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1 Introduction 

Until now, due to the lack of complete and detail 

studies of the geotechnical behavior of the foundation 

and the existence of factors such as; determining the 

bearing capacity of soil, liquefaction and immediate and 

long-term settlement, many civil and economic resources 

have been destroyed. On the other hand, considering that 

Iran is an earthquake-prone region, investigating the 

behavior of the load-bearing capacity of layers under the 

foundation during an earthquake is of particular 

importance. 

By identifying the various factors that reduce soil 

resistance, the best method can be chosen to improve soil 

properties and increase its resistance. But first of all, it is 

necessary to identify the areas prone to this phenomenon. 

This research can provide the possibility of zoning the 

region in terms of problematic soils. 

By examining the soils of the study area in terms 

of stratigraphic compliance as well as soil mechanics 

tests, preliminary and sometimes comprehensive 

information will be provided to researchers. In this 
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project, engineering and geological features have been 

investigated in parts of the Bandar-e-Anzali, quadrangle 

map, scale 1:250.000, namely around the Anzali laguna, 

between Fuman and Masal, and Anzali city. It is worth 

noting, that from the morphological Point of view, 

Bandar-e- Anzali quadrangle consists of three distinct 

zones: 

1- Coastal Caspian 

2- Chenier (coastal plain) 

3- mountainous. 

2 Research objectives: 

- Litho-stratigraphy of the Quaternary sediments in 

the studied area. 

- Correlation of various stratigraphic sections.   

- to study the geotechnical characteristics of soils. 

  

- Preparing hazard vulnerability zonation map 

(liquefaction, settlement…) 
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3 Physical and mechanical properties of soil layer 

In order to determine the physical characteristics 

of the soil layers, the usual granulation tests and 

determination of the Atterberg limits (fluidity and 

plasticity limits of the soil) have been performed on the 

samples taken from different depths of the boreholes. 

Based on the results of the above tests and according to 

the unified classification, the fine-grained layers of the 

boreholes are in the rows of CL (clay with low plasticity 

properties), CH (clay with high plasticity properties) and 

MH (elastic silt) and granular layers in the row is SP 

(sand with poor grain size), SM (sandy silt), SP-SM 

(sand with poor grain size with silt) and GP (gravel with 

bad grain size sand). 

3.1- Soil bearing capacity 

The bearing capacity of the soil can be explained 

according to the type of foundation of the structure under 

construction. 

An explanation of the foundations: 
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According to the definition of foundation, it is 

the underlying structure and part of the soil adjacent to it. 

Topic 7 of the National Building Regulations has also 

provided a similar result. A part of the foundation and 

the soil in contact with it, through which the load is 

transferred between the structure and the ground, is 

called a foundation. In fact, the task of the foundation is 

to transfer the loads of the upper parts to the soil under 

the foundation in such a way that excessive stresses and 

additional settlements are not created. Foundations can 

be divided into four categories: 

1- Shallow (Surficial) foundations called surface 

foundations 

2- Semi-deep foundations 

3- Deep foundations 

4- Special foundations: including any foundations 

that are not included in the above categories such 

as caisson foundations. 

The type of foundation is selected based on 

structural information, soil engineering properties, 

economic considerations and implementation issues. The 
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minimum steps required to design a surface foundation 

can be summarized as follows: 

1- Determining the depth of the foundation: This 

depth is determined based on the prevention of 

soil erosion under the foundation, 

environmental factors, frost depth, etc. The 

depth of the foundation should be lower than 

the area that undergoes a large volume change 

due to the change in monsoon humidity. Also, 

the foundation should be away from the 

penetration of plant roots. The minimum 

foundation depth is usually considered to be 

0.7 meters to one meter (Roshan Zamir, 2012). 

2- Determining the dimensions of the foundation 

plan (floor dimensions): In this step, it is 

assumed that the foundation is capable of 

bearing the incoming loads. 

3- Checking the overall settlement and unequal 

settlement: both of these settlements as well as 

the rotation and distortion of the footing 
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should be within the permissible values of the 

regulations. 

4- Structural design or determining the thickness 

and amount of required rebar: it is assumed 

that the dimensions of the foundation are 

sufficient and the soil does not break, and 

structural element is able to withstand the 

incoming loads. 

According to steps 2 and 3, the foundation soil 

must be able to withstand the loads caused by any 

engineering structure that is built on it without suffering 

shear failure. In addition, the resulting settlements must 

be bearable for the desired structure. 

 The shear failure of the foundation soil can cause 

the building to tilt or even overturn. Additional 

settlement can also damage the building frame, and 

problems such as locking of doors and windows. 

It is rare to find a structure that has collapsed due 

to shear failure of the foundation. Most of the reported 

shear ruptures are related to the foundations of 

embankments or similar structures, in which the 

reliability coefficient is considered relatively low. So 
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most of the construction problems and defects are caused 

by poor foundation design due to time-dependent 

settlements. 

 For any structure, it is necessary to check both 

shear strength and settlements. In many cases, the 

settlement criteria control the permissible bearing 

capacity, although at the same time, there are cases 

where the shear strain of the foundation determines the 

proposed bearing capacity. For example, the permissible 

bearing capacity of foundations located on saturated 

cohesive soil is based on unconfined compressive 

strength. Structures built on soft soils, such as liquid 

storage tanks and flatten foundations, can be more 

settlement, especially if the structure is loaded in such a 

way that the settlement takes place uniformly. 

It should be noted that although here the main 

focus is on the bearing capacity of the foundation of 

framed structures and machinery foundations, the same 

methods can be used to determine the bearing capacity of 

foundations of other structures such as foundations of 

towers, dams and embankments. The bearing capacity of 
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layered soils and foundations located in the vicinity of 

slopes is also investigated in this study.  

The permissible design bearing (qa) capacity is 

selected based on the minimum value of the following 

two items. 

 

1- The final bearing (qult) capacity based on the 

shear strength of the soil, which is divided by 

a suitable confidence factor, the permissible 

bearing capacity is determined as follows: 

qa: qult/SF 

2- The contact pressure resulting from limiting 

the settlement to a permissible value. 

 

3.2- Bearing capacity equations 

Currently, there is no any method to determine 

the bearing capacity except as an estimate. Vesik (1973) 

tabulated 15 theoretical solutions Since 1940 and 

excluded at least one of the more common methods. 

Since then, several other methods have been proposed. 

Among the many theories presented to determine the 
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bearing capacity of the foundation, some have been 

widely used and have gained more popularity and 

validity. These methods include Terzaghi, Mirhoff, 

Hansen and Vesic analysis, which are discussed in this 

section. 

Since the beneath of foundation is usually hard 

and dense (and if it is loose or soft, it is condensed or 

stabilized in some way), So in determining the bearing 

capacity, it is mainly assumed that the rupture is of the 

general shear type.  

The difference between the various theories is 

mainly related to the difference in the shape and the 

direction of selected fracture surfaces.  

Also, to simplify the problem to a two-

dimensional state, the bearing capacity analysis mainly 

starts with the banded foundation, and then the necessary 

correction coefficients are applied to the shape of the 

foundation.  

 

Tarzaghi bearing capacity equations 

One of the most basic bearing capacity equations 

for banded foundations was proposed by Terzaghi 
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(1943). Tarzaghi's analysis is based on the following 

assumptions. 

(A) The floor of the foundation is rough. 

(B) The depth of the foundation is less than or 

equal to its width. 

(C) The shear strength of the soil above the 

foundation floor level is ignored and this soil is 

replaced with a uniform pressure (overhead). 

(D) The length of the foundation is long  

(E) The load on the foundation is vertical and 

the contact pressure has a uniform distribution. 

(F) The shear strength of soil is subject to the 

Mohr-Coulomb criterion. 

Terzaghi's bearing capacity equation is as 

follows: 

 

𝑞𝑢𝑙𝑡 = 𝑐𝑁𝑐𝑆𝑐 +  𝑞̅𝑁𝑞 +  0 5𝛾𝐵𝑁𝛾𝑆𝛾⁄  

 

Meyerhoff bearing capacity equations 

Meyerhoff (1951, 1963) proposed a bearing 

capacity equation similar to Terzaghi's equation, but he 

added a factor of the form Sq to the deep term, qNq. He 
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also considered deep coefficients di and inclination 

coefficients Ii for the case where the load deviates from 

the vertical.  

Mayerhoff loading capacity are as follows: 

vertical loading capacity 

𝑞𝑢𝑙𝑡 = 𝑐𝑁𝑐𝑠𝑐𝑑𝑐 +  𝑞̅𝑁𝑞𝑠𝑞𝑑𝑞 +  0 5𝛾𝐵́𝑁𝛾𝑠𝛾𝑑𝛾⁄  

 

oblique loading capacity 

𝑞𝑢𝑙𝑡 = 𝑐𝑁𝑐𝑑𝑐𝑖𝑐 +  𝑞̅𝑁𝑞𝑑𝑞𝑖𝑞 +  0 5𝛾𝐵́𝑁𝛾𝑑𝛾𝑖𝛾⁄  

 

The difference between the values obtained from 

the Meyerhoff and Terzaghi equations becomes apparent 

at great depths. 

 

Hansen Bearing Capacity equation 

Hansen's bearing capacity equations method is 

based on Meyerhoff (1951) method. 

 

Hansen loading capacity equation: 

𝑞𝑢𝑙𝑡 = 𝑐𝑁𝑐𝑠𝑐𝑑𝑐𝑖𝑐𝑔𝑐𝑏𝑐 +  𝑞̅𝑁𝑞𝑠𝑞𝑑𝑞𝑖𝑞𝑔𝑞𝑏𝑞

+  
1

2
𝛾𝐵́𝑁𝛾𝑠𝛾𝑑𝛾𝑖𝛾𝑔𝛾𝑏𝛾 
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Vesic Bearing Capacity equation 

Vesic (1973, 1975) method is the same as 

Hansen's relations with some changes in the calculation 

of coefficients. The value of Nc and Nq are the same as 

Hansen's relations. But Ny proposed by Visk is slightly 

different. 

𝑁𝛾 = (1 + 𝑁𝑞) tan ∅ 

 

3.3- Liquefaction phenomenon  

If a loose sand mass is subjected to vibration, it 

tends to decrease in volume and density. If the sand is 

saturated under these conditions, the tendency to reduce 

the volume in the sand mass with a constant volume will 

increase the pore water pressure between the soil grains. 

Fine-grained sandy soils, due to their low permeability, 

do not have the ability to reduce the pressure in the pore 

water created at the same time as the vibrations occur, 

and this water pressure in the sand mass constantly 

increases. After a short period of time, a situation occurs 

where the pore water pressure becomes equal to the 
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overburden pressure and the total stress on the soil 

element. As a result, the effective stress is equal to zero. 

 

𝜎́ =  𝜎 − 𝑢 

 

In the above relation, σ' is effective stress, σ is 

total stress and u is pore water pressure. Granular soils, 

such as sand, are lack of cohesion, and as a result, their 

shear strength will only be caused by the friction 

between the grains. Therefore, the following relationship 

holds true for sandy soils: 

 

𝜏 =  𝜎́ ∙ tan ∅ 

 

In this regard, the τ is shear strength of sand, σ', 

the effective stress on the shear plan and Ø the angle of 

internal friction between the soil grains based on the 

effective stress. 

According to the above two relationships, it can 

be seen that in the case that the pore water pressure is 

equal to or close to the overburden pressure, the effective 

stress will be equal to or close to zero, and consequently, 
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the shear strength (τ) will also be close to zero in these 

sandy soils.  

In such conditions, the saturated sands act as 

liquid and become liquid, that is why this phenomenon is 

called liquefaction.  

After the liquefaction, the sand particles are 

deposited in the water and after the sedimentation is 

completed, the sand is in a denser state.  

Seed (1985) listed the mechanisms related to 

liquefaction of saturated sand caused by earthquake as 

follows;  

1- The vibrational motion of the earthquake 

causes periodic shear stresses in the saturated 

sand.  

2- Shear stresses cause the tendency to shrink, but 

in undrained sand conditions, the volume change 

does not occur in the sand.  

3- Subsequently, additional pore pressure is 

created in the sand and accumulates.  

4- The effective stresses decrease and as a result 

the shear strength decreases.  
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5- Finally, if the additional pore pressure is high 

enough, the shear resistance will reach to a very 

low level and the soil will flow. 

Resistance to shear strain or deformation also 

decreases as a result of increasing pore water pressure. 

The shear model (G) that controls the shear stresses is 

also a function of the average normal effective stress 

(σ1) and therefore the shear modulus decreases with the 

increase in pore water pressure caused by an earthquake.  

In dangerous cases, such as the Niigata 

earthquake, the sand acts like a liquid and caused 

disastrous results for the structures. 

One of the main causes of damage during an 

earthquake is the rupture of the ground, which may be 

due to the loss of its resistance. This will be from 

saturated sandy lands due to pore water pressure and 

liquefaction phenomenon. 

Several geological factors are involved in the rate 

of soil liquefaction potential, including the sedimentation 

process, age of sediments, geological history, depth of 

water table, grain size, depth of burial, slope and finally 

proximity to a free surface. 
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If liquefaction occurs in a soil and its shear 

resistance is lost, it may cause rupture in the lower 

layers. If structures have been built on such sedimentary 

layers or near them, there is a possibility of destroying of 

structures during the ground ruptures. ground ruptures 

have been divided into three categories based on the 

liquefaction phenomenon.  

1- lateral expansion  

2- flow fracture  

3- loss of bearing capacity. 

Lateral expansion is the movement of surface 

layers of soil parallel to the ground surface when there is 

a decrease in shear resistance in the lower layer due to 

the liquefaction phenomenon. Lateral expansion usually 

occurs on very gentle slopes with a slope of less than 

5%. If differential lateral expansion takes place under a 

structure, the tensile stresses may be so great that the 

building breaks. It has been observed that flexible 

buildings tolerate such changes in tensile locations better 

than rigid buildings. Lateral expansion can have 

destructive effects on buried long and linear facilities 

(life-lines).  
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During the great 1906 San Francisco earthquake, 

it was observed that all water supply pipeline problems 

were caused by lateral failures. This made firefighting 

difficult during the earthquake and caused much of San 

Francisco to be destroyed by fire. Flow failures when 

large parts of the soil become liquefied or blocks of non- 

liquefied soil flow over a layer of liquefied soil. 

Landslides occur when the slope is greater than 5%. This 

phenomenon had disastrous effects during the 1964 

Alaska earthquake. Liquefaction can also lead to a severe 

loos of the bearing capacity, which is usually 

accompanied by large deformations in the soil.  

Structures buried in the soil may even be moved 

on the surface of the ground. In extreme cases, when the 

thickness of liquefied soils is high, tilting or overturning 

can occur. Such failures were observed during the 1964 

Niigata earthquake in Japan. When the thickness of the 

liquefied soil is low or if a relatively thick non- liquefied 

soil is located on a liquefied sedimentary layer, strong 

tilting or overturning of structures will not occur, but 

there will be a possibility of vertical settlements. 
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Buried structures, such as underground tanks, 

may be subjected to more buoyancy because of the 

increase in pore water pressure due to the liquefaction 

phenomenon. Retaining structures, such as retaining 

walls or harbor structures, may be subjected to additional 

pressures caused by liquefaction in adjacent soils. The 

formation of soil settlement holes (when the sand boil 

phenomenon occurs), may cause settlement or tilting of 

structures located on surface foundations. Of course, the 

extent to which structures are directly or indirectly 

affected by failures caused by liquefaction depends on 

the extent of liquefaction. If liquefaction occurs in a 

thick horizontal sand layer, the associated effects on 

structures may be extensive. On the other hand, if the 

liquefaction is limited to very thin and discontinuous 

(lens) layers of the soil, the damage to the structures is 

minimal or even negligible.  

In general, there are two ways to deal with the 

liquefaction phenomenon: 

1- Soil strengthening i.e., improving soil conditions 

to minimize liquefaction phenomenon, 
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2- Structural strengthening by reducing the bearing 

capacity of the soil in the calculation and design 

of the foundation by using a deep foundation to 

transfer the forces to the lower layers of the soil 

where there is not liquefaction potential. 

 

4 Stratigraphy of the Quaternary deposits of South 

west of the Caspian Basin. 

4.1- Introductions  

This chapter deals with Litho-stratigraphy 

https://www.antarcticglaciers.org/glacial-

geology/techniques/lithostratigraphy/of the studied area. 

First, for each core of section we prepared a stratigraphy 

column. Each core section consists of various layers, 

with different characteristics. In area 1, samples 

collected around the Laguna consist mainly of sand, 

mud, plants and shell fragments.  

In area 2, samples collected from rivers, which 

consist mainly of conglomerates, sand and mud. In area 

3, Samples collected inside the Bandar-e Anzali. The 

https://www.antarcticglaciers.org/glacial-geology/techniques/lithostratigraphy/
https://www.antarcticglaciers.org/glacial-geology/techniques/lithostratigraphy/
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aim of this chapter is, to study and correlate the columns 

of different areas, and to understand the litho-

stratigraphy and relative age of the layers.  

 

4.2- Relative age of the AREA NO. ONE sediments. 

In this area, 21 cores, collected from environs 

and inside the Bandar-e-Anzali lagoon (Figure 1). 
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Figure 1: Data collection location in area number 1 (WWW.GoogleEarth.com) 
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Sediments of this area, consist mainly of sand, 

mud, plant and shell fragments, and gravel. Sediments 

from young to old (top to down) are as follows:  

1- Man made soil or agricultural soil 

2- Muddy deposits, with sand and sell and Plant 

fragments  

3- Muddy - sand deposits 

4- Muddy deposits with plant fragments 

Comparative stratigraphy columns of area No. 

one shown in Figure 2. 
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Figure 2: Comparing the columns of area number one 
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4.3- Relative age of the area no. two sediments 

Deposits of this area (Figure 3) are mainly 

conglomerate, Sand and mud. Based on the Percentage 

of clasts, 3 types of conglomerates determined; 

- type 1 (65+100) Percentage of clasts 

- type 2 (30-65) Percentage of clasts 

- type 3 (0-30) Percentage of clasts 
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Figure 3: Data collection location in area number 2 (WWW.GoogleEarth.com) 



Stratigraphy and Engineering Parameters of the Quaternary Deposits of South 

Caspian Sea Region (Gilan Province) 
 

26 
 

The deposits of area no. 2, from Young to old 

(top to down) are as follows: 

1- Man-made soil 

2- Conglomerate 

3- Mud sediment 

4- Conglomerate 

5- Mud or sand, with interbedded of conglomerate 

6- Conglomerate 

Comparative stratigraphy columns of area No. 

two shown in (Figure 4). 
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Figure 4: Comparison of the stratigraphic columns of area No. 2 
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4.4- Relative age of the area no. three deposits 

Deposits of this area (Figure 5), From top to down 

(young to old) are as follows: 

1- Man-made soil 

2-Gravel and muddy sand 

3-muddy sand with shell fragment 

4- mud 

5 muddy sand deposits 

Comparative stratigraphy columns of area No. Three 

shown in Figure 6. 
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Figure 5: Data collection location in area number 3 (WWW.GoogleEarth.com) 
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Figure 6: Comparison of the stratigraphic columns of area No. 3 

 

4.5- Relative age determination of sediments of the 

studied area 

The relative age of the sediments in whole area (Figure 

7). From top to down (young to old) are as follows:  

1- Man-made soil 
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2- Muddy sediments, with shell and plant 

fragment 

3- Muddy sand with shell and plant fragments 

4- Sandy mud 

5- Muddy Sand 

Figure 8 is comparative Columns of the whole area and 

Figure 9 is comparative columns of the studied area with 

stratigraphy column suggested by Paluska (1992). 
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Figure 7: The location of the studied points in the region 



Stratigraphy and Engineering Parameters of the Quaternary Deposits of South 

Caspian Sea Region (Gilan Province) 
 

33 
 

 

 

Figure 8: Comparison of the columns of all three areas of the region 
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Figure 9: Comparison of the stratigraphic columns of the studied 

area with Antonian Paluska's stratigraphic column. 
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5- Conclusion and Discussion 

The main results of this research are as follows: 

- Drawing stratigraphical column for whole three areas 

of understudy 

-Soil litho-stratigraphy determination of the area 

understudy. 

 

Area No. one consists of 21 cores collected around 

Bandar-e-Anzali. The sediments consist mainly of sand, 

mud and gravel and are mostly diluvial- fluvial deposits. 

Area No. Two consist of 10 cores mainly from river 

outcrops. Sections of this area consist of conglomerate, 

sand and mud. Based on the Percentage of clasts, three 

type of conglomerate recognized. 

from Area No.3, consists of 20 cores, from inside, 

Bandar-e Anzali, and consist mainly of sand, mud and 

Gravel.  

 

Relative age determination 

In area NO. 1, deposits from top to down (young to old) 

are,  

1. Man-made or agriculture soil,  
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2. Mud with shell and Plant fragments,  

3- Sand,  

4, Mud with shell and plant fragments 

 

In area NO. 2, deposits from top to down (young to old) 

are,  

1-Man-made Soil,  

2-Conglomerate,  

3-Mud with gravel, 

4-Conglomerate, 

5-Mud and sand with interlayer of conglomerate 

 

In area NO.3, deposits from Top to down (young to old) 

are, (Figure 10) 

1- Man-made Soil,  

2- Gravel and sand with few mud,  

3- Muddy sand, 

4- Mud  

5- Sand 
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Figure 10: Integration of sedimentology and engineering data in 

core number 1 

To compare deposits of all three areas, sediments from 

top to down (young to old) are as follows: 

1- Man-made soil  

2. Mud with shells and plant fragments with a 

few sand  

3- Muddy sand, with shell and plant fragments  

4- Sandy mud 

5- Muddy sand 
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Determination of engineering parameters of the area 

understudy 

Area No. 1:  

According to the results of the soil grading samples by 3 

charts (1- chart for determining the sign and name of the 

group for sandy and gravelly soils, 2- chart for 

determining the sign and group for clay and inorganic 

soils, 3- chart for determining the sign and name of the 

group for clay soils and organic layer), sediments were 

first named. Then, based on the obtained names and the 

weight percentage of clay, silt, sand and gravel, the 

values of the angle of internal friction (φ) and the value 

of adhesion (C) can be approximately determined and 

according to obtained values, the density and consistency 

of the soil can be interpolated. Fine grain particles are 

sticky and have low permeability. Coarse grain particles 

such as sand and gravel will have more resistance if they 

are cohesive, but if there is space between the particles 

due to the increase of water in the soil, there is a 

possibility of liquefaction. According to the type of soil 
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and the percentage of coarse and fine particles, the 

amount of internal friction and adhesion is determined, 

and in conjunction to those two values, the density of the 

soil is determined, the higher the density, the higher the 

consistency of the soil. The interpolation and 

determination of C and φ values is done by the Table 1. 
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Table 1: The interpolation and determination of C and φ values 

Relative density of granular soil Soil type 

ID = 1 0.67 0.33 0    

ϕ  40-45 37-40 35-37 gravel 

n
o

n
-o

rg
an

ic
 

n
o

n
-C

o
h

es
iv

e 
so

il
s 

ϕ  38-40 35-38 32-35 sand: course & medium 

ϕ  35-37 32-35 28-32 sand: fine & silty 

ϕ  25-30 22-65 18-22 sand: organic 

Consistency of cohesive soil 

   
stiff to very 

stiff 
stiff semi stiff 

soft to very 

soft 

n = Ws Ie = 1 0.75 0.5 0 

ϕ 24-28 22-24 19-22 5-19 sand with semi clay 

n
o

n
-o

rg
an

ic
 

C
o

h
es

iv
e 

so
il

s 

C' 30-40 20-30 15-20 2-15 silty sand 

Φw 20-25 16-20 10-16 7-10 
silts 

Ip<10% 
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ϕ 22-26 19-22 15-19 12-15 sandy silt 

C' 40-50 30-40 20-30 3-20 silts sand- clayey 

     clayey silts 

Φw 16-20 12-16 7-12 5-7 
silts 

Ip =10-20% 

ϕ 20-23 17-20 12-17 8-12 Sand, clay, silt 

C' 60-50 50-60 30-40 5-30 Silt & clay 

Φw 12-15 9-12 5-9 2-5 Ip = 20-30% 

ϕ 17-19 14-17 5-12 5-10 sandy clay, clay 

C' 60-80 50-60 40-50 10-40 clayey silt 

Φw 8-10 5-8 2-5 0-2 Ip > 30% 

Parameters of this group should be determined in Lab. organic silt, peat, etc. 

o
rg

an
ic
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Soil consistency of area number 1 

As already mentioned, while the soil mechanics tests 

have not been done for this area, it has been done to 

determine the liquefaction and looseness of the soil 

through information interpolation. For this purpose, the 

amount of soil consistency has been determined in the 

following intervals and the surfer software has been used 

to display the soil consistency in the area. Here is a 3D 

rendering of the survey results for the area (Figure 11). 

 

Soft  0 ≤ consistency ≤ 1 

Soft to semi-hard 1 ≤ consistency ≤ 2 

Semi-hard to hard 2 ≤ consistency ≤ 3 

Hard consistency ≤ 4 
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Figure 11: The three-dimensional view resulting from the interpolation of information for soil consistency using 

information interpolation, in the (WWW.Golden Software Surface 10.com), where the horizontal axis (X,Y) 

indicates the coordinates of the boreholes and the vertical axis (Z) indicates the soil consistency in the UTM 

coordinate system. . The vertical column indicates the soil consistency scale calculated by the method (Hansen, 

1970) with a rectangular cross section. 
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Area No. 2:  

In this area, since the sediments are related to the banks 

of the rivers, the amount of gravel is high. As in Section 

No. 1, the name of the soil is first determined by the soil 

naming tables, and then the required engineering 

information is interpolated by Table 1 and finally charts 

have been prepared for each section. 

 

Soil consistency of area number 2 

Soil mechanics tests have not been done in this area, so 

as a result, soil liquefaction and looseness have been 

determined through data interpolation (soil consistency) 

Figure 12. 
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Figure 12: The three-dimensional view resulting from the interpolation of information for soil consistency using 

information interpolation in (WWW.Golden Software Surface 10.com), where the horizontal axis (X,Y) 

indicates the coordinates of the boreholes and the vertical axis (Z) indicates the soil consistency in the UTM 

coordinate system. 
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Area No. 3:  

The information of this area includes the assessments 

made by Bandar-e-Anzali municipality to carry out 

construction projects. Soil mechanics tests have been 

performed on the collected samples. As a result, unlike 

the previous two areas where we had to interpolate 

information due to the lack of sufficient data, the 

required data is available in this area (Figure 13). 

The following tests have been performed on all these 

projects: 

 Index or physical tests: including the test to 

determine granulation, determine the limits of 

Atterberg, determine the specific weight of solid 

grains, permeability test and determine the 

percentage of natural moisture. 

 Experiments to determine shear strength 

parameters: including direct shear test and 

triaxial test. 

 A standard penetration test where the change in 

the number of SPT blows per 30 cm of 

penetration is determined. 
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Figure 13: The distribution of boreholes in area No. 3 (Bandar Anzali) in Google Earth software 
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With the help of existing software's, the parameters of 

bearing capacity and liquefaction have been determined 

 

Bearing capacity area No. 3: 

The Permitted bearing capacity of foundations is 

evaluated by using the parameters of shear strength for 

surface foundations and by applying the confidence 

factor on the safe bearing capacity of the foundations, 

suggested by many researchers (e.g. Terzaghi bearing 

capacity, Meyerhoff bearing capacity, Hansen bearing 

capacity and Vesic bearing capacity).  

In this project, the software prepared by Rezaei was used 

to calculate the bearing capacity, it should be noted that, 

this software was designed based on Hansen's method 

(Hansen, 1970). 

Finally, according to the value of qa, the soil can be 

determined in terms of its problematic nature. 
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Weak and loose soil qa ≤ 1 

Medium to poor soil 1 ≤ qa ≤ 2 

Medium to strong soil 2 ≤ qa ≤ 3 

strong soil 3 ≤ qa ≤ 4 

Very strong soil qa ≤ 4 

 

 

Based on the calculations, the lowest -bearing capacity is 

0.7 kg/cm2 related to borehole 2 at a depth of 1.5 meters 

and the highest bearing capacity is 5 kg/cm2 related to 

borehole 12 at a depth of 22 meters. The density, depth 

and loading level are different factors of bearing capacity 

results (Figure 14). 
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Figure 14: Three-dimensional view of the data obtained from the integration of the bearing capacity using 

Rezaei (2010) bearing capacity software, In SP soils in the city of Bandar-e-Anzali in the software 

(WWW.Golden Software Surface 10.com) where the horizontal axis (x,y) indicates the coordinates of the 

boreholes and the vertical axis (z) indicates the bearing capacity in terms of (kg/cm2) and in the UTM 

coordinate system. The vertical column indicates the bearing capacity scale calculated by the Hansen (1970) 

method in a rectangular cross section. 
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Liquefaction area No. 3: 

To investigate the liquefaction phenomenon, another 

software developed by Rezaei (2019). 

In this software, for each core with the sample prepared 

in the project, the data of the groundwater level in 

sample, the thickness of the sample layers, the amount of 

soil density (Y) in each layer, the value of SPT (N60) in 

each layer and the percentage of grains passed through 

the 200 sieve in each layer are required. At the end, this 

software draws a diagram using the data used, which can 

be used to check the probability of liquefaction. 

To calculate liquefaction for boreholes 1 to 25, grading 

curve, soil density based on soil type, standard 

penetration test, correction factor based on relative soil 

density and maximum ground acceleration (a max :030) 

are considered.  

(Software for evaluation of soil liquefaction based on 

SPT, Rezaei 2019) Liquefaction usually occurs in soils 

without uniform adhesion, whose 10% size is between 

0.01 and 0.25 mm and its uniformity coefficient is 

between 2 and 10. 
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Due to the large number of samples, only a few of the 

results are shown here. 

 

The underground water level is very important in the 

liquefaction factor, and considering that the underground 

water level in this borehole is at a depth of 2 meters, 

there is a possibility of liquefaction, but because the 

density of the soil is high, there is no possibility of 

liquefaction except at a depth of 10 meters (Figure 15). 

 

 



Stratigraphy and Engineering Parameters of the Quaternary Deposits of South 

Caspian Sea Region (Gilan Province) 
 

56 
 

Figure 15: Diagram No. 4-1: Liquefaction of borehole 1 based on 

the standard penetration number with a maximum acceleration of 

0.3 g and a magnitude of 7 Richter earthquake (soil liquefaction 

evaluation software based on SPT, Rezaei, 2010). 

 

As can be seen in the diagram, liquefaction has occurred 

at a depth of 10 meters, but due to the type of soil, which 

is mostly coarse sand with high density, liquefaction 

potential will not be possible during an earthquake. 

 

Considering that the underground water level in this 

borehole is at a depth of 1.8 meters and the soil is sandy, 

the possibility of liquefaction is high, but the presence of 

small sticky particles can reduce its intensity to some 

extent (Figure 16). 
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Figure 16: Diagram No. 4-2- Liquefaction of borehole 11 based on 

the standard penetration test with a maximum acceleration of 0.3 g 

and a magnitude of 7 Richter earthquake (soil liquefaction 

evaluation software based on SPT, Rezaei, 2010). 

 

As can be seen in the diagram, the potential of 

liquefaction in some parts from a depth of 7 meters to a 

depth of 22 meters is possible, but due to the type of soil, 

which is mostly silty sand, the phenomenon of 

liquefaction during an earthquake will not be likely. 

 

The underground water level in this borehole is at a 

depth of 2.5 meters, and due to the fact that the sand soil 
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is poorly graded, the possibility of liquefaction is high 

(Figure 17). 

 

 

Figure 17: Diagram 4-3: Liquefaction of borehole 16 based on the 

standard penetration number with a maximum acceleration of 0.3 g 

and a magnitude of 7 Richter earthquake (soil liquefaction 

evaluation software based on SPT, Rezaei, 2010). 

 

As can be seen in the diagram, there is a possibility of 

liquefaction at a depth of 10 meters, but on the basis of 

type of soil, which is mostly coarse sand but with high 

density, the phenomenon of liquefaction will not be 

likely during an earthquake. 
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Map of problematic soils in the region 

This map is based on the surveys conducted in the 

studied region to provide a general and comprehensive 

view of the area and help to carry out construction 

activities as best as possible. As mentioned earlier, in 

this study, an attempt has been made to study the area 

both in terms of stratigraphy and engineering parameters. 

Soils that have low bearing capacity and fluidity, as well 

as soils with low consistency are considered as 

problematic soils, according to the reducing factors of 

these problems, the soil can be far away from being 

problematic or completely free of problems. Determining 

the problematic factors is the result of stratigraphy 

studies and engineering parameters in the region (Figure 

18). 

The result of the research and investigations of this 

project is the preparation of this map. The presented map 

covers the area of the studied area completely and has 

categorized and displayed the soils of the area in the 

following three groups: 

1- Problematic soils 
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2- Slightly problematic soils 

3- Soils without problems 
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Figure 18: Three-dimensional view of the studied area based on problematic soils in (WWW.Golden Software 

Surface 10.com), where the horizontal axis (X,Y) indicates the coordinates of the boreholes and the vertical axis 

(Z) indicates the problematic soils in the UTM coordinate system. is. 
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Suggestions 

1- Radiometric dating will help for a better 

Understanding of stratigraphy sequences of the area,  

2- We recommend soil mechanics tests for areas, number 

1 and 2, in order to obtain more information 
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