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Abstract

The paper presents calculated method for determining the measure of damage to concrete

and reinforcement, based on the basic provisions of the linear theory of damage accumulation.
The proposed dependences of the damage measure are convenient for using them in predicting
the resource of superstructure structures.

Practical method for calculating the residual resource of the operated superstructures has
been developed. It is shown that parameters determined during technical diagnostics are the
main initial data for calculating the residual resource. It is established that the residual resource
of superstructures subject to salt corrosion is up to 3 times less than the residual resource of
the same structures under normal operating conditions.

Keywords and expressions: operated bridge structures, damage, resource forecasting,

critical values, damage measures

Introduction

Currently operated bridge structures in
the Republic of Uzbekistan operate under
different force loads with simultaneous unfa-
vorable environmental impact.

Therefore, it is practically impossible to
develop a calculation method of bearing ca-
pacity and durability of bridge spans with si-
multaneous consideration of all influencing
factors. In the presented work, the authors
have limited themselves to the investiga-
tion of the part of this problem — prediction
of service life of reinforced concrete bridge
superstructures in accordance with slab du-
rability. The main attention here is paid to
probabilistic calculations of determined re-

source using modern methods of probability
theory and calculations.

Improvement of questions devoted to the
problems of increasing durability of bridge
structures under conditions of corrosion of
their concrete and reinforcement is closely
connected with researches in the field of re-
liability of building structures (Bolotin, V.V.,
TIosilevskiy, L.I., Chirkov, V.P., Osipov, V.O.,
Potapkin, A.A., Ashrabov, A.A. and others),
prognostication of service life of reinforced
concrete bridge spans, (Antonov, E.A., Gor-
don S.S., Iosilevskiy L.I., Chirkov, V.P,
Mamazhanov, R. K., Mukumov, T., Nizamutdi-
nova, R.Z., Urmanov, I.A., Shesterikov, V.1.),
corrosion processes in concrete and reinforce-
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ment of reinforced concrete spans (Alekse-
yev, S.N., Moskvin, V.M., Kildeyeva, O.L.).
However, based on the results of these data
it is difficult to quantify the carrying capaci-
ty of operational bridge spans and to predict
the residual life for planning the time between
repairs. Thus, the research aimed at the devel-
opment of effective ways to take into account
the influence of concrete and reinforcement
corrosion in bridge superstructures calcula-
tions is an actual problem, which has an im-
portant national economic importance. The
results of this work will be used to improve
the regulatory documents for the calculation
of bridge structures in the regional conditions
of the Republic of Uzbekistan.

Researching method

When predicting the service life of
stressed elements of machines and structures
(Bolotin, V.V., 1990; Iosilevsky, L.I., Shcher-
bakov, E.N., Mamajanov, R.T., 1989) as well
as metal bridge spans, the main provisions of
the linear theory of damage accumulation are
currently used (Chirkov, V. P. 1990).

In this case, the damage caused by exter-
nal action at a given moment of time does not
depend on the loading history, and it can be
summed up with the previous damage. The
magnitude of the damage is evaluated by the
value 0 < ¥ < 1lat the beginning of loading
Y = 0; at the moment of exhaustion of the
load-carrying capacity of the structure ¥ = 1.
The accumulation of damage over time is de-
scribed by the expression

yh M
¥
For constructions subjected to cyclic
loads, I
Sr
~ N, (2)

Where n, — is the number of cycles under
uniform loading; Ni is the number of cycles
before failure.

Damage measure by any point in time

T t.
Y=+ 3
: ZT 3)
In the case of non-linear voltage loading o
T dt
Y.=| —= 4)

Section 4. Technical science in general

Based on (3) in (Osipov, V.0. 1999), de-
pendences for determining the resource of
metal bridge elements have been proposed.

V.P. Chirkov has proposed mathemati-
cal models to predict the service life of rein-
forced concrete bridge spans on the basis of
the above-mentioned provisions. A change
in the transverse strain factor V was taken
as a measure of concrete damage under re-
peated loading and dependences for deter-
mining the life of spans were obtained with
this in mind.

In R. Mamajanov’s work the main pa-
rameter of fracture mechanics — stress in-
tensity coefficient K — was used to describe
the process of degradation and development
of cracking in concrete of compressed zone
of span structures. Dependences for descrip-
tion of K in time under repeated loading have
been proposed.

In the above-mentioned works the load-
ing history, characteristics of loads and their
statistical scatterings have been taken into
account.

However, it should be noted that the use
of these dependences to estimate the damage
measure for practical calculations is difficult
and large statistical data are required.

Results and the analyze of them

Based on the analysis of the above stud-
ies, it can be concluded that it is more prom-
ising to take the actual values of concrete
strength, reinforcement corrosion degree as
a damage measure. Knowing actual values of
the mentioned parameters, it is possible to
determine values of damage measure and to
determine service life of span structures by
concrete strength at salt corrosion and rein-
forcement corrosion.

Considering the above, the concrete dam-
age measure is assumed to be

_ texp
b4 R _R (5)

Where R, — is the design value of the con-
crete strength;

R,,, — meaning of concrete strength at
the time of technical diagnosis;

R — is the maximum permissible value
of reduction of concrete strength during salt
corrosion.

For (5) the prerequisites fulfilled:

cr
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R, =R Y=0; (6)

texp

R,,=R,; ®=I 7)

Thus, ¥ = 0 corresponds to the case
where there is no salt corrosion and strength
is not reduced, and ¥ = 1 corresponds to the
time when the limit state is reached.

From (5) we have

\Pb =a— bRtexp; (8)
R
ae R ©)
Rb _Rcr
1
b= (10)
Rb _Rcr

By substituting R,, =0,9R,e” """ into (8),
we obtain

¥, =a—0,9bR,e """ (11)

According to (11) it is possible to deter-
mine the value of the concrete damage mea-
sure at any time t of the technical diagnosis
from actual measurements of the concrete
strength.

Similarly, the reduction of the cross-sec-
tional area of the reinforcement can also be
expressed in terms of the damage measure

\Ps = as _bsAst (12)
o = (13)
AS _Afr
1
by=—— 14
’ AS _ACT ( )

Where A, — is the cross-sectional area of
the reinforcement as designed;

A, — sectional area of the reinforcement
after corrosion;

A — maximum permissible value of re-
duction of reinforcement cross-sectional area

Given A=A sO e”0,015t, expression
(12) is written as

Y. =a —0,7b.A e """ (15)

The obtained dependences for description
of damage measure in time allow determin-
ing residual life of span structures according
to the results of technical diagnostics.

Differential equation for damage accumu-
lation measure according to (Chirkov, V.P.

Section 4. Technical science in general

1998, Osipov, V.0. 1999) with regard to (13)
is written as

4 ce’™;
dt

Where ¢ =0,9R, xb.

The dependence obtained describes the
rate of deterioration of concrete strength
over time under salt corrosion conditions.

From (17) dividing the variables is can be
written

(17)

v
A¥ =c[ e dt (18)
The accurmulated da%nage measure ¥, at
time t is determined by integrating the equa-
tion
W, t1
I d‘PcI e “dt (19)
0 0
¥, =—cxe ™ (20)
The resource T of the span when the

load-bearing capacity ¥ = 1 is exhausted is
determined from the equation

TYL'.\'
ld‘P = —cj e “Tdt 21n
From here, by integration we get

e =1/c (22)

1

en

7—;‘65 h 4 (23)

o

Suppose that by the time of technical
diagnosis tI the damage accumulation is
¥ = ¥ . The permissible value of the damage
measure is taken as ¥ = ¥ _. then to deter-
mine the time for damage to reach critical
values ¥ (20) is written as

v, T,
d¥ = c_[ e “'dt (24)
¥, T
Integration gives
ln |: \Pcr - \Plb :|
AT, =Lt 2 @5
a

Where AT, =T, —t, —residual life — es-

timated service life since technical diagnosis;
T . — the design life of the span.
The corrosion life of the span is deter-
mined using a similar methodology
d, Bt
7R (26)
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j d,=c j e P dt 27)
To=—7" (28)
B
Residual life by valve corrosion
"y = ¢ j gy (29)
¥y
1n|: ch3 - \Pis :|
C
A’Tress = —3 (30)
B

Thus, it is possible to determine the resid-
ual life of the reinforced concrete superstruc-
tures subject to salt spray corrosion using the
obtained dependencies. The main input data
are the results of technical diagnostics.

It should be noted that an important
point in determining the residual life is the
correct assignment of the limit values of the
damage measure ¥

Research on the assignment of ¥ _ in
practical tasks has been devoted to (Tyn—
kov, I.B., Nizamutdinova, R.Z., 1990).

From the analysis of these works, it is
clear that the normalized value ¥_ is a ran-

Section 4. Technical science in general

dom variable, and its precise determination
is a difficult task and presents mathematical
difficulties. Therefore, (Osipov, V.O., 1999)
provides evidence for the practical use of
simple mathematical models to assign ¥
when justifying assumptions.

In the works of V.O. Osipov, the value of
Y is substantiated for predicting the resid-
ual life of metal spans.

In works (Tynkov, I.B., Nizamutdino-
va, R.Z. 1990) the normalized value ¥_ is set
separately for different types of span resource
exhaustion — by endurance of concrete and re-
inforcement, by deflection and other attributes.
The probability of non-destruction at any value
of accumulated damage measure is given as

Lo | ()
P(‘P)—I—G\/Zfoexp—zgz d 3D
Or

P(‘P):l—{\y_\y”} (32)

Table 1 records the values Yc, calculated
according to (32) from the results of the re-
peated loading tests of the test specimens.

Table 1.— Changing the meaning ofa ¥,

Meaning of theW 0.35 0.4

Probability of

. 0.999
non-destruction

0.996

As it can be seen from table 1, the prob-
ability of non-destruction decreases with
increasing tolerance values ¥ . Here, one
of the main tasks is to estabhsh the level of
non-destruction P (¥) — the level of reliabil-
ity of the span structure operation according
to the characteristic under consideration.

In works (Nizamutdinova, R.Z., 1994)
for reinforced concrete structures with fail-
ure due to brittle failure, loss of stability it
is proposed to take P(¥) = 0.999, and with
failure without loss of load-bearing capacity
P(¥) = 0.99.

In recommendations (Recommendation
on Evaluation and Reliability of Transport
Structures 1989) reliability level of P (WP) is
proposed to be assigned depending on the

0.45 0.5

0.989

0.55 0.6 0.65

0971 0.934 0864 0.722

category of road on which the bridge struc-
tures are located.

As can be seen, there are currently no
sufficiently well-founded suggestions for
assigning P(¥). Therefore, following the
results of studies (Shesterikov, V.1. 1991),
(Kildeeva, O.I., 1998) (P (¥) = 0.95 can be
taken with some caution for resource calcu-
lations).

Example of calculating the
residual lifetime of a reinforced
concrete structure subject
to salt spray corrosion

Input data. The 16.76 m long reinforced
concrete span of the overpass. The year of
construction of the overpass is 1967. The
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girder design was developed for H30 and
NKB80 load.

The overpass was repeatedly examined by
bridge departments of TashIIT and TADI.

The scheme of the span is shown in Fig-
ure 2.1. The main beam is reinforced with pe-
riodic profile reinforcement ¢ 14 mm of A-II
class. The carriageway slab is reinforced with
A-II class reinforcement ¢ 12 mm with 10cm
spacing. The distance between the main
beams is 56 cm. The design class of concrete
is B25 (M300).

The survey found that salt corrosion had
reduced the original diameter of the rein-

Section 4. Technical science in general

forcement to 5.9 mm. The depth of salt pen-
etration determined by the method specified
in clause 2.3 is up to 12-17mm. The actual
strength of the concrete layer of the corroded
slab is Rb = 12.0 MPa.

It is required to determine the residual
life of the span in terms of slab strength.

Calculation of the slab load-bearing ca-
pacity at the time of the technical diagnosis.

Calculation diagram of the external can-
tilever slab

h1 - height of compression zone not sub-
ject to salt corrosion.

Figure 1.

AS exp

h=15

<]”

b=100

The height of the concrete compression
zone, taking into account the actual condi-
tion of the slab, is determined according to
the following expression
_ RAg, 240-59

= =2,36 sm
R 12-100

X
bexp

Rheprx[ho —f} = 12~100-2,36{12
2

Where M — the calculated bending mo-
ment in the considered cross-section, at the
moment of diagnostics the bearing capacity
of the cross-section is provided with a small
reserve. Exhaustion of the resource can take
place at reduction of concrete strength up to
R, = 8.0MPa and reduction of actual rein-
forcement areaup toA_ = 5.5cm?.

Determine the measure of damage accu-
mulation in concrete and reinforcement by
the time of technical diagnostics by formulas

_ Rh _Rhgxp 35—-12

L= = = 0,85
R,—R,  35-8

2,36

Where A, — actual cross-sectional area
of the reinforcement;

R,,, —actual design resistance of concrete.
Checking the load-bearing capacity of the
section

} =15,3 kHm > M =14,1 kNm

1n|:qjcr _\Plb:|
AT L ¢ J_

resh
(04

[1,92—0,85}
In| 22227

= ;18 =9,8 years
0,01

35

>

C=0,9Rbb=0,9- =1,18
T [¥.] 052

Where [, | =0,5 for reliability level 0,95
by table 1.

>
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_ _ Summary
= As 7 Ay 113259 0,93 The calculated method of determination
Ag—A, 11,3-55 of damage degree of concrete and reinforce-
{\ycs ~y } ment of bridge structures based on main
In . provisions of linear theory of damage ac-
AT, =——>—== cumulation with regard for regional condi-
B tions of the Republic of Uzbekistan has been
ln[11923—0,93} proposed. The proposed damage measure
B 1,42 B dependencies are convenient for their use in
= = 25,2 years . . . .
0,015 forecasting the service life of bridge super-
| {\ycs ~y } structures.
M The practical way of calculation estima-
AT, =——>—== tion of residual resource of operating bridge
B spans has been developed. It is shown that the
ln{1’923 —0;95} main initial data for residual resource calcu-
B 1,42 B lation are the parameters, which are defined
= = 25,2 years . . . . .
0,015 at technical diagnostics. It is established that
| the residual life of the spans that are exposed
C, =0,7b;A;, =0,7———11,3=1,42 to salt corrosion is up to 3 times less than the
11,3-55 residual life of the same structures which are

Thus, the residual life of the span slab is  under normal operation conditions.
AT, = 9,8 = 10 years on the basis of the bear-
ing capacity of concrete corrosion.
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