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Centrifuge model test on the earthquake performance of
culvert longitudinal direction considering the embankment type of the culverts
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In Japan, precast arch culverts are in common use of such as the construction of arterial highways. This is
because precast arch culverts are superior in appearance and are labor-saving. However, precast arch culverts have
suffered greatly from the 2011 off the Pacific coast of Tohoku earthquake. This disaster has motivated experts to
reexamine the seriousness of grasping their seismic performance. On the other hand, damage to the mouth part of
culverts and to the culverts themselves seems to be related to the inertial force in the culvert longitudinal direction.
In this research, we conduct dynamic centrifuge model tests on a model embankment including precast arch
culverts, focusing on the influence of the embankment type on the seismic behavior in the culvert longitudinal
direction. We observe the transition of the working stress on the culverts and of the embankment deformation.

1. [FLC®HIC

2011 FITRELLERAARELICEDVE Y &1 EBRT—Z
AT —F AN — FRER L, [FIREEY) DOPKE A Unit: mm, () means proto m 287 (14.4)
T = X LOFFANEERREE oo T D, K . 287(144)

e, W L OB Dl s 2000

(T VR — MW T 1R) (2B HEE SN &2 5% 1) 72 &
EZzHNTWD., F2T, AHIZETIE, ok

100 (5.0)

T—F N — R EELELERELT, I
N— NG OIRBRE AR TS 2 L A I
2, BLAEICB T R TIRICER L, BImR
eV ey DR U b W VYA C NY )| - M - Ki e <4

Bk S LT 1060 K2

2. mIDERIEER =) Laser displacement gauge [ Accelerometer
ARIFEERTIE, 12077 50 G 2BV THRE & 56k () Earth pressure gauge

ZFEE Lo, BRI, 5.0 m DA AR, Unit: mm, L = 287.5 (14.4)

3 b VAT —=FHNN— N EGTRE SR O:prototype scalesm o (48) | 108(54) | 845 (4.2)

NS L L, B ICEREEOmIEE, &1 oo

(LR —AZTNLHRT Masking tape 80 (4.0)| "
ARFEBRTIL, HLOEOR LIRS EE IR OIR -> = [20(L0) =

BRI RIE T B2l 2720, R1TITRT Mouth wall ; 1'1

ATEORR HIE TR ERE L=, AR, > . m

1Hz, 20 D7 —/"—fF&EfEE 2 H\We, 22 Reinforcing  Culvert Invert type foundation/

T, 07 50 G BT EE LA % STEPO & (g’g) member = Gel shee

L, ZDh 1 AT v 7 T LR RATIINEE % 0.5

mis2 TR L, R ARASINEE % 0.5 ~ 5.0 m/s? | EERKERI & 5HBIIE B OBIRE
ETHEH 10 AT v IR L 7.



3. EREROFLD

AR T, BLOEREORIFE & L/ —
N DI D DD FRIED & HEW 5 17 O IRENVRFE I
AEERRWIAINDS 7 ot = RV O
RTIE, FRCRUBEN VR e M2 1 TR L
x5S,

(1) BLOEREORRFEAL

2121%, STEP 1~ 10 (Be R A1 IMEE 0.5 ~ 5.0
m/s2) |23\ DEEm OEREIHE R I L OVEENE S ©
R b R

2(a) X v, BEMEIX, Case-l ZFR< & TD7r—
AIZBWT, STEP 0 (E.007) 50 G BIEERE) 225
0.20 WREEHLAE LT 5. 72720, IHRAT v
BRTRD &, &2TOr— ATV TCHEEREIL STEP
AR RNMHEE 2.0 m/s2) AR I ZHAFR] =273 B e (23 K
LR, ZDO%RITIFIE—TEDOH G CTHaE RN EFE
LCTIT<. ZOMEEICOWTIE, EEIEIZ OV T
LR CTHD. T70bb, FEKEI#ko STEP 10 £
T, BTOFr—AZBWT, ELoZBREIZIES
HHTRZICERE LTI 2 ERbnd. K7 —
A DRAENEZ DA &ICIEET 5 &,

i85 : Case-3 > Case-4 > Case-2 > Case-1
JBEh & : Case-4 > Case-3 > Case-2 > Case-1

DNEIZENENETEPRELS RD5/MRERoT.

Case-3 7 Case-4 DO¥EIFZ L[E15 A%, VEB) | 3aE
HOWATBEEEZ EWT 57280, EMERICIE T8
0 AR T DI DIV CRER D2 & b BN 5 4
Rrhpolztnzb.
(2) HvoN— N DOISEINEEE B

OEN, MEOERKRIE L v — R DIREM
HWEDERIZONWTERT L. ZITEHEIr—2*
TRELEENEE L TS STEP 7 RKATIM
WEE 35 mS)ICEAT 5. E3ICiE, EHHEDOA
JINNEEE \Z%F9~ 5 Ring 3 OIS NINEE O @ i % o
T 22T, WBEMEEOCIEAX, M1k
fRZxzEET 5.

£V, Ring 3 DISEMEOIRIL, Case-1 >
Case-2 > Case-3 > Case-4 DJE & 72 5. Z Z T, STEP
7 TIX, &7 — ADOHAfEE)5, Case-1; 0.90 %,
Case-2; 1.92 %, Case-3; 2.74 %, Case-4;2.35% C&H
v, Case-3 > Case-4 > Case-2 > Case-1 DJIEIZ K& <
5. OFV, Case-l & T Case-3, 41T K&
SEENERLTWDL—FHT, LA —
kN DISENEE L Case-1 LV Iz b TV 5.

L7 o T, IBEEOANINEEICE T D728
FH2b00, BENRKRESEFLLTHDHIRET

b, VLAMIIC—ED Ly i 2 & T, AN
— NEWT T T O HEREN ) L CHLRERD LS —
N DISE SIS B ATREME A m VW E B X BN D.

LI b X0, el m OBV RIZ T 8T,
BEM OZAL B TIE LY OREZ IBAFNMEH < 23,
TN — N DISEZEWYT D L9 L THFNE
< LEEHTE D,

Wall Displacement
Positive

Turnover rate: R
Ad = Al- Az
R = Ad /Hx100

Amount of slide: S
S=(A+4r)/2

(o]

~

N

Turnover rate [%]

Step Number

(a) Enfe|z

'£'300

Amount of slide [m

Step Number
(b) BENE
M2 EIDEBEOREREIL

o 5.68 m/s? — 5.57 m/s?

2 AR 2 B ERER

E 4l E 4l Vi

5 5 ‘

- % g [ %

S ol = 3 o £

g P g 2

PR . T -

§-4% ) — §--4% p

2 Iz P Py i O I B

o - 0 4 2 -4 0 4.
Input acceleration [m/s] Input acceleration [m/s]

(a) Case-1 (b) Case-2

— 5.72 m/s? — 5.77 m/s?

Z FRT T 140 L2 [ T80 T 14T

E 4l E 4 7|

5 = N

g [ g [ %

2 0 S ol

g g &

IS+ — [+ — ~

2.4 4 2.4 PR =

& leiil | 1i 8 le il | 1i

g -4 0 4 @ -4 0 4
Input acceleration [m/s] Input acceleration [m/s]

(c) Case-3 (d) Case-4

3 Ring 3 MIEEMERERE (STEP 7)



