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AN EXPERIMENTAL STUDY ON THE MANHOLE STABILIZING
TECHNIQUES AGAINST LIQUEFACTION
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By Masahiro NAKANO, Yasushi SASAKI, Masaaki YOSHIKAWA and Hiroaki HATTORI

If the ground where a manhole is constructed is susceptible to liquefaction during ear-
thquake, the manhole may float up straight or cant, A series of model shaking tests

were conducted 1) to investigate the failure phenomena due to liquefaction, and 2) to

test the effectiveness of four types of manhole stabilization techniques against liquefac-

tion, such as surrounding with crushed grain and sheet pile or dewatering to the bottom

level of the manhole, compared with a manhole employing no stabilization technique,

Based on measured accelerations, excessive pore pressures, and observed floating up

and settlement, this paper describes the effectiveness of stabilizing techniques, Sur-

rounding a manhole with crushed grain and sheet pile or dewatering to a depth at the
bottom of the manhole was found to be effective,

Keywords . model shaking iests, liquefaction, manhole stabilization techniques, crushed

grain, sheet pile, dewatering
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Fig.1 Ground-Manhole Model.
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Fig.2 Manhole Stabilizing Techniques.
Table1 Design Details of Prototype and Model.
Prototype Model Aim
MANHOLE
Material R.C. Acryl acid resin
Weight (KN) 96.0 0.77
Volume (m?3) 87 007
Width, Breadth, Length (m) | 2.84, 1.84, 195 057, 0.37, 020
Apparent specific gravity 113 113
Young’s Modulus (MPa) 21x10' 42x10°
Poisson’s Rat’s - 017 0.17
GROUND SYSTEM
Material Saturated Sand Sengenyama Sand
Depth (m) 55 1.1
Dry Density (g/cm®) Max. 1.7 Min. 14 Max. 176 Min. 1.44
Relative Density (%) 40 40
Vs (m/s) 110 50
Natural Frequency (Hz) 5.0 113
STABILIZING
Crushed Grain
Grain Size (mm) 20~30 4~6 (5~10)
Thickness of Layer (cm) 30 6
Crushed Grain with Sheet
Pile Material | Steel Aluminum
Width, Breadth, Length(cm) | 3260, 2260,550.0 | 652,452, 1100
Thickness (mm) 50 1(2)
Young's Modulus (MPa) 21X10° 42x10"
De watering
Ground water level (cm) GL-150 GL-30
Ground water level (cm) GL-250 GL-50

() Value in execution
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Table3 Types of experiment.

Types of Experiment

Ground system

Standard

Crushed grain

Crushed grain with
sheet pile

Dewatering

Dewatering

Water Level (cm)
G.L.x0 ’
G.L. 0
G.L.£0
G. L £0

o

L.—30
G.L. —50

~Dyy & VA= WFE RIS B O HBEHT & 50K

Table 2 Similarity and Scale Factor.
Function Similar Systems Scale Factor Case
Length In/lp 1/5
Deflection In/ Ly 1/5 !
Volume (Un/ L] 1/125 2
Density on/po 1 3
Unit Weight (on/ 00)(8n/ 8s) 1 4
Mass (om/po) (l,,,/l,)?‘ 1/125
Time (Un/ 1) (an/ @) ™'* 1/2.24
Period (Un/ 1) (an/ ap)'? 1/2.24 5
Frequency (In/ L) *an/ ap)™*? 2.24 5
Velocity (In/ 1) (an/ @ o) 1/2.24
Elastic Modulus (o’ 00) (Un/ 1p) (am/ ap) 1/5
"(Sm/ﬁp)_!(’/m/llp)
Stress (pn/ 00)(Un/ 1o) (am/ ap) 1/5
Moment of Inertia | (In/15)! 1/625
Strain cn/€p 1
Poisson’s Ratio Va/ Vo Suffix 1
Damping Constant | hn/hp m : model 1
Acceleration an/ ap p : prolotype 1
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Table 4 Settlement or Floating up of Ground and Manhole.

) Ground D Manhole @ Relative iettement
Input Acceleration
(em/sY) 120 220 120 220 120 220
Ground System —20 —92 — — 20 92
Combined System
Standard (GLH0cm) | —27 | —89 41 56 68 145
Dewatering (GL—30cm)| —31 | ~—76 25 31 56 107
(GL—50cm)| — 2 | —22 2 1—22 4 0
Crushed Grain -22 | —16 4 7 26 23
Crushed Grain — 3 -6 -1 2 2 8
with Sheet pile

unit : mm, +: Floating up, —:Settlement
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EAAMEEOE X IZYEL S h, < EA—-NVOIRENEM
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& 15.3 Hz, FEic &k 545K (o — % 3 ) 13.8 Hz, B g -
KRBERIC KB (r—24) 16.1Hz &2 5, HiR
RENY, BEEHIE, SEHRFOLY, WEE R
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WEHMR B —R L0 AN B, MUNREIRICIE< v
A= VO EIMES R ERIC K RBREIBRAED E
BEbnlns,

Wiz, 2Hz OEFEFEIIRIC X5 120 AV & 220 v
B O B EXRRFO BB O EEME—~ F (Fig.5)
»H, BRGEEMERIFOBE (F—22), BA
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(r—=26) OXNEDIEIZNEIL 55, FERTRLE
VAR — VB ORKIGEEA A& L 0 /hE .
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B —R O ERLE O ATINERE & ARIRERAKE (B
T U &HKT) OBk (Fig.3) » 5, 120 Fv, 220
HNDATIRFICENZNERICETIREE, TalRER
BIZE->TWVEZEN bt BEXNEILEE< Y
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Table5 Resonant Frequency, Magnification and Damping

constant.
Resonant Magnification Damping constant(%)
frequency(Hz)| ground® |manhole®| @/@ | ground | manhole
Standard(GL +0cm) 134 146 122 084 34 41
Dewatering (GL-30cm) 142 107 97 092 45 52
(GL-50cm}) 153 106 97 092 44 52
Crushed Grain 138 118 111 094 40 49
Crushed Grain 161 110 106 096 38 47
with sheet pile
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