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1. Introduction

The construction of Urmia Lake causeway embankment in Urmia, Iran, commenced in 1979 with progressive
dumping of the mixed soil-stone material in the lake. The embankment settled as a consequence of the consolidation
of the underlying lake deposits and also some local slide failures occurred within the embankment body. The
stability and settlement of causeway embankment was evaluated in km 4+000 and km 10+500 in present, upgrading
and final situations. Fig. 1 shows the geometries of the embankment in the aforementioned locations. Three different
water levels and different static and dynamic loading conditions with the effect of service loads were considered.
The results showed that during earthquake condition, the local instability will occur only in slope/berm of the
embankment and no general failure will occur. This means that global failure surface will not occur. The results of
analysis using the LEM and FEM methods were in good agreement. The settlement of the embankment was also
evaluated in 100 years period. The results showed that due to the embankment construction, the excess pore water
pressures of 206 kPa and 385 kPa will be generated in Km 4+000 and Km 10+500, respectively, which then will
dissipate during 100 years period. The amount of settlement is estimated to be in the order of 2.15 m and 3.2 min
Km 4+000 and Km 10+500, respectively.

2. Methodology

Using the SLOPE/W software and the method of Morgenstern-Price, the stability of causeway embankment was
assessed by the limit equilibrium and finite element methods and the factors of safety were calculated. Four
embankment conditions were considered: (a) the existing geometry, (b) modified geometry with the added
protective berms, (c) increased berms width to 15 m, and (d) the finalized geometry. The stability analyses were
conducted with and without the earthquake effects. The settlement analysis of the embankment was conducted using
the Cam-Clay and the Modified-Cam-Caly models.

3. Results and discussion

3.1. Stability analysis

The comparison of results for the factors of safety of the embankment sloped indicates that the finalized
geometry for the embankment with 30 m crest width in km 4+000 (case A4) and km 10+500 (case B4) are the most
optimum and recommended embankment geometries and are more stable in three cases of lake water levels
compared to other potential geometries. Although some local failures are expected to occur in the berm side of the
selected geometry during earthquake, but the failed area of the berm could easily be repaired. The result of the limit
equilibrium method and the finite element method of stability analysis are in good agreement.

3.2. Settlement analysis

The results of the settlement analysis showed that settlements occur in 60 m deep lake deposits which are
minimal and have no potential effect on the final settlement of the embankment. The added load to the embankment
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due to the embankment upgrading will cause additional immediate settlement and gradual primary consolidation
settlement of the embankment.
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Fig. 1. Analyzed Urmia Lake causeway embankment geometries: (a) Embankment section in km 4+000, (b) Embankment section
in km 10+500

4. Conclusions

The following conclusions could be made from the results of stability and settlement analyses of the Urmia Lake
causeway embankment: (1) the embankment is generally stable in prevailing water levels and geometrical
conditions and no major failure will occur. The local failure at the berm area of the embankment will occur which
could be repaired easily. Among all water levels and geometrical conditions considered, the A4 and B4 cases which
belong to the upgraded embankment geometry are the optimum and recommended design for the embankment. The
embankment section in km 4+000 is more stable compared to the embankment section in km 10+500; (2) the
settlement analysis of the embankment showed that the upgrading of the embankment to the finalized design
geometry will cause immediate and then gradual long term primary consolidation settlement of the embankment.
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