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Abstract

Korea follows the slope design criteria during construction. It was enacted by the Ministry of Land,
Transport and Maritime Affairs. There are cases where the Soil-nail is designed as a measure to secure
slope stability. The arrangement of the soil-nail may be arranged at equal intervals or may be arranged
differently depending on the soil failure model. The optimum design of the countermeasure method is
determined by securing stability of the slope through optimization of dimensions and shape. However,
when uniform nails are placed at low elevations in slopes, the standard safety factor is exceeded,
which may hinder economic design. It is preferable to arrange the reinforcement of the nails over the
entire slope. When the horizontal spacing of the nails was topology optimized according to the slope
height, it was possible to minimize the amount of reinforcement while satisfying the standard safety
factor. Since the active load is reduced in the section where the slope height is lowered, the safety
factor after reinforcement may be excessively increased. Therefore, the phase optimization method is
proposed as an economical optimal design method using the reinforcing shape density. In addition, a

relational expression was designed to optimize the horizontal spacing by slope height.
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Minimize : Z= F(x) (1)
Subject to : H(z)=0 i=1,...,n
G(x)=0 j=1,..m
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Table 1. Types of optimum design

Types of optimum design Design variable Examples
Values that can b d by Property o %* L
. N alues that can be expressed by Prope % 4T g E T
S it 1! . . . n ' "
12¢ optimization (ex : Beam Section / Plate Thickness / Mass /Elastic factor, etc.) % % @/% e = ’

Everything that is geometrically relevant

h S . .
Shape optimization (ex : Hole location / Size / number of holes, etc.)

Shape Density
(ex : Material Density)

Topology optimization

S U EAS 7 A2 E o]gste] 2= 1A A (Topology Optimization design)+= Fig. 13} o]
g o] 85k= 24 AA U 5 sh= A AeE A5 UEE Foto] 1 214 AAIE 218ttt (Bendsoe and
Sigmund, 2004). 14 243K Topology Optimization) 2] -F-L3+ AA| H4—= B7FA 9] /4 W (Shape density)©|Tt.

Initialize
(Starting guess)

Sensitivity analysis
(linearization)

OptimizationMethod
OfMoving Asymptotes

Fig. 1. Topology optimization process for a structure with equivalent material properties (Bendsoe and Sigmund, 2004).
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Table 2. Soil properties
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SoilWorks

Soil

Bed Rock

(b) Analysis using SoilWorks

(a) Reinforcement cross section

Fig. 3. original design result.

Tor

o
A

F Table 33+ 2t} v o] Ao}

£ ok

A Az

el

—

FRIES e
=g

sy

A

Fod

]

o

FAt

S

=zlez

2 AAENE ol 85

1 AN A

315 9l

0] 2

<

B AT

Table 3. Original design results summary

Section

Parameters

Items

440
32.56
40

3-3
35.79

2-2
40

27.07
40

1-1
15.11

34

20
1.0x1.5
10.0~16.0

Slope height (m)
Slope angle (°)

The geometry of the slope

20
1.0x1.5
10.0~16.0

20

1.0xL.5

20
1.0xL.5

Installation angle (°)

Spacing, VxH (m)

10.0~16.0

10.0~16.0

Length (m)
Tensile strength (kN/ea)

The geometry of the nails

152
26
1.3385

152
30
1.2494

152
22
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5
1.3801

Number vertical (ea)
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Fig. 4. Reinforced shape density and safety factor of original design result.
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Table 4. Comparison of original design and phase optimization results

Height (m) Items Original design Topology optimization
1511 Spacing, H 1.50 m 3.55m
' Factor safety 1.3801 1.2370
Spacing, H 1.50 m 1.98 m
27.07
. Factor safety 1.5948 1.2055
Section -
Spacing, H 1.50 m 1.64 m
32.56
Factor safety 1.3385 1.2510
Spacing, H 1.50 m 1.50 m
35.79
Factor safety 1.2494 1.2494
Nail reinforcement quantity 1,980 ea 1,682 ea
K7} /3 W& (Reinforcement shape density)= HIEHE| 7|5tel4Q1 271 F v]EH O] FAPHsdstal =o]2] ¥t
TS e o] AR Aot Ao x| o A X] A AL Bl A]sh= 7890l Hlste] 48 THAS HIE
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Y,

]
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Fig. 9. Comparison of reinforcement quantity of original design and topology optimization result.
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Table 5. Check safety factor after phase optimization by slope height

Safety factor by slope height

Condition - Nail Quantity
Height h=15.11 h=27.07 h=35.79 h=32.56
Geometric Slope angle 34° 40° 40° 40°
conditions Natural slope angle 18° 20° 20° 13°
. Quantity of installation steps n=5 n=22 n=30 n=26
Shape density .
Shape density - - 84.93 -

Original design Horizontal spacing Sh=1.5 Sh=1.5 Sh=1.5 Sh=1.5 1,980
(Sh=1.5) wet (Fs>1.2) 1.3801 1.5948 1.2494 1.3385 €a
Topology Horizontal spacing Sh<3.0 Sh=1.95 Sh=1.5 Sh=1.6 1.682

optimization ’
(Sh=OPT) wet (Fs>1.2) 1.2370 1.2055 1.2494 1.2508 ca
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