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Failure of the embankment on soft soil in the Tejipiô Channel/Araçâ Lagoon- 
Recife-Brazil

Rupture de remblai sur une argile molle dans le chenal Tejipiô/Lagoa do Araçâ-Recife-Brésil

R.Q.Coutinho & J.T.R.Oliveira — Federal University of Pernambuco

ABSTRACT: This paper presents the results of laboratory and field tests performed at the Tejipiô Channel/Araçâ Lagoon (Recife - 
Brazil), as well as the identification of the causes that led the embankment to failure and the possible solutions that could be used to 
finalize its execution. The field tests performed were: SPT, Vane Test, and Shelby sampling (with a sampler of internal diameter
101.6 mm). The laboratory tests performed on the collected samples were characterization, oedometer and triaxial UU. The solution 
adopted was a mechanical stabilization by overloading.

RÉSUME: Cet article presente les resultants d’essais in situ et de laboratoire réalisés dans le chenal Tejipiô/Lagoa do Araçâ bien 
comme l’identification des causes de la rupture de remblai. Les essais in situ realizés ont été le SPT, le cissiométre, et le Shelby 
(diamètre interne de 101,6 mm). Les essais de laboratoire réalisés ont été l’oedometrique, le triaxial UU et des essais d’identification. 
La solution aduptée pour le remblai a été la stabilisation mecanique avec surcharge.

1 INTRODUCTION

The purpose of the study performed at the Tejipio's Channel was 
to provide conditions to generate solution for a problem which 
occurred during the construction of the embankment at the right 
margin of the Tejipio's Channel (in the direction Lagoa do Arai;a
- Tejipio River), located at the Imbiribeira district, in the city of 
Recife -  Pernambuco State, Northeastern coast of Brazil.

The problem consisted in a joint rupture embankment-soft 
soil (refer to Figure 1), with the consequent lateral rise of soft 
material disturbed at the banks of the channel. The main causes 
that led to the rupture of the embankment were: construction of a 
embankment beside a channel without a adequate investigation- 
project, inadequate method of execution and a highly 
heterogeneous geotechnical profile containing soft soil.

This paper presents the geotechnical investigation (field and 
laboratory tests) that was performed to understand the failure and 
its mechanism and the solutions that were proposed to conclude 
the construction.

2 GEOTECHNICAL INVESTIGATION

2.1 SPT Sounding and Field Vane Tests

Eighteen SPT sounding holes were performed for the 
geotechnical understanding of the occurred problem (refer to 
Figure 2), i.e., the rupture of the embankment, as well as to 
indicate possible solutions. Five sections corresponding to the 
posts S2, S3+10m, S5, S7+10m and S10 were studied. Three 
sounding holes were performed for each section, one for each 
margin (near to the road axis) and the third in the middle of the 
channel. At the section corresponding to post S3+10m and S5, 
an additional sounding hole was performed in the rupture region. 
The sounding borehole limit occurred when the soil reached a 
relatively resistant layer (SPT>10). The results shows a very 
heterogeneous geotechnical profile containing different soft soil 
layers (see Figure 4).
Determination of the natural water content was conducted on the 
samples collected with the standard sampler from SPT. It is 
important to emphasize that for soft clay deposits the natural

Figure 2. Location of the field investigations

water content characterization is extremely useful for the 
strattigraphy study and the preliminary parameters prediction, in 
special, for the Recife soft clays deposits due to a important 
database developed at Federal University of Pemambuco-UFPE 
(see Coutinho et al., 1998; Coutinho et al., 2000).

To have information about the undrained shear strength (Su), 
thirty-eight field vane tests were performed in seven holes (VI - 
V7 - see Figure 2). The geotechnical field team - DEC/UFPE in

Figure I. Overview of the lai lure
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partnership with the Ensolo Ltd., a private company, performed 
the tests. The equipment (from UFPE) is a Geonor type with 
electric measurements developed by COPPE/UFRJ-GROM-
UFPE.

The procedure used for the test execution followed the 
requirements of the Brazilian standard NBR 10905, which is 
very similar to the majority of the international standard.

The undrained shear strength (Su) varies between 3 and 40 
kPa. The lowest values ( 3 - 7  kPa) correspond to the area of 
disturbed soil in the rupture region in the post S2 e S5. These 
results correspond to the tests of holes V5 and V7 on the depth 
of 1.5 to 6.5 metros. The highest Su values correspond to the 
clayey layers with shells and/or sandy material, distributed along 
holes VI to V7. More details in the next item.

2.2 Sampling and Laboratory tests

The samples were obtained using a shelby sampler with thin 
walls, with 800 mm long and 10 1.6  mm of diameter, according 
to the Brazilian standard NBR-9820. The taken of the 
undisturbed samples was very difficult due to the low 
consistency of the soil and the presence of shells.

Laboratory tests of characterization, oedometer and triaxial 
UU-C, were performed on the eight undisturbed samples, 
obtained from the three sampling holes (A1 -  A3 -  see Figure 2).

The characterization tests show that the soft soil is 
characterized as silty clay. The plasticity index is situated 
between 30 and 40% in the holes 1 and 2. The hole 3 (middle of 
the channel) presents higher values, in the range of 50-70%.

The oedometer tests presents these results: in general the void 
ratio (eo) varies between 1 -  1.6  on holes 1 and 2 and between
2.5 -  3.5 on hole 3; The compression index (Ca) varies between 
0.5 -  0.7 on holes 1 and 2 and between 0.9 -  1.5 on hole 3; The 
swell index (Cs) has an average value of 0.1 for all three holes. 
Figure 3 presents a typical example of the oedometer curve.

It is verified that the undrained shear strength (Su) for this soil 
is similar in the samples from holes 1 and 2, varying from 15 to 
33 kPa in the first and 10 to 35 kPa in the second. In samples 
from hole 3 (middle of the channel), an oscillation on the values 
of the resistance with the increase of the depth is observed, and 
the values are around 8 kPa. This difference is due to the fact 
that the samples are found in a not filled (virgin) soil and the 
difficulty to get good samples in the point where the soil is very 
soft. The results obtained are similar to the vane tests values.

Vertica l S tress (KPa)

Figure 3 - Oedometer curve -  Borehole A1 / 1.8- 2.6 m 

3 PROFILE INTERPRETATION

Geotechnical interpretation: Figure 4 presents the geotechnical 
section corresponding to post 2. It can be noticed the occurrence 
of a superficial layer of very soft organic clay, with low support

capacity (SPT = w/100). This layer's thickness increases in the 
direction road-channel in both sides of the construction site.

It is important to point out the significative difference on 
profile along a cross section of the embankment. Close to the 
road axis there is a resistive sand layer, that disappears as one 
advances in the direction of the channel. The thickness of the 
clayey layer is also very variable. This profile characteristic 
gives to the area a high potential hazard to occur failure and 
differential settlement during the construction and work life of 
the road/pavement. Consequently maintenance have to be an 
important technical and economic aspect in the general project.

At the failure region it was observed that the embankment 
layer had a thickness of 5.5 meters (Post S2). This fact was 
probably due to the expulsion of the soft clay on this part of the 
embankment's bank during initial construction. The expelled 
material had moved to the middle of the channel, forming layer 
of soft soil above the original bottom of the channel. The 
mechanism consisted of the classical rupture of embankment- 
soft soil.

In the region on the left side of the SPT sounding SP-1 (post 
S2), the rupture has not occurred due to the thinner layer of soft 
superficial clay and the existence of a adjacent more resistant 
sand layer.

In the geotechnical section corresponding to post S5, the 
same comments regarding post 2 also applies: the soft clay 
layer's thickness increases in the direction of the channel axis 
and there was expulsion and lateral raising of the soft disturbed 
soil, due to the rupture. In the post 10, it can be noticed that the 
embankment presents a slightly lower thickness and it has not 
advanced so much in the direction of the channels axis as posts 
S-2 and S-5. The thicker part of the very soft clay layer (SPT: 
w/100) was not directly carried. For this reason the rupture has 
not occurred.

4 PROPOSED SOLUTIONS

4.1 Retained Wall

Through the interpretation of the results of the SPT soundings 
and Vane tests, a solution was proposed for the execution of the 
original project (embankment road at both margins of the 
channel from Lagoa do Ara?a to Tejipio River).

The proposal consists on the execution of a retaining wall at 
the edge of the embankment, starting from the driving of pre
castle concrete piles, as to constitute a sheet-pile wall, laterally 
supported by concrete buckled struts. The length of these piles 
would be variable between 8 and 12 meters, being a function of 
the soil profile. The pile section would be 30 x 60 cm.

This proposal was discarded due to its cost being much 
higher than the planned budget. With the first proposal being 
discarded, the initial project was modified. This modification 
predicts the execution of a track in just one side of the channel 
and the construction of a bridge over the channel, joining both 
sides in the region of Pinheiros Avenue.

4.2 Mechanical stabilization

Stability analysis: the embankment stability studies at the right 
margins ofTejipio's Channel were performed with the aid of the 
software SB-Slope (Bishop method), confirming that the 
potential failure surface always coincides with the field situation, 
near the axial sections of post 2 .

Due to the lower safety factor found in the stability analysis 
after failure (FS=1.19), it was taken into account the proposal of 
mechanical stabilization with overloading and channel 
excavation. After expelling part of the soft clay, a gain in the 
security factor will occur (FS=1.32 - Table 1), as may be seen in 
Table 1, which gives a summary description of the several 
project and execution situations.
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Figure 4. Geotechnical profile -  post 2

Table 1. Stability analysis -  several situations

Situation Minimal safety 
factor

Condition

Alter failure 1.19 marginally stable

Without overloading/ 
with excavation

1.09 marginally stable

With overloading/ 
without excavation

1.00 rupture

With overloading/with excavation 0.95 rupture

After mechanical stabilization 1.32 stable

Settlement estimation: For the analysis of the settlement es
timation in the region of the Tejipi6 's Channel, due to permanent 
and overload embankments, some hypotheses were adopted:
a) It was considered only the primary consolidation settlement 

at the soft soil layer (clayey), due to the fact of it having 
much bigger proportions than the secondary and elastic 
compression settlement that will occur with these layers. The

elastic settlement which happens in the sandy layers which 
appears inside the clayey layers were not considered.

b) The water level was adopted so that to create the worst pos
sible situation in settlement analysis.

c) At the clayey layers where shelby sampling was not per
formed, the compressibility parameters were obtained by 
empirical correlations with water content previously ob
tained by SPT soundings. Such correlations were obtained in 
the UFPE database (Coutinho et al. 1998).

d) Non-existence of soil failure after the final embankment 
situation.

The first step in analyzing the settlement estimation was the 
preparation of a network for the study of settlement in the re
gion. This network is presented (Figure 5) by cartesian and P- 
position (cross section direction).

The position determined for the settlement analysis varies 
from point PA to point PE on the right side of the Tejipio's 
Channel in the direction of Arafa's Lagoon-Tejipio's river, and 
from point PF to point PI at the left side of the channel. The 
points were disposed in this manner in order to give as much de
tails as possible regarding the behavior of the embankment after 
its execution.

The second step for each post in the settlement estimation

Table 2. Type of soils - Te jipiô Channel / Araçâ Lagoon

SOIL CLASSIFICATION
WATER

CONTENT

(%)
N s pt

(Blows/0.30 m)
SI Organic clay 30-40 < 1
S2 Organic clay 85-95 W/100
S3 Organic clay 100-110 W/110
S4 Silty sand 15-25 3-10
S5 Organic clay with 45-55 1-3

peat
S6 Silty clay 22-28 8-12
S7 Clayey sand 28-30 2-5
S8 Sandy clay 30-40 2-3
S9 Organic clay 55-65 w/50

Figure 5. Geotechnical profile adopted -  post 2 -  right side
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was the preparation of embankment geotechnical profiles. For 
the posts which should be analyzed (see Figure 2), it was pre
pared a table describing precisely the kind of soils existing in the 
studied regions (Table 2) and at the geotechnical axial sections 
(Figure 5 and Table 3).

The last step was the definition of the geotechnical parame
ters and the estimation of the settlement.

The result of the settlement estimation on the post 7+10m 
(the highest angular distortion) can be seen in Figure 6 . The 
point of position PC was not considered in the analysis of the re
sults due to the uncertainty regarding the water content of the 
first soft soil layer at that point.

Table 3. Layer classification by type o f soil

POST LAYER TYPE OF SOIL

Cl SI

C2 S5

C3 S2

E2 C4 S3

C5 S4

C6 S6

Cl S4

Figure 7 Partial construction of the proposed solution

will. The goal of this intervention is to expel as much as possible 
the soft clay, leading to the continuity of rupture process already 
started with the substitution of material with better condition. 
Figure 7 shows the area after a partial execution of this solution.

The expelling of the soft clay should decrease the settlements 
(total and differential) and increase the stability.

Figure 6 . Differential settlements -  post 7 + 10m

Analysis of the results:

a) Maximum and Minimum settlement: The highest settlement 
occurred at point E of post 5 (1.40 m), due to the existence of a 
very soft clay layer situated at this point. The minimum settle
ment is situated close to 0.35 m in the point A.
b) Differential settlements and angular distortions: the analysis 
of the results indicates that the regions most affected by differen
tial embankment are located between point PB and PD at post 
3+10m, between points PA and PD at post 5, and between points 
PB and PD at post 7+10m (Figure 6).

The angular distortions for these points have an average of 
1/15. Such distortions can indicate possible fissures at these 
parts, as the distortion values found are very high, even consider
ing the soil as flexible.

After the analysis and interpretation of the field and labora
tory tests, a solution was chosen for the execution of the project. 
This solution consists on the leveling and posterior overloading 
of the already filled area (part between posts S-l up to S-6) and 
the execution of the project embankment of the area which had 
not yet suffered fill (part between posts S-6  up to S-10), with si
multaneous excavation of the channel, where there is or will be 
soft soil disturbed due to the rupture which has occurred or still

5 CONCLUSIONS

This paper presented one case of failure of a embankment on 
soft soil from Recife-Brazil. The main causes that led to the rup
ture was: construction of an embankment beside a channel with
out an adequate investigation/project, inadequate method of exe
cution and a highly heterogeneous geotechnical profile. 
Solutions were proposed and analyzed. Mechanical stabilization 
was the final solution including stability and settlement analysis. 
Total cost was an important point in the decision.

However, a periodic observation and maintenance processes 
have to be an important technical and economic aspect in the 
general project.
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