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An Experimental Study of Oscillating Earth
Pressure acting on a Gravity Wall

By
Shin Niwa

Abstract

This report presents many considerations about measured oscillating earth pressures acting on
a test wall of gravity type which is shaken by artificial earthquakes caused by a large vibration
generator, or which is shaken by a small vibration exciter fixed on the top of the wall. The
earth pressures on the back and bottom surfaces of the wall were measured by a number of
specially developed pressure cells, and also the vibration of the wall by vibration pick-ups.

The measured oscillating earth pressures acting on the back of the wall, and displacements of
it can be represented by rotating vectors which are arranged horizontally around a vertical axis of
rotation. A curve generated by connecting the points of pressure vectors is generally a spatial
curve. When the spatial curve rotates, the orthogonal projection of it on a vertical plane shows
the vertical distribution of oscillating earth pressure acting on the back of the wall. In order to
express the spatial curve of pressure mathematically, two projections on &z-and yz-planes are for-
mulated as follow.

Pa=Ax(2—22)"+ Be(2—22) + Dz
Py=Ay(z—2y)*+ By(z—2y)+ By
where n=3, 5, 7.

By these equations, the vertical distributions of oscillating earth pressure have been fully
revealed. Now, we can satisfy the equations of motion of the wall assuming that the vertical
oscillating earth pressures acting on the bottom distribute parabolically in the longitudinal direction
of the wall.

The fact that the measured pressures and displacements fulfil the equations of motion of the
wall makes the investigation of the mechanical model of the wall during vibration possible. Many
qualitative considerations between forces and displacements are described, which may be useful in

the investigation of the mechanical model of a gravity wall.
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Photo 1 General view of earthquake generator
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Table 1 Constants in relation to the model wall

Length of the wall I | 50m
Height of the wall h | 3.0m
Base width of the wall d | 1.5m
Mass of the wall m | 2500 kg -sec?/m

Moment of inertia of the mass
with respect to the axis pas- I
sing through the center of
gravity

2245 kg-m-sec?

Vertical distance from the

top to the c.g. 20 | 1.78m

Horizontal distance from the
heel to the c.g. Xo{0.60m

Horizontal distance from the

position of the cell No.6 to | #/ |0.65m
the c.g.
Vertical distance from the

position of the pick-up H-2 | 2/ [0.38m
to the c.g.

Vertical distance from the H

base to the c.g. 1.22m

Vertical distance from the
revolving axis of the exciter | A’ | 2.09m

to the c.g.
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1.69 glem?, &kIb 6.94%, PEREER S5 29° Th - 12,
HRIOWD BEILEIZ2.69ThHYD, EEDAEBOLE
R, Bl &K 12.5%, BeA BB 1.89 g/em? ¢
b5,

3. ERELEZOHR

3.1 EEOKZE
AN TR FEAIE B 5\ 1T RETH S & fl ~ D [EldE

(237)
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HCEREIRSE, 0L EEROGHEICEK {4k
+JE2} No. 13, 14, 15, 16, 17,18, 1, 2, 3, 1 X O K@D
+TFF No. 4, 5, 6, iT & » TIRENT, REy&, REE
DEEZBE Y, FECEEAROIREN % 2 [H0RENEH H-1
& H-2 THlEEL & (Fig. 4 $88), Kmo+T5F No.
5 RERESE < (30 4:8) #bElL, No.4
SRR RNV, Lot - TKE TELRDF
Toe fflld No. 6, 1 LT THh 5,

F o BERO R RE T, B S 0.8m Hih i HiAD
i 4 HOLEFI 2 BEHMICEBEL T, 2oLt
3 b & FRRICHE - 7225, KO REBITEIT - Tz
TARLTCRTNCEFE L, SORLECSUT, BE
DA DA DIRBI D A &2 BIE T 5 KRBT - 2,

ZZTATIERARETMRL 2 K% %2 18 &
L, BFEEREEE VRS A DR O%R L AT 5
ZEET B,

HAD R ORI K DA D DH L IC DV T RBR &1
272,

LW E AR B DHGAD OB DY

Photo 5 Surcharge, mass of sand 5mx2mx2m
in a steel frame

Photo 6 Filled water, instead of backfill sand

(238)

2. Fig A 0D XS5, BERIZELTLESm,
HWE2m, H2m OB T v — ADOFHE S
LT, EHiA® ZEfTEZ N 728f, Photo 5
WCEDIREEER T,

3. LidoEMEOWIZ 1miTLigd,

4. WWMEZRORVHE

5. HADOWEMWMYE - T, UDIT/KZMMIZ LA
¥4, Photo 6 it X OB OIRIER =T,

6. FUADMRLDLODLS

Table 2 Wz W HOMAGLEERT, T TiRZ

DRECRINHERE ST L - TERTES 2 XKD T
L5, HlziE I-2-5.44 13, NTWEREEER
Lo THHRL, FADEITEHE 2m oW EL L
BB OEERT, ToL EOMKRIREIE25.44Hz TH
5T L2RT,

Table 2 Classification of experiments

Numbers in brackets show kinds of frequency

\Source of vibration Earthquake| Exciter on
No of\ generator | the wall

classification
I I

Conditions
of backfilling

Backfill before
surcharged

1| I1-1(10) I-1(3)

Surcharged by 2m

height 2 | 1-2 (12)| I-2 (6)

Surcharged by 1m

height 3| 1-3(9) U-3 (5)

Backfill after surcharged| 4 | 1-4 (3)] -4 (4)

Filled with water 51 1I-5(6) O-5(7)

Without backfill (empty)| 6 | I1-6 (4)] H-6 (3)

3.2 EBERO—H

Photo 7 1z 1-2-5.40 oEREHKE =T, L2
Fowe sz, BEE H-1, H-2 0%k X o
RSk T, T 9#E Facsimile paper {2308k X
7RBhOLIETH S,

BEARB R CAEA T 2 IEB LS, ThbbhEst
No. 13, 14, 15, 16, 17, 18, 1, 2, 3 DI04k TR ORAD
PRBEL, REPOLTEORKE L B/ME%, BX 2
KiLT7my b Licdbos Fig. 6 QhokgErE
L7 T, IRBFhoLEOELEOKTHEEZRDLL
TWw5b, IHXZOHOFITIREIATOLE (i)
B ICIRBEO LT () s r o P LTH
5,




