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TEST EMBANKMENTS ON TEXCOCO LAKE
REMBLAIS D'ESSAl DANS LE LAC DE TEXCOCO

A. RICO, M.E.
G. MORENO, C.E.
G. GARCIA, C.E.

Geotechnical Dept. Ministry of Public Works, México, D.F.

SYNOPSIS 1In this paper are presented the results of field measurements made on two instrumented test em=—
bankments which were built by the Ministry of Public Works over the Texcoco Lake, in order to obtain the
necessary data for the design of the Pefién-Texcoco project, which is a direct road between this two pointa
The measurement program is being carried on, and in this paper it is only shown the data obtained in the
approximately first 30 months of performance of the two embankments. It is included the information given
by the leveling of surface witness, by Wilson inclinometers by settlement torpedos and by Casagrande and
pneumatic piezometers. It is also shown the value of the shear stirength determinated by vane shear tests

performed during tae measurement period.

An approach of a preliminary interpretation is made, giving special attention to those facts that do not

clearly correlate with the established theory.

INTRODUCTION

The Ministry of Public Works had the necessity to
project a direct road between Mexico City‘and Tex-
coco City over Texcoco Lake. The soil of this la-
ke is formed by soft volcanic clay, (which means
low shear resistances and high compressibility)
with depths of hundreds of meters. The project
involves the construction of a four line highway
with an overall wide of 40 meters.

In order to obtain the necessary data for the de-
sign of this project, several Soil Mechanics stu-
dies and field research had to be made, being the
result a cross section with a total cost of 7 mi-
llions pesos per kilometer with a safety factor in
the order of 1.1 in the worst conditions. However,
tne present theories as well as the experience on
the construction and the behavior of highway are
considered unsuficient, so the results received
are not to be trusted, specially those about the
development of the settlements within time.

All this led to construct and investigate with the
help of measurement instruments, the behavior of
some sections or test embanxkments at a natural
scale on the surface of the Texcoco Lake in tnose
spots that were considered critic, in order to com
pare the results of the application of Soil Mecha-
nics theories and the behavior of the full scale
models. This paper pretends to describe all the
investigation made with the indicated purposes,
showing the results of a 30 months measurement pro
gram,

CAARACTERISTICS AND LOCATION OF THE TEST EMBANK-
MENTS

Based on 120 borings and laboratory analysis of mo
re than 1,100 samples was located the most criti-
cal spot on which were to be made two test embank-
ments, 120 meters long each one, slightly differ-
ent, because it was also desirable to study two di
fferent alternatives with two different materials
in order to establish an economical relation. So

669

one of the embankments represents a road built
with a light material of 1.0-1.1 tons per cubic me
ter, and the other one represents a road built
with the conventional material of 1.8 tons per cu-
bic meter. The first embankment is of course ligh
ter, meanwhile the second one needs of two struts.
General description of the foundation in this pla-
ce shows that it is formed by a volcanic, soft,
high compressibility clay (CH) that reachs a deep=-
ness superior to the significative to the project,
as shown on Fig. # 1 and table # 1. Fig.#2 shows
the cross section of the two constructed test em—
bankments that were completed in December 1965,

INSTRUMENTATION

Both test embankments were instrumented as fo-
llowst

- 30 surface witnesses were placed and leveled to
register the surface movements with precision level
ings.

- one transverse line of Wilson Slope Indicator
were placed at one of the thirds of the length of
each embankment, from natural ground down to 15 me
ters. The line has 7 inclinometers going from the
center line to 5 meters away from the toe of the
embankment in the natural ground.

- one transverse line of vertical torpedos were
placed in the other third of the length of each em
bankment with 7 observation points in the line
that were able to register settlements as depth as
15 meters.

- one line of pneumatic piezometers in coincidence
with the line of vertical torpedos, with 3 piezome
tric stations and 6 piezometers installed at 5, 10,
20 and 30 meters of depth. The pneumatic piezome-
ters were completely built of plastic to avoid the
corrosive effects of the water.

- one line of Casagrande Open Piezometers interce-
lated with the pneumatic piezometers at 5, 7 and
15 meters of depth.
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DATA OBTAINED FROM THE READINGS

a)

c)

e)

f)

Surface level witnesses.

The data obtained from this witnesses is shown
in Fig.# 3. It should be noticed the general
symnetry of the settlement as well as the loca-
tion of the maximum settlement displaced from
the center of the embankment, perhaps due to the
influence of the access road. It can also be
noticed the tridimentional effect in the edges.

Inclinometers.

The data obtained from the inclinometers is re-
ported in Fig.# 4, and it should be noticed
that all the lectures are perfectly consistent
in both embankments. It is very interesting to
point out that the deformation outwards the cen
ter of the embankment after been very great be-
came backward closing up again, due to what
seems to be the consolidation effect of the
soil under the center of the embankment, which
in the time counteracted the tendency of late-
ral displacement of soil under loads.

The lateral movements are considered to be
within tolerable magnitude in relation with the
present and future stability of the embankment.

Vertical Deformimeters.

A typical data obtained from settlement torpe-
dos in one of the test embankment is shown in
Fig.# 5. It seems to be important to see how
the settlement decreases with depth. In connec
tion with this matter, Fig.# 6 shows the theori
cal stress distribution under the embankment ob
tained from the application of Boussinesq Theo-
ry. It should be noticed that the contribution
of load to settlement’ with depth was smaller in
reality than could be predicted from the theory,
happening the same lateraly. It can also be
observed that the rate of settlement seems to
diminish faster in the upper levels.

Pneumatic Piezometers.

Fig.# 7 shows a typical information obtained
from one station of piezometers placed under
the test embankmentsj the other gives a very si
milar information. The interpretation of this
data is very difficult and seems to be very li-
ttle conclusive; for example, it registers a
constant excess from the hydrostatic pressure
whioh is difficult to correlate with the high
settlement of the structure. In general terms,
it is conoluded that pneumatic piezometer gives
unreliable information in this type of work,
eventhoug a reasonable care was taken in its
installation, operation and lecture techniques.

Open Piezometer.

The observations reported in Fig.# 8 are not
conclusive because these instiruments were insta
lled 6 months later.

They seem to indicate that the phenomena of va-
riation in the pore pressure is very low at
high depths (15 m.).

Vane shear test.

An investigation of the shear sirenght of the
natural ground was carried on using the vane
shear test, they were performed approximately
30 months after the comstruction of the embank-
ments, using an instrument designed by the En—
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gineering Institute of the National University.
The obtained values were compared with the ori-—
ginal values applying a relationshi proposed
by Marsal and Mazari (reference # 1) in which
it is stated that for the clays of the Mexico
City Valley the shear strenght determinated by
the vane shear test is given byt

du
- —

G " 15
Whith this equation it was obtained an initial
value of 1,95 Ton/m2 and a second value of 2,5
Ton/mz 30 months later. This significant rise
in the shear strenght value can be atributed to
the consolidation process of the soils under
the embankment. It should be noticed that the
addition to tkte shear strenght is practicly uni
form in all the depth explored. Fig. # 9 justi
fys the last statement. Other tests performed
at the toe of the embankment and in a vertical
axis gave 1.7 Ton/mZ shear resistance in rela-
tion with an original value of 1.5 Ton/m2.

DATA INTERPRETATION

The following statements seems to be based in the
information obtained from the measure equipment.

a)

b)

c)

d)

e)

f)

The shear strenght determinated by a vane shear
test has increased with the time, an stability
analysis shows that the safety factor has risen
from 1.1 to 1.25 in 30 months as an effect of
consolidation.

The settlement decreases rapidly with depth to
smaller values than those indicated by the tra-
ditional theories based in the Boussinesq analy
sis.

The rate of vertical deformation also decreases
rapidly with the depth, but in the other hand,
in the lower levels, this rate of deformation
tends to stand still, meanwhile in the upper le
vels it disappears more rapidly.

The largest lateral deformations ocoured at a
depths between 5 and 7 m. smaller than those
expected.

It can be seen in Fig.# 10 that the consolida~
tion path obtained up to day in both embank-
ments indicates that primary consolidation has
not yet occur. This and the fact that signifi-
cant secondary consolidation effects are expec-
ted, lead to the need of continuing with the
measure program.

Fig. # 11 shows the evolution of the settlement
velocity. It decreases very quickly at the be-
ginning but now it is becoming almost constant.
Fig. # 12 shows the relation between the conso—
lidation degree and time. It should be noted
that for 30 months the primary consolidation de
gree should have been 73%; it means 2.40 meters
of total theoretical settlement, much higher
than the real settlement which is about 1.00 me
ter. The same ideas are handled in the Fig.# 13
showing that the real settlement in the center
line at the base of the embankment is the 38%
of the theoretical settlement at the same period
mhile at a depth of 15 m, it is about the 23%.
All these facts indicate that the settlements
are much lower than those we had calculated and
that the consolidation effects are dissipating
very quickly with the depth.



FINAL COMENT

EMBANKMENTS ON TEXCOCO LAKE

complementation between the theory and field re-

All the information obtained from the measure pro- search based in measures made in test embankments.,
gram in comparison with the original ideas related Only in this way will be possible to obtain a rea-
with the Pedién~Texcoco project and based on the listic approach of the behavior of soils on which
theories available, makes evident the necessity of can be based an objetive projecte
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Depth (m) m, (cm¥ Kg) p(Kgsem?)  C, (Kgsem?) X(T/m’) 6
4.60 0.53 0.56 0.18 1.30 2.47
6.40 0.52 0.50 0.2 115 2.67
8.60 0.45 0.62 0.25 118 Z36
11.50 0.54 0.60 0.20 .18 2 36
12.80 0.47 0.70 0.11 118 2.36
13.50 0.47 0.60 0.19 1.20 2.35
16.00 0.4l 0.56 0.10 1.25 2.35
24.00 0.44 0.54 0.14 .18 2.3
27.00 0.27 0.80 0.16 1.1 2.30
29.60 037 0.64 0.18 16 2.35
35,60 0.12 151 024 119 2.40
4.70 0.14 1.48 0.32 L7 2.33
48.20 0.20 116 0.36 114 2.33

m, - Maoximum Values of the

Coefficient of volume compressibility. X - Unit weight,

p - Maximum consolidotion pressure. G - Density of solids.

C, - Cohesion on unconfined triogxial test.

u

TABLE 1.~ MECHANIC PROPERTIES OF THE SOILS
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FIG. 2, GEOMETRIC SECTIONS OF THE RIGHT HALF OF

THE TEST EMBANKMENTS.
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DEPTH IN METERS
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