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Fig.1 Finite Element Idealization of Ground-Conduit
Composite Numerical Model.
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Fig.2 Relation between ¢* and Relative Displacement
(4/35 Models ; Case M 18~M 22).
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Fig.3 Size Effect of The Spring Constant.
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Fig.4 Relations between a and B.
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Fig.5 Difference in The Distribution Pattern of Response
Acceleration between The Grounds with and without A
Conduit.
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Fig.6 Comparison of Predicted Horizontal Normal Dynamic
Earth Pressures on Side Wall with Numerical Ones (2/35
Models ; Case M 13~M 17).

RO LD BHBEILEE go() THH LT 5.

PYWD e,
5t g0 (40)
sz%, (B=1,2,3,+) -oonveresmennnnns (41)

ThHAbNB. g0 L ut,2) 2L b ICEHBARHETE
L, AN CEEE &b IT¥a s UT—RE2Z K
W, BERE- FROAEZET ERNEZBS.

4 1 ¢
wWZ,H)=—— sinv,Z-——FF——==| go(He r1t-®
T ' w1y l—h%’[;

+sin Wy /l—h§(t—f)d’t' .................... (42)

T2, hEIRRERTEEE— FOBEEKTH Y,
wn 13 (16) WWRUEAAESN TS 5.

h1=%<£l+190)1) ........................................ (43)

A (42) OBOEWBEORKIE B > T, Duhamel B
7% N (Q—h) TEIS 1B go(§) DEEILER Y
PSSy &R B EDLEERE- FEEEMNORKME
i,

|2, 2) lmax= (4/m1) Sy sin (RZ/2H) ++++++-rvverves (44)
7B BERS P TRARSKERSIZED 2&9
NZERTZOROLYIC (z+H) EBOZBHOE, E
REANITHT BR (10) TEZLNEIE w2 1234
BUREDERD. o DRODOICERER T 2,
Sy ZBNBENLYOERBEREANRS MLEThid,

B2 N1 BREBE ko 1T L T, ERMBOHBEEN

I8 w1 (2) IHEBEATITIL TR TE2 NS,

_ 2T . T
ul(z)“n—;kthV'Smﬁ(z+HL) ................... (45)

CASE. MI8 ~ M22

o N
£

i

s a

Bl -0
A
—o—-1] &
—-0--0B

664 --—m---0.]

g ———l
3 | PrORO: )
E| [ THeoRY

E L
80 %0

Fig.7 Comparison of Predicted Horizontal Normal Dynamic
Earth Pressures on Side Wall with Numerical Ones (4/35
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Table 3 Numerical Models for The Investigation of
Dynamic Shearing Earth Pressure.

Model EI oA al b Hi B
No. | (Kgt/cm®) | (gr/em) | (cm) [(em)| (cm)

M4 | 52080.0 | 6.3 [15.5[16.6] 66.0] 1.0| 1.0
M5 | 26040.0 | do. do. | do.| do.| 0.5 do.
M6 |104160.0 | do. do. | do.| do.] 2.0| do.
M9 5208.0 | do. do. | do.| do.{ 0.1| do.
M10 |520800.0 | do. do. | do.| do.[10.0] do.
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Fig.9 Relationships between Various Moments generated
by Various Dynamic Earth Pressures.
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Fig.10 Comparison of Predicted Shearing Dynamic Earth
Pressures on around Conduit with Numerical Ones (1/35
Models; Case M4~M 6, M9 and M 10).
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Fig.11 Comparison of Predicted Shearing Dynamic Earth
Pressures on around Condujt with Numerical Ones
(Prototype and 1/35 Models).

O ot i a]® @rtme e o =0
TENS. ©
M5 M4
* =05 010
rTej° .
T T o 3 5 @
co® }L)/
MP.
® M —— o o TTer N—
\.\La\@ M0 i e
M6 N P=10.0
n=2.0 ol ! \
o [T Ly

A : 3
i |®
-]
B SIMPLIFIED  THEORY

7 NUMERICAL TEST

Oned

Fig.12 Comparison of Predicted Vertical Normal Dynamic
Earth Pressures acting on The Ceiling and Bottom of

Conduit with Numerical Ones.

ULERT 7 FEZDY/BALETVIZONTDRA
W+ EOHERESHEERERELSNTRLIZON
Figlt T 5. MprosBHarniby, tANSLE
ORAEZVITNOBEBIEEAE—FL, BHWNALS
RIEEALT 2 >N THHERSD D 5 Mic LT 2148
AH—BHMLTVEENZ S, HAKELE ISFERMEIH
EERELIVR2ACFHEEATVWEEAZER L, £
EECHEE LR R L TWAHE VRS,

Table 3 12 R U EBEFVIZO>NT, ETRIZIER
TLEBTEOHEGBELREERELZERTCRLAO
MFigl2 T 5. KrosMohikzsbsn, BRERZES
EAE—HL, HREOHHERIIBERREDCEIRFE
RRIZENHEDEL>TVBENZ S,

I

193



M5 b OMERETH OHER D

8. #& B

LEFREENTALLTOLS TS,

(1) F7roRETRUHEBEANADSERa
REHE S 2 — AR BEL, ZORUMAMELL /2.

(2) 7 EHBOBENEMICHET S5y MiEE
OKFESLE B 5 EFER I, LWEPSEWZ S
OB E 2 &Y BEAEARORESE OSBRI F
B T—iciiice s 2 & 2R UK.

(3) Dbz koiBREIZE T 557 MIBEOKATE
BT E %3 52— RERIFTRL, TOFHEDLK
BEU 728, BRI HBENINRES AN T BHBERD, £
DFETLE AR bV E BN THBRISESIRIE 2 534 %
LR LV TE .

(4) Lo AMHNEEESY S FOTFE LS
F7 MEEOHBENORY Eh e ST FOLBEICTE
AT 58 AMBTEOHMREFEL, 20U EE
LT,

(5) LETFRERY 2ESHLEOHMNEZ, Zhn
EMOTETHEMREL, BEEDOE— 4 Y hOHENE
MIZESOVTHEL, FOMMLRIEL /2.

(6) Dllhiz&odhsy s ViZ/EHT 2281 % 5F
ffid 2BmAEmMITEIZENZ S, ‘

B & AWRECGRERERAEDE (FEES
02452193) I VEITFLIBOTH 5. Fiz, FEESE
BRitBIBERET -7 O, BER_-E (s

THIRFT) I, FI2E— A ¥ bOSIICE, NEEE—F (KK
BMHE) REROITHHETE N, BE T, ZITEL
BHOBEZELL.

& £ ¥ @

1) EHKR KBTS v 7 QBRSO A & BT,
TARFERIGREE, $2735, pp. 1—14, 1978,

2) YBEE— - BERDE - B8 L EEFHMFEEDOW
BEEhicBT 2% (20 1) —HEAREEBIC L5
8. 57 FROBWGEDERA—, BHHRHIEFFIZE

4, No. 383023, HEFI594E2 A.

3) BMER - WERS - AESER D RKT— Y VITERT
T ICET 2 ERIREER (B8 F23@E+LE
IEWRRERSBESE 2 57RO 1, pp.839~842, BN
634E6 7.

4) YrAmEE - K E B - KRBREBIT - BUET D AWEHAR

A NVEET HKRELTOBEREIER & BB,
TARELERE, No.428/1-15, pp.183~192, 1991. 4.

5) ¥EDEAT - KIRBR b 5o pUBEEH - FICB T A E
ERAMREY, TREREEE, No. 432/ 1-16, pp. 155~163,
1991. 7.

6) WELT - KIEBR  BEFERIC s 52 FoBry
KB T E DM, +AR¥ELHCE, No 432/ 1 -16,
pp. 165~174, 1991.7.

7) Goodman, R.E. (GRHF¥E— - JIIARKE - KEEZHR)
IAEEEROME T, FILHKR, pp.250~256,
1978.

8) WWE ¥ @Mty aiBoER, LEER,
19-8(162), pp.7~15, Aug., 1971

(1990. 6. 4 1)

A THEORY ON DYNAMIC EARTH PRESSURES ACTING ON
UNDERGROUND CONDUIT DURING EARTHQUAKE

Hiroyuki WATANABE

The normal and shearing dynamic earth pressures acting on an underground conduit
are investigated with the numerical experiments carried on its 2 D-FEM model of re-
duced scale of 1/35, 2/35 and 4/35 as well as prototype each of which rigidity and unit
mass over the cross section, except for the prototype, are variously changed.

A theory estimating the factor specifying the rate of shearing force which the conduit
bears is derived from above numerical experimentals. The spring constant, which
should be multiplied to the difference in displacement between the conduit and ground
in order to estimate the main part of normal horizontal earth pressure on side walls, is
found to be able to be estimated by the formula of the spring constant for rigid rec-
tangular footing on an elastic half space derived by YAMAHARA. With the above
two parameters a general theory specifying the all normal and shearing earth pressures
acting on around the underground conduit is established.
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