~ An Experimental Study
Of Oscillating Earth Pressures Acting On & Quay Well

By
Shin NIWA®

§ 1, Introduction , ‘

When a _test guay wall of gravity tvoe was shaken with artificial
earthquakes which were caused by a huge vibretion generator, the earth
pressureg at the back and bottom surfaces of the wall were observed by a
number of gpecially developed pressure cells, and also the yibration of
the wall by two vibration pick-ups of moving coil type, The general
arrangement of the experimental equipments is shown in Fig, 1,

~ The results, as they are, are rather complicated; Then was tried the
reduction of the records into two component parts, ome is translatiomal,
the other rotational, which gives us, quantitatively, a fairly clear
image of the behaviour and interaction of the wall and the mass of soil,

. As the earthquake gemerator, having two axes of unbalanced masses,
~can give stationary and sinusoidal vibrations, so the pressure cells are
not necessarily required to measure the pressure continuously, This is
why the author used pressure cells of "Farmboro indicator® type with some
modifications, which can measure oscillatory pressures as well as static
nes, and are really reliasble even for several years and more being layed
underground,

Many illustrations with some notes in the following pages may
suffice, the author hopes, to bring the readers good understanding of the
subject, The arrangement of contents is shown below,

— 2, Earthquake generator and Model quay wall
| 3, Measuring instrumemts (I) Earth pressure cell
4, Measuring instruments (II) Vibration piek-up (Di ement,
‘ B Velocity, Acceleratiom).
5, Results: Direct records, Corrected values, Harmonic analyses
6, Reduction of the fundamental oscillations into two companents

§ 2, Earthquake Generator and Model Quay Wall

" ' Two unbalanced axes, arranged in a horizontal plame and parallel to
each other, rotate in either the same or the opposite direction using &
single coupling gear or two in series, The generated oscillations,
therefore, are vertical and horizontal combined, or purely vertical re-
‘spectively, Fig, 2, and 3 show the earthquake generator,

Ratings of the generator:
'Unbalanc?&gnoment (t.%tal values of two axes) 0~ 240 kgm (variable)
- Number of revolutiom 3~ 6 Tr,p.S. ‘
Vibrating Force (at 6 r,p.s.) 35 tons &
Horizontal acceleration measured on the upper edge of the concret
bowl is about 300 gals at 6 cycles per secand, :
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The model quay wall and the backfill surcbarge"are shown in Fig, 4,
5, and 6, - : . ,

3, Measuring Instruments (I) Earth pressure cell . :

: The pro‘jbﬁgtype of pressure cells is the air-balanced on—off. indicat~
ing system originated by Goldbeck, This has been modified into an osci-
1lating pressure measuring epparatus by introducing the principle of
Farnboro's high speed pressure indicator for intermal combustiocn engines,
because pressure variations to be measured are stationary-not transient;
as stated in the introduction, A dummy weight is to be so added to the
opposite end of the pressure disc of the cell as to balance its inertla
force, which inherently and inconveniently influences the measurements
when the cell is vibrating with the mass of soil,

The details of the cell and the explanation of the recording appa-

ratus and their photos are shown in Fig, 7,8, 9, 10, 11, and 12‘.

§ 4, Measuring Instruments (II) Vibration pick-up (Displacement, Velo-
city, Acceleration) : ‘ : '

The set consists of moving ceil type transducers, integrators and
differentiators, and a dual beam cathode-ray oscilloscope, The oscillo~
gram gives, at a time, any combination of two out of six wave-forms, _
i,e, displacements, velocities and accelerations of two transducers, by
choosing positions of two selection switches, _ ' B

In Fig, 13 and 14 are shown the schematic and block diagrams of the
assembly of these vibration measuring elements, Some photos are also
shown, (Fig, 15 and 16) ‘ '

§ 5. Results R

Some of the direct records of both earth pressures and motions of
the quay wall are reprecduced in Fig, 17, 18, and 19, ‘In these figures,
the position of P,M, (Phase Mark) indicates the instant when just maxi-
mum is the horizontal exciting force towards the model quay wall of the
earthquake generator, We obtained a number of series of pressure ..
records like Fig, 19, by changing the revolution of the earthquake gene-
rator, Those records, after every necessary correction was completed,
and arranged with all their phase marks brought into the same positiom,
are shown in Fig, 20, 21, 22, 23, 24, and 25, Vhen we read out, from
these records, only the maximum and minimum values of pressures of every
cell ignoring their phases, and plot the values agaifist their sand =
depths, we get Fig, 26 which is for Fig, 23, Data No, 4, ' Similar graphs -
for other series are amitted here, . T

Vhegs

The fundamental components of oscillations, bpth of earth ﬁfés’,éuréé T
and wall displacements were calculated by a digital relay cemputer FACOM -

1284, cme cycle being divided into 12 divisions, The results are shown . .

in Fig, 27, 28, 29, 30, 31, and 32,. InFig. 33, ;a.@litudealéf*t

fundamental components thus obtained are plotted, irrespective of their

8es, . R
As the fundamental components are of course always quite predomi-
nant, we will discuss here-after only with them, . qui T

§ 6, Reduction of the fundamental oscillations into two components,

translational and rotational around the centre of gravity of the
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Oseillating Earth Pressures Acting on a Quay Wall

, In the foregoing six plates (Fig, 27~32), all the fundamental com~
ponents are given with utmost accuracy but no ome can possibly tell what
is happening, Now ve will assume the fundamental compcnents as resultants
of two simpler components, and try to find these components with the
assumption that one is translational and the other rotational, The way
of reduction is best illustrated in Fig, 34,

1, Analytical reduction of displacement

Obgerved (reduced to) Components
(fundaments]l et
oscillation) Translational Rotational aromd G

ALBIR(WE-Ag) = | Qain(wt-00) |~ @ -2y poun(wi-p)
AN (WA, =|  ANWE-a) | - (7,—Z) poim(wt-p)
A,]\,’w,z, are all knowm
a,x, g, /5, are unimnown

Solving these two equations with respect to g, o, 9, B, and inserting
the observed values A;, Az, Ay, Ay, we have:

Data No, @ rad/sec, mm degres mm  second degree
1 26,1 0.23. 00 (WE+55)~(2-Z)x 8. | bém (Wt +63)
2 304 0.29 0in(Wt-39) —(2-ZJx 19.0.00n. (WE -5 .5)
3 34.1 0.23.0in(WE-62) —(2-Z) 3.3t (WE /o))
4 36.0 0.16 0im (WE—67) —(Z-Zox 5.7 0. (WL-/08)
5 364  0I6 bin(Wi-66)~(Z-Z)x 84.0im.(WE-/24)
6 376 0.9 .6n(Wi-53) ~(z-z)x 50 sim(Wt-53)

2, Analytical reduction of pressure

Observed (reduced to) Companents
(fundamental B—
oscillation) Translational Rotatifxgl

Bsoim(wt—s) = P,Al:/n(LUt— T) | +@sZ)Gon(wi-d)
Buoin(Wt-Aly)  =| poimWt-7) | +@e2)Goim(wt-d)
Bsbim(Wt-lks) =| PoimWt-T) | +(ZsZ)Gom(W-J)
Beoin(Wt-Me)  =| poinWt-T) | +(ZeZ)Gon(W=0)
Br sin(Wt-y) =| POMWE-T) | +ErE)Goin(WEd)
Beoimwt-ly = poimWt-T) | +@ZzZ)gomn(wi-d)

B, 4, w, Z, are all known
T ?,5, are unknown

‘ ; calcu~

In order to determine the four unimowns by six equations, we
lated by the Method of Least Square and the Method of Successive Lppmdg-‘-
mtimwiththeaidofadigitalrelayompxbermcmm, We obtained:
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Deta No, (p rad/sec, gr/em degree cm  gr/cufcm degres

261 OS3Lm(WEHID + (E-Z)x 00302 bim Wi+ 87)
309 119 bin (W +18) +(X=Z)x 0.157 sen(Wi+ 50)
34.] 20,800 (Wh+7) + (B-Z)x 0295 onWt+ /5)

36.0 266.0in (WE=9) + (Z-Z)x 0327 olnWit=7)
%64 A40inWt3) + (Z-Z)x 0323 LinWt—9)
37.6 31.3.0ln(Wt-]5) + (2-Z)x 0375 Hin(Wt—/4)

Thus we have became to know to the full extent the motions of the
quay wall and the pressures on its vertical plane, and the next step to
be taken is to show how they fulfil the theory of dymamics, That will
be reported at the conference,

N h W~
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Oscillsting barth Pressures Acting on a Quay Wall

MODEL QUAY WALL EARTHQUAKE GENERATOR
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Fig, 1, General arrangement of the experimental equipments
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BRIM BRAKE FANDLE
SELSTN GENFRATCR FOR _
IRIVING RECORDING DRUM
s - —

Fig, 4, Pressure cells are mounted on the vertical surface of the
model quay wall, backfill materials being removed
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Oscillating Earth Pressures Acting on a Quay Wall
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/Pressure disc covered with a thin vinyl
membrane

/

Pressure sgide._

Fig, 8, Rear view of pressure cell,
the cover removed

Air chamber for sweeping
air pressure S\
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Oscillating Earth Pressures Acting on a Quay Wall

¢ Contact Point

Fig, 10, - Contact point
On-off indicating Pressure to—= |} :
circuit be measured == |M

1

Selsyn motor

Unbalanced wheel

Selsyn generator.

Fig, 11, Schematic diagram of oscillating earth pressure measuring
instruments

Revolving direction of recording drum ~—r
Fig. 12, The principle of meking a record
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Fig, 14, Block diagram of vibration measurement
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Oscillating Earth Pressures Acting on a Quay Wall

Fig, 17,
Oscillogram of dis-
placements H-1, and H-2,
Fig, 19 were taken at
the same time

Oscillegram of accelera-—
tions H-1, and E=-2,

Flg, 19 were taken at the
same time

Fig, 19, Records oi‘ oscillating earth pressures, both unbalanced
wheels of the generator running in the same direction at 5,7
r.p.S.. The backfill sand was filled and left intact for
twenty mouths befbre this experiment
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Oscillating Earth Pressures Acting on a Quay Well
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Pig, 26, Vertical distribution of max, and min, earth pressures

during oscillation, phase amgles being ignored, with
the static pressures before and after the vibration
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Fig, 27~ 32,
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Fundamental oscillations of pressures and dis-

placements, calculated by Harmonie Analyses
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Flg, 34, Schematic view of reduction

296



