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Abstract. The aim of the work is to identify and analyze errors in the field of creep theory, where, as indicated by
the leaders and authors of this theory, there is an “established consensus”. Here we are not talking about a different point
of view or simplifications in standardization, since the elimination of the identified errors will significantly
simplify the theory of longterm resistance of reinforced concrete. The analysis presented below is important not only for
scientific theory, but also for the vast international practice of reinforced concrete construction.

On the inconsistency of the theory of creep of reinforced concrete: this system arose and develops because of
the construction of the theory on a set of erroneous principles, rules and unauthorized methods; it is aggravated by
the numerous changes (random or deliberate) of the fundamental experimental properties of concrete; it is based on
the inheritance of the principles of the inappropriate theory of Boltzmann elastic aftereffect.

About the inconsistency of the theory of versatile and comprehensive evidence of: the presence of a system of gross
mathematical errors; violations of the principles and rules of classical mechanics and Eurocodes; inconsistencies with well-
known experimental data; negative results of design practices, including world experience in designing unique structures by
Ramboll institutions (UK). The main results were reported by the authors at the Sixth International Symposium on Life —
Cycle Civil Engineering in Ghent (Belgium), IALCCE 2018, October 28-31.

Keywords: clastoplastic deformations of concrete, creep theory of concrete, long-term resistance of reinforced
concrete, modern building codes

Introduction code system, as a rule, leads to errors in the scientific and
normative theories, additionally accompanied by a viola-
tion of the rules of mechanics and mathematics.

The requirements for computational models of

reinforced concrete to consider instant nonlinear

Eurocode is a system which includes scientific de-
velopments and experience of outstanding scientists
from various countries, motivated formulation of

the main Principles and Rules, the classical mechanics
and general theory of computing of elastoplastic sys-
tems, detailed and numerous experimental data. Non-
linearity of deformational properties of reinforced con-
crete at short and long term loadings is the basis of
standards of Eurocode 2 [1]. Dependence “strain —
deformation” of concrete has a descending interval
and limited extension creep deformations are nonlinear
from the very low levels of strain. Violation of the Euro-
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properties are not met in current normative and tech-
nical documents of many countries, international
institutes for standardization [2-5], Principles and
Rules of Eurocodes, despite the prohibitions of
methods by the Eurocode:

— the theory of long-term resistance of reinfor-
ced concrete is built on an irrelevant computational
model containing errors that cause fundamental de-
fects in the theory;
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— short-term nonlinear properties of concrete are
substituted by linear creep properties, causing gross
errors in the evaluation of the bearing capacity of
reinforced concrete, also leading to a violation of
the principle of independence of the action of forces;

— short-term nonlinear deformations of reinforced
concrete are not taken into account in calculations of
the bearing capacity. A jump occurring from the elastic
stage of deformation to the missing plastic hinge,
which is accompanied by the disappearance of
the length of the structure is considered normal. These
errors that we discovered are not a simplification of
standardization. For example, in [2] it is reported that
the developed theory is “on an international scale
the basis of a new advanced format for calculating
creep”, Gordon Clark, director of Ramboll, president
FIB 2014 [13], warned designers about failure of
the theory of creep in real design. We have identified
and analyzed this inconsistency, the errors of theory
and international standards, in particular [2—4]. This
will be shown below in the materials of the article,
at the end of which numerical errors of error are pre-
sented, which only amount to taking into account
the instantaneous deformations in the creep theory of
300% [7].

Basic errors

We investigate the fundamental errors of the nor-
mative theory of long-term resistance of reinforced
concrete. The managers of its creation specify that
this theory was coordinated and promoted by inter-
national standards institutes within the framework of
the global harmonization scenario. It is implemented
in the standards of a number of countries and now
proposed for inclusion in Eurocode 2 [2]. Conside-
ring the ageing and the dependence of modulus of
elasticity on time (non-stationary properties) of con-
crete are considered as the main achievements and
distinctive features of these standards. However these
major achievements are errors.

The principle of superposition is the basis of
both the modern scientific creep theory of concrete,
which is called the “world harmonized format”
by foreign scientists, and the developments “in re-
cent decades of international standardization institu-
tions... for recommendations, norms and technical
guidance documents” [2—4]. These works also indi-
cate that McHenry in USA (1943) “substantiated this
trend by experimental studies of the creep of her-
metic specimens using the principle of superposition
which is characteristic for the theory of Volterra”.

We give the basic law of creep of concrete in
the original notation [2]:
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where ¢ (¢) is the complete strain from stress o(?);
1 eltt)
’ + ’
Ec() E()
E_(¢') is nonstationary modulus of elasticity; ¢(z,z')

J(t,t")= compliance function;

is nonstationary creep characteristic considering ageing.
In scientific publications (1) is usually integrat-
ed by parts, thus obtaining

o(.1')

_o(f) a0l 1 D
so(t)—E (t)_);c(t)g[Ec(t’)+Ec(t’)}dt' (1"

o(t.1')

E.(t')
concrete C(z,¢") used in publications in our country,
which is preferable to application of the creep
characteristics in the processing of experiments.

We emphasize that ageing of concrete is taken
into account in ¢ (¢,¢') and C (z,#'), and the modulus of
elastic-instantaneous deformation E.(#') essentially
depends on the age of the concrete.

Equations (1), (1') are substantiated by two fun-
damental assumptions: the principle of linear con-
nection between stresses and strains

eg(t,1")=0(t")(t,1'); (1)

the principle of superposition, verbally formulated
in various versions in numerous well-known publica-
tions on the theory of creep of concrete, reference
books, for example in [9].

Serious mistakes in (1) make the normative theory
inconsistent with Eurocode, unreliable and unecono-
mical. Losses from such norms and calculations are
significant as annual global volume of usage of con-
crete and reinforced concrete is 4 billion m®. Let us
also recall the tragedy of the collapse of the Trans-
vaal Park (Moscow, 2004), caused by creep problems
in concrete.

We note that the article has no relation to
the “ongoing disputes, ...discrepancies and uncertain-
ties” existing in this section of creep of reinforced
concrete. Also, in this paper we do not discuss a dif-
ferent point of view. We, using the Eurocode system,
identify and analyze the errors in that area of creep,
where, as the leaders and developers of norms indi-
cate, there is a “steady consensus” [2—4].

The main mathematical error in (1) lies in its basis —
the principle of superposition, which appeared in
the theory of reinforced concrete after the work of
McHenry. This principle incorrectly builds the core of

The term

is a measure of the creep of
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creep, incorrectly describes the processes of changing
instantaneous deformations and creep strains. The errors
in the principle of superposition can be determined in
various ways: for example, by constructing and solving
a differential equation corresponding to a linear con-

v, (,0')=6(t")-J(t,8')+0o(1)

aJ (t,1') .

nection (1"); solving the inverse problem of classical
mechanics; analysing the value of the total strain rate
corresponding to (1").

Applying the last method the following is
obtained:

o(r) oJ (1.t )
Ot ot

From this formula it is clearly seen that four terms, caused by the rate of change in the compliance factor,

are lost in the main law (1):

op(1,1")

1 do(t,t')

NAGYN
R
<)ol 12 5

and the value of these terms is comparable with that
of the remaining term. These losses cause considera-
ble discrepancies between the theory and the expe-
riments described in the scientific literature, e.g. [8].

Opposite mathematical actions, first differentia-
tion and then integration, are performed (and without
any need) over the known result (1") of the classical
theory in the principle of superposition.

One term for instantaneous deformations and se-
veral terms for creep deformations are lost in the pro-
cess of differentiation. After integration, the losses
are included into the values of deformations, and then
into the theory of design calculations.

The principle of superposition distorts the classi-
cal linear connection (1"), causing three types of er-

Integrating the first term by parts, we find

o ()5, (1) =i o) o,

E(1) E.()

Hence the short-term deformation equals

ot

+c5(t') -
(2

rors [8; 10; 11], distorting the theory of creep of
concrete:

1. incorrectly determines the values of short-term
linear strains;

2. incorrectly finds the expression of a nucleus
describing the process of changing linear creep strains;

3. erroneously classifies as instantaneous elastic
deformations to creep strains.

Let us consider them in more detail.

1. The rate of elastic deformation equals

coen e 1 NG, 1
&y (t)=06(r") +o(r )gm

Integrating, we obtain

o 0 1

dc(t') + J‘G(t')gmdt

o 1 0 o 1
. ! ! . d'.
o E(7) ”{ U)o g™

o(t)
e, (t) T(f)

It is also clear that the first term under the integral sign (1') is superfluous, and the use of the overlapping
principle in (1) and (1')

“)

is strongly erroneous.

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLW 381



R.S. Sanzharovsky, T.N. Ter-Emmanuilyan, M.M. Manchenko. Structural Mechanics of Engineering Constructions and Buildings, 2018, 14(5), 379-389

The principle of overlapping erroneously recon-
structs the actual, real elastic linear model of con-
crete with the E.(f) module; the prinicple attaches to
it a non-existent and unreal model of a linear viscous

fluid with a viscosity coefficient K, (t') = 2 (t') ,

thus forming Maxwell's scheme.
Let us consider an example, putting

o(t)=0,=const in (3), (4), we will receive

e, (1)= Efzt) and ¢, (1,) = Ecc(oto)

parison of these deformations is shown in figure 1.

= const. Com-

SN

__according to the principle of superposition

|
2
Eef10 , ,
the real elastic strain

€ef)
o L
o= "7 days 1 =360 days

Figure 1. Comparison of &,(to) and &(¢)

Curve 2 in figure 1 corresponds to the VNIIG
data on the changing of modulus of elasticity with
time. Errors in the value of elastic deformation are
about 300% at ¢ = 360 days.

1. In the region of creep deformations, the num-
ber of additional (fictitious) bodies arising due to
an incorrect scheme for constructing the creep kernel
(hereditary function of type I) increases substantial-
ly. It depends on the form of the function ¢(z,¢")
describing the nonstationary creep characteristic in
the main law (1). We write this function in a well-
known, widely used in the scientific literature form

o(tr') 0. ()[1-¢""]

E (1) E.(1') ’

c c

&)

where ¢, (¢') is a function considering the ageing of

concrete.

In the famous monograph of L.LE. Prokopovich
the creep behavior ¢(z¢") used by foreign scientists
has the designation C(t,1), these are identical quan-
tities.

In case (5) the fundamental law (1) forms four
extra (fictitious) bodies: two Foigt type bodies and
two viscous elements connected in series with each
other. Deformations of these bodies are equal
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t 1 o
e, (1)=[o(r gy,
1f() i ( )Thf(f')
E (')
N, (1) =—"% (6)
lf() (Pw(l)
e, (1)=Jo(r)——ar.
% Ny (t)
B(0) 1
Mo, (7)== ; (7)
O e, @)
t 1 o
g, (t)=|o( e "y’
3f() t'[ ()nsf(t!)
EXNf) 1
Ny, (t)=——7— (8)
O e 0)
e, (1)= [o(¢)——ar
4f ; n4f(t') >
E_(t')
MNys t’ = .c N (9)
4.f( ) (Poc(t)
where 71, ... , f4p are the viscosity coefficients or

the coefficients of internal resistance of the fictitious
bodies; moreover, the bodies (8) of Voigt and (9) of
the viscous element expand under compression.

The creep deformations (6) — (9), caused by
the effect of the superposition principle on the classi-
cal bond (1"), are a fiction; they are also summed up
with a short-term fictitious deformation

( ! a 1 !
£y (1) =—[ (¢ )7 (t’)dt: (10)

ch)(f)=é€iq)(f)a

and introduce large errors in the value of the total
deformation &4(f) determined by the creep law (1').
For example (Recommendations, 1988), at con-
stant stresses, the error from applying the super-
position principle for creep strains reaches 100%:

[0(e) £(t-1)ds
Q(t,) f(t—t,)dn’

800 (t)mistakes — 1 _
800 ( 4 )principle
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where Q(t) is “the function of the effect of ageing
on the measure of creep”; f(¢t-t) is — “a function
that takes into account the increase in time creep
measure”.

1. The fact of appearance of a single short-term

1
E.(¢)

equation (1'):

strain

in the nucleus of creep of the integral

—[s N+C(tr)]= ;t, %:))vLC(t,t’) ,

led to the temptation of erroneous substitution of
the properties of short-term deformation &.;(z') by

A

o 3./

/

the properties of deformations of the hereditary type
€e1(L,1).

The error is corrected by making new mistakes.
Concrete has essentially non-linear properties at short-
term and long-term loading. The short-term load dia-
gram has a falling section and a limited extent, see fi-
gure 2. In the main law (1), (1) only linear deformation

g,(t)=¢,(t) is taken into account, and the nonlinear

deformation &,(¢) is ignore, see figure 2. S.V. Alek-
sandrovsky indicates the reason for this circumstance:
“It is very difficult to take into account the dependence
of the modulus of elasticity on stresses and age of
concrete simultaneously. Therefore, the modern theory
of creep of concrete takes into account only a change in
the modulus in time...”

/\'\ fictitious diagram

]
|
i
i
1
|
3 : R, real diagram
1
Ry 0 / : < Eurocode
]
i
1 M |
ol c[ .
f | ' |
I : |
? | as,, +0¢;, |
‘ = _ 9y |
/ ! i o= ﬁ (8_” ) |
/ j : 6+ 8&y :
] 1
| | [
arctg £, ! ! |
| | [
e 18 & £p1 £
e o o——p
&
gl gn \ll’ M

Figure 2. Distortion of the ¢-¢ diagram of concrete

Let us consider two types of such substitution.

The first substitution. A representative forum
poses the erroneous task of “taking into account
the influence of the pre-history of deformation on
the modulus of elastic-instantaneous deformations”.
The basic equation of the creep theory takes the form
(in the original notation):

t

g(r)= j “_) +C(4,7) |de. (11)

[
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An “experimentally valid” expression appears
for the modulus of elastic deformation of concrete

An “experimentally valid” expression appears
for the modulus of elastic deformation of concrete

Eir=E;+a,.9:E;,

where ¢ is characteristic of creep of concrete.
And other erroneous forms of the main creep
law appear
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e(r) = ;((tt)) + jc(t)a%x(t,r
where %C*(t,r):§{$+ C(t, r)}; x(¢,t) has

the name “reducing correction... to the current spe-
cific elastic-instantaneous deformations”.

The second substitution. The nonlinear short-term

strain g,(¢) is erroneously attributed to the deforma-

t

e, (1)=[o(r)

ty

0 g, (1)
or o(t')

where C,(2,t') is called the measrue of fast-flowing creep.

C(t,0")+C,(1,1") =

taken into account in (1'). The gross errors in the theory
from such a substitution of the short-term nonlinearity
of concrete we considered in [10] and [8].

Famous foreign scientists renamed “fast-flowing
creep” into “minute creep”, and the erroneous idea of
the Second substitution is presented as their im-
portant achievement.

The principle of superposition in the theory of
creep of concrete is a mathematical error committed
in the exptensive interpretation of the principle of
the linear superposition of Boltzmann. In internatio-
nal norms of reinforced concrete, it is estimated in-
correctly: it is supposedly “a tendency to study creep...
according to the principle of superposition peculiar
to Volterra's theory”. Let us consider this in more
detail.

We investigate the essence and the secondary na-
ture of the Boltzmann scheme for the theory of creep
of concrete on the example of concrete considered in
the well-known paper of G.N. Maslov No. 4. Here
the concrete has stationary properties corresponding to
the classical theory. In the notation of G.N. Maslov
the compliance function has the form

Unlike (15), the compliance function is used in
the transformation (15'), which attracted the attention
of scientists. However, the transformation (15") is pos-
sible only with substantial and very strong restric-
tions. In the exptensive interpretation of compliance,

384

1
E (t

(12)

tion properties of the hereditary type e.(2,¢'), the er-
roneous overlapping principle is used, and, instead
of the simple algebraic formula €, (t) =B, (t)02 (t)
(B2 is a known coefficient), the integral following is

contrived:

’=jc(t')§cn (¢,¢")dt’, (13)
[o(t.t")+9,(.0)], (14)

)

J(t—t’) = F(t—r) =a—be P,

+E . .
where azw; Ey is an elastic modulus;
CoEo
1 Co . . -
b=—/; n=—,n is a stationary coefficient of
Ey p

linear viscosity.
In the theory of creep, the fundamental solution
of the corresponding differential equation is known
to have the form
t ’
olt N1 ooplt—t
ool0)= 2 Jo(r) L2
0 4
0

dt',
EO ot'

(15)

where ¢(t —1')= E, CL [1 - e—B(t—;')] is characteristic
0

of creep.

The Boltzmann case is obtained from the solu-
tion of (15) by means of a number of its transfor-
mations mathematically valid only under the condi-
tions of stationary properties

1 1
I

0 0

(t—t')} do(1'). (15"

these restrictions were not taken into account, and
the theory of creep of concrete proved to be deeply
erroneous.

Here, firstly, the property of the process that creates
the temptation to expand the theory and transforms
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into the above-mentioned gross error for nonstationary
E(#") accompanying the normative linear creep theo-
ry of concrete is imposed on instantaneous deforma-
tion with an extremely simple physical meaning for
an arbitrary ¢. In scientific literature there is even
an authoritative statement that “elastic-instantaneous
deformations strictly obey... the principle of super-
position”.

Secondly, it is necessary to integrate (15) by parts,
that in the exptensive interpretation of the compli-
ance function under the conditions of ageing of con-
crete (1) creates another temptation, traditionally
leading to another gross error in finding the core of
the integral equation. As it is known, for non-statio-
nary properties of concrete, the creep strain is ob-
tained from another solution of differential equation,
a solution written in a more complex form

e (t)=e "0 e + [olt) 2Pt |,

n(t)

F(0)= B,

where the parameters n(¢) and B(¢) in (15) are func-
tions of time.

In the concrete of G.N. Maslov the rate of de-
formation degenerates due to the difference kernel.
In the case of an extensive interpretation of the comp-
liance factor, the application of the Boltzmann prin-
ciple usually becomes incorrect. The nonstationary
model of Maslov concrete with a coefficient of vis-
cosity n(t)=Cy(¢)/p and a time-dependent module
Eo(f) demonstrates this:

— it satisfies experiments with simple loading at

low levels o ~ O,lRHp;

where 1 is a stationary coefficient of viscosity.
With a variable viscosity coefficient ()= TO) ,
o\t
we obtain the theory of ageing of concrete
(Dischinger, Whitney); (p(t) = (1 —e ), which

by series expansion gives the function of Freudenthal

1

b
Davis and Glanville.

t . .
(p(t)z(Pi, substantiated by the experiments of
t
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— it satisfies the requirements of classical me-
chanics;

— it does not satisfy the conditions of the Boltz-
mann principle.

The Boltzmann principle distorts the essence of
the nonstationary Maslov model. It replaces one clas-
sical body of creep of concrete with a chain model of
successively connected bodies with a set of errone-
ous properties.

In the theory of creep of concrete, there is a case
when extensive interpretation of the compliance func-
tion is unacceptable even with a difference kernel.
For example, the nucleus of creep in a number of
known works is represented in the form (the second
case)

Lo Bl=1)
(c—t) 1

Certain forces correspond to this kinematic equa-
tion of motion in connection with the solution of
the inverse problem of mechanics. The analysis
of the differential creep equation reveals that in
this nucleus there is a resistance force with a coef-
ficient of viscosity of the linear model equal to

K(t—1t)=

n(t,t')zi(t—t')a_l, which is impossible by the

same reasons as in the above-mentioned case of
applying the hereditary properties of the elastic
modulus E(z,t).

The third case corresponds to the extensive in-
terpretation of the compliance function in the “chain
model”. This case is present in theoretical rheology,
and as a repetition — in the norms of reinforced
concrete.

We preliminarily write the Boltzmann scheme
for the Maxwell body in the form

| {L+l(t—t')}do(t’), (16)

E,

In the “chain model”, by successively con-
necting bodies (15) and (16), we have an extension
record of the compliance function

J(t—t')=EL+L(p(t—t')+%(t—t'). (17)

A pair of integral equations corresponding to
the expansion hypothesis (17), and solved either with
respect to deformations &4(¢), or relative to the stres-
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ses o(?), in theoretical rheology are called “Boltzmann —
Volterra equations”. It is also indicated that this pair
“represents a complete mathematical formulation of
the principle of linear superposition”.

However, such a chain model, with its extensive
interpretation of the compliance coefficient, is essen-
tially erroneous. This is evidenced by its reduction to
a differential form:

.. n . .. n . n 1 n
SG(I)—+SG(1)HZG(f)—+0(f)(—+—+—j+0(l)- (17"

p Eyp E, B G
It can be seen from (17') that there is a resistance lished the unacceptability of such forces in both

n

force € (t)g proportional to the acceleration, which

is incompatible with classical mechanics, and, in con-
nection with Art. 5.1.1(3)P Eurocode 0, the chain
model is an inappropriate design model.

The components of the force of the computa-
tional model can be a function of position & (z),
speed ¢,(¢), time and other quantities. If there is
(among others) a force proportional to acceleration
g4 (r), then the fundamental principle of mechanics
about the independence of the action of forces is vio-
lated. The well-known scientist L. Pare has estab-

1)+ B (1) = (0 (t>[

If another viscous element (with viscosity n(t) =Ae M)
is added to this chain in order to take into account
the rapidly flowing creep, that was previously assu-

B

| R
—+6
EO

1

E

0

£(t)+Pe(t)=5(7)

When Eurocode 2 was adopted, the theory of
ageing and the viscous element were removed from
this model, the error was annulled. In the Eurocode
rules, only classic concrete G.N. Maslov is left; from
its creep characteristics, a normative coefficient of
creep development is obtained

:|0,3

B. (t’to) :{
v (.t Fln(r)a J =6 (1) Fu(

where B, =1/B.
8F|:u(t'),t':| 1

t—t,
B,+t—t,

' . ] y ,
+0(t)£%+E—+w}+c(t)[%+ BZ;P, +

problems of mechanics and in applications [6].

Unfortunately, in the scientific literature on
concrete, in international norms, there are a number
of errors analogous to those described, and con-
sisting in an extensive interpretation of the comp-
liance function in the form of a chain model [2],
including for taking into account the rapidly flowing
creep.

Thus, in the case of consistent merging of
Maslov's theory and the theory of ageing of concrete
(D. McHenry, A.V. Yashin, T. Hansen, L.LE. Pro-
kopovich and L.I. Ulitsky), the creep equation has the
form

2y

BB +o(t) RN
EO EO C'O EO EO
med by the Eurocode developers before its approval,
then we get another erroneous version of the theory
()

(written without averaging)
() (o) ]

p

It is obtained by decomposing e_B(t_tO) in a se-
ries using two terms. The exponent 0.3 of the power
function takes into account on average the ageing of
the concrete.

In the case of nonlinear creep and short-term
non-linearity in Eurocodes, the use of the Boltzmann
scheme is also erroneous. For nonlinear creep of
concrete of G.N. Maslov (the fourth case) within
the framework of generally accepted hypotheses,
the rate of deformation is

*)

! ! 1 !
t'),t ]E(p(t—t )+
0

8F[u(t'),t':| 1

+o(t')-n(7") o —EO(p(t—t)+cs(t)- pw —Eo(p(t—t)+
, N o 1] oe(t—t") oo(r-1)
+o(t)-F|p(t),t |-— + - ,
() [ () ] E, ot ot

386

ANALYSIS AND DESIGN OF BUILDING STRUCTURES



Carbxaposckii P.C., Tep-OmmaHywnbsH T.H., Manyerko M.M. CtpouTensHas MexaHika MHXEHEPHbIX KOHCTPYKLA 1 coopyxennir. 2018. T. 14. Ne 5. C. 379-389

which is not taken into account in the traditional
theory. Here F|[u(¢').¢'] is a non-linearity function,
in which the voltage p(t') = o(¢') is usually taken (after
the work of Leaderman) as a nonlinearity parameter,
which is incorrect: the methods of classical mecha-

t t t

nics show that such an assumption is a very super-
ficial assumption. We will devote a separate article
to this problem.

For example, under this assumption, a series of
multiple Volterra — Frechet integrals

e, (t)= [ J,(t=t)do(¢')+ [ [ J,(e~t t=1")do(¢)do(¢")+...

—00 —00 —00

g, (1)=J,(t)o+J,(t,0)6” + J;(1,1,1)0° +...

is a nonintegral form [12]. Recently, some papers have appeared that develop “a modification of the principle
of superposition of deformations for nonlinear creep” in the form

s(t,to)zs(to)_pj'{El

)

" c(z,r)}zcc (2). (18)

where G (1:) =S [G(T)] is the known stress function o[t].

The error of this formulation is similar to that used in (1). The total strain rate here is

1 09) =S[00 510 [+ 5[ae)

1
E(1)
From this it is clear that the last three terms in (18')
are lost in (18). The significance of these terms is
identical to the significance that we described in items
1-3 above. We must additionally pay attention to
the fact that the identity of the nonlinear function
S[o(t)] for short-term and long-term deformations is
also incorrect. But even if another function S,[o(t)] is
used for creep strains, then, as it is noted above, this
assumption is a very superficial assumption that does
not correspond to the real nonlinear creep theory of
concrete, which will be published later. This theory has
nothing to do with the principle of superposition.

Conclusions

In conclusion, we will estimate the errors of
the considered models of standards. From formulas
(1", (2), for example, it follows that the superposi-
tion principle complicates and distorts the classical
elastic model of concrete; adding to it an unreal
model of a viscous fluid with a viscosity coefficient

E (t')/Ef (t') , forming a Maxwell scheme.

In the numerical example c(t) =0, = const, let
us find the theoretical value of elastic deformation
€, (t) =g, (to) = (SO/EC (to ) . Next, we eliminate the
error caused by the loss of the first term in (2), and find
the actual elastic deformation ¢, (t) = GO/EC (t) .

Comparison of these deformations is shown in figure 1.

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLN

d
dr E(7)

1

+S[0(r)]§€(t,r)+S[c(t)]%C(t,r). (18)

Curve 2 in figure 1 corresponds to well-known
data (RRIHE) on the modulus of elasticity in time.
The error in the value of elastic deformation reaches
at t = 360 days, =~ 300%.
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HecocTosiTe/ibHBIC IyTH PA3BUTHS COBPEMEHHOM TEOPHH Kes1e300eToHA

P.C. Camxaposckuii', T.H. Tep-Immanywiban?*, M.M. Mandenko?

'"EBpasuiickuii HaronanbHeli yauepeutet uM. JI.H. T'ymunena
ya. Camnaesa, 2, Acmana, Pecnybnuxa Kazaxcman, 010000
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ya. Obpasyosa, 0. 9, cmp. 9, Mockea, Poccuiickas @edepayus, 127994

’KpBIIOBCKHiT TOCYJapCTBEHHBIH HAYUYHEIH LIEHTP
Mocxkosckoe wiocce, 44, Cankm-Ilemepbype, Poccuiickas @edepayus, 196158

* ABTOp, OTBETCTBEHHBIH 32 HEPENUCKY

(nocmynuaa 6 pedaxyuio: 05 centsiopst 2018 r.; npunama x nyoauxayuu: 15 Hos6pst 2018 r.)

Leapio padoThI ABISIOTCS BBIABICHHE W aHAIN3 OMIMOOK B TOH 00OJACTH TEOPHHU ION3YUYECTH, TNe, KaK CBHICTEIh-
CTBYIOT PYKOBOIHTEIH M aBTOPHI dTOH TEOPUH, €CTh «YCTAHOBUBIIUICS KOHCEHCYC». 31eCh He UIET pedb 00 WHOU TOUKe
3peHus Wik 00 YIPOMICHUAX B CTaHAAPTH3ALWH, T.K. YCTPaHCHHUE BBIBICHHBIX OIIMOOK CYIIECTBEHHO YIPOCTHUT TEOPHIO
JUTUTENHHOTO COMPOTHBIICHHS Kele300eToHa. V3/I0KEeHHBIH B CTaThe aHAJN3 Ba)KEH HE TOJBKO ISl HAYYHOH TEOpHH,
HO U 7151 OTPOMHON MEKIYHAPOIHON MPAKTHKH JKEIe300€TOHHOTO CTPOUTEIHCTRA.

O HEcoCTOSATEIHHOCTH TEOPHH IOJI3YUYECTH JKelle300eTOHA MOXKHO CKa3aTh Cieyolee. JTa CHCTeMa BO3HUKIIA U pa3-
BUBACETCS M3-32 NOCTPOSHHSI TEOPUH HAa COBOKYITHOCTH OIIMOOYHBIX MPUHIMIIOB, MPABWI U CAMOBOJIbHBIX ITPUEMOB; YCY-
ry0JssieTcst M3-3a MHOTOYMCIICHHBIX TOJMEH (CIy4alHBIX WM NpEeJHAMEPEHHBIX) (YHAaMEHTAIBHBIX OIBITHBIX CBOMCTB
0eToHa; OCHOBBIBAETCS Ha HACJIEJOBAHUH IIPUHIIMIIOB, HECOOTBETCTBYIOIINX TEOPUH YIIPYroro rnocieneicreus bonbumana.
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