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CONSTRUCTION CONTROL OF EMBANKMENTS PLACED
OVER _MARSH AREAS

Introduction

The construction of highway embankments over marshy
or so-called "swampy" lands presents several serious problems,
The soils normally associated with this type of terrain are
heavy in silt and clay content, often high in organics and
saturated with water., When these soils exist in poorly consoli-
dated layers, they are weak and highly compressible, As a
consequence embankments built over marshes, without special
treatment or control, can result in costly slipout failures
during construction and/or settlements which are destructive to
the structural section after paving.

There are a number of methods which can be utilized
in the design and construction of fills to obviate these dif-
ficulties. Such items as the use of fill struts, sand drains,
controlled rate of raising the fill, waiting periods, surcharge,
etc,, are very effective in overcoming the detrimental charac-
teristics of marshy soils, It must be realized, however, that
these methods of treatment are rather costly and will only be
used judiciously. Therefore, it follows that the success of a
method or combination of methods, used in a given situation,
is heavily dependent upon the correctness of many assumptions
made on the basis of preliminary foundation investigations,

This leads to the need for the measurement of the
effects of the fill loading upon the foundation soil, during
construction, to assure that the design assumptions are valid
and provide a means of anticipating trouble, The following dis-
cussion will cover the details of the construction control
methods used by the Materials and Research Departwent to
accomplish this purpose,

Construction Control

There are four primary instruments utilized in monitor-
ing the settlement and stability of embankments. They are (1)
settlement platforms (2) piezometers (3) heave stakes and
(4) Inclinometers. The Materials and Research (M & R) Department
undertakes the installation of these devices at the start of
construction, utilizing specially trained and equipped personnel,
The installations are made on either a written or verbal request
from the district or as specified by the contract special pro-

visions.

Reading of the instrumentation is normally performed
by the resident engineer's forces, at regular intervals, with
the data being recorded on special manifold forms which are
furnished by the M & R Department. All necessary calculations
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—~. are completed on the project and coples are sent to the Founda-
tion Section of the M & R Department. Plotting of the data is
essential to effective "up-to-date" analysis. The analysis of
data is normally undertaken by the Foundation Section, however,
the resident engineer may make any plots or studies he feels
advisable.

A discussion of each of the devices, taken individually,
will now be made with emphasis being placed upon description,
principle of operation, method of reading, calculations and
analysis. No attempt will be made here to detail the techniques
of installation since this is the responsibility of the M & R
Department and serves no purpose in this course.

SETTLEMENT PLATFORMS

There are two types of settlement platforms currently
used for routine comstruction control purposes, They are the
"sealed fluid level' and the '"'riser type' devices,

The schematic diagram shown in Figure 1 illustrates a
typlcal installation of a fluid level settlement platform, The
device basically consists of a standpipe attached to a 18" x 18"
wood or metal Platform.which is placed on either the original
ground or the "working table" at or near the centerline of the
Fill., The standpipe is connected-by 3/8'" plastic tubing to
a transparent sight tube mounted vertically in a protective box
outside the limits of the fill, A fluid, usually water¥, fills
the standpipe, connecting tube and sight tube.

)

Operation of the system is based upon the principle
that a liquid seeks its own level. When the ground upon which
the platform is resting, settles, the standpipe overflows and
the level in the sight tube lowers correspondingly. With the
graduated scale attached to the sight tube, a measurement of
the amount of settlement of the platform relative to the indi-
cating unit, can be made,

If the indicating unit remains at constant elevation
then the measurement reflects the absolute settlement of the
£i11. On the other hand, if the indicating unit also settles
or, as sometimes happens, raises because of heave, then a
correction must be applied to the fluid scale reading in order
to determine absalute settlement of the fill. The correction
is made from elevation changes of the indicating unit as deter-
mined by performing differential levels at periodic intervals,

/_\

*Under severe freezing conditions, a light oil or kerosene
may be used.

'
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It is noted in Figure 1 that the standpipe is enclosed
in a 1" galvanized pipe equipped with an "air vent' at the top
and an overflow '"drain" connection at the bottom. Plastic
tubing is run from these two comnections to the indicating unit
where the ends are sheltered to keep them open and free. This
completes the "sealing'" of the standpipe unit to prevent flood-~
ing in the event of a rising ground water table and minimize
"air locking" of the device which could prevent the standpipe
from overflowing properly. ‘

The procedure for reading the fluid level device,
during construction, is given as follows:

(1) Unlock and open door to indicator box and remove
cover cap, Combination of standard lock used
for this purpose is as follows: Right to 24 -
Left past 24 to 30 - Right to 4,

(2) Read and note (but do not record) the bottom of
the water level menicus from the graduated scale
to the nearest ,01 ft.

(3) Add a small quantity of water (normally a paper
cup full will suffice) to the filler pipe and
observe the lowering of the water level until
it stabilizes., Note scale reading, (Note: if
water level does not lower in sight tube, insuf-
ficient liquid has been used and more must be
added), Repeat the operation a second time.

(4) When these two readings check the fingl fluid
level value is recorded on Chart T-2005 (mounted
on the inside of the door of the indicator box)
and in column 2 of the manifold Form T-2006
(see example in Fig. 2).

(5) Replace cover cap loosely by engaging only two
or three threads. Excessive tightening tends
to "freeze" the cap as rust develops. On the
other hand, failure to replace the cover cap permits
insects and debris to fall into the fluid column
and plug the system. Close the indicator box door

_and lock to discourage tampering by unauthorized

persons.

An example of fluid level type settlement platform data
and calcuylations is illustrated on Form T-2006 in Figure 2. The
Weeference nail elevation' shown in Column 3 refers the elevation
of the bottom sill of the indicator box (see Fig. 1). Addition
of the "water tube reading" (Col. 2) to this elevation ilves the
elavation of the overflow point on the standpipe (Col. Y. The
length of the standpipe (Col. 5), above the platform, is measured
during installation and is obtained from the original instal-
lation log. Subtraction of standpipe length (Col, 5) from the
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pipe top elevation (Col, 4) gives the present elevation of the
settlement platform (Col., 7)., The "original elevation" (Col. 6)
of the settlement platform is obtained from the installation log.
Subtraction of the present (Col., 7) from the original (Col. 6)
elevation gives the settlement (Col. 8; which has taken. place to
date. The "fill height" (Cols., 9 & 10) is important for the
analysis of data and must be determined at the time the reading
is taken and at the location of the settlement platform stand-
pipe unit. An accuracy of + 1 foot is sufficient, The starting
time, from which the "elapsed time" (Col. 11) is calculated, is
established by the M & R Dept.

The fluid level type of installation is very effective
at locations where it is possible to establish the indicator
boxes in readily accessible places at the toe of the fill. How-
ever, in areas where the fill is being built on land which is
covered by water or the "mud displacement' type of construction
is being used, then it is necessary to utilize the "riser type"
of settlement platform,

The riser type of settlement platform consists simply
of an 18" x 18" wooden or metal platform which has 3/4"
galvanized pipe attached to the center by a pipe flange as shown
in Figure 3., When fill heights in excess of 10' are involved,
a l¥-inch Pipe sleeve is placed around the 3/4" riser to prevent
"pull down" of the £ill on the riser, The platform is set on
either the natural ground or a working table., As the fill is
constructed over the platform, the 3/4" riser pipe (and 1%"
sleeve) is extended and maintained above the surface of the
embankment. On divided roads the settlement platform is normally
placed near centerline so that the riser extends through the
median, In the case of two-lane roads the platform is arranged
so that the riser coincides with the shoulder,

Measurement of settlement with the riser type device is
accomplished by mormal survey leveling methods., Case must be
exercised that suitable bench marks are accurately established
and adequately referenced for this purpose, Figure 4 illustrates
the use of Form T-2006 for recording and calculating data obtained
from this type device,

Plotting of the data is usually performed on 3 or 4
cycle x 20 to the inch semilogrithmic paper. Figure 5 (b)
illustrates the typical manner in which this is undertaken.

PIEZOMETERS

The piezometer is a device for measuring the water
pressure within a soil mass at a given point. It consists of a
hollow cylindrical porcus stone, normally one foot long and
1¥" 0,D. by 1" I.D., which is connected to a plastic tube. The
stone is embedded in the soft mud layer, where pressure determi-
nations are desired, and the plastic tube extends above ground.
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There are two types of systems used in measuring hydro-
static pressure. They are the "open" and "closed" systems. In
the open system the plastic tubing is brought straight up
directly above the porous stone to the ground surface and the
elevation of the water level inside the tubing is determined. In
the closed system a pressure gage (capable of reading both
positive pressure and vacuum) is connected to the plastic tubing
and the entire system filled with water, Figures 6(a) and (b)
illustrate the basic details of both systems. '

In order to amplify the meaning of pore pressure and
its relation to fill construction, consider a typical soft,
marshy soil in its natural condition. The soil is both saturated
and highly impermeable (i.e. resists passage of water). In this
state the soil particles are rather loosely contacting each other.
When an external load is applied, such as in the construction of
a £fill, part of the stress is transmitted through the water and
registers as pore pressure, Since water has no shear strength
(for all practical purposes), the soil is initially relatively
weak, An increase in strength is attainable through the process
of consalidation which brings the soil particles into more
intimate contact and consequently transfers more of the load
from the water to the soil particles, This In turn reduces the
pore pressure., However, for consolidation to take place, water
must be squeezed from the pores and out the drainage path.,

Since most marshy soils are highly resistant to the movement of
water, the transfer of pressure from water to soil does not

take place readily. Pore pressures remain relatively high until
water passes from the soil over a period of time., 1It, therefore,
may be considered that the factors of strength gain and settle-
ment are time dependent functions of pore pressure,

1t is seen from this that piezometer measurements of
pore pressure may be used for monitoring both settlement and
stability. For settlement studies, the plezometers are normally
placed near centerline and near the settlement platforms., These
installations are especially useful for determining when primary
settlement is nearly complete so that paving may be undertaken.
It is possible to do some stability analysis from centerline
piezometers, However, this is highly theoretical and since many
assumptions must be made, the accuracy of this method is some-

times debatable.

A more direct method for monitoring stability is to
place several piezometers at the toe of the fill. Under normal
circumstances a small amount of pressure will be registered on
these devices during construction, Any sharp and sudden change
in pressure, either in the positive or negative directionm, fore~
tells of a shear failure occurring in the foundation soil.

The procedure for reading the "alosed system' type
piezometers is given as follows:
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(1) Read and record water table elevation from
water table tube in vicinity using either a
weighted tape or M-scope.

(2) Unlock and open door to gage box. Lock
combination same as for settlement platforms.

(3) Lightly tap gages with finger and read to
nearest 0,1 psi.,

Record on Form T-2004,

Caution do not open valves attached to gage
or bleeder line unless specially instructed
to do so by the M & R Dept, De-gassing and
maintenance of devices is normally under-
taken by M & R Dept. personnel,

(4) Shut and lock gage box,

(5) Note and record £fill height over piezometer.
Accuracy to + 1 ft. is adequate,

An example of pilezometer data and calculations on
Form T-2004 is illustrated in Figure 7 for a ''closed" system,
The "Water Table Elevation" shown in Column 1, is determined
from measurement in a water table tube which is normally placed
near the installation. The "elevation piezometric level"
(Col, 2) is the elevation of the center of the pressure gage
and is determined by survey levels. Check levels should be run
on all gages about once a month during construction. Column 3
is determined by subtracting Column 1 from Column 2. The
"pressure of water col,” (Col. 4) is determined by multiplying
Column 3 by ,031, The "gage reading" (Col. 5) is recorded as
+ if pressure and - if vacuum. To convert the gage reading to
tons /square foot in Column 6, multiply by .072 if gage
registers pressure (+) or ,035 if gage reads Vacuum %-). When
calculating the value for Column 7, Columns 4 and 6 are added
algebraically.

The procedure for reading the "open type systen'"
plezometers is given as follows:

(1) Read and record water table elevation from
water table tube.

(2) Determine elevation of piezometric level in
piezometer tube with an M-Scope. An M-Scope
consists of a coil of insulated wire connected
to a battery and a milliammeter. The wire is
puched gently into the piezometer tube and
when the bare ends of the wire contacts the
water surface, the milliammeter pointer is
deflected, The wire is wmarked with tape every
five feet., When contact is established with
the water surface, the distance to the nearest
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mark is measured and the depth to the water
surface is determined. Since the elevation
of the tube end is established by survey
levels, the elevation of the water surface
may be easily calculated,

An example of Piezometer data and calculations on
Form T-2004 is illustrated in Figure 8 for an "open system"
installation,

A typical example demonstrating the plotting of
piezometer data is shown in Figure 5 (c).

HEAVE STAKES

Heave stakes are surface movement indicating devices
which are used when the stability of the fill foundation is
considered to be a problem, A row of stakes, usually consisting
of 2" x 2" x 18" hubs (or larger) are placed from 10 to 25 ft.
outside of and generally parallel to the toe of the £il1ll slope.
The hubs may be spaced on centers ranging from 10 to 100 ft.,
depending on circumstances, however, the most common spacing is
50 ft, It is not advisable to extend heave line points much
beyond a distance of about 1000 ft. as sight distance begins to
affect the accuracy of measurements.

Survey tacks are set on each hub in line using a transit,
Sight targets for line are placed on some solid support (e.g.,
tree, power pole, building, etc.? at each end of the line, It is
advisable, wherever possible to 'double" target each end of the
line on independent supports for reference,

Differential levels are run on the hubs for elevations.
It is desirable to have a bench mark (B.M.) located on solid
ground near each end of the line so that levels can start at one
B.M, and close on the other. However, for lines under 500 ft. in
length, one good bench mark may be used for both starting and
closing. Error of closure should never exceed 0,10 ft, Errors
between 0,05 and 0,10 ft. should be redistributed among heave

points,

Figure 9 shows an example of heave stake data recorded
on Form T-2081, Figure 10 illustrates the manner in which both
vertical and horizontal movement are plotted for each individual

heave stake,

In analyzing the heave stake data, it must be borne
in mind that, it is not the total magnitude of movement but
cather the rate of change which is important. The fastexr the
horizontal and vertical displacement moves, the more critical
the stability situation becomes.

FASEO=C-E-M
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—_ INCLINOMETER

The Inclinometer is a device for sensing subsurface
movement of soil masses, It consists of 10 ft. lengths of 3/4"
1.D. plastic tubing joined together to form a suitable length,
The tubing is installed vertically through the soft mud layer
to firmer material at a distance of from 5 to 15 feet outside
the toe of fill, Extreme care is exercised to insure that the
tubing is initially installed straight.

When an unstable condition begins to develop and the
mud flows outwardly away from the £ill, the inclinometer tube
will be bent or deflected in a manner similar to that demonstrated
in Figure 11, Detection of this bending is accomplished by
lowering a .675" diameter test rod into the 3/4" tubing, on the
end of a line, until the rod binds in the bend as shown in
Figure 12. This procedure is performed with three rods having
lengths of 3 ft,, 1 ft, and % ft. respectively, and depths to
refusal are determined in each case. If on the first trial, the
3-ft. rod goes to the bottom of the tube then it 1s not neces-
sary to try the 1-ft, and %-ft., rods., Inclinometer data is
recorded on Form T~2078 as shown in Figure 13 and plotted in
the manner illustrated in Figure 14,

The Inclinometer will provide only a very general
concept of the measurement of the magnitude of underground
movement, but it can give a fair indication of the depth at
which displacement is occurring. The significance of this
field test, with regard to stability, is not only how much the
refusal points change, for the various rods, but also how
rapidly they change. The faster the positions change the more
critical stability becomes.

Summary

The two principle items of concern, when building
embankments over marshes, are (1) the stability of the £ill
and (2) the magnitude and rate of settlement. The location of
the control devices in or on the fill foundation 1is dependent
upon the type of problem involved. When only settlement is of
concern, a settlement platform and several piezometers, at
various depths, are installed on or near centerline, On the
other hand, where stability is a problem, piezometers are
installed at the toe of the fill along with an inclinometer
(5' to 15" out from tce) and heave lines (10' to 25' ft. out
from toe), Figure 15 illustrates the instrument positioning
for both stability and settlement. _

The frequency of reading the devices will vary accord-
ing to circumstances involved in individual projects., In
general, readings will range from one to.tbree‘time§ a week
during the fill loading period. If stability is critical,
readings may be taken two or three times a week. On the other
hand, if the problem only involves settlement then once a week
will usually suffice, After the embankment is completed, and
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during a waiting period before paving, the frequency of read-
ings may be tapered off to once or twice a month, The number
of readings will not only depend upon the criticalness of
stability, but also the rate of settlement. 1f the rate of
settlement is relatively large then more frequent readings are
in order. This will aid in making predictions as to when
settlement will be nearly complete so that surcharges may be
removed and/or the construction of the structural section may
be satisfactorily undertaken,

In summarizing field control operations, it may be
said that the effectiveness of the instrumentation is no better
than the care and conscientiousness with which the measurements
are made. Effective use of construction control methods, when
dealing with difficult marshlands, will lead to less expensive
and better riding highways for tomorrow's traffic,

CThPD

www fastio.com


http://www.fastio.com/

S —|

“Tﬂriu—k‘lhk T VL W ST I e S 2 e o AT TR T Ty S T AT e ST T TS T T L yui- N

AR D S ==

104 j3H #A3[F

.1 34N9ld

‘1dag yoipasIy PuUD  S|OUIRIDN
skomybiy o uoisialg

3dAL 13A3T QINT14 Q3V3AS
3A21A3Q SNILVOIAN) LIN3W3TLL3S

weibog Ioweylg

yun adidpuoys

ard
R

oqnl buijpaipu] pinld .8/ asog bujjaaal puos

L~ agnyg winig W2/ W {4 .ma.mkw\ b...”“ws_an\
aqny wybis susord m 3
jua10dsuns | i

e m wiojiold 0L PIYIOHY

XOg 13405 UIPOOM - m 910l 9508

| U aqn] JuaA iy B/E i
&qum.aﬁlxmm\w@uw. - ~— - -- - . (SYibuaT 3/901100)

] ] & julo, ‘AR|q p

L1 eqn) JyBis ul [9AT pInld A PROURQ  julcd  MO)JIIAQ 4O 2dig 47091

vuwnfoy pinid fl {syibus] 8jqe1104)

3did 491114 7 |

T~

3dITPULIS Aj0Y ¥/

‘dog 43407

__

isod Dununol b X &

/'“\

002 —L 14042 ien

/'_"'\

astro.com

AY

C'\l\l:-)-y-)[ -


http://www.fastio.com/

¢ 3¥Nn9ld

a3

e

R CRIGRIGRDICED GRICER 2] Gl AR IGE

T LT 065/ Lo /[ SES|s5¢ 1| 068l SE/]| el d5

7 7 (22 47| 55b] [ ST T |5 h¥[SCTE[08 T 1T dS

/ 9 oS’ |94 R1|96°8] [ ST 3| 11'h¥ IFTE(eT'( | b dS

\ 7 ot b5 [|BBEN |S535 (AT BI[TTLI 5T '8 dS

b g G | <5 EET 855 a0 e [bTae | LT L d3
SHYYNIY savd GNDOBY NOLLYAT1] g=3g NOILYATYZ | WouvAId | 3d1d adid HOWYVATTY anIovYIY HOKVIS

ECRCT aniL aroay. T0a| Fovaues Nl FUE R WNIIWO | 30 RISNT] =uﬂ_¢m>.wm_m nvN ELL #0
g s0 wsam g | oA IHORH T ININIILIS | Wy041Y I ININTILLES 3d1d ¥3sn TG | EAVM uzanan
adrua.am_ o\\.S som\\m? |

HOLLYJQ LOVHINOD (L§-§ "ATYU) 900§ Wd0d

L 925 “eoLl AT SHIOFIBTJ IUSWOTIIDE viva LNGNITLLIS

235 Y 0 19\d ad£3y Tano] x°3EBM juewpedeq youvesey B S|RLAIA

¥ hg-hT 2/ SAVMHSIH 10 NOISIAIG

u!:_ va N nor SRIOM DTHINd 40 INTNINVEE * YINIOITYD 20 3VIS

A30OLVHOEVT S33LavNOavIH Ol

/f_"\

faSL.0-c.04m



http://www.fastio.com/

¢ @inbiy

INIWLIYYLIQ HOBVISIH ANV STIVIHIALYN
SAVMHOIH 40 NOISIAIQ

3dAl 3did ¥3SIH
33IA3a O9NILVIIANI IN3IW3TLL3S
WVE9VId OILVW3IHIS

‘poposu eiaym asog buijaae] puds

‘d40nbs soysut &) ‘xo1ddp wi041Did [0} 10 POOY

dbuo/ 100[4 S ,b/E—

‘wi04401d 0} payaInyo Jou Si
PUD 13S141 1340 391} SPI|S 8A3I|G ‘d{ON
,G Syibusy |1y "arad)s 9A41}198401d | /I ]

,G Sysbua/ puoti1ppy
,9 Y4busy burpiots adid (044009 o [ |, b/E

W%

@ouD sul 4ood uy buiydnod yo dof of 91NnSOW

\\\&V.////§/////v%\\\\\\

/"‘\

[LO..COL

fas

/’\“ /

WA

ClibPD


http://www.fastio.com/

P 34Nn9id

~A"
yItoz=-\ Pk
6ol |

P ;o 00p L ~T i¥0 - | agG P9 9% . " L b -
2 T ] T3 +1 S LR 2 To'L 1wr | o971 [gogl " " .«H\.
TS iR ) gL TV0 | G 7 TvT | SVS L1 . " - \.
PR3 1y J%aLLE L | 58 g o6 S | ToT | S8y | cvil “ g 59 -/
" ow o ~BLET A G 7 [AL-R} o @ i B orE | T 9l | gLET » - un-\_
" w =~ %l (38 3 B! [0°0 ¥ | 8Lty e ST | 9F Gl I “ m.“v\.\
PRNCSRLTE 2 2 S ¥ 1 oK1 A 9Ty 58 90T [ 2381 " " I&.\_
Potin ~iTt o ¥l eXxT | 79 tTy A4 T3 ST | sTeT v " b4 ..\\_

. o ~¥'L \ (-5 3 il | AL S 5 aTy AN . .. I~ A
y v M ~ ol . ..T.* 7 ﬂ\ﬁ\o 6% O‘Ac* Fﬂqtf \Iﬂ.m ' o P IR
Yr 38 Foit ' Bp 37 IL°0 | 9TE Uopb BY4 19°¢ » " Gt - %

PR TR+ S8 | TTi | e sty X5 | ¥ | GGl . LN
T w ~TIT . +8 TET {650 £TT | T8 | ey UU | &L " . vl o~ )
3 Un ~ait | EpF | T8 AL 65 © [ 4 6T [ o9l | gotl y " 32 Io,
. ~ ol X T3 AL A gr-o £%7 | 1717 eS| og il " - <z -
T ~ Gl : FAE 79 dﬂ.o l.ﬁ.N..ﬂI.ﬁlJ T T 911 “ 4 [ A \/
YR Y AT I . L +7 ZT°0 £y T ST7 LTS | ol - . ot - |
n u JONM[OEZ \ S o° 81 L1'Ol g5 01 05°ol Abisl FA Ak 14 . . el - 7
" “ N)-ﬁw— L] dr“ﬁ 4\0“ db«“ WN-O‘ —O\ﬁ;ﬁ WQ.\“_ mﬂ.dﬂ " " a‘ ,
30 s~ LGT w.r EXCEA [ 4 4 990 Lo b L6 a7z | 6T OF A.m.w A suw..mv FARF KN v
SHAVA sAYQ . ._wﬂq_HMWw NOILYATTH 1334 NOL1LYA3NT HOLLYAZT3 Idid u_wmhu._. NOILYATTH INIaYIH NOLLYLS \
‘14 ‘')Al IMIL Jroay n_._n_un_ kKle) P11 NE LIN3IS3Ed TYNISIHO 40 HIDNIT NOILYAZ3 11¥YN I4NL mm“:
1114 40 sno1a gasdva tHOBH TH ANSRTILLIS [ pyod1vid ININTTLLES 314 WIS NI | EIYM a3gHAN
YU poocbedvwol-57
NOILY207 LOVHINGD (L%-€ "3d) 9002-1 Wuod
ar4 jeS Ql SWI0IIBId IULWRTIASS viva INJWTILLIS
‘938 Y o) 151 od4l xosTY uewpedea( yoseowy § S[RLS{EN
1 »7-81-Tl b SAVMHOIH 40 NOISIAIG
3nvd JUIVT "ON HOr SHEOM DIENd 40 INTNLEY43A - VINIOANYD 4O 3Lvis

—

AYOLYIOaYT S¥ILNVNOAYIH Ol

Fa

Clida.2D.


http://www.fastio.com/

-

Q-

i *m VRN S S W
¢ T. ! | |
Lo | 4 ! . B a>|t1rl.+ .«I:
()g @am3td | 1
I - i [ )
S TN N S VOSSO SO
Bl .W_, " !
7 A

| L
1 w i w
J Pt e

: e gpidSt o
[ R
0N U R SOV S R SR B
# G i : :
! b L
| |

(O mea@-10)

"e

WALAALS

Ea———

ClibhPD


http://www.fastio.com/

INSULATED
G WIRE

£ o

.

4

e

PLASTIC Y~BLOCK:

oy
i

’ <
- Ry
)

o

_ 172" PLASTIC TUBING ———

(A)
OPEN TYPE
= PIEZOMETER

FIGURE 6

(B}

CLOSED TYPE
PIEZOMETER

Cm’_zl>)._u,\’,\.’ VoS- RS @)


http://www.fastio.com/

L 3¥N9Id

— 124
il 3 s 4| =wol419 Oh-| 7o €8] fbl
M I3 e[ 10| _srod [H-| esd porl €42
| oA A prol ool 2C o2 ¢8| _swl
A A 2000l S0-1 €19 I'e| gor| "1y
A a4 Loo| ol'o.] &6'T-] Guo| 29| 4'3)
IR ol oro-| &7~ o 89| 0p\
T A= wroel aca] T'—=| w9 89| 0V
A3 TE|] 40| 00 ST elo @9 | 281 LAl
424921 _szo| #o0] 071 brol 4'k| bl
3322 woo| Lvo | A7 e@ito] ¢8| V'8)
|, molgeo 7| oto %b| 96l
A 2F 8| 950 7¢04 9'2 | O=0O| &1 7
A1 ip| avo| ool 'z-] &0 ¢l AL
1T 27 <ve|goo_| T2~ (o] £9] 87
A 74| y20| o© 001 420 G| 9L
A A A ool Tvo SR €20l gL Ll
| o Bl 410l LT 0T 120 L9 2'
leg 4 23] Wwe| e 078~ 0| 7L &LVl
SAHYNIA SAVQ '48/L 1334 (941 (220" x 2 — s x© 1334-37avL RETEY | NOILVAITA
T o ey (oL jamvidag | asL | AL Cpgyn | 03 MMM T | Corvana | VA | asmernd
T4 40 1yojEM LIND casaia 5 e L 9 s y ; z | .
S5 00 s% \a\\w\:\qm*ﬁv\x .m,wmgmt._rlxqu
NOLLYD0T LIVHINOD (2S-E "A3Y¥) P0O0OZT-1 WEO3
AL L9 -39S A S - welyf ho vivVa FUNSSTUd OILVISOUIAH $530X3
238 ‘34 o) ‘ ‘1810 juoupiedeq] yoieesay 3§ S|PLOJRN
Il 0T SAVMHOM 40 NOISIAIG
anvd awa ‘ON aor EmUmhm m@.ﬂH_ PosoOTD SHHOM D11ENd 4O INIHINYIEA - YINIOAITYD 40 3LVIS

ANOLVHOEY S¥3Ldvndav3H Ol

SO0

fa

N
AY

VWAVAAL

ClibPD


http://www.fastio.com/

8 3Jy¥Nold

g2 — .i — . — — —_ 159 A 85 u
( o ) s0° — — | Zvo | S 861 50 !
N o o a7 - — | Bgo | zg | s7€ | so | ¢l
J b | zZ $Z° — — 25T | 94 20°8 Y b
gs & | 82 ZIl" — — #1071 2% <19 S 3
SHYVHNIE 7 savd ._.:..._..,_M...._.m:a nmuu.m__w_.._._.: 4 A.w...”.m.\..ﬂ.u numw.w.w._.nu ONIaYHY ...ﬁ%.uw..ﬂi zﬂ“ﬂm.__‘n“m._.“. u_mww“wwu_m zow_.._..nﬂ,._u ¥IENNN
“Id "n/E] oz/ ELTT aNIaYOT 40 IMS1IY | ‘ssawg 3wog | oNIGYIY 39NV 40 JWASSIUJ | FINVISIQ NOILYA3TH HYA | yasawozald
U4 40 IHDIIM LING aasdvia 6 g £ 9 § r £ 4 |
X*.__ = [vuois L1 LLI2SIANEZD
NOLLYIOT LIVHINGD (£5-€ A3d) 0021 W804
> YW z as i worsdg dLy uado vivad 3¥NSSIUd OILVISOUAAH $530X3
‘93§ L ] “151g juswprde(] Youesssy B S[@HOIRN
< Z2-£2- 8 S-Z-67¢% SAYMHSIH 40 NOISIAID
aovd azvg "ON |of SHNOM D178Nd 40 LNINIIYIIA - YINIOITYD 40 3LVIS

Vs

AOLYH08YT SHELIVNOAvIH Ol

P

www fastio.com

ClibPD


http://www.fastio.com/

J 5t

+ 1YY

+6.29

MATERIALS & RESEARCH DEPARTMENT

REPORT OF HEAVE STAKES

Lab. Auth. Dist._ 5 ___Co. LY RY.CST5 see. _v)
Locotion/Ziat sentille Bea- 2a:g Contract 65-C47 /2& 32 F
Duteﬂﬂ@d_; Recorder ﬁt/fha-}*; ﬁm.iy Fil} Height on ¢ ft.
— Line No.
Tt o J Yo e TTT E5o
Vertical Movement Horizontal
Station ool ~ Rod Present | Original Movemem- Remarks
t Reading | Elevation]|Elevation Left Right
",?»/.;#7 —F. 72 TZIF | JEH X \
477450 —g26 | _t32- | i3.91 G0
A F - £ oY oz |14-30 4 0,05
Y - 24/ | /37 11339 gtk
Y T —a99| s 1304 ¢ 0,75 \
475450 -7 75 72.351)3.34 4 Ay
4P - ~j.39 | Jo2.7e | 1277 2.7
40 5o | wee ln-6/ |V 2,08
YR 4 50 cpee | ras2lps3 |7 LA
/7Y 405 caok | tea| 1463 | 222 | Mark on AW
/F 23/ ~/2.47 | /730 | “
B M 2077 | ~/¢¥ | /P30 | /833
AT XS -f66 | 20/ ro.)) |7 20/ — A
. . Ve
4.5 w57 | /707 | 1909 2.0/ x\:)?f
472450 ~g55 | dea2l| WA ‘ s.02 | O\ \
» / ] Y Y i
YT~ - oo | 2y 5alzeS 0. 04 ks A
\J
+£0 ~3¢§ | 2608|625 v a.a‘z/ AV e
ANPRAND
deplogoe | -izes| oy (2946 ||* c.c 4’ L
Yiri o5 I d KA 4l
Hpn+29 cwen | v |g02) 7 =
B!
bl | 72,722 4263
Form T—208I {Orig.10—61)
FIGURE 9

YVARTAYYAR

"S‘l\(\ (=~ (=)-11a)


http://www.fastio.com/

+9 yagrasae PO uranaron P9 vagoioo PO uiewidas ¥O rsasav 9 s 9 annc 9 Avm $9 sav G4y HONYH GO Advnnadd m@»ﬁ.:a,:_,
SZOISESS _HTVIEELIS _ aTeEFIQ 1TUZEIQLS STOTSIONS dz02s)OLS  STORSI0ig  CTOZSIOLS .mwomm,o_m 570151018 520751008 waun_o 5

N

‘-%Q

T M o
L334 NI T
40 SSINNIIHL

. : T R I EEG S ot e P R RN 7
r'Q-96-uonn : . 75 S i T M ey g
‘135 -A‘Al poOY i
- o
i o
2
W
°
E2-:
ruw:.q.n
bl
:m,!”:fu
Y
i
, k]
v.hm m
_‘ ]
A
d 0
0
0
L Ufwz_n_ . 0
By ‘mm&»m ujszow,&
- SINVLIS—IAVIH-
nivhl . .I......‘...:.(:..i.,t.kl.»!.p.ql..nl

TErOZEIULS G20ZSIOLS  HTOTEIOLS SIorEI01 G SZ0PLIONG  £2DASE01S  SZOTEI0S mﬂommt&m annﬁxm T RT0ZSI 0L S a«om“mﬂ% mwrﬂﬂrﬂ
TP ELED] UIUAIAON ¥180130 yAEAZLGIE isasay AT aNar AvA ALY HOHYM AN

NIWIAOW TVLNOZIMOH

i

S3INVLIS FAV3H
NO1LVYAIT3Z

—

www fastio.com

ClibPD


http://www.fastio.com/

11 340914

anw 1408 40 -W0.1.108

/ B

® ~

anw A140S

e
e ——

qgod /1 40 NOILISOd dOLS

aod ,1 40 NOILISOd d0LS
aod £ 40 NOILISOd d01S

ONIENL 0/LSVId /€
F0 NO/L235 ,0! TVIIdAL

—— v— — p—
. — — — . ———— — — t— ———— S O S

e — —— r—r—

s —— — . . . i = T T, e e ey st i ey li'll.‘l{'

aNNOY9 .§<§%|\\1 I\
(4uaweapldsip pnw 184p) & 31 IWONITINI

( uonisod touibrio Ut ) Y31 JWONITINI

TS

INIWITLLIS HILIV | -

774 TVNI9INO

8|DJS O} 10N

LN3W3IOV1dSIa ONINNA LNIWIAOW HILIWONITTIONI
9ONIMOHS NOILVIIVLSNI VIIdAL

r

hRPDE — i fastHe=ce-1

P

Cl


http://www.fastio.com/

. o i)
i l : CABLE
| ! ‘/;—'
L
A POSITION OF PLASTIC
['L___IJ .= TUBING DUE TO SOIL
| MOVEMENT
INITIAL |
POSITION OF | 04
PLASTIC Iy
TUBING L
|
b
||
b
|
o
J TEST ROD
IT..._
!
|
i
|
|
l
|
I
|
|
l
J
Lr_
l
|
I
I
l
I
l
) I
|
r 1
Pt

FIGURE 12

ClihRPDE — i y—fask-e=can


http://www.fastio.com/

MATERIALS &

RESE ARCH

DEPARTMENT

ROOT INCLINOMETER READINGS

LAB. AUTH, 2Q DIS‘I;]__&_— co.Sel RrT._2l _ SEC.
LOCATION Rewiery o Covdlels
DATE 1-12- L& OPERATOR __Lea ™7
NUMBER INDEFPJEHT 3DEFpoT:T PR??-%OI?ROPS% TFOOOT REMARKS
T - 37 30.10 L.o 0.0 22.y Mo Heave
34 30.00 12 TR [t-B Y "
33 2L 3 4.y 21.4 22.8 - "
32 2133 | 14.2 144 19.8
31 222 v.0 19 0 13.0
28 Tl AN L 4.1 18.8
48 7. 4.6 L2 1.0 Sec beled
49 | 20.0 g.0 19.9 99 | * -
§o 18.50 4.0 TR Ty * : "
oy fL-1o 1<.9 ts-8 153
¢7 | 20.10 | yo.L 19.9 9.0 | *
74 1472 14-7 (4.1 4.1
73 .10 $-93 $.9 $.9
o4 9.9y" 44 3.8 9.8
<3 | 124y 44 12 4 17,4~
x ,Del'h caused by evoston| from lasf sform i Viemtls .t
Sotl thim ot Ploll forms  ha ”,ﬂn?r?v”-/ e f/eﬁnf"’f’ Jac/mame':’f
- < -
yisrsy Ae_.'_tfwf p(pd H,ii_'_z_,c] —é(
X -
Form T-2078 { ORIG. 9~61)
FIGURE 13

Glalo-RDA=-—pery

fastro~com



http://www.fastio.com/

12-10S-M3N
2-¥2-10S X QVOd

$1 34NOI4

§9 AdYNNYT

#9 wpaw3oaa  ¥9 AIMWIAGN PP 1380100 FI HIuWILA3S #9 sa9nyY 9 A1ar €9 aNar §9 AVYN £9 TEdY §9 HOUYH 99 A¥vNaERd
w~o~.fo_m .L«c:_oﬁ..m GZOZSIOIS  GU0251018 SZDTELOLY STeTELLL gz oTS10LS sz0ZEl0LS  ScOTGIOES
T T T M TR T T T T T [ S R A I 1 -
i, TS Y N 1 W PR A ol T SN 3 e ! bt . ,
I L T P
B i ._I. IR ] " J.A ! h_
Lo « A= : L+t :
UL " |
b b _ G
SR L ] bl _
HEn v Y e v
1
: L | - il
.L_.i il

A Ty 'F

e

-1hy

m v
W bt Lty
~ T g
| R .
. T -k T -
ol - 4
T _ ﬁw
T m_l T : = t-
SRR AR RN
A
: R .H ._n .,m |
I ST
R i
e =anaann!
1 i 1 ! ”
A

P

I

BY0TSICLY
d43am3dzada

G70TSI0L
HAENIAON

(=]

. 0Lsi Gl E
W3aolau

§Test0t G
YiYNILdIS

Z£0TSLALS
1sn9nv

R

i

S U TS NP S T e s

CTOTSIOLE
AT

! ,..r.: .
+.261

“.ri.
NOI

1V1S 8 291
vi130802 OL VIDIN3g
£¢ ¥3ILIWONIONI  1OOY

STO0ZSIOLE
annr

5Z0ZS101%
AYH

Tady

SZOLSLOL S

52026101
HOUYH

b ]+
§ZOZSLOLS
Advndazd

420250t 8
AHYRNYE

P

H1ld30

1334 NI

a4

1334 NI

30 SSINHIIHL

www fastio.com

ClibPD


http://www.fastio.com/

¢t 3¥NSid

S3IJIA3A 10Y1NOD
NOILONYLSNOD dJ0 INIW3IOVd

s31anls LN3W3TL13S T08LNOD ALITIBVLS

Wil .

\\\I\‘
rﬂ ? wo AW
\
§1910WO023lf —
e =
108 1408 S9y0IS
9ADIH
Sy 8)9Woul[Iuf
o N
;;w@.ﬂ.v,mx.wwﬂq. d.u,.“.mﬂx.,.s\ ,m;.....“q ey T :.T
( f

-~


http://www.fastio.com/

	E:\images\000000\00000092.tif
	image 1 of 25
	image 2 of 25
	image 3 of 25
	image 4 of 25
	image 5 of 25
	image 6 of 25
	image 7 of 25
	image 8 of 25
	image 9 of 25
	image 10 of 25
	image 11 of 25
	image 12 of 25
	image 13 of 25
	image 14 of 25
	image 15 of 25
	image 16 of 25
	image 17 of 25
	image 18 of 25
	image 19 of 25
	image 20 of 25
	image 21 of 25
	image 22 of 25
	image 23 of 25
	image 24 of 25
	image 25 of 25




