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CONCRETE DELAYED FAILURE TIME 
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Abstract: At a single action on a concrete and reinforced concrete structure short-term dynamic load, the value 
of which may exceed the value of the static load-bearing capacity of the structure, it was observed that failure 
will occur not immediately, but after a certain time (delayed failure time td). If the dynamic load action is 
stopped before the moment td, the structure will not collapse. Therefore, the accurate determination of the de-
layed failure time of concrete is an important and relevant problem. To solve this problem, the paper presents a 
visco-elastic-plastic model to describe the stress-strain state of concrete under dynamic loading. This model con-
sists of 2 elements: a nonlinear spring A and a piston B connected in parallel. Element A describes the nonlinear 
elastic-plastic properties of concrete, and element B takes into account the high-strain-rate effect of concrete. 
Under the action of sudden dynamic loads with an intensity greater than the static bearing capacity of the con-
crete, piston B helps to inhibit the development of deformations initiated in element A. Based on the proposed 
model, the delayed failure time is defined by the time interval required for the deformation of concrete to reach 
its ultimate value. The main factors affecting the deformation and failure of concrete such as concrete compres-
sive strength, overload level, and viscosity are also investigated. Specifically, as follows: The higher the static 
compressive strength of concrete, the lower the delayed failure time. When a dynamic force of greater intensity 
is applied compared to the bearing capacity of the concrete, the faster the specimen will destroy. In addition, the 
viscosity coefficient significantly reduces the strain rate of concrete and the corresponding delayed failure time 
increases as the viscosity increases. 
 

Keywords: Dynamic increase factor, delayed failure time, visco-elastic-plastic model, concrete, 
strain rate effect, viscosity, Kelvin–Voigt model 
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1. INTRODUCTION 
 
In practical structural calculations, an important 
independent variable, time, is excluded from 
concrete deformation models. Such models ade-
quately describe the inelastic behavior of a ma-
terial only in the case of loading with low 
speeds, when the effect of strain lag can be ne-
glected (quasi-static loading regime). Under 
high-speed loading, the deformation and frac-
ture patterns of concrete specimens are very dif-
ferent from those under static loading . A large 
number of experimental studies have been de-
voted to the study of dynamic mechanical char-
acteristics of concrete, conducted mainly under 
uniaxial loading [1–3]. Based on experimental 
results in uniaxial compression as well as in ten-
sion it was shown that with increasing strain 
rate there is an increase in concrete strength and 
modulus of elasticity [4] [5] [6]. In addition, the 
strain rate effect on the increase of concrete 
strength becomes significant when the strain 
rate is higher than a certain value, which is es-
timated differently in different scientific publi-
cations [7–9]. 
It has also been shown that the dynamic strength 
of concrete depends on the properties of the ma-
terials used, the characteristics of the concrete 
structure, and the moisture content [10–12]. The 
inhomogeneity of concrete microstructure and 
the presence of initial defects (especially large 
defects) affect the reduction of the dynamic 
strength of concrete to a greater extent than the 
static strength [13–15]. The dynamic strength of 
concrete increases when saturated with water 
[16,17]. 
One of the main criteria determining the behav-
ior of concrete under dynamic loading is the dy-
namic increase factor ( d ), i.e. the ratio of the 
strength of concrete under dynamic loading d  
to its static strength bR . To obtain the average 
dependence of the dynamic increase factor for 
concrete in compression and tension on the du-
ration of increasing load intensity ( ) Y.M. Ba-
zhenov tested 500 specimens of various con-
cretes [1]. During this time, the load intensity is 

gradually increased from 0 to the maximum 
value d . 
The obtained empirical dependences of the dy-
namic increase factor by Y.M. Bazhenov for 
heavy concrete are presented in the form of: 
In compression: 
 

21.58 0.35lg 0.07 lgd  (1) 
 
In tension: 
 

21.42 0.15lg 0.01 lgdt  (1) 
 
where the duration of increasing load intensity 
is expressed in milliseconds and is limited in the 
interval 1-2000 msec. 
These results show that as the loading time de-
creases, i.e. as the strain rate increases, concrete 
hardening occurs. All these facts suggest that 
the basic physical law linking stresses to strains 
must contain time. 
Further in [18] Y.M. Bazhenov, V.S. Udaltsov 
tested concrete specimens under sudden applica-
tion of a constant load, the value of which is 
greater than the static compressive strength 
( d bconst R ). It has been found that failure 
will not occur immediately, but after a certain 
amount of time, and this will no longer require 
an increase in load. That is, a lag of defor-
mations is observed. In scientific publications, 
the value of dt  is referred to as the delayed fail-
ure time (i.e., the time interval from the begin-
ning of the loading moment until the element 
fails). The value of dt  depends mainly on the 
overload level, i.e., on /d d bR , and can be 
determined by the empirical formula applied by 
V.S. Udaltsov [18]: 
 

lg 7.55 4.88d dt  (3) 
 
where dt  is expressed in milliseconds. 
If the load action is stopped before the moment 

dt  that the strain in the concrete does not have 
time to reach its ultimate value, the concrete 
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will not fail. It should be noted that the values of 
dt  and  are not identical due to different load-

ing regimes in studies [1] and [18]. 
Similar conclusions are made in the work of 
V.A. Rakhmanov [19]. In addition, V.A. Rakh-
manov also observed that the lag of transverse 
deformation is much larger than that of longitu-
dinal deformation. 
In recent years, numerous experiments have 
been conducted on reinforced concrete frames 
subjected to sudden column failure scenarios  
[20,21]. When observing the deformation and 
failure process of the frame under the slow-
motion camera, it is seen that after the removal 
of the load-bearing column, progressive failure 
in characteristic cross-sections occurs only after 
a certain time interval dt  [22]. Therefore, the 
determination of the concrete delayed failure 
time is very important in calculations for the 
progressive collapse of buildings and structures. 
It should be emphasized that the studies con-
ducted by the above scientists are descriptive 
and will not explain the nature of concrete be-
havior under high-speed loading. 
In parallel with the experimental studies, many 
theoretical studies on the establishment of ana-
lytical laws of deformation of concrete take into 
account the influence of strain rate. The com-
plexity of this problem is because the concrete 
in its structure is an inhomogeneous material, 
which consists of cement stone forming a spatial 
lattice, aggregate of crushed stone and sand, and 
a large number of micropores and capillaries, 
containing water, water vapor, and air. The sim-
ultaneous presence of solid, liquid, and gaseous 
phases in concrete determines a complex picture 
of concrete behavior under loading. 
Speed deformation of concrete structure causes 
the redistribution of liquid-gas phase in pores 
and capillaries and disturbs internal equilibrium 
between phases of the concrete. In this case, the 
greater the rate of deformation, the stronger the 
resistance of the liquid-gas medium. This ex-
plains the fact that the resistance of concrete in-
creases under rapidly increasing loads. Taking 
into account all these factors inevitably leads to 
cumbersome dependencies that are of little use 

as a basis for practical methods of calculation of 
reinforced concrete and concrete structures. 
To obtain sufficiently simple structure calcula-
tion formulas and dependencies between the 
level of overloading of concrete ( /d s ) 
and the delayed failure time td, G.A. Geniev 
considered concrete as a two-phase medium 
consisting of solid and liquid-gas phases [23]. 
This allows us to explain many processes occur-
ring in concrete, including the peculiarities of its 
behavior under short-term loading. Taking that 
the tangential stress intensity and shear strain 
intensity of the solid phase (element A of the 
model) are related by a nonlinear law 

2 1 / /A s s s , and the stress state 
of the liquid phase (viscous element B of the 
model) depend on the strain rate and change ac-
cording to the law of ideally viscous fluid 

/ , we obtained a model of elastic-
plastic-viscous body (K- viscosity). When stress 
intensity  is applied to a 
structural element, shear strain intensity devel-
ops and reaches its maximum value 

02 /s s  within a very small time interval 
td (delayed failure time). During this time inter-
val, the liquid phase contributes to the inhibition 
of the development of deformations initiated in 
the solid phase. 
Based on the proposed model, A.G. Geniev es-
tablished a relationship between the delayed 
failure time and the level of overloading of con-
crete d : 
 

2 1
1

d
d

d

arccot
t  (4) 

 
It can be said that this model is the simplest and 
most successful for explaining the dynamic 
strength under the action of external dynamic 
(impact) loads in a short time. On the other 
hand, in the considered model, the ultimate de-
formation of concrete under uniaxial compres-
sion can be calculated by the formula 

2 /ult b bR E . This value is approximately 1.75 
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times less than the ultimate strain of concrete 
specified in the current normative documents 
( 2 0.0035b ). Therefore, the delayed failure 
time calculated from the ultimate strain 

2 /ult b bR E , will not be estimated accurately 
and is many times less than the actual value. 
The purpose of the present work is to eliminate 
the above-mentioned shortcomings of A.G. Ge-
niev's model to describe the nonlinear dynamic 
behavior of concrete under external (impact) 
loads. By correcting the solid phase deformation 
diagram, the delayed failure time of concrete is 
more accurately specified. 
 
 
2. METHODS 
 
Consider a specimen of heavy concrete with ax-
ial uniaxial compressive strength Rb and initial 
modulus of elasticity Eb. For simplicity, we will 
take only the case of the uniaxial stress state, in 

which it is easier to understand the essence of 
the phenomenon. At the initial moment of time t 
= 0, we suddenly apply a dynamic load with a 
constant value ( ( )P t P const ) to this speci-
men (see Fig. 1a). Thus, the uniaxial stress aris-
ing in the concrete specimen under the action of 
an external dynamic force P can be determined 
by the formula 
 

P t
t const

F
 (5) 

 
where F is the cross-section area of the concrete 
specimen 
When the stress in concrete exceeds the value of 
concrete compressive strength ( bR ) the 
above experimental studies show that concrete 
does not fail immediately at time t = 0, but de-
forms and then fails after a certain short period 
(delayed failure time td) (see Fig. 1a). 

 

  
a) Concrete specimen loading scheme b) graph of stress variation as a function of time 

Figure 1. Concrete specimen loading scheme and graph of stress variation as a function of time 
 

 
Figure 2. Model describing the behavior of con-

crete under dynamic loading 

In this paper, we will determine the delayed 
failure time td of concrete by analytical meth-
ods based on the model of G.A. Geniev. This 
model includes two elements A and B con-
nected in parallel and under stress 

bt R (see Fig. 2). 
In this case, element A represents the nonlinear 
behavior of concrete under static loading and is 
depicted as a nonlinear spring (see Fig. 3). Un-
der axial compression, we accept a nonlinear 
concrete deformation diagram according to the 
formula: 
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0 0
0

0 2

1  ; 0
2

 ; 

A
A A b

A b

b b A b

E

R
 (6) 

 
Where A  and A  - stress and relative strain of 
element A, respectively; 0 2 /b b bR E - relative 
strain of element A at the point corresponding to 
the maximum value of stress on the diagram A -

A ; 2b - limiting relative strain of element A. 
The stress-strain diagram of spring A is shown 
graphically in Fig. 3. 
 

 
Figure 3. Concrete deformation diagram under 

uniaxial compression 
 

Thus, according to Fig. 3, the concrete specimen 
is considered to be ruined under the action of 
sudden constant stress when the deformation in 
it reaches the value of 2b . According to the 
Russian standard for the design of concrete and 
reinforced concrete structures SP 
63.13330.2012, this value is assumed to be 
0.0035 for concrete of compressive strength 
class B60 and below. 
Element B describes the viscosity of concrete 
and is represented as a piston as shown in Fig-
ure 2. The simplest law of deformation in time 
of piston B is established for an ideal fluid in 
which stresses are proportional to the strain rate 
 

B
B

d
dt

 (7) 

 
where the value of K is the viscosity. 

According to the adopted model, the relative 
deformation of element A and element B is 
equal 
 

 (2) 
 
The total stress in element A and element B is 
equal to the stress bt R  caused by the 
external force: 
 

 (9) 
 
Let's consider two stages of concrete defor-
mation: when the relative deformation of con-
crete is less than and 0 2 /b b bR E  when it is 
within the 0 2,b b . 
Stage 1: 00 b - By substituting Eq. (6) and 
Eq. (7) into Eq. (9), we have 
 

0
0

1 + =
2 b

dE
dt

 (10) 

 
Eq. (10) is a first-order differential equation 
with separating variables. Using basic transfor-
mations, Eq. (10) takes the following form 
 

20
0

02 b

d dt
E E

 
(11) 

 
To obtain the solution of the initial differential 
equation, it is necessary to integrate both parts 
of Eq. (11) 
 

1
20

0
02 b

d t CE E
 

(12) 

 
where 1C - integration constant. 
From Eq. (12) it is necessary to calculate the 
integral 
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2
df

a b c
 (13) 

 
The solution of the integral (13) depends on the 
sign of the discriminant 
 

22 0
0

0

2 2 20
0 0 0

0
2
0

4 4
2

4 22

1

b

b b

d

Eb ac E

EE E ER R
E

E

 (14) 

 
where /d bR  - is called the level of con-
crete overload. According to the condition of 
the problem bR  it should be deduced that 

1d  and corresponds to the value <0. Thus, 
the solution of the integral is written in the form 
 

2

1
2 2arctan

df
a b c

a b C
 (15) 

 
or 
 

0
0

0
2 2
0 0

0
1 1

0

2
22 arctan

1 1

1
2 arctan

1 1

b

d d

b

d d

E E
f

E E

C C
E

 (16) 

 
Substituting Eq. (16) into Eq. (12) we obtain 
 

0
1

0

1
2 arctan

1 1
b

d d

t
E

 (17) 

To determine the value of the integration con-
stant 1C , let us use the initial conditions of the 
problem: At time t=0, the relative deformation 
of the concrete specimen is 0 ( =0). Substitut-
ing them into Eq. (17) we find the value of 
 

1
0

2 1arctan
1 1d dE

 (18) 

 
Thus, the partial solution of Eq. (9) satisfying 
the initial conditions has the form 
 

0

0

0

1
2 arctan

1 1

2 1arctan
1 1

b

d d

d d

E

t
E

 (19) 

 
From Eq. (19), through some simple transfor-
mations, we obtain a formula representing the 
value of the relative strain of concrete over time 
 

0
0

0

1
tan

2
;

1
1

2

d
b d

d
d

E
t

E
tg t

 (20) 

 
It is easy to see that Eq. (20) describes the 
change in the relative strain of concrete in the 
range 00, b  with time t. At time t=0, the 
concrete is not deformed. At time 0dt t , the 
concrete deformation reaches the value 

0 2 /b b bR E . We find the value of 0dt  by sub-
stituting 0b  into Eq. (20). We have 
 

0
0

2 1arctan
1 1d

d d

t
E

 (21) 

 
Taking the derivative of both parts of Eq. (20), 
we obtain the formula for the strain rate in time 
in the interval 00, dt t  
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 0 0

0 0

1
1 1

2 1 sin 2 cos

b d d

d d
d d d

E

E E
K t t

K K

 
(22) 

   
Stage 2: 0 2b b - then the stress of the non-
linear spring A has a constant value and is equal 
to A bR . Substituting Eq. (6) and Eq. (7) into 
Eq. (9), we have 
 

+ =b
dR
dt

 (23) 

 
From Eq. (23) we obtain the formula for deter-
mining the strain rate 
 

= bR  (24) 

 
Solving the differential Eq. (24), we find an ex-
pression for the relative strain of concrete as a 
function of time 
 

2= bR t C  (25) 

 
The integration constant 2C  is determined from 
the initial condition as follows: at time 0bt t the 
relative strain of concrete reaches the value 

0b . We have 
 

0 0 2= b
b b

R t C  (26) 

 
or 

 

2 0 0- b
b b

RC t  (27) 

 
Substituting the found value 2C  into Eq. (25), 
we have 
 

0 0 0=  ; b
b b b

R t t  (28) 

Note that Eq. (28) describes the change in the 
relative strain of concrete in the range 

0 2,b b  with time t. When the relative 
strain reaches the limit value 2b , the con-
crete specimen is considered to have failed. By 
substituting 2b  into Eq. (28), we can find 
the time required for the concrete specimen to 
fail when subjected to a sudden dynamic load 

bt R . 
 

2 0

0

2 1arctan
11 1

b b
d

b dd d

t
RE

 (29) 

 
The values of 0dt  and dt  in Eqs. (21)-(29) can 
be expressed as a function depending on the 
level of concrete overload, as shown in the fol-
lowing Fig. 4. 
From Fig. 4, we see that the diagram dt - d  can 
be obtained by moving the diagram 0dt - d  to 
the right - along the time axis t by a distance 

equal to 2 0

1
b b

b dR
. 

 

 
Figure 4. Dependence of 0dt  and dt  on the level 

of overload d  
 
Generalizing the above two cases, we have a 
formula for determining the relative strain of 
concrete over time as follows: 
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 0 0

0 0

1
1 1

2 1 sin 2 cos

b d d

d d
d d d

E

E E
K t t

K K

 
(22) 
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b b
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Generalizing the above two cases, we have a 
formula for determining the relative strain of 
concrete over time as follows: 

0
0

0
0

0 0 0 2

1
2

; 0
1

1
2

1
 ; 

d
b d

b
d

d

b d
b b b b

E
tg t

E
tg t

R
t t

 (30) 

  
and a formula for determining the strain rate of 
concrete over time: 

   
 

0 0
0

0 0

0 2

1
 ; 0

1 1
2 1 sin 2 cos

1
 ; 

b d d
b

d d
d d d

b d
b b

E

E E
K t t

K K

R

 (31) 

   
From Eqs. (30)-(31), we can plot the strain and 
strain rate versus time (see Fig. 5 and Fig. 6). 
 

 
Figure 5. Dependence of t   

 

 
Figure 6. Dependence of t  

 
 
3. RESULTS AND DISCUSSION 
 
3.1 Effect of strength class on deformation 
and failure of concrete over time 
 
Based on the proposed model, the influence of 
concrete compressive strength class Rb on the 

strain state, as well as the process of concrete 
failure over time under the action of an external 
load, the value of which exceeds the load-
bearing capacity of concrete ( bR ), is con-
sidered. Mechanical parameters of concrete of 
different classes according to Russian standard 
SP 63.13330.2018 are presented in Table 1. 
 

. Mechanical parameters of concrete of 
different compressive strength classes 

 B20 B30 B40 B50 
Rb(MPa) 15 22 29 36 

0,001bE  
(MPa) 

27 32,5 36 39 

0 2 b
b

b

R
E

 0,0011 0,0014 0,0016 0,0018 

2b  0,0035 
 
Based on Eq. (6) and input data in Table 1, we 
can construct the stress-strain curves of concrete 
with different compressive strength classes 
when subjected to axial static force (see Fig. 7). 
It is noticed that as the compressive strength 
classes increase, the ultimate compressive 
strength of concrete and strain at that strength 
value become larger. 
To facilitate the study of the influence of con-
crete compressive strength class on the delayed 
failure time, we assume the value of viscosity 
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K=400 MPa sec , and the level of overload - 
/ 1.4d bR . Then based on Eqs. (21)-(29) 

it is possible to plot the relationship between the 
delayed failure time and the compressive strength 
class of concrete (see Fig. 8). 
 

 
Figure 7. Stress-strain curves of concrete of dif-

ferent compressive strength classes under the 
static uniaxial compressive loading 

 

 
Figure 8. Relationship between concrete com-

pressive strength class and delayed times 
 
It is observed that for concrete B20 when the 
external dynamic load exceeds the bearing ca-
pacity 1.4 times, the relative strain reaches the 
value 0 0.0011b  after a period of 0dt =0.047 
sec. Concrete is considered to fail after a time 
interval dt  = 0.206 sec when the relative strain 
in it reaches the limit value 2 0.0035b . When 
increasing the concrete class, the delayed failure 
time decreases significantly. In particular, when 
the concrete class is increased by 2.5 times 

(from concrete B20 to concrete B50), the time 
0dt  decreases by 1.4 times, and the delayed fail-

ure time dt  by 2.6 times. Thus, when increasing 
the concrete class, the delayed failure time will 
decrease faster than the time for the concrete to 
deform to the value 0b .This can be explained 
as follows. The compressive strength class of 
concrete is closely related to its brittleness. The 
higher the class of concrete, the more brittle it 
is. Consequently, when subjected to impact 
loads exceeding its bearing capacity, concrete 
with a high compressive strength class will un-
dergo brittle failure, and the delayed failure time 
will be shorter than that of concrete with a low 
strength class. 
 
3.2 Effect of level of overloading on defor-
mation and failure of concrete over time 
 
Based on Eqs. (21)-(29), it is possible to ex-
press the effect of the level of overloading on 
the time of delayed fracture in the case of B20 
concrete with viscosity taken K=400 

secMPa  (see Fig. 9). 
 

 
Figure 9. Dependence of delayed times on the 

level of overloading 
 
From Fig. 9 we see that at sudden application of 
dynamic load with intensity exceeding the bear-
ing capacity of the concrete specimen more than 
1.1 times, the time required to reach the value of 
strain 0 0.0011b , is 0dt = 0.118 c. And the 
concrete failure occurs at time dt =0.756 c. 
Thus, the time dt  is 6.4 times longer than 0dt . 
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From Fig. 9 we see that at sudden application of 
dynamic load with intensity exceeding the bear-
ing capacity of the concrete specimen more than 
1.1 times, the time required to reach the value of 
strain 0 0.0011b , is 0dt = 0.118 c. And the 
concrete failure occurs at time dt =0.756 c. 
Thus, the time dt  is 6.4 times longer than 0dt . 

When the level of overload increases, the delay 
times will decrease dramatically. For example, 
when d  increases 1.6 times from 1.1 to 1.8, 0dt  
will decrease 4.2 times. The delayed failure time 
will accordingly be reduced by 7.1 times. 
 
3.3 The influence of the viscosity on the de-
formation and failure of concrete over time 
 
To study the effect of the viscosity on the de-
formation and failure of concrete over time, 
consider the example of concrete of class B20 
with different viscosities (K = 200, 500, and 800 
MPa/s). In practice, the viscosity can be adjust-
ed by changing the porosity value or changing 
the water-cement ratio of the concrete mixture. 
Based on Eq. (29), we find out the effect of vis-
cosity on the graph of "overload level - delayed 
failure time " (see Fig. 10). It is found that when 
the viscosity increases, the delayed failure time 
increases significantly. At an overload level of 
1.4 and a viscosity of 200 MPa/s, the delayed 
failure time reaches a value of 0.103 s. When the 
viscosity increases by 2.5 times (K=500 MPa/s), 
the delayed failure time increases by 2.5 times 
(td=0.258 s). 
 

 
Figure . Effect of viscosity on delayed failure 

time 
 
Eq. (30) gives us the characteristics of relative 
strain variation in time. Let's draw graphs 
" t " for 3 cases (at K=200, 500, and 800 
MPa/s) (see Fig. 11). It is easy to see that when 
t is in the range of 00, dt , the graph has a cur-

vilinear shape. When t is in the range of 
0 ,d dt t , the relative strain depends on time in a 

linear relationship. At any instant of time (e.g., 
t=0.05 s), the relative strain achieved is differ-
ent in cases of different viscosity. At K=200 
MPa/s, the relative strain at this moment is 
0.002. At K=500 MPa/s the attainable strain is 
2 times lower ( =0.001). At K=800 MPa/s, the 
relative strain reaches 0.00075. Thus, it can be 
concluded that the relative strain of concrete at 
any moment in time depends on the value of 
viscosity. 
 

 
Figure . Effect of viscosity on t  curves 

 
Based on Eq. (31), we investigate the change of 
strain rate in time in cases of different K coeffi-
cients (see Fig. 12). 
 

Figure . Effect of viscosity on the strain rate 
of concrete 

 
It can be seen that when a sudden dynamic force 
with intensity bR  is applied to the concrete 
specimen, the strain rate in the concrete at the 
time of applying the force reaches its maximum 
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value. This maximum value can be determined 
by substituting t=0 into Eq. (22): 
 

0 0
max 2

b dE
K

 (32) 

 
Eq. (32) shows that the maximum strain rate is 
proportional to the overload level and inversely 
proportional to the viscosity of the concrete. 
The strain rate decreases very rapidly over time 
in the range 00, dt  and keeps a constant value 
in the range 0 ,d dt t . 
 
 
5. CONCLUSIONS 
 
This paper presents a model that explains the phe-
nomenon of delayed failure of concrete when a 
sudden dynamic load is applied to a structure, the 
intensity of which exceeds the bearing capacity of 
concrete. Using the analytical method, we can ac-
curately determine the delayed failure time, rela-
tive strain, and strain rate at each time t. The main 
factors affecting the deformation and failure of 
concrete, such as concrete compressive strength, 
overload level, and viscosity, are thoroughly stud-
ied. The results of this study can be used in dy-
namic problems of reinforced concrete structures, 
for example, in the problem of calculating struc-
tural stability against progressive collapse of 
buildings and structures under the scenario of 
sudden removal of load-bearing elements. 
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value. This maximum value can be determined 
by substituting t=0 into Eq. (22): 
 

0 0
max 2

b dE
K

 (32) 

 
Eq. (32) shows that the maximum strain rate is 
proportional to the overload level and inversely 
proportional to the viscosity of the concrete. 
The strain rate decreases very rapidly over time 
in the range 00, dt  and keeps a constant value 
in the range 0 ,d dt t . 
 
 
5. CONCLUSIONS 
 
This paper presents a model that explains the phe-
nomenon of delayed failure of concrete when a 
sudden dynamic load is applied to a structure, the 
intensity of which exceeds the bearing capacity of 
concrete. Using the analytical method, we can ac-
curately determine the delayed failure time, rela-
tive strain, and strain rate at each time t. The main 
factors affecting the deformation and failure of 
concrete, such as concrete compressive strength, 
overload level, and viscosity, are thoroughly stud-
ied. The results of this study can be used in dy-
namic problems of reinforced concrete structures, 
for example, in the problem of calculating struc-
tural stability against progressive collapse of 
buildings and structures under the scenario of 
sudden removal of load-bearing elements. 
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