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Analysis of Seismic Slope Failures compared with Model Tests
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Abstract

The siope dispiacement of the failure section depends on the effect an seismic-wave acting on the
slope. In this paper, anupperbound technique of the lomit analysis is used to find the critical
acceleration of a slope. The slope structure is discussed upon the assumptions that a logar, thmic
spiral rapture starts at an edge of the loaded area, a sliding part of soil behaves as a rigid bady and
inertia force acts its center of gravity.
Obtained numerical results are compared with those by model experimental tests.

1. 3 A&

WEZRETH S, BAPETIIHEICE 2 HROBHLREOTR)PIRIC L 5REN LITLIEIRAEL
TWwd, ZOECHEBENDMEREZEMERMEI¥ LNEELREL L > TV 5,

RHNTIE, BRETN)EZAEIETH I ERETIZ LRI N RERERNET LI LTRNE
BRDHEIETBLDIT, RERDBNEROH) AV HREARLLOBRIBREH W52 L977% <, #
Hist BBV EREE D¢~ ) BHEE I B 3 1T ) HBER L REEIEN TH 5 NEERE T 2L X — 5%
LWwiEBLYN AR E2EELZT%) BBEKE LTEDHE9, ZoOROFHEPTH B RFHEM
BEGRE (K.) 2EGHEEEFECL) ERMENERMELT A LICEVBELTEKD S, ¥, ZOET
N~ LEE D IIERABBEETE—L « 7 — 0 L OBEEREICHEY, B O T ARSI EE S EIC—3
T2L0E L, BHEERODKTLNEHIIERTIINDET S, KICZIOK 2HZ 2MEESE2ES L,
TROBMAEZKD, LHROBLE TOHEBEZFEL, RLI2ZIECE-T, ZOTXNVBHEEZH S,
—%, —F, TR TRABICZDBERMEE(ZNS LD, TRNVIEBBLE LN TUTLEFZ LN
D, FOKDEALEZHB Z L2k ), BN 1 DD TXNDEDREL LTIXRYRIIHEI NS, AN,
D bnBGHiEL2 2 OBERERDO WL OPDOER DB 2T 002 HET 2,

*  BR  REEART LR



80 EAMIESSEEMERLEEN S

2,2 & R

PRITIRE S, - 1DITETNICED, TROEMOTN)HERE T EICIB->TERLNS TN
DB TH ENMBRBMZANF—DE LW LB LIZE>TROLNZHVAVWREG, 6,02 KD
BHEBI% % FHadifb L T (BFGSH) S&/MA L L TORENE 215 2 R EIMEE G K) 75(1) Rt
CRODLN, TNEBR ZHBEOANIMEEICE > TET 2 T~) HE () (3Newmark D H i (L mE
RENQRXDES koD, THIZQRTREYT, TXNDBLODPLDT—LI2T LD &1 07

NORMEFET 5. ¥, D)RFOF ~F,, f, {3, 6 GOBMKTWORBENL I ISRENS,

LIS

-1 fBireEFN
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1= Y Lyrs (b =, —£) I+ [yrd (,—f— )
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(3)

F,=m {exp [3(6.—6)tang] (3tangcosh,+sin,) —3tangcosh, —sinb,}

FZZ%%ZCOS% * Sil’lﬁo

F,= %exp [(6,— 6, tang] {sin(aq—eo)—%sinﬁh} * {cosby+cosb, exp [(6,—6)tang]}

F, =—3(1+9%[T¢) {3tangsing, —cosé,) exp [3(6,— 6,)tang] —3tangsing, +cosé)

_1,L _L _L..
F,= 62?08 6o F, %cosﬁo F, %smﬁo

Fs:%exp [(8,— ) tang] {sin(6.— &) _%Sinﬁh} {exp(6,— 6,) (tangsinb, +sinb,}
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R—1 EBRER ®—2 RIBE
H=35.0cm B=10.0cn  B=60" H=35.0cn  B=10.0em F=60"
$=37'1942" C=0.22kg/er P=12kg $=3719'12"  C=0.22kg/crr  P=12kg
BB & KD %A % {1 (am) F 1) % (mn/s) | memgs | Kdi | AN | Efen
#%| W28 | Kd |Line 1|Line 2|Line 3| F#ffi | Line 1|Line 2|Line 3| P#ffi 1 | somiw - - -
1| Wt | - ) 00| 00) 00| 00]) 00| 00} 00] 00 2 | 2.20sec.i%| 0.419G | 0.532G | 0.0899
2 | 2.20sec.i|0.4196| o. 1150 94 . 5.6 | 75. }
Osec. th 0.0 118111 0.0] 656 | 75.0 ] 46.9 3 | 2.36sec. | 0.419G | 0.532G | 0.1217
3 | 2.56sec.%[0.419G] 0.0 [ 225 [ 22.5 | 15.0 | 0.0 [281.3 [225.0 |168.8 o o156 Tomc om0
4 | 3.08sec.t[0.4196] 11.3 | 00| 00| 3.8[675| 0.0 0.0 225 ! OBsec ) 0.4 0. 6299
5 | 3.76sec.%[0.419G| 20.6 | 0.0 | 0.0 | 6.9 | 234 | 0.0 | 00| 7.8 5 | 3.76sec.tk] 0.415G | 0.532G | 0.2626
6 | 4.d0sec.#%[0.419G| 15.0 [ 18.8 | 0.0 | 11.3 ] 375 | 46.9 | 0.0 | 281 6 | 4.40sec.f%| 0.419G | 0.548G | 0.4104
7 | 4.60sec.t2f0.4196] 18.8 [ 206 | — [ 13.1 [112.5 [ 56.3 [ 0.0 | 56.3 7 | 4.60sec.i%| 0.419G | 0.532G | 0.3930
SERBCEN 19.7mm FBUELL 1.9075em
E
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2.502 2.0k N [ 2L 0. Doa
H=8365c¢cm ¢$=37. 8°
B=10cm cC=0 22kg/cm?
B=60"° 7=2. 68g/cm?
E—-3 ANEREEERE
(=73
r—3 EEABER x£—4 RIPE
H=35.0cm B=10.0cm B=60 H=35.0cm B=10.0cm B=60
$=371942"  C=0.22kg/ar  P=12kg $=37T4942"  C=0.2%kg/ew  P=1%kg
B8 & K %L % {i(am) 1) il (nm/s) oo | BEMIEE | Kd | AD | %f(em
H5| mEAS K. |Line 1|Line 2|Line 3| F#)fiti | Line 1|Line 2|Line 3| Pl 1 ] _ _ _
L | o | - | 00 ] 00 00| 00} 0.0] 00/ 0.0] 00 2 | 1.3%sec.i%| 0.870G | 1.00G | 0.0372
2 | 1.32sec.#[0.87G| 0.0 | 0.0 413 | 13.8 | 0.0 0.0 [281.3 | 93.8 -
~ 3 | 2.20sec.%] 0.322G | 0.741G | 0.3333
3 | 2.20sec.#%]0.326| 26.3 [ 18.8 | 0.0 | 15.0 [196.9 [140.6 | 0.0 |112.5
4 | 2.64sec. | 0.32G | 60.0 | 56.3 | 0.0 | 38.8 |506.3 |562.5 | 0.0 |356.3 4 | 2.64sec.) 0.322G | 0.758G | 0.4994
5 | 2.29sec.#%]0.326[ 15.0 | 18.8 | 0.0 [ 11.3 [ 50.0 | 62.5 | 0.0 | 375 5 | 2.92sec.fk| 0.322G | 0.741G | 0.5871
6 | 3.16sec.#%|0.326| 375 | - — | 375 {2250 [ 0.0 0.0 7500 6 | 3.16sec.f%| 0.322G | 0.725G | 0.6614
FHBEEN 37,50 B 2.1184cm
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SA.
£-5 EBRER xR—6 RIBME
H=35.0cn B=10.0cm A=45 H=35.0m B=10.0cn A=45
$=374942"  C=0.22kg/ew  P=12kg $=374942"  C=0.22kg/ew  P=12kg
BREES & K%L % {L(mm) TN HIE (mm/s) Fe | EREELE K. Al | Efr(em)
H5 | efEE K. |Line 1|Line 2|Line 3| F#1{f | Line 1|Line 2|Line 3| F#){f 1 WA _ _ _
1| worwm | - [ 00| 00) 00) 00] 00/ 00 00} 00 2 | 4.48sec.i| 0.200G | 0.419G | 0.4896
2 | 4.48sec.%]0.29G | 86.3 | 43.1 | 43.1 [ 57.5 [ 30.3 | 6.5 | 6.5 | 14.4 3 | 4 8o | 0.000G | 0265 | 2.1070
3 | 4.88sec.#%]0.006] 86.3 | 71.3 | 67.5 | 75.0 | 0.0 | 44.4 | 38.5 | 27.6
4 | 5.32sec.i%| 0.000G | 0.581G | 3.1090
4 | 5.325ec.#%]0.006]| 93.8 | 73.1 [ 69.4 | 78.8 | 13.2 | 3.3 | 3.3 | 6.6
5 | 5.50sec.#%|0.00G|108.8 | 78.8 | 75.0 | 87.5 | 23.7 | 8.9 | 8.9 | 13.8 5 | 5.52sec.f%) 0.000G | 0.355G | 2.0450
6 | 5.68sec.i%[0.00G[138.8 | 82.5 | 76.9 | 99.4 | 47.4 | 5.9 | 3.0 | 18.8 6 | 5.68sec.f%| 0.000G | 0.129G | 0.7869
7 | 5.92sec.#%[0.00G |[161.3 | 97.5 | 82.5 [113.8 | 11.6 | 7.8 | 2.9 | 7.4 7 | 5.92sec.i| 0.000G | 0.258G | 1.7100
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6=37. 8° i
=0. 22kg/cm?
=2. 68g/cm?®
E—-5 ANEFEICERR
®£—71 EEBRER K-8 ZRIBME
H=32.5m B=10.0cn  A=60" H=32.5m B=10.0cm =60
$=374942"  C=0.2%kg/ew  P=12kg $=374942"  C=0.22kg/ew  P=12g
48 £ K O £ {i(m) 4~ 1) 41 (an/s) 5| ORHIESE | Kd | ANk | H(em)
Ha5 | memga K. |Line 1|Line 2|Line 3| ¥#fifi|Line 1|Line 2|Line 3| F#ffi 1 W _ _ -
1| memwwi | - | 00| 00| 00| 00| 00| 00 00| 0.0 2 | Tasec | 036 o436 | 00506
2 | 1.88sec.t%/0.343G| 0.0 | 26.3 [ 26.3 | 17.5 [ 0.0 [ 202 | 202 | 135 — . e R
3 | 2.08sec.t%[0.343G]| 15.0 | 52.6 | 41.3 | 36.3 [225.0 [395.3 [225.0 [281.8 8 | 2.08sec ) 0.343G | 0.43 :
4 | 2.16sec.i[0.3436| 41.3 | 0.0 | 0.0 138|414 | 00| 0.0 138 4 | 2.16sec.fk) 0.343G | 0.437G | 0.7209
5 | 2.24sec.i]0.343G] 22.5 | - — [ 225|450 ] 0.0 0.0] 150 5 | 2.24sec.i%| 0.343G | 0.437G | 0.7753
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H=30.0cm B=10.0cn g=45° H=30.0cm B=10.0cn =45
$=374942"  C=0.22kg/ew  P=12kg $=374942" C=0.22kg/ew  P=12kg
BRI RE L KDL E'S ¥ (mm) F Y I (mn/s) 5| FeE Kei AN | EAL(em)
® | HERIEA K. |[Line 1|Line 2|Line 3|:#)ffi| Line 1|Line 2|Line 3| ‘F¥fifi 1 ATl _ _ —
1| - 00| 00| 00| 00 00 00| 00 0.0 2 | 0.61ec %! 0.839G | 1.065G | 0.0175
2 | 0.64sec.#]0.839G| 26.3 | 30.0 [ 45.0 [ 33.8 | 35 [ 125 [ 250 | 135 3 T Tirsec 2| 09396 | Los1G | o072
3 | 1.12sec.#[0.839G| 37.5 | 45.0 | 60.0 | 47.5 | 18.8 | 25.0 | 25.0 | 22.9 P R TS Fyrvren warsven mrpr
4 | 2.16sec.#%]0.274G| 48.8 [ 60.0 | 78.8 | 62.5 | 16.1 | 26.8 [ 26.8 | 21.4 LBsec. 2] 0. : :
5 | 2.64sec.i%0.274G| 67.5 | 97.5 |131.3 | 98.8 | 23.4 | 65.6 | 65.6 | 45.3 5 | 2.64sec.ik| 0.274G | 0.756G | 0.6382
6 | 3.64sec.#%[0.274G[108.8 [114.4 [142.5 [121.9 | 68.8 | 18.8 | 18.8 | 38.6 6 | 3.64sec.fk| 0.274G | 0.483G | 0.5239
7 | 4.44sec.fo.274G| 2.5 [142.5 |168.8 [141.3 | 5.4 | 375 [ 375 | 27.7 7 | 4.44sec.t| 0.274G | 0.500G | 0.8428
THRBOEN 141.250m RECEL 2.7780cm
.Gdsed i4.14sgc i
3. 84sec y L o
KXo CI ER R N
=37. 8°
CcC=0 22kg/cm?
7=2. 68g/cm?
ANER LR
F—11 REER £—12 RIBE
H=27.5m B=10.0cn B=45 H=27.5cm B=10.0cn =45
$=3749'42"  C=0.22%kg/aw  P=12kg $=3749'42" C=0.22%keg/awr  P=12kg
By 8 & K%L £ {(am) FX) I (mn/s) Fo | eepia K.i ANk | B (cm)
&9 meMEE K< |Line 1{Line 2|Line 3| ‘I*#ffi|Line 1|Line 2|Line 3| Fffi 1 P _ _ —
1| s - 00| 00| 00} 00 00| 00| 0.0] 0.0 2 | 0.72eec | 0.601G T0.677G | 0.0016
2 | 0.72sec.i[0.661G| 33.8 [ 30.0 | 319 [ 319 | 9.4 [ 188 [ 21.9 [ 16.7 3 T T roec &l 03356 10090 | 00078
3 | 1.79sec.#)0.355G] 63.8 | 37.5 [ 41.3 [ 475 [ 200 | 73] 91| 151 T T Tooee 2o 350 To 50 | o0m
4 | 1.96sec.i0.355G| 67.5 | 45.0 | 48.8 | 53.8 | 4.7 | 9.4 | 9.4 | 7.8 Sadlial Rt : :
5 | 2.40sec.#)0.339G| 75.0 | 56.3 | 61.9 | 64.4 [ 102 [ 15.3 [ 179 | 145 5 | 2.40sec k) 0.339G | 0.6%G | 0.3870
6 | 2.48sec.%[0.339G| 78.8 [ 61.9 [ 61.9 [ 675 | 4.3 [ 65| 0.0 3.6 6 | 2.48sec.fk| 0.339G | 0.694G | 0.4132
7 | 3.68sec.i]0.339G| 86.3 | 75.0 | 67.5 [ 76.3 | 8.3 | 4.6 | 6.3 | 9.7 7 | 3.68sec.fk) 0.339G | 0.419G | 0.2050 |
8 | 4.20sec.#[0.339G| 93.8 [120.0 | 93.8 [102.5 | 3.3 [ 196 | 11.4 | 11.4 8 | 4.20sec.f%| 0.339G | 0.677G | 1.1280
A RBUEN 102,50 WHCELL 2.2188cm
ey 20. 66165, =0, 3396
I. % \ ./We_ﬁﬁ;_%s%" S0 !A. Al ik
] : \ama'ha) \5”? TAiAagia
- 894
gl;sef

22kg/ecm?
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R—13 EEBRER xK—14 RIBfE
H=25.0cn  B=10.0cm  g=45 H=25.0en B=10.0cn =45
$=374942"  C=0.22kg/ew  P=12kg $=374942"  C=0.22kg/er  P=l2kg
B8 & K OB £ (o) + 1) HE (nm/s) T | IGmILE | Kd | AN | %f(em
&5 | welERa K |Line 1{Line 2|Line 3| f#fifi| Line 1|Line 2|Line 3| F#4fi 1 BT i - - -
L | ®#wn | - | 00 00] 00] 00] 00/ 00| 00/ 00 2 | 0.67sec.i%| 0.92G | 1.30G | 0.045
2 | o67sec.| - [ 263 11.3] 150 175 | 65.6 | 21.8 | 37.5 [ 43.7 3 | 113 % 0.60G | 0.92G | 0.108
3 | 1.13sec.%[0.926] 30.0 [ 16.9 [ 188 [ 219 94| 38| 94| 75 p
4 2.50sec. % - - -
4 | 2.50sec.i%[0.60G ] 45.0 | 22.5 | 22.5 | 30.0 [ 64.3 | 11.3 | 16.1 | 30.6
- 5 | 2.88sec.%| 0.90G | 1.32G | 0.923
5 | 2.88sec.t%] - [ 450|263 | 225313 00 225 00| 75 -
6 | 3.36sec.7%|0.90G | 52.6 | 31.9 | 37.5 | 0.7 | 22.8 | 16.9 | 45.0 | 28.2 6 | 3.36sec k] 0.90G | 0.95G | 0.150
7 | 3.80sec.i%|0.90G | 60.6 | 33.8 | 37.5 | 43.8 [ 44.4 [ 1.3 | 0.0 | 18.6 7 | 3.80sec.fZ) 0.90G | 0.95G | 0.191
8 | 4.23sec.#%]0.90G| 63.8 | 43.1 | 45.0 | 50.6 | 5.9 | 14.5 | 11.8 | 10.7 8 | 4.23sec.#%| 0.90G | 1.20G | 1.423
9 | 4.72sec.i|0.906]| 71.3 | 60.0 | 48.8 [ 60.0 | 3.8 89| 1.9 4.9 9 | 4.72sec.%| 0.90G | 1.30G | 2.362
THY BB 60.0mm BHUEH 5.202m
il
o o
= <1, 326]K,=0.95G -
F]K,70.95 \Ai;‘ﬂ
AR LYY
T
-
B.084
oo
22kg/cm?
68g/cm?
-9 ANEWERELER
Sa.
*x—15 KERER F—16 RIB(E
H=25.0cm B=10.0cm B=60 H=25.0cm B=10.0cm B=60
$=3719'12"  C=0.22kg/av  P=1l2kg $=371912"  C=0.22%kg/ar  P=12kg
WEHEE = KB % () Y M (om/s) K| eeREE | Kd | Al | i
&5 | wehIE K |Line 1|Line 2|Line 3|*F#)fifi|Line 1|Line 2|Line 3| *}-fifi 1 35 41K - - -
1| i - 0.0 | 00] 00| 0.0 00| 0.0] 0.0} 0.0 2 | 1.96sec.f%| 0.613G | 0.677G | 0.0405
2 | 1.96sec.#%fo.6136] 11.3 | 1.3 o0 | 75| 26| 26| 00| 1.7 3 | 2.329ec %] 0.613G | 0.694G | 0.0717
3 | 2.32sec.#[0.613G| 30.0 | 22.5 | 0.0 | 17.5 |562.5 [337.5 | 0.0 {300.0 T 2 56eec % 0.6136 [ 0.01G | 0.0873
4 | 2.56sec.#]0.613G] 13.1 [ 18.8 | 0.0 [ 10.6 | 19.7 | 28.1 | 0.0 | 15.9 S 37600 ] 0097 [0.419G | 0.7as7
5 | 3.76sec.#)0.097G| 41.3 | 0.0 | 0.0 | 13.7 [281.3 | 0.0 | 0.0 | 93.8 -
6 | 3.94sec.t%| 0.355G | 0.419G | 0.1635
6 | 3.94sec.%[0.355G] 0.0 ] 00| 00| o0 00| 00| 00 0.0 - o s Toasc o
7 | 4.0dsec.iz0.355G] 13.1 | 0.0 ] 00| 44| 61| 00| 00 2.0 4. 0dsec. ) 0.355G | 0. :
8 | 4.16sec.[0.355G| 18.8 | 0.0 | 0.0 | 63] 7.7| 0.0]| 00| 2.6 8 | d.16sec.f%] 0.355G | 0.419G | 0.1822
9 | 4.56sec.%[0.355G| 37.5 | 16.9 | 0.0 [ 18.1 [ 625 | 56.3 | 0.0 [ 39.6 9 | 4.56sec.f| 0.355G | 0.710G | 1.2150
10 | 4.76sec.%[0.355G| 50.6 | 18.8 | 0.0 | 23.1 [131.3 | 18.8 | 0.0 | 50.0 10 | 4.76sec.fk| 0.355G | 0.419G | 0.2386
11 | 4.88sec.%[0.355G| 71.3 | 37.5 | 0.0 | 36.3 [103.1 | 93.8 | 0.0 | 65.6 11 | 4.88sec.#%| 0.355G | 0.468G | 0.4428
P RHUENL 36.3mm BHCENL 3.632em
N\
[EAA
10,900
3
B=10cm C=0. 22kg/cm?
B=60" 7 =2 68g/cm?*
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BEERICBEWUL, MESE (H) #35m»52.5em > &< LTT%25emE T5MEHEEAEA ()
260°, 50°KRU45° L ZALIRIGEN T — 2 #1372 (RIGIE (b) 1310em), &2 DEBRAERIIR — 3 ~13%
£-1~15 (HHEE) 12RT
X, COBRBEBRNETE A CTRERTEIT TR LE— 2 ~16 (BEE) TRLTW3, £<13,
ZL4%—HER T, H=35m, f=45(R—5, £—5&E—6)DPALH=27.5cn, f=45(X—
8, R-IELEB-12)DHABHERLKRESTNERERE L > T b, HICH=35cm, F=45DERIE
DISEBIIBIEKRE WA A, ANKEETAEEBEE L )R & 5 ITEEF LU TEERKK, ~K % B
ELl, HRLEBRPRECRL>ABRE LT3, EFTHEERD HRERERZEE L, THED
b (K—11, 12) ZDEZICH T 5 K AMEMBEMEERKIIRD T 548, RI—131ICRT & %
FIRBRIE (IE5LIK) AN DBRORERD &5 CHRICRRAMEEIHFETEY, 2OREFLICLZD
THPFELLHI, BEHERREORELBEVELLNEEZ LN, 72, ARG TEREITL -
RHBATOIR -3 (B-1:K-2) tM—4 (R-3rLE—4) DHAD L) TERIIA LMK
RELLRERER,
=7, BRLEBRVELL—HERLAICBNTL, 13L& -4 (R—9) DOBA, BREMEMEE
PREK130.92G L % 1), RIARICK:, =0.60G, Kes=0.90G & 3 BB % & 7 FAEEE & Rk LY
/2o INHDKATEY THEOB A, FHBRICFSTEEEI LN, TNIEMERQ) Q) LY 1k
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