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ABSTRACT

This paper describes dynamic behavior
of  power cable ducts buried in  saturated
sandy soil.  One and tenth― scale models of
the  duct  are  buried in  saturated  soll
masses  re ta■ ned  by  a  steel  box  on  a
shaking table.   Beforer  during and after
liquefaction of the sand dynamic responses
of the duct were observed in twelve series
of   the   testing o    Peak   acceleration
responses  of the duct were observed at  a
process  inlmediately  before  liquefaction
perfectly   developed.    Through   entire
processes  of  liquefaction  of  the  mass
there   were   observed   two   times   of
predoln■ nances ■n displacements of the duct
relatively  larger than oscillatory  ones.
First′   the  duct  Was  lifted  up  dur■ ng
liquefaction being  developedo   Next′   it
was  sunk  down after fading  liquefaction
away.

NOMENCLATURE

Pore  waler pressure ratio ■s defined
as  a ratio between pore water  pressure
and in■ tia■ effective stress.

INTRODUCTION

In  this paper are presented  dynam■ c
behav■ors of power cab■ e ducts bur■ed in
saturated  sandy so■ l using experェ mental
methods.   This   ■s  an  a■ m  of   this
experiment  to  ■nduce  a  mechanism  of
deformations of the buried duct suffered
from  strong  earthquake  motions.    As
known well′  every exper■ ence  of  earth―
quake disasters has brought a much damage
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The  damage was typiCal■ Y ObServed  in

■ifting′    sinking′    bending   out  and
breaking of them especia■ ly at locations
near    man― ho■ es′    pipe― う。ints    and
boundar■ es of subsurface so■ ■s.
In  this  experiment  one  and  tenth
scale―models of the duct are emp■ oyed in
twelve  serェes  depending  on  types  of
supports  at both edges′   stiffnesses of
the duct and properties of its surounding
so■■.  So■■  masses  s■mu■ ated  for  the
subsurface  ground  retained by a  stee■
box fixed on a shaking tableo   Measure―
ments  were done by contact  gauges  for

strain of the duct,  Pore Water pressure
gauges for sol■  masses and acce■ erometer
for both.

PROTOTYPES OF BURIED Dじ CTS

A  type  Of  bur■ ed  ducts  has  been
deve■oped   by   Chubu  Electric   Power
Company  lncorporated in the ■ast decade
for the purpose of use to enc■ ose  power
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As shown in Fig. 1. four cab■e ducts are
enc■ osed  by  placing  concrete  with  a
rectangu■ ar  shape 50 cm wide  and  53cm
high′  with a strip of grave■  foundations
10  cm thick′   and underneath l.O m from
surfaces  of grounds to the top  of  the
duct.
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MECHANICAL MODELS OF BURIED DUCTS

In order to e■ imェ nate edge effects of
rectangular  shapes  of sections of  the
duct′  round  shapes of  the  mechan■ ca■
Inode■   with mechanica■  properties  shown
in Table l. were emp■ oyed in the section
which has an equ■ va■ent stiffnesses.  As
shown in Fig。  2. the mode■  with boundary
conditions of fixed or free at its  both
edges  was  ■aid underneath 10  cm  from
surfaces of subground mode■ s with 50  cm
thick  to toPS Of the duct  mode■ .  Soi■
masses with 50 1 of relative density for
enolosing  the duct mode■  were  composed
of    Kiso― gawa   sand   with   Physica■
properties  shown  in  Tab■ e  2. and   a
gradation curve shown in Fig。   3.   They
were retained by a steel box l.O m  wide
and  long on a shaking table as shown in
Fig. 4.   In  order  to  keep  a deform―

abi■ity  of  the sand mass  in  shearing
deformations re■ ative■ y soft materia■ ′ a
kind  of  shock absorbers was lined  off
both sides in the box for the  direction
of   shakingo    Physica■    simi■ arities
between  the  model  and  Prototype  are
shown in Tab■ e 3.

EXPERIMENTS
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acce■erations upto 300 ga■ s holizonta■ ■y
were  emp■ 。yed for ■oading to the  mode■
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mode■ and the stee■ box.
Longitudina■    strains  of  the  duct
model  were  measured by  four  sets  of
contact  gauges′   wire― stra■n gauge with
water  proof  capabi■ ities′    on   toPs′
bottoms and both s■ des at its m■ d spans.
Changes  of pore watё r  pressures  of
the  subground  mode■  were  measured  by
pore  water  pressure gauges which  were
insta■ led  aparted 20 cm from  the  duct
mode■  and  underneath  10 cm  from  the
surface of the so■ ■ mass.
Twe■ve  combinations  of   experiment
series  were conducted as shown in Tab■ e
4.

RESULTS OF EXPERIMENTS

TyPical  examples  of the experiment′
enve■ oPs   of  time  dependent  resPonse
accelerations  and  sta■ ns of  the  duct
model′  and Pore water pressures of  the
subground mode■  are shown in Fig.  5.  A
time  dependent  change of  the  neutra■
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perfect  ■iquefaction of the  so■ ■  mass
during osc■ ■■ation.

fi:[まRnex:::l:ま :ilil:: ::::Ii::i:l:::::i
in Fig. 7.
Peak  values・ in every series  of  the
experiments are shown in Tab■ e 4.

There are shOWn relationships between
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the  peak  ,ore  Water  pressure  ratio′
respective■ y in Fig. 8.′  9. and 10.

DISCuSsloNS AND CONCLUS■ ONS

The  peak resPonse  aCCe■ eration  and
strain of the duct mode■  can be observed
immediately  befOre perfect liquefaction
occurred  or  during   imperfect  ■ique―
faction  of the so■ l mass。   工t  suggests
that  maxュ mum  shearing straェ ns  of  the
soュ■  mass  could  be  occurred   before
perfect ■iquefaction.
Lifting  of  the neutra■  axis of  the
duct  mode■  are clearly observed  before
perfect  ■iquef■ction.  On the  contrary
sinking of the axis are c■ ear■y done. It
suggests  that  di■ atation of  the  so■ ■
mass    could   be    occurred    durェ ng
liquefaction  and the contraction  after
■iquefaction.
In this exper■ment it can be obv■ ous■y

sa■ d  that  four  times or ■ess  of  the
response of the duct mode■  fixed at  the
both  ends  are observed  when  bringing
perfect  ■iquefaction.  It suggests that
free  or  f■ ex■ b■ e  supports  wou■ d   be
better  to avoid the damage of the  duct
cause` by ■iquefaction.
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Fig. l  PrOtOtypes of Burie, DuCtS

Fig. 2  MechaniCa■ Mode■  of Buried DuCtS
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Tab■ e l  Mechanica■  Properties Of Duct MOde■ s

Materia■ Urethane Rubber

Dimensェons 5 cm x 95 cm

Youngis Modu■us 900 kgfノ cm2

Unit Weight 1.13 gf/cP

Table 2  Physical Properties of Sand for
Subground Mode■

DenSity         (kg/Cm3) 2.65

Grave■  Fraction      (1) 0.56

Sand   Fraction 94.47

Si■t   Fractio■      (1) 2.41

C■ay   Fraction      {■ ) 2.56

Maximum Crain Size  {■ lln) 4.76

60 t Crain Size     (m〕 0.43

30 1 Grain Size     {■ lm) 0.27

10 1 Grain Size     (mm) 0。 17

Un■ formity Coefficient 2.53

Void Ratio
in Loosest State

0.86

Void Ratio
■n Densest State

0.61

Tab■e 3  Physical Simi■ arities of Mode■ s

Geometry 1/10

Mass Dens■ ty
Sand

Duct

Youngis Modu■us 1/150

Strain 1/15

Frequency of Sand囁 0.1      1.O mm
Orain Size

A Cradation Curve of Sand for
Models of Subground

Fig。  3
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Fig。  4  Mode■ s fixed on A Shaking Tab■ e

Table 4  Resu■ts in Series of Exper■ ments

Acc. = Acceleration : Res. = ResPonse = Mag. = Magn■ tude : Eff. = Effective

22

Fixed

Free

Shaking`Direction

Test
No.
Boundary
Condition

Input
Acc.

Res.
Acc.
Of
Duct

Mag.
Of
Res.

Initial
Eff.
Stress

Excess
Pore
Water
Pressure

Pore
Water
pressure
Ratio

Peak
Strain
Of
Duct

{gal) {ga■ )

`gf/cm2)
{gf/cm2) (メ )

Fixed

Free

400
350
330
260
230
220
170
360
340
310
260
240

670
570
680
460
350
260
220
700
740
630
510
300

1.68
1.63
2.06
1.77
1.52
1.18
1.29
1.94
2.18
2.03
1.96
1.25

15。 6

14.7
19.6
14.7
19。 2
18.1
18.1
18.1
25.3
22.3
19.4
17.1

16.0
14.3
14.9
12.8
10.7
7.8
6.1
19.6
17.0
16.8
15.8
10.3

1860
1650
1890
1980
670
80
130
540
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Fig. 6  Tine Dependent Responses in Test No. 7
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