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SYPNOSIS: An 8 Km stretch of the Aragón Dual-Carriageway runs through the Medinaceli Valley. This
valley contains very soft clayey deposits of endorheic origin. Several stretches of the dual-ca
rriageway lie upon these highly compressible soils. This paper describes the ways in which the
ground has been treated -together with the preload- with a view to being able to found the em
bankments and, thus, ensure transversal stability and reduce and accelerate the settlements.

1. INTRODUCTION

The greatest thicknesses of the soft Quaternary
materials generally lie where the River Jalón
Valley has cut into the lateral water flows of
its tributaries.
Fig. 1 shows a representative summary of the
stratigraphie profile in the area; this has
been deduced from both the geological informa
tion and the mechanical borings in the area.

The Medinaceli By-Pass forms part of the Aragón
Dual-Carriageway, linking Madrid and Zaragoza,
in Spain. It is 8 Km long and crosses conside
rable thicknesses of mud and very soft soil.
The road runs virtually parallel to the River
Jalón, whose source is in the Medinaceli Val
ley. It was necessary to design the new road in
a zone of transition between the sides and the
centre of the Valley, thus affecting the soft
soils, because of the serious instability pro
blems, both natural and resulting from the cut
tings already constructed on the natural slopes
of the Valley; these problems were due to the
presence of colluvions and fissured clays, with
a variable gypsum content.
For the above-mentioned reason, it was essen
tial to estimate the strength and deformability
of the soft soils and overcome the instability
and settlement problems that their presence
caused on the embankments.

3. GEOTECHNICAL PROBLEMS AND ZONIFICATION
From a schematic point of view, the problems
posed by the geological profile described above
were, the following:

2. GEOLOGICAL-GEOTECHNICAL CONDITIONS
The stretch in question includes the boroughs
of Esteras, Fuencaliente, Azcamellas, Salinas,
Medinaceli and Lodares. The general structure
of the Valley is as follows:
Flat bottoms varying in width, with soft to
very soft Quaternary alluvial deposits, with
a maximum thickness of 4 0 m. The substratum
generally consists of Keuper's clay with
gypsum. Some levels of interlayered sands
and clays containing organic traces.
Transition of bottom from flat to slope,
comprising colluvions and alluvial fans.
Sides, mainly made up of Keuper Facies (fis
sured marly clays and gypsums) , with a low
slope but with stability problems, and the
steeply sloping Upper-Lias Triassic Facies
(with dolomites and limestones).
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Embankments: Risk of lateral instability and
excessive deformability resulting from un
derlying muds.
Cuttings: lateral instability, through recu
rrence of old slidings or causing new ones.
Structures:
Foundations on piles,
to be
overcome using deep support (negative fric
tion, lateral pressures, etc).
Drainage: Draining the stream-beds of water,
erosion, etc.

Embankments on soft alluvium: partial repla
cement of the soil in the cutting zone and
embankment support on coarse material (rock
fill) embedded in the soft soil (Fig. 2a).
Embankments at the base of cuttings : Excava
tion and surface replacement (Fig. 2b).
Embankments in the Azcamellas zone on muds:
as a somewhat more resistant dried crust (58 m thick) was detected, with an undrained
shear strength about twice that of the un
derlying mud, use of the preload system was
recommended, with a minimum replacement of
the topsoil (Fig. 2c) and to place 20 kN/ml

With a view to solving all these problems, a
geotechnical survey, supplementary to previous
studies, was carried out as soon as the project
got under way, in order to zonify the route.
The following techniques were used: a) Mechani
cal boring, b) Static and dynamic penetrome
ters. c) Piezocones, d) Vane-test, e) Test em
bankments.
The Valley could then be divided into eight
distinct zones: a) The first or wide zone of
the Valley where the former presence of a lake
brought about a greater degree of deformability
to the mud (an embankment for the road itself
was cut in this zone with instrumentation for
measuring the settlements, b) The second, with
old soil-mass instabilities over colluvials. c)
The third or Azcamellas zone, where the main
Valley is joined by a transverse stream-bed. An
experimental embankment was constructed in this
extensive zone, d) The fourth or AzcamellasSalinas zone, with slidings mud and colluvials.
e) The very extensive salt-pan zone, where salt
has been extracted since the Roman Empire pe
riod. f) The sixth and seventh zones include
lateral stream-beds with mud, which were named
after local villages, such as Medinaceli, Molino, Pinar, Ruinas, etc. g) The last zone lies
in a narrowing of the Valley, at a point where
the road crosses the railway line, and where
there are embankments up to a height of 12 m
above the surface mud.
It could be deduced that, on average, the mud
was of the following characteristics: an un
drained shear strength of Cu to the order of
10-3 0 kPa (except in the zones that had been
over dried by natural influences: C„ ~ 50-70
kPa), with an average saturated bulk density of
1,700 Kg/cm3 , a natural moisture content of 60
to 100%, containing 2-6% organic material, a
liquid limit that ranges from 30 to 60%, 60 to
100% of the material passes through ASTM seive
n. 200, and an edometric modulus in the labora
tory of around 600-1100 kPa. The coefficient of
consolidation, Cv , in the laboratory, was about
10-4 cm2/sec.
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4. SOLUTIONS CHOSEN
The following conclusions were drawn from the
geotechnical analyses: a) The cuttings should
be minimized, b) Embankments in the soft zone
should be kept to a minimum, c) Improvement of
the soil in the zone to ensure embankment sta
bility, reduce and accelerate the settlements.
The by-pass was redesigned in order to optimize
the above conditions.
Furthermore, a decision was made to lay the
isostatic and prefabricated structures upon
piles which crossed the mud and became embedded
in the Keuper or the limestone of the substra
tum. The span of the structures ranged from 25
to 40 m, being supported on piles 1.50 m dia
meter, bored and concreted "in situ". As re
gards soil treatment, the following solutions
were chosen for the embankment foundations:

FI G. 3 -
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SOI L I MPROVEMENT WI TH STONE COLUMNS AS A FUNCTI ON
OF THE HI GH OF EMBANKMENTS

geotextiles at the base of the embankment to
help to stabilize the lateral slopes. This
solution was adopted after constructing the
experimental embankment. Before making any
decision, a similar solution, albeit with a
greater surface replacement, with rock fills
at the bases, was taken for the original
road through the valley. The settlements in
this zone were considerable (over 110 cm,
with an embankment load about 4.5 m high) ,
so a decision was made to treat the soil in
zones with similar mud.
Support zones on muds (Ruinas, Salinas, Molino,
Pinar and Medinaceli): preliminary
treatment of the soil with short stone co
lumns (6 m long) to increase the transverse
stability of the embankments, make the em
bankment settlements uniform (to reduce da
mage to the pavement) , and accelerate and
reduce settlements in the upper part of the
mud (Fig. 3) . This solution was chosen after
assessing the possibilities of damage risk,
possible investments, time limits, etc, for
embankments 5-6 m high and mud thicknesses
of 15-20 m. The stone columns are capped in
a filling of similar material (although it
is somewhat contaminated by the mud), with a
geotextile to strengthen the embankment ba
se. The columns are arranged in a triangle,
6 m 2 apart and with an average diameter of
about 1-1.1 m (that, in practice, ranges
from 0.7 to 1.5 m ) .

Embankment zones very high above the mud: at
the end of the stretch an extremely oblique
structure was constructed on the existing
railway line, which took the embankments
10 - 12 m high. As the mud was only 10 - 14
m thick and because of the height, the em
bankments were supported on stone columns
which crossed the mud, being embedded in the
next substratum of soil-colluvium and Keuper
Clay with 9-12 m length (Fig. 3). Here
again, the columns were 6 m2 apart.
5. RESULTS OBTAINED
The average gravel admissions for the stone
columns, carried out with water addition and
using Bauer vibrators, were 0.8-1.0 m /m.l.
However, in the Salinas zone (the softest one),
the admissions were clearly greater: 1.0-1.3 m
of gravel per m.l. In the railway zone (end of
the valley) they were somewhat lower: 0.7-0.9
m3 / m . 1 .

Fig. 4 is included as an example of the treat
ment results. It is one of the embankments
constructed at the end of the Valley: Railway
II. This figure shows the average depths and
gravel admissions for each column.
After treatment, the columns were capped with
the excess gravel and further supplies, a 20
kN/m.l geotextile was laid (to stabilize the
sides of the embankment) and work started on
the embankment. An additional fill was provided
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(after a time) serving as a preload, except in
the case of the railway zone. Given the height
in that zone, the embankment was constructed in
two stages, the first stage (half the eventual
height) being completed several months before
the second one. The pavement was constructed
only two months after the second stage was
built, because it was necessary to open the
road to traffic. Borro-type continuous settle
ment lines were provided and inclinometers were
installed at the toe of the embankment, with a
view to measuring settlements and transversal
movements. A total of 31 sections were instru
mented
(Fig. 5), distributed throughout the
length of the route, 3 to 5 being placed along
each soil- improved stretch. Various piles were
also instrumented, but the results are not re
ferred to here through lack of space.
Control section 2 of the "Molino" Stretch has
been chosen as an example of what can be regar
ded as average behaviour. Fig. 5 shows the load
chronogram and settlements of the central axis
of the section. In this case, the maximum set
tlements were about 60 cm and the maximum ho
rizontal movements measured were 11 cm. For
other control stretches the maximum settlements
measure ranged from 30 to 110 cm, as a function
of the embankment heights, mud depths, softe
ning of the soil, etc (Fig. 6).
By analyzing instrumentation data and using the
classic theories of Terzaghi-Frolich and the
M.E.F., an average consolidation coefficient
for the mud has been deduced:
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and an apparent deformation modulus, E, of
about 1,350-3,400 kPa for the untreated mud and
ranging from 4,800 to 5,000 kPa for the impro
ved mud.
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The overall improvement obtained
concerning
the settlements, can be regarded as within the
acceptability levels recommended by several
authors (fig. 6), although in some cases the
improvements were appreciably better. As for
the local efficiency of the treatment, examined
with geophysical methods and using Rayleightype surface waves, it varies with depth, but
at times it is four times as efficient, ratio
between the deformation modulus after and befo
re the treatment (fig. 8) .

I MP ROVEMENT OBTAI NED UNDER A E MBANKME NT ON S MALL
S TONE COLUMNS.

6. CONCLUSIONS

-

TI ME ( DAYS )

The short stone columns proved to themselves
to be of maximum efficiency in reducing the
instability risk, regularization and accele
ration of settlements.
Large stone columns proved to be necessary
when dealing with high embankments (12 m ) .
There have been no short-term embankment
instability phenomena.
The final settlements were considerable (30110 cm) but the differential strains have
remained within acceptable limits.
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