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} 1500 | Table 1 Physical properties of sand, gravel and
‘ : - - - sand layer (1 gf/cm®=9.8 kN/m®).
Sand’
Specific gravity 2.67
PY 3 Uniformity cofficient 2.96
w4 w2 w3 0 Maximum void ratio 1.03
: Minimum void ratio 0.72 .
Urmmpdroved Average grain size 0.20 mm
groun Cofficientofpermeability 1.92x10% cm/s
Gravel
500 100 100x3 Specific gravity 2.69
A2 Maximum grain size 25 mm
Ty 'S Cofficientof permeability 8.24 cm/s
owa 5 i Loose sandlayer
swiewzews | S 2 Y
ows —— 1L (\l Wetunit weight 1.84 gfiem®
o M Void ratio 0.95
Sand box = Water content 34.2 %
& Acceleromet Relative density 25.9 %
(Unit:mm) Shaking tabl o Water rrg;i ere : Densesandlayer
ing table P ure meter Wetunit weight 1.90 gffcm
Void ratio 0.87
Fig.1 General view of test apparatus. Water content 32.9 %
Relative density 51.8 %
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(a) Gravel drain system

(b) Sand compaction method

Fig.2 Time histories of input acceleration and excess pore water pressure in improved and unimproved

ground (1 gal =10~%m/s?, 1 gf/cm*=98 Pa).
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Fig.3 Time histories of input acceleration and excess pore wa-
ter pressure in unimproved ground for 80 gal (0.8 m/s?)
input acceleration (1 gf/cm?=98 Pa).
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Fig.4 Time histories of input acceleration and excess pore wa-
ter pressure in unimproved ground for 100 gal (1.0
m/s?) input acceleration (1 gf/cm®=98 Pa).
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Maximum excess pore water pressure ratio
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Fig.5 Maximum excess pore water pressure ratio in relation to
input acceleration (Values in figure are input accelera-
tion in gal (1 gal=10"2m/s%).).
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Fig.6 Maximum excess pore water pressure ratio in relation to
distance from improved ground (Values in figure are
distance from inproved ground in mm.).
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Fig.7 Settlement ratio in relation to distance from improved

ground for 80 gal (0.8 m/s?) input acceleration.
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Fig.8 Settlement ratio in relation to distance from improved
ground for 100 gal (1.0 m/s?) input acceleration.
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Fig.9 Relationship between input acceleration and settlement
ratio (1 gal=10"2m/s?).
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Fig.10 Relationship between maximum excess pore water
pressure ratio and settlement ratio.
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Fig.11 General view of test apparatus.
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Table 2 Conditions in tests.

Test Interval Width Number
Case name [ number| of piles of piles | of
1 (mm) W (mm) | piles
Non coun-
termeasure | NC / / 0
Variation 110 100 150 30
of / 115 150 150 20
120 200 150 15
Variation W10 150 100 20
of W wis 150 150 20
W20 150 200 20

Table 3 Physical properties of pipe, gravel pile and sand layer
(1 kgt/cm*=98 kPa, 1 gf/cm*=9.8 kN/m?®).

Pipe
Young' modulus 810 kgf/cm®
Unitweight 1.70 gf/cm®
Length 1000 mm
Diameter 20 - mm
Gravel pile

Wetunit weight 2.81 gflem’
Length 200 mm
Diameter 50 mm
Loose sandlayer

Wetunitweight 1.90 gf/cm®
Void ratio 0.95
Watercontent 34.5 %
Relative density 26.5 %
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Fig.12 Time histories of excess pore water pressure ratio.
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Fig.13 Settlement of inner ground
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inner and outer ground surrounded
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Fig.15 Vertical displacement of pipe.
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Fig.16 Magnification of response acceleration of ground.
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EXPERIMENTAL STUDY ON A COUNTERMEASURE AGAINST LIQUEFACTION
FOR UNDERGROUND PIPELINES USING GRAVEL DRAIN SYSTEM
Masaho YOSHIDA, Masaru KITAURA, Masakatsu MIYAJIMA and Hiroshi OISHI

This paper deals with application of a gravel drain system to underground pipelines in
order to mitigate their damage due to liquefaction. Pipelines’ damage in liquefaction
process is supposed to be caused by various factors ; buoyancy, dynamic response of
ground, ground deformation, etc. Two types of small scale test were conducted. The
first especially focused on the settlement of ground. Test results suggest that the settle-
ment of sandy ground improved by the gravel drain system correlated to the maximum
excess pore water pressure ratio in the liquefiable ground. The second test was con-
ducted to study the effects of the gravel drain system to performance of pipelines, and
to clarify the problems which should be solved before the gravel drain system is de-
signed for underground pipelines. The gravel drain system can reduce the settlement of
ground around pipelines, and reduce the duration of vibration strains and floatation of

the pipelines.
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