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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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Various reinforcement technologies using artificial materials
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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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History of geoshnthetics reinforced retaining walls
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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



MERE— A T4 v 7 A 7z EEMEOHTE R 71 = X 2 OFH] LORFIREEM A~ O BRI BT 55 57

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
d. MRES LOCRPYAOEHRIGIZRERICERL /-
T B
FARAME & L CHEME L 7o/ N BSRGR A S E R 21
%%iﬁ;wi%@¢%bﬁk%’“E@%mwto%
PR OBGFNEFER T, Iy RIEEMwE, a7
VAR R & U CREEERREE L 72 D & B T — 2
(EE 125 0RATZ AW, TEOHEEOHIZ
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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

e

49 5 (2009)

2 TFIETFa4VIR

a. fELTOEREY AR DS)HERICHERL R
"

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
0.01 0.1 1 10 B3 001 01 1 10 100
HE (mm)

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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Polymer geogrids
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Tensile stress and strain characteristics of various polymers

Wb ATy MIERIT B L O ARTRITE D T/
&<, M D EIE T, FIRD ORI LBt L 2w
GIERYD #iEM Cd Lo IR D J1 & 5 2 M 121k E
e =u s, EEM LR ATV EVE S
NDEBEIEY T4 v 7 AEEHAARLH, 2001),
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IR EFEARECRZ-TBY, Y47y MEFD
EDOBIE DT EEHOT TV A, REER T L 725
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8 —(1997&1998)) 12N 2 T, FEBRFIC/ER L 7251
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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
8 A A
[ 30 ] 120 ] 120
5835 RS-3 K1G-4000
ﬁ ¥
] =\L
.33 |33 19
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T 220 A
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[ 42 :mm])
Fig. 17 FEBRIZH W72 O Pk s & 0TI

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

PE O 1 ZM I ARTHEE - FIEICEN TV 2, BEIT
FIBRBRAEC 3.7 1%, FIBRMIVET 28 fE0ENH L, F 72,
AN AR BRI A L 2 2R, AR
END SAP(H v ) EIFIEN A R T AT I)VEL(PET) D
MiAr R L RSy 7o B IER, 2009) % 7z,
Fig. 19 (22N ZNOA OF [IRAB > S5 57251k
O3 AREIEBEORBRE R, &b, TEEREAEDOK
T AR, FEWROIRBYFEER, FEWR ORI
B B TRERB L OEIERBE TR 7Y V- MR L
FE L CHM L7z, 727 Y — s OMAE% Table 8 |2
NERS

I JFTYUyNICEB5RVBRAHDZZLD
%A

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

18
Test size: 100 mm long x 50 mm wide
16 [ BIERUTAHERE: 1.0%/min
TI)—hk
14 ¢ 7 (@Ha4 T, PP
E 12
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o (a4 7, PER)
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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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(Palmeira 2008a |2 HN4E)
Interaction mechanisms of a geosynthetics reinforced structure

HAEFIC X o THREDPEBRL T 200, ZOKRER
WD TH D, ZDMT, W OEFEREETIIHEN
SNBWE) RS EFSELFHIAEIH SN TR S,
WIS, LHTOMBM OGRS A /1 = X 4 %
N5 FAE, HiEM o gk & R wisRA & -
DB ERER (e.g. ZHTP 5, 1999, ARE S, 1994, Ling,
2002) 3B Ho TIHDOREETI, #Eb & TR
TH U W5 & O COREERSCHEM5 R Y )
DIEEBEZ LIRSS 2 AT E B, flidlt o DS 35k
RPSCHID L ) I HEREZER I ELH B TIE LN
720, Bl MR X IO RE T A B = X A
REBEIEHT 5L DO TRV, FHEEIEIIA 7 =X
ADTRESEIE ED L) I L T b0 R BRT 5
LCEELRFIDID &b,
b. TOEFE— FICEIFERBEHEDEL

R I EOERIC L > THIR Y Isssk$ 275, #
SRAHIR ) DAt A 2@ &1k, LoOERE— FIC
Lo THRAR L (BEM S, 1986, NS, 1987). AREITIE,
+oZERE— FEHRAIERT 210Kk, 2 LT,
ZOMEBED S EEEICE 725 ENDFHE Y fsahfico
WCHAT %,

(1) LOERE—F
TOEILE— FIZKkD 2 DIZKHITE S,

O —BHRUOTAPBETLEARE-F

@ AR OTAIREESTLERE-F

LF, ERRO2O0ZERE— FTRIESNLFIHED H
RIS OWTENZNHAT 2. 2B, K LTI
W) BIR D whaAT I, #F & ARREIPES NS < g
FAWE L OCEMERIS L CoRPUIIZMfEcx 2w
A%, BIERY EIMEDSKE S FIER Y fisait & L CoB & % 1
BTALDTHAD, Lizdio T, HisasHMilsgEs 5 J1m
DTN - ZEMOMRIEH L ik DL & L5
5o

(2 —HEBOT HI5

— B OTF AP TICREL T AEA, ik (1)
FEROT A, QFBROT A, Q)FABOTANTET

%549 5 (2009)
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Mohr’s circle of incremental strain in a continuous strain field
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HHG % &, HAWOT ARG % y TET. W —
B O3 RIGICEE SNE, MM OfFEICL > T
FTOOFTARTIE—REICRBDS, TITIRZFOZ LITEE
L2evee e<0 & % 2 HENCHTRM 2 BLET 5 &, #iTk

BIEROT AL 7 B &, HINCHRM 2 ALES 2 &,
bo b RELGIERY NDHEMICHET 2. 2 O%4,
R A5 | 5 BE SN B S5 & L OF i —3%k LT
WBDT, FRMICERT AR I, wICHiRA
BTN > TR BB IZE L, 2L XIZHEETS
BT IR Y DIERT v YRR & 2 O EROTAIC
LoTHEL, TNPMHEEHMICLOTROTHDH
HERWET D, RRCTIE, TOFEEVESEO Z &
Z ORISR R L 35, —7, HWiEM IR
DN L2RHL L 22 oo T, FEHMEO T A (650) H IS
WM A Bl L7286, IEMEER L v, F72, &
AT T AR & o THISRM R BB 2ER 3 % 75,
TlisRAS b TR o S A AT & B A D
T, HEEMIIEB IR Y IAMER L e BITFIS, (HEER)
REof#E T LD 5,
O LOFEROFADILET 5T OFEI MRS
RSB N D,
@ TOEA K o THITEM BRI OAE L 5
A5, MR T ANE AL L v,
@ LIRS R D 77 & Sl 2 BRI A R AS &
T OBFEIZE < .
Q) PEFELEVT #5
FoREO LM RN, HEH—FDODEMZ S L, B
1Y 70 FEI 2 AT O A5 A L TR ARFEIEASTE R &
Nbo =M NETD M EERD, FEBFICITHR
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Mobilized tensile force of reinforcements in a non-continuous strain field
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Concept of tensile reinforcement effects varied by loading stage
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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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(b) volumetric change in specimen ; and (c¢) change in
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B CRERMERINDSHN TN L Z Db h b, 20
ks, fismto DS BT, MIERIE ST TR L
FIEROMPN & 2B % IEMEICIER L TH  BER
H5o

(2) EEOHEELEEYE DS HBRTOBREREA S

ZXLDEES

Jeak L7z & 9 IZEBEOR RS TIE, B i
IR SRR RS BIE SN 525, 1o U T Ak
LEFIESRIT LI BRKERTANMOTADPEET S
&, ARERR O ARG S NT, §IE ORI T
END L)%k 5 (Fig. 24), —75, #iELo DS kT
&, FAMIEEEHE LT a7z, IR (346
BRI AR TIE R {, HAWHEBTL 2RI S v,
LA, RPNz AT DS HE A 7SR 20 IRRET 5



M= VAT 4 v 7 A% T EME O A 7 = X 5 OfFF] & RFIREEY A~ OB A IS 2 0% 67

HEans [FIMOME] 12X BEEBENPALE V. 20
728, i1 DS BRI RIS AR IS S LB
RAIREME T2 HEE V) LD b LA, RNlfs
ARG S N7 ARAE TR S 2 flimh R & s 5
HOIHEL7-RBETHLEE LD, 727210, Wimto
DS #kB&lZ Fig. 31 @ £ 9 [CEB ORI HEEY COBIR
ST 2L UITO L) @ EFEET 5720,
i o> DS BABRIC & o TH S5 BB R ONLY
WZOWTRUTORICHEL TBLLEDRD S,
O #sht o DS HERTIZ, Ml AMFEDENT 5
723, BEEMRAERIHR LA &2 @09 70 I RE & 22 )
B 7 MBS R L 2SS B0 F ORGSR, 2Ry 7
HIBER TSI L~V SHEINS % 28, M@0 7 )
BE@ TG LNV 50 20720, Hik
MR AR T 2 HESHEIMLIC v S0
&Y, 728 — 58 R O3 AR 12
RS Shed <, o, fimbimiscos ki
AR\,
@ —%, EBoMmIEiEY i, Fig 31 o3
DIHICTEEZ2 2 2ORENZ2MEHO ) B, AA
T DS Jllk & [ U < AMERIZfE- TIB )
LANVHEF A7, BB T CIEHAROH LIAA
WL > CTEMT B2, DSHERD X R L
NUVORTFIZAE TS, KERTIKESESI R
T&%o LA o, EBEOHMIMED O HH

Bt
BRI +HROBE 5
[:i> AR R E
— \\\
]~ PR RE
S~ -

T etz

Fig. 30 S22 $HIU S AFAE S B LU O AR 1 7 227
(2 & o THIEMIE S L2 it
Extended reinforcement caused by relative displacement
between soil masses in the passive zones

FADE

TR L e

[A%:30)

iz
bRt /

Fig. 31 iy = 22054 U 72 KEE T ORISR (2 VEH 4 % THIE
Normal stress acting on the surface of reinforcement under
localized deformation condition

iRt DS AERIZ LD b, & A WA O 5
B D DS U v,

2 Bt DS HERFE

Pk F CIlOFERM & L C & 7245k T DS BRI 5% &
N7-EZ I L, S5 oEIZHIS L 72H L DS
BB L OREB A IEICOWTHET 2, F7-, KR
TORIET 7 & B RO L, FEEIZ DWW
TS %o

a. RAICKSN/-FE

DS SERClE, HEEANE O MR TR ) S0 R
L B ARTHIEE, ZOF[ERY JIIR L CH 3 S KT
T 57 v h—EAEAE T 5 (Fig. 32) . & AWIFHETIX
T v — SRS O R F & AW P21 o TH IR S
N ETLHOIIKL, 7y A —HETIET AN T &K
%53 5, ZOMREIEHEICHERT 572012, &
AR E T o — IR OB (LT, GIAASER &
-5, Fig. 32 Z) TOMEM OTHKE )1 L5 IRITED
IR RIS LT, FABEBICHIFSNDTERY 10
RKEZIWZOWTEZ L, 4, GIAABEFIZBWTEAW
HLTH C ORITRA OB AR INIH L TREIT ¥ 71— &
NLYEEREZDLE, FAWBEBANOHIEL OF AL E
T LAY, RARREETHIEMT IR Y J1H58 A WraEs
IHERF S ND 2 82 b Lo L, EBIZIET IR &P
TN T RO T A BT T2 2 L TRESNS
DT, T v —HBICHE & R RO T A D
BHE, 34bb, SAMEERANOHEM D5 AL E &
LT s, 2F ), FO5720 ¢ AWEBUAER
LT Hlisab B RO 23 S 4, BIERY KT
HHU D, Lzho T, ARSI SN D55ED
TDOKE S1LFARBEF T ORERM OF A AR L
TWwbEF 2 b, BIZIX, MWERAMIRERICI D > THOET
LR RO T AOHESKE WIGE, HT7 v h—
HEECRE RSP RSN D OT, & AWMH
BWNTOREMEIR) TOBK T2 Z6Nb, Zhiik
XA, AT IR O AOA BN S WA, [[—
OB 2B 2012 D EWT v — BT R
O HRe BT HUEND L7720, GRS AORFE

Fig.32 DS HBROE AWFENIZ BT 5 & A Wi &
T v H — RO X 55
Shear zone and anchor zone in DS test box

A A A



68 BN LR ey

EAYR & V37200 A WIS M5 A 285 A T, 5]
RO NDORTEM LT b,

Dl boiamd, Mt Eg kit Resa ol
ABIEFUZ BT DA 05 [AA R L GIHR Y IOBIFRT
Hho LL, FEBIIIMHEMBEHEIEAMHEOE S
IR Z 21T 5720, ARZES LOHRTE 20, 2
DIz, HHEM DT AR T ¥ 7 — TR L ) 5
FHR SIS ES 5 &, MMl ToT kI 24 L
5Tl EOYE, 5K 7203 720 AR
MEM S5 AE NS 720, S HITHRM TR D O
<o L72Aio T, HAWSEIEN TOREM TR /)
DIFBCEN T D 2 flisab 5 AR T, O7 ¥ —fHI
FET SN BTIROTHO R L, OHHMAE L TR
T OMRM AT DT T EIZ L - THRE B FFIZ, &
AMTFETEDVN S WIS, fEM GRS 25 D
T, T %5 IR AER L v £, Flishbt
ETmE TR ARAT R R 2 b0 2O
G, WM OT ¥ = AR & o TEARHEETOS]
B DOFENHE SN, TR BEREIE LR
R RV 2F ), ARt DS BB TIdE AW
OFEDGIR ) WEAROFEHIZK S L2 52 T»

1000 |- Palmeria, 1987—%
*
€ B 4 b
E 800 | auer, 1993adi
5 BB, 2004
5, 600r Ao ot al, 1991
2 AHD, 1998
o .
g 400f Y Quetal1998 gooig o al, 1990
T Jewell & Wroth, & pyimeria, 1987
200 | 1987
® m—Dyer, 1985
<4— Fatani et. al, 1991
oF & iE#5 (7 UGS0561, 2000

o] 200 400 600 800 1000
Width of DS box (mm)

Fig. 33 BEAFZE CHIV & N2 A WG O~

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



MEBE— DT 4 v 7 A2 LM EORER X 71 = X 2 O] & OKFIREEW A~ OB L B7E 69

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

O Ptk & FFOMBEDSS—KICHEE SN, FE
SN ARTRNZF N —E OFIIEREIS T
AT TE D, TORI, L TEAWFEOKM
&, PR OMERFEZIC & o TEILT 5729,
FAMHF—ETIERL %5,

@ FAWHOESH 600 mm &<, fERICHEN
TEWHiIM 2 CE TESARVPRE o2
ISR AW AT B0 R Y A3
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
RWMETTE B,

(i) #®BEHLUEA LD

O ETFEAWFHEORE DS ORE O ZIENZ L%
i3 4720, ETFEARMBEOFIZAR Y VA
BT T, F72, BURAEFEE ARV DIl
NV E IS, BEOEERAE AW FH O
WZHUY A1 T 5 (Fig. 35 &) o

@ HAWFHOTTENIN > THE U %R E O BEIE
NeFHT& L7:80, &AM TOIIEMEZ$ME
B L EAMIC) 25T %,

@ AW A S R RN OB RO A D
FRLr R 2 BB A 720, M2 09 A
TF=T RIS, F72, iAoy
T BB = TR 5720, flisss L igiio g
EREEALFHIL T\,

-
—

At

2R OTF—F
HTEE

HRAKERTE
DRYyhER

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,
* CL 4f: (constant load 5 [7& ) J1—5E 4+, Fig. 37(a)) :
PEEEVERHT 2 S AWK T ET—ED5FHED /)
4.0kN/m 7% 5 b 2 Akie L CRAT L 720
- FD 414 (fixed displacement 217 [ 7€ 514, Fig. 37 (b)) :
PEEAAE IR A 5 & A BTG ET £ T—E5 1R D /)
4.0kN/m % Hff L, & AMRGRIE, #ias o
FRERE) & A R T I OB L CRElE L7z,



70 e e

—EBIRY NEREF 4.0 kN/m

HEAFERNSREA~
DM DBAHE

R IED P | resss
BEE : | @
- '0’
C|
THAMNE
1 (@)

—ESIERY WEREFF 4.0 kN/m
(a) CL (Constant load) £

HRARERITFLTRELEE

T 4

- Dot i | L
BBk : | @
EZRR = -
H i} ane
TEAME
EE3)

HEKRERICHLTREEEE
(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
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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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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
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Procedures to hold specimen under a sustained initial tensile force in the reinforcement
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Fixture-bridge for the upper end of the reinforcement Fig. 43 & 6.6kgf D/\> KL 7L — ¥ & w7z
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Procedures to make the gravel specimen
with a 6.6 kgf weight handy vibrator
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Protection of lead lines with synflex tubes
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Procedures to make Toyoura sand specimen by the multi sieves method
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Incorporation of colored sand into Toyoura sand specimen
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Incorporation of colored sand into Toyoura sand specimen
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Infiltration of Toyoura sand specimen after shearing
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Specimen rotated in the horizontal observation
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Solder line rapped with silicon greased Teflon-sheet
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Table 10 7K A Wik 24 & D F6IC

Properties of lateral shearing equipment
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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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(b) AT T S

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

il 5B

U Eh o 5 R E &
I —HETH LB ERD
HEOBE T IZHE L7z, fispmiticB i 25 [T =1
K COMBM OMOOEEL WIS LT D20, &
AMTFE D LR IR O A v MRAHTIZTE 5 72501F5T

Rl 20— FEido—
FHEZI VL)L, Dipd

=i

i, JAY—u—JOHERBEESY LDVTIZLD
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AR, BEERAR B TFBERE IO L CreaelE Lz, &
B, FAWETN R IREEOWINE R Y xR0 720,
Fig. 54 F RV F # IR 85 2 2L, FIRME
* FEYCHEE L 720

(4) EHRIZ X T L

Fig. 55127 4 — Ny 7§l A7 2 OWME % RT .
T4 = RNy ZHIfHY AT A2 E R v —oFHH
HE LT — & u A — (B 0 TDS302, HECHIZRIFZE
ATt E) O ¥R % Table 11 |RT, BT — % 0 A —
THR L7727 =2 1 Z s BT/ I U IZFHAAAT,
F72, INHOFIMEY AV CEBTEEY 74— F
Ny ZHEECE Y 3 e = Lz, BEAAIZIE, DA

5549

(2009)

AR — F (5 © DA12-16(PCI), CONTEC fh#) % /- L C
HH 70 77 202k 0 HE L 2BEESSHIHEEICH
B END LI ICh>TWD, ZTHICE Y B0
SR — 0L, M R O R E B X O A
EO Y ba— )V %&{T- 7z, Table 12 |2 D/A A — F D
DO fEEEE B LTINS 2R3,

(5) E%E - €AKAREOFIESE

EEEETIEMEDEHISNICET L ETH—O
AT 7 (3.0kN/rod/min) “C AT B 01U B 0 i T8 AT i
(Vertical rod0, Vertical rod1, Vertical rod2 B & UF Vertical rod3)
[ ZERTEATE 2 B L 720 JRBHE T (RISE R 2 AMTI23
PR IO & 2 &9 EE IR AW & Bl S 27,
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Fig. 55 KM DS B 7 1 — RNy 7 HliHY A7 2 OREE
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
AT L CHIB SN TV D, 2B, HAMBIBER O
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,

WA, & ABHEREIC BT 5 G TRV CHBIT 5,
B L7270 7T LA TIEUTD 22007 14— R85y 7
BIDSA S I AL S T\ B,

O  SREIST] % — 52 | PR T E A

@ ETHOPATE % — B RO EAHIE (£ — 2~

I~ OHIE)

HIE O BT, BRI E(CKN) & BEED
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,

HBFE L, SR T O %% L& (Disp0, Displ, Disp2,
& 0" Disp3) D FIIMEA v, (BEBAE O P30 75 $5 18 2 AL
®) & KN R & DAL (A Disp0, A Displ, A Disp2, 3
L O ADisp3) I E L L CHK T TOEMNEN YT
27 5 X, HRATAR o U BB 0§ 1 A B (Vertical rodo),
Vertical rod1, Vertical rod2 3 & U Vertical rod3) O $f; 15 fif
wraorhbo—LL7,

A — PR E 71X R — il
T BT v a T —2R
Z—RIZO) v v
—RNC R D EEE S D%
AR B2, B A
T U VR %o AR
BnEND.

AT

» ) EEEI
HPfaZe e
Fig.56 S v a7 —A%—%H\/hE Y
W AT A
Loading the hysteresis of the oil cylinder with a rush booster
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BHEFIEB L OMESTFHEIREBIC L2 ETOY A LT
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NOBENDPTFHET Do LI2DS5 T, 74— 2Ny 7l
ORI IR ATIRATEEE o A T 2 OISAMEIC R L THE WY
Ak, FER BN A ERE L CHIBILEZ 20 5 L
BELD, E5I12, 9y a2 T —AY —%EHT L2546
YUY —NEE EA N VB OBESKE VI, #
tﬁﬁwLﬁfmg%@ioctxfuvxﬁﬁﬁﬁ
Nb, Z0720, —FICELIIT HME - Z 6%
NEZT SRV, 2% D, ﬁf&mmm“ﬁﬁéwiﬁf
WETOL AT ¥ 2% & T EEE % B
ICHETDLENEL L, L, TNHLOREZ T
TEELTHBETADEIELS R LTI R, £/, 3
FEWMRHETR V. 207280, KWL TIEERITHERMIC
LB LI OWEZOKRE SIS LB NEREY 7'

LR [HERIE] & [ZAHE] % FECLE 5 775 PICEEEL, WBHRICEVWEEYS5 2 5 HNE
VEND L 720, ZHIBINCB W TEHMEE* HHT 5 JEMEZRD7z. B, BBHEROIEEIT OV TIIRETIC
72O W BTN % A ERE R T L ISR L AbET, RY o
HWABREMOE ML, FEEOLALICAT 5 B @& ok (6) HERBROHMEIER CEFEM
T & BEEAR O FE MBI O B R & BlGh Lok 5 2 & Fig. 57 I2RXT 75 L) V¥ —=BLOWHET) ¥

MTEDL, LHL, EBEIIZHMEE Y AT LI &

5 — % L 72 e T oo ME Al R A B AR o i B 70 BB
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Inclination of top platen (mm)
((DispO+Disp1)-(Disp2+Disp3))/2

Inclination of top platen (mm)
((DispO+Disp3)-(Disp1+Disp2))/2

Shear stress T, (kPa)

Vertical displacement (mm)

BN ARSI HGS 5249

140 | Unreinforced sand, Case32
€=0.655,Dr=71.3%, 0 =147kPa (a)
120 - using oil cylinder
100 +
80 Unreinforced sand, Case67
60 €=0.642, Dr=77.0%, 0 =50kPa
[ using air cylinder
40 +
20 +
ol
0 10 20 30 40 50 60
Shear displacement, Ax (mm)
-6.0} Caseb67, Dr=77.0%, O'V=50kPa (b)
using air cylinder
50
-40 -
-3.0+ using oil cylinder
Case32, Dr=71.3%, 0 =147kPa
20
1.0
0.0}
0 10 20 30 40 50 60
Shear displacement, Ax (mm)
0.8
o6l (c)
Case67, Dr=77.0%, 0'V=50kPa
04}

using air cylinder

04| using oil cylinder

Case32, Dr=71.3%, 0 =147kPa
06}
08 L1 . L L | |

0 10 20 30 40 50 60
Shear displacement, Ax (mm)
0.8
d

o6l (d)
04+t

using oil cylinder

041 Lsing air oylinder Case32, Dr=71.3%, 0 =147kPa

-0.6} Case67, Dr=77.0%, 0'V=50kPa

1 1 1 1 1

0 10 20 30 40 50 60
Shear displacement, Ax (mm)

.
o
©

Horizontal friction load (kN)
(Load10+Load11+Load12+Load13)

Vertical friction load (kN)

Vertical load (kN)

Vertical stress 0, (kPa)

(Load14+Load15)

(2009)
40
Unreinforced sand 0 =147kPa (e)
35+ Foward load
Load00+Load0
30+ 1\
25r Backward load /*
20l Load02+Load03
Foward load
151 Unreinforced sand O‘v=50kPa Load00+Load01
10+
5t Backward load
ol ) , Load02+[0ad03 | )
0 10 20 30 40 50 60
Shear displacement, Ax (mm)
160
(f)
150 |
1401 \using oil cylinder
Case32, Dr=71.3%, O =147kPa
130 | v
Case67, Dr=77.0%, O =50kPa
60 - . oY
using air cylinder
50 | AAAAAAAAAPAANNNANANNANMNNANRANNANNNINNNSINNNNA
40 C 1 1 1 1 1 1
0 10 20 30 40 50 60
Shear displacement, Ax (mm)
1.6
14} (9)
12+ Case67, Dr=77.0%, 0 =50kPa
using air cylinder
10
0.8}
06}
04}
0.2 using oil cylinder
0ok Case32, Dr=71.3%, 0 =147kPa
02 L L L L L
0 10 20 30 40 50 60
Shear displacement, Ax (mm)
1.4
Case32, Dr=713%, 0 =147kPa  (h)
121 using air cylinder
1.0
0.8}
06}
04} using oil cylinder
. Case67, Dr=77.0%, 0 =50kPa
0.2}
0.0 »Ju

1 1 1 1 1 1

0 10 20 30 40 50 60
Shear displacement, Ax (mm)

Fig. 57 Sl o MAlisa Lk o0 JL Yy 72 KIY DS SBRHE R 1 Case67, 0,=50kPa, Case32, 6,=147kPa
AWK T 5 ; () FABIGT ILOZAL ; (b) PN R REEN D2l () T AR
M OO X ; (d) BRSO OMEE ;5 (e) 4 DO L 7=l EOZAL ; () FH1Y
RIS ) DZAL 5 () AT DB DZAL ; B L U (h) $t1E 1A 0 BRI T D24k
Results of the typical two large DS tests on un-reinforced Toyoura sand specimens: Relationships between shear
displacement and (a) shear stress ratio; (b) average vertical displacement; (c) inclination in shear direction of top loading
platen; (d) inclination in orthogonal direction of top loading platen; (e) two sets of vertical load components;
(f) average vertical stress; (g) horizontal frictional load; and (h) vertical frictional load
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HWEATRT, TNENOFERT — AT EHT T Hw7z
Case67 (o, ,,.=50kPa) B & U Case32 (o, ,.=147kPa) TH 5o
Fig. 57(c)&(d) IZ/R T LD I ZNZTNE AW F & Eh
EEATHHOBMROMEE OFEAEVEEMETRLT
b &, Case67 D 6, ,,=50kPa DT, BB LZ0.05
mm LT, Case32 @ o,,.=147kPa D5ET 02 mm LI
E RN S REICINE o Tz FNENE AR
BELUTZNTELRT 5 A OFIAROME X & EFHE 1230
FH9 5 E0.0009° BLU0.014 THotoo THUTT 1 —

Foxy 7N & > TR E THOFATEZMHERFL T»
5720T, AW EZGART LI ETHELIE— AT
WHBEICHE SN TWw A, #HEAIZ, Fig. 57(e) O X
AN ABTH ISR LTI OSEMEAIEML, %5
DEREMEINWD T B0 —J, —EDSRBEISTIZM b [
BRICHIE S LT, ZO#RD Fig. 5710 Th 5, =
FELZIND B I %2 SRS )T 0y e (EZ N AFTE D
IS OMEICHERF SN THWL 2 Ebh b,

WRIZ, WATEE IR L 2 BT 022 % Fig. 57(g)&(h)
RS, FNENY ZTE—S 3 v H A FICREET LK
SEJ7 101 0 B2 42 77 (Load10+Load11+Looad12+Load13) & &%
H )7 1m D EEYE T (Load14+Loadl5) DFHIMECTH 5. 1L
Z Case67 B &£ U Case32 TD b — 7 VDK AW
WD BEEEI DI 63% & 3.0%, ~—F VOSHE
TN ED BEHETIOILFIL 6.0% & 21% TH o720 I
5 OFEF & AW TR THEM L 72K DS BRI &
{2481 (Matsushima et al. 2007a) Z 7R Z E AT & 720

f. EBRI—2X

ARIFgeCEt L 72 K DS #lBihk & v 72 ER o — A
WZOWTHAT %,

(1) wEiimsl 251 3RGIE L 2E58 5 — X

T 78 75 S A5G [5R D MR RS & 2 M RHA~O
FEE RS 720, Table 13 (7R & 9 (A B0
WSS CL &8 L OFD S0 FERr — A 2 i%E L7z
el i e o 7 & R R AN El R E (5 A
JEFHICG -2 2 B NIRRT 5720, KT - R RZ
% 3O IR & V72 R — A 2 B L 72,

(2) AIHYICHHARM DG AAZIHIL 2KBRT —X
T — IS AW 05 AR BE R CRET 5
FHTRAT D5 AR 2 MBI R TR EFR B S 2 5
WHEART 5729, Table 14 (RS X7 —F
L — N 2 HisA I A, NSRS O AR %
P L7238 — A% 3E L7

) MREIPREDIERERT—X

SRTEITT DEAHYG [5R 1) FEAN R & 2 @R HIC R
BT HE LMD 720, Table 15 2R X 9 128 7% 5480
BRI C oM - Mis RO TR — A % 35
L7z,

(4) tHMEM - MBBEEIPELIERT—X

HiEA OF [IREEE, DIREIE, IR, BEMEOFEE
W, BIU, WHOMBEREORCDEERINKITT
PRI B 728, Table 16 12773 & 5 12 9 FEO M
MR ER T — A% RE L. 5B, Mmook

Table 13 #j5 b il & 03 L 72 ZefF T OYERR T — 2 (FHEH T 6,=50kPa)

DS test cases under constraints with both ends of reinforcement

e, | | WO gy | OO [ | St
By —X
Test65 T - =L 0.641 77.2 - -
Test67 ” - 3 0.665 71.3 - -
Test96 ” - L 0.648 75.6 - -
Test100 V6000 CL &tk L& - ok 0.656 73.5 60.8 7.60 X 10°
Testl16 ” ” 1k - e 0.656 73.5 ” ”
Test117 ” ” j]i@;::} 0.654 74.1 ” ”
Test110 ” FD 4/ 1 - gk 0.656 73.5 ” ”
Test119 ” 1k - ik 0.616 83.5 ” ”
MRgEs ) — X
Test95 A8 - =L 0.603 - - -
Test101 V6000 CL %M 1/ - sk 0.623 - 60.8 7.60 X 10°
Test108 ” FD 4/ ” 0.659 - ” ”
gy ) — X
Test106 pilE i - =L 0.635 - - -
Test102 V6000 CL %M 10 - o 0.671 - 60.8 7.60 X 10°
Testl15 4 7 4 0.639 - 7 7
Test109 ” FD 4:fF ” 0.643 - ” ”
Test113 ” ” 0.643 - ” ”
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(2009)

Table14 7> 5 —7 L — b&EE L7240 L RE L T2 WERZEM: (SFEHEIE 6,=50kPa)
DS test cases with and without anchor platens

Test No DR Ui 5 ADHA BRI AR 9% YR IR O3 A
’ S e Dr(%) kil
V6000 1) — X
Test119 FD 4:fF 0.616 83.5 H
Test100 CL &1t 0.656 73.5 H
CL &M+
Test117 T 0.654 74.1 H
SR80 ¥V — X
Test78 CL &1t 0.647 73.5 i
CL 4+
Test85 BT 0.647 71.4

Table 15 S/ FA 7% 2 Mo - SR AR D S8R5
DS test cases for un-reinforced and reinforced specimens under different confining pressures

| » Wi D E— 7
TestNo. | bt | B | T T | omeRE | GmE | SEomNE | -l
‘ B T (kN/m) (kN/m) (SR/SRuprina 30kes)
BT 0 A
Test71 30 0.656 73.5 L - - 1.0 0.95
Test65 50 0.641 77.2 7 - - 0.93 0.88
Test67 4 0.665 71.3 7 - - 0.97 0.92
Test72 4 0.648 75.6 4 - - 0.96 0.91
Test70 80 0.654 74.1 7 - - 0.87 0.86
Test16 147 0.623 81.6 4 - - 0.86 0.82
Test31 7 0.648 75.6 4 - - 0.87 0.83
Test32 ” 0.642 77.0 7 - - 0.94 0.89
Test42 4 0.665 70.6 7 - - 0.83 0.79
Test51 4 0.648 75.6 7 - - 0.83 0.79
BT 0> A DT (SR80)
2 & 2
Test75 30 0.654 74.1 26em-28cm-26em 753 7.53 X 10 1.27 1.20
Test73 50 0.648 75.6 7 7 ” 1.21 1.15
Test66 4 0.652 74.6 7 7 ” 1.24 1.17
Test33 147 0.644 76.4 4 4 ” 0.97 0.92
Bt A LT, WRERE MM O RAYE 0295 Thb,
DWEWT V=T H LR T —T L2537 O FOUFAHIZ & B Hl5RM B (Fig. 58 Tix b
TR TOMY

3 DSHERICH T 2HBEMBIERY ADREX DX L
DS FBRIC BT 2 BEMKOETLE — N2 5 a5 [0k
DHOFEEAH = A nxW] S22, fiEs s oo
O & - BROBEEMEDE 2> & i CORERM O F [k
12K S EBIE D IR ROBRIIONVTERET L, &5
2, HiSEAS & T OMEAEH O A 5 DS Bk & PSC i
BRcENABRD #R xR I L ABERBA N =X LD
B LRSS AL, #iEtloDSHBETIIED &
I 2B IER DR A 1 = XA I N TV 2 & HH§
5o

a. fHMMEIERY HOREREBRHRER

DS & T oA o Bl b L 724 T E — F (Bauer et
al., 1993a&b, #4155, 2007a)Fig. 58 \27R 3o Hishif 5l
EOTHROFERIIMAAOLERT— NIz T

@ & AW DA 1 2 KA 9 #l A O
AT 2 TR AR X B MO
B AWEI O ZETLE — RS OGO 28 % %)
I, A & LOBICT R 2354 L AW ERET S L,
KFZ RT v X U AW R L CHlSb % i 510
WZRE L 7-8h, SAMERMAx ERRERAY I2XD
A U B HBEM DM OAL I3RS TEEN S,

AL =yAC + (A1) -1 3)

Z 2T Fig. 58(b) I3 & AW OFRE S L) & B
FOHFEERLIZSDTH Y, L idw A BRI Bk
E N WM ORI E X TR AW O MIIE AR W, 12
FLWwEd2,

& ARSI O R O %25 RO ALK T



WEE— DX vt T 1 v 7 2% A LEME O X 7 = X 2 O & RFIRE S~ O @IS 5 iF5E 83
Table 16  #fi i B ACE B & OVHliibt O FEfH 29 70 2 3Bt
DS test cases with different types of reinforcement under single and multi reinforcement layers
5 R (W) | AR5 REME (\N/m) | BB EREE | _ WA | A
w WE e s e sl i s JE A . ol
TestNo. | T SR (RS L7 0 | (BAESL-D0 | (5.1kN/m & —— 2N (m) BBl | R
o |H] Pl ™~ o1l 3 H
o GRS (\N/m)) | 5 15EEIE (kN/m)) HL i) e, | Dr(%)
B O mAR AR
TestSl | %L - \ - \ - - e - | - Joess | 155
HE Q) 7
5.1 % 10° .
Test56 | SRI125 1 - o 52.9(105.8) ) 1.0 0.384 | H&FIR 70 | 0641 | 772
(102 x 10°)
2 )& 7.53 X 10°
T R 3(75. 142 ” ” . 644 .
est33 SR80 2rem 36emm 22em 75.3(75.3) (7.53 X 10) 38 | 0.6 76.5
458 x 10°
Test R ” 47.1(47.1 . ” ” : 0.624 1.
est63 SR55 7.1(47.1) (458 X 10°) 0.89 3.0 6 81.5
Test61 SR55 ” ” ” ” ” ” ” 0.638 | 78.0
Test62 SR35 3G - 4553 58.8(39.2) 51 101 111 ” ” 20 | 0.644 | 765
(339 x 10°)
BRI BV 7V — T H
2 oAy
=i x 10*
Test29 | ) ATl o2em-36em-220m 66.7(66.7) 1.52 X 10 30.0 0272 | ) — | 05 | 0643 | 768
, . 19.8 (%
Test26 | S8000 " 82.3(82.3) 253 %10 5.0 0252 | HFIR | L1 | 0871 | ) )
[il=]
Test28 | S8000 ” ” ” ” ” ” ” 0.646 | 76.0
Test24 $6000 ” 31.2(31.2) 1.99 X 10° 39 0.230 ” 1.1 | 0640 | 775
Test33 SR80 ” 75.3(75.3) 7.5 X 10° 1.4 0.384 ” 38 | 0.644 | 765
Test25 | V3000 ” 33.3(33.3) 5.1 % 10° 1.0 0.255 ” 13 | 0.644 | 765
FIREIEAME N 7 V=T L
208 .
Test63 SR55 47.1(47.1) 4.58 X 10° 0.9 0.384 | F&TIR 30 | 0.624 | 815
22c¢m-36cm-22cm
Test18 $S35 ” 27.0(27.0) 42 X 10° 0.8 0.222 ” 20 | 0652 | 745
Test21 RS3 ” 31.2(31.2) 42 X 10° 0.8 0.232 ” 15 | 0641 | 772
(a) (b) s (AEOLLEDTRYELL,
AX HAMSEBOE B E— FIZmaH
Ayr ,,,TT ——— DFEICE > TELLAEVERE)
} L } Jﬁ  ABFERAOD |,/
Pl 7 Uh—tEs cm| WEHOBUE?2 |
| [ | &« | - A BREINO T
B | By| e ntRe
A - =
Fffj,}fff%4 I ]) er ESgeoted
o /  BABESE f\ r = Egeo
@)
é////& =&d
er=0
T U H—tEs } (1$UU?’J+/J\§E$L7&LW§A>
|
y J 7777777 | R UERY
AT LSS X7
X
Fig. 58 (a) DS %it%ﬁb:isﬁé%ﬁé‘fﬁﬂ@ﬁé%mtént'ﬂ“ﬂi% F (Bauer, et al. 1993, Fig. 28 |ZF{#5)
(b) & AWTHIR DTN D WA 5 IR O3 A OFEERME (RS 5, 2007a)
Simpllﬁed deformation mode of reinforcement in the DS test:
(a) Development of tensile strain in the reinforcement caused by shear; (b) deformation within shear zone
FEND,
ey =AV/L (5)
AL 2
6 = = 2i(Ay+L) /L1 (4)
2 2
Ege0 = +IL7/L-1 (6)
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Fig. 59 DS GERIZ BT A #lisabt s 19k O 05 B %R & MR

Factors causing generation and release of reinforcement force in the DS test
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Examples of PSC test results in un-reinforced and reinforced Toyoura sand specimens
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Deformation mode of reinforced specimens in PSC test
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Mohr’s circle of incremental average strain on specimens in PSC test
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Strain compatibility between the reinforcement and soil in the re-distributed tensile stain of the reinforcement
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Deformations observed inside the un-reinforced and reinforced Toyoura sand
specimens under different constraints on the ends of the reinforcement
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Relationship between dilative volume and pull-out length on the end boundaries of the reinforcement at a shear displacement of Ax=60 mm
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Deformations observed inside the un-reinforced and reinforced fine Chiba gravel
specimens under different constraints on the ends of the reinforcement
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Deformations observed inside the un-reinforced and reinforced coarse Chiba gravel
specimens under different constraints on the ends of the reinforcement
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Concept of the effects of tensile-reinforcement in the current design
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Common points with the current design and DS tests for evaluation of the effects of reinforcement and its scope
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Evaluation of shear strength in reinforced soil based on the current design concept

Table 20 #5500 & A Wr5a EE 0 25 ) 1

Evaluation of shear strength in a reinforced soil
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Forces acting on ground with pullout of reinforcement
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Equilibrium reinforcement forces T; and T, compared with the frictional force along the soil mass and the bearing force acting on the soil mass
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Parameters for Toyoura sand and interface elements

B | Ay —T7 - AYE
WA AT AR S (KN/m®) E 2040 P
WA AT AR S (KN/m®) G, 8163 ”
HAT ARG & (kgffom®) Y 0.00155 ”
HHR B RE (%) Dr 73.5 44.0
IR E 0.66 ”
K7V v 0.3 ”
1k TR AREL K, 0.5 ”
B AWHRETA () dr 34 P
WAL ST 2 % - 03 !
g 0.6 7
PO HIST XY & 0.1 ”
FAVE v —MIZET A €4 0.1 ”
INT A Y B 0.2 ,
AW I S.B. 0.3 ”
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Table 22 fij5ibT O FLE £

Parameters for tensile reinforcement

Y ¥ 75 (kN/m?) E 2.20x10°
A OE A (mm) t 4.0
BT E R (kgf/em’) Yo 0.0030
KTV v 0.20
o=F-¢ (78)

THAHNL, MmHOY >y rEid

E= T
Area-¢

(79)

THZbN5,

ZZT,

o © iR OF 3k Y 5] (kN/m?)

T BALR S 4720 OF R i #E (kN/m)

Area | BT IAT & £ & 472 1) oflaM O MR (m?)

E | EBOMERM 0¥ > 75 (KN/m?)
=, AT T 2 RO O3 AR TR & £
T L T a7z, HFIROMEM &2 BHIZ 3 K
TR E LT ANAZ ENTER WV, Lo T,
FW) O BATIAT & £ & 2572 0 OREM O FI 8 72
T Area &V v VY E OMER2S, Wt Loy y 7ERE
M OEFDIEAL t OB E KO B &, LT OBR
X EHN 5,

_Area-E
t

El

(80)

E’ (Xf#NT 1 CREE T B A O » 775 (kN/m?)

t LT ECREE T 2 Hlii O A (mm)
AT CRE L 72 4fi58d4 /X5 X & % Table 22 |[27R7F o

d. IURHE
JERILR S TR S 2T E /L L g, = 0.001 &
L, THRVFE—)heg =9999.0 & L, EBREREIE
1350,000 | & L7ze F72, #0RLUFHEIC L 2 RAER
A% 50,000 [0l %8 2 C b FHEAOR L 2 20 7255613,
50,000 [0l H OFHEKE R 2 FEICRA T v TS 72,

4 FEITER
a. TAMENE-CAKMRALR S LVHRELENE
DR

Fig. 122 |[ZfFHTHRE R & 15 5 N7z EERGR - Mimatat
D AWENE Ax — ARSI 14/0, B L UEHEZE
fim Ay OBIRE R T TR A L, FEERER L
Rk, SRR Tl Y — 7 RERERIZB VT
TAREBALZER % R 75, Fish A T I ER Rt AT
RS N7 WIS A2 il EE AR U 72 (Fig. 122(a)) .
IR R EEUE T B AR O O AR X 2R
BT 254 Uoied % 25, s bl ik Tl M et o iR s

%49 75 (2009)

FEN IR BEIA
WA FDEMD) / (FDRfE, Testl19)

\‘1 1.0
< WARRHBHIR
0.8 (Test65)
A
R o6
e FEN
£ TR
% 04} [T
P ool s R
O HBRIE: 0v=50 kPa
AR Tost5, © = 0 641
00108 WEAUEE Test!19, e = 0 641
1
5r (b) AR

(Test65)

JakE  (mm)

A EA
(FD&f, Test 119)

GAETE)

SIS

e, FEM
1SS SRARSREEIA
(5t FEM
Hsafitstek (FD5H)

BABZEME, ax (mm)
Fig. 122 {Hfiod - Mism Ltk o> DS SURO AT HE A «
AWM T 5
() F AW DAL (b) Bk ik 02t
DS test simulation results for un-reinforced and reinforced specimens:
Relationships between shear displacement and (a) shear stress ratio;
(b) vertical displacement

N ZH D 720 OF IR ) iR RS SN L 72072 L
EZHNb, —7, Fig.122(b) Ot SUAI IR S o BT E
(&, MR - MERALERA L D EBRE X ) L RITMEO B A
INEL o TR A, EBREER L FERRC, it Eo
FIEE O P HERR A L ) WREINS R T
Wb S, MisRELERATIE, WERHIC Lo Tho s
AVE =2 X BRI S N, RO BIRERED
INE Tro T2tz Pl E2 N5,
b. #RERIFOIES - O HIREE

(i) \Emamtas

Fig. 123 |2 ¥ — 7 SR EESSHRAT %12 317 2 WAl iRt sl ik
WEH O AR O T ARG AR T AR Z@E O
FTFHOBEEDH L ATEN D20, LR AW ORI
IR AMTOT AL, = O S MR ER
ANEHEFTRIIEEDS A LT b 2 Db h 5 ([6X (a) —
(b)=(c))o F7z, FAMIST DFEEIZIE: Fig. 124 O
WRESIOAICROND LI, @725 RIS
LAV W ATE L S L, TR O 2 @1 e FHIs0C
FIS DAERBEITR EN Do Z OFRNT#EF 1L Dyner
(1986) 12 & - T 5 772 Fig. 125 OEIEHERIC & (—%%
L7

Wz, BN O R K FE DT A5 % Fig. 126 127K
To BB, EMOTAIITIATREN TS, FOF
Hog IR EILT) o) DIRZERER & W U HTANISEE L T
WL ENDbHIDL, THERARE &L ICEEEMED TG
JIH RIS AL S 5 72, EOF AN [l L 7272072
EEZHND, ZOXE Palmeri&Milligan (1989) A3 %%
L7:Fig. 127 DUOT Ao xR L ThbE, T AHD
FEAJIR), HIE DICES =L TWwAH I E0brsd,
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Shear strain contour map in un-reinforced specimen
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(€' — 7 SR SEHRRE O & AW 3 Ax=10.0 mm, ZSIA53E X 5.0)
Principal stress contour map in un-reinforced specimen
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(b) BN TEOT 7 e,

Fig. 126 S ALEUEDRARED T HDONT VoA
(¥ — 7 BREESEHR R O AWIZER 2 Ax=10.0 mm)
Principal strain contour map in un-reinforced specimen

(a) WA F A e — X% O 1-DSiBR T

BE S NIRRT

(b) IR TIEN DIRERER

Fig. 125 MEAlia Ao ¥ — 7 3 0 577 J71) (Dyner,1986)
Principal stress direction at peak strength in un-reinforced specimen
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= L . e ¥ % y 3 LA = vyl . g
* . . - o« Fl ¥ L e DS M e e AT L
. s KE J . \‘ T T T T TR T G Y e e A
HAMTHT Ay by LB e AT e e
. PR o B (a) HEHIBRIER I
: \ II “ = \ \
\ . g J .) - » 4 "y
1 brah ' 4 PR o e J-'
:;i:::?g:si?e"slrain Scale: 0% % &2 e L RS X ‘: G e g R g
‘ O A A T Y
Fig. 127 HHiRARA OO ADONZ N VoA aadi A 3y Ay LA A A Ay
s oy~ - . S Ak e \ Ny _\3_ _)S_\ 5, L N '\_\:‘.—\ M N jS_ _._\\\l
F AW O~ ¢ Im DI FE B F AR A\ C_‘st N T \i ﬁj.\&‘\' ay
(Palmeria&Milligan, 1989 X ) 3 [i}) AP K T R L
Principal strain contour map in un-reinforced specimen obtained from LSRRI e L, R S TR AL
experimental results with a 1.0 m cubic shear box o R e Tn ol 170 ‘ i I.
-) Jf . .J;J ¢ (; P y <
(i) whmptsEE (b) T 7hsE T — M XD iR

Fig. 128 |ZMEAf58 - #lish ALalE o2 AW 0§ A5 %

7RY o Fig. 128(a) O MEAR TR AL TIdE AW ST F1Z Fig. 129 Mkl - #ifft 3 A Zero incremental strain ¢

A7 N V55Ai (Jewell&Wroth, 1987)

CAMOS AAEB L CTIES 27, Fig. 128(b) D Zero incremental strain rector map in unreinforced and
AR TIZE 2 AW O3 A DS AT & 2 A W 28 reinforced specimens

BB TR L TV B ERF 2R T E 5o HERIC,
Jewell&Wroth (1987) 33 & "R FER T 5 117 Fig. 129 &
Fig. 130 OB RIZA SN D L 912, WiERoE AW
FHATEIL SN T BT Ehbh b, 72, fEER
EET OIS AL, Fig. 124 1278 L7z & 9 (12 Mg kst

o010

0.04

.0.02

0.00

(b) AHTRMERR IR

Fig. 128 LR O& AW O A5 A5

Shear stain contour map in un-reinforced and reinforced specimens
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Test110, e;=0.656
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Deformations observed in unreinforced and reinforced Toyoura sand specimens

Fig. 131
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Maximum stress contour map at shear displacement Ax=15.0 mm

MSERAJE D
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(a)
Fig. 132

Fig. 133

AR R O (b)  HlisR AR
AW A x=15.0mm K 212 381) 2 BRI RO FI8 T 4504i

Mean stress contour map at shear displacement Ax=15.0 mm
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AEI DR X AL D

(b) itk

AW A x=15.0mm K 5T12 BT 2 HEERANER D vy & ARG T4

Lateral shear strain contour map at shear displacement Ax=15.0 mm
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KT SZ B1 7Z FEI 26 ) DA Z AT S L b
A3, MR TIX Fig. 131 1IR3 X 912, KPR AN
VAo THITEM 3 AT RENCEAE N E ) £ T5 72
O, WA R EN BRI AEE L, & AR IS
IS HEEDEE B L72A > T, Fig. 132 O MHTH - 4l
A O TPEHIL I Ao NS L H 12, TAMHED
U EE R E LTS T LU DS E S 7 E & i
T3V AU F B/ 2 AT S5 HCTHET 5
A3, MR DA 1%, AT R T BRI A3 < 45
TR AR Tl F N 2 VIR T O BN HisR A & &
AR D B TIHAET 5. ZORE, Fig. 133 O
R - RO AW A ICE]N S £ 9
V2, AR ALK O & AW T 23 A 12 T, Al AR
ETIEE ARSI 258 AW AT CRIES NS,
c. EE
& AW BIAA RT3 R FI6 0 4 T ASERTE 1A 12 v T
B, FAWIID BIZONEIBH T EET 5,
FORER, FAMFEOFLE RS E LTS LAV
BB 2SI L T L OV A I 7 FE AR
N, R 2 IS OEEREIER S D, —
73, mnRER RO, HERAERIC X o TE AR
S _E TR AT | S ML S A, A WA BT R
MEFIAGHDPEL S, 20k &, FERO - -H34ivaM 0
GlAREINH S 5728, FlidA RN 10 B 3581
ENb, ZO0, WHEMERAEIIIA SN VEVIE
TIFHAI S 5o ZORER, TR L O TIIET R
DINEAE) X, FAWE I LOFEEIS DO, $ 4
bbb, LOMEMINDGA LS. Tz, A I FEK
TERT A L0, XD IRVFIETEAMEILS 2775,
6] — & A WA & V2R L CHRETRA O B 221 2 AR 22
LIC X MO/ E LT, BIBSNBTIERY Jins/hs <
THELOT, MmAERAR IS S 12 & A M aE S L M40
AL D DI D, BISEIRICIERT 5,
d. £&8
i1 DS R A A RERE T I 2L — b
L, BERARNEOIET) - OFADIEFMIIHEDINTHE
AWTHR A 1 = A 8% EEE L 720 DFICAREICH LN
A RT
O ORI ZRE LA RE R E #
BT EZXY, A - wREEE AN ToOEA
WO ROFGERLOE N Z LIRS 5 2 LA TE
72
@ R T R AW S @ 2 IS
JET L ANV DSE ISR RL &, FIS ) OfnE
PR SND 2 DRI N I OFFITE
#1d Dyner (1986) DB R & &L {—F L7z,
@ EHRMEAAORK - RAAEOTAOFEG B
L OV, Palmeria&Milligan (1989) A3 Ei%E L 72
O§FRh55H & & =8 L7
@  FETRAEEE TR AW AP IART I E AT O

%495 (2009)

ARENT 275, HER AR TR A OFFTELS
Lo TR & AMEEASEIH S, AR
FTARIRIRICILART 5 2 LML E Nz 2O
FEAT G R AR TR CTHEISE S NI OE A
Wi D38 E AT B & OF Jewell&Wroth (1987) A3 R
B2 O A & EMEIZ—3 L 72,

® WAWFEBICHHEM AFAFND Z LICX > THI
SRR T BRI 23584 L, 23Ul K o THAMRT
1 _EOEDAHGINS % A7 = AL %8BT 5 2
ENTET,

Db Z &b, RGN FERITERRFREE L CEIL
WARNEOIET] - OFARIREE L HEHT L2 LT
EDLZENbhotz, SR, WM O R TIR
ZALIC X BHH OB EMGET 5720, SHICKE R
AT TIHT 21T o T LEDR D Do

V TEEEFOHFFEOHERA

1 XBERHVBA Uy N ERETEDEE

TFII KIS X B KB IGE) < 0 B IR O s 28
H7Z & B M SN T & 72 BE4E CRFNE L E SN
IRRFEANE & A REBG X S 726, Fig. 134 12773 &
KB ZEGE : by Z)BHWSENRTWS, T
BRI EAFTIFAITAN) TARRAE 720, +TEH
WZBIBR Y 35684 5 7 L5805 8w & 2 A A,
TEMLIRY DI L o THESOMBIIREN L 720, &
WERE R ISR B0 T D720, LEEM DT L 2R D
AEES 2 S AT OIHE & 52T 22 WIRRETH o T L B\ il
EERET AN TE D, 202D, WHEEL LD
i TR FHIT R T o TEN - ZEE R R T &
o FMUHMET, ka EOREEHICH LT H
FOMPLIEMIZL > THIRV RSN TV E720, £
HICH L TCOEWIEIIN 2RI TE 2, LYELENESLE
O—FHT, TET MR TAREN L L TORA»T5
WKEISNTIhdolze FIUIRD &9 %iksT EORE
DHEREINTVWEIZDIEEEZBND,

T EEDSERIE 7 S HUT & 2 B BE, Fig. 135(a) (12 5
5, 2005b) IZ7RT L ) ISICHEEOM DIEMATIZ L - T
TEFIZEIRY DAEL, FIUZ & o TR I
TIHEENT %o VDWBEATHEA I = X LDEHEESN
% (e.g. Matsuoka et al. 2001, F2[if] 5, 2000, Tatsuoka 2004,
Lohani et al. 2004a&b, 2005), Z DFEH, HiH TR E 2L
FEBENRON AL, L LGRS, FEZ, T3EICHER)
GHIEMRE RSS2 1213, MY LRTIEY x5
2B SR B NN D B DT, IR D B FEE D
EWAR TR LRI % & v, FEREIC Fig. 136 0 L
1 72 L 3EFE B AR O 1 A Bk 70 B 45 & W72 LM (Ahvh,) &
JEMEREE DOBIFRIC R SN B K 512, MR (A, DHEHN
2o THEEOM ORI RSE T 5720, TEMEE L
&b IZERMIEDS BN 2 55 22500 — O A B RAEL
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Nho ZD720, MK EH D &R E 7 RES O
THTHREMBE L IIETE D, ZO—T, EVERE
15D I VIR B D R O EM BT S AT K T
5o Bl zIE, Fig. 136 OWARIIRT X912, 720l
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Fig. 134 3% I\ 720 S fH BB (5450

Temporary rehabilitation work using geosynthetic soil bags
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Typical results obtained from compression tests on stacked soil bags
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Critical issues for the design of a soil bag system
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Two different mechanisms for developing the strength of stacked soil bags
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FEDIZ/INE WV (Agil et al. 20063, b&c) o F D720, W+
JER RTINS & BN 5 Rk OMERAT R ET Lo
L7 )TFANNERIEE RS,

DbaFeode, TE#IERED AT AT I
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FROEME— FZTEIZRD 2 DO%eH Lo % fif ik
35BN B 5 (Fig. 137)

O TETRB R EARRE L E A, BT O

FRIPEAYR O TR GREE 2 IE /T
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Matsuoka et al. (2003) (%, Fig. 138 ® 2 KITTHE SN
TEOIEAERIEREOKIF N 250 % TR EZRE L T
Bo HFMPIIEEHICAELLFIRY I TO2M5% +
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5 Fig. 139 | IR $ L) IC—EDERMEHET 5 — M
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W 6,,=30kPa =14 F 12 BT % AR EEEE O yLTE _E o
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%495 (2009)
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Stresses acting on the 2 dimensional model of soil bag and
on particles inside the bag
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Stress field in a soil layer sandwiched by geosynthetic
reinforcement layers
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Distribution of vertical stress in the central plane
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Vertical compression test for a pile of soil bags
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Influence of h/d on compressive strength
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Apparatus for vertical compression test for a pile of soil bags
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Table 23 L ERBAROILHA T — A B L OHEREMA K

Test conditions on vertical compression tests in a pile of soil bags

. IR 2 2EE ORI (mm) | | 48525 7= 1) 3 At | Tz .
Case No, | LISHL | LM T T e Moo L e | s | R |
RO R W AR iy | k| em) o
SO DR B & UEE O
Case01 2 PE 385 347 360(180) 39.1 1.48 A 1.04 i3
Case02 3 PE 398 373 314(105) 26.0 1.52 A 0.84 i3
Case03 4 PE 399 379 312(78) 19.6 1.50 A 0.82 s
Case04 2 PE 493 378 244(122) 39.1 1.61 A 0.65 NATL—%
Case05 3 PE 491 381 242(81) 26.0 1.60 A 0.64 NATL—%
Case06 4 PE 491 396 245(61) 19.6 1.54 A 0.62 NATL—%
T FER O R D 72
Casc07 | 4 | pp | 487 | 417 | 235(59) | 19.6 a3 | A ] ose | e
HrES O OFESE O R
Case08 9 PP 543 400 930(103) 9.6 1.61 A 2.33 BYyim
Case09 9 PP 505 400 972(108) 16.3 1.56 B 243 Bis )
Casel0 9 PP 553 414 961(107) 18.7 1.37 C 232 BisGim
Casell 9 PP 560 420 920(102) 19.4 1.38 D 2.19 BisinE
O VG CHIIRIT L7z BEEURIEIRITE L 72 138 2 L
== )| DELS 7 & 9 VIS ERE LIS RUE L TR Lz, 7
2 DN [P < ZL, WEICHEEA T b0, Bt
5 it o FEOBEHUNRDNT VD, 2070, HELBRETE
3 2 35 - DI DR BRAED T2 > TV B & & IZHEEDS
| J% ‘:% L BECH D,
X g KRIGEER T — A TIIPEAR OHERE A3/ S v & RIS
g g FEEE T B AT (BESETH) 2SHAT R OB 2 21T C L &
o o I 72, ML (HW) 25 1.7 PLED 7 — Z12DW T Dk
9 S| 1500 mm T KA A FHI L, Z DA DWW TEEMmEMEIC D
° ° WM 2 2k & L7z
g ° c. BZLEEREREDHTER
B b L7z 2 koo L F#OEMETLE— N6 L3EH
WAERT A5IRD JIEHEE L, PiEOM ORI REE

Fig. 144 i 170kgf DIRE/NA 7L — 212X 5 13D
WIETTE
Compaction of soil bags using a vibratory weight of 170 kgf

Fig. 145 i 350kef ShOBBH 7' L — b BIREIHFE D12
£ 5 TFEOEE )k
Compaction of soil bags using a field vibratory compactor at
a weight of 350 kgf
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Confining effect of compression and flange in
a 2 dimensional model
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Equilibrium between mobilized tensile force of soil bag sheet and
inner force acting on soil mass in the flange
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Geometric shape of flange in cross section
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Change in geometric shape in cross section before and
after compressive deformation
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Relationship between vertical compression and ratio of
lateral expansion of a pile of soil bags with and
without vibratory compaction
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Relationship between vertical compression and ratio of
lateral expansion of a pile of soil bags with field compaction
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Initial geometric shape of the flange with and without pre-compaction
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TE0, TEEEEREOR wh(GERIBOTER) T
ENDIRMFOMIAICIR %A E D L~V LT o
LIHIZED T,

O FEEE NS - - u/h=0.50
@ NATVL—=FIZXBEESME - - - - wh=0.60
@ BYELEM . - -  e w/h=0.65

2RIEDO LEIEMEELE T VICH R %
Table 24 |27 T &7 — A& b EMI N WO 15
S h BEOEFHMOTIEIEB & [H—Tdh 5 (Table
24), HEEOF A(REPA) (2D TIERE! =il A iR 12
L DES NI AEEIE A LR L7,

(2) TEBOMPATRE LVEBEEDHFEDOHE

TEOWINIZIRA R % 2 50 COIEHEREBE R B L O
TSR % Fig. 153 (127" ¥, 138 1 48472 ) omEhob
OEEIZZFNZN1.0:0.67:0.50 DEETHY, T3
AR OBBEHITHEOH OBEROEHENKE WE
2, 2 BERE, 3 BERE, 4B L7zo 2 BeRiA o R3EMEER
RIZTFEEICH - ROPEOMEZ A LLIRETH %,
TEOFRZ FHER (/W) XL FE—484 72 ) odhEs
DM OBEAREN L NITEKE %5, Fig. 153(a) Diz/E
PHENEEOY A, EMEEIVN S VERE (A Why> 30%)
TIHEMAMEDS & b TN, Zo@mE 2okt
I (HW) 5K EWIZLHEZE TH o720 THITH LT,
Fig. 153(b) O EAERA AN PR L7250 TlE, Tl
BEFE N & o THERLE (/W) 2SI b s 5 720,
OM ORI L WHEIT 1R Y J3 5 L FEH 128
B3N, 0720, FMiEEL TWiangr — A& X
5 &, EARRMEARIBICSE SN D,

WU, 2IRTEDOLEEMETZETIVICE) Y I 2L —
b LR R AL E, WTROFr —ZATH T2EOW
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Table 24 T3EE 7 U\ 72 fifAT Gt
Analysis used in the 2 dimensional soil bag model

iy —2 | htom) [ Bmom) [ wh [ w(om) | Lom) | oC) [ v [E&NMm)
hEEOM OB & DEIE QA IO K
Ana0l 180 385 0.50 90.0 205.0 58.0 0.22 32.4
Ana02 105 398 0.50 52.3 293.3 58.0 0.22 32.4
Ana03 78 399 0.50 39.0 321.0 58.0 0.22 32.4
Ana04 122 493 0.60 73.2 346.6 58.0 0.22 32.4
Ana05 81 491 0.60 48.4 394.2 58.0 0.22 32.4
Ana06 61 491 0.60 36.8 417.5 58.0 0.22 324
38 O [IRANE O E
Ana(7 59 487 0.60 35.3 416.5 58.0 0.32 89.2
RO B OO K
Ana08 103 543 0.65 67.2 408.7 58.0 0.32 89.2
Ana09 108 505 0.65 70.2 364.6 43.0 0.29 89.2
Anal0 107 553 0.65 69.4 414.2 36.0 0.25 89.2
Anall 102 560 0.65 66.4 427.1 44.0 0.25 89.2
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Experimental results and simulations of vertical compression test on
a pile of soil bag with and without pre-compaction
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Experimental results and simulations of vertical compression test on
a pile of soil bags with different geosynthetic soil bag sheets
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Experimental results and simulations of vertical compression test on
a pile of soil bags with different backfill materials
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Simulation results with different shapes of flanges u/h
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Simulation results with different soil bag heights /
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Simulation results with different soil bag widths B
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Simulation results with different scale ratios n
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Counter measures to stabilize soil structures against sliding using a soil bag system
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Schematic of lateral shear test on a pile of soil bags
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Apparatus for lateral shear test of 3 stacked soil bags in a full-scale model
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(a) Frontview (b)  Side view

(DAIr/Oil cylinders @Linear motion guides in the lateral direction (QLVDTs for vertical displacement @Universal joints

B Two-component load cells for vertical axial force ®Top loading platen (@)Soilbags ©Base platen @Loading frame
@@Wheels (DBase platform {@Bolts @3Linear motion guides in the vertical direction {Two-component load cells for lateral
axial force (5LVDTs for lateral shear displacement (BScrew jacks

Fig. 163 FERE DT AW ORE © (a) AT L CHEZTTIA 5 W72 IEHE
BLO (b) AKTFEAWT A S K7 HITEX
Detailed structure of SBST apparatus: (a) front view in the direction perpendicular to the lateral shear direction;
and (b) side view from the lateral shear direction
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Fig. 164 LFERB RO AW 51T 2 510
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System for measuring the vertical loads, shear loads, frictional loads,
lateral shear displacements and vertical displacements: a) Top view;
and b) side view from the lateral shear direction
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Compaction of horizontally placed soil bags which were inclined
during lateral shear loading
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Fig. 166 iz & R[] & fii O FE B L O 2w 0 BIR
Time history of thickness and approximate degree of compaction for
backfill material during dynamic compaction
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Table 25 +FERIBARDOKPA AWy — 2 —5

Test conditions and results from lateral shear tests on a pile of soil bags

oo | g | TORE | B | s [ REBEODELR A BRI O MAITEAR
o, (kPa) | 3 ) | (mm) | ES(mm) | Wi(mm) [ @H(m}) | ES (mm) | 0 (mm) [ BERRIEHE (m)
B ) — X
Case01 3 30 0 379 902 680 0.613 670 545 0.365
Case02 ” 4 18 373 902 685 0.618 715 515 0.368
Case03 7 150 0 357 902 693 0.625 680 540 0.367
Case04 7 4 18 367 905 693 0.627 720 520 0.374
Case05 7 300 0 354 902 697 0.629 680 540 0.367
Case06 7 4 18 369 900 697 0.627 680 550 0.374
BERE Y ) =X
Case07 7 30 18 317 947 685 0.649 720 490 0.353
Case08 7 150 0 340 945 690 0.652 710 480 0.341
Case09 7 7 18 332 947 677 0.641 720 490 0.353
Casel0 7 300 0 336 945 680 0.643 770 480 0.370
Casell ” 7 18 327 948 693 0.657 680 440 0.299
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Results from two lateral shear tests on a pile of soil bags (Case 02 & 11) at constant vertical pressures of ¢ , = 30kPa and

300kPa: Relationships between shear displacement and (a) shear-to-vertical stress ratio; (b) average vertical displacement;
(c) inclination in the shear direction of the top loading platen; (d) inclination in the orthogonal direction of the top loading

platen; (e) four individual increments of vertical load components; (f) average vertical stress; (g) horizontal frictional

load; and (h) vertical frictional load and lateral shear displacement at the top loading platen
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Results from two lateral shear tests on Toyoura sand bags stacked
horizontal and inclined: Relationships between the shear displacement
at the top loading platen and (a) shear stress ratio; (b) average vertical
displacement and (c) average displacements
in the direction normal to the base platform
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Results from two lateral shear tests on REPA bags of stacked
horizontal and inclined: Relationships between the shear displacement
at the top loading platen and (a) shear stress ratio; (b) average vertical
displacement; and (c) average displacements
in the direction normal to the base platform
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Vertical distribution of lateral displacement at the side face of Toyoura sand bags stacked inclined 6 = 18 degrees in
a lateral shear test on a pile of soil bags: a) vertical stress at o ,= 30 kPa; and b) vertical stress at o =300 kPa
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Fig. 171 KPR AW %572 & SO LERERD 2 5D
WagEE—F
Two failure modes of multi-layered soil bags subjected to
lateral shear loading: (a) slippage failure at the bag-to-bag interface;
and (b) shear failure in the backfill
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shear tests on a pile of soil bags with Toyoura sand and REPA
compared with the theoretical values (Egs. 102 and 103)
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Stress conditions of backfill in soil bags subjected to vertical compression and lateral shear loadings
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High stiffness and strength soil bag system based on the experiments and theories in this study
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72O SRR JHTTINT) 5 3 X UF (6)2004 4E 23 5 A T8 E L 724 2R CHil L 727z oith (LRI IR )
Damaged small earth dams: a) sliding of embankment with the 2004 Niigata-ken Chuetsu Earthquake in Kawaguchi town;

and b) total collapse by heavy rainfalls in the Tokage typhoon No. 200423 in Awaji island
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Disaster factors with 62 collapsed irrigation ponds during
the 200423 Tokage typhoon
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(Matsushima et al. 2006a £ U 5 1H)
Rehabilitation work using large-scale soil bags anchored with
extended tails for small earth dams
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Full-scale models of small earth dams used in a shaking table test
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Dimensions of full-scale model



152 BN LR ey

(a) TR E2E0 0 W7o kRT

%49 5 (2009)
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Fig. 184 RE)FZERIZ F 72 KT Ll

Large-scale soil box used in the shaking table test
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Pre-compaction of soil bag

Transportation of soil bag by crane
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Fig. 187 FrE O 4 CHEIE L 72 2688 & 1O E RN

Inclined base arranged at prescribed angle and installation of soil bags

A
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Fig. 188  JEk 1 [ &> 4K

Compaction of backfill material

J& = 3cm

Fig. 189 $EMRNIBOZIR % Bi%t§ % 720 O G IE DL E IR
Installation of colored sand layer to observe deformation patterns
inside embankment
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Fig. 190  JREPFEER(ZH 72T R OHi 5872 0O Ik D1
Reinforced embankment in full-scale model on the shaking table test
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Input acceleration wave of shaking table (Max. acc. of 500 gal) . e e
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mmm : Earth pressure cell

Tk 2-direciton load cell

~{®r : Laser displacement meter

Laser-11
c=p Laser-10

Fig. 192 Case 1 1B 2 TIEFHB L L — =25t ORLiE M
Location of earth pressure cells and laser displacement meters in Case I
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A\ : Horizontal accelerometer

v Vertical accelerometer

Fig. 193 Case I (23517 2 flI5H o Bt & 4]
Location of accelerometers in Case H

mmm : Earth pressure cell
Tk 2-direciton load cell

~{®: Laser displacement meter

=r Laser-12
2y Laser-11

Fig. 194 Case I IZB1F % LRI L 'L —F —ZRFT OB E X
Location of earth pressure cells and laser displacement meters in Case I

A\ : Horizontal accelerometer

W : Vertical accelerometer
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Location of accelerometers in Case |

= : Earth pressure cell
J=d : 2-direciton load cell
—L®p : Laser displacement meter

oy Laser-13
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c=r Laser-11
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Location of earth pressure cells and laser displacement meters in Case I+T
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A\ : Horizontal accelerometer

v : Vertical accelerometer

Fig. 197 Case +T |2 BT A INA#FERT OBl X
Location of accelerometers in Case I+T
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Fig. 198 T3EMNIZFLE L 722 ua— Fev
Two-direction load cell installed into inner side of soil

Fig. 199 2 Jjlf0 — N )b & LZAENANIID 13 724K

Installation of two-direction load cells into soil bag
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Residual crest settlement after each shaking step
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Displacement of downstream slope after 500 gal
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Displacement of downstream slope after 700 gal
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Displacement of downstream slope after 1,000 gal and 1,200 gal
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(a) 700gal s D EEKNERDZ IR (Case H)
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Fig. 204 Case H |2 B 2 AR EL O B O T
Collapsed pattern inside embankment after 700 gal in Case H
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Collapsed pattern inside embankment after 1,000 gal in Case |
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Collapsed pattern inside embankment after 1,200 gal in Case I+T
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Distribution of residual vertical earth pressure on the bottom of the embankment after each shaking step
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Time history of seismic behavior of the lower part of the soil bag
slope in Case H at 500 gal: (a) lateral acceleration inside soil bag in
Ist layer; (b) lateral displacements of 1st and 4th layer soil bags and
lateral velocity of shaking table; (c) relative displacement between
1st and 4th layer soil bags; (d) & (e) increments of normal and shear

stresses on the upper interface of the 1st soil bag
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Slippage behavior of lower part of soil bag slope in Case H at 500 gal:

Relationships between relative displacement between 1st and 4th soil

bag layers and; (a) & (b) increments of normal and shear stresses on

the stacked plane; (c) shear-to-normal stress ratio on the stacked plane
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Time history of seismic behavior of lower part of soil bag slope in
Case I at 500 gal: (a) lateral acceleration inside soil bag at 3rd layer; (b)
lateral displacements of Ist and 4th layer soil bags and lateral velocity
on shaking table; (c) relative displacement between st and 4th layer

soil bags; (d) & (e) increments of normal and shear stresses on the

upper interface of 3rd soil bag layer
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Slippage behavior of lower part of soil bag slope in Case I at 500 gal:

Relationships between relative displacement between st and 4th soil

bag layers and; (a) & (b) increments of normal and shear stresses on
the stacked plane; (c) shear-to-normal stress ratio on the stacked plane
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Time history of seismic behavior of lower part of soil bag slope in
Case I at 700 gal: (a) lateral acceleration inside soil bag at 3rd layer; (b)
lateral displacements of Ist and 4th layer soil bags and lateral velocity
on shaking table; (c) relative displacement between 1st and 4th layer
soil bags; (d) & (e) increments of normal and shear stresses on the
upper interface of 3rd soil bag layer
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Slippage behavior of lower part of soil bag slope in Case I at 700 gal:
Relationships between relative displacement between 1st and 4th soil
bag layers and; (a) & (b) increments of normal and shear stresses on

the stacked plane; (c) shear-to-normal stress ratio on the stacked plane
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Stress history of lower part of soil bag slope at 500 gal: (a) increments
of normal and shear stresses on the stacked plane in Case I;
(b) increments of normal and shear stresses on the stacked plane in
Case H; and (c) increments of vertical and shear stresses on

the lateral plane in Case I
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Fig. 216  -FERGIE AR T O HE R DI T #E

Stress paths in seismic loading at lower part of soil bag slope
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(1) BERFEBLUERRT—X

Fig. 217 |2 AR EERICH 72 B %2 7§, 3R O
KESIEHES05m, IH04m TH Y, T s B i
ISHAIVB X CTIH IVD 23 ) T %, Table 26 |2
R — ABLUOEFELOMEL RS, TEOKE
Hiki, TEEXFEES TR S FATICHE RS A
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05=2. 676g/cm, Dss=0. 184mm
Uc=5. 82, p dnax=1.517g/cm®

50cm

Siehy [FREFKR

3.0E-02

(m */s/m)

2.0E-02

2

AT IR

w=11, 5%, Dr=85% :
Viiloh G EA=N—=5y TR 10
. e g 0
T 7  C—C— 19005 Lo A e
g = X
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L 178cm
8 - 400m

Fig. 217 /NBUBHTTRE 2R D BEE

Schematic of hydraulic overflow-induced collapsed test in small-scale model

Table 26 /NHEBGERHIE RS b5 L OFRBRA R OB

Test conditions and results from hydraulic overflow induced collapsed tests in the small-scale model

FBR o — A ETD8 A7 ESEALY R IER MK L~V
Case01 AN A SRR Z Ry A T 12 I

Case02 hELLEE A ORIV S AT 122 I

Case03 NI FEOKTFAER S 1 T 122 I

Case04 pHELLEE A ORPAERE S AT 1:2 I

Case05 R 2E B OKPRE S A T 12 il

Case06 Fa—TMtEEONKFERE S A T 12 JiaicRcacn
Case07 R EE A OKFRERIE S A T 1:1 HEIKIEIZ D) i
Case08 LA A OKFERERG + VA7) v FIZE2BENT S AT 1:1 JiiEo Scach
Case09 Fa—THLBOEFREE S 1 7 1:1 g

Table 27 /NBUBGBGEHIR FZBRICH V2 3 =F 27 1EEOIBIRB L Uik
Geometric shapes and dimensions of miniature soil bags used in
the hydraulic overflow-induced collapse test in the small-scale model
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ld Fig. 217 1SR L7259 ISk L AL T ~V 2212 60
SR L, EAROREHDER L 2 v &Hr S 7z Bk
T, BAKLNVES X BT, B, BiKE L
TR O RIS DIRAL & K S DL Lz,
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(2) NRIEBTRIIEERORERER
(i) Case01 (MNEIXZZRAPEICHZHENLZA
7)

ANEL A FE A SRR & PATICH X I RF2 5 1 7T,
BIK LAV T EKIE R ZIRE BB o) 3875 H 3K & 32
HroBERETI DL, B DA EsTmo 52
LG S N7z (Fig. 218), T L 0b, HEERIRG
FHAICIE LD 2 TR BIC L 2 LHEBERORINB
L ORI & BTk L C g L AL o E)
EHAODPARE LTS 2 EBbhor,

(ii) Case02(hELTTADKFEERB 217

A R T UAHE SRR L8 4 7T,
R LV oK 30 4315, SRR NIRESEICERE L 72K
BT (he3E) (3R L S, SRR T st o 3k
T Rag oS E U7z (Fig. 219) s 2O Z &h 5, WERH
WX 7 4 VG = ORWAG) 2 BT ALEDRDH L L0
ol LD 7 — 2 TIIMEEE R T\ ANRAT %2 5% L
725

(a) 1K

%495 (2009)

(i) Case03(/NBILXZTDKFEREZ17)

NI FE A T IRATII KRR L7y A 7 TlE, ok
LAV TR LTI o 2itREEEF L Tni, L
L, BOKLANWVIICR AL, 58K 3 455 T o8
B LZ#aPF 721, LB EIHEL -
(Fig. 220), COZ &nb, ARITETIEILEMOA4 —
IN—= Ty TEPEGS, I LTl T ETD
DAL LTWEZ EDRbhroTz,

(iv) Case04(hEILTEADKFEBZ 1Y)

AR 2EA A TR AN ICKERE L7254 7T,
KLV T - I - IS L CiE itz &tz A LT
W72AS, BIK L ANVIVIZ R B & ik 250 TR T A
HOWEHOTFR -T2 L, &kmEzT] &k
Z L7 (Fig. 221), HRITFA 2 2 LI X D/
THERIVLIVEOF—N—F v TREEERTE L/
O, TR OF T EBUIIAR OBED A U o 7273,
ZNLLEOBIK L XV LT, ok 21280
PlF B LAk L C B2 O BT 2 BN & & 5 LT
Db EDTMoT.

(b) Bk L~v Tk 3 4318 DR ERDL

Fig. 218  Case01 MBI L 3E 2SRRI P S ATy A7) OB

Observation of Case 01 (surface protected with small soil bags arranged along the slope surface)

(a) E/KHI

e T —

iEW:td)ﬂ)&L\tﬂL/

(b) K L~V T IEAK300 % OFRHEHE G OT (d) RE% ORI TREB O K

Fig. 219 Case02 (11 +3% A DRFPREE & 1 7)) OEIERE R
Observation of Case 02 (horizontal stacked pattern with middle type soil bag A)
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() K

Fig. 220 Case03 (/NEL 132D K FRGE & A7) OEILHE T
Observation of Case 03 (horizontal stacked pattern with small soil bag)

I(a)ﬁﬂ(ﬁﬁ

(b) Bk LULIVIEAKTOS D

. ‘ K j f’* & -’" =1 o,

RERN

Fig. 221 Case04 (FFHIT3% A OJKVAEIE 5 1 7) OBIEHE R
Observation of Case 04 (horizontal stacked pattern with middle type soil bag A)

(v) Case05(hELZEBDKFEFEREZ 1Y)
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HLTW7z(Fig. 222), S &5, 2R IEY
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TOMBEARIRTE D2 Db rolz,

(vi) Case06(F1—THIL+BEDKFEBZ 1Y)
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T EH 2 N TAIZHEIR S & 7R AE (28200 2 80 ) 2w
72) TR % AT o 720 MEEHTIZIBAETEHOHE—FID 6
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HOMTIRT L) B8R L2 T8l mEfis £ C L
NCFD AL E o720, BRI T IS E R
Y REOKERENE LK T T2 b o72,

(vii) Case07 (RAEE - PRITEADKTFREZ 1 )

TUHATZ 1H: 1VoORARIZL, HE+TFEAZKT
Fikg L7-4 4 7 Cld, @ARMOMEAKBET, BEIZLD
T AR TR AN 12364 L 72 (Fig. 224), 22 &

Fig. 222 Case05 (17138 B O/KFAEE 7 A 7)) DB R
Observation of Case 05
(horizontal stacked pattern with middle type soil bag B)

DO IART AN 2 24 B2 T 5 &, e slmFEE R
EREZT TR, BEICE BT ISR L TIFE
PN EOTBLLERDH L EDbrol,

(vii) Case08 (R AEC - hBEILT|ADKTERB + 2+

JUy NIZK2EZFITEA4T)

Case07 & [A] UM 5T, BENICH 3 2 BRI =
EHOLHMNT, TEETA ) v NCTEBIAALESIAT
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F—nN—=5 9Tk

RHBLE-T =
(@) KT (b) AT % 1 2 7= 4T o
oK L~V 050 K 18045 % DA IR 1L

Fig. 223 Case06(F 2 — 7RI T3 OKFFEE 7 1 7)) OBIEHH R
Observation of Case 06 (horizontal stacked pattern with tube type soil)

@ A (b) Bk CIBIC & 5T b fiisg
U 7= B2 R A ki

Fig. 224 Case07 (AL - I 158 A OKFFEIE Y 1 7) OBILHER
Observation of Case 07 (steep slope and horizontal staked pattern with middle type soil bag A)

A YR

CA7Y y Fic kB
L OB R

SATY YR
(E0 > EHERD)

(d) BERHRE D L3R
H L7k

Fig. 225 Case08 (/AL - I T3E A ORI + U4 7)) v FICK DVBIAALZY A7) OBIGRIR
Observation of Case 08 (steep slope with horizontal stacked pattern using middle type soil bag A, which rapped soil bags with geogrids)

(b) BERMrI X
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(b) /K Aif

() HAIRDL

Fig. 226 Case09 (ZARL - F 2 — 7R T ZOWEEE & 4 7) OB
Observation of Case 09 (steep slope and inclined stacked pattern with tube type soil bag)
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c. EMARDERIIRER
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TR L7 8 IZ ISR Mz R ) 7o ¥ L v (Pp)
oA (77) = M) ThY, PrEodofifizx L
THFIZHEWD/ NS WL O E M L7z, Fig. 227(b) ®
TFIIFPIIRT, REAEICT - NVEHBIOY 1~
TEOEAEEN T WD, TFETHRIEE L 25 S 200mm,
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YRS A, I 7AIEERAE & LT oo
PHIC 70 2 & 9 REBERRIE L - 450D & BT O — 2 (R EIE
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A Kt T

ATHICIBGESATERS

%549 5 (2009)

avh— MalEE

2300

4500

ES 2

[rmER]

(B4 m)]

Fig. 227 W R OBFHIREEROME « (a) BRI ;(b) 77—V & 7 1 > 7 % i L 72N 22 5(0) HHR B OBk T

Schematic diagram of hydraulic overflow induced-collapsed test in full-scale model: (a) cross section of model embankment;

(b) large-scale soil bag with extended tail and wing; (c) completion of embankment

Table 28 YR IE FEERO BRI
Test conditions in the hydraulic overflow induced-collapse tests in the full-scale model

Fhpr — 2 Al SEARBE 135 HEE O KT 1R R TE
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Fig. 228  HLALNEELHLIT = & R T O FIgiit o B 1R
Relationship between discharge unit quantity flow and
average velocity on crest
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Fig. 229 HAEMITHE & M2 REO B R
Relationship between discharge unit quantity flow and flow coefficient
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Air-pocket

(a) Nappe flow

Comer eddy

(b) Skimming flow

The top of.

the slope
© \

Separation

(c) Free fall flow

Fig. 230 R BCRBUKITOFii (Hubert, 1994 1215
Stream regimes of stepped spillways

B B R A I 00 K BRAER P U3 Fig. 230 (Hubert, 1994 12 14%)
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(1) MRAKREBEEDOBEF
FEBRRE R O B S N7 R & SRR T A o
5 E O {R% Fig. 233 (Matsushima et al. 2007b) |27~ 6
COREFEARIZL T3 DIZK5r LI U TElg
SN LGSy — v OREE R FHII L, BREDS
EEEIZOWTCEHIIT 5,
(i) #ELEL (hy<23.8cm, FRE4 : Nappe flow)
MOKIE TR R T L NN S REREBR Y R L 2055
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Hydraulic overflow condition without artificial physical damage

Artificial physical
damage condition

03

[ Level 2 h0 =26.7cm
Minor damage h,=9.1cm
ozr Skimming flow
01 [Level1 — [ Transition flow

Discharge unit quantity flow (m°/s/m)

Almost no damage- A
00 a

0.7
| h,: Overflow depth at 2.2 m from the top of the upstream slope | h =5830c ?
06 [ h_: Overflow depth at the center of the crest as seen in Fig. 4 h =270¢ h i
h =484 cm
05 | h1 =20.8cm
Level 3 [ °
0.4 | Serious damage h =323 cm ¢
f h =163 cm |

h, =306 cm b/d ef:q

h,=19.0cm
h, =6.0cm

Cut of surface of soil bags
Loosening of infill material

Surface survey by laser profiler
at pointsa, b, ¢, d, e, f, g, hand i

0 200 400

800 1,000 1,200 1,400

Elapsed time (min)
Fig. 231  FEW R OIS ERR THEM L 72 HANEL 72 ) Oiis DRl
Time history of discharge unit quantity flow in the hydraulic overflow induced-collapsed test in full-scale model

Fig. 232 ALY 7486 : (a) L3R OB ; (b) RGO DIT L
Artificial physical damages: (a) Cut of the surface of geotextile soil bag sheet; (b) loosening of the infill materials

K
BA&ALRN

(FHIcZERN

(a) BIEEL GERKE ~238cm)  (b) B BIR/KR 23.8~323 cm)  (c) FEHIGIEE (HF/KE 32.3~58.3 cm)

=l
:UES"\IH:/-\JIKL

Skimming flow

K

DBAIE R

Fig. 233 HE/KEE & &R T A O 4815 & o BI£R (Matsushima et al. 2007 £ 1) 51H)
Relationship between overflow depth and degree of downstream slope damage

AT RAE L2 T4 5720, BRIBAENREHE
L 727K DS R & 317z (Fig. 233(a) 3B X U Fig. 234), 7
TMINZ X B2RAETRFATMOLTES, AoV LB
LT O 2 EOBBIIR SN0 D
UL S/de 2% 1.248-10.67 D i TH 1, Nappe flow & %
M J Transition flow (20 FH SN B, TFEE LT & I2HIK
ARV IETOT, WERRIE L, FIAHI M@ < 5t
HiFhE v, F7o, FEEEIIIREMR SN2 T —
Ry "OPEHET H720, BESFEAERYT, TETHO
AL N SN A EEED 2 Do 72 b O LTS
%o

(ii) 8B %815 (23.8cm<h,<32.3 cm, FHRE S :
Skimming flow)

FEAR T I8 CTARIR O FEEDE U CHE T AT S
n, TR O E ORI E 22 L 72o Fig. 235 2520
R TH %o Fig. 233(b) DZELRAL LY FitHlciz—
B2 L 2% FTipaln CHEEEICT v ¥ A ICEH B %
DS L THF L7z, Fig. 236(a) 12" L 512, 1383k
N IER I S NIRRT (v 1) 2398 LT 5 TE8R
WHERR SN 720 F 72, Nappe flow (2 THtH A H 72
W, KT A LFERKIICIE, Fig. 236(b) IR T L 9
2 TBEM OBEFER, KRR D R L T IEM IR T 5 2
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RATRER

F

Fig. 234 Nappe flow FFO IR Tt FHI Ot i
(q=10.087 m’/s/m)
Stream regime on downstream slope at nappe flow

Fig 236 BRI - (2) L RERIE AT 0 v LA S I © (b) LB OB E /S F 3 K

Minor or moderate damages: (a) evidence of sucked backfill materials from cell zone through the voids between soil bag interfaces;

Fig. 235 Skimming flow [ O IEMR T Fsa ot i
(q=10.348 m¥/s/m)
Stream regime on downstream slope at skimming flow

(b) attrition surface and perforations on soil bag surface

LIk, FEEOMOBHAERAO AR 72T
DIV TF 2 TRV ENTz0 T OHPLIE S/de 28 0.649
M5 1.248 OFIPHIZH D, Skimming flow (23S 5,
Skimming flow T L EHE A ARAERY 20 KGRI ST & L
5720, WBRREINE L, RERTRDA LI IAE
¥ 5. T2, KRHE LY FTHOEEDMHIZIEN (BT)
5T 4 (Fig. 230(b)) . Z D728, TEE OB 25
BALTOWNHELEL S, 20X ) AL O

LR HEEERMOBBG I EARH & & b ICEHRL w7
W, BHIRNIZIEN 5 A= VDE LD WREEN S 5,
L L7ad s, SIS L 72 6 i oKk i <k, 32
ETRFBAHOZERITIFEALE L TR Do7zs 2D
LG, AR OREBT I L TIE T R mR £ %
HLTWEEHMTE 5,

Wi, NLMIC TEE2 PR S 2450 TlE, @KkER
W ATRCIE C E NP EED M DV IE S 15 2%, Fig.
237 B X UF Fig. 238 DA IR T X ) ICHEEOM D=
B THEM PR T A, BEHEISHRAKIHED
MLl otz ZD0, LEATIEEIE
I holze TO%, HAKEHWILT, 74RO ANT
WRBEE Y ELINAZ, =% )T 150 4 MK %
To727%, ZCLAHEEOMMEVIRSND &, FfkIC

T AP EEDOM 2 BT 572, Fig. 239(a) OFHE X
T—=Vd, e, £ BE g DRI BT LR iEHD 0%
HRISRT LI, BAENEBICREDET L o7z, &
D EHS, B h=23.8 ~32.8cm TlE, TFEH
AR L 72 IR C O SRR IS IS Bk L 72 28 b (B
HIBE 20em) & Z < DT ERE L2 RO 2 A G b
EhE, ETMRREEIAELT, BuifREEETH L
TWLZENbrotze —F, filL TWihwnt72ZT
DM SEOILARTIE, Fig. 240 |2, 5N 5 X 5 128K
7 hy=15.0cm CHKEFIZHT VIRENIEEL, 55HIC
RV B I BGTKATE T L TR IR EATETT L
720

(iii) R% %481 (32.3 cm<h,<58.3 cm, RRAEXS :

Free fall flow)

ALK hy 25323 em VL EIC 72 B &, K TO i #
WL %2720, BAETHEE CRE 2B LT, B
WIKIRD % TSR & 1172 (Fig. 233(c) 0 £ D728,
Fig. 239(b) DA THAFHOZIRICA SN D L HIZHET
DRI THEIEFRL 720

X512, BUFTKEE h A7 583 em (AN TIWICHES % 5 2
2t R CToOFH 5 2.41m/s, ¢=0.652m’/s/m) |2
LHhE, TNFEFTOBAKLNVEIZFELY, Fig 241(a)
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Fig. 237 AN LM% 5 2 72 &5 TOBKZOAR T A
DR AR
Appearance of erosion in downstream slope after overflow event
after artificial physical damage

4r Top of the down- - — N
s't;eam slope With artificial physical damage

Overflow level 2 at q= 0.348 m'/s/m

1st breakage of soil bag surfaces at point d
Elapsed time 30 mins

Height (m)

3" loosening of the
infill material at point f
Elapsed time 120 mins

2" loosening of the infill

material at point e
Elapsed time 90 mins

D

1L 4" loosening of the
infill material at point g
Elapsed time 150 mins
3 Elapsed time from start
at discha[ge flow g= 0‘3.48 m/sim X
0 1 2 3 4 5
Horizontal distance (m)

Top of the down-
stream slope

~

Overflow level 3 at g= 0.652 m’/s/m
Maximum discharge flow in this test

N

\ Overfall line (q= 0.652 m’/sim)
\)/ v.=241m/s, h =27.0cm

Impact and penetration

Height (m)

Elapsed time 30 mins
at point h

Elapsed time 90 mins | Y
atpointi at point a
Foundation level

Erosion of foundation

(c)

0 1 2 3 4 5
Horizontal distance (m)

F 3 Elapsed time from start
at discharge flow q=0.652 m’/s/m
Il Il Il

-

Fig. 239

Height (m)

Before overflow

%495 (2009)

N

77N Water flow
1

NSANN

\

~~__~ Washout of
\6;\, infill magerial

\
!

Covering of infill material =
by soil bag geotextile like a flange

Fig. 238 A\ L1 7% #8154 C Skimming flow DE:IZ BT 5
T FEM R L L 7SR AR TR AR O R RO
H [
Schematic diagram of erosion in downstream slope with
densely arranged geotextile layers after
artificial damage at skimming flow

_Top of the down-

stream slope Without artificial physical damage

Overflow level 2 and 3

N Overfall (q= 0.478 m’/s/m)
\/" v, =229 mfs, h, =20.8 cm

\

~
AN

\
Overflow level 3 at point ¢
(9= 0.478 m’/s/im)

Overflow level 2 at point b

Deformation of soil bags v
(q= 0.348m’/s/m)

Horizontal distance (m)

YRR O ZEAL 5547 : (a) points d, e, f 38 X U g; (b) points b 1 X U ¢; (¢c) points a, h B L Ui

Displacement distribution of downstream slope surface at: (a) points d, e, f and g; (b) points b and c; (c) points a, h and i

DEICTEAEBT L2010 RENRSEEL, &
TR A o THARPEIC AT IR EAFE L 720
Fig. 229(c) (238K BHAA 30 43245 & U8 90 7312 DS T it
FHEOZERGAT BB AT — ¥ h & i OB ) #7R$,
K 30 G312 ICIEVE T UM RIS o TR S,
IK 90 73 AN IE BRI £ CHWImAEE L 720 72721,
Fig. 241(0)&(c) I 5N 5 X 9 BB R AR &
NZIRETY, BUCHEBESIN T -V (PFTFASA

W) SRR FRAE L T B 728, SRR O 1511
RINT Y ADBRFFEI, DRI BEDTEA L
Molze ZOMR, RuslIZLTAEL T, RIEIZIEE
L7072,

(2) FTRICHT 2MMREMERE_ EOKESR
BKIZ X BIRAEMNZ 0 LS5 7201218, OBk
DHEEELFET AN F—DEPZRE ST, OF T
WL B EMEIIH L TEEZMBRT LI EDPHENTH S
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MRi—

(b) AT (c) HARBAARS 3 F

(a) KA

Fig. 240  #RIEROR KL (BRI =15.0 cm)

Erosion appearance of un-reinforced slope (overflow depth = 15.0 cm)

KREGIKARD ETR
L ETROMK -

(a) Free fall flow (b) KPR 4A905 7% DIZAARBL () KA & Iz k+ (LB
(B K583 cmlfF) TFURIESE S TRk (R B
Fig. 241 32ETIRFH OIS X R AR

Stream regime and appearance of erosion at downstream slope

3904 3000

4359

5000

I-L’I [Bif:mm]

Fig. 242 HIFRIEZIRIC & 2% T OV F — o 5

Waterfall flow energy control measures designed by curve shaped corner at the top of slope
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40 -
Top corner of downstream slope
h=11.0 cm
V= 1.97 m's
35 h=16.3 em
v,= 2. 14 m's
= h=21cm b =208 em
% 30 v,=1.01 mfs v=2120ms
T h=34em _
= v, =128 m's =270 em
- h=6.0cm =24l mis
25 v,=145m's
hn= 8.0 cm
v= 145 m's
h=91cm
20k v,=1.90 m's
1 1 1
na 05 1.0 15 2.0

Fin horizental direction {m)

Fig. 243 V& TR DA K Hb
Impact points of free fall flow in the downstream slope

LEZ SN D, WiFIE, Fig 242 O L5 ISHRA T MO
FEREW DR, R MIEIRE LT, BT L 5H22H
(B#) 2 A 8 HEPFTONL (ZHNT LD
B 2005), ¥, Fig. 243 12T L) IChHon L
DETHOBEKESETETE L DT, HREICMET 5
T ER AT 2 HESETON L,
e. Bauftkrte L ToEAN

T FE A V7o R A B ok (DUF, B
B E R 2 2 2)1C L PRI RO K
FET 2700, BERRUMOKIEOFKRENI A T3 B FEAET 5
EFLz 0% TV — A & L CHOKHEGURMT % F2H
L7z

(1) =& DK

72O & A RN R THRAKMEA/NES L, »
D, KHEREAVN S Wiz, BORBERRI A, R
BRI AR A B LR 3 v FEBIZ, 720ithoBin
HS % it 2 72 Fig. 244 OFEAR S (2008) DI T— 12 &
Bl BEMERICERVSEER L, BEBRICEST
Who FOT2, BB R T (KSR A il
e, 1984, FHEF, 1985, INAR L KK, 1981), 72®
SRR OBk 24 <, BP RN ORERED 5 v
WXEZICRE L CRET 2R BV, Lo Z &
5, WJINCHART /2 OMIEAKIC K 5 —FE 70 BT 25T
HTEIE, JUEEEETEZWMEENEVEEZ LN
b

(2) BESRET

K FHBIEMT Tld Fig. 245 127173 2004 £ B 23 512
£0 BERAESE L 72720t A kG & L7z, Fig. 246 (25
HOKHIZ X 8B4 A — Y, BEkitkits X OB Ak
O W K % 7R BBEMKO G L oFK R,
FERAT — VORI IR 515 5 /- Bk & 3
P AR R B O B 4% (Fig. 247, BEFEREER 12063 2 1tk

%495 (2009)

~ 60 400
S ot (a) KRR o—— e
= MF E
B ap | 200 T
& e
= 20| mAmR 100
& o} =
0 0
0:00 12:00 0:00 12:00 0:00

RERR N,

=
KU OIETE
iy _w s

1RIE

MDA (om)
8

s (b) =it DKL Z 1k
u L L] L
B B# 0:00 12.00 0:00 12:00 0:00
1019 10/20 1021

Fig. 244 2004 458, 23 512 & 1) B RE L 22 & et o
S & MK & BERARDE (RA S, 2007 & 1)
51H)

Measured water level in totally collapsed Yoshisako Reservoir by
overflow and rainfall during the Tokage typhoon No. 200423

HE %% ; Matsushima et al. 2008b) 1220 W T, LT L9

IZTED T2,

O FERAM % EEHRME CRARDIRBEE DN S Vi 4l
DIHHE)
- R EORFEBKE 0.32 m BUT (R EOF8 R
FEDR O TIE)
A N e ST

@ BRFVIKEE A AHE L 7R et et (RAR OB E 25K
VTP L 72 W IRFLIRAE o S i)
- BEF L ORI KIE 0.50 m DUF
- K ER 0.32 m ~ 0.50 m F TORMGTRF AL
180 3 LIN (R B D FE M. C, B OB
TITHFAETE R )

HEIR AT 121 T e B S a8 1 [ 72 o ith 5 i
(2000) TREN TV L IR R L Z R L5t R L3R
L7 2B, BEWNERORKMIZHKMTH S & IRGE
L 7z Table 29 (ZHLK BT OXF G & L 72 2004 -
JA 23 FZ & ) BTSSR L 2z 2ot o FE e % R Y, Fig.
248 | ZHEFEARIE L 72720 it o r R T TR S 7z 10
GREREONA TN 7T 7 (RBEBHRICBIT 25807
Bl 7— 5 25 H) B L ORI & 0 FHE L 728t
K h, DFEREALZ R T o BERKELKIE D A D6 T,
FERRETIAN NS & 1) A8 IEE [ 520 43 DI i CTIE AR BT
DIEE L TWVDB I ENbh b, HEARBUF o ke 1L
10mm/10mins LA 0 @\ RS 5 BE ASFE#R S L7 IRE [T 12
FE—HLTBY, BLZF2~3HHMNTHL Z LS
Db ORI TREROREDEITL, JHEIC

FEoltbDEEILNL,
KIZ, BRRPIKHZ X 2R 2 AT - 2R/ TS
N7 WKL DO B, & ¥ — 7 FE D BGTEIKEE hyy OB
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Frr 7K AR

Fig. 245 2004 158 23 5 DHEHFR |

e @l

2 X DB L 2o (R ) ¢

(a) PEAKBEDI ASAS 43 2 BRI ; 35 X OF (b) I & 0 R A S 7k
Totally collapsed small earth dam in on Awaji Island caused by overtopping during the Tokage typhoon No. 200423:
(a) existing spillway with inadequate drainage capacity; and (b) embankment eroded by overtopping

B,

B UK S RE /NS
Fig. 246 B2k (2 & 0 HEKEET) o 1A Lo 5k & X - 72 5%
B : (2) BRPUKIL 2 @A L7z 720thof A -2 B X
O (b) BEitkit: & SRR A7 # B 4R
Example of design to increase the drainage capacity of spillway:
(a) image of rehabilitated small earth dam adopted as an emergency
spillway; and (b) positional relationship between the existing spillway
and the emergency spillway

fR% Fig. 249 (7R T B, FIKAENT TR 2B 800K
HofmERE C 1E 1.2 Z A7, Fig. 249 |78 L 7 #h#7
1 EERR K & B a0 KIE O B KA h AR B
S THEO NI CH 5o SBABIT O F8 4 KA 1Z
BERR KD KRR 2 5 0.70m OALEIZH 5 726D, 3K

o
®

o
B

o
[}

o
~

BAUK OB b, (m)
o
(4,

i
0 200 400 600 800 1,0001,2001,4001,6001,800 2,000
Bk (min)

Fig. 247  FEWROBIRIIR IR A S HE S 7o L E
AT A xEA LRI O HERE IR
Estimated performance curve of protection slope using the soil bag
system obtained from the hydraulic overflow induced collapsed test of
the full-scale model

T OBEFARIE B, — hy DHIFRE by =070 m —Ah ®
RHEAEATHRTEREINS, LT, BRI
AL W EE R L D Ao e 25, —F, B
SR O A BTEKE h 13 05m LT TH B LED
TW2DT, OO ) LYK R R 7 w3801,
h=0.50 m(KIF DOBHE) £ D THIOFHEI & 7 5.7272 1L
PR FLIRAE 2 7058 L 72 B A (0.32 m < h, < 0.50 m) T
1, FFACE B BRGTARGERE R A% 180 3 IWICHIBR S 115
DT, BaE, BN A BET A LENH L, LT
122 DDFEHRM T L2k S B EEK O IE B,
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Table 29 HKHFIIENT ORI G & L 72 2004 4EH M 23 512 & 0 BURBEE L 72 72 0FET

Properties of the total collapsed small earth dam used in the flood analysis

PR KO I B, SEARBLGTE ASFELE § 5 ik mmEAREC, HEKIHITE i AT A i AREL £
3.5m hmee = 0.70m 1.796 0.2384km” 0.0013km’ 0.8
10 25 BARBROERE
B,=35m BEFHKHEDA  n N hy =0\7m - Ah
E C,=1.796 21 N _ £ 07
, o8f / 420 2 = REt EDHE
= BEBANRET BKE ] E HFKRD £
B \.\ ,/ Ay 2 % [RfiEZEA—
;.é 06} / 15 E = N—LTL3
s . E = PRI
: f A - =
| W - Y RAHKAED R
v -y
#H % =
w02 15 3 ¥
S = # - ne
8 4 K 20K
0.0 0 Bk
0 100 200 300 400 500 600 700 12
#2:@ R (min)

REMKHDIE Br (m)
Fig. 248 2004 4F 75 8 23 5 TBLUA & 17z 10 20 B BT o0 2~ A
I 7T 7 EHORIEITIC & A S e L 72
72O DB R h, DFERFZEAL
History of 10 minute rainfall records and overflow depth h, of total

Fig. 249 72 % Ah (235 2 BEHKIEONE By & ¥ — 7 ik
KR hy DRI
Relationship between the width of emergency spillway B; and

collapsed small earth dam obtained from flood analysis during peak overflow depth hy under different Ah

the Tokage typhoon No. 200423 in Awaji Island

EARIZDOWTHAT %,
O FERN RSN GRS h<0.32m)
WK IZ S o & QHERB DS B V&3, Fig.
249 F DA TH Y, BEUKLEOEB, 1£ 7.5m,

e ER T EE L 720 S 512, PRI PA T3 42%E
Fifb7zoih & €700 7 — A & L CHOK RGBT % Fht
L. Bkt X AP ORI ZGEE L 720 P
TUCARE TR O N fam 2 RS o

BEAT & BRI O KT O B KA h (X 038 m &
%ho DKM (B=75m, Ah=0.38 m) |2 BT %L
IR h, DFEREZEAL % Fig. 250 IR § o E— 27 HoD
BIAREDS S v b S, RS T X TWwW b
CEDHEFRTE %o
@ BRFIREZ AT L 72 a0 (B B i K iR

h<0.50 m)

FRGUVIRAE 2 3% %E L 724 T i, Fig. 249 1o B
(Ah=020m) 2% o & PR A E <, Pk
DIEB X 40m & 7420, BRKEoBEL S5
WZHiNT A2 ENTED, B DOEMB40m, A
h=0.20 m) |2 B 1) 5 BLAKFFATH R % Fig. 251 127”9
Y= 7 MGG AR 2S5 A 3 D KA I
T, BAERKENETE CWAL I LR TE %,
F 72, B AFARREEE AR S T wv % h=0.32
m ~ 0.50 m [l TOMImAKEFER X 12255 TH D,
FeEt EOFFA BT ARSBEEER 180 43 LAPIIZINE - Tw
HZ Wb b,

VL EOWAKIENTRE R o, FEHN RSB L OB

O RAEOWHRENZ LS5 720121%, LFEHA
L0, LATEMEBERLEGRELTOY =2
KA Y PRIBT B EDEETH S, BAEMIC
RS REEINR L C IO T - BB
FORGETE TEROT) 20T 5 2 LE
ETHhY, LML A—N—Ty TREE
L, THEOEFEARLY L) Y FEHHNT S
CENHERTHDL I LD,

LR OMEN RS M EREZ, TovET g
> 7 R LR ORI 22 A R e L7z
RAET N2 ER LT, &5, EXBUEOBIT
WIRFERIC L ) FEAr — )V TOIMRAMEREIZ DWW
TR L 72

< BT KB h < 0.32 m PL T (Skimming flow) T I,
SEAR T iR o 13 ORI A & L2 H O3k
oW L, BXO, HKIC X 2T d %2
L) EH OB/ S F v T RIS N
7oo 7o, NLWICHEEGZ 5 2 724 TIE, @K
BRI IS FEEO M DRI SN DAY, B

FUIRHE % 1052 L 7238 5T 4o & b BLFEAYI I 0] fiE 70 AR
WKIRE D, B LNV OBKIZH L THIITH L Z 58
Hirols
f. MEEMICEATIEED
KEITIE, HEMEY 27 4 28 L 22wk odk
KERER SIS B 720, INEER X OFEAHIEO#

[T (e w2 Rl o3 A/ N L1 A Bt S=riT oY v s
MABGEHLEL I EIZLD, BREDOIERE IO
T, —BRI BRI R LTl 2 miE &k
EFHLTWAIEDRbhro72,

- B K 0.32 m < h < 0.58 m (Free fall flow) T,
THEE CRELRFBEIAE L, FVKIROE Tt
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7.5m
5m
Sae vt ko XAt kot
1.0
4t
= | ERmnmias FOREOR N
. %&xm&+%%x*&
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% oslsx £ 1V'
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Fig. 250 FZ % %5t 41 (Ah= 0.38 m) TG h, D
FERFZAL
History of overflow depth h, in the practical design (Ah= 0.38 m)

W&o THEEMDPEMWT L7z D7z, EITHYIC
SRR EATEE L, A R BE P RAE L.
72720, SR OFII RS LR EDIERE
B, REMRBUKICIIITE 2 2 &b o
7oo F/z BATHANGOVNEIZ LY 2B REA
BT S 72 IREEC B SRR L 725 3R )
WM (DA TFF A5 A W)L o TR S LT
5720, WRAEOHEENZEEIHERS L, %
M-S 52 D TE7,

(3 2004 FEHME 23 512 & ) BEEBIE L /-0t E €
TN — A & L CHKRFBIRNT % St L, Saik
KA & B KR S OF R A MGEE L 720 2 OR
R, OREF L E R BEEUOKIONE B, 1%, EHM
BRERATSMETB, = 7.5 m, FRYVIRFEZA85E L 723k
FIAEMECIEB =40m &40, BFEMN LML
PIICINE B Z LG E e 572,

D EDZ Enn, RET HUEHMII HEZ ) Tld
CHAKEEDHEAMHE LTHITH S Z LWL L
ol 7z, WEOLOADRMKIZLERSL L, BED
FEREDVR N0, IR KB B TR o
WM A HEIR T A 2 LT E, PRI L A Mo =
R SEE ORI, (R ST ) 12532 T H N A T REMEA D
LT EDbhroTz,

4 BEREESLUEIE

a. TEHEED X7 LDEEEET (Multi-Wedge %)
(1) BEIOERE
AWFECTIRZE L 7o L3%f5 /g > A 7 413 Fig. 252 | IR
It EE TV EHAEDEL I EICLY), HEY

35 40m
etk XAt kot
1.0
BRIkt DA

B RRIREEDRETEH '\-
= AN, /\

08|
§|§ RAHTD AT HIKR V\ \
= AN
ﬂs et EDHSTRTEAY oz / i
B 06 iy ‘\
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g (2 . /e
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i = | S |am e E%ﬁﬁw7mq
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& B =4.0m, Ah=02m
BEktDERLAIL
1 1 1 1
200 300 400 500 600 700
% i@ B (min)

Fig. 251 [REUIREA 158 L 723AH 4t (Ah= 020 m) TO
KR h, DREIRZAL
History of overflow depth h, at Ah=0.20 m in the critical design

T OVER R0 U CRiEs (7 — V) 235 R ) I3t %
720, WHIOWEIIZEOL I LN TE L, TORE
M S S5 0120, B R (T ZEREA) & T —
V(R BT 55 e el 2 FEPR L CTB < 2 LA,
REMICEE R EHR L 7 > T\ % (Huang, 2000, Huang
and Wu, 2006&2007) FEFEIZ, gREE L TRASINLTY
% RRR I.iJ: (Tatsuoka, 1993) (&, — R b L 7zl 72 BEfk (2
VAT A v I AR E LI EITLD,
R - SR R PR A AT A ST E L, Ll
RS, EHEORE, 728 21, M) (Janbu,
1973) R iR L O EFHE(eg VAT F AT ANV E W
7o O RE - i~ = = 7V, 2000, Ismeik and
Guler, 1998, Ling and Leshchinsky, 1998) Tid, _-FidkE
HLOEHEZZEET LI ENTE R,

AWIFECTRET L HEMB L AT 4 TlE, ROLH 7%

TRFEIC

MR L

K& LTIER

/PN

T L T — AR 7R
BEARELZHLTVDHG

Fig. 252 13EL 7 — VOEHMRIC L 2 LERFETIHTO
TRE O RN
Increased confining pressure behind soil bag slope due to connection
between the soil bags and tails
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MR EAEONTEY, AN REFT LT 5720
121X, SIS OREERED R = BIHAYIZI ) AN T BE
WH5b

O EFFER I X A Ehikii o Exh R

@ TFFEREAE TV O—MUIZ X BB IR Y bR

Z 2T, AHITId Multi-wedge ¥ (X H % % A4
TR AE T 2 53 2R L, OO FEORBHEED
EWZ X BMERTEE, QO—MKLIZ X A510R D #fiid
BRAE T IIZEHI T & 2 5 L WS e i ik a5
% L 7z (Huang et al. 2008) o

(2) Multi-Wedge %

Multi-Wedge #:1& Fig. 253 @ X 9 (ZFHIE % &L, #
1L Fig. 254 B & O Fig. 255 ® X 9 |2 Facing B £
Wedge DI TOMRI O NH 5, FHIHE DTN
T YA EDNWTRERE BN T 2 ETH L, LTI

RFU Y v LBIRE'S!

KT v LBEE'S

Y iy
b2 (0.0)

Fig. 253 Multi-wedge 123517 % 317 < L O OEERIX
(Huang et al. 2008 X 0 51H)
Schematic of the trial-and-error failure surfaces by
the Multi-wedge method

%549 5 (2009)

NN TOMBS OFIE VR E R T,

(i) Facing(LEHEEH) OHBREHOHEL

Fig. 254 70 5 L ERB RIS A KF LD T D)
BWEEZDLE, KAPEOLNL,

Ry - sinn - Pr - cosp + Cy - c0sd

— Crw - cosoLs + (wa ki - Wy - thc) =0 (109)

FREIZ, SMEFMONOHEEEZL L, KAPREDS
N5,

[Wy- (1-ky) +qy ] -Ry- cosn +

Pg- sinp + Cy - sind + Cry - sind =0 (110)

E512, (109) B L T(110) X» 5 RAER, 2HET S
&,
{lg+ =k )sinn (T, =k T, =) cosm+Cy o -1)
+Cpyp(singy, -siny—cosa - cos )}
P.=

cos(u+17)
(111)

PHOND, 4B, nBLPpEENETNRD L) TH
%o

n=¢s +0 (112)

(113)

H=ost (])F\\' -90°

Fig. 254 T Ff&E 1K (Facing) (2 81T AR D14 VIREE © (a)Facing ICIEHT 577 ;
(b) LFEICHNAEA S 200 5 B X0 (o) LERBRTTIAEHT 20
(Huang et al. 2008 & 0 5[/)
Limit equilibrium at the facing: (a) forces acting on the facing; (b) forces acting on the bottom of

the soil bag slope and (c) forces acting behind the soil bag slope
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Trr

Cer T

v

Pgr

V= 90" ~ O

Fig. 255 Wedge B |28 1F 2 BRI O #3E W IKGE
(Huang et al. 2008 £ 0 51H)
Limit equilibrium at Wedge B

ZZT,

W, : TEEREAO H E (KN/m)
5 tEEomEpAC )

o, AIARC )

bpy: TEERTm LA LIOMICBITEL V5 —
7z — A L OREES )

Cry: TERBEmMEEETIOBMIIBITLS, V5 —
7 = — A L O¥i#ETT (kN/m)

b @ TEEMI OEERS ()

C, : TEEKHENAEH 3 2 8577 (kin/m)

Py TEEREEE IR T 5 A7 A b)) (kKN/m)

R, : TEKENAEH 3 % 5 (kN/m)

T, TEEEEmE RGO vy -T2 - 1
WAVER S 2 RFEF I oETIR Y 71 GREET)
(KN/m)

Ky, ko: B L ORI R

Gnyo Gv,: LEERIE RO LIRS 5 KF B L U

1ELfiif 2 (KN/m)
(ii) Wedge B IZH(F 2HBRADEEL
Fig. 255 7> 5 Wedge B IZ1EM ¥ % KD T DY
BnEEZLE, KEADEOLN L,
Pgyr - cosdpr - Rp - cosy; +
(T —Tpp—kn - Wi - qy ) + Cp - cosB, =0 (114)

RS, SREHFDNOHENEEZ DL E, KRANEDS
N5,

Wi+ qvb — Pyp - Sin(bBF -Rp- sin\yl —Cpr—Cp- Sil’l6b =0 (115)

S50, (114) BL 1S XD S5 RHMBR, ZIHET 5

&,

{7 -(l—kv)+qvb]-cos 7 —(TB —THF —kh : WB i
sinfy, + g

)-siny; = Cysini@) +y) - Cyp--cosp)

BF ™

(116)

PEONL, BB, v IROL)ITHS,

Y =-90° +6,+¢, (117)
22T,

Wy : Wedge B @ H E (kN/m)

Op : AR OPEREERS (0)

Cy : Wedge B DAETF > 3 ¥ V30 Wi Lok T (kKN/m)

Py : Wedge B & F IO A T A b JJ (kN/m)

Ty: Wedge B O BETH O i i (2 VE 5 2 510D 77
(kN/m)

Tpr:Wedge B E FIOA V5 —7 2 — A LIHEAT
5 #5152 D 77 (kN/m)

0,: Wedge B ART ¥ ¥ )LD AEEC )

Gn,»> Os,: Wedge B O FHNCAER 3 2 KB XL OShiE

H (kN/m)
bpr: Wedge B & FIHID A ¥ % — 7 = — A E DM
)

Ry : Wedge B DT A9 % ) (kN/m)

(ii) Wedge F (& (T 3 BRADHEV

Fig. 256 7> 5 +FTEEARIVER T 2 KT HIAIO T DF)
EVWEEZLE KEADEOLN S,

Pix + Py - cos(-p) + Tp + Tp - (Ty + ki - Wi =+ ) -
Ry - cosy, — Ppr - cosdpr +Crw - coso, + Cr - cosBr= 0
(118)

RS, SREHMONOHENEERDL L, KAD RS
j/L;Q)O

Wi - (1 -ky) + gy + Pr - sin(-p) — Ry - siny, +
PBF . Sin(l)BF - CFW . Sinas - CF . sinef + CBF =0 <1 19)

EH1Z, (118) B L U119 Ao RIMBR, ZHET 5
&,

(- (1=k,)+ q‘f]-coswz Py sin(p+ )+ Py -sin(dpr: +175)
(B thy Wy Gy =g =Tp)-sinyy = Cop-sin(ag +y75) = Cpo-sin(0y +7,) + Cppe 08y

siny,

EX
(120)

PEENL, BB, WIFROLH)TH S,
Y, =90° — 0+ ds

T,

W, : Wedge F @ H & (kN/m)

O - AR ONFREEE A ()

Cr: Wedge FORT > ¥ v V37X TH_EOREFETT (kKN/m)

Pp: TEREEARNIC X D 5] & M S NI (kiN/m)

Py - D IKEFH D AT A+ J) (kN/m)

Ty : Wedge F O KT O#GERM ICAEH 3 24510 D /)
(kN/m)

Ty:Wedge B & FIDA ¥ % —7 = — A LIMEHT 5
#5515 D 77 (kN/m)

0;: Wedge F O K7 v v )L _0) AHEC )
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Gn» d: Wedge F O LHIAEH T AKFB L OEME

wIZ,
®

® @

BN LR ey

(2009)

55 49

(a) (b)

Pg-cos(-w)
=00~y %= H
(L=0s + b - 907 )

Rgpcosy

Rpsiny 5
W,=90" —6p + bp

Fig. 256 Wedge F 2B \) 2 M MRJ) DFEVIREE S (a)Facing L DA V¥ 7 = — A LIERT 5775

(b)Wedge F IZEH$ % 7] ; (c)Wedge F DJERIZAEH T 577
(Huang et al. 2008 & 0 5[H)
Limit equilibrium at Wedge F: (a) forces acting on the interface of the facing; (b) forces acting on
Wedge F; (c) forces acting on the bottom of Wedge F

WANE T BHEEF R HINT 5,
(kN/m) HES
TEBEOGNHELZ LTSRS,

T ZERE T 12 KB B RS Gy DI FHE S LD
EMGEL T, XD X Y + R R T+
FEWCHRIT LS5 P 2 BT 5,

AR 72 KT I Al D572 )] Py WERL T E 213 8
INEWIE (ARFFHT TIE Pex<0.0IN/m & L72) & % %
Py (X (117)) B L O Py (A (120)) 2 4 0 3K LA
12X o TRD B
ZOMHEEFAWTEERETF & KD 5,
FROFHEEZFITIRVMI L IATY, 209 b,

(3

X% & (BN 720 M,

ABLOATIINTG AY ZIRT

Table 30 HARIZBIT 5 720 MOIEER O5HE (B 720 HHEE 1982 X Y 51H)

Classifications according to height of small earth dams in Japan

EEO 72D M OB & B I [X 55 L 72 Table 30 (2
1982), 3% 10m LLF o
7O EED §HE EDOTWE, ZD7z8, RifIET
AR 7 720 R & LT3 10m DU DK % fif
MRS E L, EFHEA TEB LT —IVIC X A55RD
SRR S A R 72 00 IR AR O M TR D %0 45 Fs 12H -3
% B % AT BTz Fig, 257 (ZBRHER 22 72 0o
L L CHETE H=3.0m, B & " H=7.0m T 5 fiThIEA
WFT % 7% 9", Table 31, Table 32 |22 N2 IFEHT 7 —

N it ~ 5m 5~ 10m 10 ~ 15m 15m ~ A G5
el 5
TR 32% 48% 13% 5% 2% 100%
(2) (b) 75
12m
15ERHE
1H: 1V
=
afl
=),
= 1
Lr=15m

7
3=18 degrees

Lr=35m

Fig. 257 FEMZENTET IV B 213 (a) 3255 3.0m St THRPARE A + 7 — )b (Case H+T-S) O Wi ;
(b) 325 7.0m Gt THEAE A + 7 — v (Case I+T-L) D W Hl
Typical models for limit analysis: for examples (a) 3.0 m height slope that consisted of horizontal stacked soil bags with
extended tails; (b) 7.0 m height slope that consisted of inclined stacked soil bags with extended tails
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Table 31 UMY =38 &I DN 7 — A
Typical model conditions classified by height of small earth dams

Y H R § F—VE L

Case H-S 3.0m 0° L

Case H-L 7.0m 4 ”

Case I-S 3.0m 18° s

Case I-S 7.0m ” ”
Case H+T-S 3.0m 0° 1.5m(= 1/2H)
Case H+T-L 7.0m ” 3.5m (= 1/2H)
Case [+T-S 3.0m 18° 1.5m(= 1/2H)
Case [+T-S 7.0m ” 3.5m(= 1/2H)
FRAT G20 & 15 & /23R H=3.0m B X U° H=7.0m &5

T ORFREEIN T 2R ERTOL 22D %A % Fig.
258 |27~ 9, Fig. 258(a) DL H=3.0m D& TlL,
BRP ) ORI A g L7z Case HAY D o & b 24
OB otz T, KPFREAICT—VEAF L
Case H+T Tld, Case HIZHRTHEENUESIND D
, S E L 72 Case T DA% Case HHT £ ) b EHW
ﬁé?ﬁ o Tze —T, EREAICT — V2 L7z
Case 4T TlX, MFEHEA & T — W2 X B HRZ)F A
MICRHSND 720, BEFPL-o LB REL o7,
ZAIZXF L C, Fig. 258(b) D3¢ H=7.0m D3 T,
Case H 12K 24RO NNI Case I £ 1) D Case H+T
DFWREL o720 2L, 720MOREIREL A
IZ2oNT, BEEEOZEEMEIIHFT T 2 HE D ERTE
ADOMELD & T —IVIZ L 555k D HisREh R o S5 AR
BICKEL B0 THS, 72, k=03 2 HE LY
A TlE, Case HT O A L a3 Fs=1.0 & LA 5 7 <
olze TOXII, REOHBNKEL 2D L, W
AT TIREEWM R TICEIRT 52 & 25TE T,
T = VOB HARRE ELTEC G B,
b. T=ILET 1 THERL-LTRBRBOFHER
1EH&
KPR TRISE LT — V& g v 7 hsigs L7158
1%, Fig. 259 1R T L)WMD T F 7% A& 1 v (i)

141 Case 4T

\

08F gm H=30m CaseH

010 015 020 025 030 035 040
KERE K,

» ¢

REE Fs

7//

(a) FEEH=3.0 m§FICB T 2 TR S

Table 32 Multi-Wedge 12 IVy72 AT1785 2 7
Parameters used in Multi-wedge method

SR, LAEM B XUV — VI DR L)

TR EEI T ¢ 38°
A7) ¢ 0.0 kN/m’
T EE R O A 23°
T2 OREAET) 0.0 kN/m®
7= AR OB 32°
T FEM L RAE T OREET) 0.0 kN/m’
Facing & Wedge F [ O BRI ¢py 27°
Wedge B & Wedge F [H O BEHE S ¢y, 20°
A 14 (Facing)
TEEDOBR 5 0° & 18°
TEOBITEEL, 1.2m
TEOEE 0.20m
F—Jb
TV L H I35E5) 1/2H
TVICE B ENDERARGIRD T T, 3.0 kN/m
B AR
SR Lo AL ARG T & o, 14.0 kN/m’
T OB ER p, 17.0 kN/m’

(*SBST D#Bfl R 12 5 <)

THERENTVL, I TFAIANVEZDOWNIZL
A-A" BXUB-B O @A%mmAb&é#TT
EHBMET LN TE L, BEOTIERLRY, |
OB O AT NIRRT CRBET 5720, &k
Uy BR8N R, $72, T—VBIOY 1 v 7L +%
FRIFTC A —OATTH ), T3 % B s B IR &
NTWo, 20720, Tokylk) fimshiz s s &
B ENTE D, 72720, AEMOTIMITENIC
BB BT SN VDT, Bk kB
PREL TBLLENH 5,
c. T1BHEES AT LORIGE

(1) PEOMDBEATE

HEEOM & LIS A T AMEE I LT M 230D %
DT, TEEHWTHELZE N TS BT, REEOM O

141 Case +T

12+
CaseH+T

08 F= H=70m CaseH \

010 015 020 025 030 03 040
IKFEEE K,

NS A

///

REE Fs

104

(b) BEEH=7.0 m&AHIZ IS D MRHT AL R

Fig. 258 AT EH S S N2 K — ADKFREEN N T 5 LA AL

Relationship between horizontal seismic coefficient and safety factor obtained from analytical results
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Wl . MMEEERNEAST B EDHRRKORA V Nelhbs UT
= 12238 ) OHBEEDH OB ATTECOWTRNT 5.
piic - (i) BEMEhREOMET 558
/¢agﬂk U . RTHEHHN Ny 7 o8 B 7 o b AR
I e xhg AL % %6 L 72 (Fig. 260(2)) . BOEEROdEE0M % & 54
4 B4 s Y2 — MR AL, Fig. 260(b) DL ) 12F —F—I2
EXRZEY 50 koM R EEERIC R 5, ORBORAD 2
TS 3 Vo b EFEORENECLERERCE b0, 13
L T e DM - BB E BT B EHTE D, 72751

(B tEESEETH D) RIEFBPUFTXDLAR— AR TLUERD LT
Fig. 259 LIESOE W, THEAMICHIREZ T 55605 %,
Features of geosynthetic soil bags (i) #EMOMBEMEZ REDMET HHE

B O W5 OB AR ISR & & & R EM R DY

Fig. 260 "PEEOMELAMEE FH 72 EEOVER T : (@) MEEOMIRAZE Z /Ny 7 R 7 I AT 7286 T
(b) PR 7 DRI A L T B IR
Procedure for making soil bags with a screw extruder: (a) backhoe with the screw extrusion device;
(b) Infilling recycle concrete aggregates into the geosynthetic soil bags

P =5 = > A\ .
Fig. 261 SO I AN 2 H 72 L EOVER L : (@) Ny 7 R 7 2 TR T — A % TR AL TW 2RI ;
(b) JERB ; (o) B M ) B2 13 7241458 B XU (d) REEOEMRD
Procedure for making soil bags with skeleton frame for infilling: (a) Infilling loamy soil into soil bags with backhoe;
(b) enlargement; (c) geosynthetic soil bag with hoisting attachment for transportation; and (d) transportation of geosynthetic soil bag
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B, Ta—MEITRDEL VWD, FHTLI LN
T&E %\, ZD72%, Fig. 261(a)&b) O X ) 12 +3E% [
D BIIRE R L, /Ny 7Ry & A CHEEOH %
TRETATLZHEEZRA L2, ZoFkE, ks
M TEEM 2 LB E Lk nd A1) v FH3d A7, Fig.
261(0)&(d) D X 5 ICFTEA il F THEE 2@ 5 LE)
H5bo

(2) TEREEY AT LD IFIE
Fig. 262 |28 ¢+ ERE Y A7 A DR LFNEIZ oW T
BT %
O TEEAEFERT 270, BrEOEFH E (Fig.
263, 5=18)I27% A L) HBHM AT %,
@ TEAIRAEFIHICHEL, TOTFHIIEAOHZ
fit & 729 (Fig. 264) .

SOIL BAG

(‘\ GEOTEXTILE (TAIL)

T~

1) LAYING SOIL BAG WITH TALE

2) BACKFILL AND COMPACTION

DRAllNAGE

&=

—— -

3) SECOND LAYER

4) DRAINAGE SOIL BAG

5) LAYING COMPLETED

PLANT COVER or
SOIL CEMENT

6) COVERING

Fig. 262 T #f&E > A 7 2 Ol LFIH
Construction procedure of soil bag system

Fig. 263 T4 BRI
Installation of geosynthetic soil bags

ltonfRIFEIO—S

B |

(a) TZE9Y h O DR

SEE——

".A ,,Lé

Fig. 264 HZEWMIZFADOM %28 & L 720K
Backfilling behind soil bags stacked on the slope

=B E R
—— R"oa— B
ey S — 2 :

(b) TSR

Fig. 265 #x/+ DIk
Compaction of backfill materials and geosynthetic soil bags
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Fig. 266 FTE DB E THE R A LT 7R

Completion of stacking geosynthetic soil bags up to prescribed steps

Fig. 267 TFEREIEFHAIOMA: T2 X % T30 ORISR 35
Protection of slope surface by plant cover to
prevent ultraviolet ray degradation

@ EAOME LY T 5L HED % (Fig.

265(a)&(b)) -
@ @, @O%FEO LRI %% E TH Y RS (Fig.
266)

® VA NVExAy MNRNAERETETIL, TEMTE
SRR D O PR % (Fig. 267) o
B, TEOESMEIE, ARIEIE, BRI
Bonsys, TEMBOBHRMALIYIREITLE, W
JERRRERICEHMICALELCLE ). /2, fmEm
PEF L TR B DT, WHLEPHEECR 5, 20729,
R G 6<20° LT &2 2 EAHEMNTH S,
d. BEEXEMBICKYHKL - /-HitDLEIH
=3
2007 FREF LB HIGEIC X D K L7 FH 7203t CAI
WL WVERR & SR AT A, AT7EHb © Fig. 268) 1%, Fig. 269
D X A E T 30m Db IEWHEI T F T i A
TR L, PJHEICES 72, BERTOTFHZZ oML,
VT 14.9m, 3ETHE (48m, KinlE:3.5m, Br/K&E:6,000m’,

%495 (2009)

Biih RS B

Fig. 268 “V-H7=0ith D&

Location of Hirata Reservoir

Fig. 269 2007 fFREE B HEHK L 72 FH 7z Dl A0
TN BRI (B S, 2007 £ D 5IH)
Sliding failure of Hirata reservoir embankment with
the 2007 Noto Peninsula earthquake

RIAR © 13 1L5H: 1V, Tt 1.3H: 1V Th b,
SEFIAFHETIL, AWFZE TR L 72 SUEHA 2S5 A
S, WALEIRZ S 28 & %o 72 (B L 2
) — R, 2008), bLikod X9 I HMIZ SR A E DA R
LTWA7IFT% <, Fig. 270 ® X 5 2K O HE
KEEDHAT S TH o 127280, ARGRIL & HEkd 3 % [
W4T o 720 Fig. 271 | ZSEARSUEWTTH 2 7R 370 Ali5R X H
IEIEFN AR 146 m TH b TIOBERIL 15T
HY, 1EICIEEmEMAC 18° OEFEL 72 225 25 i
FELERSENTWD, MBEFTH 650 45D 138 (1 482472
) & 200kgf, WEEOM 0 FAERA) M L 7. Fig.
272(a) I T EEFERE S A T AEMEOMT 2R T FEIRE
W LFEM OERNEHILE T 5720, BIE 50em @V
AVt Ay % HFEREICE L L7 (Fig. 272(b) . 720
WS ORESE I ZE L - 2008 653 A»H 4 HFE T
oo AMTHY, 1HIZPFHLTI ~4E0O LA
HETFBZENTE,
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S >
Fig. 270  HEKFETI DA 45 7 bk i o W i
(FEAM S, 2007 XY FIH)

Existing old spillway with inefficient drainage capacity

3900

4

VAILEAVMIEEEL

[ B 43z :mm)

Fig. 271 13RS 27 4 25 L 72 FHZ2 Do sskim X

Cross section of rehabilitation work using soil bag system adopted for the Hirata Reservoir

RE Kt
Bt =14.6 m

(a) LFERIE S AT LHEEE ORI (b) YANEAL NI E LU 7R

Fig. 272 2007 {ERELEBHIEE I X ) BEK L 72 7= o it o 5 LAE TH
Reinforcement remedy work for the damaged small earth dam by the 2007 Noto Peninsula earthquake

LbOTH5bH,
VI # § INHOH L WAL ZEAT 5124725 TE, 7%
FrOEMEERLVF T T 4 v 7 AL HEMED S
BRI, & ENC 2 HEITEE Y 5 b7z oith s &, B S N A AR iR B £ O 128) O EZE I
R AL e KRR 2t e & LT, U oW ERIFEE RRTULERH L, Sz, JF
kT4 v I ABLOLERE AT AR HVHL 7y RIZX D BIERY itk S 7z o i AW (DS)

WEUBHAR OB DT HERRRY, EATRYICIET L 72 s L OB AT FRER T Kt L, wmi s
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DOAHEAERNC X TR D itk A 71 = X AZOW TRl %
a2 47 o 720

INODORITED T FEREA & L THARKE (M
B B ISR OMIR A AR IS L7z, RELATV A
kT A v RETEEAEDETH L VIR
DB E FEYROIRBYFEER B X OHRAEERIC LY
TERE L, s L ORI H:7 ©& DN T 2 5 EE L 72,
EHIT, BK L0t oim bEIH T & L CB#
X7z,

UTFiegsETHEonMmr Bl e b, &f
M F L, BREINTHEBLOSHOREEIZOWTR
KR

I Tl AWMEOERLANZLNIIIL Y vt
T4 v 7 A& TR R ) O TR R O LB & 5
L7z

TITlE, ARWECHWALTEMBB LY+ vt
FA Y7 AMEHI O WTEI L 72,

Il - VT, BIED MRS Nz oS AR Z
FhEL, FAWERIZBU DM & o0 ROIEE
AR A FEERIY - FEATIOICIEIR L, FEEtOAR L 2 551E
D RHTRED R X BREIRH A I = AL EHS NI L7z
DRIz i s T wm T "3,

1 #HBAH=ZXLOER

a. fEMLO DS HBREROBREVW S LIWERSE
eIk

TOERE— LK GEND 2 DOF R Y TR w)F

D) & OE D SR T OE S AR (DS) HbiE L O

ol O3 AJEAE (PSC) SBE TEN LB IR Mgk A 7 = X

LOFEMUEEMHESEHL NI L, 8612, INH60

B & EBR ORI G CIHIE SN D TIRY W A A

ZALOFICEREEE L, AWZECEEY L iR Lo

DS #HEED BB X OMLE DT %2R L 72,

O TOEEE— Fid—% 03 A & AR 03
A0 2 ONHFAE L, MM IEENETNOETE
T FOREIZE L D02 3883 5.

@ —BHOTHRETIETORT VY Y HRICERT 2
FIIR O A DFEE & WA AT SRR, BT
JECHE ) MIEMEIEHE SN, —F, Rk
O3 ATl OS2 B 2 RS 55
ORI N D,

® EBEOMHRTEEY TR E LT IB O ED
RIEL TSN D, 72720, ZO5AET 3t
WLT, LT REKALDE L S 05 (F0) Bl
WZHEVIRTELS 72 B 0) 12, HERAI RS EAL 12 584
SN, THITKHLT, FIREDRIEIE»R Y /T
B BT HE A TSR 0 IREEC RS S L B

@ skt o PSC KBTI DO~k O F AITER
T HMES RSB L CTEL S5, Wikt o DS
BTl AW T L 2R R S S

%495 (2009)

W7z, INHBREFHOEREIER D IZ Vv,
LA, HAMEMEIKE o BBy CHH
ENLTIEOMEDHERINK X 2%EHE Lo
bo D1z, HiRE O DS BEL, TRY E
W EVIER 2 REECORTR A = A L % HELY
LERBETH D EMEDIT SN D,
® —F, DSHBMOBEREMGICB T, FAWH
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Study on Reinforcement Mechanism in Geosynthetic Reinforced Soil
and Its Applicability to Soil Structures for Irrigation

MATSUSHIMA Kenichi

Summary

In order to develope cost-effective practical methods that can protect and mitigate hazards caused by overflow-in-
duced and earthquake-induced slope failures of soil irrigation structures, a new type of reinforcement technology com-
bined with geosynthetic reinforced soil and a soil bag system was proposed.

A new type of reinforcement technology combined with geosynthetic reinforced soil and a soil bag system was pro-
posed to develop cost-effective practical methods that can protect and mitigate hazards caused by overflow-induced and
earthquake-induced slope failures of soil irrigation structures.

First, a series of laboratory tests with a pile of soil bags and tensile-reinforced soil and simulations were conducted
to understand the stress-strain characteristics of geosynthetic-reinforced soil. As a result, it was found that the tensile-
reinforcement mechanism in developing strength was associated with deformation of backfill materials, and strongly
influenced by the deformation modes and particle sizes of backfill materials. Moreover, the sliding resistance of a pile of
soil bags against lateral loading can be significantly improved by stacking soil bags inclined with the inner end placed
lower than the front end, similar to a masonry wall.

Second, shaking table tests and hydraulic overflow-induced collapse tests were conducted in a full-scale model to
validate the effectiveness of the newly designed reinforcement technology. Shaking table test results showed that slip-
page among bag-to-bag interfaces easily occurred in a horizontal stacked soil bag slope. On the other hand, the soil bag
slope stacked inclined were stable against lateral seismic loads. Furthermore, slope facing with soil bags that have a
geosynthetic reinforcement tail significantly increased substantial seismic stability. As far as erosion resistance against
overflow, a slope face reinforced by soil bags with a geosynthetic sheet embedded as a tail in the embankment was very
stable against temporary flooding at high overflow levels required in the field.

Finally, in the field tests, it was confirmed that the construction procedures were not only simple, but also didn’t need
heavy machineries and costly materials (i.e., concrete and steel). This rehabilitation technology also could be success-
fully applied to the small earth dam damaged by the 2008 Noto Peninsula earthquake. In the pratical design, the Multi-
wedge method was applied for stability design of reinforced slopes. Simulation results showed that this method could be
expressed the effect of the stack inclined method, and connections between soil bags and tails. It’s concluded that, the
reinforcement technology proposed in this study is a simple and cost-effective technology to prevent the collapse of the
downstream slope by natural disasters. This method can be applied to small earth dams as well as canals, road embank-
ments, railways, river dikes, etc.

Keywords: geosynthetic-reinforced soil, soil bag system, reinforcement mechanism, seismic resistance, overflow,
reinforcement technology



