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STRESS STATE OF COMPRESSED REINFORCED CONCRETE
ELEMENTS CONSIDERING CREEP AND INFLUENCE OF AN
AGGRESSIVE ENVIRONMENT

M. Bekirova®
'0dessa State Academy of Civil Engineering and Architecture

Abstract: Problems associated with the joint long-term action of load and aggressive
environment, both in limiting and over-limiting states, are studied bad. Such a combination leads to
degradation of materials and changes in the stress-strain state of reinforced concrete structures over
time. In case of joint action, they can have mutually increasing damaging effect. Among the many
environmental influences encountered, the most aggressive in relation to concrete on cement binder is
the impact of sulfates, and in relation to steel reinforcement — the impact of chlorides.

It is shown that the stress-strain state of reinforced concrete compressed elements with regard to
creep and influence of aggressive environment is formed in time.

The deformation in concrete and reinforced concrete compressed elements depends on the stress
level. If the stresses are less than the long-term strength, the deformations in time are attenuated, when
the stresses in concrete are greater than the long-term strength, the deformations increase.
Reinforcement restrains deformations in concrete, while corrosive medium increases creep
deformations.

When solving these problems we encounter internally statically indeterminate systems. The
degree of static indeterminacy is greater than in the case of calculation of reinforced concrete
structures without taking into account the influence of the external environment. When the process of
soaking is considered, it is possible to consider the influence of the external environment as not
aggressive.

A solution to the problem using the theory of elastic heredity has been obtained, but it can be
shown that a solution using other theories - the theory of aging or the hereditary theory of aging - is
also possible.

The above solution is true for reinforced concrete elements exposed to external influences at a
sufficiently mature age, which can be considered one year or more from the date of manufacture of the
structure.

Keywords: concrete, reinforcement, creep, long-term strength, aggressive environment,
deformation, theory of elastic heredity.

HAINIPYKEHO-TE®OPMOBAHUMN CTAH CTUCHEHHUX
3AJIIBOBETOHHUX EJIEMEHTIB 3 YPAXYBAHHAM
HOB3YYOCTI I BIVIMBY A'PECUBHOI'O CEPEJOBMIIA

Bekiposa M. M.

1 . . .
Ooecwvra Oeparcasna akademisn OyOieHuymea ma apximexmypu

AHoTanisi: 3agaud, CBS3aHHBIE C COBMECTHBIM JJIUTEIbHBIM JEUCTBHEM HArpy3kKu U
arpecCUBHOU CpeJbl, KaK B MPEJEIbHbBIX, TAK U 3aNpe/ebHbIX COCTOSAHMIX, U3YyUYEHbl 3HAUUTEIIBHO
xyxke. Takoe coueraHwe NPUBOAUT K JAerpajallii MaTE€pUATIOB W HM3MEHEHUIO HANPSKEHHO-
nehOPMUPOBAHHOTO COCTOSIHHS JKEI€300€TOHHBIX KOHCTPYKIIMH C TEYeHHWEeM BpeMeHU. B ciyuae
COBMECTHOTO JCHCTBHUS OHM MOT'YT 00JiaJiaTh B3aMMHO YCHJIMBAIOIIMM MOBpexaaomuM 3pdeKkTom.
Cpenu MHOXKECTBA BCTPEYANOIIMXCS BO3JEHCTBUI Cpelbl HanOOJIee arpecCUBHBI 10 OTHOIIEHUIO K
0eTOHY Ha IEMEHTHOM BSDKYIIIEM BO3JIEHCTBHS CyIb(haToOB, a 0 OTHOIIEHHUIO K CTAJILHOM apMaType —
BO3EHCTBUS XJIOPUIOB.
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[TokazaHo, 4To0 HampsHKEHHO-AC(POPMUPOBAHHOE COCTOSIHUE KEJIE300€TOHHBIX CHKATBIX
AJIEMEHTOB C YYE€TOM IOJI3YUYECTH U BIUSHUS arpeCCUBHOM cpesibl OpMUpPYETCsl BO BpEMEHH.

Hedopmarust B OETOHHBIX U KEJIE300€TOHHBIX C)KATBIX AJIEMEHTAX 3aBUCUT OT YPOBHS
HanpspkeHui. Eciin HanpspkeHust MeHbIle UIMTEIbHOM MPOYHOCTH, feOopMallii BO BpEMEH!
3aTyxaroT, KOTJAa HaIlpspKeHUs B OeToHe OoJjblle JUIMTENbHOW MPOYHOCTH, AedopMaruu
YBEJIMUUBAIOTCA. ApMarypa caep>kuBaeT Aegopmaii B 0eToHe, B TO BpeMsl KaKk arpecCUBHas
cpeaa yBenuuMBaeT AeopManu Moia3ydecTH.

[Tpu pemeHNM ATHX 3a/a4 CTAJIKHUBAEMCSI C BHYTPEHHE CTATUYECKU HEOMPECICHHBIMU
cucremamu. CTETNCHb CTAaTHYECKOW HEONMpeAenuMocTH OoJibllle, YeM B CiIy4ae pacuéra
KEJIe300€TOHHBIX ~ KOHCTpYKUMH Oe3 yuéra BiusHUA BHemHed cpensl. Korga
paccMaTrpuBaeTcsl MpoLecC 3aMayMBaHUS, MOXKHO CUUTaTh BIIMSHHUE BHEIIHEHW Cpeabpl He
arpecCUBHBIM.

[TosyueHo pelieHHE 3aJayu C UCIOJIb30BAaHUEM TEOPUU YIPYroW HACIIEJCTBEHHOCTH,
OJIHAKO MOXHO TOKa3aTh, YTO BO3MOXKHO pEIICHHE U C NPUMEHEHHUEM JIPYruX TeOpHil —
TEOPUU CTAPEHUS WIN HACIICICTBEHHON TEOPUH CTApEHMSL.

[IpuBeneHHOE pelleHre CIPaBeUIUBO IS KeJIe300€TOHHBIX JIEMEHTOB, MOABEPIKEHHBIX
BHELIHUM BO3/IEUCTBUSAM B IOCTATOUYHO 3PEJIOM BO3PACTE, KOTOPHIM MOKHO CUUTATh OJUH I'0J1
u 60J1ee ¢ MOMEHTa U3TOTOBJICHUSI KOHCTPYKIIUU.

Karouosi ciioBa: OeToH, apMaTypa, MOJI3ydecTb, [UIMTENbHAsT NPOYHOCTh, arpecCUBHas Cpera,
nedopManys, Teopust ynpyroi HaciaeJCTBEHHOCTH.
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1 INTRODUCTION

Building materials that are used in load-bearing structures have the property of creep,
which, as we know, means the ability to deform over time under constant stresses. The
problems of calculating structures in such a formulation have already been solved. It makes
sense to consider cases of stresses change in time, namely periods of their increase.

Deformations and displacements increase with prolonged exposure. Over time, a limit
state can occur. Creep in this case shows negative qualities. But not always, for example,
during deformations caused by shrinkage, temperature changes, irregular settlement of
supports, stresses are attenuated, relaxation occurs. In reinforced concrete structures there is a
redistribution of forces. The forces in concrete, as the weaker material, are redistributed to the
reinforcement.

Some building materials such as concrete, wood, plastics have aging properties. They
change their physical and mechanical properties over time. In concrete, aging is a
consequence of hardening of cement stone and manifests itself as an increase in strength and a
decrease in deformability. A number of theories have been developed for the calculation of
building structures taking into account creep, the main ones being the theory of elastic
heredity, the theory of aging and the hereditary theory of aging [1].

2 LITERATURE DATA ANALYSIS AND PROBLEM FORMULATION

A great number of works are devoted to the study of concrete properties and its state in
reinforced concrete elements under various operational influences. At the same time,
problems associated with the joint long-term action of loading and aggressive medium, both
in limiting and over-limiting states, are studied much worse [2]. This combination leads to
degradation of materials and changes in the stress-strain state of reinforced concrete structures
over time. In the case of joint action, they can have a mutually reinforcing damaging effect [3-
4].

Let’s note the works [5-14], where it is shown that among the occurring environmental
influences the most aggressive in relation to the concrete on the cement binder is the impact
of sulfates, and in relation to the steel reinforcement - the impact of chlorides.

The interest in the problem does not decrease, as evidenced by a number of modern
publications. Thus, the creep of concrete at the macroscopic level and consideration of its
influence on the structural behavior of the material in the mathematical apparatus of applied
mechanics and numerical analysis are considered in [15]. The creep and durability of
reinforced concrete structural elements is studied in [16, 17]. Similar issues, but for fiber
concrete, are considered in [18]. A finite-element model based on a nonlinear relationship
between stresses and strains in reinforced concrete, taking into account the peculiarities of its
operation after cracking is proposed in [19]. The functional dependence describing this
relationship changes, for example, as reinforcement corrosion develops. The problem of
considering the time factor in calculations of reinforced concrete structures is devoted to [20];
the results of experimental studies of concretes at different levels of compressive stresses
loaded at young and middle age are given.

The above brief review shows that the consideration of creep and the influence of
aggressive environment in the work of reinforced concrete structures continues to be an
urgent problem.
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3 RESEARCH GOAL AMD OBJECTIVES

The purpose of this work is to investigate the stress-strain state of compressed reinforced
concrete elements, taking into account creep and the influence of aggressive environment.

4 RESEARCH RESULTS

Consider a compressed reinforced concrete rod with zones of symmetrical influence of
corrosive environment in depth h, (Fig. 1), the core of the rod creeps at the same time h, and

influence area h, . If the reinforced concrete bar is operating at normal temperature, then the
rebar will not creep.
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Fig. 1. Compressed reinforced concrete element with zones of symmetrical influence of aggressive
environment h,

Let’s make an equation of equilibrium on the axis z

F=N_+N,+N 1)
or through stresses o, = o, =05

F=(A-A)o.+A o, +A-o;.

Dividing (1) by A,:

oo=(1—uv>ac+m-av+us-os-ao£- @)

An equation with three unknowns is obtained, i.e. the problem is statically indeterminate.
We must use the condition of joint deformation

g, =& —&. (3)

The problem is solved in a physically linear formulation, taking into account creep [1].
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mj (ﬁﬁand

8
T E )9
o,(t) | a6, (t 7)
a0=12 (t)j o (z) dz, S

here o(t,7) — total relative strain;

o, (t, T)—i-f-c (t,7); o,(t,7)= i+C L, 7)), 4

}l V

C(t,7) — creep factor.
In solving this problem, we will apply the theory of elastic heredity.
Then C(t,z) for the core and the impact zone has the form:

Ct,7)=Co[1-e 7], (5)

where C, — creep limit.
Accordingto 3) 7. =y, =v.
Let’s write the stresses through the resolvent

5]

t
0, (1) = E, [ec(m [e.@OR M 7)dz . (6)
By (3) &,(t)=¢,(r) instead of &, we substitute ¢, =(o,/E,)-R,, take according to the
creep measure C_(t,7) =C,. [1—e’® ], then
R.(t—7) =~y 74" (t—7), ()

»,, = E,C,, — creep characteristic. Let’s write down r, = (1+¢,,) and substitute (7) into (6).

E

S

o.(7) =, { %10 woC—Ja ()¢ dr

0,(7) = | 0.(0) = 1o = j o,(z)-6 "z . )

s 7

Similarly write down o, (7)

0,(t) = o, | 0. (1) = 10, = j o,(r)-e"dr|. 9)

s 7

Substituting (8) and (9) into (2), we get one equation with one unknown o (7).

t t
0, =l,0, (1) b, [ o, () = dr -, [ o, () 7, (10)

I I

where bO = (1_Iuv)acs +uog + U, bl = (1_:uv)7/¢0c "0 b2 =H, Y Py A -

The integral equation (10) can be reduced to a differential equation if we differentiate
twice by t [21].

Let us differentiate equation (10) by t.
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t t
O‘-0 (t) = bOd-s (t) - blo-s (t) + rcbljo-s (t) : eirc ) - bZd-s (t) + rvaJ.Us (t) ’ eirV(tir)' (11)
Let’s multiply equation (10) by r, and summing with equation (11), the first integral is
reduced. In equation (11), the left part of the derivative is &,(t). It means that force F can

change its value over time — F(t).
After summing up the equations, we get:

t
o,(t) + 1o (t) =byo, (1) —byo, (1) + b4J.O'S (r)-e""dr, (12)
where b, =b +b, —rb,; b, =b,(r,—r.).
Equation (12) is differentiated by t and summarize with equation (12), which will have
to be multiplied by r, .
The integrals are reduced and we obtain a differential equation with respect to o (t).

Force F will be assumed to be independent of t, it’s constant.
Omitting intermediate results, let us write the differential equation

b, -o,(t)+b-o,(t)+b,-o,(t) =rr,0,, (13)
where b, =b,(r, +r,)— (b, +b,);

b, =r.rb,—br, —b,r, . (14)
If b, =1, we will get

&,®)+b,-6,(t)+b,-o,(t) =b, -0, (15)
where

m:%o; b8=E—z; b9=%. (16)

Let’s solve the equation (15)
o, (t)=Ce* +C,e” +C,. (17)

Stresses depend on two variablestand 7 .
Equation (15) and its solution are written for old concrete when the creep is decaying.
Thus C, and C, we determine from the initial conditions, C, at t —» .

To determine A let’s substitute the solution of the homogeneous part Ce* into the
homogeneous part of equation (15).
A?Ce™ +b,ACe™ +h,C* =0 and obtain an equation, by solving which we determine A .

A2 +b,A+h, =0,

A, =-0,50, i«fo, 25b% —b,.
The general solution of the homogeneous part of (15) will be
o) =Ce™ +Ce™. (18)

Partial solution with the right part o, (t —» ).
For t — oo let’s determine the long-term moduli of elasticity.
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Ebc PN bv:—'
L+ @,.) L+,,)

From the coincidence of deformations for t — o

I _ Ebc - E | Ebv

GC(OO) zﬁ.gc(oo)zﬁ"cgs =0.0.. .

E.. E

S S

Similarly o, () =o.a, .

o,.(x) and o, () we substitute into equation (2).

o, = (- w)o.al + uo.0

'S +:uvo-s'
From this we find o, .

9y
(1_ ,uv)aés + /uvﬂ\/s + H

GS (CD) =

5 DISCUSSION OF RESEARCH RESULTS
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(19)

Stress o () for reinforced concrete rod means, that for t — oo, it is a time, when creep

deformations are attenuated. it could be 10-20 years.

For such a time, the solution of this equation gives a concrete idea of how creep and
corrosive environment affect the stress state of a reinforced concrete rod. but during design,
care must be taken to ensure that the stresses in the concrete do not reach the level of the long-

term strength of the concrete.
Thus, general solution:

o.(t)=Ce" +C,e™ +o ().

(20)

The arbitrary constants are defined at t =7, , that is, it is an elastic-momentary problem.

We obtain a system of equations
Ce"™ +Ce"" =g, (1,) — 0, (),
ACe"™ + A,C.e"" =byo,(7,) .
When solving this system, we obtain
qzq@mr%ﬂq@%€@

b, +4/0, 25b% —h,
c =% (7)(by —4) + o ()4 o et
2= = .
—b, —4/0,25b; —b,

(21)

(22)

(23)

Let’s introduce notations and substitute C, =h,,e* and C, =h, e into equation (20),

where

_o(@)0—A)+o,(=)h,

o b, +4/0, 2502 —b,

_9 (r)(b, —4) + 0, ()4,

by ,
" —b,—J0,2507 -,

(24)
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o, (t,7) =D, ) b, et 4 o, () . (25)

By stresses o, (t,7) let’s determine the deformations

e (tr)= =0 (26)
ES
The condition of joint deformation is also true in the case of prolonged deformation.
gc(t"[l)zgs(t’fl)z Gs(t;z-l) — Gc(tyr) , (27)
ES EC
o.(t,7,) =0t Z'l) O,y (28)
Ev(t,Tl)=85(t,Tl)= O_S(t,T) _ Gv(tj_’?r-) , (29)
ES EV
E
o.(t7)=0,(t17)= E" =o,(t,7)a,. (30)

S

Stresses and strains increase over time. stresses should not be greater than a certain value
and should remain constant over time.

Let this be the operating time t. and stresses o, (t-) and o, (t:) no longer grow.

gv(tE) =0, (t )5 (tE,TZ),
e ()= 2l (t )

We apply the condition of coincidence: ¢, (t.) =¢,(t:), o.(t:)o,(tz, 7)., =0, (L), (L, 7,)
we get

c(tE’Tl)
(tEirl) (& (t )5 (tE, 1) (30)
%0 = 6116, 7). 0,00) =0, 1) et (31)

S S

Let’s substitute the stress values in equation (1).

= {(Ab - Ao, (te —7,)+ A ;C(EtE’_T;_)) + 1 % (tEE ) Tl)}ac (te,7) - (32)

S

If compressing force F_ will be determined by this formula, then the stresses will
become constant from the moment t. .

6 CONCLUSIONS

Thus, the stress-strain state of reinforced concrete compressed elements with regard for
creep and influence of corrosive medium is formed in time. A solution of the problem using
the theory of elastic heredity has been obtained, but it can be shown that a solution using other
theories is also possible.
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The above solution is true for reinforced concrete elements exposed to external
influences at a sufficiently mature age, which can be considered one year or more from the
date of the structure manufacture.
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