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Optimal Dimension Design and Stability Analysis
of Non-slip Steel Grating

In-Soo Son'

{Abstract)

In this study, in order to develop an non-slip metal grating, the stability of the
grating according to the span of the grating and the gap and height of the bearing
bar was evaluated. The optimal shape design of the grating was performed using the
results of determining the stability of the grating. The purpose of this study is to
determine the stability according to the spacing and height of the bearing bar by
applying the design pressure at the design stage to develop the anti-skid grating, and
to design the optimal shape for cost reduction. In the optimal design, the target
variable was set as the mass, and the optimal design of the grating was performed
based on about 20%. Regardless of the height of the bearing bar of the grating, the
stress and deformation of the span and the grating showed a proportional tendency to
each other, and it was found that the stress decreased as the height of the bearing
bar increased. Based on the structural analysis results, an optimal design was
performed using mass as the objective variable, and the existing 2mm thickness was
changed to 1.6mm, reducing the mass by about 19%. The stress increased by about
4.4% compared to the maximum stress of the existing grating, but the minimum safety
factor was 3.1, indicating that the optimally designed grating was stable.

Keywords : Bearing Bar, FEM, Non-Slip Grating, Optimal Design, Span,
Stability Analysis
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Fig. 1 Analysis model(2D) of grating
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Table 1. Material property

Material Elastic Yield strength | Poisson’s
modulus (GPa) (MPa) ratio
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Fig. 3 Boundary conditions for analysis
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Fig. 4 Stress distribution of grating(gap 15mm, 600span)
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Table 2. Analysis result of grating(gap 8mm)

Height Span(mm)
(mm) 600 1,050 | 1,500 | 2,100 | 2,700
25 S| 6.15 19.29 | 35.78 | 60.35 | 84.56
D | 0.0015 ] 0.0129 | 0.0513 | 0.1963 | 0.5136
n32 S| 3.46 | 14.07 | 21.97 | 34.51 | 57.13
D | 0.0015 | 0.0104 | 0.0411 | 0.1526 | 0.3912
n38 S| 2.85 9.42 | 19.67 | 36.05 | 51.74
D | 0.0016 | 0.0087 | 0.0343 | 0.1287 | 0.3316
44 S| 273 894 | 1743 | 31.79 | 49.03
D | 0.0018 | 0.0075 | 0.0289 | 0.1094 | 0.2843
h50 S| 2.60 8.26 | 12.47 | 21.95 | 43.58
D | 0.0019 | 0.0077 | 0.0245 | 0.0898 | 0.2368

Table 3. Analysis result of grating(span 2700mm)
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Max. Max. Max.

Beari Stress Stress Stress
CUME | (Mpa, | SF| (MPa, | SF| (MPa, | SF
bar H

gap gap gap

3mm) 8mm) 15mm)
h25 82.123 | 3.3| 84.562 |3.3| 96.349 | 2.9
h32 54.800 |5.0] 57.126 | 4.8| 67.527 | 4.1
h38 | 49.103 |5.6| 51.735 |5.3| 58.183 | 4.7
h44 | 47.096 |5.8| 49.027 |5.6] 54.814 | 5.0
h50 | 41.659 |6.6| 43.582 |6.3| 47.626 | 5.8

Results
[ | Minimum [1.e-003
Maximum 1

| 258666+ 006 mm?
[2.0796e+006 mm?

Original Volume
Final Volume

[ Criginal Mass [20.305 kg i
I | Final Mass 16.325 kg !
"7 Percent Mass of Original _ |80398

Fig. 5 Result of optimal design of grating(span 600,
height 38mm)
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Table 4. Optimal design result of grating

Span(mm)
1,050 | 1,500 | 2,100

Height
(mm) 600

2,700

60.8
50.1
18.8

14.9
12.4
16.6

247 | 345 | 474
223 | 283 | 395
17.7 | 18.1 | 188

Original(kg)
h25| Optimal(kg)
D(%)

29.4 | 41.0 | 56.6
24.2 | 33.6 | 46.1
17.6 | 181 | 186

72.0
58.6
18.7

17.8
14.9
16.5

Original(kg)
h32| Optimal(kg)
D(%)

33.4 | 46.6 | 64.2
27.5 | 38.1 | 52.2
17.6 | 181 | 186
374 | 52.1 | 72.7
32.5 | 42.7 | 589
13.2 | 18.1 | 19.0
41.4 1576 | 793
349 | 47.2 | 65.4

81.7
66.3
18.8
91.3
74.6
18.3
100.9
82.7

20.3
16.9
16.4
22.8
19.1
16.4
25.5
21.1
17.0

Original(kg)
h38| Optimal(kg)
D(%)
Original(kg)
h44| Optimal(kg)
D(%)
Original(kg)
h50| Optimal(kg)

D(%) 15.6 | 182 | 17.9 | 183

(a) stress(MPa)

IR 1

[ ol el el

(b) deformation(mm)

Fig. 6 Analysis result for optimal design(gap 8 mm,
height 32 mm, 600span)
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Fig. 7 Analysis result for optimal design(gap 8 mm,
height 38 mm, 600span)
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Table 5. Stability analysis result of optimal grating

Bearin, Max. Safet Max. .

bar Hg Stress(MPa) factosrl def%rnrrrls)t on
h25 88.544 3.1 0.53
h32 64.651 43 0.43
h38 61.889 4.4 0.36
h44 55.322 5.0 0.31
h50 50.557 5.4 0.27
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