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Model Experiments on Damage Mitigation of Buried Pipelines
Due to Liquefaction Using Gravel Piles

Masaru KITAURA, Masakatsu MivanMa and Masaho YOSHIDA

Abstract

The present paper deals with model experiments on application of gravel piles to buried
pipelines in order to m1t1gate pipelines’ damage due to liquefaction. Gravel pile method is one
of the effective methods of stabilizing a soil deposit susceptible to liquefaction. Construction of
gravel piles has no great vibration and noise, therefore it can be applicable to sites in urban areas
and near buildings. This method was applied to many sites for buildings, however, it was not
used for buried pipelines because of wide construction sites. In the present study, model experi-
ments were conducted in order to investigate effects of gravel piles to response of buried
pipelines. Although we find the gravel pile method is an effective measure for damage
mitigation of buried pipelines due to liguefaction, it is clarified there still exist certain problems
to be solved before the gravel pite method is applied to real buried pipelines.

Keywords : countermeasure, gravel pile, liquefaction, meodel experiment, pipeline
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Fig. 1 General view of test apparatus (mm).
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Table 1 Physical properties of sand, gravel and
pipe model (tkgf/em?*=98kPa, lgf/
cm®=:9 8k N/m?).

SAND

Specific Gravity 2,867
Uniformity Coefficient 2.96
Maximum vold Ratio 1.030
Minimum vaid Ratio 0.721

50 percent Diameter 0.2 (mm)
Coefficient of Permeability 1.92 % 10”2 (cm/sec)
GRAVEL

Specific Gravity 2.69

Maximum Grain Size 25 [(mm)
coafficient of Permeability 8&.24 (em/sec)
PIPE MODEL .

¥Young's Modulus 810 [kqf/cmzj
Unit Weight 1.70 (gf/en’)
Length 100G {mm)
Diameter 20 (mm)

Table 2 Physical properties of model ground
(lgflem*=9.8kN/m%.

SAND LAYER

Wet Unit Weight 1.90 (gffem’)
Vold Ratlo 0.95

Water Content 34.5 (%)
Relative Density 26.9 (%)
GRAVEL PILE

Wet Unit Welght 2.81 tgt/em’)

TR, BRI ERRT L MM ER (AR
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EBr—R LT Table3 CRT LT, ENE
ML (NC) ¥, §TENEA 10cm —E THTEEER% 6
cm, 10cm, 15cm(15, 110, 115) L 25L&+ 2354 (M
WBZL (Variation—1)) &, FTExRIRA10cm —5E THT
HiE#% Scm, l5em, 15cm (W5, W10, W15) ¢ %&b
Egpie Bk (Variation—W)) D3t 74—2A

Ttz

Table 3 Conditions in vibration tests.

Case Name ﬁﬁ?ﬂger i2t§i¥:; géd;!i‘les ﬁ‘;mgifes
I lem) W lem)

gg:;termeasure we ! ! 0
15 5 10 30
Interval-I L0 30 10 20
115 15 10 15
w5 10 5 20
Interval-w WiD 10 10 20
Wis 10 15 20

3. BB B L UEE
1) BEEEKEIZDNWT
Fig. 2 12 & —ADBH A FKE LA NEELE
T, MELHELLER, BEHREOBE L INTRK
L SEEL T 2B TR bhr b, HiF

C EtoBa T, MEEAS (THI LI LN BN

BAERORAELEEL, Ly L RgmEKENH
MEE# B LHEEESE( T8 L) RIED
biLs, IBEOHEL, Bah3(Tsz s
LR T (A

2) HBEOGEIREEIZOWT

EH - R AT T R OAUEE D EIRY FEYIZ >
WTEBLT-TEY, FIzL2 LBHBMKEN
FRIz L) HEOBHEAIET L, T4 bbTEEMK
{GAREE & 7 V) — i (2 Ak Ao h ) & SRR A B
&, MUER ARSI RIIBRE NS & ) BRD
BoNTWwaEY, REREIZEWTL 77028 LA
TR » % VB L TWHOHEMTER,
# 2T Fig. 3 (TG EmEE AR AEN, AJInE
EofkiEio iy it LEEGEEE) 25— A
s E LTRT HERLSETIL HR £/ 2
(T RIEEMEEREEEIRE (L2 HRERL T

—105—



40 FRKFIEMLE 21% 2% 1088

atio
-
(=]

Code Numbet

o
an
— T

I} variation - 1

Excess Pore Water Pressure R

P T E Lk, 77 L B
o EREC S L DBEAET B LT, REHORIND
S0 v BTBAI. R, ATETREWERIGS TE

<
w

Variation — W

Excess Pore Water Pressure R

}

— A /2 AN
Time [(se¢)
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Fig. 4 Time histories of pipe strain.
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Table 4  Settlement of model ground (em),

Runber [Pare (1) pact - sace i3) Avorase pifference
N ¢ [ 1.9s 1.88 1.90 1.88 0.01
15| 173 1.00 1.78 1.50 9.7
110 | .1.45 1.25 1.73 1.48 0.1
I15 | 1.80 1.40 1.81 1.67 0.41
W 5] 1.55 0.98 1.88 1.46 0.74
W10 [ 1.45 1,25 1.73 1.48 0.10
wi1s | 1,93 1.60 1,757 1.7% .24
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