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A NUMERICAL ANALYSIS ON IMPACT RESISTANT BEHAVIOR OF WALL TYPE ROCKFALL
RETAINING-WALL WITH PILED FOUNDATIONS AND USING TWO-LAYERED ABSORBING SYSTEM

JIH BT, F e, S0 AE™, SR AT

(T Mty 2= 7Y v 7 BERe (T065-8510 ALIRT R AL 18 458 17 TH 1-1)
O B TR B Ak R T LA TR (T050-8585 ST AKILET 27-1)
TURE (D) SEH R ORBRRT BT SHBRGEF — 2 (T062-8602 ALIRTH MSEX g 1 463 TH 1-34)
e (D) Mt v Y =7 ) v 7 B SRR (T065-8510 ALIETTHUXAL 18 43017 TH 1-1)

F—7—F :fiftg,

TR LT, ChRROTRE, AALHE

(Impact , rockfall retaining-wall , two-layered absorbing system , piled foundations)

1. USHIC

ERED S UEETOREEZ MR T 2201, BH
Pl (LB, HERE) SREINTWV B, BlEE, ¥
BEIVELONIRAE D c -0 X, itk 2o ag o
R n/-Witk L RE L, BFRDMEI k- CHREICE
HIN BT 2L X — & HEHbE O NEISE = 2L
X — D3 & 7 BAKEEME L OIESHTFEIND b
DELTHEIFINT VS, 5T, HELEICL 2|
iy 7)) — Mo T RERE DS —RAVICHV 5 1T
V5,

F 7o, AR RE RS RICRAN SN T
BIEDEMEELRSTVWARZ DS, XTI
MEFTE WIS &1, X/FH»MEgETE
IR CHEIL, RELRMELE S 2 THESD
HZLHAVSENTWE, L Lidis, NI EER
HEWRO DO MEEDME VA, ZoMEERE
WEIL 20 o wnz ik b, SHERE RS
INs.

COXIBT LN, RPETE, RHANEROIEH
EOHEELROHRTHEELT, B=11KhdL)
WHBM A BENETIL B, 7—-F v R HRTT
TN AN 2 | & U CEBMER 2o v 2
) — MRBE TR AT 2RI BE R (DU, BEX
HERR) L, VRN S REE OB CPIAEER O HIE
2hUNRIZT 27012, #FHH 6 3BFE L 2 GBS
W2 LHHTAITHEREL, BiTLA2b0Th 3.
I, CRRREGE L 3REM I RC R, B
FWAF o - (LT, EPS) M SRS, R

35

. AR
BREREREEE
| B
RCHR(ERB#)

/ EPSH (ZE#H)

EE (i) 8 L (54 ) 48]
H e K

B— 1 BB o g

DY 2 TR E R B 2R 2 A A DY TRIEL
L72bDTH 3,

AUFFEClE, wiho X 9 i R ATHG & Lk s
AL &0 EATEREOMAEZ Hivic, 4

BHHERY oMM OV TR 21To 7. Mt
Bk, av 7y — bR R TR I L o
FRATHGE 2 30 U 7 B s\ A IC B § 2 SRR SRS
Wb, TG & AR AR L 2 B 3
LI 5 ) S A e i
BBy 2 BER & KB B X a2
HET 22 &Ik 0fr) b e 35, £, ZJEREN
W & 3l L 2 W EETR o A o BEZUHEBE 0 3 ROTHZE
PEATRERE T L ML, RSS2 R T 2




@100 4@200 250 450

HEFHRPLUE

J“’J‘

BREXBIM

]

Sl eps RemBERS
4,000 -

wEGNRER
o— FuLRERE

it

8,600

(b) EEE

(c)IImE

B— 2 seladtils @EUHE) OB

BE—- 1 EEES EHANE

AICB T 2 BUEMBITRER L o b T2\, BEAOH
DM T 2B I DLW TL KR 2{ToTw 3,
AFETHRE L7, HHGEE LTERSn
TWwWaES 2m OEBELBORERNAMETcH Y, Pk
BrptA L -EREEIC LT O ABOREE L7

Fiz, MR TERENE L, & bIcRENY

ELT,

0. BAREEBCETIENEEEFESRONE

2.1 RERFE

AFEECIE, 7L —ACBY T o ME
Wr TS5y 77—V THEDRIETRY BV, &
fdEiE e & 2R b BN X o T RC HROBIED (i

8L, EE 2,000ke, EE 1LOm OFMERT
D, fEZEERAEEE 80 cm DERIAIR & 12 o Tl 2 Sl
EIEEHEME T, BREOEIEHELT
HETHEZNTLARLELVWEITHE09H
LLTw3, k¥, AFEEIay Iy —FEEERICA

36

by =BT EZEL TS, BE-1
I EBRREREZTL T3,

FEICB AHEEE I, BRI THBRD
T Ay — CRIEER (B 1,000G, SEREERE
DC ~ 7 kHz) IZ & 2 S8R EIIY, HEEERRICMY
MBELZWE ) ICHFINEHRICIHEA D — P2
W (RIEF 32 mm, BE 9.8MPa, BERFEHDC ~ 1
kHz) IZ & 252 E RIS NFEETH 2. o DE
i, KA 7 Fu -y L a—Fic—iEINERL,
AD B0, FYHEICEREL Tw3,

2.2 BBRIT—X

BB L HOWTHEETSZZEE L. 207201,
PR QRN IR, EH L T4 ST 2 R
Y 28\, BEEI%2 H=2m, KKEE IO
DOEEERY ZNFNB=04m, 1.0m &L, PEHIEE?
HAENEEE D CTHELTWwR 1 Tuy 7oR3

LA

WHEHIZ 50 cm £ EPS # % v 2 56 % FEARRERR
t L, BEHBEODKEER 4mx2m & L TEES
fIoTw3, RCIROBHREE, BELIMOFEM L%
10%E L-HEHELTwS, B—212id, ZEE
RS % %E L 72 BB ER O TR B & Ol
ISHMER D — Fe VORERZRLTWS,
Ky — 213, R=1KRTL67—RAThH5. &
R 9k — 2 4413, B8 EPS % (cm), 2K RC R
JE (cm), HEHEEZEEE (m/s) 2 ZNZNE, R,V DOl
HEBOBICHEL, IN6E2ANAL TV THATELT
W3, hE, {KEBr—AICBWT, ZEEHEE%E
R 9 2 5304 (BEPS #4, RC RR) I3HICREEAM 2 R

SEEZHVwAZEL LTV,



F~ 1 Rgyr — 22— @FEREH)

- EPS /& | RC S | RERHERE
K — A (cm) (cm) (m/s)
E50-R15-V1 1
ESO-R15-V3 3
ESO-R15-V5 5
ESO-R15-V7 S0 15 7
ES0-R15-V9 9
F50-R15-V11 1

R—2 MBI — A8 (MERHEEE)

EPS | RC |Hfmfli%e|
et | M| I ~i§ﬁfﬁ
(ecm) | (cm) (m/s)
E50-R15-V5 5
E50-R15-V7 7 =)
EsoRi5vo] 20 | 1 ;
N-V9 &

B UHEEE R T S RERITIRE

3.1 FRTETIL

AWIE D BUEFENT I IV 7 WG ENT 7' e 7 L,
AT R I R SR % Vo 2 SRR 0 B IO MR AT
FAWL 2 — ¥ LS-DYNA(Ver.970)> T% %, LS-DYNA
1%, BOEYORETRIE, Mo & IFEIEE & ol
FEE L OFoflad TN T 3 TS L% H
W3 IRk ) IR R BT T 2 2 L0
BRI ST~ FTh 2. B, KEH
a— Rk, EEARRSRLESICEE-D S BT
X hEBEES 3N, ZoEBEE, Courant DETE
SMERERET LI ca— FRTREINTVL S,
R— 2 10 3RED T B MGG & VAR O L 7
B RPN (DLB, B RESUMEEE) BT B MRAT
r—2—EEIRLTW5, BT —R&, BHETL

m/s BLO JEREMEEZHEL BWEAD V=9m/s
DAT—RELTWD, BROBNr—A41E, ZFE

J& EPS M (cm), FEJE RC [RE (cm), FEHRMATIEHEE
(m/s) #FNFNE R, VORILEOBICHRL, &
NnexENL 7 THRICESO-RIS-VS, VT, V9 EFEL T
W3, F, ZTEBEEEZHRELZVESICOVT

BN &L, WRERE V L EAEME (m/s) 2 HnT
N-V9 L RL T3, .

B — 3243, AEEITICHVZEEREE LT
RC oG 2R LT3, £, BE=—412F
HIBYEEFILO—H & LT E50-R15 DEFRDHEIR
MERL TS, ()~C) BHiZ, zhFnaER, ¥
B ook, EHNE X CWimME2 R L T03, iR

37

\ERED AEDHYD R EPSH  RCER
avsy—t avsy—+p
4.000 = 800 500 §g}
D19 .2 2 LS
(e D
% ﬁ =83 E m
1 [ il lQ. 8 P=) - o
I N W Q) 3
' V[ (=3 oi| ®
T V[T (l{i A @
H 1o Ho
1 L TO% = T
= Y 100 600100
R & | s
SEEH \(¢iogmm,t=9mm,
——— L=10,000mm}
400400
EmEE B R
(a) BEEERIK
CL . e EPSH RCHR
I&iﬁﬁh&érme 4.000 ) 800 500 §0
p T =]
f el )
i 2 o
ot - o : ( o
=k & S| 8
Q) i 8 ol L -
1 1
| 5 NI IR
9@200=1,800 ||8@200=1,600l50 3 o 2@75
| 1501|150 150 et
! 100 T
L
EmEX ¥R
(b) RChR

B—- 3 RRaimR

WEF NV OFRTEIL, EFy — R LERICHERR X
H=2m, BEE% B=08m & LR TH 2,
PEREIER L, MEY oM HBE L TIRIKET IV
fELL=40m & LT3, HHEEEICIE ¢ =400 mm,
r=9mm OHFFEMEZ A, Mo2EIX 100m & &E
L7, MOBRAIUEZIZ, ZNFIEEREIZ 1.8 m,
EMOBEERBRANI S ICiE, P LMD 5 500 mm
FTEPEDaY Y- RBEL T3, HEOMEN
SEHISIC D WU, B0 A AICEERE LY & Rl
10.0 m, WIC&E200m & L, HEHBOEXH
PR OfENTRIPH I, PLEEEEE A2 S 100m ERE L 2.
¥k, MERMEZRAIE, TREBIRRE IERER T — R LF
BTH3s.

AT E 7L OIREERE L ORI S EUE, ESO-RIS
DYETZ NF 48,009, 52,220, N-VO DA TZ
NFN 40,086, 42,628 &2 ->T\Ww 3, AEbfEN < H
WBEER, AN S MiAD 3 RITHEFEETE

i, “IEIRREEE L 13, RERTE LKL
T3, BHEEDAGREETI 4 A6, 3 RIEH
PRI B L C IR SRHTREE £ 0 L EPS O WK IC 1
8 miEiE A, Zoftix 1 Sfto s LTw3, HE

%. %7, HEHE— RCH, RCH— EPS#, EPSH—
PEEEAR, PRRERA — JLOEHuAR, SN — FETELAE,



N mEE o3 SR IV R —

o } (@27 )—F
8 I HERK | A7V | EARE
) HERIE | Gpay Ve 71(MPa)
E GroE A& s o
’ RC kit 0.167 -
g e (& 25 -
N (b) it
TR e | TERL | #7 U VR | BREL
ARV |k (GPay Vs 6,(MPa)
345
- 206 0.300
20,0, a2 -
X I2ETFILEER o0
e : o (c) EPS
{a) £1kK Jrr-— MR | K7 v v
) E.(MPa) Ve
EPS 2.20 0.00
RS (sR2ton) (d) EBEHLAR
pai Ty TRy
JETE N p BRARE | B7 Y v
(kN/m3) | Ep(GPa) v
iR 16 0.04 0.45
ke A 21 1.20 0.40

%%#i%ﬁtfw .m%@ﬁﬁ%ﬁu ﬁmx

mﬂm %H%ﬂﬁﬁii w% Hmﬁm
%ﬁw LB A~ ) 1 URAT O RBER L -k ED &

(b) BEBEER S AR TR D 2 i S FAE L 7 F KL & (0 U THEMERT E
DI mﬂé& ZEICEDfioTws, B, W
- TEERICEL TE, BEOBHRENT Y MBI h=5
(B &2ton) GRARTE L T Z>
g 3.2 MEEFI
R~ 31243, RENRTICAVPEN-EE2 AL
T3, JLEEbECB L i BT 2 iicaflL, 2o

BiFUIARFEE LT g, FHEEERICO W TE, B
HofElE N AT 3 RS ORR HEEE, TR A8 e L
VC;{Z“% L7, %7, )ﬁkﬁ%‘iﬂz%, ﬁ@ )]iﬂ.‘?a & U":F'nn&) 2
_____ ‘/7 J— ML TIREREERE L, S50,
T S BE L C b SRS TR IS I B A 1: TLRVLI
k%Mwaw% Lrh, AR EREL TV

BRI OREINICE L T, % %ET V% mmap

000 2,000 4,000

(©) EEES & UK L L L, LS-DYNA I2F fil3iA s nTo 3 A HH:
B— 4 ZFRAFRD (ES0-R15) EFAD BRMATEZ L E LI

B— 5 I iFAREUEET I W - SRR T — 07
AEFNLERL TS, (a) B IEEEEEAREKS RC R
EPS — L RC IR—HESt#oMicznFniE ooy 7Y — PEERICHWRIE -0 7 A% Z T
% 2z L7, AT@&fJﬂTﬁ_iWﬁHﬁim&ﬂﬁi@U LTwa, ZOEFME, BEOBTH (GHIELT
WS TR BEIEL, HNEED L AR oE T 2 HEeICEE ﬁh@mfﬁ& TOFEET, Z

38



ng(wm@ c mw?;éfﬁ o | (MPa)
. (& '

1 7w Oy

-1500 . / /
E/V e -0.70 -0.55 -0.05[0
-£) Es / £

/ / / / / == -0.22
_ e e 5 -0.38
(@zary)—h (b) #H%t (c) EPS

E—5 #HHOEN—DFHEFIL

OAESERIE S 2 KT 2) 25 v b oA 7L &
BETOITNOHANDIRIGAVPGREL WL H I
FREINTL S, EMHINCT L TR
02 ROFTHRRDIRAZBERIEEL, 0.15%0F &
WEEL R IRETHERT LD EREL TN Y =7
WETMEL T3, RIEHFTIE, BRISHELTE
WEEL £ %, SISRMOBIEE S by P A7) &L
THHERED 1710 Z2{EL T 5,

) B3 IS ERICH WS — O3 R ER
ERLTCWS, ZZTRALEETIVIE, BREOH
{LREH BB L2 ERNBEERETVTH S, K
WETix, REOPZERE O Ic-S% B = E;/ 100
ERELTVS, 28, av2 ) — B XU
BT AR OMELX, von Mises DEFREIZHES
ZEELTND,

(c) Bl i BPS MO HRICH W B — 03 A%

ITHEHERI Iy T VETLE
WAL, HateiaiL b Ao nRElTcH 2 5
B § BREFOFHERFIE 1% 0.11 MPa, 55 %07 Al
DIEJ1% 022 MPa, 70 %03 A DR % 0.38 MPa
LA PYYZTPHICEFTIULELTW A, 8, &
RHC I HEAT R OB IIBERE TH 2 22 MPa 2 EFH L
TWwb, £/, BIEMEA Y PA 7 MHEEIEHELT
FEAPAREEZRE L T 3,

B, a7 U—bBIUEEO VT AEEIRS
DFRIMMEBIREIIZE L TR,

4. (REEENEEXNOFBICHTIEFTNBERS

ok, TIEBITRGG O EPS Mo & i
EEEnsiliEhoEROERMIcEL T, FiE
RC ROBEEH T O - 0 DIRIZOTEFE i & L T,
ik S psERA L - S g IRhE
T HRER D BTk oL Z FiIcikon gt g

39

fioTwz 3, FThbbt, BAPRCRICTET 2
EN & o THAET MR % KA 2 o HEE
L, %3 2oNEc L > T RCERWETHT 2L 0
LR L TWw 3, ZHIic kD, YWEEPS MDA
NEFNF—E, FROMEITE E RC RO L%
Ffie $2Z LK DWNERE LS, i, [FEEH
W ZDOASIT R LX =234 T EPS M O WHEET
WEDRINZINZbDERET D LICLY BB L
BTE3,

FHH O OBEOWEBM D IcHI VT, HRNR
BEEMBENHEORNEZRT E, D IEADRC IR
{EH ¥ 2 I KIEARITE 11 % Hertz O EMEBIGRICHE-D <
REPHER S 2HEARICL T, 15em JHED RCARICET
LHBRHICRIE L2 AP LD — X 0EEE A =
6,000 kN/m? L {RSE LBIET 5. 2) &I RC IR {EA
T 5 AT O HENE, B=— 6 127 ¢ BRITE S
WD & FlE RC W2 T B DM R D O & % %
JELC, BRATHERE 12 ms IR L KE L BT
15, 3) HE XN JIKTE RC ROETY 23441 T &
5EREL, RCIVAFZATEZ IV F—2HIET 3,
4) 2 OB 2 V¥ — e TUM EPS o BHEETE
W& o TRIN S NPEREREKICEE I N D b D ERE
L, Z20ORE0OUEE EPS MOWEBIIE % HET 3.
NDMEREMIE N & % %, 5) (RT3, 318 EPS
MOBEMTBE 2T itk ko 2z, B
RIS AT 2 HUEE, TR S A =2.0m?
EREL TV D,

-
—

5. RERREBITEROLER

51 EEFERENEEXNOERM
ZERRMTRGGE D FRIE RC U (B 5 I KSR E
7, 2 v 7y — I EeltE 2 Gl U7 A
REQIUFHATIE, IREHIEEI Y 12T RC RS
15cm % LT RCIRD WD £ 5 — X DEH%E A



—— RERME R (EhABERE) ------ fRHTHE R (B2 xUHEEE)
1000 1000 1000
957 kN.
2 800 800 800
= 600 600 L5527 kN 600
£
R o
%i" 40 400 i 400 ’;::;,,\: |
g 20 200 c 200 \\
H‘mﬂ 0 e 0 2 0 5;1 NS, —
-200,3 0 25 50 75 100 -2003 0 25 50 75 100 -2003 01 25 50 75 100
B (msec) BERE (msec) BERE (msec)
(a) E50-R15-V5 (b) E50-R15-V7 (c) E50-R15-V9
Bl— 6 HEMEMTE N (E50-R15)
1600 Y, EERGEOSAIZ, HEGHOERER D D%
2 1400 =’ DINEWI T Z DIRIELSSEIHICB T 2 iAo 12 B
= 1200 = T —F L ) PR IEEANEHE L T2 oo
leo S - L, EVTR R OSSR OB oL i
@ 800 - & ® L 72 B DINE R ORI R RMED 1/4~1/3 BEIC
b P — 3 ! H N P 1 B SR L L R <4 58]
& 600 NN I EPrre— @QP%@&@&LI%@%&M&E%TEMLTm
K400 g B B FRATER EREE) | e IR~ L T\ 2,
B e T oT, WENNOFRMES D SRS W,
I — Im“. A A FE & i = & - - )
0 =020 %0 8o 1o0 130 140 TSRS RC ISR T 3RICHE L DTH

BEIRILY— Ew (k)

B~ 7 I KREMEHE) EHELRLX—
OB (E50-R15)

= 6,000 kKN/m? TEHMEATEECH 5 Z L H S I o
Tw3, ZOENAGEEIC X 25 M Ak s, ikl
HER L 22 R O FRATRG R & il 9 5 Z L T4
AT a T2, REBEERXND IR0 DLD
WKREN 5,

P, = 210812553 *w/3 (1)

22T, Pyl KHESEITE kN), A EHE EPS Mo
MR 2 L 72 RCIRD AL T D F7 — X DEH
(kN/m?), H, :EAOBMEETHS (m), W: BAHD
T EN)TH 3.

B — 6 1ciF, E50-R15 281 3 EHEEEIRIBICD
W, RERFEHE & OIS IR & S8 E B 1 i
LTRL T3, BEEEHEEE, BRI EEE
HERUCIHEL T3, %8, BRI EEERRR

ORI RO R ER 2 KT 2 &, WiH & b Iz
PSR AIDEMEZ TR L, HEIH» 5 5~ 10 ms A
BERBEROEBRL Tw3, 2B ERER
IR LT3, RGO EMER D D%
WKOWTIRMETRELZERER LTS, T4b

40

D, ZOHOHEMAEFIE RCROBEEICE 2T 2L
X —RKIN & & b2 BPS M O BIEEZICHE D BRI
ko THELLDDEEZ NS, EKGREIC
DL TE, WINRLITEEIETROWERZ KT Y

G

KRIEBEMEICEHT 5 L, MR RIS R D 60 ~
80 % E/NX {RENTW B, BAMTE &ML
PLTWVW B,

TN EHs, TIEBEMERREL EHR
5h, EEERB LT
FEAIE R o e K SRR 18 X OHrZeeH o & R
SRR OIRIGERIZ B2 2 b 00, HEKERREE
F O KESEE HFRERAZIZFEHAKR T2 &M
BH & oo 7z,

B— 7 121X, E50-R15 2B 2 EEHEE X OB
AL R REMEE ) LIREEEN Y I X 2REH
WP, ZHEELTRL TS, KNI, i iz KEE
Bh%, BicliRs 2 V¥ —E, ZloTEEL T

e

DRDTWS, 222, M, ZEIFER (kg), V IZH
FOWMERE (m/s) TH D, &b, FRIIVF—
DY E, =81kJ ¥CI3, HEREEVREM P, & WRED
lAE2RLTWVEL00, BTHERTIZEEMP, D70
% BREDHERD, 59— ADEH%E A = 6,000 kN/m?
ERE L 7 IRENE S O BE M Py 1 HE L TR
BWNSREE R 2HAEDBIPVIE, INo6DT E



EHAEHERE : 10 mm/min

0.4
0.38 -
— HRER
03| — EHETL
=
[
2 0.22
R 02}
)
0.11
0.1 FF
is 55
0 10 20 30 40 50 60 70
VIH (%)

E— 8 EPS M DIt — 0 AER

o, FEERCIRICERT 2R KEFHTE OB EM
P, BRI DL RE{EMEmI N3 HAICH S
LD B,

—

5.2 (REFEIHENOBMME

7 AREMHE N EER D IOV TBIMT 3. RC fRAME
AR RLX — E, &, KHEMEELE P, RIE
RC RE% b, £ LTRATHEZONS,

2%9.8x0.012%
B = " agmm, @
TSR RGE X, FICRE RCIRTHEASIC & A1
WhHEP oMY, BE EPS M TERB I 2N ¥ -2
IS 2HEE & 2> T2, HFF EPS #1%, 50 % O¢
AEE TOBHEIH DI 0.2 MPa BRETH 3 Z
L&D, RELBHAIEVIPGETES, T, XE
RCIRIZ, B NICK 25D 0BUERIIHETS D
DD, HAVHET A e, WEHEELOHME
¥CEPS Micm# & 2 HEE2FERFL Ty
ok, EEERAEEICH W BEPS M DR —
O ABRIE, FADEE 10 mm/min 128V 5 S
AR LIRICGER T Aot E L, B—-81C
EPS DI 1 — 0§ AR 2T

EPSHMOUT A% e E L TRAD L FITRESINS,

4 /8800—?—‘3: (kN)
le

EW

55h,

0<e<0.05

p= 3)

220 (094+ ) (kN)

0.05<€e<0.55
B— 921, BE50-R15 28T 2 {EEMEDEEICD

W, BRI X ORGSR & S0 2R R I T
LTRLTWw 3, (REMEEIPE, S8 EPS # & #

41

LT 2 BRREAMR RN IR T 2 (ot i858 77 257§
DRI % R IR L TR oD TH D,

2k, EEHE AN IFRCR IR O BB 2 R L
TEY, BEIERELELOEIIEH 5 b O DIERFER
EARIFTE I ER R LT\ B, fa Bk
DWW, FEEELV =57, 9m/s &EBIMT B
Wy, EEBESIZ Z 0 F I Ar = 60, 70, 80 ms FREE & 3
MLUTw2OIx L, MR R ISR IR T T
At=70ms FEECH 205, 2D 15 % BENNT
H5. BEEEAORANICEMICHEHT 2 &, Eiak
B, BRI LD CHARETH 2 2 L5, KRBT
FHEIC & D EEMENPBER S HEARTHZ L0
LHZEIND, NS0 s, TJEEmEE
L 22BN B & VR R LR L 1o,
FRFER R X R KEEITE I IIFRBETH 2
ZEDBHS T,

B 10 121%, E50-R15 081 A f1& 5 & g2 2
N¥— E, BT 2 FEEHERE X OENMER2IRED
EERICKI R LTRLTW S, KL, #ll
Wi KRR ) (AT N8 & MREME ) %, Rk
R RN~ E, o TEHL T3, 8,
E, = 121 KJIZB W T, FEHH R OEEEE 1350
BORAAIC I VIR TH o7, ME D, #ED
BRARGEMBENHER» OB ONIHEM P O9T
MR, SELEZALF—E, ICRLT, 3N Y =
THOPFRSHETRINDG 2 EWRy0 5, £, B

FUX— E, BN VR (E, < 9kD ICBWT, [
BMEOMEZRLTWRLDD, ZOBHEEL LY —
E, DERELELDEMEDEIRKES Ko THE I E
WAL, Thbhb, HRERIRXLVF~E, =121k T
Vi, REEE P IXEETED P, O 13T ET
WAL TWBZEVTHS, ZN6DI Ehb, fH
IXNE—DE,=9k] £ T, EHEEPSHOTAHY

E T LT, #EJgEPS M BERICAST-OKE
LB T2 b LYW XS,

i P 2HIRT 2L, HEZANVF—E, =81k £T
1E, TERE LB S REM P AR OfE %
RLTCWE I EWgh 5,

BLEX Y, EEMERZ, RC OB I
SWHBERICBWT, BITERLREME P RS
HIELTWBZ a5, Ik, ZIEEIRHE
R L G, DUAEEER OF U 7o BEHEE O {m sl
Bhx, REOHERZH V2 Z Lick hFHinIeeT
%O L2z BEREERR I LT b, B
&2 2 EBHS IR0 T,



— XRER EHXEE) - FRITHESR (BE=UHEEE)

400 400 400
Z 300 300 300 A
R 200 /F \\ 200 / = 200 / X\
# 100 W 100 \ 100 ’ \ N
I“l% 0 i Q‘\ = 0 ¢ \ . 0 l/ N
1
-100 -100 -100
-200 -200 -200
25 0 25 50 75 100 25 0 25 50 75 100 25 0 25 50 75 100
B[ (msec) BFfE  (msec) BEM] (msec)
(a) E50-R15-V5 (b) E50-R15-V7 (c) E50-R15-V9

B — 9 (s3T5 (E50-R15)

1600 — BERGGEEZ VR Z LT IS REZ TR L, HE
1400 P B | CRBERRIZRICHY 8 5 BRI R0 T B 2 e
Py e =B a1 Y o
é 1200 e ﬁ BAIEE (Rt ahrs, Ik, TIEBEIEGEE, 8 E SRR
R 1000 & "¢ | 17 SELGDEN | TR E Y B HEEE LT3 2 S A
800 - s iy A=6,000 kN/m?) B ‘
& o0 s EEGEN £
K ool o " O e E= 240, HERITRIILC BT 2 NV B LT
k,,fﬁi [} & DTk B2 g) |,u
IH 200 Hj@‘f” 9 — ExmaEEn E50-R15-V9 @rk#m@# ______ i D IR KL FE AR (T
N FES SEAFZE4%, ES50-R15-V9 1349 90 ms, N-V9 (2 64 ms)
0 20 40 60 80 100 120 140 KBTI BEhSE—EERL TS, K, OO
BRTANF= Bl S GURDBAN & 7 2 & 5 IS5 % B I3
B— 10 JAfftE ) & g oL ¥ — EL, XFRigC ﬂL"Cﬁ;? ﬂaHLVCfJ‘?LTl.ﬂZ).
DI (BSO-R15) &b, = a‘f?iﬂqﬁﬁ i L 20V N-V9 OFEERIN T

W, FEEERSRICEREL SO HESTRS R S s =
k l b, U\U“?ﬂlfﬂi} SR T A IHER LT w3 2 Ed3

5000

— N9 L, ZRGEEITRRGE E BGE L 72 E50-R15-V9 O
g T ERRISVIH %ﬁkiﬁ@mﬁb?f@? DUHIAT: L T Lo
~ 3000 t;‘ﬂ;.}:?bﬁi)‘@_ NS ED, V=9m/is DEIAIC
& 2000 W, IR R R B O & AR AT &
& TN L, FREAGADOAEANZ ML T2 2

& e BB,
0 e S @—1&@@'@?”%@&%?%%;0M%ﬁ&
-1000 Bl 2 REMA %, (o) RIS H# AT 20
=028 s T 00 bwmﬁ®ka%%M7 2% Bl & o T
Bfdl (msec) LTw3, @@4b,iﬂm%L&@imaa_¢
B=— 11 V=9 m/s R 2 HRTES Vv, RAREMESMMLTw 2 E20r 5, il
W (RRATSS MicB T 2 RKEMBIZ, ZIEBMHAGELREL 7
E50-R15-V9 Tl 10 mm WEZ TR B R L
“ _ 72\ N-VO OBETIE 17Tmm TRELE 5T W3, (b)
53 MERRESURERICHY SERITER EE 0, FEREZRIEANINT 2 12 e Bl s
121— 111424%, N-V9 & L T E50-R15-V9 D fiRHTH R DR LML T v 2, —JHEHH % 2
- f?mfm{y Qj](}xﬁ/%’:TL’Cw% EI; b, —P E50-RIS—V9 oﬁ;}éz Li 150MPa &P DIGTIHFE L

th’ ﬂt, #y\j%ﬁf’lﬂ"ﬁ})n’gfﬁ&l_bﬁ‘/’Nvg

! - #“b% ﬁ)f,_rﬁﬁm i, LB B
Bt i i}\? &ﬂfimln";’fj‘%ing%*{Ez'{j(@{Eﬁ/ N 7- BE B BERARADIHE DA 5T FLELEE A~ DT

LTw3 I ENnghs, RRNGEIICEET 2 L 2

42



1.25MPa

0.25MPa

\
VUEINh R E B TR
(@) N-V9

contour
tevel

0.50MPa

0.25MPa

(b) E50-R15-V9

B~ 12 V=0m/s FFIC B} 2 BEREATIRIE 028 1 IS 190 (EHTHS )

40 :
350l O #HLbig o
@ HhiEm
30
E 25
20 o
e
=Hogs 0 ®
L o ®
5 ® 5
0 E\15 E V1 9 N9
ESO_Y\\S‘ ESO_R\S’ E,So“l\s— N
(a) MOBXERE
350 1
o BmEN| |
0re EmmA| ®
=250 e
£ ;
Z 200 i
150 —
R @ 8
2 100 8 a
50| : e
i
0 NERE NERT
ESQ'Y\\S’ \:,50'?‘\3‘ gs\)‘?‘\s‘ w-

(b) B A RDBRKIENE

- 13: PO AL NS X CIEAIEN
JE (RATRGAD

I OWTHIRINT 2 2 EH[gETH 2 Z LS
miZl o7z,

ABRETIE, TRREITHAG L AL G L 2
DUERHRENHEOMTE 2 10, Ji TAAHR
PIRLHERE S XY L TR L K BRI E R O
LD LTI o7, BAEDTEE, 23 7Y -
RS ETHHT 2 G L 7 1 5 D — A

43

it U 72 EO APRRE 0 SIS R &, IR
it & ML R OFF U 2o BE R I B 9 5 3 RO ik

PRI E YT 2l A, RROFEN & R RB LU
BRI Z RS 2 2 Ik DT> 7 7, ©

R FRATRE G 2 JE L 2 WLEE o Ao BE D 3 X
OB M IR IR A AT b FHE L, R AT & 5
L 2= A 0BV 2 BRI AL & O 4TV, BEfR
OPERPHIA~OFEIE T 2\ LT 72,

(1) ZREHEMTRGE % 55 U 7= d =W geieE & X ol
Bk LR U 22854, dEmhi U s X O o ik
RN ISRITEE )7 &5 & QT2 A O 5 S SR il oy Ik 4
DEHERIZE L 2 b oo, FITHEEFE S X O
T KEAHITE N O S ERHZNTIZIFNRETH 3.

(2) TIEHEATRGG 2 3 L 7= TR U B & o e
B LRI U 228y, ITHRAERER R 8 & ORI
T INTIFITHERETH 5.

(3) ZRHRATRGE 2 3% L a, VOMER AP L -
B O REMTE N, HEOWER 22
ZEWEDTHEiTIRETDH B,

(4) ZIEBIRRG 2 BT 5 2 sk b, BULEEA OF
H U SRR IR ISR 3 2 TR ) O FERI o0 &
76T, FABEADEEMTE S H KN 5
ZEDHRETH B,

PLEXb, ZIHE@EMALE O E ROy, aoT

HEicixE U OB s e I AR R o R AL 2 HE

HEETHBZEMNHSMII -, Lk, RED

THEOERE~DOIGH I, HENESICARICK DD

DEHEZI NG,

SEH

1) (fh) HAEER S R 12 F GRS,
2000.6

2) DR, JIRE, SWARE, MEGK:
JEFE TR % R o 72 R 0 B A R oD TR AT AT 2R 5
B & B MRBTRURRET, A 28R, Vol48A,




3)

4)

5)

pp.1567-1578, 2002.3

KOO, JIERE, SEAGE, MEES: Ehkh
b HeRE % — R IR G O R VR EXOTE
Ak, MRS TSR, Vol49A, pp.1289-1298,
2003.3

A AARERS | EARREYIIERGE 2 2
H, HRAREE, 1987

John O.Hallguist : LS-DYNA User’s Manual, Liver-
more Software Technology Corporation,2000.6.

44

6 K

o, =k ¥, MR, T ¢ i

Wi TR S E T 2 RC RO WM RGNS
fEdT, TARFERHE, No.619/1-47, pp.215-233,
1999.4

£EVE, BOEE, IRE— - Z)E R ARG
DEETEHEERDERY, BE THERE,
Vol.42A, pp.1337-1346, 1996.3
+R¥L  LREHE DO - OIREHEE, 2[R
(BRI 60 £F), pp.514-520






