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Abstract: In this study, the foundations of underground structure have been adopted as weathered rock,

soft rock, moderate rock, and hard rock, and the values of coefficient of subgrade reaction for these

foundations have been calculated and applied to the seismic analysis to find their effects on the section

forces (displacement and bending stress responses) of the underground structure. Dynamic analysis using

the mode superposition method has been carried out to analyze the sectional behaviors of the

underground structure. The least displacement and bending strain responses appeared in weathered rock

having the smallest value of coefficient of subgrade reaction followed by soft rock, moderate rock, and

hard rock, in the order of precedence, identically to the order of their values of coefficient of subgrade

reaction.
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Table 1 Material properties of the concrete culvert Table 3 Displacement and strain in axial vibration
- (Larbi, 1995)
Classification S}I]Jmt.)tOI Ap}l)hed
(Unit) vatues Classification Result
Average diameter D (m) 8.0
Thickness t (m) 0.3 Displacement kEcos Uy, ()
1
Length L (m) 100 Free o
Conerete | \roqulus of elasticity | Ep(N/m") | 2.07<10'° Ends . ealnt) 1; 1
culvert Strain
- i N k—
Cross-sectional area | A () 7.25 ( ) ‘1k< t)
Moment of inertia I (m* 53.8656
Mass per unit length | m(kg/m) |1.8142 <10

Table 4 Displacement and bending strain in

transverse vibration(Larbi, 1995)

Table 2 Dynamic coefficient of subgrade reaction

. . Classification Result
used in the analysis
Static Dynamic we(v:t) Z a(t
S . B8,L h(8,L
Classification Ky Ky Ky Ky Displacement {% {cosh (B,y) +cos (By)}
N/m?) | (m?) | (/m?) | (N/m?) o
+sinh (B,y) +sin(By) }
We::c‘limd 1.70E+08 | 1.70E+08 | 2.05E+08 | 2.05E+08
t)
Soft rock | 8.52E+08 | 8.52E+08 | 1.02E+09 | 1.02E+09 Bending el ol Eqk o)
sin(8,L) —sinh
Moderate rock | 2.84E+09 | 2.84E+09 | 3.41E+09 | 3.41E+09 Strain *{m{msh (By) —oos(By) }
Hard rock 3.98E+09 | 3.98E+09 | 4.77E+09 | 4.77E+09 +sinh (ﬁ U) —sin (ﬂ y)}
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Fig. 4 Transverse bending strain response profile
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Table 5 Determinant factors for analysis
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Collapse preven

Operating level
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The Acceleration Response Spectrum (g)

251Ca

I P

Performance -tion level .
. . (Return period
objective (Return period 100 yrs.)
1000 yrs.) yrs.
Sismic class Sismic class I
bed rock Sp (Moderate rock)
Sismic region I
Sismic zone
11
factor(Z) 0
Importance
1.40 0.57
factor(I)
Sismic
coefficient(C,) 0.1 0.1
Sismic
coefficient(C,) 011 011
i Ground Acceleration Coefficient, A=1Ca
Ts=Cv/25Ca
B To=02Ts

IC/T

Period (sec)

Fig. 5 Standard design response spectrum
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Table 6 Axial bending strain for collapse prevention
level earthquake

Classification Point Axal gg;l?ci Strain of Bs?rne(iisng
strain _ment culvert (N/mz)

Weathered rock |[ 50 m [0.011611| 0.016499 | 1.92<10™ * | 3.97 x10°
Soft rock 50 m [0.036065| 0.016499 | 5.95x10"* | 12.3x10°
Moderate rock |[ 50 m |0.064067| 0.016499 | 1.06 10" 3 | 2.19x107
Hard rock 50 m [0.071255| 0.016499 | 1.18 10 * | 2.44 %107

Table 7 Axial bending strain for operating level

earthquake

. Ground . Bending

Classification Point AXI?I displace Strain of stress

strain culvert P

-ment (N/m?)

Weathered rock || 50 m | 0.011611 | 0.006977 | 8.10 <10 > | 16.77 < 10°
Soft rock 50 m | 0.036065 | 0.006977 | 2.52<10" * | 5.2210°
Moderate rock [ 50 m | 0.064067 | 0.006977 | 4.47 <10 * | 9.25x10°
Hard rock 50 m | 0.071255 | 0.006977 | 4.97 10" * | 10.29 <105

Table 8 Transverse bending strain for collapse
prevention level
. Ground N Bending
Classification Point Ax@l displace Strain of stress
strain culvert o
-ment (N/m?)
Weathered rock || 50 m | 0.025741 | 0.016499 | 4.25x 10 * 8.79<10°
Soft rock 50 m | 0.036023 | 0.016499 | 59410 * | 12.20 x10°
Moderate rock || 50 m | 0.038970 | 0.016499 | 6.43x10"* | 13.31x10°
Hard rock 50 m | 0.039250 | 0.016499 | 6.48>10"* | 13.41 x10°
Table 9 Transverse bending strain for operating
level earthquake
Bendi
. . . Axial F}round Strain of ending
Classification Point . displacem stress
strain culvert o
ent (N/m?)
Weathered rock || 50 m | 0.025741 | 0.006977 | 1.80x10"* | 3.73x10°
Soft rock 50 m | 0.036023 | 0.006977 | 2.51x10"* | 5.19x10°
Moderate rock || 50 m | 0.038970 | 0.006977 | 2.72x10"* | 5.63x10°
Hard rock 50 m | 0.039250 | 0.006977 | 2.74x10"* | 5.67x10°

€=0.025471<0.016499=0.000425=4.25 X 10~* (4)

=79
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