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A study on the optimization technique for the plan of slope reinforcement

armangement of soil-nailing in tunnel portal area

Byung-Chan Kim'*, Hyun-Koo Moon’

lKorea, HANYANG University, Graduate student, Dept. of Natural Resources and Environmental Engineering
’Korea, HANYANG University, Professor, Dept. of Natural Resources and Environmental Engineering

ABSTRACT: In order to ensure the stability of tunnel portal slope, reinforcement method such as anchors, soil nails and
rock bolts have been used in Korea. When selecting slope reinforcement methods in tunnel portal area such as
reinforcement arrangement and length, trial and error method can be very time-consuming and it was also not easy to
verify the selection of an optimum condition. In this study, using the FISH language embedded in the finite difference
code FLAC3D program, the optimization technique was developed with the Differential Evolution Algorithm (DEA).
After building a database on the soil nailing method in tunnel portal area, this system can be selected to an optimum
arrangement plan based on the factor of safety through the FLAC3D analysis. Through the results of numerical analysis,
it was confirmed that the number of analysis was decreased by about 8 times when DEA based optimization technique
was used compared to the full combination (FC). In case of the design of slope reinforcement in tunnel portal area, if this
built-system is used, it is expected that the selection of an optimum arrangement plan can be relatively easier.

Keywords: Tunnel portal, Differential evolution algorithm (DEA), Optimization, Slope reinforcement, Soil nailing
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Table 1. The design conditions for soil nail arrangement

Conditions
Items . Increased Added
il design | construction cost
Numbers Vertical 5, 6,7, 8
Spacing Horizontal 1.2, 1.5, 2.0, 2.5, 3.0
(m) | Vertical 1.5, 2.0, 2.5, 3.0, 3.5
Length (m) 8, 10, 12, 14, 16
Angle (°) 30 20, 25, 30, 35, 40

Table 2. The results of optimization analysis (FC, GA, DEA)

Methods Optimal Minimum Numbers of Analysis
Numbers 5
Horizontal (m) 2.0
FC Vertical (m) 2.0 500
Length (m) 14.0
Angle (°) 30
Numbers 5
Horizontal (m) 2.0
GA Vertical (m) 2.0 240
Length (m) 14.0
Angle (°) 30
Numbers 5
Horizontal (m) 2.0
DEA Vertical (m) 2.0 160
Length (m) 14.0
Angle (°) 30
e ekt ER At dmeise) vmg
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Table 3. Soil and DEA parameters used in the feasibility numerical analysis (DEA based SSRM)

Weathered Soil | Weathered Rock | Crushed Rock DEA

E (Elastic Modulus) 29 MPa 250 MPa 400 MPa Condition of

7%, (Unit Weight) 19 kN/m? 21 kN/m? 23 kN/m? Soil Nailing

B Range of Target Values Arrangement
¢ (Cohesion) 16 kPa 20 kPa 30 kPa

¢ (Friction Angle) 30° 31° 28° Please refer Table 1
v (Poisson’s ratio) 0.35 0.32 0.30 F (Mutant Constant) 0.8 (0~2)

K (Bulk Modulus) E / 3*(1-2v) CR (Crossover Constant) 0.8 (0~1)

G (Shear Modulus) E / 2*(1+v) NP (Number of population) 50
Model/Analysis type Mohr-Coulomb/SSRM Itermax (Max. Iteration) 100
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Table 4. Model parameters for soil nails (HKIE, 2011)

15763 07 Parameters Input values
parameters
Area, A (m?) 785 x 10°°
Perimeter, P (m?*/m/m) 0.209
Structural Young’s modulus, £ (kPa/m) 833 x 10°
parameters
Tensile yield strength, ¥, (EN/m) 1 x 107
Compressive yield strength, ¥, (kN/m)| 1 x 107
Stiffiess, K, (kPa/m) 20,138
Shear i
coupling | Cohesive strength, €, (kN/m/m) 1.047
Spring Friction coefficient, ¢, (°) 35

y

£

~eredsy

Soil Nails

Fig. 5. The feature of 3-Dimensional modeling
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Table 5. The results of optimization analysis (FC, DEA):
increased design and added construction cost

conditions
Optimal Minimum Nilnnzg SSiSOf
Methods Items Increased | Added
design | construction| id. |a.c.c.
(i.d.) cost (a.c.c.)
Numbers 5 6
Horizontal (m) 1.5 1.5
FC Vertical (m) 2.0 2.0 2500 | 2500
Length (m) 16.0 14.0
Angle (°) 35 35
Numbers 5 6
Horizontal (m) 1.5 1.5
DEA | Vertical (m) 2.0 2.0 320 | 390
Length (m) 16.0 14.0
Angle (°) 35 35

Added construction cost conditions
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Fig. 9. The results of added cost conditions
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