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Study on damage to the levee of Yodo river at
Hyogo-ken Nambu earthquake.

JNHIEE, FEAZ, NEFFRD), FlpkES
Masahiko Kawai, Tomoyuki Abe,

Isao Onodera, Fusao Ritou

Abstract

The 1995 Hyogo-ken Nambu earthquake caused liquefaction and damaged to many structures in
Kansai area . The levee of Yodo-river was also damaged mainly at downstream area.

In the left levee, at Torishima area, the maximum settlement of the embankment reached about 3m
and the total damaged area covered about 2km length.

The authors joined the project concerning with the repair work after earthquake and performed
the soil investigation,study on countermeasure and trench investigation.

In this paper,the outline of damage to levee of Yodo-river is summarized ,and the mechanism
of failures in the left levee at Torishima area that was occured the biggest failures in downstream
area is studied. As a result, the authors judged that the failures of levee were not caused by
sliding failure, but reduction of bearing capacity and lateral flow followed by liquefaction of
baseground. :

Furthermore ,the authours analyzed the factors of the damage, and designed the methods to
estimate and predict the damage of levee on liquefied ground , using Pr-value (index of liquefaction
potential) and estimating various influence factors. These methods are not general,because the
estimated settelement was adjusted the measured settlement, but in future using these methods for
precedent of other rivers then it is possible that the methods will be.effective one by applying for

failures of other levees.

1 EANE

EERIIHIE S, HERAMF OR)IEEYICE LT
bEREWEELSZ Ty, KN, EEE%DN350
r D L OWEPBREI N TV S,

EELRBMERFOYB LY, FIIKETREHRTYT
Z—&E TEN]) ORI EREOFE, WEAAE
R U, SIRTHEOKRE, #ERAZEIHO 72 ORIAE
HIRAER L Vo ie—BOER ICHED > TE /1,

A TR, @ENTFREICE T B85 OB SR O
BOWTHANT 2 & & biC, BEBBOHEEDDIC
i L 7R BNEE O R Ic S W THET 5, R 72,
WESNBEHOEF A h =X Lz >V THRRBEEE D
i<, WKEROSHERE S BB L kRbick 3
RE R OFHREF RIS > VTR B,

2 EIREBSDESE

AED & 5w pBRft A i E R & b 3t - SO Hul
ELTHRALHIBTH Y, ZOHRKDOERGE L FiEiE
PEES23EEDRHIRDOEIRICE TE ML DIF 5, HBEEDIE
Nid, KRELRR, REEFSKEOHRLE LTZD
EHERHEE R LT E I, PEI000EHO HHIN R
LM & 3 ERBCEE O E#Ehich b, LHTE
Hi DR AL I B L 7ot & U CHEE L Th i
13, BIROMBEE RO ONIEBETH > T,

IS, EINEK - FKD A8 5T EFE Lok
BEEbH, KERICREZESNS &5 BABIRSERT
HABTISN, TOREEZ SO - 1oh, KR, FAE
BARECIITL, MELEIREIDMEEZE VR LIE
BEBRLTVLS,



8o GRS  REERIHERRES 1997

BHIBICA B &, BADEALBIRABEATES LS
By, KECHEREEELLEKIEMTLAELSIC
55,

BRIR184E 7 A, &JIBRBI& AT CRE%E % fa { Ktkds
AL, EEEMZR KRR TRKEEEZEL S
L L b, BRNIGOXEE REBEOBESHRET
ZRKELIY, \KBHEBERNE LA [
HETH| k4 2BENGE > TET,

HHIR204E, 2EKHclkEESREL, RE, A
ME] BEIEENBICE - T20 OFIBEOHIEESZIS,
FHRFIcET S h MENKBTIHE] &, K,
), MBOZ)NCam L TV TREEE &9
e KBOKEE 2 BEEI LT BIREOBEAHME L X5 & L
DT, BED [HFiE)] OEBREBTREIBEIS v,

3 ENRB O K OBE

K- 1 i RFERRESHRHE I X 28 [HRBF O F ik E
FrERli. KEOBHLHE LD, EIRFOME IR
THRBEPLTEBY, Z0H>BEOMS 4 knDEFHO
RO IR BT 2HESROE L - 7o,

i 20km
\\\
%
15km
+=E 10k
FEN - REME
2 SPsia
) (EBIE o me TR
o B R 0 Sk
4
ESHK E—

K1 @&EIcBT 3 F ke

Fig.l1 Location map of damaged site at Yodo river.
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Fig.2 Typical section of failures at downstream area.

L7z dDEEZOSNIEEHMX TOWEIROE L |
BoThYy, SRMX - AEHXICBVWTRIIEMOR
[E_EIBOWARILD BB E - totod, T NERIOERE
IKHENERLILODEEZ BRI ENTES, BB, 4
FEPEEMIXIC 38 W TR R & 0 )11 A #REEHuAR
HWELTH Y Favsyyva vg VRSN TED,
COHBRBNNERMTOWEL2RBL-EROV Lo EE
Zoh3, '

i, FEIHXOVLTNICE W T HHEITICEE L
ftwbW 3ERORBEPEShTWE (BE— 18K),
ROWENE L VEEHXIcB T 28K BoEEK (B
HEERL.4~1.6knfdfD) 2K - 3R L, KL DS H
kI, BEMKICBWTIRE OB OEESED
LbNBELEDIT, VI Y- bEEFELLIEZKRLTL
b0 i, FEBEEEL. Skm~1.6kmfHL T, JIZMA THEIK
PZ=HARCEELTWABRZ OHATE .



SUREIR B AR < & B ) | I3RBG DK & £ DEE 181

EAR-1 #i#Ed, S ook
EF— 1 Profiles of sand boils at surface.

P

L rrr sds

I ﬁ 22 ;fg i .
LB mromE

h.Bkm
0 20 40 60 80 100m

B—3 BRI 2HETFHER

Fig.3 Map of Torishima area after earthquake.



4 1RPARAHIEE

D &S, HEBRGE LD - AR THREOE
EHX TR, REHLHFOM THICHERE » = X 4 OH
TE D 72 85 I BB D BHHIEE A % M L 7co

PUFiT, BHEIRE X D HS D & 13 - - B O fiic
DWW T B,
® PEEEEE0. 25kmr i

BEEREN -5 IR L (BE-328B),

REEHKRT 2 L2k IRz B LTsD,
JUEMC Z AW SR TE 5, £/, Bk LS
(N5 <y b)) OE FMc@IRIRooBEANEAD S H,

FEIEILN T B v Tl

COfRPICIZE— 4 iR d L H i, oBAEREER
T RO UNREMENRED LN (BE—- 228, ¢
bbb, BOICBIRENOE E45 o O 2 -
WIRATER S h, =0k, RPFERAR GRmEm Y
[]) 5 Lo BBEAL, EicMoRLGHE
OWEEPIEREN b DEZA LT EMTE B,

Fi, ZORIROE EHicE, @i Fioh o
Ebdy, HO2 5y 7 2KE LW, LT
Ik, T ->ThlEL T BRETERE M
HDEEZ 6N B,

ﬁiﬁ?ﬁ@
MEEE o

ALBYD
TS

B—4  BYIROFE
Fig4 Details of sand dike.

BEHR—2 ﬁﬁ%&%m@@ﬁ

Photo— 2  Sand dike at 095k

00 L v dor



el I & B 08 | IRB ok & # D EE 183

R < n x M >
HA MR ;' !
o TR BENERESL g <y BAAYIU—MR
7 - BE B
OP+5m " - YlhbTOws
= REME (')

o] - hatr, Lo e gy R

-5 EOEEEE0.85kkm @ BAHIKITD
Fig.5 Sketch of open cut section at 0.85km from the mouth of river.

BE— 3 PAEEEE0.25km o BN

Photo— 3 Profiles of open cut Section at 0.25km from the mouth of river.



®

FEEEE0 85km T

ﬁ%#i%@ iRl (HE-538M1),

Bk thd s 5 )11 R T R E L e ki 1R
FERLTEY, BELhicREL ORAMTSHRET
X3, £, #ELE oS ANHEIC X > TREICHE
BiRotHicalishTsy, hRETcR SR
faikdb R on s,

RAELTO T (OP+H 1 mBlTF) 1K@, KE#HEo
WBLUIh%EES BIKEO VIV b SRS s,
BRikrpRiicB LTI, ¥y —7REAMNGEIC X
20~30emDEEEDBE LTV B,

@ EEREEE1. Okmbbr i
BEEREN -9 IR LE (BEH- 62R),
FEBERR0 25km D Wit & A4k, PRAZHERT 5L 134

iR LTtvwd, 1o, BEkothRifffit

KEZ L ORAMHEDSEFEELTB Y, RiEohiifak

BRIk LTWwa (K—-6, BEE—42H),

—H, NEFRTRERE— TioRT L5, BR{EEc

BE EFEsmLl bk L s3wlRASH b, Torhic

IR LR CEBSEE LTV B, BIIRAICE T A

0
: o A B
Qou 2
-~ b TOoys
M6 fkdkowAlifomny — AERE @)

I'ig.6  Details of slip planes at center of embankment.

BH—4 REdhRow AW
Photo— 4 Detailes of Slip planes at center
of emdankment.

o EANOFHBEESA LN E L, JIEMo+HE
FHIC EEL PR OFREEREE S FE L T2 (BE-T
28,

Chid, WKLo ORnick > T, EiEH» 545
HEL o s o hi-T dickrbnEEZL BT
ENTX B,

RENPSHMLIEIN
(BRECLIBORNTTMHEA<SMEATING)

0 1 n

R > W WA B
o PETRuY v s ()

K= 7 IR ORIk N
Fig.T Details of sand dike at front of river.



SRR PR I & B 02| 52RO K & &= D £ 185

<M E MW >
T BRIV Y— [
s WA o | ||l
- YWbTO9Z P [P0 i S B
AW () P i \
- .
OP+4m

AT o

5m

B2 20~30cm

BJ— 8  PREMEER0.85km o G

Fig.8 Sketch of open cut section at 0.85km from the mouth of river.

BEH-5
Photo— 5

B ER20.85km D [ Il T i

Profiles of open cut section at 0.85km from the mouth of river.



WOMEERE <=M >
T BB OYZY—FA || !
w A B J ll
OP+6m = hbFasyr | LmsssEm=s=== T '.\
sm = NEE (W) Vo \
¥ I (6.7m)
4m
im

S ; g-i"ffh

e
g . : avyy— hER

B—9 FEEEEEL.Okm O BRI
Fig.9 Sketch of open cut section at 1.0km from the mouth of river.

BE—7  FESEEE OkmBTGIC &5 ) )1 2 O RPIR O &E

Photo— 7 Details of sand dike at front of river in 1.0km section.

-



SEREIRF IR < X 2 0E) | 15RO & = D&% 187

@ BEREEE) Akniif

BEHEREN-1LTRLE (BE-9Z2R),
BRERRT 2 thiedcRihicEs LTteh,
B Ui (5 <y b) OEFFHETROAXLIL
TEAELTVS (2L, KoKk s #EIHt
THEDOLEE3mEEZRLTH HH, HREED
Ktk FRtiE3.0mTh b, BREIHOHBHK L /-
KigREENOBRWABEILE2EE LT sickD
S50emDZENPAELTVE). 2FICR 2 &, Rk E
ABTIIC & » TE C oL BLICEBIRIcish T,
hEToOMBETRLONI L SVROMEIR RS

121 R § P b U O

Fohy -
T />0 [

L, »v5xy FOEFBLUZDJIERMIICEWD
T, MR OWIRILIHE S DIROEADHEE TE 5,

®  EFBEEE . 7k

AAREESE

BEERER 1218 L (BE-108H),

< oW & < E TOE & FRE, ANAE I 0P+2.0m L

ZANCER L THE LTV AD, HANMHIEED Sh
Eirats

R RIG O i, BRUEE (Y72 b)) fF
ETROKEL, TOWBSTRERILIZHES BikDE
AR TE 1 (BE- 8&),

7, BYIFHREIICHER S M- IRD SERELL 723K
& HIER % 1 M i TEREN U 7o I o SR o KL
A o TR —10IcR Lz, < OREREERIC K
&, WINOWGRENE—~THEH, HWMERICHS
FFr-wbid, BIRD SERELL fihic Pk T b
BT LMD B,

Bt | B [ @ | ®ww [@me] m | @& |
100 =
&0
a0
V. _ MREmOBESDS
AV anL i
20 oy A R [E1 DLy 3
- nLEW
. 000 oo 0.1 Lo 1|':.0 100
#oOE (w
—10 Higemmicmi U 7o & O BEEIs O R IR D> S EREX L
rRb Rk

Fig.10 Grading curves of sand dikes at open cut sections

nmd cand haile at tha anefacs
alia 5ana oO0ls 4au wle suriace.

HH- 8 HEEEERL Tkl IC 35 1) 5 BRIRO AN

Phata— 8 Details of sand dike in 1.7km section
SNoLo— O Jelauns Ol sang qife In L./Hm Seclion.



199 bve FH b B ek s 4 ki Fr 5 1E w42 2L 1007
L v W g LB == B ey ol T SRR ARHEERTS A T L
A <M oE M >
I
1Ll
¥ |
oP+6m N Y, ot | b BBV Y-l
\ - BT, B
5m \ v YWbTOuY
i = REEE ()
4m
3m
2m
1m
OP£0m
0 L

B—11 PEEEHEL 4km O BESIETTE

Fig.11 Sketch of open cut section at 1.4km from the mouth of river.

(0P+3.0n|

BEH-9 FEEEEE]L Akn o BHE WG

Photo— 9 Profiles of open cut section af 1.4km from the mouth of river.



SRR I & 53 1 1RB 09K & 7 0 EE 189

{} < N % @ >
AIRUEER o
L L I T BAE.OVTY— MR
< BAa B
5m Ik v YhbTOus
HEWE ()

4m
2
2m Er
Am |
o el
Ur oo NN

B—12 FEEEEEL.Tem O BHHIWT G

Fig.12 Sketch of open cut section at 1.Tkm from the mouth of river.

HI—10  FEEEEL. Tl o BH I

Photo—10 Profiles of open cut section of 1.7Tkm from the mouth of river.



190 IS SRR BRI S 1997

5 KA HZXLDHET

BANIFEZ D SIRD T EDH S E 78 - 12,
CETRE, 3y FEFTROAEL,
BRI, SEIRMCER LTV 3, thRigT
i1, TANMEIICEL > T 2horBichlranis
Mo, ( SCROMBEPED SNLEFRH 5,
BRI, Eioovs <y FETCBVWTERILTY
%,

Dbo#Hg %26 &, FEEEHZEL Okn D Wi % Bl 5K

DAAZZXLIIZDNT, KDL D ITHEFE L2,

@ HBI X - TR T OMERESESBIR{IEEE T
5, TOEE, HBSOEWIIERMTE, NIEMIck
NIRRIEORBEDSEL L W,

@ WRILic &K O IRBERBOZFRINKbN S, D&
X, avs ) - VEROHELSEL, o, BRI
BESELUWIERMTREZ S TEEL %,

@ WRfbo#kicky, JIIERAMOLTHELL Y,
REEBRE NRANCER T2 & & dic, BERICE]
ROABIERL, 7ov 7RoEBicoHlasn s,

@ QLEHEHE, ~5<y FEFTIE, LTI TH
07 3w 2 BTSN, ZOhZ2EIREL - FKE
T 5,

® oI T 5L, ThoDERMEFLL
waEEBIT, JNEATE, v7<y M OJIRAN
8. 5mBEN I AIBICHTR L Th - L #EEB T OB
FBFIERIR O I L, BDRAA~OBEHHIR S
hatcw, EANOBEBRESND, BIEH» SO
Eh-EBE, BLupoEhcbnTHEZRHI O
BHELEAENHL EF o5,

ZOWHKD A H = X 82 ERFNCR - 131K L7,

D&, IR OHKIE, BIR{LIic X b EpiE
B O FE iKbb, RIEMSILT, UAEBEL Kk
DIELZbDTHBEELIOND, £, THLOHDOZE
RITHEOCIRKIZE RO IMER L, RBIEMS VWL 2hD T
oy 7 IOl B30TV EIROMERELE L 720,
ABFTROBEECL - TAMAEMER SN0 &
EZoNh5B,

KA

MREBEWB ORI, TRy b
DEHIZL D NRRMTOLTHEL B,
oL x, NEMTRS -ROIPEL

MRFOLT T L, REDERHK
LB, i, AR SIINERIC
79 EROMEIRHEL B,
INERIRE SR U IO TRES
a7 %,

BRBEIAR

NRBRE GHERIE L - h 2 BE T 5
LEbic, HRHOBOIHNICLDHIGN
WAEHCS (AL FEOAROFH
BEOFET 5o I RRRE ZER

R—13 #HEFEL#E 2 7 =X o (FEEEEEL Okm)

Fig.13 Estimated mechanism of the failures at 1.0km section.



SRR 1< X 2 ) (BRB DK & 2 DB 191

6 EINEHBEICHTEER

6«1 REROSH
BEKEROTUEER, MEFHEL L G OB AR
Ry, E)ITHREBOLREG SEBHAE O IRIbIC & - THE
KLIcbDEEZ N, TOXD KRGS & 23853
KOBRNCDWT, IRD 3 HIcEH L TR ET- 7
< HIEMER X 5)

- REFOWEN SRR GRBm, KR, mk#ae)

« TEMNER (NE, KESTHREE)

BB, MEFHOELWKOBEICHELTVEHDE
EZoNBW, TNIKOVTIRERTE S L5 KEEMA
BEMBEONTORN I & PRETREFHIR S N7k
BIPRWERHTH 5 &5 I I TRIITBFORZ S
ARFHXE TR, ZIEEREEREL .

B—17, K—18ici@I Fikss (LATEaHoERES, B
BERZ10.0kn & © THR) OMERTE, Rigk FROL,
K, E/KEIE HEXS S X ORED ToREEICD

4
ICRE
| 2 g
k- $©
R 1 8
%0 a0
0&-—4##&~—4ﬁ¥&@3b4»~
0 4 8 12 16
x IR K (m

B—14 RiEELETEOBIR
Fig.14 The relationship between the length of sheet
piles and settlement.

3

A T R

2
q
ﬁC g(\
50 100 15

11
oge@—g
0
ks E ()

X—15 @SKEE & e T EoBR
Fig.15 The relationship between the width of
blankets and settlement.

200

WTEEDTR LI,

Kick s &, @IITHRMOMEBERIC I/
Roniwds, #iGHX (EEMKX, SRMX, fHEt
X) BIRDL S BEHERF LTV 3,

c REBUTEE U EROBEEHX B L VAR

EHIX I, XS & U TR DS FHaticiE
ER

WP HBEHEM TS - ERMXIE, Frosk
CIHARERICHEYS L TWv 5,

cEEHIX, FAEHIXTE, MoK ~<EROFT
FHEPEL, TLEKEOEO,

IREBLIUESKBIELILTREOBREA S L, K—
UBLUR-16IRT LI, RIREVSRELLS, 5%
WIdEKBBDILL 785 &, TR FEMNES A EAIC
HBHEITHB, i, BKRIBOENFFTRERILT
MHEL T3,

F1, RIROESORBETOMEENETOBEIC
H2E|& LI TROBRKRICODVWTA B E, K—-161TR
TEHIE, WEBRCHYE T IESORIKEITRLTWS
KT, BEAELTRELTWEY,

—7, THRMORMHE T Icohms 2nhEEELOL
HEEicoWT, NE, MNSEEXR SBSREOEE
SEREIER L, K—19~F—211ZR Ui,

ORIk B E, 2D ERHBZH DD, KE
B 34 K & A I K i e, 2RI NED/N
IHThHY, MAESERMNEL, T, HERED
INSWEBDSH B T EDND 5 T,

2 3¢
% o
| ) o
e J ©
R %
_ 5
o] ) o
0 O

[ S — o-Lo
0 50 100 150 200 250
(RiRE/ A EDR LB X 100(%)

X—-16 MEEYELOBEICHT 2RREDEIS LILTEOBR
Fig.16 The relationship between the ratio of the thickness at
alluvium sand to the length of sheet piles and settlement.



FERFERMRRES 1997

JE P B Bt R

192

"BOJB WBBIISUMOD Ul JSALI-OPO X JO JUBQ 3J0] Y3} UO .
y3duep ofid jeeys pue UIpLM JeXUB[q ‘GUsuIal1es ‘efijoad TeorSoloery 4y°8ig
®R72OFR 7 L WME EWEFOEK HZ1(2 L1-K

T wy) 3
0006 08 0L 09 0% 5 o To (DEm
4A0 O Wﬂbau‘h%.&,_ T m ”
Hos i s=um
. JITTI [T 0
i [P ——— H e
b it A Lo , WER | R
02
a )
A —_ — NN — ST
oW
ATy WX
VA W[ wwm
_ S— 0
o0l 06 08 07 09 0 % 5 s - o1, (DR
OMI i < B ﬁ;\?ﬂ!mﬁxn T ke - . - Oml
- ONI
oL

0z
ndo ==



193

FEEmRIRME T & B REIRM O K & = DEE

“BOIE WEBAJISUMOD Ul JBALI-OPO K JO YuBq 3y 8y3 U0
38uel onid 9eeys puB YIPIM J8NUBIQ ‘JUSSI}OS ‘oniyoad [eotdoroen) QIS4
®R?EOFMINMT L RHE BHEHOEWL HINE 81-K

| I W) 3
0°00 06 08 07 0'9 0's 07 0% 02 01 olo (HEEE
. 40 LK # .
S&WMEH Ei ﬁn g = m_l.n_.h%nm :?u.mﬁmm___: ITE#
e e K Al VNG T
T m IRRRSARRARAEAN o
T ﬂ
, (w)
< 001 )
ETY UG 2T oy W
@
| L//?% ™ /.,/,ﬂW,.,& R R N N 4_.|_J 0 M%Mm
LN ()
z BEiK
[ Nam WX s
Pray ———————— O
_. w m _. L I I | T ] Ev_v%ﬁﬂ
001 06 08 0L 09 0§ 0v 02 01 o.mmA
/ e e o i i, -

Socuiiionianiiiiie ] o

ot

0¢
- (Hdo S




194 VO B BT

SRR RIHRESGES 1997

60
B WIOBX
R [:I . (n=82)
X 40 %w‘fﬂ%sz)
fx
g 20
% 7
i
] L 12 s
N ﬁ'ﬁ'_

X—-19 mEEDELICHT 5 NEOHESMN

Fig.19 Distribution of N-value at alluvium sand.

5|
e =9

I

20

m K %

A S-Sy

R E N

I D A O R A A R

R R R EEEETEEEEEE.
WHSSEE Fo(%)

K—20 #HEEDELICBT NI EEROEESH
Fig.20 Distribution of fine fraction content at alluvium
sand.

30

Ll

O
)

WA
(n=300)

n B (%)

M-21 MEBPELICBT 2EERMOEEST
Fig.21 - Distribution of coefficient of uniformity at
alluvium sand.

B8 E (%

6«2 KETEFPUFEDORE

(1) HodsHeRILFESE B B i

& B U ORCRLFAE D ATREE 2 HIE T 218411,
R O L W FLEA R B HENEV SN B,
Lo L, RS OBRILERE 2 5EM T 5 72010 i3,
FUEOEESEZRT B 4ENS B,

S RIS I X B e, RATHRS B HIBRIR L
BPLEATEHL TV B,

20
PL:j; F-w(z)dz

T2, F:FL=1.00&%F=(.0-F1)
FI>100E&EF=0"
W (z) : REHRDEH B
w(z)=10-0.52
z : BEGm)

PuER, FUEEEEHRICES L TWED, 20
HiE B 2 LOREE 2 EEBNICFIi T 5, 22
T, OPUEERAVT, &R 0T B DM %R
A1z, ’

FefZ L, EBRORP O KIC 3R OB S RS
DRADEEGHETLLEIONDDT, WO
R, BEICXB3EEEWMOBRVIEREER (= (BE—-
TR /REX 100%) 2HW3 i L,

X —221cHIEX o iR R/LE (PuE) &
BROBBRER LI, K&y, MEORICZE DB
Ao, HWERSEICZOHAEBEL >THWEHDLE

100

OQ L 4 {3
WO To
\ S~
an \\\\ \\ ~~
A -~ =
\\\ \\\\<. IE;EHﬁ FINE
i Y
i\ \
80— \
1\
\\\ \‘-
| \
10— \ \ o Ty =
\ | A ® Fiath
UAl \ o IBimil |
\ \ O HWR
60 \ * BN
\ o ESIRBAS DM S ]
(B 18374 a BUToHNATKER
T t A IBHD
Fihit  EITShIATRE , [ l
50 L L ! L
4 8 12 16
AR BRI IE (P

K22 HERBIRILIEH & BB EROBIR
Fig.22 The relationship between P -value and
remained ratio.



EREEREIEIC X )R O &z DER 195
B R E ke
00 0 5 10 15 - 29_00 251,}_ 30 o 35 , 40
s
!
i g
: f
[ ] |
= 2
R &u
= \!
3 v
———- RAATE
—0— HEALTR
4
X —23 MRS SHEE L ICE TR L ERIETE
Fig.28 The estimated settlement obtained by Pp-value and measured settlement.
-1 EXERIEOFmSA
Table. Estimation points of each factor. N0 EMS, HIERSEOPLEEEERLED
5 T e Ta 5| EREL S, BEOHMEBEALR LD PUE BB
T 43 E ) W RE
0 PL=0 ~100m | 2150% | <2m Ko SiREERD, REMERAEERIcBY 5L MEZE
¥ ?Eﬁ L 7‘:0
1 5 | Feebis oz Pp,=0~1 | 50~100m |100~150% | 2~4m ?ﬁﬁ L# dz?ﬁ @ﬁ?ﬁ%fﬂ%"ﬂ% Z:_f:tn_ 5 f:%[ﬁ%@a{jﬁm
fifi
25 | R FAF | p—1~3| 10~50m | 50~100% | 4~6m FTEEHETR 281K LTz, ik 5 &, BHEEREISkn
5 . . . . N
- R CHRAL TRICHAHEE TES ImBREREHIC
3 | LA P.>3 0~10 0~ 50%| =6
4 BT & Ak ATkR i i STV B,
ECY ) X15% X 40% X20% X20% X 5% (2) %‘?{ﬂﬁ,ﬁ%ﬁalf\ %ﬁfzt‘

*) RikE, KRR/ SREDELTEE X100% 08I & OFHEL /-

EZ . 12120, WEXSSRERH, WM, BARRER
YT AERCRPUE L BREEOMICHEMLRED S
hg, PuEOR/NMNBEDLLT, RBENIEBEALERTL
ool EXRRLTW A,

6 ETHRARTE kIl bic X 2K ORI
BIRMEIER 2 Tcidie K, HWHEBE, MEXS% o t,
BB & 2 EKEPRARESHEL TS dDLESE
Zohb,

72T, £ 1EFRTEIE, ThHORERI 0~

il 7
= 1
= V\ / |
- 2
="
= ‘WJ\NMN
M 3

4

PEREER (km) O 1 2 3 4 5 6 7 8 9 10
0 ,\ .
’I ‘\\ ’/ \\ /A Il \ / \\ /l

G W / \ VAL JAWEA I \\ I/
~ ) 7 oy =~ \. PR
[ AN — e V NN A
I; 2 /
9] \\\ )
ﬁ 3 = /Nt

4

X—24 FEMSICL BHEL TRLEMLTE

The estimated settlement obtained by proposed method ‘and measured settlement.
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