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Abstract: The installation and performance of several makes of
commercial soil pressure cells are reported, The cells varied in size
and transducer type and were installed at a depth of about 70' at three
sites in embankments., Vertical pressure only was measured.

One make of cell failed due to a sealing problem. However, it was
a'first-run' product and the manufacturer was new to the field, The other .
pressure cells are providing stable readings, Emphasis is placed on the
value of proper specifications and acceptance testing, It was felt that an
average of readings of several cells was necessary to provide an accurate
indication of pressure at a given site. Continuing readings will provide
data on long-term performance, .
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INTRODUCTION

The present practice of constructing highway embankments
greater than 100 feet in height, coupled with several recent culvert
failures in high fills, indicates that more exact information is
required concerning the pressures within these soil structures.
Such pressure data would be used to review the theoretical formulas
for culvert and embankment design, so that these formulas might be
modified and used with assurance.

This project was designed to evaluate several makes of
commercial soil pressure cells, and to determine,for each, the
relative merit and economy in terms of reliability, accuracy, and
long-term stability. This report presents the pressure data accumu-
lated during the construction of embankments within which these units
were placed, and discusses the performance of the pressure cells
during this period. The long-term stability will be reported in three
to five years when sufficient data are available,

The pressure cells were installed at three test sites in two

.embankments to record vertical pressures. Four different makes

of pressure cells with varying cell diameters were used in this study.
The readings obtained with the cells were compared with the theoreti-
cal pressures calculated from the fill height and unit weight of the

soil. The performance of the pressure cells was evaluated on the basis
of this comparison.

CONCLUSIONS

Pressure cells from one manufacturer failed after a short
service life, Failure is attributed toleakage of cell fluid due to a
mechanical sealing problem. The basic cause is probably lack of
experience on the part of the manufacturer.

Pressure cells from manufacturers with a good experience
background are giving stable readings and there are no indications

- of impending failure.

Readings from individual pressure cells were likely to vary
widely from a theoretical reading. The averaged readings from
several cells in a group tended to be more accurate,

The calibration method used for the cells in this study is con-
sidered adequate for the purposes of the study.

RECOMMENDATIONS

Thorough testing of soil pressure cells, particularly with respect
to long-term stability, is mandatory. A sustained test at rated maximum
load should be performed to bring incipient failure to light, Other tests
should be made to evaluate susceptibility to moisture entry, temperature
effects, and other aspects of field performance.
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Where specifications are written for the purchase of pressure
cells, they should not only include optimum values for the well known
design parameters, but also should include acceptance tests to evalu-
ate field performance.

Acceptance testing on a random sample basis is probably
sufficient where the cell is a product of a tried and proven method of
manufacture, Until a method is tried and proven and quality control is
found adequate, acceptance testing of pressure cells should be done on
a unit basis,

Where accuracy of pressure measurement is of prime concern
in an inherently nonhomogenous fill, sufficient cell groups should be
used to give a statistical average.

DISCUSSION

‘Description of Pressure Cells

All but one of the soil pressure cells used in this study measures
the lead applied to a ciréular metal diaphragm which is fixed at its peri-
meter. As the load is increased, this diaphragm is deflected creating
an internal cell pressure, A transducer is incorporated into the system
to sense and transmit the magnitude of the pressure. The output can
then'be correlated with pressure using a calibration procedure. The
remaining cell uses a pressure equalization principle, in which the cell
diaphragm is expanded by internal pressure until the internal pressure
equals the soil pressure.

The Carlson cell operates by a change in electrical resistance, in
a strain wire, caused by stressing the cell., This change can be measured
with a Wheatstone bridge. The inherent difficulty with the use of the
Carlson cell in soils is that the long right angle protrusion of the trans-
ducer housing from the plane of the cell could be sheared off if fill move-
ment occurred, 7To strengthen the housing against this fill shearing action,
the Carlson cell used in this study was meodified to incorporate a linear
variable differential transformer (LVDT) transducer instead of the strain
wire transducer. This change allowed the housing to be shortened and
strengthened. This modified Carlson cell will be referred to as the
LVDT Cell,' Carlson cell blanks (the backing plate and diaphragm) were
obtained in two sizes, 18 inch and 7-3/8 inch diameter. The LVDT units
were mounted in the center of the backing plates, Figures 1l and 19 show
the two sizes of LVDT cells and Figure 6 indicates how the transducer
is affixed,

The Kyowa soil pressure cell also operates on the strain wire and
Wheatstone bGridge principle which allows temperature and pressure
measurement, However, the instrument housing does not protrude. These
cells were also obtained in two sizes, 14-1/8 inch and 7-1/2 inch diameters.
The physical characteristics may be seen in Figures 2 and 18, and the
transducer arrangement in Figure 6,

The Gloetzl cell functions as a bypass valve in a hydraulic circuit.
Fluid is pumped into the system until cell pressure equals soil pressure.
At this pressure, a valve opens and the fluid pressure does not increase
further. This cell has a 5-1/2 inch diameter and requires a hand-operated
pump with attached manometer for a readout unit, Figures 3 and 17 show
the cell, The hand pump is shown in Figure 17,
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The fourth type of cell evaluated in this study is the 9-1/2 inch-
diameter Control Service Company cell (CSC. These cells were
obtained on an open bid basis in response to specifications issued by
the California Division of Highways, The cells constituted a portion of
the manufacturer's first production run and, due to pressure of time,
had not been tested for specification compliance prior to their installa-
tion in this research project. The transducer is a bourdon-tube
potentiometer which is connected to the oil-filled space between the
diaphragm and the backing plate, The CSC cell may be seen in Figures
4 and 20, The transducer is shown in Figure 5. The cells used represent
two pressure ranges, 100 psi and 200 psi,

The dimensions, transducer type, and readout systems for the
pressure cells used in this study are summarized in Table I.

Description of Readout Devices

FEach type of pressure cell evaluated required a different readout
device,

The readout for the LVDT transducers was a modified Baldwin

- SR-4 strain gage indicator, which weighed about 26 pounds with self-

contained batteries., This indicator uses the balanced bridge principle,
Since the pressure cells using the LVDT transducers were not intended
to be used with cables over 50 feet in length, it was necessary to add an
external capacitor to the indicator to correct for the phase shift induced
by cable capacitance, This does not completely solve the phase shift
problem since the capacitor can shift value in time. Data transmission
from an LVDT requires 5 wires and a shield, making a 6-wire hookup
necessary. Where an external capacitor is needed for a particular cell,
the hookup necessitates handling 8 wires. This lengthens the reading
time unless electrical connectors are used.

It was found that the temperature of the Baldwin SR-4 indicator
has an effect on the readings of the LVDT equipped pressure cells (see
Table 2). With the cell under several feet of fill, at a relatively constant
temperature, readings were taken with the indicator at an air temperature
of about 100° ¥ and again at about 75° F, The readings at the higher
temperature were from 6 psi to 10 psi higher than those at the lower
temperature. Extremes in temperature should be avoided when using
this equipment,

Readings are taken with the Baldwin unit by nulling an indicator
needle with the adjustment knob, The reading is shown on a dial and
corresponds to the position of the knob when the needle is nulled,

The Kyowa cells use a Carlson Test §et as a readout. This set
weighs about nine pounds including batteries, The Kyowa cells may be
calibrated with any length of 4-conductor lead, and are not temperature
sensitive. See Table 2,

The Carlson Test Set has two circuits for taking readings of
pressure and temperature, The procedure is to zero an indicator
needle, depress the appropriate circuit button and balance the circuit
with four control knobs. The reading is recorded from the final positions
of the balancing knobs, It was noted that temperature variations were
insignificant and readings were therefore unnecessary when the cells were
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at a. relatlvely constant temperature in the soil. However, such informa-
tion shou_ld be useful in an installation where cell temperature is varying.

The Gloetzl-readout unit consists of a hand pump, fluid reservoir
and pressure gauge. The apparatus weighs about 30 pounds and can be
fitted with various manometers depending upon the range of cell used.
The hand pump.’ has two pumping rates, one for filling or charging the
system and a slower one for obtaining the pressure required to open the

cell valve, Two runs of 1/4-inch tubing to the cell are used, one for
.pressure and the other as a return line. The cell itself was not cali-

brated, but the pressure gage used was checked against a dead weight
tester. The length of tubing used does not appear to appremably affect
the results, When the line and cell are charged, the pumping rate is
slowed, and the.reading obtained from the rnanometer on the readout
unit, More instruction was necessary in the use of this readout than

for the others, and the operators needed to acquire a technique in its use.

The Control Service Company readout, Model 658, is basically a
voltmeter. It welghts about four ‘pounds with power supply included.
The transducer is a Bourdon tube attached to the slider of a potentio-
meter. It acts as a voltage divider and the readout shows the output
voltage as a percentage of the voltage supplied. The output voltage is
thus proportional to pressure. The cable is of the three conductor type
and the cell may be calibrated with any length of cable with no significant
change in reading. The readout is operated by first adjusting its meter
to read 100, This is done by turning a potentiometer knob. Reversing
a switch then allows the reading to be obtained.

In a comparison of the readout units, weight and bulk constitute

-shortcomings for the Gloetzd and Baldwin units, These considerations

are important when the only access to an instrumentation shelter is by
walking down a rough slope. The Carlson and Control Service Company
readouts lack an indicator to show that the batteries are supplying an
adequate operating voltage. Finally, the Baldwin unit is temperature

- gensitive.

Calibration -

All the cells invoelved in this study with the exception of the
Gloetzl, were calibrated in a similar manner by applying load to the
cells with a metal frame and hydraulic jack arrangement (Fig. 16).

The leoad was.applied to the pressure cell using a spherically seated
bearing block to eliminate eccentricity. Hardwood blocks were placed
on each side of the cell. The applied load was measured by an electronic
load ¢ell and readout system. Knowing the area of the cell diaphragm,
the load was converted to pressure and a calibration curve drawn.

: I_nsta’ilation and Reading

'~ The test sites were located in through fills on a portion of Inter-
state 5 under construction in northern Lios Angeles County. Test sites
one and two were in Osito Canyon, and test site three was in No Name
Canyon. Cross-sections of the fills with the test sites and recorded in-
place wet densities indicated are shown in Figures 1l and 12, The height
of fill directly over the test sites is about 70 feet.
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Each test site was prepared in a similar manner. After a
rmotor grader scraped and smoothed an area at least six inches below
the deepest penetration of the compaction rollers, a site was chosen
that appeared to be uniformly compacted and free of surface rocks.

A layer of sand was then placed over the site, This layer was between
one inch and one-half inch in thickness and provided uniform seating
for the cell diaphragms, '

A cluster of cells was placed at each site. At sites one and two,
the clusters consisted of two LVDT cells in different diameters, two
Kyowa cells in different diameters, and a Gloetzel cell., At site three,
the cluster consisted of the same cells and, in addition, two Control
Service Company cells with different load ratings,

These cells were placed horizontally to measure the vertical
pressure. One foot or more-clearance was allowed between adjacent
cells., A reading was obtained from each cell to insure it was working
properly before a six-inch cover of sand was placed over it. The sand
was moist, and additional waterwas applied, as the sand was being placed,
to obtain compaction, A clayey sand layer six inches in depth was then
placed over the sand and sprinkled with water. Preliminary compaction
was obtained by walking over the area. Next, one foot of the same
material was placed, watered, and compacted with a hand-guided impact
compactor. Readings were again obtained from the cells to ensure that
the backfilling had not damaged them and to obtain a zero reading. The
cells were monitored until the readings became constant, indicating that
the cells had reached equilibrium temperature with the surrounding soil.
In this manner, no temperature correction was required for the zero
reading. Any load registered above this equilibrium reading was con-
sidered as soil pressure, Figures 7 and 21 show the above operation.

. As the fill progressed in height, readings were taken at increments
of twenty feet of fill, When the fill reached profile grade, readings were
obtained at longer intervals to check cell stability,

Data Analysis

Pressure readings with respect to time were plotted on charts,
Figures 8, 9 and 10, The solid line represents calculated theoretical
fill pressure, This value was obtained by multiplying the average wet
density times the height of fill over each site. No correction was made
for the effect of the fill slope on the pressure.

A different presentation of the data is shown in Figures 13, 14,
and 15. In these graphs one can see how the pressure indicated by the
cell compares to the calculated theoretical pressure. The solid line at
45 degrees represents the theoretical pressure versus fill height relation-
ship, : . ‘

Cell Performa.nce

The large diameter LVDT cell at site one followed the theoretical
pressure with very little deviation., At site two it showed a very slight
trend from the theoretical toward over-registration and the individual
measurements showed more scatter, The line of best fit (visually) for the
data at site three, plotted with respect to theoretical pressure, temds to

- be slightly cuvilinear. There is very little scatter from this line and the line
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shows an over-registration of about 90%. Data shown on the pressure-
time-plot in Figure 8 indicate a drop in pressure occurring at a pres-
sure of about 80 psi., Closer inspection reveals a similar plot con-
figuration, at this point in time, for sites ome and two. Apparently,

on this date, the readout caused this error through faulty adjustment
or-the effects of a variation in ambient temperature.

The small diameter LVDT cell over-registered at all three sites,
Straight lines were the best fit for the data at sites one and three, while
the site two data were slightly curvilinear, A small amount of scatter
in the data was apparent at all three sites. Over-registration amounted
to about 56% of the theoretical pressure at site one, 65% at site two, and
73% at gite three,

An over-registration of about 10% was found in the large diameter
Kyowa cell at site one, The data were best fit by a straight line and
there was little scatter. At sites two and three the data were curvilinear,
An over-registration up to 50% with substantial scatter in the points was
found at site two while site three data gave an over-registration up to

24% with somewhat reduced scatter for the individual measurements.

The smaller diameter Kyowa cell data from site one fit a straight
line fairly well with a small amount of scatter, but the cell under-
registered about 24%. The data from sites two and three required
curvilinear lines for a best fit, At site two, the cell over-registered
as much as 22%, with little scatter, as the indicated pressure ranged
upwards to about 65 psi, At this point the cell began to under-register
and at completion of the fill was about 20% below the theoretical, At
site three, there was very little scatter in the data and the cell over-
registered as much as 72%. ..

The Gloetzl cell at site one followed the theoretical pressure

-almost perfectly, At site two, the data became slightly curvilinear

and at site three, more curvilinear. In all cases there was little
scatter in the data. The cell at site two under-registered up to 25% and
at site three over-registration up to 100% was found.

Both of the Control Service Company cells failed early in the
prOJect The data previde an almost classic example of what would be
expected with a leaking cell, The pressure-time graph for these cells
shews over-registration occurring during the period when there was a
high rate of fill construction. When the construction rate leveled off, the
indicated pressure decreased, in one case actually showing under-
registration, Again the rate of fill placement picked up and again the
cells over-registered. This time the 100 psi cell showed as much as
55% over theoretical pressure and the 200 psi cell was over by as much
as'170%. When the embankment reached grade, the cells began to
register a drop in pressure. At the last reading, the 100 psi cell was
indicating 3 psi and the 200 psi cell was indicating 60 psi,

The most logical explanation for this performance is that leak-
age was occurring. The rate of leakage from the 100 psi cell was greater
than that frem the 200 psi cell, The leakage from both cells occurred at
a rate low enough to be overshadowed by the fill comstruction rate, when

that rate was high,
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Since these two cells were 6btained, the manufacturer has
placed the large, bulky transducer housing with a shorter, more
compact unit. - : : ‘

Comments

The method of calibration used in relating the transducer out-
put to pressure in this study was a compromise.. The ideal condition
would be to calibrate the cells in a soil mass of the same character-
istics as the soil mass in which they are to be placed. Since this is
not a practical procedure, the method discussed earlier was used,

In the field installation, the pressure cells were bedded in a
clean sand. As only the stress in the vertical direction was being
measured, this is thought to be a satisfactory method of installation
which is fairly commensurate with the calibration procedure.

In the calculation of the theoretical loading pressures, the
effect of the fill slope was not considered. The fill was assumed to be
level as the embankment was raised above the plane of the cells. As
may be seen in Figures 8, 9 and 10, there was a tendency in the
majority of the cells to indicate a very slight rise in pressure until the
embankment was completed. For the studies in this report, it is felt
that any error introduced by this assumption would be constant for all
the cells and of little significance,

_ All the cells placed at site three tend to over-register, The
reason for this is unknown, but it is felt that several things might con~
tribute. First, the embankment material at No name Canyon had a
considerably higher percentage of larger size rock than did that at
Osito Canyon. Large rock causes the average density to be greater
than that shown by test since the tests are made in the finer portions of
the fill. This density difference would be greater at No Name Canyon.
Another factor might be that the select material used for backfilling the
test sites had changed in the year between the installations in Osito and
No Name Canyons. It is also probable that the relative compaction of
the backfill over the cells at site three was higher than that of the
surrounding fill, This condition would contribute to over-registration
at the site due to disparity of deformation moduli.

With the exception of the small LVDT cell at site one, all the cells,
showing a departure from theoretical pressure, did tend to follow the
theoretical line up to about 10-20 psi. The reason for a shift of this sort
is not known. It has been hypothesized that a shift in zero reading might
occur due to changes in transducer characteristics. That this would
happen to many cells at the same time, however, is doubtful. The cells
which follow the theoretical line and then depart to under-register might
be showing the effect of a change in cell alignment.with respect to the major
principal stress,

In summing the readings for each site, it was found that over-
registration is also the rule at sites one and two. At these locations, how-
ever, it is minor and is probably due to inaccurate estimates of fill density,
As explained earlier, the tests, on which density calculations were based,
were made in the finer portions of the fill.
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In general, the cells having either large diameter or a
diameter-thickness ratio of 10 or greater gave readings closer to
theoretical than did the smaller or lower ratio cells. This observa-
tion-lacks statistical validity, however, since the effects of these and
other parameters such as size of transducer protrusion, diameter-
diaphragm deflection ratio, unit load~diaphragm deflection ratio, and
site.differences cannot be separated.

The importance of thoroughly testing pressure cells prior to
installation cannot be overemphasized. This is amply illustrated by
the failure of the two cells in this study, Pressure cell specifications
should not only include optimum values for the parameters listed above,

~but also should include acceptance tests designed to evaluate field per-

formance of the unit, These tests should, at least, evaluate the water-
tightness of the cell and cable, strength of the cable-to-transducer connec-
tion, effects of temperature change upon the transducer output, and the
ability of the cell to rnaintain uniform output under a sustained maximum
design load,

This latter test should last for, probably, not less than a week,
Random readings taken over the test period will provide an indication
of the long-term stability of the cell,

The temperature induced variation which occurred with the LVDT
cell readout unit illustrates the importance of obtaining full knowledge of
system performance., If the readout unit is already on hand, the system
should be evaluated with regard to environmental factors as well as
accuracy and repeatability, If it is to be purchased with the pressure

-.cells, specifications for the system should be written to incorporate these
-items,

Earth pressures measured with soil pressure cells are not exact
values, There are point to point variations in the pressure due to the
heterogeneous nature of the soil mass. Although caution was used to
minimize this effect in the study, it does exist, Also, the cells are
foreign bodies in the soil mass and do not deform the same as soil when
the pressure changes. The study seems to indicate that, although some
individual cells were quite accurate, a more reliable indication of pressure
is obtained by averaging readings from several cells. This will tend to
minimize the effects of soil heterogeneity and cell placement,

Finally, one of the primary purposes of the study was to determine
the applicability of the modern commercially made soil pressure cell to
the stable, long-term measurement of soil pressure. The results of the
study, to date, indicate that cells made by tried and proven methods of
manufacture, with adequate gquality control, will produce stable readings
over a fairly long period of time, The study of this particular installa-
tion will continue for several years with the taking of periodic readings,
The final evaluation, at the end of this period, will present data on con-
tinuing long-term stability, The data will also be analyzed to provide a
statistical presentation of individual system repeatability.
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Figure 6

KYOWA PRESSURE CELL TRANSDUCER

STEEL PLATE_ CERAMIC SPOOLS
| . "\M‘; _ ANAN

PIANO WIRE COILS
ELASTIC HINGE
SECONDARY DIAPHRAGM-

LEAF SPRING
MERCURY FILM
PRIMARY DIAPHRAGM

MODIFIED CARLSON PRESSURE CELL WITH LVDT TRANSDUCER

I'0" RING : GREEN

BLACK = °

| 3 SECONDARY
PRIMARY 3]

= WHITE o

) O~¥ELLow E ‘

PRIMARY COIL RED o

: SECONDARY
LVDT COILS

LVDT CORE

MOQISTURE SEALED

PEEEREERTIS

uut*ﬂﬁw;-,‘:lﬂ,ﬂ&ﬂ,ﬂ,

%
W)

R 8 DS

\\\\\\\\\\\\\\\\ \ ANARAARRAARR AR AN l<— OIL FILLED

ChhPDF = wyvnw fastio.com


http://www.fastio.com/

LR R R A RPN Ed D A D R S A A O R R O S B
.

HON3IYL

Figure 7.

P3}o0dwod puny JaA00 puns 9

Daly papolg
_l ‘ F.,02 v._

15d00L ‘089

4 uos|IDD
peljIpon

‘c 9}Is Is8f ul
Aluo psapid aip s||29 98O

uos|IDg

PRIPON  BI ‘1182 48Y{OUD O} 3JUDIDB{D |

Uyim paoo|d aism S99 |IY :91O0N

& , :
. 1213079 UNpuod 2(gsxaly 271 Ul Paooid s8lgD Y
/ _ UDd jusliniisu

0} Ut $3|qDO AD| 0} YoudIL

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Figure ™8

]
]

896l
= = (5 t 4 b4 -
s F 2 = 3 3

-
m
=

Lty

3a

AON
130
435
anv
ne

[
wr 8

AYN
Hdy
L
:EE]
Ner
el
ADN
130

43
90

aar
Ll

AV
BV
VN

JUNSEIYd TYIILIHOTHL =
ONIQY3H G134 ¢

JLON

15d

9-X
133 .2
os| MOSTHYD

a311q0N
£ alls

1Sd

b-X#
LI P2
os| NOSTHYD

Q3131904
2 3lIS

o—
T gexw
T L
_ og| NOSTHVD

Q313100N
1 318

515
o

£-%
39 81
os| nosTva

a3diaonw
£ als

18]

1-X#
1133 .8t

os| NOSTHVY
Q314100W
2 3l

iSd

Epd
730 8

- 0] NOSTYVD
© 1 GAA00M
| 3is

$71130 NOSTNVD G21JI0OW
JNLL HLIM 3YNSS3dd 40 NOILVIYVA

00l

ClihPDF - wywww fastio.com


http://www.fastio.com/

Figure 9

w
m
By

896!

= e I = = =
= = = -
s r = & 3 X

-
m
E-2

LD

930

"AON

130
d3s
amny
anr

©
Ly >

AVA
da¥
Yyn
834
Ry
33a
AN

130

d3s
O o

ity
‘Nar
AYN

BV

3MNSSIM IV LIYOIHL—
INIGY3Y Q1312 o
310N

ebleaw
a0 4
VMO

£ 3Ls

\o
\

o
o

Zbl6a#
M3,
YMOAN
z aLs

b
@

bpleg#
REE]
YMOAN
1 aLs

oo1]

18d

Ibl6a#
RREL!
YMOAN
€ aus

Qs

o
@a

Shles#
7732 ¢l

2 3Lk

VMOAN

Q

0 |

[+1]

15d

obise #

RREI!
YMOAN
{.3Lis

S$T1T133 VYMOAM
JWIL HLIIM 3YNSS3IYd JO NOILVIHYA

Q01

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Figure iQ

%3
m
o

= - “ = P
=1 = =1 -
s F 2 X I

‘813

il

30

‘AON

war @
e

130
LEH
oy
anr
YR
HdY
UYN
434
Nyt
230

AN

130

435

MY

meT

“NRP

AYN

dav

HYN

3MNSSIYd TWIILSHOIHL —
- oNIGY3M Q1314 ©
JdLON

1avN

1Sd

B5p#
154002
os| 11338
989
£ 3ls

\'o

ol
|sﬂ'

cob#
IS4 00l
os] I 6
253

£ 3lis

(D
@
UMQuUUN g

132
213079

[ €3.s

oo

ISd

S26I#
173D
213079
2 3ls

15d

£261#

733
1213079

1 2118

0%

S1730 3JIAYES TIOHLNOD 8 T1ZL30T9

JWIL HLIM 34NSS3dd 40 NOLLVIMYA

00!

ClihPDF - www fastio.com


http://www.fastio.com/

Figure 1|

D 40 17 3AONVisIa
00l 002 00¢

00P

00%

og1 oy 9
199} 21qnd 12d spunod xoiddy

S9ljISuep Jjom aop|d U] szi

gel

19-01-1
3ppib o} |j14

OML GNV 3INO S3LIS 1S3l
NOANVO OLISO- NOILD3S SSOYD

00¢ge

0092

~-100L%2

NOILVA33

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Figure i2

3 40 11 3ONVISI]
001 00¢ 00¢

00

- O

429} 21qNn2 1ad spunod
saIsuep jam 230jd up bz

21

0L
‘xoaddy

" 19-01-8
apoib o) 1114

334HL 31IS 1S3l
~ NOANVO 3JWVYNON- NOILD3S SSO0YD

006¢

009¢

00ie

NOILVA3N3

www . fastio.com

ClibPD


http://www.fastio.com/

Figure 13

{ISd) SINIW3IHYNSVIW 7130 IHNSSI™d

0gl1 001 0] C 0SI COl QS 0o 0S| 00l QS 0
9-X 1132 #-X 17130 G-X 1132 o 0
=]
W [a]
2 o ° 0¢S
(o] o
¢ ookb
000 O
#]0)]
NOSTI4YD Q3I4IA0NW 2
o)
€-X 1132 1-X 17130 2-X 13D 00
OO
¢
’ , . 08
o
[+o}
(o]e ]!
NOSTdVO Q314100 8l
¢ 31IS | 2 3Lis | 3118
S34NSS3Hd AQ34NSVIN ANV IVIILIYO3IHL 40 NOSIYVdWO)D

(1Sd) @vo1 T11id IvOILIHOIHL

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Figure 14

(1Sd) SLNZW3HNSVIW 11730 JHNSSIud

00l 0¢ 0 00l oG 0
¢f168 1130 2168 1130
0
Q
[+]
[#] ]
(o]
Q
Q0
VMOAM .
2¥168 11130 Sviesg 1132
. o}
o
o
[+ :
o .
[+ ]
[ #]
[eave]
VMOAM €l
.€-3LIS e 2 3LIS
S34NSS3IMd

a3yNSvan ANV TVIILIYOIHL

001

05 0
v5168 1130
° oS
\ °
Qo
001
0
9p1e8 1130 o
o
- 0¢
a0 o]
001
NE-TI-

40 NOSIdVYdWOO

(1Sd) Avol 1114 VvIIL3IHOFHL

W Fastio (If.) N

ChhPDF -


http://www.fastio.com/

Figure IS5

0S|

(1Sd) SLNIWIHNSYIW 1730 HNSS3IUd

SIUNSSI¥d A3YNSVIW OGNV  IvIILIYO3IHL 40 NOSIHVIWOD

0S| 00l 0g 0 00l o8 0
850 1130 S CRIER) 0
[+ ]
[+] o]
o o
4 06
o] o]
. 00l
‘00 321AY3S T0HLNOD
€ 3lis ¢ JLiS
001 0 0 |
0
o] 0,
o
) 08
)
. 1
[+ o]
001
12130719
¢ 311S 2 3lis { LIS

(18d) GvO1 11id TVOIL3HOIHL

www fastio.com

ClibhPDF -


http://www.fastio.com/

Figure 16

Calibi‘ation of Pressure Cells
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Figure 17
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Figure 19

jnopeay LAAT pPuU® 112D

2INS8ai g UOS[IBY) POIIIPOW

|
L
g
O



http://www.fastio.com/

Figure 20
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_'E‘igl;re 21

Steps taken in preparing test sites

l. Smoothed surface | 2. Sand blanket

3. Cell placement 4, First sand cover
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_ Figure 21

Preparing sites (contd)

5. Wetted sand cover 6. Mechanically compacting

A s i

7. Mechanically cc;mpa.cting 8. Covering prior to allowing
equipment to cross site
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