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“Katachi” Solution —Five Approaches for Weight Reduction of Structures and Some Examples—
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Abstract

Nippon Steel Corporation has been widely applying the design technology of light-gauge steel
structures developed through the R&D for building structures to a large variety of steel structural
systems in many fields. Since better solutions for effective utilization of steel can be proposed by
controlling shapes, we call the technology the “Katachi” solution. “Katachi” is a Japanese word
broadly meaning member shapes and structural configurations. This report shows the process of
finding better solutions, the concept of analyzing deformation and five approaches for development

with various examples.
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Two types of structural performance (strength and stiffness)
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(b) Out-of-plane bending  (c) In-plane shear

(a) Torsional deformation of
overall structure
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Abstract model with clarified structural feature and
deformation of substructure (side panel)
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- — Cross Section Shape
Thickness Combination Thin-walled Column ( 90x90, L=2400, t=1.2 )
Bar- like structure t=16 .
B Increase in >0
t=1.2 compression
t=12 Replaced strength
Increase by steel Optimized

A in torsional stiffness ‘
t=14 Wood Rectangular tube Octagonal tube
t=11 (90x90) (90x90)  (Optimized value D =20 )

B c t=1.3

Frame Arrangement
Frame structure

Customer
products

Torsional Stiffness
of the base is increased

Weight reduction

Panel Embossment
Plate structure

Stiffness is increased by
embossing

C

by rearranged the joints.

Box-like structure
Connection Arrangement [Pl
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Five approaches for improvement in the “Katachi” Solution
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(a) Load condition (b) Extraction (c) Bending
of element

(d) Shear

4 FEROFEERGEHL2LER
Load conditions and multiple deformations

point

Displacement evaluation

D:Displacement evaluation
cross section

w
(a) Schematic drawing
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Method to understand the deformation mode of the
structure®

(b) Movement of cross section
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(a) Option 1 (b) Option 2 (c) Option 3
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Configuration options of cross-section for long box-shaped
member
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(b) Cross section 1 (c) Cross section 2

(a) Schematic drawing
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Example of improvement proposal in the cross-sectional
shape for automobile side sill®

Open section
=Higher flexural stiffness per weight
= Lower torsional stiffness per weight

Closed section

O *Lower flexural stiffness per weight
Extra high torsional stiffness per weight
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Example of combining open sections and closed sections

in order to take advantage of the structural significance of
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Relationship between the orientation of embossment and
central deformation
A: No embossment (t=0.8)

B: Wide overall embossment (t=0.8)

C: Three embossments along the long side (t=0.8)
D: Six embossments along the long side (t=0.8)
E1: Five embossments along the short side (t=0.8)
E2: Five embossments along the short side (t=0.6)
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Embossment arrangement for trial studies
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Example of stiffness evaluation results
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Comparison of flexural and torsional stiffness
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(a) Overall view of the device

(b) Bending test of embossment panel
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Small test equipment for evaluating the structural elements of home appliance housings and the structural chassis
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