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Abstract

In this research a broad assessment of the geological, sedimentological and geotechnical
characteristics of the coastal Holocene sediments of the Anzali Area was made and three
engineering geological units as Upper Sandy Zone (USZ), Middle Clayey Zone (MCZ) and
Lower Sandy Zone (LSZ) were identified. These units are the consequences of rapid sea-level
fluctuations of the Caspian Sea in the Holocene. The engineering geological characteristics of
these units were analyzed and the main engineering geological problems associated with
sediments of each unit were identified. The results show that USZ has high liquefaction
potential, low bearing capacity, settlement susceptibility and excavation problem. MCZ has
low bearing capacity, high settlement susceptibility and excavation problem. LSZ that has
good geotechnical properties poses few problems.

Keywords

Anzali coastal region � Holocene sediments � Engineering geological problems

1 Introduction

Anzali port is one of the most important ports in north of Iran
along Caspian Sea coast (Fig. 1). This area is subjected to
rapid urbanization and development. More recently growing
population in addition to increasing tourism has lead to
major construction in the study area, including development
of buildings, roads, railroads, sewer networks and related
infrastructures. These civil engineering activities upon
coastal sediments having unfavorable engineering geologi-
cal conditions have lead to (or will lead to) rising some
engineering geological problems.

In this research the geo-environmental problems of the
study area were assessed via a broad engineering geological
investigation to provide the prerequisites for urban planning
and development of the Anzali Area.

2 Geology and Engineering Geology

The recent deposits of the Caspian coast include beach and
dune sands and swamp sediments. In addition a number of
deltaic fans extend across the coastal plain to the sea (Clark
et al. 1975; Annells et al. 1975). Figure 2 presents the
geological map of the study area. As can be seen, the study
area mainly consists of Holocene marine deposits and
organo-detritic deposits. These sediments are the conse-
quence of rapid sea-level changes of the Caspian Sea in the
Holocene (Kazanci et al. 2004; Lahijani et al. 2009).

By characterizing the sediments of the study area, land
units with similar behavior were defined. The data used for
characterization were obtained from various geotechnical
reports from both private and public projects across the
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Fig. 2 Geological map of the study area

Fig. 1 Location map of the study area
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study area. Moreover, nine dynamic cone penetrometer
(DCP) tests were conducted to determine geotechnical
properties of sandy soils up to 10 m in depth below ground
surface.

Based on geotechnical data and sedimentological stud-
ies, the sediments of the study area can be divided to three
units including USZ, MCZ and LSZ as Fig. 3. The LSZ and
USZ are consequences of highstands of the Caspian Sea in
Early and Late Holocene respectively and the MCZ has
been deposited during lowstans of Caspian Sea in Middle
Holocene in a lagoon environment. Main geotechnical
properties of soils of these three units are given in Table 1.

3 Problems Associated
With the Sediments

Saturated Holocene sediments of the Anzali Area with
generally poor geotechnical properties like low shear
strength and low density are associated with some problems

including excavation problems, low bearing capacity, high
settlement susceptibility and liquefaction potential. These
problems are mainly associated with USZ and MCZ.

3.1 Excavation Problems

Loose sandy soils and low strength clayey soils in addition
to shallow water table cause rising problems during exca-
vations in USZ and MCZ. The groundwater table in the city
of Anzali lies between 1.0 and 2.0 m. During the rainy
season, the water table is higher than 1.0 m. Construction
activities, therefore, often involve excavations of consider-
able depth underwater. The development of underground
civil constructions in USZ below the water table requires
rigorous and careful planning. The unforeseen events during
the excavation works in saturated loose sandy soils of USZ
can lead to serious problems, posing at risk surrounding
buildings. One example of soil-related failures of under-
ground structures built below the water table in USZ

Fig. 3 Distribution of zones defined in this research
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includes the excavation failure during micro-tunneling in
fine sands in a sewer line project in the city of Anzali (Je-
belli et al. 2010). In this case micro-tunneling in saturated
sandy soil has led to partial soil loss due to short stand-up
time and high groundwater pressure. Because excavations

lead to unstable situations, thus it is often imperative to
adopt bracing systems and lower the groundwater table.
Invasion of water from both Caspian Sea and Anzali
Lagoon to the sandy soils of USZ, make dewatering difficult
in this unit.

Table 1 Main geotechnical properties of soils of engineering geological units

Soil parameters USZ MCZ LSZ

Gravel (%) 0–5 0 0–3

Sand (%) 60–96 2–49 52–90

Silt and clay (%) 0–40 51–98 10–48

Median particle size (mm) 0.11–0.27 0.0015–0.06 0.095–0.22

Natural moisture content (%) 6.2–53 29–92.4 14.5–66.4

Liquid limit (%) – 25–75 –

Plasticity index (%) – 7–36 –

Specific gravity of soil solids – 2.51–2.78 –

Soil density (kN/m3) 17.65–18.64 15.7–17.16 19.13–20.6

Void ratio 0.46–1.72 0.81–1.99 0.42–1.1

SPT blow count (N) 2–[50 4–34 26–[50

Cohesion (kPa) UU – 18–51 –

Friction angle (deg.) UU – 0–4 –

Cohesion (kPa) CD 0 0.05–0.25 0

Friction angle (deg.) CD 28–33 18–27 34–36

Unconfined shear strength (kPa) – 24.3–142 –

Fig. 4 Location map of DCP
tests
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3.2 Low Bearing Capacity

Superficial (up to 5 m in depth) sandy soils of USZ are not
competent and have weak nature and low bearing capacity.
As shown in Table 1, low SPT ‘‘N’’ values indicate low
shear strength and low density of these soils that this fact in
return demonstrates low bearing capacity of soils. In the
case of heavy loads and high rise buildings up on USZ, pile
foundations supported principally by end bearing would be
required. Based on the depth of LSZ, the length of piles
varies between 20 and 35 m from east to west parts.

Since the MCZ soils are very soft and have low bearing
capacity, any structures up on these soils (in south and
southeast of the City of Anzali) should be founded on pile
foundations. Depth of competent sand stratum is relatively
shallower in this area so pile foundation with maximum
15 m in length would be required.

LSZ appears at the ground surface in small parts in south
of Anzali Lagoon. Based on the better geotechnical prop-
erties of the LSZ soils like higher SPT values, greater unit
weight, and larger angle of internal friction, it appears that
shallow foundation of any types at depths of 1.0–2.0 m
would be suitable for most applications.

3.3 Settlement Susceptibility

Settlement susceptibility is mainly related to compressible
nature of the clayey soils of MCZ. Evaluation of com-
pressibility of MCZ soils was made based on the results of
oedometer tests. The e-log p relationship does not show any
definite overconsolidation. Moreover high natural moisture
contents in comparison with liquid limits of the clayey soils
of MCZ indicate that these soils are normally consolidated.
The coefficient of compressibility (Cc), extracted from the
record, ranged between 0.14 and 1.1 (Table 1). The high Cc
values ([0.25) are attributed to high in situ void ratios and
moisture contents. These values are indicative of their
vulnerability to excessive settlements under applied loads.

3.4 Liquefaction Potential

USZ soils are young and comprising sandy material with
low relative density that occurring in saturated conditions.
Moreover, the southern Caspian Sea region is seismically
active based on many historical and instrumental records of
earthquakes (Jackson et al. 2002). Considering abovemen-
tioned conditions, it can be deduced that the sandy soils of
USZ have high liquefaction potential. In this regard, the
factor of safety (FS) of USZ against liquefaction was
determined based on the SPT data (Youd and Idriss 2001).
For determination of FS, a peak horizontal acceleration
(amax) of 0.35 g and an earthquake magnitude of M7.5 were
considered for the area based on Nogol-e-Sadat (1991).
Based on determined FS against liquefaction, in many cases
the USZ soils have high liquefaction potential (the FS less
than one).

Another evaluation of liquefaction potential was made
based on DCP test results. In this case, Liquefaction
Potential Index (LPI) of USZ was determined for each DCP
test location (Fig. 4) based on Luna and Frost (1998) and
Sonmez (2003). For determination of FS (needed for
determination of LPI), a peak horizontal acceleration (amax)
of 0.35 g, an earthquake magnitude of M7.5 and mean value
of 15 % for fine contents of the USZ soils were considered.
Table 2 shows the liquefaction potential index of USZ soils
based on DCP test results and their liquefaction potential
classification. As shown in Table 2, USZ soils have mainly
high and very high liquefaction potential based on DCP test
results.

4 Conclusions

In this research the engineering geological conditions of
Holocene sediments of the Anazli area were investigated
based on geological and sedimentological studies, DCP test
results and geotechnical data collected over the study area.
The results show that the sediments of the study area have

Table 2 Liquefaction potential index of USZ soils based on DCP test results

Location Depth of investigation (m) Liquefaction potential index Liquefaction potential

DCP1 9.5 17 Very high

DCP2 10 22 Very high

DCP3 9 21 Very high

DCP4 6 12.75 High

DCP5 6.5 6 High

DCP6 4 4.5 Moderate

DCP7 7 13 High

DCP8 7 19.5 Very high

DCP9 7 16 Very high
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high degree of engineering geological problems that should
be taken into account during planning and construction of
infrastructures in the Anzali area. The results of this study
could be used for prediction of geological conditions in new
foundation sites in the study area. With this information, the
planners are able to coordinate urban development plans
with unfavorable engineering geological conditions to
achieve a sustainable development of the study area.
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