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Summary of New RequirementsSummary of New Requirements
•• Must Account for Geometric Must Account for Geometric 

Imperfections (Out of Imperfections (Out of PlumbnessPlumbness))
•• Must Account for 2Must Account for 2ndnd Order Effects   Order Effects   

(P(P--∆∆ & P& P--δδ))
•• Must Include Member Stiffness Must Include Member Stiffness 

Reductions Due to Residual StressesReductions Due to Residual Stresses
•• Use of KUse of K--Values Can Be Eliminated in Values Can Be Eliminated in 

Most CasesMost Cases

Analysis MethodsAnalysis Methods
Of Chapter COf Chapter C
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Methods Meeting RequirementsMethods Meeting Requirements

11stst Order AnalysisOrder Analysis

Amplified 1Amplified 1stst Order AnalysisOrder Analysis

General 2General 2ndnd Order AnalysisOrder Analysis

Direct Analysis Method (Appendix 7)Direct Analysis Method (Appendix 7)

Analysis MethodsAnalysis Methods
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11stst Order AnalysisOrder Analysis (Section C2.2b)(Section C2.2b)
•• Only Allowed WhenOnly Allowed When

•• PPrr ≤≤ 0.5P0.5Pyy (LRFD)(LRFD)
•• PPrr ≤≤ 0.3125P0.3125Pyy (ASD)(ASD)

•• Must Include Minimum Notional Load in Must Include Minimum Notional Load in 
ALLALL Load CombinationsLoad Combinations

•• NNii = 2.1(= 2.1(ΔΔ / / L)YL)Yii ≥≥ 0.0042Y0.0042Yii

•• Must Apply BMust Apply B11 Amplifier to all Member Amplifier to all Member 
MomentsMoments

•• BB11 = C= Cmm/(1/(1-- ααPPrr/P/Pe1e1) ) ≥≥ 11

Analysis MethodsAnalysis Methods
Of Chapter COf Chapter C
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Amplified 1Amplified 1stst Order Analysis (C2.1b)Order Analysis (C2.1b)

•• Qualifies as a 2Qualifies as a 2ndnd Order AnalysisOrder Analysis
•• MMrr = B= B11MMntnt + B+ B22MMltlt
•• PPrr = P= Pntnt + B+ B22PPltlt

BB11 = C= Cmm/(1/(1-- ααPPrr/P/Pe1e1) ) ≥≥ 11
BB22 = 1/(1= 1/(1--((αΣαΣPPntnt//ΣΣPPe2e2)) )) ≥≥ 11

++ The Additional Requirements of The Additional Requirements of 
General 2General 2nd nd Order AnalysisOrder Analysis

Analysis MethodsAnalysis Methods
Of Chapter COf Chapter C
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General 2General 2ndnd Order AnalysisOrder Analysis
Any Method That Accounts for Any Method That Accounts for PP--ΔΔ & P& P--δδ

Additional Requirements:Additional Requirements:
1.1. ASD Analysis Shall Be Carried Out Under 1.6 ASD Analysis Shall Be Carried Out Under 1.6 

x Load Combinations (Results Divided by 1.6)x Load Combinations (Results Divided by 1.6)

2.2. Must Include Minimum Notional Load in All Must Include Minimum Notional Load in All 
Gravity Load CombinationsGravity Load Combinations

3.3. Must Use KMust Use K--Factors for Moment Frame Factors for Moment Frame 
Columns If (2Columns If (2ndnd Drift / 1Drift / 1stst Drift) > 1.1Drift) > 1.1

Analysis MethodsAnalysis Methods
Of Chapter COf Chapter C
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Direct Analysis Method Direct Analysis Method (Appendix 7)(Appendix 7)

•• Preferred Method in AISC SpecificationPreferred Method in AISC Specification

•• No Restrictions on UseNo Restrictions on Use

•• Must Be Used if (2Must Be Used if (2ndnd Drift / 1Drift / 1stst Drift) > 1.5Drift) > 1.5

Direct Analysis Direct Analysis 
MethodMethod
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Geometric ImperfectionsGeometric Imperfections
•• Apply Notional Loads = 0.002YApply Notional Loads = 0.002Yii

(Assumes Imperfection = L / 500)(Assumes Imperfection = L / 500)

•• Notional Loads May Be Reduced When Notional Loads May Be Reduced When 
Imperfections Are SmallerImperfections Are Smaller

•• If (2If (2ndnd Drift / 1Drift / 1stst Drift) < 1.5, Notional Loads Drift) < 1.5, Notional Loads 
Apply To Gravity Load Combinations OnlyApply To Gravity Load Combinations Only

Direct Analysis Direct Analysis 
MethodMethod
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22ndnd Order AnalysisOrder Analysis
•• PP--∆∆ (Big Delta) Analysis(Big Delta) Analysis

Always RequiredAlways Required

•• PP--δδ (little delta) Analysis(little delta) Analysis
Can Be Ignored If Can Be Ignored If ααPPrr < 0.15P< 0.15PeLeL

Example: W12x65 Column (L = 15Example: W12x65 Column (L = 15’’))
PPeLeL = 4708 kips= 4708 kips PPyy = 955 kips= 955 kips
ΦΦPPnn = 746 kips= 746 kips →→ 0.16P0.16PeLeL

Direct Analysis Direct Analysis 
MethodMethod
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AISC AISC ““BenchmarkBenchmark”” ProblemsProblemsDirect Analysis Direct Analysis 
MethodMethod

Case 1Case 1

Case 2Case 2



Benchmark Benchmark –– Case 1Case 1Direct Analysis Direct Analysis 
MethodMethod
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Zero JointsZero Joints

One JointOne Joint

Three JointsThree Joints



Benchmark Benchmark –– Case 1Case 1Direct Analysis Direct Analysis 
MethodMethod Case 1: Deflection Amplification
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Benchmark Benchmark –– Case 1Case 1Direct Analysis Direct Analysis 
MethodMethod Case 1: Moment Amplification
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Benchmark Benchmark –– Case 2Case 2Direct Analysis Direct Analysis 
MethodMethod Case 2: Deflection Amplification
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Benchmark Benchmark –– Case 2Case 2Direct Analysis Direct Analysis 
MethodMethod Case 2: Moment Amplification
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Material NonMaterial Non--Linearity EffectsLinearity Effects
Axial Stiffness ReductionAxial Stiffness Reduction
•• 0.8EA 0.8EA –– For Members Whose Axial For Members Whose Axial 

Stiffness Contributes To Lateral Stability of Stiffness Contributes To Lateral Stability of 
StructureStructure

–– Columns That Are Part of LFRSColumns That Are Part of LFRS
–– Braces That Are Part of LFRSBraces That Are Part of LFRS

Direct Analysis Direct Analysis 
MethodMethod
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Material NonMaterial Non--Linearity EffectsLinearity Effects
Flexural Stiffness ReductionFlexural Stiffness Reduction
•• 0.80.8ττbbEIEI –– For Members Whose Flexural For Members Whose Flexural 

Stiffness Contributes To Lateral Stability of Stiffness Contributes To Lateral Stability of 
StructureStructure

–– Beams That Are Part of Moment FramesBeams That Are Part of Moment Frames
–– Columns That Are Part of Moment FramesColumns That Are Part of Moment Frames
–– TauTau ((ττbb) Is Based on Axial Load) Is Based on Axial Load

•• TauTau May Be Set to May Be Set to ‘‘1.01.0’’ If An If An AdditionalAdditional
Notional Load (0.001YNotional Load (0.001Yii) Is Included ) Is Included 

Direct Analysis Direct Analysis 
MethodMethod
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Analysis Methods of Chapter CAnalysis Methods of Chapter C
•• 11stst Order AnalysisOrder Analysis
•• Amplified 1Amplified 1stst Order AnalysisOrder Analysis
•• General 2General 2ndnd Order AnalysisOrder Analysis

Direct Analysis Method Direct Analysis Method (Appendix 7)(Appendix 7)
•• Geometric Imperfections (Notional Loads)Geometric Imperfections (Notional Loads)
•• 22ndnd Order EffectsOrder Effects
•• Material NonMaterial Non--LinearityLinearity
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RISARISA’’s Implementation of D.A.M.s Implementation of D.A.M.
Notional LoadsNotional Loads
PP--∆∆ (Big Delta)(Big Delta)
PP--δδ (little delta)(little delta)
Automated Stiffness Automated Stiffness 
AdjustmentsAdjustments

Direct Analysis Direct Analysis 
MethodMethod
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