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Fig. 1 Observed uplifted manhole after 2003 Tokachi-oki,
Japan, earthquake.
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Fig. 2 Simplified illustration of a manhole and excavated

area.
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Table 1 Parameters for soils
Max. void ratio € max 1.19
Min. void ratio € min 0.710
Mean particle size Dy, 0.13 mm
Density Gy 2.66
Wet sand ¥t 14.8 kN/m®
Saturated sand y 18.1 kN/m®

Table 2 Parameters for manholes (Prototype scale)
Aluminum Unit weight Za 26.5 kN/m°
Length h 30 m
Diameter o 1.1m
Wall thickness t 0.1m
Mass of sensors m 68 kg
Manhole Mass of base slab 1.7 kN
Total weight 27.3 kN
Volume 285 m’
Unit weight Im 9.57 kN/m®
Width of a trench a 20 m
0.5 —
(@) No friction — 148
Un|twe|ght of a8
L non-liquefiable 8o
soil, 1 (kN/m?) :
=
b
0 1 L 1 1
0 d/h 0.5
0-5 . .
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Fig. 3 Normalized uplift amount, Af/h, versus normalized
ground water depth, d/h: (a) No frictional force at the
side of a manhole is assumed; (b) Frictional force is

assumed.
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Fig. 4 Ratio of trench width to diameter of a manhole versus normalized uplift (a), settlement (b) and total displacement (c).
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Fig. 6 Safety factor against liquefaction and normalized uplift (a), settlement (b) and total displacement (c).
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Table 3 Test cases and conditions

Amplitude Total Ground Depth of

of input Uplift  Surface vertical water  water in

acc. displ. settle. displ. depth  mahole

Af As Af+As d
Case m/s® m m m m m

1 6.09 0.34 0.18 0.52 0.0 NA
2 6.60 0.78 0.08 0.86 1.0 0.04
3 6.55 0.52 0.14 0.66 1.0 0.40
4 6.53 0.23 0.14 0.37 1.0 0.54
5 6.75 0.82 0.10 0.92 1.0 0.00
6 6.67 0.63 0.13 0.76 1.0 0.50
7 6.86 0.65 0.080 0.73 1.0 0.00
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Fig. 7 Centrifuge model setup( units in m)

Fig. 9 Model manhole made of an aluminum cylinder.

3.2 EER#HER

MEH DO~ v R — VO EOET (Fig. 11) 75
BRLLOWTEBETHZ LN TED, Table3lZ
i, FEE, TR, ThO0MTHIHMELENE,
HTAMES, BROERFICERET v HA—
PITIEA L2 KD KEE RS, v BF—VHN~D
BAKIE, KIEFZ AT BEOB KR ENEETH
b, F—ASETLSTIE, = VR —/LNIZKIERO.S
mDRKB B -T2, 172712 Lr— AN DWW TIERAER
T D, Table3 LV, BARENDKEZWEHAIZIE, #
BB BRI SNAHENICH D Z LD A D,
Fig. 10127 — ASO EBRE R 2”97, £ FIMAEIC
DVWTHRD &, FHREREICK T 2RE (A4) A

— 360 —



N EHE L TRUEHIE L CWD 2 ENbd, —7,
ML +EE (A3) TIRRIRILIZ X 0 7R LR TR
AR L TWD ZEnbnd, —JF, v vk—i
Kt (A1) &EHE (A2) OMNEEREBICEHT D &,
THUE L IRBOBEIIR NS, —RAT2 & JEiZH
B DOTIRAL D FEEPN LR IZH L TRV E D IR
2%, UL, BICRMOMEELS (AD i3,
ARA TIROWERRRFEESNTND Z 0D, KIR
{bHENZ ~ o A — A< 2 & TIRIR(E LR
U LA RREIEIR & I 20 KL Cnd (127 Y
v IEEVT =) ZERbND,
WACBRIBIBRAKEICOWTAHAD &, HELERO
AKJEFE (Fig. 10(c) : P1) DOitgkm» HHE L £85Ik
LT bZ enbhrd, —FH, vrA—/NVEHO
K (Fig. 10(d) : P2) %, IHRATO YA R L#+E
DKIBYDURED FHIZBE TS, ZoZ Lk
D, FERVICHEN RV ESICITRENEA
LTWDHZENREBIND, Fig. 10(d)7 bl d
LD TEDHAEREOMBFEHITII0PETH D
2, OB L T oA —/VETICHEE L 236
DIALTWD D EEDID, WoTlc VEIVIAALTE
EARERAGIREEICH D D E 5 IR TH 5 23,
MR TH~ A= AR T LRI &0 h, [\D
AT R FERALIREEICH T b D EEZ BN D,
ZoZEnn, AENREIETE ZREICY AL
O EFEEN/NZTFE, BIYALERNDRLRD
iR EEIFNEL kb0 R IND, Fig
10(d)I2 1L, BRIFIBUKIEOREZIE & 362, igEdh o

" Displacement (mm): D1

W EETHIE LG mEE (K0 Ec) &, m
Wtk O ERBEEIC LD HMEE G208 L)
R, AT XD & HI208D T 5 R R K E 23 IR
BOAHEFEICIZESE L 2> T0D 2 END
ARG Tl d 208, Z OWRFETE LRV 23 51k
LebotBEbis,
FEBEOBREBEICERILLI OO, LT~z
AL, 7o0HER 7 — AT _RCTUTB W TIHEBEL TR
ZF i,

3.3 #HEEX DR
EODEARIERR IR 0.005E (F—A1) £0.33
DY (=220 5H7) IZOWTIT - 72, 48 & [FkE,
F—1EER 2T RT A =& 2R (8) & KO
AL, dh=0.0&03312% L7 2 v b LK 23Fig. 12
Thd, L, EKMELY EHIZONTIHE,
~UAR—MAlE L L ORICEEAZBEL T D,
ARIET 50, B EBDIRORNEE RO T
WREMBRAKERIX1.0E 5, KLY, EHRTH
Ni-m EE LW TEE, mMELCRZBETHEIN
DI KMEDOFFANIZINE > TWNWDZ ERbND, T2
2L, 22 TCHEBELEEZEIL IETEAICE STV,
MRT25I1CH-0 < ARm— B = o —
DERITZELTNDER, B —LRN~DRKIC
EHEREBIMIZEL TR, BADEEL LT,
0.5 mDiFK %= EE T, 7 EEO TR ERIL, Fig
RICEMTRT b DO LD, Zhickd e, BAL
TROEBEZL Y < AR— VR SITR LT 08

Acceleration (m/sz): A4

1
© T FO)
| ! T Model No. 1_3 :
b ! Residual uplift 820 mm E
0 . 1 . N n N " R u " 1 ) L : L
Al 15
0 10 20 30 40 P2 0 10 20 30 40
50 Pore water pressure (kPa): P1 A Acceleration (m/sz): A3
. 15
Hc) ' [
SORTTTTTTTN o
i JWWWWMWWW” D1 ;
0 ] 1 1 1 1 L _1 5 C 1 1 1 1 1 1 L
0 10 20 30 40 A1 A3 A4 g - - 25 45
P t kPa): P2 L d
50 (dc))re wa: eL ||are(sjsure (h ka)'| | = m| Acceleration: (m/sz) A1
. G, during shaking G, at mm upli 15
e o 2 a0
mm———— o = ————
0 — ‘ I ‘ I I P1 Manhole 15 E i 1 . 1 i . i
0 10 20 30 40 O .
5 0 10 20 30 40
Input Acceleration (m/s”): AO
15 i 2):
Fe) : 15 _Acceleratlon (m/s”): A2
[ E(i
s ' P2 0 :
-15 L ! ; - ; - ; - 15 E n L n L n L n
0 0 mdl <0 40 [ A0 0 10 20 30 40

Time (s)

Fig. 10 Results of centrifuge model tests: Case 5.
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Fig. 11Uplifted manhole (Case 5)
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Fig. 12 Predicted and measured normalized manhole
uplift displacements and backfill soil settlement versus

normalized ground water depth.
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Fig. 14 Measured and predicted maximum uplift and

settlement. Dotted curve indicates the case of F{=1.3.
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Simplified Method for Estimation of the Maximum Uplift Displacement of a Manhole
during Earthquakes

Tetsuo TOBITA, Susumu IAI, Gi-Chun KANG?*, Yasuhiko KONISHI**, and Shoji HARAZONO**

* Graduate School of Engineering, Kyoto University, Japan
** Nihon Suido Consultants, Co., Ltd., Japan

Synopsis

Uplifting of sewage manholes is one of the typical and striking damage pattern observed in the area
being hit by large earthquakes. A simplified method to estimate the maximum uplift displacement of a
manhole and settlements of backfill soil under liquefaction is derived based on the mechanism of uplift of a
manhole under undrained condition of backfill soil. The method is capable of evaluating effectiveness of
countermeasures against uplift by considering excess pore water pressure ratio and/or unit weight of backfill
soil. In the present study, the applicability for the case without countermeasures is investigated through
comparison with experimental results. Results show that measured uplift displacements and settlements are
within the range predicted by the proposed method.

Keywords: Liquefaction, Manhole, Uplift, Centrifuge modeling, Earthquake
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