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Abstract. This report presents the results of the author's research on the 
dilution of water-saturated cohesive soils in the conditions of concussions. 
The nature of the weakening of the soil connectivity during vibration and 
the dynamic pressure that occurs in the thickness during the compaction of 
the disturbed soil structures, which contribute to the liquefaction and 
spreading of the soil from the body of the structure, is described. The 
criterion of the possibility of violation of the soil structure in the conditions 
of concussions is given. A theoretical method for determining this 
important indicator of the seismic strength of the soil is given. 

1 Introduction 

The development and improvement of methods of dynamic liquefaction of water-saturated 
sandy soils were carried out by Russian [1-4], Japanese [5-8], the USA [9-12], Uzbek [15-
20], etc. However, they did not consider the dynamic liquefaction of cohesive soils, which 
sharply differ in properties from sand, which was the object of research of the author and 
his students [17-20]. The report focuses on changes in the cohesion of the soil and the 
dynamic pressure that contributes to the duration of the soil. 

2 Methods 

At present, it is an indisputable fact that the degree of disturbance of the structure of water-
saturated soils during shaking, and hence their dynamic mode, is determined by the impact 
of only a certain part of the dynamic (seismic) load applied to them. 

This load is estimated by the value of the maximum seismic acceleration characteristic 
of the resulting oscillation -𝛼𝛼𝑠𝑠.. 

Denoting the active part of the oscillation acceleration through the αc you can write 
 

αc =αs - αlim    (1) 
 

Here αlim is threshold acceleration, the acceleration limit, redeemable within soil 
thickness of the forces acting in these resistances, in the first place, the forces of adhesion 
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(cw) and internal friction of soil (𝜑𝜑𝑤𝑤). 
Under this condition, the value of αlim is considered as a criterion expressed in 

acceleration, at which the oscillating soil retains its static structure, and liquefaction does 
not occur in it. To determine the αlim, the author proposed the formula [19]: 
 

𝑎𝑎𝑙𝑙𝑙𝑙𝑙𝑙 = 2𝜋𝜋𝜋𝜋(𝜎𝜎𝑑𝑑𝑡𝑡𝑡𝑡𝑡𝑡𝑤𝑤+𝑐𝑐𝑤𝑤)
𝛾𝛾𝑤𝑤𝑇𝑇𝑜𝑜𝑣𝑣𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠2𝜋𝜋

𝑧𝑧
𝜆𝜆

    (2) 

 
where: g is acceleration of gravity; 𝜎𝜎𝑑𝑑 is dynamic tension of the weight of structures; 𝛾𝛾𝑤𝑤 

is density of the soil when moisture w; 𝑇𝑇𝑜𝑜 is period soil vibration; 𝑣𝑣с are speed transverse 
seismic waves; z is the depth of the considered horizon; λ is the wavelength of the seismic 
waves; 

Obviously, the higher the value of the αlim, the smaller the acceleration of the αc, which 
determines the dynamic regime of the soil layer, is. 

The relationship of the threshold acceleration of αlim with the strength characteristics of 
the soil according to N. N. Maslov is expressed in the form: 
 

αlim = ξ (pn tg 𝜑𝜑𝑤𝑤+cw),    (3) 
 

Following formula (3), change the value αlim under seismic vibrations may occur due to 
the partial or complete reduction of the strength of the soil, such as normal tension (pn), 
friction angle (𝜑𝜑𝑤𝑤) and cohesion (cw) that is associated with all other conditions with an 
increase in time the value of the calculated acceleration, contributing to the disruption of 
the structure and liquefaction of the soil, with all the ensuing consequences. 

The disclosure of the nature of the violation of the stability of cohesive soils is reduced 
to identifying the parameters of the soil strength that change during shaking, which is 
described in detail in the physical theory "liquefaction of moist loess" [19]. At the same 
time, the decrease in the dynamic strength of the soil occurs due to the weakening of the 
cohesion forces (cw) in time, which determine the structural strength of the soil and the 
influence of the backpressure that occurs under these conditions due to the dynamic 
pressure hz. As for the change in the angle of internal friction, it is a small amount. 

The change in the strength of cohesive (cw) in the process of soil vibration occurs 
according to: 
 

cw (t)= cw (e) + [cw (s) – cw(e) ]𝑒𝑒−µt    (4) 
 

where: cw(s), cw(e), cw (t) are respectively, start, end, and the time values of the cohesive 
of the soil. µ is parameter that takes into account the possibility of the transition of soils to a 
liquefied state. 

To determine the dynamic pressure of hz that occur in the soil column when the seal is 
broken, the cohesive of the particles of the formula [19]: 
 

h(z, t)= 𝜈𝜈02𝑘𝑘ф
 𝐻𝐻2 (𝑒𝑒−𝜇𝜇𝑡𝑡 − 𝑒𝑒−𝜆𝜆𝑡𝑡)    (5) 

 
where h(z, t) is quantity of the dynamic pressure at time t in the process of shaking; 𝑘𝑘ф 

is filtration coefficient of the soil; H is thickness of the oscillating layer; μ, λ are dynamic 
parameters experimentally determined; 𝜈𝜈𝑜𝑜 is the coefficient of dynamic consolidation, 
indicating the speed of compaction, calculated according to the formula: 
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𝜈𝜈𝑜𝑜 = 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑      (6) 

 
where: n is the density (porosity) of the soil. 
The next stage of the study included an experimental study to reveal the nature of the 

violation of soil cohesive (cw,t) and the conditions for the occurrence and further changes in 
the dynamic pressure hz,t during the shaking process. 

3 Results and Discussion 

The studies were carried out under laboratory conditions with loess on a directional 
vibration 

unit. To obtain comparative indicators, the experiments were carried out at a constant 
value of the oscillation frequency by changing the amplitude or vice versa. The soil 
cohesive during the oscillation was measured using a special ball mounted on the soil 
surface. The dynamic pressure was measured using strain gauges at different points along 
the sample height. And the soil sediment was recorded using an indicator. 

Analysis of the results of experiments conducted on loess soils moistened to varying 
degrees showed that the beginning of soil deformation during the shaking process 
corresponds to 15-20 seconds and more since the application of a dynamic load on the soil, 
which is a distinctive feature of cohesion soils from disconnected ones. The intensity of the 
concussion in these cases was measured in the range of 1200-1800 mm/s2. At the same 
time, the pressure in the water begins to increase from some point after the application of a 
dynamic load on the soil, which indicates the onset of a violation of the soil structure under 
conditions α > alim. 

Table 1 shows the results of one cycle of experiments conducted with loess soils. 
Table 1. Changes in water pressure, ball deformation, and soil surface precipitation over time 

(Concussion intensity a=1900 mm/s2) 

Type of experimental 
measurement The duration of concussion, s 

The pressure in 
water, mm 8 12 15 20 30 45 50 60 90 

Ball immersion, mm 3 6 10 10 16 20 22 24 24 
The set surface of the 

soil ,mm 15 3 5 8 13 20 20 20 20 

 
Based on these studies, it can be concluded that, in contrast to non-cohesive soils that 

can condense immediately after a structural disturbance, water saturation cohesive soils 
simultaneously with the compaction process undergo complex internal transformations 
caused by a violation of their cohesion in the conditions of concussion. 

Let us turn to Figure 1, where the graph of the dependence of l=f (t) for α = const is 
shown. 
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Fig. 1. The nature of the ball's immersion in the ground during prolonged shaking a = 2200 mm/s2. 
The numbers indicate the numbers of the tested soils. 

As follows from the graph, along with the value of the calculated acceleration, the duration 
of its impact is also very important, depending on which the degree of violation of the 
structure (cohesive) of the soil increases. 

Analysis of the results of the experiments showed that the decrease in the cohesion of 
the soil and its transition to a liquefied state generally depends on the state of humidity, 
water-colloidal minerals, grading composition, the content of various salts, as well as on the 
intensity and nature (in frequency and amplitude) of the shock applied to the soil. At the 
same time, direct dependence of the ball's immersion in the soil on the intensity of the 
concussion is established. 

It was also important to determine the transition rate of the soil to a liquefied state, 
depending on the intensity of the shaking. Several experiments were conducted with 
various types of soils (sandy loam, loam, clay) in this direction. The essence of these 
experiments consisted, as in other experiments, in observing (in time) the immersion of a 
ball sunk into a sample of the test soil. The sample in this form was subjected to a very 
different dynamic effect in intensity, one of the results of which is illustrated in Fig.2. 

As can be seen from the graph, with an increase in the calculated acceleration (ac) value, 
the degree of destruction of the soil cohesion increases. 
 

 
Fig. 2. Graph of the dependence of the speed of the ball's immersion in the soil on the intensity of the 
concussion at P= 1,0.105 N/m2. The numbers 1,2,3 correspond to the numbers of the soils. 
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At the same time, the effect of weakening the strength (shear resistance) of the soil by 
reducing its connectivity also depends on the simultaneous reduction of the influence of 
normal stress due to the weighing effect of the backpressure (∆hz) caused by the dynamic 
pressure. The value of the dynamic pressure, along with the filtration property of the soil, 
also depends on the compaction rate of the soil (dynamic compaction coefficient vn), which 
increases with increasing uniformity and porosity of the soil, as well as the intensity and 
duration of the vibration. 

Figure 3 illustrates the graph of the dependence of vn on the porosity of various soils. At 
the same time, the extremely high value of vn corresponds to the maximum  

 

 
Fig.3. The nature of the change in the dynamic compaction coefficient vn from porosity for loess 
soils. 

The porosity of the soil and a slight increase in density (decrease in porosity) in these 
conditions leads to a sharp decrease in the dynamic compaction coefficient. 

The influence of the concussion intensity on the dynamic compaction coefficient vn is 
seen in table 2. 

As a result of experiments conducted with water-saturated (G=0.92-0.96) loess soils, it 
was found that the dynamic pressure hz, which occurs during the compaction of the soil, has 
a gradually increasing character. The beginning of the dynamic pressure in the experimental 
conditions corresponds to 10-20 s after the application of the dynamic load on the soil. 

Table 2. Dependence of the dynamic compaction coefficient on the intensity of loess soil shaking 

Acceleration, 
mm / s2 

Porosity n, % 
44 45 46 47 

1000 
1500 
2500 

- 
- 

0.00001 

0.000005 
0.00011 
0.00003 

0.000012 
0.000019 
0.000057 

0.000020 
0.000032 
0.000090 

 
The analysis of these experiments allowed us to draw up the following scheme of 

processes that continuously occur to varying degrees during the shaking of water-saturated 
(G>0.8) loosely cohesive soils: 
a) gradual weakening of internal cohesions; 
b) the formation of a filtration flow with ascending currents (dynamic head) as a result of 

compaction of broken particle bonds; 
c) the increasing nature of the fall in the overall strength of the soil due to the simultaneous 

weakening of the cohesion and the weighing effect of the dynamic pressure hz . 
According to this scheme, the value of the dynamic head should be very important as a 

factor involved in reducing the overall strength of the soil during the shaking process. 
The graph (Figure 4) shows the data of recording changes in dynamic pressures over 
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time for some varieties of the studied loess. The soil had been shaking with an intensity 
determined by the acceleration of 2200-2500 mm/s2. 

 

 
Fig. 4. Dependence of the form hz=f (t) for the studied soils (z = 30 cm). The curves indicate the soils 
of the soil numbers. 

As can be seen from the dependence hz=f(t) to dynamic pressure at the horizon has reached 
a maximal value at a specific intensity of shaking, requires some period, measured in tens 
of minutes. 

The quantity of this segment under the same conditions of shaking is different for 
different soils, probably due to these cohesions' strength. 

4 Conclusion 

1. The liquefaction of cohesive soils under dynamic impacts is significantly different 
from the liquefaction of sand, characterized by mechanical destruction of the structure. 

2. The process of liquefaction of cohesive soils is accompanied by complex physical 
and chemical phenomena caused by a gradual change in the connectivity of the soil, 
compaction of destroyed particles, the presence of a filtration flow, and the effect of 
backpressure, etc. 

3. The decrease in soil connectivity and its transition to a liquefied state generally 
depends on the state of humidity, water-colloidal minerals, gradual composition, the 
content of various salts, and the intensity and nature (in frequency and amplitude) of the 
dynamic load applied to the soil. 

4. The rate of transition of the soil to the liquefied state is determined by the coefficient 
of dynamic compaction and the shaking intensity. 

5. The determination of soil cohesion and dynamic pressure values is important in 
assessing the state of soil liquefaction in the body of dams constructed from clay soils in 
seismic areas. 
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