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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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No of\ generator | the wall

classification
I I

Conditions
of backfilling

Backfill before
surcharged

1| I1-1(10) I-1(3)
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Fig. 6 Vertical distributions of earth pressures
—: Empirical formula

o : Observed values
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Photo 9 Representation of oscillating water pressure employing rotating vectors
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Fig. 10 Mechanical model of gravity wall
surrounded by Voigt solid
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Fig. 11 Frequency responses of the motions of
the model shown in Fig. 10
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Amplitude of oscillating earth pressure p (g/cm’)

Phase angle of oscillating earth pressure 7° (deg)
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Fig. 12 Vertical distributions of oscillating earth pressure acting on the back surface of the

model shown in Fig. 10
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Photo 10 Representation of oscillating earth

pressure acting on the back surface
of the model shown in Fig. 10

The right is at f=f1, left f=fnu
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Fig. 13 Frequency responses of the coefficients
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Fig. 14 Hyperboloid of one sheet and its
generating lines of two systems
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Table 3 Values of n
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1 3 7

2 7 7

3 3 7
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Fig. 28 Frequency responses of vertical oscillat-
ing earth pressure at the position of

the cell No. 6, calculated by Eq. (39)
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Fig. 31 Horizontal distributions of oscillating
earth pressure acting on several longi-
tudinal sections of the bottom surface,
calculated by Eq. (44)
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Fig. 32 Frequency responses of translational and rotational displacements of
the wall without backfill sand
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Fig. 33 Mechanical model of the wall without
backfill sand
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Fig. 34 Frequency responses of four mechanical constants, H being parameter
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Fig. 35 Mechanical model of the wall
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Fig. 37 Mechanical model of the wall and
foundation soil
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43

il 2!
00 00 2?0 3?0 zm P g/em Y deg em P g/em’ 7 deg
\ Observed
~—— Before vibration 0.21 | — | — 2.49 4.7 18
——==—After vibration 0.51 o 2.80 3.7 25
10 Z=== During vibration ’ -] :
— 0.81 I Bottom | ___ o
1S ! i ] (No.6)
1.21 0.5 | —13 Dmm | A de
N \ N zm g
20— h\\ 1.54 | 0.8 | —16 0 [o.0412 15
\ SRS [ Y (S A — 1
B 1.89 1.4 | —13 2,16 |0.0309[ 16
/ 2.20 — | — f= 2.81 Hz
30
p (g/om®) 7 (deg)
D0 0 -30 -60 -90
1.0 1.0
= ~ o
E E
N N
20— X 20572
o /
o ~ o
3.0 30 F——
@ ©,
py (g/em?) Pz (g/em®)
-5 5
1.0 *LO’—\————————T
€ G
N N
—2.0] — —2.0
o o
o o
3.0 ’_30 T
@ ®

Fig.39-(1) Vertical distributions of earth pressures

o: Observed values

Empirical formula

(271)




44

[-1-3.98
Earth pressure (g/cm?)

0 100 200 300 pg/cm’ 7 deg D pg/cm* 7 deg

0.21 — | — 2.49 78] +0

0.51 0.9 | —27 2.80 | 10.0 | —26

0 — Bott.
0.81 | 1.3 | 32| | fotem) — | —

1.21 | 3.6 | ~31 | | ;| Dmm|Adeg

z (m)

1.54 2.3 | —25 0 0.223| —25

1.89 6.4 | —3 2.16 (0.162( —30

2.20 5.6 | —14 f= 13.98 Hz

p2) (g/cmz) 7 (deg)
00 5 10 60 30 0 -30
e N
Rﬁ_\o-
} >
1.0 1.0
o Y/

z (m)
o
o
z (m)
o

2.0 - 20
o
N o
3.0 i; 30
@ ®
Py (g/cmz) pe (glem?)
5 0 -5 -10 00 5 10
\
10 3\ 1.0
fe) ~ o
’é £
£ ~ o
N N o
2 ° 2.0
o)
o) N
3 3.0
@ ®
Fig. 39-(2)

(272)




z (m)

z (m)

I-1-4.06

Earth pressure (g/ch)
0 100 200 300 P g/em?

em?
p 8/

7 deg zm Y deg

0.21 0.4 92 2.49 81| —9

0.51 [ 0.8 [—30| | 2.80 |12.2 | —23
1.0
. - Botts
\ 0.81 | 1.3 | ~21| |Botem) |
1.21 | 3.0 [ —35 Dmm | A deg

2.0 1.54 2.8 1 —32 0 0.263| —24

1.89 5.3 | —27 2.16 |0.192| —29

45

2.20 6.4 | —16 f= 4.06 Hz
3.0
®
p (g/em?) 7 (deg)
00 5 90 60 30 0 -30
o OL\'\

P

o
z (m)

5

/ °
[o]
20 2 20

I o
3.0 3.0
@ ®
py (g/em®) P (glem?)
0 -5 0 5 10
0
< J\x
N
—10 1.0 N
- \o - °
£ £
= E - o
N N
—20 ° 20
o]
o )
—30 3.0
@ ®
Fig. 39-(3)

(273),




46

I-1-4.78
Earth pressure (g/cm?)

0 100 200 300 » g/em? g/em?

7 deg zm P 7 deg

0.21 0.7 18 2.49 9.3 35

0.51 1.6 | —51 2.80 7.8 —47

1.0 -

. . Bott _
- \ 0.81 16‘4 9] | Noo | 38| -7
. — o | ow | [T Jomm e

20 1.5¢ | 3.6 | —55 0 |0.295| —75
A sl

1.89 | 8.1 | —57 2.16 |0.209| —84

" 2.20 | 8.5 | —52 = 478 Hz

3.0
@®
p (g/em®) T (deg)
o2 5 10 15 30 0 -30 -60
[e] —]
o \d

z (m)
>
e

z (m)
=

Q

3.0 30
@ ®
py (g/cm?) Pz (g/em?)
0 -5 -10 -15 00 5 10 15
Q\( 3(
: \
—1.0 1.0
~ [¢] ~
£ €
E d - o
N N
—20 N 20 3
o
o o
—30 30
@ ®
Fig. 39-(4)

(274)



47

I1-1-4.93

Earth pressure (g/cm?)

00 100 200 300
1.0
£
N
2.0
30 I
®
p (g /em®)
10 15
00 5
0
1.0
- \{
€
N
2 <
S
\ o
3.0
@
py (g/em®)
0 -5 -10 -15
0
N\
1.0
_ o
E o
N
20} AN
N
\ o
340 -
@
Fig.

2] 2
zm pg/cm Y deg zm pg/cm Y deg
0.21 1.1 —9 2.49 1.1 | —44
0.51 1.6 | —49 2.80 |17.8 | —44

0.81 | 1.7|—53| | Pottem | 33.4 | —78

1.21 4.3 | —57 Dmm | A deg

1.54 4.0 [ —50 0 0.320 —60

1.89 8.4 | —59 2.16 |0.225| —71

2.20 | 10.6 | —48 f= 4.93 Hz
7 (deg)
0 -30 -60
0
O\X
1.0
G
~ (¢}
N
20 9
[e]
3.0
®
P (g/oma)
0 5 10 15
0
g
1.0 3\
€ o
N
2.0
o
o \O
3.0

39-(5)

(275)



48

I-1-5.39

Earth pressure (g/cm?)

2!
00 100 200 300 i p8/‘3“1 7 deg i pg/cmz 7 deg
0.21 1.5 0 2.49 7.8 1—99
0.51 2.0{ —96 2.80 12.0 { —85
1.0 Bottom —
- | 081 | 26 —88 | | Foten | 571 | 16
:] 1.21 5.3 —96 zm Dmm | A deg
20 1.54 | 4.0 | —86 0 |0.376]— 96
1.89 10.5 | —94 2.16 |0.246 | —109
2.20 9.7 | —74 f= 539 Hz
3.0
@®
p (g/em?) 7 (deg)
5 -30 - -
00 10 Oi\j 60 90
R
r\70
o
1.0 1.0
~ o - o
: \\ 2
o = o
" /
N
o
20 2 20
q [o}
¢} \ o
o
3.0 30
@) ®
py (glem®) Px (g/em?)
0 -5 -10 -15 0 5
0
o
1.0 103
~ \o o
£ \ E
A o £ E
N N
20 > B
Y o
o \ o
o o
3.0 3.0
®@ ®
Fig. 39-(6)

(276)




z (m)

z (m)

I-

Earth pressure (g/omz)

0 100

200

49

1-5.68

cm?
8

‘em?
P g/

Y deg zm 7 deg

0.21 — | — 2.49 | 13.2 |—78

0.51 2.0 | —79 2.80 {21.9|—79

0.81 | 2.6 | —85 | | oo™ | 61.8 | —120

1.21 | 5.9 | =83 | | ;o |Dmm|Adeg
1.54 5.5 | —78 0 0.542 | —100
1.89 11.1 | —92 2.16 |0.321|—116
2.20 11.4 | —81 f= 5.68 Hz
p (glem?) 7 (deg)
OO 5 10 15 20 30 0 ~30 -60 -90
\
— I
o \o
10 . 10
0 _
€
o = o
N
2.0 ° 20 P
\\ o
o
3.0 3.0
® ®
Py (g/cmz) Pz (g/em?)
0 -5 -10 -15 -20 0 5 10
~
o
X :
—1.0 —1.0 )L)
E E
A o = o
N o N
—2 \O\ _2,8
)
\\ o
—3.0 —30
® ®

Fig. 39-(7)

(277)




50

Earth pressure (g Jem?)

00 100 200 300 P pg/cm’ 7 deg - pg/cm2 y deg
0.21 —_— — 2.49 14.6 | —96
0.51 2.6 | —100 2.80 21.11—102
e | | Bott _
- 0.81 | 29|96 | | Fotom | 63.2 | 131
: ) 1.21 5.9 *10{ em Dmm | A deg
1.54 5.6 | —103 0 0.500| —114
1.89 —_— | — 2.16 |0.313(—127
2.20 10.2 | —94 f= 5.86 Hz
7 (deg)
15 20 0 -30 -60 -90
\
— .
o N
1.0 —1.0
. o
£ E
= = o)
N N
20 —20
~o
3.0 —30
® ®
py (glem® Pr (glem®)
0 -5 -10 ~15 -20 -5 0 5

z (m)
S
z (m)

20 < 20

30 30

Fig. 39-(8)

(278)




51

[-1-5.93

Earth pressure (g/em®)

00 100 200 300 Jins p8lm*l y deg i~ pg/cm2 ¥ deg
0.21 — | — 2.49 15.7 | —101

L
0.51 2.9 —97 2.80 23.2 1 —90

0.81 | 3.1]|—98 | | Bettem| 6o.2 | —129

1.21 6.4 | —99 Dmm | A deg

1.54 6.1]—94 0 0.550| —112

1.89 12.1 | —104 2.16 (0.316 | —127

2.20 | 12.1 | —89 f= 5.93 Hz
7 (deg)
20 0 -30 -60 -90
\\\\
Ie) o) ’
1.0 1.0
P O o)
£ o £ o
N N
20 S 20 °
\ q
\ o
T~ o +
3.0 30 |
@ ®
py (glem?) Pz (glem?)
0o -5 -10 -15 -20 -5 0 5
4
(o]
A
1.0 1.0

z (m)
z (m)

|
NG g

3.0

Fig. 39-(9)

(279)




52

I-1-5.93

Earth pressure (g/cm?)

00 100 200 300 o pBem] ¥ deg P p&lm?| ¥ deg
0.21 | 1.4|—29 2.49 | 13.8 | —89
0.51 | 1.4|—o94 2.80 | 26.5 | —96
. Il N B
= 0 0.81 | 2.5|—87 | | Botem | 57.0 | 122
; 1.21 , 687309_ rm Dmm | A deg
20 1.5 | 6.6 |—94 0 |0.502| —98
1.89 [ 12.1 | —99 2.16 |0.291] —108
2.20 | 12.4 | —88 f— 5.93 Hz
30
p (glem® 7 (deg)
0 5 10 15 20 25 0 -30 -60 -90
-— o
.\
'\
o -\
fe} (o]
1.0 —10
—~ o]
£ E
N N
o] o]
2.0 -2,
\o\ o
° \ a
T 5
3.0 -30
@) ®
py (glem?) Pe (g/em?)
0 -5 -10 -15 -20 25 -5 0 5
40
[0)
o
—10 N 10
~—~ O ~
€ E
N N
o o]
-2, 2.0
\D\ o]
-3 30
® ®
Fig. 39-(10)

(280)




z (m)

z (m)

1-2-2.59

Earth pressure (g/cm®)

53

0 100 200 300 rm P8y deg| | p8/em’| ¥ deg
N\ 0.21 | — | — 2.49 | 2.8 | —11
¢ 0.51 L — | — 2.80 | 2.8 3
1.0 R\. B 0;7 — R Bottom | | ___
\\ (No.6)
\ 121 | — | — | | oo~ | Dmm| A deg
20 | 1.54 | 0.8 | —13 0 |0.0239 32
)
/ 1.89 | 1.7 | —10 2.16 |0.0244| 31
)’ 2.20 | — | — f— 2.59 Hz
30 :
®
p (g/em?) 7 (deg)
0 5 150 120 90 60 30 0 -30
10 LM 10
0]
=
N
20 2,0/?
4
30 0
@) ®
oy (g/em?) pe (g/cm?)
0 -5 5
1.& 1.0
G T I\
N N \
2 @ 2,
4
30 30

Fig. 39-(11)

(281)




54

I-2-3.01

Earth pressure (g/cm?)

00 100 200 300 o pg/em? ¥ deg i pg/cm2 7 deg
L 021 | — | — 2.49 | 43| —3
< 051 | — | — 2.80 | 4.7 3
10 N o Bott
2 \ oo | — | — | R — [ —
~ A\
N 4}21 V, Fj‘_ m Dmm | A deg
20 - ~ 1.54 | 1.0 | =15 0 {0.08{ 15
\\> 1.89 | 2.0 | —21 2.16 (0.0381) 18
S 4 7..1
. 220 | — | — f= 3.00 Hz
3.0
®
p (glem?) 7 (deg)
o 5 0 -30 -60 -90 -120  -150 180 150
10 —10 —]
e G L
N N
20 ° —20 °
¥
o d
3.0 30 }
® ®
py (glem?) pa (g/em?)
0 -5 0 5
-10 10
~ X i~ )
£ E
N N
2012 20
;
d o
30 30
® ®

(282)

Fig. 39-(12)




z (m)

z (m)

z (m)

[-2-3.95

Earth pressure (g/m?)

o2 100 200 300 S [peem ]y deg | [T o8] 7 deg
AN 0.21 [ 7.0 | —o1| | 2.49 | 103 —1
?\ 051 | — | — 2.80 | 12.8| —12
1.0 > . 7
\\ 0.81 | — | — | | Bottom | o458 | —a1
\ 1.21 2.4 | —51 zm Dmm | A deg
20 iy | 154 | 3.2 | —19 0 |o.241] —10
/{
/,( 1.89 | 6.0 [ —12 2.16 |0.171] —11
M 220 | — | — f— 3.95 Hz
3.0
®
P (g/lem?) 7 (deg)
0 5 1 0 -30 60 -90
0 2 0
/o-
1.0 / 10
\ E "
o) ~ (o)
\o\ N /
20 20
D\O D
(o]
30 30
@ ®
Py (g/m®) Pz (glem?)
o -5 10 0 5 10 15
/ "
10 =10
f e \\
(o] ~ [e)
X N
2019 —20 N
3/ D\O
(o]
30 30
® ®
Fig. 39-(13)

55

(283)




56

1-2-4.20

Earth pressure (g/em?)
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Earth pressure (g/cmz)
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Earth pressure (g/em?)
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Earth pressure (g/cm?)
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I-2-5.71

Earth pressure (g/cm®)
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Earth pressure (g/cm?)
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Earth pressure (g/cm?)
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Earth pressure (g/cmz)
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Earth pressure (g/em?)
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Earth pressure (g/cm?)
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Earth pressure (g/cm?)
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Farth pressure (g/cm?)
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Earth pressure (g/cm?)
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Earth pressure (g/ch)
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Earth pressure (g/em?)
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Earth pressure (g/cm®
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Fig. 39-(35) Vertical distributions of water pressures
o : Observed values ——: Empirical formula
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I-5-4.88

Water pressure (g/cm?)

0
0 100 200 300 e pg/cmz ¥ deg o pg/cm2 7 deg
0.21 | — | — 2.49 | 1.9 |—158
0.51 | 1.4 |—161| | 2.80 | 2.2 179
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; 1.21 2.1 {—161 zm Dmm | A deg
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Fig. 39-(36)
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z (m)

z (m)

I-5-5.40

Water pressure (g/cm?)

79

0 100 200 300
0 om P8 y deg| | pBR™| Y deg
0.2t | — | — 2.49 | 2.4 153
0.51 | 1.3 | 159 2.80 | 2.1 174
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0.81 | —— | — | | Bottem | 25.8 | 175
1.21 3.0 162 zm Dmm| A deg
20 S 1.54 | 2.6 | 155 0 |o0.421]—164
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2,20 | — | — f= 5.40 Hz
3.0
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Water pressure (g/cm?)

[-5-5.72
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o P8l ydeg| | .0 p8AM®| ¥ deg
0.21 — | — 2.49 2.5 120
0.51 2.0 | 116 2.80 3.5 103
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1.21 4.1 114 zm Dmm | A deg
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z (m)

z (m)

I-5-5.85

Water pressure (g/cm?)

: 2 gut 30 o [Py deg | | o [P®™| 7 deg
0.21 — | — 2.49 3.3 56
0.51 2.5 59 2.80 4.8 68
10 E Bott
0.81 2.5 58 (1:1)0.0(5'3‘ —_— | —
1.21 4.8 54 zm Dmm| A deg
2.0 1.54 5.1 65 0 0.553 91
1.89 5.0 55 2.16 |0.173| 111
2.20 —_— | — f= 5.85 Hz
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Water pressure (g/cm?)

I-5-5.93
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2
o p8/em’| 5 deg 3 P y deg
0.21 — | — 2.49 3.81 109
0.51 1.9 121 2.80 4.2 99
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0.81 | 1.9 | 107 | | Bottom | 315 | 138
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1.89 3.7 109 2.16 [0.270| 163
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ig. 39-(40)




Z (m)

z (m)

I1-1-5.53

Earth pressure (g/em?)

83

00 100 200 300 O pg/cm2 7 deg i pg/cm2 7 deg
0.21 | 8.5 |—176| | 2.49 | 5.7|—173
0.51 | 4.7 | 175 | 2.80 | 3.0| 12
Botto
\ 0.81 | 3.0 | 174| | fBettem | 93 4 4
\ 1.21 4.5 177 zm Dmm | A deg
20 [ 1.54 | 3.0 | —177 0 [0.0946] 10
1.89 | 4.2 [—179| | 2.16 [0.0276| 0O
220 | — | — f— 5.3 Hz
30
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Fig. 39-(41) Vertical distributions of earth pressures

0 : Observed values ——: Empirical formula
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I1-1-6.83

Earth pressure (g/cm?)

Gf) : 100 200 300 ~ P&’ 5 deg S N
0.21 12.5 175 2.49 4.0 | —169
0.51 6.1 172 2.80 2.0 {—7
1.0
Bott
- 0.81 | 3.8 179| |Bottem) |
:] \ 1.21 5.3 | —174 zm Dmm | A deg
20 > 1.54 | 3.9 —165 0 [0.173 |—4
N .
/ 1.89 5.2 | —177 2.16 {0.0557[ —20
l/ 2.20 | — | — f= 6.8 Hz
3.0
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Fig. 39-(42)
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z (m)

z (m)

85

I1-1-8.32

Earth pressure (g/em?)

of 100 20 300 S [P v deg | | o [p™| 7 der
0.21 9.7 | —170 2.49 10.5 178
0.51 8.9 [ —176 2.80 5.6 | —47
1T -1 Bott, _
0.81 | 7.3(—176| | Betsm | 65.6 | —25
1.21 8.9 178 em Dmm| A deg
1.54 6.6 180 0 0.439|—29
1.89 8.8 168| | 2.16 |0.134|—45
2.20 12.6 162 f= 8.32 Hz
7 (deg)
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Fig. 39-(43)
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I1-2-5.15

Earth pressure (g/cm?)

00 100 200 290 s pg/cmz 7 deg o pg/cmz }'deg
0.21 | 9.4 | 175 2.49 | — | —
0.51 | 3.2 |—176 2.80 —
10 B Sl —
= 0.81 | — | — | | Bottom | 28.9 [ —13
; 2|28 | 7)) 5 Dmm | A deg
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I1-2-5.40

87

Earth pressure (g/ecm?)
0 100 200 300 s P v deg| | ;o [pBC™| 7 deg
/ 0.21 | 12.9| 172| | 2.49 | 5.9| 150
0.51 | 45| 174| | 2.80 | 4.0|—16
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2 0.81 | 4.0 |—180| | Bettem | 47,4 |24
N —~—— 1.21 | 4.5 182] |, Dmm | A deg
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11-2-5.91

Earth pressure (g/cm?)

C,O 100 200 300 em p8/em®l ¥ deg em P8\ ¥ deg
0.21 | 15.1|—173 2.49 | 4.3] 169
0.51 | 4.8(—180 2.80 | 1.5(—18
BN Botto _
- 0.81 | 6.2| 175| | ot | 43.6 | —19
: .A 1.21 6.4 177 zm Dmm| A deg
20 N 1.54 | 3.4|—179 0o o |—11
{ —
\ 1.89 | 3.9| 170| | 2.16 [0.0414] —27
o
- 2.20 | — | — f= 5.91 He
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z (m)

z (m)

I1-2-6.73

Earth pressure (g/cmz)

o 100 AqC 30 oo [p¥em®| v deg| | o [p¥™| 7 deg
0.21 |32.3|—146| | 2.49 | 6.8 130
0.51 | 14.5|—142| | 2.80 | — | —
1.0
0.81 | 9.0|—156| | Polem | 53.5 |76
1.21 | 7.2| 164| | ;o | Dmm| A deg
20 - 1.54 | 4.8| 172 0 [0.140 | —57
<
N 1.89 | 6.0| 156 | 2.16 |0.0502(—86
- 2.20 | — | — f= 6.73 Hz
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I1-2-8.38

Earth pressure (g/cm?)

o7 10 A 300 s | P v deg | | s || 7 deg
0.21 54.1 174 2.49 _— —
0.51 22.5 174 2.80 6.5 | —10
1.0 —
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z {m)

z (m)

11-2-10.4

Earth pressure (g/cm?)

91

0 100 200 300 S oo 7 deg| [ o] 7 deg
0.21 | 74.5( 152 2.49 | 8.0|—133
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I1-3-6.07

Earth pressure (g/ocm?)

00 100 200 300 i~ pg/cmz ¥ deg i pg/cme 7 deg
0.21 | 10.1| 165 2.49 | 3.5|—167
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I1-3-6.54

Earth pressure (g/cm?)
200 300

93

m pg/cm2 7 deg zm pg/ch Y deg
0.21 | 13.7| 168 2.49 | 3.8 | —166
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~ 0.81 | 41| 173| | P | — | —
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11-3-7.41

Earth pressure (g/cm?)

2 100 200 300 S [ 7 dea| [ [p 8] 7 de
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z (m)

z (m)

I1-3-8.40

Earth pressure (g/cm2>

0 100 200 300 P pg/cmz 7 deg P pg/cmz ¥ deg
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I1-3-9.63

Earth pressure (g/cm?)

o oo 200 300 s [ P8 v deg | | ;s [P8AM°| 7 deg
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I1-4-6.07

Earth pressure (g/cmz)
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Earth pressure (g/cmz)
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I1-4-10.1

Earth pressure (g/cmz)

00 100 200 300 s pg/cm’ ¥ deg o pBAM| 5 Gog
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11-4-14.0

Earth pressure (g/cm?)
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I1-5-4.03

Water pressure (g/cmz)

101

00 100 200 300
1.0
E
N
2.0
3.0
®
p (g/cmg)
00
o
o
1.0
~ o
1S
- o
N
2.0 / q
30
®
py (g/em®)
o -5
o
o
1.0
2 °l
" )
2.0 / o
3.0
@

zm pg/cm2 7 deg zm p“/c“‘2 7 deg
0.21 | 1.8 | —89 2.49 | 3.3| —68
0.51 | 3.8 | —70 2.80 | 2.2 | —74
—_ Bott .
0.81 | 3.2 | =75 | | Bettem | 319 0
121 | 3.8 [ =79 [, Dmm| A deg
1.5¢ | 4.2 | =79 0 |1.19 | —a0
1.89 | 4.9 | —73 2.16 |0.388| —53
2.20 | — | — f= 4.03 Hz
7 (deg)
-30 -60 -90
Q
[o]
(o]
10
~ (o]
£
~ (o]
N
20
(o]
[o]
30
Pr (g/em®
0 5
o
(o]
1.0
~ (o]
=3
N X
20l—1°
o]
[o]
3.0
®

Fig. 39-(59) Vertical distributions of water pressures

o0: Observed values

: Empirical formula

(329)




102

I1-5-4.50

Water pressure (g/cm?)
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Water pressure (g/cm?)
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Water pressure (g/cmz)

I1-5-6.0
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I1-5-8.04

Water pressure (g/cmz)
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I1-5-10.1

Water pressure (g/em?)
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Water pressure (g/cmz)
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