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(Prediction of the extent of the loosening area before ground depression)
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Prediction of the extent of the loosening area before ground depression
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Abstract

Ground depression caused by the degradation of buried pipes occur in each place in Japan. It is thought that the number
of ground depression increases by the degradation of the underground structures in future, and the preventive
maintenance is needed. Previous studies have used Terzaghi’s formula to estimate the area of loosening area, but there
was a discrepancy between the measured and predicted values in terms of the loosening area. This paper attempts to
visualize cavities and loosening area blow the groundwater using the acoustics tomography owned by the JFE Civil
Engineering & Construction Corp. In addition, this paper attempt to estimate the loosing area with reference to funnel
flow in powder technology. The result of acoustics tomography confirmed the existence of cavities and loosening area
based on the decrease in velocity and the increase in attenuation rate. The result of using the flow boundary equation
of the powder technology showed that the measured and predicted loosening area have a parallel linear relationship,

although there is a difference of 2 to 3 times.

Key words: ground depression, loose, acoustics tomography, infiltration flow
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Clarification of the mechanism of infiltration into ground during scour, focusing on the

instability of flows with different velocities
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Clarification of the mechanism of infiltration into ground during scour, focusing on the
instability of flows with different velocities
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2 Nagoya Institute of Technology Professor, Advanced Disaster Prevention Engineering Center

3 Nagoya Institute of Technology Graduate School, Social Engineering Program

Abstract

Scour occurred by flood and so on cause lowering bearing capacity for structure and serious damage. Most of the
previous studies on scour have been based on the concept of scour force, which focuses on the equilibrium condition
between soil particles and hydrodynamic forces. In this research, we focus on the mechanism of scour caused by floods
and tsunamis from a multi-scale viewpoint by focusing on the seepage into the ground in addition to the scour force.
The velocities of high-velocity flows such as floods and tsunamis differ greatly from those of seepage flows in the
ground, and the boundary between them is hydrodynamically unstable. Visualization experiments of seepage behavior
show that seepage and drainage occur due to the existence of velocity differences. We believe that understanding the
seepage characteristics that vary with grain size and seepage layer thickness will improve the prediction accuracy of

whether seepage occurs and scour.

Key words: scour, scour power, seepage flow, instability
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Effectiveness of double steel sheet pile structures in river levees
focusing on sand boiling occurrence and piping progression

Kazuki KONDO!, Kenichi MAEDA?, Ami OKUWA?, Kazuma SASAKI!
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Abstract

Due to frequent water disasters and earthquakes, reinforcement techniques using double steel sheet pile structures have
recently been proposed for river levees. However, insufficient studies have been conducted on the seepage
characteristics of double steel sheet-pile type structures, such as sand boil dynamics and piping progress under the levee
body. In this study, simple model experiments and 3D FEM seepage flow analysis were conducted to determine the
effect of river levees reinforced with double steel sheet piles on the progression of sand boils and piping. The model
test results confirmed that the double steel sheet-pile type structure was ineffective in suppressing the generation of
sand boils. Otherwise, the steel sheet piles on the levee's inner side suppressed the propagation of the piping holes. The
seepage flow analysis suggested that the seepage velocity was concentrated around the steel sheet pile. The inner side
of the levee in the double steel sheet pile-type structure had an increased upward seepage velocity, which may have

resulted in the generation of sand boils.

Key words: Double steel sheet pile type structure, Sand blowing occurs, Piping progress, Simple model experiment,

Seepage flow analysis
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Efficient condition of leakage countermeasure-type flood control method
for piping failure of river levees
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Abstract

With the prolongation of high water level durations, the risk of piping failure in river levees is increasing, necessitating
efficient maintenance and management. Traditional leakage countermeasure-type flood control methods for piping,
such as the Kama-dan and Tsuki-no-wa methods, are used and should be inherited and strengthened in the future due
to their economic efficiency and flexibility. However, there are few studies examining the performance of these methods.
Therefore, in this paper, model experiments were conducted to investigate the effectiveness of the Kama-dan and Tsuki-
no-wa methods, focusing on the timing and size of the countermeasures. As a result, it was observed that the
countermeasures temporarily suppressed the outflow of soil particles within the foundation ground. Additionally, while
increasing the scale of the countermeasures was effective in addressing a wide area, including the sand boil occurrence
points, it was also observed that the foundation ground became liquefied over time, causing the countermeasures to

subside, which suggests the possibility that sufficient effectiveness may not be achieved.

Key words: River levees, Piping, leakage countermeasure-type flood control method
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Effectiveness of surface covering countermeasures against overflow and Failure mechanism of
the embankment.

Shoshi NATSUME', Takaaki OKAMOTO?, Takeshi KODAKA?, Keita LEE?

1 Graduate School of Science and Technology, Department of Civil Engineering, Meijo University
2 Department of Civil Engineering, Meijo University

3 Department of Domestic Business, Nippon Koei / Meijo University

Abstract

The recent increase in heavy rains and floods has led to more frequent breakdowns of river embankments due to
overflow, and there is an urgent need to design more durable river embankments that can withstand overflow for a
longer time. The purpose of this study was to clarify the influence of the slope cover and slope protection on overflow
erosion, we conducted overflow erosion experiments by systematically changing the length of the slope protection. It
was shown that the time to failure could be significantly extended by increasing the length of the slope protection,
which suppressed the sucking out of the embankment. The same overflow experiment was conducted using a fixed bed
that reproduced the erosion shape obtained from the overflow experiment, and PIV measurements in the scour hole
revealed that the length of the slope protection changed the fluid behavior near the embankment and affected the sucking

out phenomenon of the embankment.

Key words: levee, overflow, surface countermeasure, piping, PIV
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Evaluation of Mechanical Properties of Kuzuryu River embankment
with Rich Fine Contents by In-situ and Laboratory Tests

Naoya KODAMA', Takeshi KODAKA?, Keita LEE®, Yuichi KUBO*, Toshiki HIROTA'

Graduate School of Science and Technology, Department of Civil Engineering, Meijo University
Department of Civil Engineering, Meijo University

Department of Domestic Business, Nippon Koei / Meijo University
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Department of Engineering, Geolabo-Chubu

Abstract

This paper describes the results of in-situ permeability tests and laboratory triaxial tests conducted at the 12.0 km
embankment excavation for the construction of a new sluice gate on the right bank of the Kuzuryu River in Fukui
Prefecture, Japan. The triaxial tests were the CU test and the water absorption softening test. All the collected samples
were predominantly fine-grained with Fc=70~90%, but the physical properties differed between the upstream and
downstream sides of the open-cut cross section. The CU test showed strain-hardening behavior at all locations, indicating
that the embankment material exhibited relatively high shear strength. However, in the water-absorption softening test,
the downstream side of the embankment was evaluated to be a strong embankment material during seepage, showing high
shear strength under low effective stress conditions, while the upstream side was evaluated to be a weak embankment

material during seepage.

Key words: River embankment, water absorption softening test, triaxial test, fine-grained soil
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Experimental study on liquefaction and re-liquefaction behavior of
short fiber reinforced sand

Takayuki SAKAI', Masaki NAKANQO?, Jakhongirbek GANIEV 3
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2 Nagoya University, Department of Civil Engineering
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Abstract

In this study, the cyclic shear properties of short-fiber reinforced soil were investigated for various cases with different
fiber content (wy). Additionally, re-liquefaction tests were conducted in which the water pressure was dissipated after
the liquefaction test, followed by subjecting the sand to cyclic shear again. The results showed that for wy = 0.4%, the
slope of cyclic mobility increased by about 0.5 on the compression side and 0.15 on the extension side. As wy
increased, liquefaction became more difficult even at high cyclic stress ratios (CSR). For instance, at CSR = 0.2, the
difficulty of liquefaction was three times greater when wy = 0.4%. In re-liquefaction tests, fiber-reinforced sand
liquefied after one cyclic shear cycle as unreinforced sand, despite the increased density due to consolidation post-
liquefaction. However, the mixture of fibers suppressed the propagation of strain after liquefaction by about 2 times.
The fiber-reinforced sand is susceptible to strain development due to anisotropy developed during liquefaction, similar

to unreinforced sand.

Key words: fiber reinforced sand, liquefaction, triaxial test
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Research Landslides along Faults from the viewpoints of Topography and Geology
and attempt to predict the risk level

Kentaro ITO!, Yukiyasu FUJII?, Yuta OZAKI?, Kyosuke GOMI?

1 Meijo University, Major of Civil Engineering

2 Meijo University, Department of Civil Engineering

Abstract

In recent years, earthquakes, which occurred by active faults, have triggered many landslides. The Median Tectonic
Line, which continue from west to central Japan, and Atotsugawa Fault in central Japan might cause any earthquakes
in many areas along it. The purpose of this study is to clarify the topographical and geological characteristics of
landslides along the faults and to predict the hazard of landslides. Using the geographic information system QGIS, the
area, ratio and the average are calculated for each geology. In addition, the directions and the slope angles of
landslides are measured. Based on the knowledges from these results, it attempts to analyze the hazard level of each
landslide.

Key words: Median Tectonic Line, Atotsugawa Fault, Geographic Information System, Geological Structure, Hazard
Map about Landslide
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Geotechnical Research on Sediment Supply Processes
of the Sumata River in the Oi River System
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Abstract

The Sumata River basin, which is characterized by steep terrain, has active sediment production. Sediment
accumulation in dams is a serious problem, and it’s necessary to develop an appropriate sediment management
strategies. This study aims to comprehensively understand the quality and quantity of supplied sediment, considering
geological characteristics. Firstly, to evaluate the quantity of sediment supply, we calculate the amount of landslide-
generated sediment supply for each geologic area. The results reveal that approximately 70% of the sediment supply
originates from interbedded sandstone and mudstone layers. For the qualitative assessment of sediment, we conducted
rock strength tests on sediment samples from the slope and river basin. In addition, particle size analysis has been done
on sediment samples of river basin. As a results, sandstone has similar rock strength from the slope to river basin of
downstream, it indicates that selective transport processes largely effect on sandstone sediment. On the other hand, the
strength of mudstone has been increased from the slope to river basin of downstream. Therefore, breaking and abrasion

mechanisms mainly effect on mudstone sediment.

Key words: Point load test, Alternating Layers of Sandstone and Mudstone, Sediment management,

Slope failure, Sediment dynamics
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Fundamental investigations of oxidation method of mud-rock containing pyrite
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Abstract

The ground containing mineral pyrite is known as the supplier of sulfuric acid due to its oxidation. The ordinal
existing method to evaluate the oxidation potential of those ground cannot properly reproduce such oxidation
phenomena occurring in an actual ground. Moreover, it takes too long time to complete all these oxidation
phenomena in a laboratory. The purpose of this paper is to investigate the promoting oxidation method of mud-rock
containing pyrite with highly reproducibility in a laboratory. First, we conducted some oxidation treatment to powder
samples containing pyrite (supplying air, hydrogen peroxide and Fe**). After that, we analyzed the produced minerals,
especially Jarosite, and the disappeared minerals, namely pyrite, by XRD and XRF to evaluate the reproducibility of
these method. While oxidation treatment, we had also measured pH and ORP of the samples to observe the trend of
chemical reaction. The results indicated that supplying air or hydrogen peroxide is effective to promote pyrite
disappearance. Additionally, supplying air or Fe3" contribute a generation of jarosite. It can be noted that these

phenomena didn’t occur at the same time in this study.

Key words: Pyrite, Mud-rock, Promoting oxidation method and Jarosite
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Static loading tests to elucidate scale effects and fundamental failure mechanisms of
rockfall protective soil embankments
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Abstract

In recent years, there has been a growing concern in Japan about the increasing damage caused by falling rocks due to
the intensification of natural disasters. While the rockfall protective soil embankments, one of the countermeasures
against falling rocks, is a rational countermeasure with excellent workability, economic efficiency, and maintainability,
its performance design method has not yet been established. In this paper, static loading experiments using multi-
surface weights are conducted on three different scale models of soil embankments to understand the scale effect of
soil embankments. From the experimental results, load-penetration relationships and failure behavior of the soil
embankments were compared, and the scale effect of the models was discussed. Static loading tests using spherical
weights were also conducted on a small model, and the results were compared with those of the tests using multi-
surface weights. As a result, it was confirmed that the shape of the weights had no significant effect on the failure
behavior of the soil embankment and that the maximum loads of the two models were almost equal. Numerical analysis

using the 2D-DEM was also conducted to confirm the internal behavior of the soil embankment under static loading.

Key words: Rockfall protective soil embankment, Static loading experiment, Scale effect, 2D-DEM, Failure mechanism
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U, = P(2) exp{i(x + B)}
LX) EXQ),Q).WITRAL, ZHROMIEE D =
9/0z% AW, TrtoMkiofb Lz i AfRXE 155,
{=(rcq + 2K3) + K, D% /m? YU, +

{0, + k)D /M, + (=i )P = 0 ®)
{i(ey + k2)D/m}U, — )
(rep = (11 + 2i,)D? /m*)U, — (koD /m)P = 0

(-1DU, + (iD/m)U, + (10)

(ika/x + Mykgm?(1 = D?/m? ))P =0
2, BRTETH AL, K, Ky, Ky, miE Zienkiewicz et al.¥
WKL TREINEZLOTHY, NN TEEN,
OB HEOFKFENEEN D, Fiz, SEFTITK
JEARIE (2RI T 2 MR etk ,, &2 S(12) TEFR T D,

m:h@+&m): Ke/n
Ywwd? E.+Ke/n'’
A . an
ARk TR K
g = (12)
E.+Ks/n

- = )
[N I\,

E. =24 2GI3—WuitR B TH 5, £z, K
(D,(12)& v, it 6 >OMKITESH I =2, FEEE
I, BRPERRECE O BIER A B R3S E L, AEFS DD
WIERTHREPFATEX D LItk D,

1—Kk=1kK +2kK, (13)

K(8), (9), (1) 5, ZHMOWHTHE T D IOV T OReE
FHEXEZ THROLIICEHTE 5,

(02 - p2)?(D? — '?) =0,
1 )1/2 (14)

u=m, y’=m(1+m
YoT, FR_EREMCEFO L EEE TS L, U,
U, PoOEGaMEIL 18 Mt ¥a,~ag , by~bg, ci~ce% AV
TRATHEZ BN D,
U,(z) = a, cosh(uz) + a, sinh(uz) + a3z cosh(uz)
+a,Zsinh(uz) + as cosh(¢'z) + a¢ sinh('z)
U,(2) = by cosh(uz) + b, sinh(uz) + b,z cosh(uz)
+b,Z sinh(uz) + bg cosh(u'z) + bg sinh(u'Z) as)
P(2) = c, cosh(uz) + ¢, sinh(uz) + c;Z cosh(uz)
+c,Z sinh(uz) + c5 cosh(p'z) + c¢ sinh(y'2)
(152 7(8),09),A0NZRA L, RELL#RZ1T S &, by~Dbs,
ci~cglta~ag % VT (16),(17D L HicFKEIND,
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bl = —iaz + iA1a3, b2 = —ia1 + iA1a4,

b3 = _ia4, b4 = _ia3 (16)
bs = —i(y'/w)ae, be = —i(y'/W)as

c; = —iA,a,, ¢, = —iA,a;, c3 =0,

1 204, C3 203, C3 (17)

Cy = 0, Cg = A3a5 , Ce = A3a6

IS, A~AIETRO LIRS D,

11+k, 1 2Kk
1=E1_K2: szical—icz'
1 (18)
A3 = Mk,m2K

ZAUZ LY, BEORED 5 b, MSLITHE T N ELREL
a;~ag® 6 AIZHEFI S AL, D OREUL 6 DOBERGAM:
A9~ LV REIND, KAN~QDIE, ENZEIUE
iERm (Z=0) (2B D KELH), TAMILIRER,
EEAIS IR v GREAIS DS E KRS &I &
LTHZ2720) OF5MREERT, 22~ (24)iF, KH (2 =
1) IZBWT, ARFEENEE, sHEZEMEE, FEHEKSEM
BERT,

i, =exp{i(x+ )} atz=10

(19)
_ 10%, | 0uy 7

Asz=;% a’;=Oatz=0 20
A6, = 1y B 4 BT _ 472 0 1)
T=0atz=1 (2)
u,=0atz=1 (23)
T, _ -

o =0atz=1 24)

T TIUT, ATy, AT I E N ENVEENR ST S L7 AT /73
3 ERERDIEIIE I TH D,
K(16),(17)&BE L, X(15ZEXUN~QHRAT B &,
R EHREA L Lk o X (A- DO AN S
5D, FAREa ~aglZ >V THEE, K16),ANITRALT
ETORBERD D Z LT, My, U, U, 2155, %0
L DIETIEFHRICONTH, LTFORICRATHZ LT
RERTD,

Uy | Ky 0Uy

u
g. = —_ 4 — 25
AG'y = (K + 2K3) FF + T (25)
_ 0u, K+ 2k,0u,
o 26
ATz =k ox m 0z (26)
_ Ky 0Uy, ou,
=== —= 27
ATxz m 9z 2 9% @7)
INDHDFERRIEELE, DTS E, + K /n TR Tk
ENTNDZ L EBRARTEL,

22 FBKEBEHOEIIZLZTINXOEL
KAD(ADITREN D ERTTED 5 b, FARGREk % &
TeDIX, I DOFHTH 2, FARBREDIEFIZRKE W (ks > )
LE M > oou - uA; >0 LTCHERAE L HZ ENRTE
5728, RA-DDOELDO~ h U 7 ZAXKA2)D K H1cF
BTx2, XD~ I 72055, F1HEESH, F

25 6 HIN—E L, ST MELEDRIEERE & 2D
7o~ MV 2 2ADT 7 ELEAL, RRITMRT2< b
GEDELE LRV 2 bbb,

—F, BARBRERIEFITNEL 72D (ks - 0) BEICE
WTh, I > 0,4’ > 00,43 >0k LTHIEEZE XS &, 17
EAL R 2R CRA-DIE, RA3D LI IcERHEND =
B, RIIV~ b 7 2O EEANLRHERTE 5,

Fiz, & XBKFENFROMEE HOHAETY, K
BENIEFITRE W NS EEIE, RA-DELDO~
U 7 AMRFEERNTITSL 2 & T, S8 GlEsz Ko
fROFIRI AN KT DIE 2R T HIE T, K&EWEE, fi#
DREAZ GRS, FREROM 4 —FITRKD 5 DRI
%) DIFFICREVEFHITINERDLZEND,
Yamamoto fi# Robust 7R fRE I E M K & 72 5,

BARBY @i et & UL, £ VIR IR & &
2R R, St JBE) O T ThEKRIND
KA-DD~ Y 7 2ADOFEMEHDN, BARBEHITIGETE S
AT 20 & K2 1R T, BARBREDNEL (kg > 1073
m/s]), FIFKREL 2D (ks » 103 [mss]) 20T,
b7 ADEBHEDBKRE L, RA-D)DITHN DO 2R E &
SRDDZENREEIC/2D Z LR TE D,

# 1 A5
B H [m] 24.0
BERUEARIE ao(= Hyw/2) [kPa] 57.0
JEHA T [s] 15.0
HEE w (= 2r/T) [rad/s] 0.419
& L[m] 324.0
H4% A (= 2m/L) [rad/m] 0.019
W C (=L/T) [m/s) 21.6

*] Moshagen and Torum® X ¥

%2 HARMPEAE, RIS

L/ACT A
HBE n 0.333
IR DEFEFMELRET Ky [KN/m?] 2.27X10°
IKOBALEFEE Ry, [kKN/m’] 9.81
B ABIEPELREL G [kN/m?) 1.00 X 104
OB
JEIZ dy [m] 25.0

*2 Yamamoto” J ¥
*3 R E LT, KOPRREHMERE L —B

-81 -



10'0 T T T T

condition number

T T T T T T T T T
TN T T N TR TR N B N

1 1 1
10! 10! 10°
Permeability coefficient k, [m/s]

2 BRFRERIT A S St pZeqt (ftsutoer o)

100 L L
107

3. EEHK - EHKEHTOEERBDKELE
BRAOEL

3.1 ZTEHKEHTOBEMEGEERE
TR DB KR I TR EWIBE (ks - ) 13,
A E LTHRAOA FRO L IICEAFTE 5,

(1-D%/m? )P =0 (28)
L7eo TReE SRS, TRLo L HIickE 2,
(D?—-p?)3=0, u=m (29)

ERQoR, ZEREFFHOZ L EMKL, EU,, U, PEfR
a,~ag, by~bg, c;~ceEAVTTRO L HITRET 5,
U,(2) = a, cosh(uz) + a, sinh(uz) + a;z cosh(uz)
+a,zsinh(uz) + asz? cosh(uz) + azz? sinh(uz)
U,(2) = b, cosh(uz) + b, sinh(uz) + by cosh(uz)
+b,Zsinh(uz) + bsz? cosh(uz) + bez? sinh(uz) (30)
P(2) = ¢, cosh(uz) + ¢, sinh(uz) + c3Z cosh(uz)
+c,Zsinh(uz) + csz% cosh(uz) + c¢z? sinh(uz)
H(30)% L HFEX(B), (9), @NTINA L, FRELEZTT S
Z&T, TROREBEREES.

as=0, ag=0 (D)
bz = —iay, by =—ia;, bs =0, by =0 (32)
= i(x;:xz) a — iKl,:,j:z aq + (Kl:axz) b,,

L= i(K;:KZ) - i"i,f,ffz a + (Kl;lcz) by, (33)

c3=0,¢c,=0, ¢c5=0, c,=0
bk, HEAMEZ? cosh(uz) & 22 sinh(uz) DIREAF 1
WDz s, FEAREOE—RKE LT, Yamamoto fiED
6 DN ADIID I ENbND, £12, as,agD PV I
by, by BWEER M K 0 B E DML/ E L T2 D 2 3o h
5, KB0)~(B3) & EERLMR19)~Q4)ICAT D Z & T,
N RERAEE S,

3.2 EE2IFHKEHTOEKMBREEEREE
BB IEF NN E W (kg » 0) BAE, #E(10)
DTROLIICERTE D,
(=1)T, + (iD/m)T, + (iky/K)P = 0 (34

COBE OSBRI FROL I ICRELN, WED 6

Mo 41272 D,
(D?—p?)? =0, u=m (3%)

L7z o THREU,, Uy, PEfR¥lai~a, , bi~by, ci~cy %

MNTFRO LS ICRHAT 5,

Ux (z) = a, cosh(uz) + a, sinh(uz)

+a;z cosh(uz) + a,z sinh(uz)

UZ(Z) = b, cosh(uz) + b, sinh(uz)

+b3Z cosh(uz) + b,z sinh(uz) (36)

P(2) = ¢, cosh(uz) + c, sinh(uz)

+c53Z cosh(uz) + ¢,z sinh(uz)
E(36) % S A FE(B),(9),BHITARA L, SREL# & 1T 5
ZL&T, TRoOBMRRESS,

b1 = _iaz + iA1a3, bz = —ia1 + iA1a4,
. . (37)
by = —iay, b, = —iaz
c, = —id,a,, ¢, = —iA,as,
1 244 2 243 (38)

c3=0, =0
BiFE WA — A U WARSAE T ik, MBRKEIFE
(10)DfE L LTREDOTIHAR L, MBRAN LB OB
BALE I LR GO D8 & LT, BRKIEE X
WEARICEE S 9, Lo, BEREME LT, K39),
DI LY, MEEHIAZ R IZRBW T, ShE AN T1#5AG,
DI EEE —FT D TROEEREEZ X 5,

AG, = exp{i(x+ )} atz=10 (39)

F72, RQHITH A TEET D2HER RN L0 b, K(39),
(20), (22), (23)D#t 4 KOFSH LUK B6)~B8) AT
5z, #ERASEED,

3.3 BKFBOELIZHS BEMBOKRICEE AR
NEE

W L7 oM L Yamamoto 12 K 5 A TRE KR
Z RO KRS T O E AR IS B B RRAR & LT D
7o, 2, 2 fifi & AR DI 50, Mg DWPEE & Sefnl Soff
DT T, Pk k TIKITTAL Lo KR, & ShEE Ty,
B IERE R, TR L L@ FIRBK Eu,, AW
WO AT, KFEERNG SN0y, SREARIGT A0, FXER)
IS S1Ap', EhFEIS SIAqD  (BRAN 1A — A AEH L 7= [H
TO) RKREDOHE S K3 1Z7~T, [FXD Yamamoto
FRIZOUWTIE, BARRE K 2107375510 [nys]~ & 2k =
TR ERL TS,

WTNOEEICOWT S, Yamamoto fE Tl KR A K
L, HDOVINESLSEE LESGAR, ThEnzeedik-
FEHERGRM T COBRRARICHIEL L TV D 2 E DR T
b, FDOT, TR, Yamamoto fEDFEKIRE &2
fEER7=MBIR & LT, AfTEH L-5eadbk - kS
P O EHAR ORI E R EM T oD Z &
MR ST,

F7o, R HFEARIRENCK T D55 RO RKIEDOEIC
SONT, UTFOZENEX D,

o ECRIRRI BRSO B R - SRIELA 2 ¥ 55

Aoy, AcylE, HIFRIZBWT, BRI Uiz 21k
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Z/d,

DFRERRKE N, R IEFEAK 030 5 T B K E AR

HRIZB DT HANEREEIC—E L 72 5%, &K
REDMRNME (kg = 1073 [m/s]) & DERE L,

Z %, Yamamoto fif & S RIEPEAKSH T CREL C
WHBER SN R D Z L ICRET 5,

R VBTSN S AT, 1, BAREUCIE U225k
MB/INEV, T, AKIEOZALM FIE T AW

DEBN/NSNTZDTH D,

YK DOEFHIRZ BN T, SRS 85y
Ap"V IR K% &V, SERIEPKOIGRME T, Ap'lE
L ALY, —J, WREEA IS Ao FTER
IR DHEERRIZIB N TIRKZ & D, 2072, Ao,

DEACIHNERE A G ) % BE 2085 i
TET B BEAE QWAL T T I, AR K M 23R
PleEEZ LT v el s, Lo LRk
p CHIEr S D &2, EEITEE KM TR
B Z W RT WD & ERET 5,

0.2+

—k =zerp
——k,=10" [m/s]
—— k. =107 [m/s]
—k 10 [m/s]

k, =10° [m/s]
L —— k. =infinity

3
0.61
0.8F
Y55.00010.0002 0.0003 0.0004 0.0005 Lo —0.00010.0002 0.0003 0.0004 0.0005
/M fat.
(a) ﬂf/kﬁ:f bAKEZE R ku, (b) ﬁf/)’(jﬁ{ tf’“‘%ﬂkuz
0 , .
g
— m/s
02 —— k& =107 [m/s] [ 0.2-
—— k& =10 [m/s] [
& =10 [m/s] !
04 — K =infinity | 0.4
at 1 .
! = ——k, =zero
] ° —Eol
| = n/s]
08r | 0.6 £ =107 fa/s]
| ke =10 [m/s]
——k, =infinity
08} 0.8F
™97 03 06 05 1 T T ee o 1
lfit artu,,
(c) HEYR T I BR K (d) HER AR AWIS S5y
ue/uwo AT?CZ/‘U'WG
0 T T T T
0.2¢
0.4
—— k. =zerp —k s =zerp
—— k. =107 [m/s] —k 102 [m/s]
—— k. =107, [m/s] —k 101 [m/s]
0.6- — bk, =10" /5] —ks =107 [m/s] |
k. =10" [m/s] =10° [m/s]
; —— k. =infinity —k =infinity
0.8/
b0z ToF oe o8 1 02 04 06 08

() L ITALAKT-A DG

Ac iy, Ao/,
(O SR TTALERIE A DI S

43 Aoy fuy,, 53 gy /Uy,

b 02 —i _ﬁlrg[m/s] T
—k =10~ [m/s]
] —k 10 [m/s]
‘ ks /s
o\ e
—k, =zero ~
——k, =10~ [m/s] I
—k =107 [m!
— k=107 %2.2} 06
k, =10’ [m/s]
——k, =infinity
0.8 + 0.8
Y or T s o5 1 ! 08
Ap'u,,,
(8) MEXRTALN ARG TIE (h) EEJ ST T 5y
57 Ap' [y, Aq/uo
X 3 RO KAE DA

. BERTICE 2 ERBEOERR

BARAEH T OIS R 55 8) & 32 2. 2 72 D OB AT T
BEEREST A Z L, IEEHARGIIEA D =X L% T LD
E LT X A 7R 7 2% BT 5 Z &, OW T
PEREIEW) O FEREHR O PR SN 1T k3 2 22 e M & R 9
5 ETHEETHD, O, HEMNT FIES R L F
FROZFEZ TS5 & 2T 2 LIZLD Verification %
SEETDH I EIEMATHD,

—5 T, 2 #i TR L7z Yamamoto fERMAET D L H I
— D IR ICIIRAE A T OV I A AR S A PR AR T, 7k
5 TN MERR I 7R D HiE A AR E L, [R17 I RO
LV o I HBE B O F B E B L TER L EIT > T

%o BABEMAT TIT—RIZ, MR Z AR ’““b?)%)d‘éﬁﬁ‘\‘
HY, Himik L FROZEEZHIRT L0, €D LD

72 K5 6] O W o JE 1 % B RS btﬁﬂﬁ?%’i’%%?‘
L2 ENVETH D, ARTIE, AAWROBRKEE R
HEIC & 0, KEHFMOWREN L EZ e &3 554 A
F i DR KE SR A R A R oS H R & ak
WZBZEN T A Z LI K VAU FRAREMEL, Th
W EED < BT T35 2 L7z (u-p-ps formulation (2 X
2 K BRJE BT ek, SRR DICRED ), E7o, AT
ﬁ%@/}'&{j@%,ﬂ;ﬁﬁ (BN S1F) % Lagrange O R & FHE

ICEVEBE L, &DI, ZNDOEE BN OFRHE
%ﬁfﬁ LT DD, BEMEHTE T L OKFEL, KR
TS Q) & Uiz, FRTSRIEIZ 2, 2 81 & [ABRICRR L,
BRI E 2 T3 r— AT LTz,

X 4,56 1ZFNENTEYEK, oK, BRIEHKSE
(kg = 10%°,1072,0 [m/s]) @ F TOHEEIEIE,,, CEH
L ENTERIHIR K Fu,, FEF RS Ap!, hZES
T Aq DRI L& SR E - ACEALE N2 D 6 SITE
WC, BEEaE & BUETR AR C 7T 7 o BT, I
ENG, W BA0E, FBEIZBWTH, #’D@u%‘EODfE

iR & 45hE ﬁﬂ‘ﬁﬁ%#*ﬁt?‘é EDFERTE D, SHICE
PIZDONTH, K7 0% Z—nb, RO Z EBNE
Z 5o LTz3o T, AW EEMAT TIEIL, B ﬁér:&
AR D KE ST M O AR 2 258 2 KRBT 2 Z & AR

HY, FEMEMRNTFEED Verification 2358 7 L7=,
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o DERITR  —— ERER

x =-—323.0 x=00 x=323.0
[ml [m] [m]
z=85 @ — ® — | —
im]
z=165
e W * — * — 0 —
0 T 2 [m]
0.1 - [ T S ——
0.4
£ 203 1
2: 0| "\_‘1 ]
= F o2 :
0.1 1
0.1 0
0 Ur 2 ( U 2
4 FERYEKRSAE T OB IR IS PR IE & BB R R
! o BERIR — EER
x=-3230 x*=00  x=3230
H 0 [m] Im] [m]
:} z2=85 @ =— @ — 0 —
[m]
b M Mlmme— i
! vr 2
0.1 0.
| 04
H 203
= 0F ] <
s W 02
| 0.1
0 0 . ' R
b i, 2 0 U 2
5 ERHEAK ST OB IR A B AT & S AT A7
1 ® HMERITRE —— HERMRE
x=-3230 x=00 x = 323.0
- [m] [m m]
0 z2=85| @ —— & — |0 —
e Im]
z=165 o o e —
1 [m]
0 1 T 2
0.1
:;t 0
5
01 . . 0,
) Vo - 0 Loy 2
6 SERIEHIK S T O BIRISE PR & ST iR
o BIERAT AR

10 [m]

@20 [m]

IS by o By

Mbbreaasy

FILINY ISETILLEV
MM ey ey

AL R S LA IS PR

o0 m]

5. BhHYIC

TIRIEIEIRAE R T OV I Ul O TR IGZ % Fhal 3 5 Bl
FmfE O F & LT Yamamoto (2 KB H D&Y Lif7=, [F]
T, AIROB KB A -2 Darcy HINIZESWTERL
SN TR HEE OSBRI EE 2 22—, FAREE
kg DIEFITRE W (kg » 00), FNEW (kg > 0) 5
PR T DBIR % & 2 1235510, (REE IRET D720 D
BN FRAO~ N Y 7 ARIBIER & 72 572D, Z D
NENT, FRADBONZ RN DITRDZ &%, FEt
BHo<w ) 7 2EmRoib L7 TR LT,

W2, ZELAFREAFOHELRIZOWT, FARREE KX
KEINELTBELIMmRE &5 LT, RNEHN
L, Yamamoto fif & RIARIZTERHEK - FEHEK G T DOUEE
HUBE OB RIS E AR A B L, Zh b ORI,
Yamamoto fED FEAFEDH L Y 2 27 nE— KN (54 D)
TRISNDZEERLEE, £L T, Yamamoto fiiZi\>
TEARBRHAEACS TR L, AREEMN L Zo0fiF4% It
952 LT, TN OOHEKEMN, Yamamoto FEDIE
KR E B SH TP L L TEBHENDILOTHD
& RRITAIIZ R U, SERPEKRARIZ IV TR RIS 1385y
Ap' R %A & D —0, FERFEHKIETIXAp 23— U
WZ & ERERR LT,

Bt%IZ, BEHKEDp, & R & VDD, AKEH MO
&, KE, BALOEMINMEEBRE L BT FE (u-pps
formulation) M5 Z & T, SEaHEK, oK (FIR
DFEKRGE) , SERIEHEK G T OWEIEHE O RIS E A
BETE D &7 L, BUEMHT FIER VDR 5 D%
KEEZBNTHAEITHD Z L &R LT,

A1%1%, 4T Verification 2358 T L 7 EEMRAT FIEIZH]
FEMEAER A B U, VS AR IR RA LT & FE e L, S8 -
BUAME & el LC, [ATFEO Validation 2179, X 51T
V&V W5ET LTt R4, Hx REEREM0 T ol
JEEHIARZSTE A 71 = X MR ARSI T 5,

HiEE
AWFFEIL ISPS BHFFE 22K14324 OB 25217 7=,

Al &
7 Bamfif & AR AR O LN O = 2 — AR DS TR BIRR & LU TIORT,
0 0 0 —iA, Aj 0
0 2 L 4 0 0 2
m 1 m a (1
1—k 2 a, I 0 I
2k, 0 0 ( )(1 —-mA;) (1- K)H—Z—Kl 0 as 0
m H a(=Yo (A-1)
cosh(u) sinh(w) cosh(u) sinh(u) cosh(u") sinh(u") as IKOJ
. sinh(u) cosh(u) ﬁ’ . , ﬁ’ ’ Qg 0
sinh(u) cosh(w) — A, cosh(u) —A,sinh(u) u sinh(u") P cosh(u")
0 0 —iuA,cosh(p) —iuA,sinh(u) w' Agsinh(u')  u'Ascosh(u)]
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0 0 0 —iA, 0 0
1
0 ——A 0 0 2
m 1 31 (1)
1-—k 2
2k, 0 0 ( ) (1-mA,) 2k, 0 a0
m a, ~ 0 (A-2)
cosh(u) sinh(u) cosh(u) sinh(u) cosh(x) sinh(w) as 0
. sinh(u) cosh(u) . a) LOJ
sinh(u) cosh(w) — 4, cosh() — A, sinh(x) sinh(u) cosh(w) 6
[ 0 0 —ipuA,cosh(u) —ipuA,sinh(p) 0 0 J
000 010 a 1
0 00 0 0 1 a 0
0 000 10 49 _ 0
000011 G ~ 0 (A-3)
0 00 0 1 1,9 0
lO 0 0 0 1 1J a6) LOJ
(i, + K5) 0 0 Lkt 3k, 0 (ky + K3) )
Kq mK, Ka
1 , a, 1
0 1 ooy 0 i 0 a, 0
K1 + 2K, . a0
Ky 0 0 E— 0 =iy +26)) g, = 0 (A-4)
cosh(u)  sinh(w) cosh(u) sinh(p) 0 0 tblj kOJ
0 0 —isinh(u) —i cosh(u) cosh(u) sinh(x) b, 0
inh h _L?’KZ h _L?’KZ inh —icosh —isinh
l sinh(u)  cosh(u) m(K1+K2)COS (D) m(K1+K2)sm (D) icosh(u) isinh(u) J
[ 2i 0 0 2”('2
trez/Ka mi, (1 — i)
1 a; 1
- a
0 2 (m Al) 0 (= 8 (A-5)
cosh(u)  sinh(w) cosh(w) sinh(w) a 0
sinh(u) cosh(u) '
| sinh()  cosh()  _ 4 osh(u)  —a,sinh(u) |
A D72 DEFEEFKE % IR L D&
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Derivation and numerical reproduction of analytical solutions to elastic seabed deformation
under wave loading in completely drained and undrained conditions

Takumi IIJIMA!, Tomohiro TOYODA?, Toshihiro NODA?

1 Nagoya University, Department of engineering * iijima.takumi.h3@s.mail.nagoya-u.ac.jp

2 Nagoya University, Department of engineering

Abstract

Yamamoto’s solution to two dimensional wave-induced response of elastic seabed is based on Darcy’s law with a finite
permeability coefficient considering a partially drained condition. However, it cannot explain seabed behavior under
both fully drained and undrained conditions simply by taking the limit of permeability coefficient as infinity and zero.
In addition, even in the partially drained condition, determination of coefficients of solutions becomes less robust if
permeability coefficient increases/decreases greatly so that it lacks applicability to seabed of high and low permeability.
In this study, theoretical solutions to wave-induced behavior of seabed under the fully drained and undrained conditions
are derived. Through the comparison of those theoretical solutions with Yamamoto’s solution, their characteristics are
discussed and they are identified as extreme seabed behaviors explained by Yamamoto’s solution. Furthermore, all
those theoretical solutions to seabed behavior in any drainage condition is shown to be reproducible by a numerical

scheme which can consider horizontally periodic flow and displacement assumed in all those analytical solutions.

Key words: Theoretical solution, Seabed liquefaction, Permeability, Soil-water coupling analysis, Periodic boundary
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Numerical analysis of stick-slip phenomena and non-uniform slip propagation
using super/sub-loading surface friction model
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Numerical analysis of stick-slip phenomena and non-uniform slip propagation
using super/sub-loading surface friction model

Ryo YASUIKE'!, Tomohiro TOYODA?, Toshihiro NODA?

1 Nagoya University, Department of Civil Engineering * yasuike.ryo.z9@s.mail.nagoya-u.ac.jp
2 Nagoya University, Department of Civil Engineering

Abstract

We have proposed a super/subloading friction model which incorporates the superloading surface concept into the
subloading friction model based on elasto-plasticity theory. The proposed model is characterized by the following two
points: (1) the state in which the static friction coefficient is larger than the kinetic friction coefficient is considered as
the "bulkiness" of friction coefficient by structure of contact surface, and (2) the decay and healing of the structure is
described by an evolution rule for capturing state transition from static to kinetic friction. In this paper, we show that
the model is capable to describe stable sliding, stick-slip phenomenon and the differences of slip phenomenon
associated with change of normal stress. The model was also implemented in the boundary conditions of a dynamic
infinitesimal deformation elastic analysis, and it was applied to a simple shear deformation field. The results showed
that the normal stress distribution on the contact surface becomes non-uniform with elapsed time, and that slip occurs
from the region where the normal stress decreases, and the slip region expands and propagates to other regions with

rearrangement of stress.

Key words: Friction, Stick-slip, Slip propagation, Elasto-plasticity, Dynamic analysis
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Rigid Plastic Finite Element Analysis for Active Earth Pressure
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Rigid Plastic Finite Element Analysis for Active Earth Pressure
based on the Upper Bound Theorem
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Abstract

Traditionally, earth pressure calculation methods based on the Coulomb’s earth pressure theory have been widely used
in retaining wall design, but there have been few applications of active earth pressure calculations using limit analysis
based on the upper bound theorem. In this study, we develop an active earth pressure calculation method using the
Rigid Plastic Finite Element Method (RPFEM) based on the upper bound theorem.

In this paper, we propose a method to rationally evaluate the active earth pressure acting on a virtual retaining wall
within the framework of limit analysis. We calculate the active earth pressure of a typical backfill ground and
demonstrate the validity of this calculation method by comparing it with the Coulomb’s earth pressure theory. We also
mention modeling of the friction between the retaining wall and the ground. Finally, we introduce a case study to

calculate the seismic active earth pressure.

Key words: Active Earth pressure, Retaining Wall, Rigid Plastic Finite Element Method, Upper Bound Theorem, Limit
Analysis

- 103 -





