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Concept of strength and deformation characteristics of tensile-reinforced soil as a basis for a rational structural design
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Illustration of an earthwork fortification constructed in the 7th century
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Various modern geosynthetic reinforcement technologies
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Flowchart of Development for rehabilitation technology of soil
structures to protect and mitigate hazards caused by natural disasters
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Traditional structural features of a small earth dam and typical damages
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Example of structural features of small earth dam tolerant overtopping and
image of remedy work for flooding
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O B R E2 H VW7o, BEM & L TR % fi i
L 7= FEREA (HEE©O T A - REPA (Recycle electronic pole
aggregates) ), R (PEEDOM B) & Fv 72, AE %
MAEE LMk & B ENZENEN Fe=35% , Fe=
50% Tdh A HaEdM C(EH & &R %2 Esh T 7:3
TRA) &, PiEOM DM & &R T2 ERILT 101
TRA) * A7z, ZZ1 Fig. 11 8 X U Table 3 (ZFi
BEGAG, 22O FERFE R B X OB 2 R T,
TFERE AR ORI AW, NN O BHiT)

Fig.9 K7 DS HER T L 72 b FEH7 R 4 2 3 O IEN
Three types of granular materials with different particle sizes used in
the large direct shear test
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Particle size distribution of the 3 granular materials used
in the large direct shear test

& REEM OFER A (REPA) % V72, Fig. 11 B X
{F Table 4 (2 Z N2 2 MO EME ORE A, Wk
fExRTe b, R SUCHERL-HERODOFE LW
SHFVEIZBE L CIE TRk Aqil et al. (2004&2005), IS
(2004), HH 5, (2005a&b) # B S 7200
c. EMADIREIEERICFEM L LB
FEWRO 72 OMIREE TN & HIEF TR, BE
T e tmEoOREFEOM L L2 B EMEE Fv 7z,
AR ENIZE R 10% 0T B2, LEOFFEOH
WX AR % 72, Fig. 12 35 X OF Table 5 |2 212
N2 Tl 1B R ORI EE 534 38 & Ol % 7R3
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T B
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Fig. 11 T FERBAOLM - AP AWRICHH L 72

TEAR O RS AR

Particle size distribution of backfill materials used in the vertical
compression test and lateral shearing test of piled soil bags

Table2 DS #BRICEH L7 LB E

Properties of backfill materials used in the large direst shear test

R Dso(mm) | “FIREL U, G, o e TR
RS0 0.206 1 1.580 2.640 0.95 0.55 R Ao 72
Tt 1.93 9.4 2.550 2.740 0.99 0.48 LSk o 72
T 4.65 223 2.160 2.680 - - L LARo 72

Table3 RS RO EAEER (B L 72 HE A

Properties of backfill materials used in the vertical compression test on a pile of soil bags

D Ab oW ORES
WA 1L Bb EREYIEE R
Weg g (DS0 (PR %) (FHEETER %)
‘mm) (JIS A 1210). (JIS S 1210).
Pamas (g/em’) Wope (%) P (g/cm’) Wope (%)
. PERA
FEOM A 19. 1.702 10.1 1. 2
h 7 (FRLERAT) 9.0 70 0 870 8
3k DT B #ma 0.184 1.622 18.9 1.796 13.5
HEEOH C Fc35 0.137 1.634 19.9 1.770 15.9
HEEDF D Fc50 0.0734 1.648 20.9 1.851 13.4
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BN LR ey

PR % JHv 72, Fig. 13 3 X UF Table 6 (2 Z L2 1UkL
oA B L OWMTEME 2R3 B, AREBRTHALH
AL, SEEITKRIBUSZ LTt X & MG as
BRH L Cnwiz7z, LEEEDRZIC,

T DT AU
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49 5 (2009)

2 TFIETFa4VIR
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Fig. 14 12" T X ) WM SN D4 7)) v

#HEL Tz, FELTET IR YD FIANCEE S NzfEA 7 > FEGRD
FE & EATHENCHE SN A T 2 FTHRSINT
Table 4 1 ZEFEE RO A AW AEH L 72 3 EA R
Properties of backfill materials used in the lateral shearing tests on a pile of soil bags
D D, "
Eyn * U, G, € Cin it PRI
(mm) (mm)
S 0.206 1.580 2.640 0.95 0.55 0.5 1
PEPA
_— 6.6 15.8 2.650 1.72 7.1 37.5 32
(T A)
100 + s ED 100 | BAL (37H)
(AL
= 80+ ~ 80} SEHRD
= < (INHEHETREERDRAD
W 60r B 60l \
® 4
40+ 401+ St
= ol g = ol AN
) (LEOFEEDH) VE| BERR
(EFEDOHEEHM)
of or
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Fig. 12 #RE)FEERICAMEH U 72 HEAR O R 554
Particle size distribution curves of backfill materials used
in the shaking table tests

# E ()
Fig. 13 B S 5R I L 72 H B R 255 A
Particle size distribution curves of the backfill materials
used in the hydraulic overflow induced failure tests

Table 5 SEYIRDOIREYFERIZ M L 72 T BAR

Properties of backfill materials used in the full scale shaking table tests

i D Ac ¥k (AR X
% i (D”) U, G, Bb ) (JIS A 1210) e -
mm
Pdmax <g/ cm’) Wopt (%)
T TERAEL 0.18 1.80 2.668 1.530 26.2 0.781 1.291
FEMA | TFEOPFEDOH 7.42 39.2 2.605 1.868 12.8 - -
Table 6 /INEUREE L OVEW K OBGEAEIEERRI M L 72 1 E AR
Properties of backfill materials used in the hydraulic overflow-induced collapsed tests of small and full-scale models
O Ab i (FRAER L | -
.5 i Dso U. G, Bb ) (JIS A 1210) BRI
(mm) ’ 3 (cm/sec)
P (@em’) | vy (%)
ANBUBE O Al S TR AR L 72 AR
T i N B S O ok 3 s
$EH - 0.184 5.83 2.676 1.517 143 =S
FEW R OB IR IR A L7z 2R
RaL a7k 0.914 68.3 2.617 1.470 24.6 1.27E-06
A+ BT — A ' ' ' ' ' ’
Kt Hv+ 1.772 20.3 2.650 1.935 11.6 1.21E-04
7 A
ﬁm*fj;\g%% xR HREE DB 7.420 39.2 2.605 1.868 12.8 2.67E-04
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Tensile stress and strain characteristics of various polymers
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Relationships between tensile strain and tensile strength
from tensile test of geosynthetic reinforcements
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121 Fig. 16, Fig. 17 B L O Table 7 |Z/R" T, V4 7 v
FOIE A 1.0 mm ~ 3.8 mm DO FBH, Hisats o i
FE12 0222 ~ 0422 DFEPHTH Do F72, TAWIFIZS
HET DM BIRO T A ZFHII$ %728, Fig. 18 ® X
INZOF BT — ¥ & A I IS AT 72,
b. &z

TEBEAOEMRBIIE, BT L BoAm
(PE) & K1) 7u ¥ L > #(PP) O} % L3k & LT

BN LR ey

55 49

(2009)

M L7z 2 ngikimE L 3.75 kKN/m & 14.5kN/m T
HY, BIROT A S5.0%I12BF 255 5RMMEL 32.4kN/m &
89.2kN/m Td %, PEHOfAMiIE A — Ly ¥ -4 T
TMENTWLHEDO LM TH L. —7, PPEDf
FE7 7)o — b EMHEN L BEREH (HAZ 0 A7
A4 FBRAEH 7270 v — F oFGER, 2009) & LT

INKHWHENTWA LD EMM L7z RERIZHEM L
PP ELOMAE T A7) v b LD EZAMT, LR

Dh iR SEO00 56000
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Shapes and dimensions of reinforcements used in the experiments

Table 7 #fi 5kt W) VLAl

Properties of geosynthetic reinforcements

AT | AT HAEW i}
5 IBRGRAE | 5 BRI . O B, , R .| EA
7 2 Y FOWE | ~ Folg | #Ex H L
B (/) | (/) TR FOIE FOWE | #Ex4h (6 4 MR (mm) FM =
) AT SR 66.7 152.6 EGALIRIN 3.0 - 22 N AT 0.272 0.5 o0
N7 MNT X .
N % S
$8000 823 253 LEERIN 35 2.6 2020 ey 2oy, | 0252 1.1 LR L
N7 NT X .
7 X MCS N
A6000 31.2 19.9 2.8 2.6 20 X 20 A T 2T 0.230 1.1 R 5D
r-orx N
V6000 60.8 7.60 ” 6.0 2.0 20 X 20 e 0.301 13 RN 5D
r—uorx .
V3000 33.3 5.13 ” 2.8 2.0 166 X 22 e 0.225 13 R 5D
SR125 105.8 10.18 ” 6.5 16.5 166 X 22 | K TAT )V 0.384 7.0 o
SR80 75.3 7.53 ” ” ” ” R T AT 0.384 3.8 5 H
SR55 75.3 4.58 ” ” ” ” R T AT 0.384 3.0 W o
SR35 39.2 3.39 ” ” ” ” R T AT 0.384 2.2 o n
SR35 27.0 4.15 ” 3.5 3.5 28 X 33 R AT ) 0.222 2 o
RS3 31.2 422 ” 4.0 3.0 28 X 33 AH 0.232 1.5 R H D
KGT4000 32.0 1.72 ” 2.0 1.0 9 %9 R T ATV 0.289 0.9 R b9
Rubber 5.4 0.76 = MK - - - AU =V | 1.000 1.5 R0 5 D
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Geosynthetic reinforcements attached to strain gauges
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FE L CHM L7z, 727 Y — s OMAE% Table 8 |2
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I JFTYUyNICEB5RVBRAHDZZLD
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1 fEMELTOMEERZANIER
a. 5IBRVHELICEET 2 8 S LENHR
FIER D #iiR A 7 = XA A EFAT 5121, LoERIC
Lo THIBRMIZ ED X HIZFIE Y DAMEM T %%, %
7o, FSRAMCAER T ABIRY 1St T ED L HIIT v
H—ENTVL0EEESTLIENEETHL, ZOH
By 72 %, Fig. 20 (Palmeria, 2008a) (2783 X 9 I Hli il
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Test size: 100 mm long x 50 mm wide
16 [ BIERUTAHERE: 1.0%/min
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Fig. 19 #fii 05 R R P SR O NG ROT AL
5155 ) 5REE DR LR
Tensile strength-strain relationships of woven geotextiles obtained
from the tensile test results

ELOMOME AN = AL E BT 2 720 O 4 DEP
RS FME S N TV 5, TAETE S 5 EHEE AR (DS)
B (e.g. Jewell&Wroth, 1987, Wu, 2003) %218 O A
#i (PSC) 7 5% (e.g. Kotake, 2003, Warat, et al. 2007) T i,
T OZERNAE D WM TR0 T AOSEME L, s
DOEFED L) NTHREREBIAE DTV L 2 R
FTHIENTE D, 72721, LOAOEATIE, A
WIZIZIZ— % O ARG S D DT, EHEAbkE
L TR SN 205, #iEM S E s 28946, ik
WESDIETT - O ARIGAEREI AL T 720, ZEEREER
TR, —HOBRFMHEMEL LR LEF D
o 2% 0, REOBELNL AT LOT—0F A
BRI ClE, WA D = A LORE XRS5 2 &8
TER\, 21 TOWIE (e.g. Jewell&Wroth, 1987, Wu,
2003) (2 B\WT, fiEMRAANEE O 0 O3 ADIEES
iR DA/ NS — VHFEICER SN TW 50
X, F 21, HEANBOBISEE RN LB LN L U A
AT EDEHAEITTIZ LT, LX) fliias & oM

Table8 7 7Y ¥ — b Otki
Properties of agri-sheets

TEREIEH TEREAE (S2IH0) RERT

Hfrifd 72 ) O & 123.1 g/m’ JIS L 1908
LR A 0.42 mm JISL 1096

%7 11.25kN/m
RARGIRD IR S (29.8%) JIS L 1908
(RARFIEDESEFOE) | 33 1. 10kN/m | 5IEHE © 20%/min

(23.1%)

i 57 10436 kN JISL1096 ¥ ¥ 7% v 7k

Pl 27 :0426kN | BI3ED A 1 10 cnv/min
A2 1B 1) 5 K AR 5 1.36 X 107 cm/sec | JISA 1218 #&Jf]

JESGHE 99.95

JISL 1055A ¥
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Interaction mechanisms of a geosynthetics reinforced structure
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Mohr’s circle of incremental strain in a continuous strain field
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Mobilized tensile force of reinforcements in a non-continuous strain field
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Force equilibrium between counteracting force of
soil mass and reinforcement force
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Concept of tensile reinforcement effects varied by loading stage
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Stress filed in a soil layer sandwiched by
geosynthetic reinforcement layers with a constant friction angle

16000 +
= fHT SR
£ 0 =30kPa
h=100mm, d=500mm
R 12000f [ w725, 4735
1o
ol
Z;,Et 8000
N
4
= 4000}
B
keN
&+ 0

200 100 0 100 200
H g S o0 HL A S O FEEE (mm)

Fig. 26 R S(T T (0, =30kPa) T O AR O fE 1K
HOLTHT 1 T O $RIEIS ) A
Vertical stress distribution on the central plane of
specimen at compressive failure
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Influence of reinforcement spacing and length on
compressive strength
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Simplified deformation mode of specimen in
the DS test on reinforced soil
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Typical test results in the large DS test on reinforced soil:
Shear displacement to ; (a) change in the shear stress ratio ;
(b) volumetric change in specimen ; and (c¢) change in
the tensile strain of reinforcement on the central plane
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Various DS box sizes used in the previous researches
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Large DS test apparatus under controlled constrain conditions at both ends of the reinforcement
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L =

¢ @
W)
Ll —®@
®
@

@) Linear motion guide @ Two component load cell for .
Reinforcement
({8 LVDTs for shear displacement B

@ Air cylinder (D Roller bearing hinge
@ Air or oil cylinder (1 Linear motion guide
@ Upper load cell & LVDT for reinforcement horizontal axial force
® LVDTs for vertical displacement
(® Two component load cell for @ Sponge

vertical axial force Metal platen
@ Loading platen (@D Servo motor
Shear box Screw jack
(9 Reinforcement Base

(10 Lower load cell & LVDT for reinforcement @) Reaction wall

NN

Fig. 35 il o d et & i © & 2 K%L DS SABRF O BE%

Schematic of large DS test apparatus with controlled constraints on both ends of the reinforcement

(i) EAMFEOEREGHORR
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K& Do SHIT, FiM M COMESEM
T 228128, XY RVWEESRGOE
BABRTE D,

@ AMZLARE 100 mm B F TEAREZ1T)
EAVTE, SR DR IR L D 5
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O ETFEAWFHEORE DS ORE O ZIENZ L%
i3 4720, ETFEARMBEOFIZAR Y VA
BT T, F72, BURAEFEE ARV DIl
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WZHUY A1 T 5 (Fig. 35 &) o
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Fig.36 - AWFAND A v NI KM % 8 L 72K 350
Reinforcement through slit of the DS box

(2) wHRMIRERDIREMF
TR DG M DR E 2 W HERTIE, AR
AR L CHEH 722 1S — FF Ol 3 (5 & 610 mm X
17 & 500 mm) Z U2 ETE L 720 #li5RA 1d Fig. 36 O L
I ETRANHO LB L OEEOA) v bEEEL
T, HsA I & O P AGHE AR T E HHEIC R o T
Wb, BN ARFEEROIMIN R O b BRI 5 i
NEREBINTEY, ODOhEGELERT LI LIZLD,
GRS TR O5 [$R T AN — 59k ) A 2 filE 3 5 2
LIS TE B,
ARG TRE L 72l i O SR 13k D 2 D)
Th b,
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PEEEVERHT 2 S AWK T ET—ED5FHED /)
4.0kN/m 7% 5 b 2 Akie L CRAT L 720
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PEEAAE IR A 5 & A BTG ET £ T—E5 1R D /)
4.0kN/m % Hff L, & AMRGRIE, #ias o
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EZRR = -
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TEAME
EE3)
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(b) FD (Fixed displacement) &4

Fig. 37 DS BBRIZ B\ B Hli5fb) il 0 3t s S 1

Constraint conditions on ends of reinforcement in the DS test

WENOIHEFIZB T H B2 E—Z08iEIs )
HPEH L TWBA, FD &M Tld, AR HRE £
AR CISE S BB AR ) FEBE, AN RIS TE S
ELTb L7280, FO45 720 $REIn I3 ms % 2 &
272 %,

(3) #NHEASIERY ADEA

FEWRS L IIBIGTOHm IR E OFN 7 — 512
LA (Allen et al. 2007, EH &, 2008), Fli @b Bk
MO TS TR F CICFET HHimME IR DoKE S
X 6.0kNmMm LT TH2ZEMESINT VL, TORFE
HEOXRENRWIIGIEDY 7L LT 4.0kN/m % 52T
Bk L7z, DSHERICBWTHMBIERY A EAT
%Ay MIBGEMHISEWIRREAHHET L2 L
&, EBFIEME O RO ST E T 5 O % [l
LEIZH D, WAGIERY D& L Cw i willigsc
1%, Fig. 38 127" T X 9 (LB IRF LA O3 A0 4l i A
ICEL 27280, S AWBGRNI MRS ATLE S 72
B, BIEEDTINEEL O kb, —F, WMGTERY 7
4.0kN/m % AT L7235 Cl, RIS & - TEiE T
RS S 725y, I OREEME RO A LD s
T 50, Fig. 39 2R T L) ICIEDFIRO T AAA L7
RETEAMEZRABGT S ENTE 5,

%549 5 (2009)

c. HEGEOIERFEEEHRISE

(1) #EMEIRY WZ BT RETOHRFDOME
K&

HEEAT LAV 15RO 77 % Mk ny B L 72 IREE T, it
REEVER T 2 HEICOWTHAT 5, Fig. 40 2450
s % 5 [REIH L 72 5 COfEMROMER FIEB £ O
RBH LR R,

O ETFEAWHEOMMBRE A 10 mm 127 5 & 912

A= — (B AL, FFETHEZ RV
N CHE%ET 5, Fig. 41 ® X 912 FFEIC%RE L7
IRIED B Bl E —BRICEET 5. S5
12, FHEEEIOA Y v NEBIZE L 72 flidEAs T umEh
%5 RS S BEE L, A5 18R 1) 7 (4.0kN/m)
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HWEHDZ 25 mm D 5L WVERES 24em T X124 B
BB LS ESDLVEHCTEPETEICL )M
AN HIR 2 RS %0 Bl O HEIE B
L ZDr=75~80% DHFATH 5, MDY L,
Fig. 43 DEE 6.6 kef DNV FNNA T L —¥F —%
FWTHEIE 5 em Z & ICHEE O THIEZER T %,

@ HEBERZIEEEECAR EAEOMEES RV hT
WaT 5 Mk z BB Atko 77y M 74—
A LICREL, KV CRERXEEYT 5, LT,
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@ W E AW O FEICERSE, KV T
EET Do KIZ, ETHAMFORMIZEE L
SETL - FBIORVINERDAT, 2512,
AT — E O HEE CERE I 2 &AM L, g
DEREISH E TEET 5,

@ CLZ%&Mb L <13 FD Gt o il 8 o3 5 4
T, BT AW TATIC R 5 &9 L
T, AWM 0.23 mm/min THARZ1T9 o

(2) EHRIZEDIX

(i) #WmMsR0T HADEEIFE

EERB L AN FICEAET 2HEMTRO T4
ZEHNT 2720, MBI O — Y (FER
YFLA-5, SRUHIZAEE) 2 35740 (BUX 0 ON-Y,  SOGHI
ZHED) THT T 720 8510, T AT — 3 DR &
LC VB 7 — 7 (HEMZRE ) % & & fH) 72, ik
FAMEZT B, OFART—T D) — FEDPEA
WErp G A AL, ) — NREDSBENT T 5. 2 hun [\
Th0, Y7Ly AFa—7HME D $=5.0mm) A
WZOTATF—=Y0) — Pzl L, #ighcy— Mg
DOFAENICH L THBICHETE 2 & 9 12 L7 (Fig.
44),
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Fig. 38 #fi il i (A5 [5R 1) ) & B A L % WSt T OB R OWEM 5 1R O3 A D ZAL
(2) 0T AT — TV DBELER ; (b) Bk D SE 2 & DZAL 5 (0)&(d) Fimsb 515k 05 A
DEAL
Change in tensile strain of reinforcement without initial tensile force during consolidation:
(a) Location of gauges; (b) Change in vertical displacement of specimen;
(c) & (d) Change tensile strain in the reinforcement
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(a)

610 mm

EZEGAH (kPa)

Fig. 39 #li s Wi (2 RUA5 15R D ) % B L 72 5ot T OB R O Mlishir 5 [3R 03" A D ZEAL
() O AT — T ORLERX ; (b) A E D SEEEDZEL ; (0)&(d) #5303

HDLEAL

Change in tensile strain of the reinforcement with initial tensile force during consolidation:
(a) Location of gauges; (b) Change in vertical displacement of specimen;
(c) & (d) Change in tensile strain of the reinforcement

FERT AR GET IR, 45495 (2009)
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kAR fRikshiBE

HeEH

AR—H—

wbk

ARvy O [IECELE Db 0 RECEE Db

@ VHIBERVAESALEE, BEERTS, | @ MMM RN ESALER, 5I3RMA
EECIIR—D55RINELHICEFTTS.

Z0#k . ARIEHEENT,
& E#%. 5IRDA— &M BAETPICRE LSRN
{ #ruzeE=EHTHE {1 wounErcLTHRTS,
g 7 g ¥

@ LT EAEFEORRBICRE LN =5 | @ LT EABENEITCE3LIICHIELIRE
LUV FERDIIL  EEEIT D, TENEIET,

Fig. 40 W55 Y J) % G & 272 RE T OMBE OB TS X 05T

Procedures to hold specimen under a sustained initial tensile force in the reinforcement

Tt

Fig. 41 Hsibhl Lol & [E5E 9 2 ko 3 2 3 L 723K

Fixture-bridge for the upper end of the reinforcement Fig. 43 & 6.6kgf D/\> KL 7L — ¥ & w7z
BRI & 2 AR EL ORE T
Procedures to make the gravel specimen
with a 6.6 kgf weight handy vibrator

VVYIVy I AFa—T
D=3.0 mm

Fig.44 > 7L v 7 AF2—T7I125 5 — FHOfREET 3
Protection of lead lines with synflex tubes

Fig. 42 .5 2% \WEIZ & % Bl O MK O VER

Procedures to make Toyoura sand specimen by the multi sieves method
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(ii) HREABOBRESE
SHBO5E
PP~ O EFS O3 A Jik & NI O 2K %
BlEy 5 FIEE LT IR T,

O Fig. 45 D X ) (T ZE O MAiE (W73 £ 8.0
mm X 5 8.0 mm) % &5 M PR IZHL O A 1 72 % 2
AP & AWT AT & PATICEKE S 5o

@ WEOMENPEHIVTELIRANE S £ THllE% 1
BRI, RZROMEER E5E LTV 7z AR E I
DAL, T, dhZeaio biosn S £ Ty
YE#49 % (Fig. 46)

@ A BOICED LB (B) 2 u—
b Tt A&, MEEPMICHEE 1A L Cafb % 22
Db,

Fig. 45 (i % SR OMEENITIFA ST 278 (£ 0 1)

Incorporation of colored sand into Toyoura sand specimen

PZEO fifE (8 mm
: < “ )

FREASEI S C % 5 Mo = )
127 B L PRRA D S

Fig. 46 {ufib % Bl OMRAENIZIF AT 2 (20 2)

Incorporation of colored sand into Toyoura sand specimen

Fig. 47 &AM T 2O B2 X 2 MEUADRE T

Infiltration of Toyoura sand specimen after shearing

%495 (2009)

@ MAHBEEOMEY TE A2 I2VE I, £
F& SR T I E IS [Hk < o

® MHRAEOTAWHE T RIL, ETEARFHOREIZ
FL—FEFALT, CAWEZEEICEET 5o

® Fig. 47 |27RT & 9 12 AW 2 KIS PIIC RS L
IKFEN DKM % BB L Z 20cm/hr DFHE T LH S
&, fEAEBE S5, Bl L
7otk BERMRET 5. 20k, KENOKEHE
K L CAREAIRE O MR 2 (BT %o

@ WREBEWEAAKFEIZ2 S X512, Fig 48 D[l
fnty & ORI R Ml S8, & AW o B
2 I QE A

® Fig. 49 |IR" T & ) ISR AP o b iE (4 A BT
ST 2R R E ) % 2 7 CEBEICHAEE DY
g,

Bt D5E

©  HTEIEAHR D T/ E W F A OV# (6=0.35 mm)
) ary ) — A (B3 D KGT-63S, fE#fbs:
MR &Ah) C# A L7 — 7 C A (Fig. 50),
NOHETA PRICERRICERE L7270 I 83
7 (¢=3.0 mm) WIZHHA T %

@ EHBOEE LB, SRENICT A MRS
AN AT L C AT R SRIE TR ISR E T 5o Ml
NV A T L—¥ —TlEER SBREIER
LAWE ) IZH A FIREIERG & FiFs, 2o
xSRI TEI I NS T THD R,

Fig. 48 [Mix112 & O PEEUEBISEE %2 T2 s S 4 724K 00
Specimen rotated in the horizontal observation
plane with a rotation table

Fig. 49 ZEEZOSHH I X 2 MEUABIEH 2 0 ) I L 728k 7
Observation plane with excavation of the unsaturated
Toyoura sand specimen
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Fig.50 >V a7 ) —A%%AL/T 70— FT
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Solder line rapped with silicon greased Teflon-sheet

@ FAWETHRIIEEHEZ A L BEH A
b &z, MEME% Fig. 48 O HiEE F H W T
M &5, S50, TAMMOREEZR Y 4L
T, BRBAFENL LD EEICHE]T 5,
B, TOBIEITEOIEMHEEIZ D W TIE Wu(2003) 23
FEMICERE LT\,
d. HEBREROM\ITAE
ARABHE T S NAZER T — ¥ O I onT
ST %, Fig. S1 I v — TRl SN A28 B
L OFHII B % 7R . $MEIG T 6,13 4 DD 2 JFH —
N+ )V (Fig. 35 1 @) TFEHI L 72 #5185 77 (Fig. 51 1 0

Backward load

VFY T A v 7 ARG R EORR A 7 = 2 L ORI & KRR~ O @B S 5 e 75

Load00, Load01, Load02 3 X UF Load03) 7 & 2 Jyoj 1 —
Kt (Fig. 35 o ®@) 12 & o TEHI L 7280 o
J# #2773 (Fig. 51 #1 @ Load14, Load15) % # L 51\ TR
Too WAMIGH 1, b FEEIZ, 2 51 — Kb (Fig. 35
@) 12 & Y FHI L 728 AW (Fig. 51 /1 @ Load04,
Load05) 7* % 2 Ji1A1 0 — Kt )b (Fig. 35 1 oD) 12 & » T
FHEI L 727K D5 [ 00 #2487 (Fig. 51 71 Load10, Loadll,
Loadl2 B X U Load13) &7 LG W TR 72, B, Hliil
UL % FD 4R THIERIE L 223541213, & ARHEE
TH U 2l Eo 055 ) JJHE A vy (SR 22 30T
FEBE L CRAL 720, BRI % SR s
EA Ty 72T %0 BB, At & F 2 WS ERE
IEIRATERD, ZEFAMPIZ—EITR - 72,
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Load03 Load01
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Disp2, DispS:[ ]:DispO. Displ
Y =2 =E=] Y Vertical
friction force
? Load14
Disp4,Disp5 ~ Load15
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®
g Load04 Horizontal
% Load05 axial force

Reinforcement

Fig. 51
Location

EP1 EP2 EP3 EP4 EP5 EPG EP7 EPS EPY
Earth pressure trangducer

ﬂ Toer

(b) Bl

KII DS B IC B 581 v —OftiE & B R4

of measurements and variables in the large DS test device
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IR I THATI D 4 BBIZIY) £ 5 722 fi 5t (Fig. 35
@) O Fi Al (Fig. 51 H10 Disp0, Displ, Disp2 3 & U
Disp3) % 35 L TR 720 & A M2 A x 132075 (Fig.
35 h () O Fi & it (Fig. 51 11 @ Disp4, Disp5) % F3 L
TRD7z,
e. BFHIEY AT LEIORBRBEOREE
(1) MEHFTY AT L
AREHE TH V728 AW O3 E & 600 mm, £
E 800 mm, fiE 500 mm & KE W7z, ALY £ T /R
DS B D & o (IR & a2 @RS 5, HDH W
RO LA v D3I L C— TR 9 5 73K
AT AL, ROX D RESEL S,
© AR AT % — S TS5 &, & AW
WR AT — A Y MOSTATENCFSE T o

@ WP LO—EIZ v Y ETEHRE N R AT
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DOERE TR E 2 B L, NI LT - 8
BT EFIA 24T 720 BN IE AR E— 2 ¥ A5
AL & TR & o fIic 2= N—H T a A
v M rTEH  Fig. 35 1 0®) % #H T 72,

AT R B AR R 5 RE T T AT v
F—BLOMET ) ¥ & — THER S 5 kG 72 e
VAT LERHALTWA (Table9) . ML > VIG5 bo
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WEZEEZEVHEICERT L 2D TE 5720, HED
HIEFEREE AT, IR M2z O6NE25, £
ORI, Ty a7 —A7—3P) v ¥ —ERE Y 2

%549 5 (2009)

b EDEENDRE WD, RIS L Y VIiZBWTi
FHEEEP RSN, T, RIFFE T, HE
DY —EEAT 54, EHTIRME 6,=120kPa & L
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THATICEAWTT 2 2 LRI 5, D720, 23
DI A WA REE % FAEHEE O BLAT & 710100 Fls
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Vy v F(Fig. 350 0Q) & F a2 REIT 5 1 xFDH—
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HEE R MRS — R L o TV Bz, K
DIk L AR & ) SRE A LN S b, 20720, &
AR FRIIVEE R RN L CLE D &, Ao
BN X o TEAWENZ T EM T 5 2 £ 127% 5,
CNEE#T L7020, SEFMICTETLY =7 € —
va v A K (Fig. 35 F W) % & A Wi o G0 12 B D
W, HEROWE - W@ B & &AW & DX
LI L 72,

() BIEREE> X T L

AT RGO T H T2 — 5 R ERIE T kB &
UG IREI & AT 212DV THAT %,

(i) CL&H(EmMimEnsERY HE—FICREF
U7=58):

HEREM U BRI 3R L 72 0 — R )L o Fk A E (Fig. 35 th
ODHEW) 12D VTRT T F AT v ¥ — (Fig. 52, Bl
3\ 1 BFDA-100-144, BEA T2 TEMRRESHE, KT
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JEAZ EP T Y M —)V L, #i@M i s ik E
IR o 7z A T UL Fig. 53 12R 3 £ 912
IR 8 2 B AR— AW T E RV 720,
00— 7 — & U ORI R E 2 B L 72,

Table 9  SHEHRAT 1 O FETT
Properties of vertical loading equipment
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Table 10 7K A Wik 24 & D F6IC

Properties of lateral shearing equipment

i3 % fE B A
27 ) a—T v v F® | MEEE  200kN/ 3 VL 175000 JAALUK (H A F Y T3kt 5)
A MHE—7% :100mm LLE )
co CINEIL LS B &— % — : HC-MF73 (MITSUBISHI #)
T & ETAN 3000 r/min FZ A 73— MR-J2-70A (MITSUBISHI #)
P A - Fylb1:50 BE9797-3 (TSUBAKIMOTO CO., LTD #)

(@)

(a)  filigsbs Esu( (b)Y  HligRks b

Fig. 52 U7 J 531 ¥ 8 — % 74l il o 5 | R H ¢ i
Tensile loading devices to control the ends of reinforcement with bellofram cylinders
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Tensile-loading frame of the lower end of the reinforcement
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Installation of tools to fix the upper and lower ends of the reinforcement with respect to the upper and lower boundaries of the shear box
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Feedback control system in the large DS test device

Table 11

g7 — & 1 — (TDS302) D A ST v » Ve«

Input cannel list of static data logger system

CH

Remark FHAEH

CH

Remark

FHIEHE

CHO000

Disp0

CHO11

Load05

& A WA (KN)

CHO01 Displ ” CHO12 Load10 IRV EESE A H (KIN)
CHO002 Disp2 ” CHO13 Load11 ”
CH003 Disp3 ” CHO14 Load12 ”
CHO004 Disp4 | T AWZENE (mm) | CHO1S Loadl3 ”
CHO005 Disp5 ” CHO16 Loadl4 FRIE BT T (KN)
CHO006 Load00 FRTEATEE (KN) CHO17 Load15 ”

CHO007

Load01

4

CHO18

Pdisp0

A L 05 | & B2 (mm)

CHO008

Load02

4

CHO19

Pdispl

A T 0 D5 | & B 27 (mm)

CHO009

Load03

4

CHO020

Pload0

AT L 5 [ E (kN)

CHO10

Load04

& A Wi I (KN)

CHO021

Pload1

AT i 5 [ (KN)
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Table 12 D/A R— FOWIIF ¥ ¥ 3 I)VEEHiE
Output cannel list of D/A board
CH EYAEHOES s B A7

CHO000 SATER L N 12 & 2 ZEE A FRTELAT T D B

CHO01 P ’ ,

CH001 ” y ,

CH003 ” P ,

CHO04 | 7R3 A T slfiF 2 1 E— & — [z B A WTZE (7 3 EE O

CHO005 y ” P

CHO006 ” E— & — ESR IEROEAMTTIROYE 2

CHO007 " P ,

CHO008 ” - —FrF7 AW O - 451k

CHO009 " P ,

CHO10 5 [ 2 1 2k BRI HlisRbE E 3R o5 [HRAY T 0O IR,

CHO11 ” TR Ui 00 5 Ay 2 D 38 Rk
D%, TAWBGIRC, EFREOM B G258 HH 1 5 o
AT DR E—Z R RE TR ) B2 ZOBET A R
X, AWM —E MBI 2 IR0, L T4

AREAT R AREEA RO X 9 %5 4 O O SR ERAT I O 2L - fif
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THiL OB 2R FATIRETHL L LT, TA
WA AT O _EFARIZEL D A1 Sz 4 DOSEEMETO
#t A il (Disp0, Displ, Disp2, 3 £ U° Disp3) % #1851 D
LD AERIZ L 72,
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O  SREIST] % — 52 | PR T E A

@ ETHOPATE % — B RO EAHIE (£ — 2~

I~ OHIE)
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KA E (TKN) & O % (DKN= TKN- CKN) % 4 %43
7T A FIEA R S LT, B ENE AT T OMmA L
7 $RTEAT E (=DKN/4) % 7 4 — KN Z #illHIz X ) 89
SH7, ThbL, SEOHEMED BIEE S BAEE S
DEPETIC 2L L) HE ST,
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& 0" Disp3) D FIIMEA v, (BEBAE O P30 75 $5 18 2 AL
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Loading the hysteresis of the oil cylinder with a rush booster
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