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Numerical Analysis of Load Reduction for Underground Arch
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Abstract As the demand for underground space increases, many researchers have been studying the load reduction
method using high compressible materials to solve for the stability problem of the overhead load and for the increase
of the earth pressure which decreases the function of the underground structure. This paper determines the optimum
soft zone and the effect of the using EPS Geofoam as a load reduction material to arch structures. A finite element
analysis program, ABAQUS, is used to analyze the soil-structure interaction and the behavior of buried arch structures
considering different four EPS Geofoam forms to confirm the most conservative shape. The optimum cross-sectional
shape was determined by comparing the results of earth pressure reduction rate in accordance with the change of
span-rise ratio and span length of the arch structure. It was confirmed that the earth pressure generated in the arch
structure using the optimal soft zone selected by the numerical analysis was reduced by an average of 78%. In this
study, the effect of EPS Geofoam on soil pressure reduction and its applicability to underground arch structures will
provide an economical and conservative way to design underground structures and will help to increase the usability
of deep underground space.
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Fig. 1. Mechanism of Imperfect Trench Installation
(F,= Shear Stresses)

2.2 Embedded Trench Installation
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Fig. 2. Mechanism of Embedded Trench Installation
(F,= Shear Stresses)
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EA%-2 ASTM Internationalol A A|F38= ASTM
D6817%1 Standard Specification for Rigid Cellular
PolyStyrene Geofoam[12]5 AH&-$tT}. EPS Geofoam->
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gte] & Aol A= Table 19 YR EPS 159 ghs

A g3t

Table 1. Material Properties of EPS 15

Elastic Compressive Compressive
Density Modulys | PO1s5on's | Resistance at | Resistance at
(kg/m®) (E. MPa) Ratio 5% Strain 10% Strain
’ (kPa) (kPa)
14.4 25 0.12 55 70

3.2 sHMEE A=A H St

ARk wAg o] Ek A= ¢4 SR 756
o nieH el AAlE AR &8tk of A FER]
Beam Element®] AW gle ==& FH3F §g o}
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AR A s 7] 2] JFe argfste] B= kel e
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=olol] oal g S TEE steom Ak A

o #-&AZATHI13].

Table 2. Boundary Conditions of Typical Model

Tyne X-Axial Y-Axial Z-Axial
P (Lateral) (Vertical) Rotation
. Side Restrain Free Free
Soil
Bottom Restrain Restrain Free
Upper Restrain Free Restrain
Arch - - -
Lower Restrain Restrain Restrain

3.3 Soft Zone2| &t
ofx| T E | A 3}H= Soft Zone®dS
a4 71E WA HEEAD ITIFH} ETITHE

EUE 4714 F4-& g o = s4S 35kh Soft
Zone> EPS Geofoamel 93] HAT = JHFo 2 o}
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Table 3. Reaction Forces at support(Degree=90, Unit:

KN)
Case
Direction ! 2 3 4
X-Axial 509.49 277.25 119.24 189.28
Y-Axial 1,241.1 541.09 541.22 581.27
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Table 4. Reduction Ratio of Earth Pressure (R/S=0.25,

Unit: %)
HR WSs=1.1 W/s=12
Max. Mini. Average Max Mini. | Average
0.1 86 7 60 86 1 58
0.2 86 37 68 86 31 66
0.3 86 51 72 86 46 70
0.4 86 59 75 86 56 74
0.5 86 65 77 86 62 76
0.6 86 69 79 86 66 78
0.7 86 72 80 86 70 79
0.8 86 75 81 87 72 80
0.9 87 76 82 87 74 81
1.0 87 78 83 87 76 82

Table 5. Reduction Ratio of Earth Pressure (R/S=0.5,

Unit: %)

HR w/§=11 W/ S§=12

Max. Mini. | Average | Max. Mini. | Average
0.1 88 36 75 91 29 74
0.2 88 59 80 91 55 80
0.3 89 70 83 91 66 83
0.4 89 76 85 91 73 85
0.5 89 79 86 91 77 87
0.6 89 82 87 91 80 87
0.7 89 83 87 91 82 88
0.8 89 85 88 91 83 89
0.9 89 86 88 91 84 89
1.0 89 87 88 92 86 89

Table 6. Reduction Ratio of Earth Pressure (R/S=0.75,

Unit: %)
HR W/s=11 W/S=1.2

Max. | Mini. | Average | Max. | Mini. | Average
0.1 88 44 78 90 41 79
0.2 89 66 83 91 63 84
0.3 89 74 85 91 72 86
0.4 89 79 86 91 77 87
0.5 90 82 87 91 80 88
0.6 90 84 88 91 83 89
0.7 90 85 88 91 84 89
0.8 90 86 88 92 85 90
0.9 90 86 89 92 86 90
1.0 90 86 89 92 87 90

Table 4014 gto]=nl7} 7P wre 0259 4%
W/S=1.1 4& A Hd EFFLES 86-87%= dA T
HhH HAEQQAELS Soft Zone2 H/R H|& Z7}9)
&} 7%l A 78%714] Al HE}E|RATE Table 59 6
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