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AN EXPERIMENTAL STUDY ON THE TELEPHONE POLE STABILIZING
TECHNIQUES AGAINST LIQUEFACTION
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By Masahiro NAKANO, Masaaki YOSHIKAWA, Susumu SAITO and Masanobu ARANO

If the ground where a teleph pole is

bedded is susceptible to liquefaction during

an earthquake, the telephone pole may sink, lean, or even fall down. A series of model

shaking tests were conducted to investigate the failure phenomena due to soil liquefac-
tion, and to examine the effectiveness of four types of telephone pole stabilization tech-

niques against liquefaction. Two types of test patterns were conducted to determine the

effects of suspended cables on telephone poles during ground shaking,

After showing measured accelerations and excessive pore pressures, and observed

horizontal movements and settlements, this paper describes the effectiveness of stabliz-

ing techniques. A foundation of crushed grain with net was found to be the most effec-

tive against pole damage due to soil liquefaction resistance.

Keywords . liguefaction, model shaking test, telephone pole stabilization techniques
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Table1 Design Details of Prototype and Model.
Prototype Model Aim
TELEPHONE POLE
Material R.C. Vinyl Chloride
Length (m) 8 1.6
Diameter (m) 0.19 0.03
Mass (kg) 460 3.7
Density (g/cm®) 2.4 2.4
Elastic Modulus (MPa) 2.1 0.4
Poisson’s Ratio 0.17 0.17
Natural Frequency(Hz) 1.3 3.0 (3.1)
SOIL SYSTEM
Material Saturated Sand Sengenyama Sand
Depth (m) 3.5 0.7
Dry Density (g/cm®) Max. 1.7 Min. 1.4 | Max. 1.76 Min. 1.44
Relative Density (%) 35 30 (25~30)
Vs (m/s) 100 45 (50)
Coefficient of
Permeability (cm/s) 9X10-° 4X107%(7.5X107%)
Natural Frequency (Hz) 7 16 (18)
STABILIZING METHOD
Crushed Grain
Shape of Crushed Grain Zone| Rectangle or Cylinder| Rectangle or Cylinder
Grain Size {mm) 30~40 6~8 (5-~-10)
Net Material Polyethylene Stainless Steel
Mesh of Net (mm) 20~30 4~6 (0.25)
Log Crib
Material Wood Wood
Length (m) 1.2 0.24
Diameter (m) 0.2 0.04
( )} Value in execution
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Table 2 Similarity and Scale Factor.
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Table3 Dimensional 6 Freedom Shaking Table,

Table Size (m)
Carrying Weight (MN)

Directions of Excitation

4 X 4
Max : 0.6, Standard : 0.2

3-Dimentional & 3-Rotational

X & Y==+125, Z=+75
X & Y =4100, Z=50
X, Y &Z=3
DG ~ 70

Max. Displacement (mm)
Max. Velocity (cm/s)

Max. Acceleration (G)

Frequency Range (Hz)

HEITBHIEITEY D, 54 25~30 % OEEICINE S
EaiTu .
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—SHEOE#SRMBR L VEL, BAEELPEL
ZHE0IY, BREIFBAKEZEELRTOREICES.
INHOMEICH L, ANESE, AEE, g
DEEZEORBELSHAEGEEZRIIEICEY, KWIRLE
BREBRFALTCRD I &I B,

Wiz, BREEMRIIIELY =)L/ 34 7, 1B S RT3,
REAOWCERU . BREEROER OB TREDOR
PRI ZECEICHR S 5720, BEE =4 7% H
Wiz, /84 TR, BekEAN, ZOEIAE

Function Similar Systems Scale Factor 27T, ﬁ@%ﬁ@@ﬁﬁ@jﬁb)?ﬁ@ﬁﬁ@ BEEREIE
Length tn Lo 1/5 BRI 25 £S5 1L Tz,
Deflection In/ly 1/5 o
Volume (In/ 1P 1/125 (3) xBRa%MA & EBREM
Density ;’m;ﬂ:’)( oo 1 IRE S OMREY % Table 3 1279 WARILASHE % 7 B
Unit Weight on/ 02)(8n/ 8o 1 - g T S fe s
Mass (on/ po)(In/ 1] 1/125 THERBICHE O THAE ﬁrﬁ_f)ﬂ}?ﬁffht&ét%
Time (Un/ 1) (an/ ap)™"? 1/2.24 29, KE—FrmiEs L. Fig. 1 iz "3 £ 5 1Z@IF
Period Gl T VER mmop@esa<L, SHEANKOELE- KT
requency w/ Ly, an/ ap, . .
Velocity U/ 1) *(an/ @) 1/2.24 51 ?ﬁ(@ﬁ/»ﬁiﬁﬁb%ﬂib’?’?< bf::t*g, ?C{Ub%,
Elastic Modulus (on/ o) (Un/1o) (an/ ap) 1/5 flEe Yy VXERIZU TR RN, Bl5H» 5 DK%
*(en/ €0)"(vm/ V) N » 5 Bl 1 = N .,
Stress (Pm//’p)(lm/lp)(am/a’p) 1/5 / J< T%)L&bﬁjﬁ?\]{ﬁjkl;é anm Ojjféﬁﬁli:;f;.
Moment of Inertia | ({n/l,)* 1/625 BIEICHW S g, RBRKIER, THEE, EfiEto
?mm " e@ﬁ st } H1% Table 4 i2R 4.
oisson’s Ratio Vm/ Vp uffix N N
Damping Constant | An/k, m : model 1 DI, FIBRAKEE, HEOHE R T U 2 RS
Acceleration an/a, \p : prototype 1 PNS L33 & IKBB/ NN PEROTHF — VRIS
Table 4 Instrumentation,
Gage Type Weight (g) Size(mm) | Capacity Frequency(Hz) |Pick Up Type
Accelerometer
Semiconductor
strain gage 0.7 5,10, 5 | 0.5G 1~100 AL 5-05
Strain gage 40 18, 18, 24 | 2.0G 0~ 60 ASW-2A
Pore pressure gage 12¢, 6 19.6kPa ( Semiconductor ) PM-10-02
Earth pressure gage 1 10¢, 25 19.6kPa strain PMS -10-02
Displacement (Inductance)
transducer 600 33¢, 330 {+£50mm type DLT - 50BS
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Table 5 Settlement.

Measuring Point Gromd @) Pole @) Relative Settlement
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Ground System 15 25 == | == [us)]as)@s)|(25)
Combined System
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Crushed grain with net
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Cylinder shape — 20 = || =t=1="12|=
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Log erib 12 24 12 |15 | 65 [FAL.| 0| 3 |31 |FAL.
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Table 6 Resonant Frequency, Magnification and Damping

constant,

Characteristic | Resonant Magnification | Damping
frequency (Hz) | at the top constant (%)
Cases s Is+L] s [s+L] s [s+L
Standard 2.8125 9 12 10 8
Crushed grain with net 3.112.9 4 6 14 15
Crushed grain without net 3.0 12.8 7 8 13 12
Log crib 3.0 | 2.8 6 8 9 11

S : Sinking, S+L : Sinking under Leaning
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