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Effect on Coefficient of Subgrade Reaction on Dynamic
responses of Buried Pipelines
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Abstract: We have examined the effect of values of subgrade reaction coefficient on the dynamic
responses(displacement and strain responses) of the buried concrete pipeline of which the end boundary
condition is the fixed ends. We have carried out the dynamic analysis of mode superposition method
with representative values of coefficient of subgrade reaction applicable to the classified rock masses.
We have found that the effect of subgrade reaction coefficient on the dynamic responses of the pipeline
appears noticeable for the seismic waves having relatively high frequency and low apparent propagation

velocity.

Key Words : Buried pipeline, Coefficient of Subgrade Reaction, Displacement response, (Bending)Strain

response.
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Table 1 Coefficient of subgrade reaction used in the

analysis
Dynamic coefficient of
subgrade reaction
Rock
oc K K
(N/m®) (N/m®)
Weathered rock 5.78E+08 5.78E+08
Soft rock 2.89E+09 2.89E+09
Moderate rock 9.64E+09 9.64E+09
Hard rock 1.35E+10 1.35E+10
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Table 2 The geometric and material properties of

the pipeline

. . Symbol .
Classification (Unit) Applied value
Average
. D 2.0
diameter (m)
Thickness t (m) 0.15
Length L (m) 100
Modulus of Ep 10
. 2.0 10
Con.crete elasticity (N/m?) 7
pipe -secti
Cross-sectional A (m2) 0.94248
area
Moment of |y 0.47389
inertia
Mass per unit m 3
2. 1
lenght (ke/m) 0735% 10
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Table 3 Displacement and strain in axial vibration

Displacement 3 .k
Fixed| T valyt) = Zsm%qk(t)
k=1
ends = K
Strain e, (vit) = Z—Trcoslqu(t)
=1 L L

Table 4 Displacement and bending strain in

transverse vibration

Fixed ends, Displacement:

) sin(B,L) —sinh(3,L)
t)= kz_jlqk(t){ cosh (B,L) —cos(B,L)

{cosh (B,y) —cos (By) }+sinh (By) —sin(By) }

Fixed ends, bendjng strain:

Sln(ﬁk ) sinh (ﬁk[/)
Eqk { cosh (ﬁk ) — COS(ﬁk[/)
Bry

{cosh (By) +cos (By) }+sinh (By) +sin(By) }
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Fig. 1 Axial displacement response profile in Steady

State Response
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Fig. 2 Transverse displacement response profile
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Fig. 3 Axial strain response profile in steady state
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Table 5 Maximum (bending) strain profile

V=2000 m/sec
Classification
x=50 m
. Axial Weathered 0,00293
strain response rock
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0.05

Acceleration(g)
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-0.15

0.2

Time(sec)

Fig. 5 Acceleration record of operating level for

artificial earthquake
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Fig. 6 Displacement response spectrum of operating

level for artificial earthquake

Table 6 Comparison of axial strains for V=2000
m/sec, w=5 rad/sec(T=1.25 sec)

Fixed ends
Ogawa et al

x=50 mm
228 x 107 2,67 x 10°
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