Steel Special Moment Frame 
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Steel Special Moment Frame 
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90th Percentile Loss 
90th Percentile Repair 

Time 
Probability of Unsafe 

Placard 

Best 
Represe

nt 
Worst Best 

Represe

nt 
Worst Best 

Represe

nt 
Worst 

Steel SMF Low-Rise 8% 12% 15% 28 34 40 0.1% 2.8% 5.7% 

Steel SMF Mid-Rise 6% 8% 11% 29 31 35 0.0% 0.3% 1.9% 

Steel SCBF Low-Rise 18% 21% 23% 46 54 59 3.3% 42.0% 66.6% 

Steel SCBF Mid-Rise 15% 19% 21% 45 56 61 3.3% 41.5% 80.1% 

Steel BRBF Low-Rise 15% 100% 100% 36 720 720 2.9% 36.7% 65.1% 

Steel BRBF Mid-Rise 11% 16% 100% 34 44.3 720 10.0% 3.3% 11.1% 

Conc SMF Low-Rise 6% 11% 17% 27 38 50.6 0.0% 1.7% 6.1% 

Conc SMF Mid-Rise 5% 6% 7% 28 30 32 0.0% 10.0% 0.5% 

Conc SSW Low-Rise 9% 9% 13% 28 30 38 0.0% 0.1% 6.2% 

Conc SSW Mid-Rise 7% 7% 9% 31 32 34 0.0% 0.0% 10.0% 



 Need to define what “loss of function” means. Are there different “loss of function” targets? 

 Would require further study of hazardous materials containment systems to validate reliabilities. 

 Review nonstructural certification to confirm that current procedures produce 90% reliability.  

 Drift limits for BRBF structures may need to be tightened. 

 SCBF structural systems would not meet these targets without significant changes in design 

rules. 

 Would need to validate other structural systems or prohibit in RC IV in SDC D and higher without 

additional validation.  

 

Impacts / Changes 



 Do we support eliminating reference to Risk Category III for function protection? 

 Do we support 10% probability of loss of function? 

 Is a 30-day 90% upper-bound repair time an acceptable limit?  

 

 

Questions 
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 ATC 120 identified preservation of egress in the DE as a performance objective.  

 Do we need to edit this statement to extend it beyond just stairs losing support? 

Egress 



 Currently Chapter 16 only  requires nonlinear 

evaluation at MCER shaking intensity.  

 There is no explicit DE evaluation. DE 

performance is based on Chapter 12 evaluation. 

 Should we require explicit DE evaluation of Risk 

Category IV structures in lieu of Chapter 12 

evaluation?  

 

Chapter 16 for Risk Category IV 


