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Abstract

The most common defect in reinforced concrete structures is corrosion damage to the working
reinforcement within the concrete. The primary risks associated with corrosion damage include: the
volumetric expansion of corrosion products, which induces additional tensile stresses in the concrete
along the bar length leading to spalling of the protective layer; reduction of the working
reinforcement diameter; and localized exposure of reinforcement due to the destruction of the
protective layer. Numerous methods exist for assessing the stress-strain state of damaged structures,
but specific refinements to calculation methods are required for each damage type. This paper
presents an analysis of domestic and international literature on the assessment of reinforcement
bonding with concrete, along with the authors' experimental test results evaluating bond loss
in corrosion-damaged reinforcing bars embedded in concrete.

Keywords: corrosion of reinforcement and concrete; numerical studies; reinforcement adhesion to
concrete; experimental studies

1. Introduction

The bond between reinforcement and concrete is a fundamental factor enabling reinforced
concrete to function as a monolithic composite. A reduction in the reinforcement-concrete bond leads
to excessive crack formation, decreased structural (or element) stiffness, and an overall reduction in
the structure's load-bearing capacity.

Since the inception of reinforced concrete, research has been conducted to study the bond
between reinforcement and concrete to account for their joint deformation. It has been established
that numerous parameter influence bond stress: the maximum tensile stress of concrete, concrete type
and composition, reinforcement bar diameter and profile type, load type (static, dynamic, cyclic,
alternating), and the type of internal force in the reinforcement (compression or tension). All these
parameters are considered to ensure the required anchorage of reinforcement within the concrete.
However, when assessing the load-bearing capacity of structures within calculation models, it is
necessary to account for the influence of external negative factors on reinforced concrete structures
that lead to the degradation of concrete-to-reinforcement bond.

Table 1 provides an overview of techniques for determining the bond between reinforcement
and concrete.

Table 1. Methods for determining the bond between reinforcement and concrete.

A
Authors literary Method of calculation
source
Kholmianski
y [4] =8 In (l+as)/
M.M. l+as
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S§3 = 52
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where 7,4, and 7, are the maximum and residual bond stress,
respectively; s1, s, and s; are the slips at different turning points
of the bond-slip curve; and « is an index controlling the shape of the

ascending part of the curve.

S a
Tmax (—) ’ S = Smax
— Smax
S a
Cruz].S., Barros 8] i ( ) ’ §> S
]'. Smax
Modification CEB-FIP Model Code 90, taking into account the
nonlinear character of the descending branch of the diagram.
T =;5%+ 55,
where 7,5 - the bond stress and the relative slip between
G. Rehm [9] ) )
reinforcement and concrete, respectively; c¢;, ¢, and a are
experimentally identified coefficients.
— Tmax Bs _ ,Ds
w® o )
e B-D —e B-D
Y.F. Wu, X M. [10]
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c
Keo = d_b
Ast
Ko = —2—
8T nsgd,
_0.0254+ Ky,
7 0.0232 8.34K,,
D =3I ( 07315+ K 0 13) 3.375
~"\5176 + 03333k '
where K., and K, denote the confinement effect of concrete cover
and stirrups, respectively, and the combined confinement effect is
given by K; f. and c are the strength and cover thickness of
concrete,
respectively; d,, is the diameter of the longitudinal bars; A, is the
area of stirrups including all legs; n is the number of tensions bars
enclosed by stirrups; and sg, is the spacing of stirrups.
H.S. Lee, T.
Noguchi, F.
8 [11] R, = e>61n
Tomosawa
J.G. Cabrera
[12] R, =1-5.6n
K.D. Stanish,
R.D. Hooton,
S.J. [13] R, =1-35n
Pantazopoulou
Y. Yuan, S. Yu,
, 1.586¢
F. Jia, [14] Ry=1- (10.544 - )n
b
Y. Auyeung, P.
Balaguru, L.
& [15] Rt — p—32.51n
Chung
L. Chung, S.H.
Cho, J.H.J. Kim,
[16] R, = 0.0159n"1%€ < 1.0
S.T.Yi
L. Chung, ].H.J.
Kim, S.T.Yi [17] R, = 0.116n7%%° < 1.0
K. Bhargava, e —19-8(n—1.5%)
[18] R, = { -11.7(n-1.5%)
A K. Ghosh, Y. e
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Mori, S.

Ramanujam

A.R.L. Kivell
[19] Rt — 6—7.6(11—2.4%) <1.0

R, — 1 n<15%
H.W. Lin, Y.X e={ o-0(n-1.5%) n15%
, [20] 13.28-0.57¢/d
where § = Wstc/b

dpsstng

Zhao

2u 2u
fb = ?Un + fadh = ?(Uc + o5 + oconf) + fadh
fo = Bon + faan
where bond strength f},, quantified herein as an average shear stress
acting on the lateral surface of the bar is, apart from initial adhesion

faan, proportional to the normal confining pressure mobilized on
ACI Committee

318 [21] the bar over the anchorage. The normal confining pressure o,

comprises contributions from the hoop stresses of the concrete cover
0., the reaction of stirrups as they cross the splitting plane o,
(calculated as the average normal compressive stress in reaction to
the stirrup tensile forces), and any transverse compressive stress
field o¢ons existing in the anchorage zone.
Thus, the values of the term S taken from the international

literature correspond to the product 2/t

k.S, 0<s<sg,
Ter + ko (S — Scr), Ser < S =Sy,
Ty +k3(s —su),5, <s <s,,
Ty Sy < S.

where 7 is the average bonding strength; S is the slip between
longitudinal reinforcement and concrete; 7, and s, are the
ultimate bonding strength and slip, respectively; 7., is the

cracking bonding strength, taking the value of 0,97,; S., is
Hindawi

[22] the cracking slip, taking the value of 0,9S,; 7, and s, are the

residual bonding strength and the residual slip, respectively;
ky, ky, and ks are the slope of the first three stages and could
be calculated by the following equations:

TCT
kl =

SCT

k, = (Tu - Tcr)
2 (Su - Scr)

(TT‘ - Tu)

ky = ———=
N GEH)
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According to the measured experimental data, thet,, S,, 7, and

S are fitted as follows:

c
Ty = Teon T Tst = (kcon 2 + TO) + (kstpsv)/

C C
= (kcon ’ E + TO) + (A ’ E + ko) Psv)
Keon = —10.18w + 2.31
T, = 8.58w + 4.47,

A=21127w + 24.63,
ko = —399.43w — 17.59,

Sy = Sg¢t + So = ky " psy + So,

:(kw'£+k0)psv+ks'£+k50’

k, = 472.28w — 125.83,
ko = —1024w — 116.58,
ks = —24.68w + 2.05,
kso = 32.58w + 2.69,

T
T—’" = (—9.8w + 3.09)p,, + 0.19,

u

S.
— = (—86.87w — 8.31)py, + 3.94w + 1.85.

Su

Rpona =M1 M2 Rpe
Where 1, - coefficient that takes into account the influence of the
SP 63.13330 [23] type of reinforcement surface; 1, - coefficient taking into account
the reinforcement bar diameter; R;, - axial tensile strength of

concrete.

As can be seen from the literature analysis, many relationships have been proposed to determine
the bonding of concrete to reinforcement based on experimental data.

2. Experimental Research Methods

To evaluate the bond between reinforcement and concrete, an experiment was conducted at
Moscow State University of Civil Engineering. Reinforcement bars of class A500C, 400 mm long and
8 mm in diameter, were embedded in concrete cubes of strength class B25. The bonded length of the
bar was five diameters (40 mm). The remaining length of the reinforcing bar was isolated from the
concrete using a plastic sleeve.

Two series of specimens were produced. The first series is control, the second series has
corrosion damage of the reinforcing bar.

Corrosion of the reinforcement was created by electrochemical corrosion. The specimens were
placed in a plastic container and filled with 5% NaCl solution. Using a constant current controller, a
positive charge was applied to the reinforcement bar and a negative charge was applied to the salt
solution. The corrosion process at a constant current of 0.5A took 60 days. The diameter of the
reinforcement before corrosion determined by weighing was 8.12 mm (As=0.52 cm?). After corrosion,
the diameter of the reinforcement was 7.14 mm (As«=0,40 cm?), percentage of corrosion of

reinforcement in the concrete body by diameter Ap= (Ds—gﬂ_ 100% = (0'81028%”)-100 =12,07%
S g
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and by cross-sectional area A,= (‘%+“°T)- 100% = % - 100 = 23,08%. The scheme of testing of

specimens is presented in Figures 1 and 2.

a) test pattern b) sample with corrosion c) sample without corrosion

Figure 1. Schematic of the test.

Based on the results of the tests, the obtained averaged data were analyzed and plots of the
displacement of the free end of the reinforcing bar from the applied external load were drawn. The
reinforcement stubble slip graphs are shown in Figures 2 and 3.

Load, kN

0 -0,1 -0,2 -0.3 -0.4 -0.5 -0,6 -0,7 -0,8 -0.9 -1
Displacement, mm
==fe=Corrosion-free bar

Figure 2. Bonding of reinforcement prior to corrosion.
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Load, kN

0 -0,1 -0,2 -0,3 -0.4 -0,5 -0,6 -0,7 -0.8 -0,9 -1
Displacement, mm
=4=Bar with corrosion

Figure 3. Bonding of reinforcement after corrosion.

The relative anchorage length of the uncorroded rod was 40 mm / 8.12 mm = 4.93, for the
corrosion-damaged one taking into account the reduced diameter 40 mm /7.14 mm = 5.6. As can be
seen from the deformation diagrams, the non-corroded rod slips at higher axial load and has a
smoother deformation pattern without sharp drops in the graph. The specimen with corrosion
damage (Figure 3) has a linear deformation plot with no curvature almost up to the peak load.

The explanation for this behavior of specimens in the graph can be due to the loss of bond
between the rod and concrete. In Figure 2, at a load of 8 kN, there is a slight fracture after which the
angle of inclination of the graph to the horizontal axis changes. At this point, the tensile stress in the
concrete at the point of contact with the reinforcement profile becomes nonlinear in the concrete
deformation graph.

For the series of specimens with bond damage, there is no such fracture, which is explained by
the friction of the rod against the corrosion products that are held by adhesion in the concrete body.
Nonlinearity is evident at 0.9 of the maximum load.

We plot the deformation in the axes " Stress-displacement relationship of bar end " (Figure 4).
Bond stresses from experimental data are determined by formula 1:

N
T = E’ (1)
where N - axial load on the bar; [ - anchoring length of the bar in concrete; d - bar diameter.

Table 2 shows the main parameters obtained from the test results. Figures 5 and 6 show the
samples after fracture.
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i
o]
3
0 =(, 1 -0.2 =03 =0.4 -[.5 =[0G 0.7 =08 =0.9 =1
Displacement, mum
—#— Corrosionfree bars  —#— Bar with corrosion
Figure 4. Diagram of the test results.
Table 2. Test results.
Bar ) )
Type of . Maximum Stress in the
diameter, Tmax, MPa A, % Ao, %
sample load, kN bar o, MPa
mm
With
) 7,14 13,89 15,5 347,3
corrosion
6,05 6,84
No
) 8,12 16,83 16,5 325,1
corrosion

Corrosion-free bars Bars with corrosion

Concrete between the
reinforcement profile

Corrosion products

\\ -

Figure 5. Bars after testing.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202602.0265.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 February 2026 do0i:10.20944/preprints202602.0265.v1

9 of 17

Corrosion products in the concrete body

Corrosion products in the concrete body,

Figure 6. Flaking of corrosion products in the concrete body.

3. Numerical Modeling

Numerical modeling replicating the experimental tests was performed using the Ansys software
package. The analysis was conducted using an axisymmetric formulation. Concrete and
reinforcement were modeled using Planel83 elements (rectangular 8-node elements) with a finite
element size of 1x1 mm.

K:Fill stripe model_Corrosion
Static Structural
Timei 1,5

[&] Displacement

Load

a) b)

or(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Object of study: a) general view of the model; b) finite element model.

A straightforward method for numerically modeling reinforcement-concrete interaction and
analyzing subsequent deformation (failure) processes in pull-out problems involves methods that
explicitly account for the discontinuity of the concrete-reinforcement bond [1,2].

The modeling of the non-continuity, i.e., the slippage of the reinforcement relative to the concrete
is described by a simplified method that simulates the real processes of jointing reinforcement with
concrete. The simplification consists in modeling a smooth reinforcing bar, and its coupling with
concrete in the form of nonlinear springs, the stiffness of which is determined on the basis of
experimental data.

The nonlinear springs were modeled using the COMBIN39 element. The reinforcement-concrete
interface zone was divided into 10 sections, each of which modeled a spring element; this division
led to a more correct analysis of the stress-strain state. The first end of the spring was fixed to the
reinforcement bar node and the second end to the concrete surface (Figure 8). This method was
chosen for its clarity and computational stability in capturing the global load-slip relationship. The
spring stiffness law (Formula 4) was directly back-calculated from the experimental F-d curves,
thereby inherently encapsulating the integrated, complex effect of corrosion products—including
loss of adhesion, altered friction, and possible radial pressure—on the bond-slip behavior. While
more sophisticated frameworks like Cohesive Zone Models (CZM) or continuum Damage Mechanics
(DM) could offer a more fundamental representation of interface decohesion, they require extensive
additional experimental data. The adopted simplified method provides a practical and validated
engineering tool for the analyzed problem.

Figure 8. Spring modeling in the reinforcement-concrete interface zone.

The behavior of concrete was described using the Menetrey-Willam model [24], which uses
plastic flow theory as its basis. The Menetrey-Willam model is generally more applicable for
modeling the behavior of bound aggregates such as concrete than the Drucker-Prager model without
modifications [25,26].

This model uses plastic flow theory as a basis. The concrete model consists of three main
components:

1.  The three-invariant limit surface fMW described by formula 2:

1 2
fMW=%[\/2_f+rP]+P2_C_: @
3 3

where, c2 and c3 equation parameters controlling the shape of the meridional cross-section of the
surface and determined based on the yield strengths in uniaxial tension (Rt), compression (Rc) and
biaxial compression (Rb) [26]. The ultimate surface is shown in Figure 9:
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Figure 9. The limiting surface of the Menetrey-Willam model.

2. The surface of the plastic potential [24], which is responsible for the direction of the plastic strain
vector described by the formula 3:
Quw = pz + ng + Cgf' (3)
where Bg and Cg are parameters characterizing the plastic potential.
3. Laws of evolution of the limiting surface, responsible for hardening and de-hardening of the
material. The model provides separate evolution laws for compression and tension (see Figure
10):

Q 0)

Qcu

Qci

Qcr

0 kem  keu k 0 k

Figure 10. Graphical interpretation of the laws of evolution of the limiting surface in compression (a) and tension

(b).

The strength and deformation characteristics of concrete used in the numerical calculation are
determined on the basis of in-situ tests, the cubic compressive strength is 32,5 MPa, which
corresponds to concrete class B25, hence the tensile strength can be assumed to be 1.55 MPa. To
determine the elastic, plastic and total deformations and their corresponding stresses required to set
the laws of evolution (Figure 10), according to Appendix D of SP 63.13330 [23], the corresponding
values are determined:

- Concrete compressive strength is 18,5 MPa;

- Qci=0,65 - 18,5x0,65=12,02 MPa;

- Qcu=0,85 - 18,5x0,85=15,72 MPa;

- Qcr=0,175 - 18,5x0,175=3,23 MPa;

- Initial modulus of elasticity E = 0y¢s5/€065 = 12,02/0,00059 = 20381,3 MPa;
- Tensile strength of concrete - 1,55 MPa;

- Qtr=0,1 -1,55x0,1=0,155 MPa.

The behavior of reinforcing steel is described by bilinear dependence with yield strength of
515MPa, accepted on the basis of the conducted experimental studies (Figure 7////). The sensitivity of
the bilinear steel model was negligible for this specific pull-out setup, as stresses in the short

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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embedded bar remained predominantly elastic. This observed insensitivity of the key outputs to
reasonable parameter variations validates the reliability of the model for simulating the bond-slip
mechanism under the defined conditions.

The problem was solved in a nonlinear formulation under static loading conditions using the
stepwise Newton-Raphson method. The loading of the model was performed by specifying
displacements of the lower end of the reinforcing bar, simulating experimental tests. The
displacement application was divided into 100 equal sub-steps.

600

500

400

300

Stress, MPa

200

100

0 0.003 0,006 0,009 0.012 0.015
Relative deformations

Figure 11. Bilinear diagram of reinforcement deformation.

Spring stiffness in corrosion-damaged and undamaged models was determined based on the
results of experimental studies. The spring stiffness is determined by the dependence of the acting
pull-out load on the displacement of the upper end of the rod. Assuming the equality of springs in
the whole section of bond between reinforcement and concrete, the stiffness of each spring can be
determined by the formula 4:

F
D(s) =— 4
where F is the value of the force applied to the rod; n is the number of springs; s is the displacement
of the upper end of the rod.

In calculations, the spring parameters were given by the exponential dependence obtained on
the basis of in-situ tests, shown in Figure 4.

Model Calibration and Verification. The parameters for the concrete model (Menetrey-Willam)
were obtained directly from the accompanying tests, which ensures physical representativeness. The
predictive ability of the model was tested in two stages:

Bond-Slip Verification: The force-displacement response (F-0) of the control (uncorroded) FE
model was compared against the experimental average curve (Figure 4). An iterative adjustment of
the initial spring stiffness (within a +10% range of the value from Eq. 4) was performed to minimize
the root-mean-square error, achieving a final correlation coefficient R2>0.95.

Failure Mode Verification: The numerical crack pattern and concrete damage localization around
the reinforcement pull-out zone were qualitatively compared with the experimental failure
specimens (Figures 5 and 6), confirming the model's ability to replicate splitting and crushing
mechanisms.

Sensitivity Analysis. A parametric study was conducted to assess the influence of key numerical
inputs on the peak pull-out force (Nmax):

Concrete Tensile Strength: Varied +20% from the nominal 1.55 MPa. A 20% increase in led to a ~7%
increase in Nmax for the control specimen, highlighting the model's sensitivity to the concrete's
resistance to splitting.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Spring Law Definition: The exponential fit for spring force-displacement (Figure 4) was compared
to a simplified bilinear approximation. The bilinear simplification resulted in an overestimation of
the post-peak ductility by up to 15%, emphasizing the need for a non-linear spring definition derived
from experiments.

4. Results

A constant displacement of 1,5 mm was set to the lower end of the rod. The calculation results
corresponding to the peak load for the corrosion-damaged and undamaged model are shown in the
Figure 12, where the vertical displacement of the rod relative to the concrete section is observed and
the characteristic picture of stress distribution along the contact.

1 Fill stripe model
Directional Deformation
Type: Directional Deformation (¥ Axis

K: Fill stripe model_Corrosion
Directional Deformation
Type: Directional Deformationy Axis)

Unit: mm Unit: mm
Global Coardinate System Global Coordinate System
Time: 0,5 5 Tirme: 0,14836 5
Custarm Obsolete
0,75 Max
0,22254 Max 6,060e-003
0,62767 062328 1 v 01107 3 b
£,008%-003 017343
050533
013632
0383
0093214
026067
0050107
013833
0007
0me
0,006
om
0,004
0,0066667
0.002
0,0033333
’ 0 Min
0 Min
a) b)

J: Fill stripe model

K: Fill stripe model_Corrosion
Shear Stress

Shear Stress
Type: Shear StressQdY Cornponent) - T Type: Shear Stress(3 Cormponent)
Unit: MPa Unit: kAPa
Global Coordinate Systerm Global Coordinate System
Tirne: 0,5 5 Time: 0,14836 5
I 0,23408 Max l 0,19452 Max
-0,83005 -0,72824
L] -1 s — -1.651
L 20583 o
-3,4985
-4,0224 I
I -4,4193
-5,0868
— -5.3421
— -§1507
-6,2648
-7.2148
-7.1876
-8.279
-8,1103 Min
-9,3431 Min
C) d)
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Figure 12. Isopoles of vertical displacements and tangential stresses in concrete of undamaged (a and c) and
corrosion-damaged (b and d) models.

Figure 13 shows a graphical comparison of the reaction force dependence on the displacement
of the upper and lower ends of the reinforcement. There is a significant difference in the
displacements between the ends of the reinforcement, which shows the presence of deformation of
the rod, despite the fact that the modulus of elasticity of steel is significantly greater than the modulus
of elasticity of concrete, which indicates the inadmissibility in such problems to consider the rod as
an absolutely rigid body.
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Figure 13. Comparison of pull-out force from displacement of the lower and upper ends of corroded (a) and
undamaged rod (b).

Thus, the difference in displacement of the lower and upper ends of the undamaged and
corrosion-damaged rod is 20% (0.62mm and 0.75mm) and 115% (0.093mm and 0.2mm), respectively.
The difference between the displacement of the lower end of the undamaged and damaged rod is 6.6
times (0.62mm and 0.093mm) and the upper end is 3.75 times (0.75mm and 0.2mm). The obtained
results show that the presence of corrosion damage leads to degradation of bonding forces and as a
result to reduction of deformation of reinforcing bars and tensile forces occurring in them.

The values of ultimate pull-out force at 22% corrosion damage of reinforcing bars decreases by
17%, hence the presence of corrosion damage of reinforcing bars leads not only to known and to some
extent studied negative consequences such as destruction of the protective layer of concrete,
reduction of bearing capacity, but also to hidden negative consequences, such as failure to provide
the required anchorage length, which does not guarantee the joint work of concrete and
reinforcement and may lead to slippage of reinforcement in the body, which will lead to
transformation of the static work of the structure, a different redistribution of internal forces and
change the stress-strain state of the designed structure.

5. Discussion

Although the present study primarily focuses on local bond degradation between corroded
reinforcement and concrete, the obtained results have direct implications for the global structural
performance of reinforced concrete elements. Bond deterioration leads to premature slip of
reinforcement, which alters the strain compatibility condition between concrete and steel. As a
consequence, the effective anchorage length is reduced, resulting in earlier yielding of reinforcement
or loss of force transfer prior to reaching the flexural or axial capacity predicted by conventional
design models. Based on the experimental results, a 6.05% reduction in maximum bond stress at a
corrosion level of approximately 23% corresponds to a 17% decrease in ultimate pull-out force. When
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extrapolated to structural elements such as beams or slabs, this reduction may result in a significant
decrease in effective stiffness, increased crack spacing, and redistribution of internal forces. In
statically indeterminate systems, such redistribution may trigger secondary damage mechanisms and
progressive loss of load-bearing capacity. Therefore, bond degradation should be treated not only as
a local interface phenomenon but as a governing factor influencing the global structural capacity and
serviceability of corrosion-damaged reinforced concrete elements.

The numerical parameters adopted in the finite element model were directly correlated with
experimentally observed micro-scale damage mechanisms.

Experimental observations revealed the formation of corrosion products at the steel-concrete
interface, leading to internal radial pressure, microcracking of the surrounding concrete, and partial
loss of mechanical interlock. These microstructural changes were reflected in the numerical model
through a reduction of spring stiffness and modification of the nonlinear force-displacement
relationship assigned to the interface elements.

The linear behavior observed in the load-slip response of corroded specimens up to
approximately 0.9 of the peak load is attributed to frictional resistance mobilized by corrosion
products. This mechanism was captured at the macro-scale by using an exponential degradation law
for spring stiffness, calibrated against experimental pull-out curves.

Thus, the proposed modeling strategy establishes a consistent micro-macro transition, where
experimentally observed degradation mechanisms are embedded into the numerical parameters
governing interface behavior.

6. Conclusions

1. The test results showed a 6.05% reduction in bond strength for the corroded bar relative to the
uncorroded bar, with a reinforcement cross-sectional area loss of 23.08%

2. The maximum stress in the corrosion-damaged bar was 6.84% higher than in the undamaged
bar. This effect results from the reduced cross-sectional area, despite a slight decrease in the
maximum load on the specimen.

3. The deformation graphs reveal the influence of corrosion products on bar performance.
Corrosion-damaged reinforcement is held primarily by friction against the corrosion products,
resulting in a more linear graph. For undamaged reinforcement, plastic deformations in the
concrete between the bar ribs are evident during pull-out.

4.  The numerical method for calculating the bond of corrosion-damaged reinforcement using a set
of nonlinear springs allows for correct analysis and description of bond force versus
displacement relationships.

5. To obtain more reliable data on the effect of corrosion on bond, a comprehensive study involving
different reinforcement diameters, corrosion percentages, relative anchorage lengths, and
concrete strength classes is needed.
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