
14 International Journal for Computational Civil and Structural Engineering

International Journal for Computational Civil and Structural Engineering, 22(3) 14–22 (2026)

DOI:10.22337/2587-9618-2026-22-3-14-22

DESTRUCTION OF ROCKFILL SLOPE PROTECTIONS BY ICE 
JAMMING: FIELD AND THEORETICAL STUDIES 

 
Dmitry V. Kozlov 1, Denis A. Krutov 2 

1 Moscow state university of civil engineering, Moscow, RUSSIA 
2  

 
Abstract: study is due to the fact that the nature of failure of rockfill slope protections of hy-

 

y calculations 

a

 

 
 

Keywords:  

 
  -

  
 

 
. .  1, . .  2 

1 ,  
2 - ,  

 
 -

   

 

  



15Volume 22, Issue 3, 2026

DESTRUCTION OF ROCKFILL SLOPE PROTECTIONS BY ICE 
JAMMING: FIELD AND THEORETICAL STUDIES 

 
Dmitry V. Kozlov 1, Denis A. Krutov 2 

1 Moscow state university of civil engineering, Moscow, RUSSIA 
2  

 
Abstract: study is due to the fact that the nature of failure of rockfill slope protections of hy-

 

y calculations 

a

 

 
 

Keywords:  

 
  -

  
 

 
. .  1, . .  2 

1 ,  
2 - ,  

 
 -

   

 

  

 
 

 , 
  
 

 
INTRODUCTION 
 

he practice of hydraulic structure operation in-
volves the cases of slope protection failure 

the ice cover to the structure during water level 

05 and in reference 
this 

If 
the water level falls, the ice sheet, acting as a can-

 
Slopes o

tailwater of hydroelectric plants in wide sections 
where the influence of the polynya decreases [4], 

 for rockfill  
g the destruc-

 

 the 

 

ing to the original design, the structure has a 
length o –

 
 

 
Figure 1. Scheme of transformation of a slope 

composed of rockfill under the action of ice jam-
ming: 1) slope failure; 2) reshaping of the upper 

part of the slope forming a steep slope; 3) reshap-
ing of the lower part of the slope forming a gentle 

m 
 

 

is located at a 

 Secondly, no ice is re-
 

Evidence that the ice edge approaches the drain-
–

 service records and aerial ice sur-

ickness is 50–

over d  
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ring the day can have a 

 
ote that Figure 1 presents an averaged assess-

 
- the depth of slope failu

; 
- 

– 
; 

- the point where the steep upper part transitions 
into the gentle low

 

part of the slope, the flatter the values of the 

longer 
 

lar, relatively 

the frozen rockfill, which is a resisting force, and 

 
for 

practice this allowed recording the ac-

 

calculation sche

 
- 

of various factors to the failure process; 
- 

; 
- ; 
- 
sign solutions  
 
 
METHODS 
 

the analysis for the failed slope 
of the hydraulic structure In this way, we will 
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Mx 
any section at a distance x 

tion, with the  ox 
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the length l 

l of the ice cover over 
 

 

= 3,58
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=
·

{ (5 2) + 360 · · }   
 
Where  is the unit weight of water; C is the length 
of the structure along the front at the ice action 

H to 
the deflection f H f =   

M can also 

section x 
 

 

 
Figure 2. 

sis of a slope composed of rockfill during 
– 

2 – weight of frozen soil; 3 – weight of ice on 
the slope; 4 – – slope 

– 
H1); 7 – freezing depth of rockfill at 

H2); 8 – freezing depth of rock-
H3); 9 – center of ro-

tation of the frozen rockfill mass 
 

l of the ice cover corresponds to the 
point where the curvature of the ice field transitions 

tion angle  f
f 

 
For an ice thickness t E 2 

I 4,  
f 
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- B l B 
design water level); 
- t H f  is the unit weight of ice, t is the 
ice thickness  

wise and the vertical force is upward; during a 
drawdown, the op  

r height  
 significantly affects the 

fill) and the position of the centre of the frozen 

 

 
Evaluate 

 

ing the rockfill are taken entirely within sections 
x – x0 

 

water level H1, at the water level H2
the water level H

H1, H2, and H  can 
 

 
= ,   
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Where d is the freezing depth of the rockfill; s 
; 

s ; st1 is the 

state; st2 
t 

is the ice thickness  

 
- at depth H1, the unit weight of frozen soil con-

); 
- at depth H2, the unit weight of frozen soil in-
cluding the weight of ice in the pores, with the 

)  
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 2. calculation results for the 
 

 Snow  
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Analyze the results of the calculations and the 

count the 

reservoir seepage waters on the position of the 
 

 the 

cker snow cover would lead to a 
slight increase in the safety factor due to the ad-
ditional snow surcharge on the ice sheet and 

 

l along the structure length 

 
 the unlikely situation that the snow 

thickness varies significantly along the slope 
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fect of reservoir seepage waters on the position 
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– ; 
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drop is usually 2– – ; 
- 

 
ater on ice pro-

the 

 

en in the 

responding force, even if the center of rotation of 
rd 
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effecti

tors, the weight of the frozen rockfill, rather than 

tection  

which, after reshaping, rolls down to the lower 

that the greater the failure depth and the steeper 
the upper slope, the flatter the slope in its lower 

 
 
 
CONCLUSIONS 
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- according to calculation results, failure of the 

n occur only when 
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- calculation results show that if the slope failure 

cap, its 

slope length; 
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lower part 
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1000 kg to 6600 kg)  

rockfill 

 
- the failure pattern of the design slope with slope 

; 
- 

surface; 
- io, a twofold 

; 
- 

ing effect of ground
the slope; 
- 

the stone size  
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IMPROVING THE PROPERTIES OF CEMENT COMPOSITES 
BY CURING THEM USING AGGRESSIVE INFLUENCES 

 
Anatoly P. Fedortsov 1, Vladimir T. Erofeev 2 
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Abstract: It is noted that the curing of cement composites is impossible without effects and is a reaction to them. 
In this case, the forces of the resulting resistance, according to the laws of thermodynamics, are aimed at 
weakening the impact. Experimental prerequisites and arguments are given that by choosing the time, intensity 
and duration of aggressive action on cement composites during their curing, it is possible to obtain more impact-
resistant or ordered and durable structures of the material. The creation of conditions for the hardening of cement 
composites using liquid aggressive media leads to the formation of a dense inert layer on their surface, more 
adapted to the effects of this type. Using temperature and humidity influences, freezing and thawing, and loads, 
more durable composites were obtained. Thus, the curing of cement composites using time- and intensity-
determined harsh temperature and humidity conditions, freezing and thawing, aggressive liquids, and loads 
makes it possible to obtain more durable or resistant structures of the material to specific destructive factors. 
 

Keywords: cement composites, curing, aggressive effects, strength, loads, freezing and thawing, structure,  
material 
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INTRODUCTION 
 
In the 1970s, Professor V.I. Solomatov 
proposed the idea that the interaction of liquid 

aggressive media with concrete components can 
lead not only to deterioration but also contribute 
to compaction, structural strengthening, etc., 
i.e., improve their properties. We have termed 
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