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Existing Challenges
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• (2) Reliability-based structural optimization (RBSO)
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• (1) Melting nodes of shape optimization (重複節点)
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RBSO of plane frame

RBSO of shape and topology optimization of plane frame
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θ:  Random parameter (不確定性); Rj: Target probability (性能制約を満たす確率)

軸力密度法



Quantile-based RBSO

• (1) Problem statement
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Rewrite the problem using quantile (分位数)
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確率に関する制約



Problem formulation

• Sequential optimization and reliability assessment (SORA)
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Estimation of quantile

Determine the desired quantile : how? ;
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Maximum entropy method
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To derive           using Maximum Entropy method k

jQ q

Entropy of random variable (確率変数のエントロピー) 
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Numerical Example

Example:
To minimize the structural volume with 

displacement constraint on Node 11
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節点11の変位に対する信頼性制約下での
平面骨組総体積を最小化する

Target probability: R11=0.99

不確定性:節点位置、断面積、ヤング係数



Numerical Example

First iteration:

Result Initial iteration Final iteration

Structural volume (m3) 9.2167×10-2 9.8017×10-2

(m) 3.199×10-3 (3.175×10-3) 3.0×10-3 (2.973×10-3)

MCS: Monte Carlo simulation

11RQ (·): MCS

11RQ
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総体積
分位数



Numerical Example

Final iteration:

Result Initial iteration Final iteration

Structural volume (m3) 9.2167×10-2 9.8017×10-2

(m) 3.199×10-3 (3.175×10-3) 3.0×10-3 (2.973×10-3)

MCS: Monte Carlo simulation

11RQ (·): MCS
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総体積
分位数



Summary and conclusion

The proposed method has the following conclusions：

Brief Summary of the presentation：

• Reliability-based shape and topology optimization 

• Quantile-based SORA

• Estimation of quantile function using sample L-moments

• Force density method 

• Estimation of quantile function can be achieved

• A result satisfying the probability constraints can be found

• Melting nodes can be avoid
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Optimization of Frames
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Existing Challenges
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• (2) Reliability-based structural optimization (RBSO)
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RBSO of plane frame

RBSO of shape and topology optimization of plane frame
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θ:  Random parameter (不確定性); Rj: Target probability (性能制約を満たす確率)

信頼性に基づく構造最適化

軸力密度法



Auxiliary truss structure
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Pin joint

ピン接合

Design variable: t-force density;

A-cross-sectional area 

軸力密度法



Quantile-based RBDO

• (1) Problem statement
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Problem formulation

• Sequential optimization and reliability assessment (SORA)
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To derive           using Maximum Entropy method k
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Lagrangian method
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Quantile function

After obtaining the Lagrangian multiplier:
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Back to SORA problem formulation:
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最小順序統計量 0からRj までの積分



Numerical Example

Example:
To minimize the structural volume with 

displacement constraint on Node 11
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節点11の変位に対する信頼性制約下での
平面骨組総体積を最小化する

Target probability: R11=0.99

不確定性:節点位置、断面積、ヤング係数



Numerical Example

First iteration:

Result Initial iteration Final iteration

Structural volume (m3) 9.2167×10-2 9.8017×10-2

(m) 3.199×10-3 (3.175×10-3) 3.0×10-3 (2.973×10-3)

MCS: Monte Carlo simulation

11RQ (·): MCS
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Numerical Example

Final iteration:

Result Initial iteration Final iteration

Structural volume (m3) 9.2167×10-2 9.8017×10-2

(m) 3.199×10-3 (3.175×10-3) 3.0×10-3 (2.973×10-3)

MCS: Monte Carlo simulation

11RQ (·): MCS
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Summary and conclusion

The proposed method has the following conclusions：

Brief Summary of the presentation：

• Reliability-based shape and topology optimization 

• Quantile-based SORA

• Estimation of quantile function using sample L-moments

• Force density method 

• Estimation of quantile function can be achieved

• A result satisfying the probability constraints can be found

• Melting nodes can be avoid
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Thanks for your kind attention
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ご清聴ありがとうございます


