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Simulation Optimization Technology (Part 2)

Figure 1  Optimization conceptual diagram

Table 1.	Each state, required analysis technology, 
	 and required condition

State Required analysis 
technology Required condition

Strength Stress Generated stress and displacement are 
below the allowable values

Vibration 
performance Vibration Response acceleration of vibration is 

below the allowable value
Earthquake 
resistance Vibration Does not collapse during a major 

earthquake

Sound Acoustics Sound pressure level is below the 
allowable value

Temperature Heat transfer Ensures thermal insulation performance

Airflow Fluid Ensures air circulation and ventilation 
performance

1	 Introduction
In this article, we introduce a simulation optimization 

(combination of numerical analysis and optimization) 
technology to improve the efficiency of specification 
examination for habitability and strength in architectural 
designs (frames and floors).

2	 Optimization concept and 
	 search method

Figure 1 shows the concept of optimization (for details, 
see Simulation Optimization of Universal Joints, Nippon 
Steel Engineering Co., Ltd. Technical Review No. 14). In 
the figure, the design dimensions of X and Y that can be 
changed are plotted in the horizontal direction, and the stress 
generated is plotted in the vertical direction. The simulation 
optimization, for example, automatically searches for the 
optimal dimensions that minimize this generated stress.

3	 Background of examination
Table 1 shows each state, required analysis technology, 

and required condition in the architectural design. By 
solving each state simultaneously, we can examine them 
more rationally and efficiently. Therefore, this time, we 
have constructed a method of simulation optimization 
cons ider ing  s t rength  and v ibra t ion  performance 
(habitability) simultaneously.

4	 Model and conditions to be analyzed
Figure 2 shows the model to be analyzed and the analysis 

conditions. This model is intended for a typical office 
floor consisting of steel frames and a concrete slab floor. 
However, because it is a fictitious structure to build this 
optimization technology, it is considered a member structure 
with spare strength that satisfies all criteria, such as stress 
and habitability (steady vertical vibration).

4.1	 Optimization considering strength 
and vibration performance 
(habitability) simultaneously

For the optimization conditions, the objective function 
was the weight, and the constraints were the stress 
generated in all members (static analysis), deflection of 
each beam (static analysis), and acceleration in the vertical 
direction of the floor (dynamic analysis). In addition, the 
design variables were set for 32 sub-beams (17 types of 
cross sections) and floor thickness (16 types of dimensions 

Solution space
(generally multimodal)

Design variables (two-dimensional)

Starting
point 1

Starting
point 2

Local solution
If it is satisfactory,
it can also be adopted...Optimal

solution
(globalsolution)

■ Load: 1) Self-weight + live load (2900 N/m2)
 2) 5 steps walk at 2 Hz (excitation force is based on various composite structure design guidelines)
■ Constraint: Upper and lower ends of the columns are pin-supported 
 (roller support only in the vertical direction of the column upper end)
■ Physical properties: Steel material (E=205 GPa　ν = 0.3　ρ = 7.85)　
 Slab floor (E=22.6 GPa　ν = 0.2　ρ = 2.4)
■ Evaluation: 1) Habitability of the central part of the three rooms shown in A, B, and C 
  (often the largest vertical vibration)
 2) Stress generated in all steel materials　
  Deflection limit of sub-beams　Slenderness ratio of sub-beams
 3) Stress generated in the slab floor (minimum principal stress σmin)
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Figure 2  Model and conditions to be analyzed
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ranging from 100 to 250 mm), shown in red in Fig. 3. Static 
analysis and dynamic analysis (ΔT = 4 ms, T = 2.5 s) were 
used for the analysis method, and the adaptive simulated 
annealing (ASA) method was used for the optimization (see 
Fig. 4).

5	 Conclusion
In this article, we have shown the possibility of a more 

rational and efficient examination by using a simulation 
optimization technology that considers multiple states 
simultaneously.

In the future, we intend to expand the application of 
simulation optimization technology to combinations of various 
states such as earthquake resistance, sound, and air flow.

4.2	 Optimization results (weight and 
stress evaluation)

Compared with the model to be analyzed (initial shape) 
shown in Fig. 5, the optimized shape shown in Fig. 6 shows 
the change in the weight-reduced frame member. In addition, 
Table 2 shows changes in weight and floor thickness and that 
all members satisfy the allowable stress.

4.4	 Numerical analysis results that serve 
as the basis for habitability evaluation

Figure 9 shows the frequency analysis results of the 
acceleration history of each floor of the optimized shape (see 
Fig. 8 for points A to C). By representing each point and 
comparing the dominant frequency of point C in Fig. 9 with 
the vibration eigenvalue in Fig. 10, we observe that they are 
mostly compatible.

4.5	 Optimization results (for each test ratio)
The radar chart of the analysis results shown in Fig. 11 

confirms that each physical quantity is approaching the 
criteria (economical design) simultaneously as weight 
reduction.

4.3	 Optimization results (habitability evaluation)
From the habitability evaluation diagram in Fig. 7, the 

optimized shape (red ●) is within the range of the criteria 
(light yellow) and closer to the criteria (green V–IV line) 
compared with the initial shape (blue▲), and it can confirm 
how a more economical design is implemented (see Fig. 8 
for points A to C).
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Figure 3	 Design variables of 
	 sub-beams

Figure 9	 Frequency analysis 
	 results

Figure 4	 Optimization Flow

Figure 10	Vibration mode of 
	 the floor at point C

Figure 7	 Habitability evaluation 
	 diagram※1

Figure 8	 Result extraction points 
	 (points A to C)

Initial shape (181.9 ton) Optimized shape (125.1 t)

56.8 t weight reduction (31%↓) 
compared with the initial shape

Figure 5	 Initial shape Figure 6	 Optimized shape

Table 2	 Weight, floor thickness, and stress evaluation results

Weight
[ton]

Floor
thickness

[mm]

Maximum generated stress and allowable values of all members [MPa]
Floor
σmin

Allowable 
value Judgment

Steel material
σmin

Allowable 
value Judgment

Initial 181.9 200 1.7
8

○ 48.3
156

○
Optimized 125.1 120 3.4 ○ 74.2 ○
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Figure 11	 Radar chart for each test ratio (weight and slab floor
	 test ratios are proportional to the initial shape)

※1	 Source: Standard for the Evaluation of Habitability to Building Vibration 2018, 
	 Architectural Institute of Japan


