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Abstract 

The article deals with the effect the geological engineering conditions have on the behaviour of structures under conditions of 
North-Western soft soils. A structural survey conducted at an oil refinery in the Leningrad region showed numerous faults and 
damages caused by settlements of the bearing structures and their foundations. Traces of leakages on the retaining walls of the 
pumphouse as well as next to the pipeline inlets witness a man-triggered raise of the ground water level.  
Crack formation in bottoms and walls of the aerotanks and sludge tanks was also denoted. It might be caused by the reduction of 
foundation soil bearing capacity. In its turn, deterioration of physical and mechanical features of the foundation soil is linked to the 
change in the hydrological regime of the area, which is proved by rich seepage of ground waters through the cracks in tanks. 
Having analyzed the structural and geological engineering conditions the authors recommend elaborating and performing a project 
to restore the proper working order of structures. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the International conference on Transportation Geotechnics and 
Geoecology. 
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1. Introduction 

A deep conversion oil refinery has been constructed and put into operation in the Leningrad region by the present 
moment. This plant is supposed to become part of the oil refining enterprise in the town of Kirishi. Extension of 
manufacturing assets necessitated an increased load on the existing water-intake and water-treatment facilities, 
technical conditions of which had to be assessed from the viewpoint of safety operation. 
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2. Geological engineering conditions 

Having analyzed the geological engineering site conditions of the water-treatment plant implemented by the State 
Design Institute “Lengiprospetsgaz” in 1961, we have come to the following conclusions: 
1. The surface of the site lies within a slightly rolling lowland. Mild slopes causing poor surface water discharge and 

wide expansion of water impervious clay loam soil contribute to the swamp formation.  
2. The geological setting of the industrial site is represented by a thick mass of quaternary deposits (more than 25 m) 

with underlying alluvial parent rock. 
3. The geological engineering setting of the site comprises the following main engineering geological elements 

(EGE): 
EGE-1 – 0.1-0.3 m thick topsoil consisting of humus soils that have super-moraine glaciolacustrine clay loam as a 

parent material.  
EGE-2 – Super-moraine glaciolacustrine clay loam soils are widely expanded within the surveyed territory and 

serve as a natural foundation for the majority of structures. They underlie directly beneath the topsoil or peat cover 
and have a thickness of about 2.0 m (ranging from 0.8 m to 4-5 m). The clay loam soils are of compact or semi-
compact constitution, brown or dun colour, and comprise minor (up to 1-2%) portion of fine gravel grains.  

EGE-3 – The 0.5–1.5 m thick layer of derived (secondary) moraine lies in the foundation of the glaciolacustrine 
clay loam representing the upper part of moraine deposits that have been impacted by the late-glacial waters. 
Lithologically, the layer consists of sandy and clay loam with small sand bunches and lenses that include up to 10–
20% of gravel and pebble. Sandy and clay loam soils within the secondary moraine deposit in-situ is predominantly 
of yellow-gray colour, compact constitution and low plasticity. 

EGE-4 – The moraine clay loam layer lies mainly at a depth of 2–3 m under the surface (ranging from 1.5 to 5.2 
m) and is 8–14 m thick. The moraine clay loam in-situ is of gray and lilac-gray colour (sometimes brownish-gray in 
the upper part), has compact constitution, and includes 5–10% of gravel, pebble and small boulders. Within the clay 
loam mass one can meet small sand bunches and lenses (very rarely the thickness of sandy clay lenses reaches 2–4 
m).  

The moraine sandy clay lying within the moraine clay loam in the form of lenses is similar to the sandy clay of the 
secondary moraine layer.  

EGE-5 – The interstadial laminated clay lies at a depth of 12–15 m under the daylight surface (beyond the active 
load area) and has no practical importance for the facilities being designed. The in-situ laminated clay is predominantly 
of dark-gray colour, semi-compact constitution and high plasticity. 

Physical and mechanical properties of soils are shown in Table 1. 

Table 1. Physical and mechanical properties of soils. 

Characteristics of soil EGE-1 
humus 

EGE-2 
clay 
loam 

EGE-3 
sandy 
loam 

EGE-3 
clay 
loam 

EGE-4 
clay 
loam 

EGE-5 
clay 

Volumetric weight, , kN/m3 - 19,2 20,7 20,9 22,1 19,2 

Friction angle, : - 18 25 23 25 - 

Cohesion, c, kPa - 18 20 15 50 50 

Deformation modulus, E, MPa - 10 21 18 32 42 

 
4. Hydrogeological site conditions:  

In the upper part of the quaternary deposits up to the 15–20 m depth under the daylight surface there is not any 
consistent aquifer with a sustainable yield. 

Ground waters tapped up within the site at different depths under the surface (mainly at a depth of 1.6–3.0 m) 
represent temporary water that is found in small bunches and lenses of sand (more rarely – sandy clay) comprised in 
thin (1–2 cm) bands of sand and peat within the layer of derived moraine or glaciolacustrine clay loam soils. The 
quantity of temporary water is increased exceptionally by means of seepage of precipitation. According to the 
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