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1500 | Table 1 Physical properties of sand, gravel and
- T sand layer (1 gf/cm®=9.8 kN/m®).
Sand .
Specific gravity 2.67
e o S Uniformity cofficient 2.96
w2 w3 o Maximum void ratio 1.03
. Minimum void ratio 0.72
Ummp(;oved Average grain size 0.20 mm
groun Y Cofficientof permeability  1.92x10? cm/s
Gravel
100x3 Specific gravity 2.69
A2 Maximum grain size 25 mm
o T Cofficientof permeability  8.24 cm/s
oWwW4 X
ewiewzews | 3 3 Loose sandlayer
ows ——- 1L KV Wetunit weight 1.84 gffcm®
Al B 12 Void ratio 0.95
Sand box = Water content 34.2 %
x Accel " Relative density 25.9 %
(Unit:mm) Shaki A V\;:Cte erometer Densesandlayer
haking table ater pressure meter Wetunitweight 790 gilem?
Void ratio 0.87
Fig.1 General view of test apparatus. Water content 32.9 %
Relative density 51.8 %
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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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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.

Figs.3, 4 D —AEMIELT NS, 2B, HEELT
R EFHBU T E 2 IR E TR L 2180 3 4 0|
THY, ANRTHERINTNS. TIHEEEDEED HIK
A0 B.D. —300 £ COMBRICERT % &, Fig.7
DATIDEER 80 gal (0.8 m/s?) D4 — AT, B

L — v THEOHSHE S TRICHA TR TR
NELB>TVB. ZOF—ATIEFigd3ho5m»% &
LA L — Yy THETHEREBRRILICE-TES T,
BB L 3B TEL VNS BEE 5 ->T
W5, LU, Fig.8 DANINEER 100 gal (1.0 m/s?)
D — AT, WILEE S ICHERTL TR IFREE
THY, FigT LV K&ELEEL->TND. TDFr—2
T Figd 6975 k510, MLHEE b ICHIRS KA
SEEWRILE B> TV, LichS->T, R RL—v T
BT B O T EAEE o TR & TR g T 554
LTWEWZ En b, RERICBIBA FL— YTk
FE T HUAR JHIER I 5 B B3 R BR VK EE 0 B A RO 2
1, Xi#ik4) TEBIATOARIBAKDHKL Y HEH
OBBNPEMNTH 12 EEX 5. $bhL, BADA
WA BN T, BRIk EED 2 WENRESI RS
FEINZOTERW»EEZONS.

Fig.9 IX A J1In5& & 60~100 gal (0.6~1.0m/s?) @
F=RAIZBT B, ANINERE &I R T OMEREL
TROBFBERLIELDOTH S, NPDOEHED LG
BWELHEOEFER 2 —REBLILLDTHS. 1EHD
FWEHBHHOD, MLHEE bICASINEE OEINZHEN

L

152



TARFERFIE No.459,/ 1-22, pp.149~158, 1993.1

6.0
—©— Gravel drain system
& 50 __q.. Sand compaction method o .
= 4.0 7
m 7
€ 3.0F PY /0/
§ 20 we. o
= ° .4
© o.®
() 1;0 = /0 (o]
o
0.0 [ 1 < | ]

0 20 40 60 80 100 120
Input acceleration (gal)

(a) B.D.~100
6.0 /
. —0- Gravel drain system o
50 _o..Sand compaction method ~ ,*

7/
oy ©

T 1
Q

e
v/

Settlement ratio (%
- N W s
o O O ©

©
=)

- 1 1
0 20 40 60 80 100 120
Input acceleration (gal)
(b) B.D.~200

6.0 ;
—_ —0— Gravel drain system /
& 50 __q.- Sand compaction mgthod /
'g 40 [ /9
I
€ 3.0
[%]
5 20
=
& 10F

0.0 1 1 ] j

0 20 40 60 80 100 120
Input acceleration (gal)

(c) B.D.-300

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 3 17T, /34 VRS & OB D 5
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Table 2 Conditions in tests.

Test Interval Width Number
Case name | number | of piles of piles | of
I (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 kgf/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 gf/cm®
Length 200 mm
Diameter 50 mm
Loose sandlayer

Wetunitweight 1.90 gf/cm’
Void ratio 0.95

Water content 345 %
Relative density 26.5 %
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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.




