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2. Vibration Test and Circular Arc Analysis for Full-scale Models
d of Levee (Second Report)

Setsuo NopA*
Hajime TSUCHIDA**
Eiichhi KURATA***

Synopsis

The vibration test has been performed on the full-scale models of levee and the
stability of the structure has been analyzed by means of the circular arc method. This
report on the clayey sand models is the second one in a series of the investigations for
the earthquake-proof design of levee; continued from the authors’ study on the sandy
models.

Generally speaking the similality is hardly satisfied between prototype soil structure
and small model, and also the propotype structure can not be tested for the destruction.
It is considered that the experiments reported herein are carried out under the similar
condition to the destructive earthquake in the field and many useful data for the earthquake-
proof design of the structure were obtained.

Although the dynamic response of clayey sand levee was appreciable, the collapse
along the sliding surface and the remarkable settlement did not occure, but the partial
destruction with many cracks were observed at the crest and the slope. Being taken the
dynamic response of levee into consideration, the seismic coefficient distributed in height
with the circular arc method seems rational on the stability analysis for the structure
against the earthquake.

¥ Senior Research Engineer, Structures Division
**  Chief, Earthquake Resistant Structure Laboratory, Structures Division
*k Member, Earthquake Resistant Structure Laboratory, Structures Division
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3 o———oMaterial for
5 _ TESTS 11 & 12
Tl _ &-——-AMaterial for

- TESTS 1 through 10
//’A/
-
0 L 1 NN 1 1 1 ern‘lA, 1 1 A I T S S W I
0.001 0.005 0.01 0.05 0.1 0.5 1.0 5.0 10.0

-1 #ELToPHER

Particle Size (mm)

BI-2 kL fE 0 iR

i FHLEE B B = AR

ﬁg Dﬂﬁﬁﬁ%ﬁmﬁéﬁ

(g/cm?) | (mm) Y bE
;f_ejs:t 1L12ZAV | 968 10.0015 | 60.00 W&kt
Test 1~10H N
t:st 2.64 | 0.160 2.28| ®

SAEEC L A 5HT vy C - ERRRRT

B ks

-2 R IRR S A 7R Lo & 008 HE Cu 12
60CTH b, HRLHLEWES E TEUIFEKE DR

ALt ki, ZAEEC X 5 SEETIDE TR # 2 R

HEORERE ER5, HEOA», -1k UE-2 Test 1 75 Test 10 ¥ CO—HOERK KW THE
ik, chxcwie Test 17 A5 Test 10 THEHE L + X v ES R AEPHEOIREIERC OV THRFETT
BroExELThb, 5T &%, 4EO Test 11, 12 Tz HHEKHE 2 T

2.2 RGBOEH

HERGEEALLIEA, REORV-AHEEZ

TESTS 11 & 12

10.10

B-3 & &% B |
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Etka & LTRD B, Test 11 3o X U Test 12
ORGREEMR, LTHE SRHER OCEENSk L,
A—EBY 2EfF- 3D Ths, BE-ICEEOER
%, B 3KEBRE TR L TH D, BEMHRORER,
ThECORERBLALEEKLATCLS5.64mT, BI LDk
121.61TH B,

23 BIRER

AERCTabh i fEHAY UTRIET 2. <h
Lo ESRB Iy,

(1) BUSHEESIOEKE (BE 50cm Hic 23
CHRIE)

2 =-vEAEH (MEoBHEARRBCIIE
HORF B 2 ¥ IRBER © §i# i< F ¥ 50cm EH
E)

(3) BAMEOEBEE (RMEEL X » THE)

) EEES X OEREEROMEE (B4Rl X
50, HEF L EESHC X D IRGRNORENMAET
O % FIE)

TESTS 11 & 12 1

0.5 0.5 0.5
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'''''''''''''''' N 40
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10.10
? 3
<
L 10 1%] 29 I
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BI-4 DuEEEStOERAE

(5) BOEW - T (WHEHO Y 7 2B LRGN
DExE—2— - Y74 7HBrHxlcs 27 CHEE
B BIR, EBRRHORERTOR SOk L KiBOW
TxEE)
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2.5 ERAHZX
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Xy v _ATHL, CEBEEBELLIELRZIKE
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1) ERRIIE
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BOEV—E ORI CINRT 2T,  OREEIRIZD
A BLIRBH I LR » T, REORBBICHT
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3EET, “hbr/SvTin bIRKER LI, IHRIKR
S50 2Hz 7 5 0. 5Hz %% ¢ 10Hz ¥ THEIIL RS,
BEHROLRE L EX OB T TR0.25Hz K& & Lico
{2) B8 ik
EEEYRABCEbh A BEOERYNS D
w, BENRAR TS LS RREREIELS XS5 K
BLWESY 52 2 HETH D, chick b BfToRsEt
ik BICERNT L ERER L OB R Ty, BEOD
BT 2, cOBs, BREEYELE- 2V S
BARIEDEIRBELTRE, REBELSEHCHEKE
#3ZLELDRIEER X > TELBKENZRBUCH
KES€5,

3. RBRER

3.1 FERICHES>RRER

(1) BARrAREL
BHEADMOKMERER * JIIE LIcERY R2xR
T, IERTROESEY ST 5 &, Test 11, Test 12
DV ShOBER SIMEEOHEDFMRbTIEKEL,
BT L » TREVGDED bR EXRLTV S,
Lo LBsOREEX RS Lk IDELDENS D,
ChREWEENEEBEO I D THEDT, FEREFITA
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2y PP EMEH L 5Lt b sb b
BiEPs ) OZEERS - 2 L RFHEIAD, 25
ZRIECRARISOmm, H3150mm, HE 1mmo 7
N IBEAEEFERL, chethrEBECESALE
#, WOHMLTERBLXAUELLDO TS, ZOHER
PELER L CRBECHREOEV-I0LEL R L
Rk, B ICRT SRR A D EVRAL S B,
Zhily, LofFDEDICET HIREIDRIR I\ SAE
DHhB ik, HOEZE) BSOEBMTHMLHT
BRBPERROBEE,ITH T Bbh b,

2 4 X Kk

B GEERLRE L i b B2 ERRT s
BEKEOFARELFR-BCR LI, chickss, &
B O S K ERFTOMEICHE L CizA 0E» P L
T3, BEDERCITIZIF2 By HEE L, 0
BRI 7e s » 7o O TE LWa Kot fohs
Sl ThA 5 L, KGDERC X BEKEOBMA I
EFRCBOA T2 ELTEL, BEFOESKIITE
BRI CERN R hr o L BiRR X 5, B oRIEER

£-2 ZBOBMNAHER

B o2 Test 11 Test 12
(m) Tt Tt Tt T
0.5 1.250 1.388 1.207 1.461
1.251 1.359
1.0 1.367 1.369 1.507 1.253
1.217
Ls 1.304 1.218 1.389 1.344
1.203 1.521
2.0 1.232 1.170 1.366 1.455
1.545 1.550
25 1.145 1.472 1.427 1.439
1.311 1.547
3.0 1.480 1.231 1.374 1.363
1.355 1.189
s 1.421 1.435 1.303
: 1.273 1.353
Tao 1.311 1.326 1.312 1.376

7o MHERTOBEMMAERER (t/m3)
7' DR OEEB A ARER (t/m?)
 Tao: RBEEOFHBEBMERER (tm?3)

%3 ZEoakKE

B ox Test 11 Test 12
(m) w w'’ w w’
0.5 39.89 37.38 45.55 44.82
34.14 39.27
1.0 42.92 50.68 34.86 40.68
41.60 39.47
1.5 '71.61 48.43 43.88 43.60
48.65 39.00
2.0 43.12 58.22 38.89 30.82
47.07 37.12
2.5 39.00 28.91 56. 96 36.62
42.76 33.92
3.0 21.29 24.80 37.19 42.26
48.13 38.43
3.5 28.72 41.57 39.82
43.94 43.05
Way 42.35 41.42 40.53 39.80

w: JRATOEKE (%)
w': JREDOEKE (%)
Wayp © i/%ﬁkéﬁwﬁlzﬁs%ﬂ(ﬂ? (%)

Bigb DELOENE LB, ZOFERE LTd
B EUHFLMLS 2 LSBT CHET S
HARS ol ERBETF LIS,

(4) LoPFREEER LB D

REWEO T DBE L M+ 5 il « OER L EET
DBEBH N, TNYVEHEO L 5 hAEHIEOE
HToNERNEEIATERAS I OEEtEbih
256, BE—RGCHERIh T2 ZEERRRIE
LY ThoeRe, RBFOMEER: LTHAVSZL
(R P

AR EBENMET LA I EHRE 0 b DR
AL, BIRE: LTBAHAGRH S0 0.5% 0¥
¥ E5EXBL 5L, HRAGD SAKIZ IEHEREED
TOEHEL S LB L 5 40% & L, Rtk ik X
3.5mCHAEEER 1. dg/cm? Th B0 5, SRk
T RAEFORBICE ST 5 e b icfiiE%x 0.2, 0.5, 1.0
kglem? @ 3FEEHE Lic,

RBERYRK, BPELHEACTEDH T & @5
DX5iB, ENBEREY R Lik U 5L,
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T, B-SER L THRBERALEEN RO e
T3, = DR, ¢=15°50, C=0.11kg/em? £ iz D,
Z OfEX P T ) REFOLEHER ST 5 BEEH
& L1,

a—g ____0’142-03 eSin @+ C e COS P reerreeeerenne (1)

Ik a1t JRAELS (tfm?)
o3 BRANFERF) (tfm?)
¢: NEREEA ()
C: ¥&H (t/m?)

N

(kg/em?)
o
mowe
g
H
=
LS

{0y-03)/2

[CR=NTH (kgfen?)

Bl-5 =mEBiER

3.5 . Dynamic Penetration Test (Before vibration test)
TEST 11
3.0
° Point No. 1
P .
251 Aa Point Ho. 2
2.0 |-
E
-
=
o
K
= 15}
1.0}
0.5 |
] 18:70 1 L1 I 11 1 ]
] 5 10

Blows per 10 cn of penetration

Bl-6a FARBER

4 BAEH

PSR ARBRSEY AV TERITSORGOBRI %
BIE L1, RBEBOHFIL 2 — v OEHA 60°, BXE
B3cmT, SkgDEEYOmOFI L HET IR
D, FEARD» GEHEOEAKNYRD 5 & O TH
b, CORBBLLELNBEE NE: oML
BEoOLHC X - THEEESh, BECHE T 2ENER
ERTWEWDT, =& TZEDE S HEOHEFIH
ErHiiT 24088 L, B-6a~d i, =—v
NI0cmBEATHCBETHITRE: NMokigEe LT, #
HOEBRFHOENBELRRL TH 5, 2.5 B~
I3 RAERBREEEINTEY, X4 Tv—%-T
HDEDIFELT-obDoD, —EIOHETEX 50cm i
EtETHSEBErb - R TV EHHED,
Test 11, 12 K INEFIZ N Fs L F1~3Tho ke
2%, TMEHIIE 1.5~3.5 ki b, Er B AN OB
mBRehs,

3.2 BAMBOEERE
BAWEOEBEEY KD B IL W OO HEND
52, TCTCRAKO EREMEFENBETL IR

Dynamic Penetration Test (After vibration test)

3.5
TEST N
3.0
9 point No. 3
*—e
2.5
2.0
z .
-
=
=
£ 1.5
1.0 |
0 1 1 1 1 1 1 1 L1 J
1] 5 10

Blows per 10 c;m of penetration

Ba-6b FARBER
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Dynamic Penetration Test (Before vibration test)

3.5

TEST 12

Point No. 1

Point No. 2

Height (m)

Blows per 10 cm of penetration

El-6c BARBRMSR
METER X -7,

WHEIOBE tARcHttoRsbthrmEbs e
AT OEBERHRENCESEEIND L 8ELD
h, PEYZHIERERMEENO/ NS TG EEL
Wb T3P,

SEIDEEED X 5 EERBEWDBA Tk, WRES
PECERZOIHEIHIFACKESELL TS0
T, CAMEEEDOAE 2RO TCRELLE
5D LNTHB,

BB HOREERY RTAEECR, BIHHECE
3R AWEIMRO S M5 LENL DM, ZHILE

Dynamic Penetration Test (After vibration test)

;;
s

0 5 10
Blows per 10 cm of penetration

TEST 12
3.0 |-

%9 pyint No. 3

2.5 -

Height (m)

0.5

E-6d EHARBIER

THADRAMIEE,NR ERERNC X » CHETS
T ENTED, REOEBERCE L T —BRcH#E
Lica®, &2 TRIRDERER L BToLEFEED
HEix BE LTWA DT, 50cm JEDEREOGERE
LRI DREZRANMARY RARTFTR LE D
%,
Gs=Vi-p
e Gs: #AMAIER (kg/cm?)
Vs: R AMEOGIHREE (cm/sec)
0: toEE (kg-sec?cm?)

F-4 ZECRTHEAMBEE &2 ABRIER

& & (m) 0.5~1.0 | 1.0~1.5 | 1.5~2.0 | 2.0~2.5 | 2.5~3.0 | 3.0~3.5
Test 11 Vs(m/sec) 125 83 68 61 46 45
Gs(kg/em?) 209 92 62 50 28 27

Test 12 Vs(m/sec) 100 82 83 68‘ 48. 44
Gs(kg/cm?2) 134 90 9_2. 62 31 26

Vs: B it 5 Fi5¢ A MEGEREE
Gs: £B it 5F5e A ERIER
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3.3 EBRRER

FERED S & CBBINRRRS 58 b h ko I e
L BRI E U - BEORREETRE~X%,

(1) REYEIEE

BB 0 IEEH & b B b RS Y IRE

300 gt

o—é Exciting Force = 5 ton
©---0 Exciting Force =10 ton
250 A—A Destructive Excitation

8

150

100

Acceleration of Shaking Table (gal)

o
=]

Frequency (Hz)

B-7a {REVGIERE

TEST 12
®—@ fxciting Force = 5 ton
o----0 Exciting Force =10 ton

250 &—4 Destructive Excitiation

N
=]
=3

T

—
o
t=]
T

Acceleration of Shaking Table (gal)

00 b #
b fabr%'
-
50 1+ L
*, i
/‘\d\/\’\’/
0 1 il 1 1 S—
2 4 6 8 i0 12

Frequency (Hz)

Bi-7b REiE NG

Fen LT ey b LEbOXR-TTH S, &R 5,
10ton D EHTIRHRER O 3 100gal U FOBETIED
ST, BECMXONICANN—E TP
LERLTW 3, ZhREREODGEEEORLELYH
HLTWBF¥YOHEEL5b0C, FOEREEDH
EBRD 2R LELE— 2V FOETELINLREERD
MFEULLMEC I bich » o tedTh B, RIEDINEE
ENIEE VA ORECL » TR, TL 507 h,
ZhE b EGRBOEFAELMI>ER1ELRBDT
H50, COBEAHLRSEORBITHLIDLILE
zicv, BEIMERBCRRELE— AV P2 RKERD
> EEAEE VR Mm o, BRIZE
Bk Lichs, BIRRREROENCHBR LD L
M 6.3, 7.7THz CREDHETHARAEE L It o T B,
C TR LRI ESIEE OB AMER Test 11 ¢ 190gal,
Test 12 T 245gal Thotco CHETRERIA T
BHEBISBOMITERS K X 5 L HESHOETERFIE
H: BEOETHS L, BohiBinEEoRAE RS
REEEBEWRVONBCHANUT SO THLE,L, £
MR L 5 2 OEBBERIREBE T OEERGOER
2ERIEFFEHLLTWBLELDRD,

(2)  HrlEp & FHE R O I EE

A—E st 32RO EL Y 50cm BFTO
IEE Y i L —fl e RT, B-8aicix, Test 11, &
EH5ton kit BEE2.5mE L ¥ 3m COfE%R, E-
8b 1z Test 12, BIEH Stonk BT 5EHE 2mBI T
ImTORGYEMEECH T & L TEbLTS
%o BRI ERGOBATIE, A—REICKT
B0 PEMEOERE LA EELL, coBEY
* AFEH A ZEET 5 ARG : LTET 4L
LTHTHRERGAUTE A L3 fiE-Tchs, 22T
SRR BB b 5 BEOBEIIFERIRMET
pis by AL B0 T, Hifilc—RITRAR
BEth : LTOELCRTA o0 dAhicv, ZOHE
OER: LTRERO L 5 hBrETbh2. TAHEE
BIREES bR * 5 AKPIGERE, BHEERTIRF160ke/
cm?, WEELECH0kg/cm?Th > b, BEDS
2k b ZickEw T, $EERLCRBROBEIT
{OMDRIBENG ENT Wi, bARBRERER
I o> TEBHOEHYHEL TR L, 1HRE— FIRIKE
HEDORABGIES & L TRWA, 2&Ke— FiiEx
HOLTIEHTHY, 3&KE— FREAGNTH-A &
LB R RS L TARBIEX DR, TOXFREF
HiEE L RGO BEREC Y » CELTHHEIE LT
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6&wo§%,ﬁ%ﬁOﬁ#um&bﬁﬁtﬁyébf
WBZ LHARTIBREIhc, REDIEEREIL
TRBPYHDGRRBZ 2L, 2 CipOE e §E
fHAECOMEEOHEEDFEREEL b D AL RT3
Zr oD, eifBED S 50cm PIEC O RIEE
BOWEE, LB bRk - 1odt, WERE & R e
OHIFEANE BEDOEECEEB LTV ik, ¥
Dt DE Bh RS GRS R B,

(3) REDILEE

RO & 5 AR & B2 2500
ZEN, WL FAREOMIORHIRECTIRET S
LELLhNBTH D, L, EROKEYD Lz
ATy OO EBEEY LD EEN S, W
TORBRHIRETLEOBEHBEIN TV 20555 S
LRREHROBA»LEETSHS, E-9a, b 1212k
SR DB AV CHRIE O IR ¥ IR B LTR L
bDThB, AECE-10a, b (1F-Ta, b TRl
BIEE T 2 RENEE O, TiohbbInEELE
HiEE RO BDOTHB, F-9a, b hLBHLAELS

ZOF TEST 11

Exciting Force = 5 ton

12 3n
1 +2.5m
15+ . 0——o0 +2.5m, Center"

®---@ +2,5m, Slope
A——a +3.0m, Center
T a--a +3.0m, Slope

Acceleration Ratio

2 4 6 8 10 12
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Acceleration at crest (ga))

Acceleration at crest (gal)

WRIED O XRERURBIHER AT~V RESE B 28
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Height (m)

HHEHS - LA H - AEX—
-5 RIREBE (Hz) 3 X ORERR

iR 5ton

23  10ton

W o3

m g

LIRS | 2 %kiRE) | 1 RIED) | 2 KIEE) | 1 KRS [RICREDE
Test 11 | FIEIEER | 6.06 |  9.26 4.90 9.09 4.69 5.73
&g R 13.1 21.1 15.5 20.4 12.9 14.6
Test 12 | SIEEEIH | 6.58 9.69 5.54 9.51 5.56 7.01
BEER 21.5 14.2 13.8 15.7 16.8 13.5
A P
/’/‘
Pt Pt
o—o0 5 6.06 5 6.8
oo 10 4.0 E 10 5.54
o—b 08 469 S e 5.5
a-a 5 926 K] 5 9.69
bD—o 10 .09 10 9.5t
m--8 D 573 =---@ 0 7.01

f @ Frequency (Kz)

Height (m)
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Acceleration (gal)
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F : Exciting Force {ton)
DE : Destructive Excitation

F_: Exciting Force (ton)
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f : Frequency (Hz)

L a

20 50
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L 1
500 1000 2000 5000

Accelerstion {ga1)
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Phase
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=15 -10 -5 <101 5 10 15 20
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Ratio of embankment acceleration to table acceleration
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(a) After 5 tons exciting -
Table acceleration:lLess than 50 gals

~ 17 N

(b) After 10 tons exciting
Table acceleration:Less than 110 gals

(c) After destructive exciting
Table acceleration:Less than 275 gals
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TEST 11 (After destructive excitation)

3.5
2=t O —O—— $B——aG- 2
= NS
TSN O ~~o0——O——0—7
e |t 7
3.0
= .
e o——o fenter
a
2 .
i 2777 Top of Siepe 1
= 25 amommos
—gE
At
g
. Points of ceasurerent
L 2o (P1an)
= & - T
o
" N : . . I
3 2. 1 0 1 2 3
Distance freo axis {m)
E-14a RBROZROEY
TEST 12 (After destructive ixcitaucn)
3.5
1
e A
20 B
=
~ ©O-———0 Center
£
2 o—-
2 N Top of Slope .
2.5 & —ATH o~
~—4A3 -
TRl
Points of measurement
2.0 l (Pian)
&~z I £
0 £y N . 2 :
3 2 1 1 2 3
Distance frou axis (@)
El-14b RERDORIROEY
3I5F T
|
30 [eeeeee nrouaco
Points of ceasurecent
{P1an)
25k feeeed
- 20 tyove
£ .
-
=
S
2
15
10}
0.5 ===~y 0-0" B~ 69" F 0"V WO o T\

1 2 N 2 S 1 2 1

5 4 3 2 ) -] In 2 3 4
Distarce froo Center (o)

BE-15a REc X AREROTL

©n

3.5 " TEST 12

Points of reasurerent
{Plan)

2.0

Hoight (m) .

0.5 |

Distance fron Center (o)

E-15b RS & 5 REROZL

BiEE RT3, H-14a, b IFKEOBEXOELLR
Hrhh :HEE CRHELL DO THS, BE-6IRLE
I 5 R BERREGEEBOE S OBtr b, RO
WTEYRE L-ERENE-153, b Th3, HEHEEC
IR 5 555, AROUTREDS X TOEMEEET
BT rizlED L Bbhb,

4. PAEIRYECLDIRERN

4.1 DEAHREEBLEAKINYE )

BroREoREYE L b, FANTRI B
AIhTwaHER, thed<XvEExEELTTND
EEOLMAIT XD ES BHABEILHE T 5 Hik Th
b, CZTCRARLOERETVEXARLRET S
RO B X > T, BEBED L LTORKORE
ErHiT s, —BEETERITORAFHI LT
FAMECS > TECHRAFGIOHE LTEH A,
TROAOHLBEL T EHE - 2V + LBl
AV IOHEE LTHEIRS, R W5 HEZOY
BRREROSACE - THRNLMEL LTIRYRS =
ENTED, chizTXbELEoLB b3 e LT
WRBEN LIRS 5 30T, BN EOS LR
Hees v iflRsh s, BEEBEROSHF TR,
IR, WER I OCBEDOREEIL U TRHZELE
», BEHC—HEEYERLTHIO, TOMBER
X a, PEBRTEORRESEDCH L THRRIC—i%k

— 51 —



THES - H B SH¥X—

BEYERLLTXYEENERA IR TW3D®, 1
e LTAHECHRC L 2B EY X B 25

BLBLhA7—RAF A, 74X ADHEBRETHY
BEHEYEET—HRCSMTHE LT3, Ll
X 5 OHERRE O BB OBRPRYEBROKER L1 6, THRN
THREZCHE LTS LS L IBHEHEEIR TV
ZEMMEY, RIABEARICHUTHELEE HENE
X BRI LD TB, BEFESIZ, FETHENCL 5 i
BRI X 5 B I OEVEIEE T, BRTEA
TehFEULB LVINEEOHEL S Z L ¥RYKOWE
RAADRBIERIC X » THI- 1o, SEONERS S
AT X BEBEOER» LR FOEANEHEELS
LW 2ot FRIK, =2 CBRGEOEEY M
Bk 2 FRT, BEOREOENEL LRDL-BELXH
W~y B ER L ORBRORET Y Ay, 3K
DL S KEEN—HFCHMLCBHE L OLEL T
7o

AET ROV BRI DPELZBZIB AL > TEbL I I
B, THISEE L FTh, T LMOELLIESRNE
R—ETRRVBECHRNEHETH 5, FTERBEE
IR AR b 5B TEE## TOSBAC 3400
AV, BEEBHAL LUEAIATWS MF=5%Y
F 7RI BAMTROVREHE T v 77 7 &) o
foo DT v F T ATRHBHC I BKFHROBEES
MHEEE - 2V POJXCBEEL, BHE- 2V P REE
RBE, ThbbRREETEISFD esinl, i
EHIN T3,

F=2|‘rt-A (cos @ —e-sin §) tan ¢p+c-I}
Siye+A (sin f +e«cos 0)
czww F:ge=m
¢: LoPIEERA
c: ko¥ET) (ton/m?)
7e: ZOBMARKER (ton/m3)
A: GE R oEE (m?)
0 : SE FIEE OFISEE A
e: KEERE
L HEIFEEORZRE (m)

TR 3BBTHRLLL 5 IEGOETIT 3 RITHCE L
RiEEbEVE S5, 2 TRPOLHCOLERL
TERAO 2RITMFECL - TEHEL TV 2,

4.2 HHEEH#

1 E=EHK

FHECERA LB oBEERYR-TerT, 3.1 T
BRI 5 R BEEE T FEREOREER» bR, A

MREEEA L BN SHERRBC L > T b0 TH
b Test 11, Test 12 DREFIZIZ L A Y B LVWTAEHET
boteDT, HBERIFACELYBVW I 2L,

2 FHECAVRE .

LREHAFRLU TR T 4 BHOBESREICOWT
fTis » 10

(i) %y (BE L OHE)

(ii) —EBESM (RBEMEEC X 2 BEE)
Bikedkchic b —HREATHHE)

(i) BABELSM (REEADOEE TREILIRK
IEE» HEEYRD 5HE)

(v) (EEERLABESN (bH2BRECRERD
BRBCEECRE LICIEE 7D BE * Rd a8
)

E-4icR L X 5 R 50em EOE S & ein
HEHMER L CH 500, FBOTHETE bh{E
ZORBHTRE—HBER LN % L BRELCBES Y
Rdte, BEFEITEEIHRS EIERICREEC S
LHREYEEL, FOCR LIRS 2B2EYH
WBZER LI, thbiRE-11E X OCR-12088% 52

CEXLdOThHD, BERERSKIVERICRLTS

%o
1 REFHCHCIcLOBEER

8% E P\]’Eﬂﬁiﬁﬁ
r¢(ton/m3) )

b3
C,(to?/ng

Test 11 ;
Test 12 1.31 15.83 1.10

43 HEHER

AT XL bR E > X ERIEK-S, e
BTRLI, F-9 TIHAAEAM 0°~150° DRI DT
30°ERfEXEHL LTWA2, ZZRIZER180° Ric s
180°~330° D b & T, BEFINEL LB HORE
DEBRENR TN B, BESMOEEC L 2REROE
bk vit-&v@Eskne, E-163EHELI YRS
S REREBEOBRGEL R L, RPIZFER TR~
TWBETROP TAROMERLTIR L MEMROZ LW
Test 10 CxF 25 EHERELBEOLDBRRLTSH S,
HEYZERLABEST»OREZRLERR 2V T
3, —AcT T ABEY R L, B-17 ikiRfko
ERCBT 2EFAONEBELRERD 2V H—%RLT
Hrh, BpoFEs (1)~(3) RFAHoEELREL
TROADOEBETHY, £-8, 9 FOBEBREHE
T3, B@-18a~f R FEOBESMIC X 55THBERD

— 52 —




HE 28

a

EREN OARBRURHER L AT ) ZE

(WE%  [RMYETLQ T oR )
82v 1 € ov'8 [8€ 808 906 | 6027 | Lzt | geE | Wb' | 928" 669" | SZLT| T0L | g
08L°1 € €9 |8e'90s | cos | €or- | 9z1- | esv- | <ozt | 682 | €2€c | weL® | 95°S A
9981 € gc'9 [Re'90s | cos | 220 | 8ot | ezt | evzr | @z | zier | 892 | 156 wor | ;I
9807 £ ec'9 |ge90s | cos | 160" | ee0° | S0t | €01t | v9rT | 8v2" | 88" | ¥S'S Al
9212 g v losvos | vos | zeor | 9s0t | zsor | ssor | wor | tirc | eve | 6976 o
vo1°2 € Ly |05v0s | vos | 6007 | 6207 | veor | 290" | 280 | i1t | 96T | 85°9 ’
88L°1 £ vy losvos | vos | 602 0L | 21 3891,
120°2 € v |0sv0s | vos | eor” 96 | "
101°2 £ Lrv 0S%0S | vos | 2L0° 15°6
10] K Y —
At A € vy l05p0S | v0S | €0 58S volwor | I
At A g vy [0S %08 Vs | 2g0° 69°6 -
822 £ L'y [0S °v0S ‘oS | 600 859 ’
(4 € Ly 608 P0S 2] M
0651 € €€°9 |8€°90S 06 | LU | L8 | O€ZT | TZ8T | 8SET | 6IST | G2OT| €4S | . g
L8'T g Wy 0sv0s | vos | 2200 | S20t | 260 | ogrt | o9gzt | wwer | €597 | 69°F S
9681 g €6°9 188909 6os | 20" | oott | wert | o6vc | wver | e | 2927 | 60°6 woor | W N
Lv0°T g €69 18€°90S 606 | 220" | w0 | 650" | 201 | 181" | wpz- | €ee” | 067 RORA
280°2 £ Lv'v [0S 'P0S ‘0S5 | 2€0° | 290° | 180" | 680" | wSo* | Tirc | wipc | 9276 worg
W1°g € Lr'¥ |0 "v0S b0 | 810" | 020" | €80° | 990 | e61r- | ss1- | o0zzc | 909
$98°1 £ v l0S°v0s | vos | Tt S | m 11 3891,
880°C € vy “G0S 0S| LL0° 69V A
101°2 £ 'y osvos | vos | 220 60°6 woor | 31 _
622°¢C g 'y 505 vos | 220 06'% s
At g v’y 05 v0S ‘vos | zg0° 926 woi
9622 g v | s | wos | 810° 90°9 L
€1€°2 € Ly ‘608 T0S & M
(uy [ (WX [ (WX | W0 | WG0 | WO'T | WGT | WO'Z | WSZ | WOE |y .
REX | B 3 ok el - W 3% M0 % @ G
ﬁ_u_emn* [1 ./\.ml i =
i 2 % 8-%

— 53 —



BFHEES - £H B AHE%—

Gilg% . RIWSHEQ T F5ldH)
e | ¢ €9'G leo-zos | -zos |18t — o9z — | — [150° o100 |9 | wiv oSt
g1 | € 8¢ |6z°906 | 105 |cor'— | €z — | 91— | 16T~ | ¥Gz — |0sg* | 126 0zt
288°T | € Wy l0sv0s | vos |oo0r | viet |soet |eser |ogvc | 192°— | 121 1—| 06
a6t | g v losvos | vos |sott— | z600 |otet | 1w |oest |esor | ozoi—| 09 1072
€207 | € 86°S 6905 |g9v0s | 181°— |9v0'— | 090" |eevr | 19w |1evc | 9v9 = | o
stz | o€ 0e's lsz'90s |oz-gos | 60z'— | oLt — | 9ot — |08zt |2zt |ev9r | 660°— | O
% M| graIseL
g0z | ¢ w lsvos | vos |esor |ozrt {ter |zt |wwre | 100°— |geet— | ost
we't | ¢ Wy losvos | wos |zsor |ott leert |est |oset | Tort |00 ozt
2261 | € €e'9 lse'00s | 05 |o000° |6%0° |esor |zozt | e8¢ |9z | 600" 06
s61 | € €9 88905 | 05 |zs0'— |woo = | 910" |81 |oset |ezer | 699 09 95°s
g1z | s €e'0 lse'o0s | o5 | 680 — |990°— | 290 — |ococ |wwr- |osec | zeL 0§
81z | ¢ Wy losos | vos |eort |ttt |ezrc [90r {000 |29t — |609°— | ©
gz | ¢ 69°L leo60s | -sos |sevi-— |esr = |ver— |sur'— | moc |6z |ez0r | ot
ce6T | € | v losvos | vos |9s0c | et |szer |9ser |eor |ewor— |LesT— | ozt
v06°T | € v losvos | vos oot |1t |eeet |1eer | woer |geet | 9zs— | 06
8061 | € ve's lse'90s | ‘05 | 980'— | zeo- |eLtc |e9zc [8s€T |zzv | €10°— | 09 eL's
6561 | € g€6'9 188°L05 [05°0S |8vT'— | v0'— |8L0° |ovl- |SIET | 218" | €05 0¢
s20C | € 09°L 86605 |oz-€0s | 121°— |o0ST'— | vwo'— | 10°— | 681" |e69v" | gss 0
s WM 11 s?L
g1z | s wv losvos | vos | g0 |ezor |so |1s0c |seor |owo— |192°— | oSt
690C | ¢ wy losvos | vos |60t |se0r | teor |ort |t [sort | w0 0zt
26T | € €6'9 186905 | -0s |o000° |seot |sso |sert |ozet |9sec | sse 06
a1 | € 6’9 lse'o0s | 05 | 6€0'— | 100" |9s0° |9arc |eee |l | 665 09 69°%
€07 | ¢ ¢e'9 8e90s | 'cos |L90°— |zg0'— | 120" |w80- | g8r |lzet | 6¥9° 0g
€2 | € €6'9 867906 | 06 | 2L0°— |90°— |seo” |610° |980° |6z | Ses 0
5 (wy | (X | (x| woo | wgo | wop | wep | Wwog | WE | WOE |y | (ap) X
RFLE | WEE B ok T - = By T | % (6 W HE WU | % F ¥
HoHG&

(BHYNRZEZMT) HHHEE 6%

— 54 —



RO RBERIREER L ATV EEHE (FE2H)

2.51 L

Safety Factor

Test 11,12 (Sandy Ciay Model) \‘\ Test 10 (Sand Model)
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