LI JUN

Numerical simulation and analysis of
influencing factors for external prestressed

reinforcement of bridges

External prestressing reinforcement belongs to active
reinforcement field. Many researches on this technique have
been done at home and abroad, but the numerical simulation
is rare. In this paper, ANSYS is used to simulate the process
of external prestressing reinforcement, and the influence of
reinforcement method, effective prestress and reinforcement
time on the reinforcement effect is analyzed. With the
increase of tension-controlled stress, the reinforcement
effect of simply supported beam is gradually enhanced,
but the excessive tensile force can easily lead to the high
stress state of anchoring end and external tendons, which
is disadvantageous to the structure. With the delay of
strengthening time, the cracking load and ultimate load are
gradually reduced, and the reinforcement effect is gradually
reduced. Therefore, in order to prolong the service life of
the structure, it is necessary for the structure to carry on the
timing inspection, discover the problem in time, and carry on
the maintenance and reinforcement to the structure.

Keywords: Bridge; external prestressing reinforcement;
numerical simulation ANSYS

1. Introduction

t home and abroad, a lot of researches have been
Acarried out on the external prestressing reinforcement

technology, including the study of the failure form
of the strengthened beam, the calculation of the bearing
capacity of the strengthened beam and the calculation of the
stress of the external prestressed tendonsttl. On the basis of
a large number of experiments and analyses, a computational
model is established, the limitation of which is that most of
the experiments are based on trabecular tests, and the other
is based on the theory of elastoplastic mechanics or nonlinear
analysistl, Its limitation is that the former has many hypotheses
and is a simplified calculation method, while the latter is not
fully considered for the nonlinear factors®l. In view of
this, considering the material nonlinearity, the geometric
nonlinearity and the state nonlinearity of the structure, the
mechanical analysis of the external prestressing reinforcement
system is carried out, and the actual reinforcement process is
simulated®]. The mechanism of external reinforcement and
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the influence of different parameters on the reinforcement
effect are studied[’). The research method is convenient
and practical, and can be extended to the reinforcement
simulation of existing bridges, in order to calculate the
bridge reinforcement project more accurately, which has good
research value and engineering significancel®,

2. Mechanical analysis of external prestressed
reinforcement system

The distribution of internal force of bridge structure must
be considered in the arrangement of external prestressed
tendonsl®l. The position can be arranged on the outside or
inside of the beam according to the structure and section form
of the original structure. The integral calculation schema is
an internal statically indeterminate structure'-12l, According
to its stress characteristics, the reinforcement system can be
divided into prestressing stage and live load stage.

(1) Prestressing stage: when the tensile horizontal tendons
reach the control stress, the horizontal tendons are
anchored. The oblique bars are connected with horizontal
tendons through sliding blocks. The horizontal forces
caused by oblique tendons have eccentric pressure on the
beam body, and the vertical forces have negative bending
moment and negative shear forces on the beam body.

(2) The stage of live load action: the beam body will bend
and deform after the live load action, which will increase
the tensile force in the horizontal reinforcement, the
tension in the oblique bar, the positive pressure of the
cushion to the beam body and the friction force.

The structural mechanics method can be used to solve the
simply supported beams strengthened with external cables,
and the overall calculation schema is shown in Fig. 1.
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Fig. 1: Integral calculation of simply supported beams strengthened with
external cables
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When the external prestressed reinforcement system is
solved by force method, the horizontal tension increment
caused by live load is taken as the basic variable, and the
basic structure is obtained by cutting off the horizontal
reinforcement. The calculation schema is shown in Fig. 2.

(a) Basic structure of force method (b) unit force diagram (c) In vitro
force bar N1 diagram (pull as positive) (d) Beam N, diagram (positive
with pressure) (e) M, diagram of beam (the lower edge is drawn as
positive) (f) Mp diagram of beam body (the following edges are drawn as
positive)

Fig. 2. Calculation schema by force method

In the picture:

q - live load set.

w, — The area of bending moment diagram with variable
action from the center of the cushion to the center of
the support.

1

01 =5a8G ~3)

— Area of bending moment diagram with variable action
in the center of two cushion plate.

Wy = qu3 - qlﬁ(i - E)

y, — Vertical coordinates of the center of gravity of the area
of bending moment diagram generated by unit force at
the end of the beam. y, = (I,— X, )ASina

X, — Distance between centre of gravity of w, graph and
center of pad.
132L - 13)
Xe = T6L — 4l
_ 1
B cosB, + f,sinB,
f, — Friction coefficient between slider and beam bottom
a — Angle between oblique reinforcement and longitudinal
axis of beam
a — Horizontal distance of anchoring point from zero point
to anchorage point of bending moment at the end of
beam caused by unit force
b - The horizontal distance between the moment zero at
the end of the beam and the center of the plate caused
by the unit force

By cutting off the horizontal tendons and replacing them
with superfluous constraints X1, the equation of force method
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is as follows:

8., X, + A, =0 €

Ignoring the axial deformation and shear deformation of
the beam, the calculated A, is as follows:

1
= Bl (2w1Acosb, — 2wy, — wohy)  (2)

8,, calculated by the following formula

sll_Zf dx+Zf—dx 3)

Of which:

Z f 2K, L 2221 +1
EpbeApbcCosa  EpcApe E Ay (2A%1, cosa’ 2)(4)
D f 2y —E—IO 2 M 42 b(MDx My)? +1:h3]  (5)

By replacing the above results with the equation of force
method, the formula of tension increment of horizontal force
bar can be obtained as follows:

Ay
Xp=— = f(Ap ) (6)
611

It can be seen from the formula 6 that if the size of the
beam, the structure and the material of the external cable
are known, the tensile force increment in the external cable
horizontal tendon can be calculated by the upper formula.
The magnitude of the tensile force increment is mainly
related to the area of the horizontal tendon and the live load
set degree of the action.

3. Simulation of reinforcement process of
reinforced concrete beam

3.1. COMPUTATIONAL PURPOSE

(1) Combined with the finite element analysis software
ANSYS, the effect of different arrangement of external
reinforcement on the reinforcement effect is studied.
The reinforcement methods are as follows: no steering
block, one steering block in the middle of the span, and
one steering block one third of the span from each side
of the support.

(2) By adjusting different tensioning control stress, the
influence of effective prestress on reinforcement effect is
studied. The range of tension-controlled stress is between
0.3f,, ~ 0.6f.

(3) By setting different load steps and controlling the
application time of prestressing force, the influence of
different reinforcement time on the reinforcement effect
is studied.

3.2. EsTABLISH REINFORCEMENT MODEL

The reinforcement model is based on simply supported
beam, and the load is 27.6kN when the deflection value
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reaches L/600. Therefore, the load values of this magnitude
are applied separately in the first load step calculated below.
The external tendons are 2d015.20, and their performance
parameters are shown in Table 1. The tensile control force
Ceon IS 0.4fpk, the temperature drop is T = 316°C, and the
finite element model is shown in Figs. 1~3.

TABLE 1. MATERIAL PERFORMANCE TABLE

Sheet of mechanical properties of steel

Fig. 2: simply supported beam strengthened with external cables of
broken lines

Diameter Area Yield | Modulus of | Poisson | Density
(mm) (mm?) strength | elasticity | ratio | (mm?)
(Mpa) (Mpa)
D14 308 360 2.28E+05 0.3 |7.85E-09
D12 226 360 2.25E+05 0.3 |7.85E-09
D8 50.3 240 2.00E+05 0.3 |7.85E-09
®s15.2 280 1581 | 2.00E+05 0.3 |7.87E-09
Table of mechanical properties of concrete
Grade |Compression| Tensile | Modulus of | Poisson | Density
strength | strength | elasticity ratio | (tmmd)
(Mpa) (Mpa) (Mpa)
C30 27.6 2.6 2.9E+04 0.2 | 2.50-09

Fig. 1: simply supported beam strengthened with external cables of linear
form

Fig. 3: simply supported beam strengthened with double broken external
cables

4. Comparative analysis of influencing factors of
reinforcement effect

4.1. INFLUENCE OF REINFORCEMENT PATTERN ON
REINFORCEMENT EFFECT

According to the established model, each type of
reinforcement is reinforced when the deflection reaches
L/600. The concrete calculation results are given in Tables
2~5.

TABLE 2. COMPARISON TABLE OF CALCULATION RESULTS

Reinforcement Cracking load Ultimate load Stress increment Tensile Compressive Deflection
form (kN) (KN) of external reinforcement steel bar stress (mm)
tendons stress (Mpa)
(Mpa) (Mpa)
No steering 38.9 117.0 168.2 360 2503 9.1
block
A steering block 64.6 175.2 354.2 360 -323.1 9.9
Two steering 732 195.6 4221 360 -301.3 10.1
blocks
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1. No steering block

TABLE 3. CALCULATION RESULTS OF EXTERNAL REINFORCEMENT WITHOUT STEERING BLOCK (f=L/600)

Load step Load Stress increment Tensile reinforcement | Compressive steel bar Deflection
number (KN) of external tendons stress (Mpa) stress (mm)
(Mpa) (Mpa)
1 27.6 2034 -48.0 3.8
2 27.6 -25.1 -50.0 0.2
0 0 -63.9 -13.1 -1.0
8.9 3.7 -54.1 -24.8 -0.6
20.0 8.3 -39.0 -39.4 -0.1
: 38.9 16.0 -18.3 -65.5 0.6
45.2 19.1 -0.3 -75.8 1.0
515 23.6 16.5 -88.5 14
64.1 37.7 68.8 -118.1 2.5
76.7 56.3 134.0 -148.1 38
89.3 77.6 205.3 -180.1 5.3
) 95.0 88.2 2385 -194.8 6.0
103.5 106.8 285.6 -220.0 7.2
117.0 133.6 360 -259.3 9.1
Note: cracking load 38.9kN
2. A steering block
TABLE 4. CALCULATION RESULTS OF EXTERNAL REINFORCEMENT OF ONE STEERING BLOCK (f=L/600)
Load step Load Stress increment Tensile reinforcement | Compressive steel bar Deflection
number (kN) of external tendons stress stress (mm)
(Mpa) (Mpa) (Mpa)
1 27.6 188.3 -48.8 3.9
2 27.6 -69.2 29.6 -1.1
0 -109 182.4 -4.0
8.2 10.4 -98.5 130.9 -3.1
28.6 28.9 -72.5 30.2 -1.3
: 46.6 47.7 -46.1 -14.9 -0.4
64.6 73.1 -22.7 -40.6 0.3
82.6 100.9 10.8 -74.4 1.2
109.6 141.9 93.7 -126.8 3.3
127.6 182.4 163.2 -163.8 4.9
4 145.6 224.9 235.1 -211 6.7
163.6 260.6 3104 -265.7 8.6
175.2 285.7 360 -303.2 104

Note: cracking load 64.6kN
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3. Two steering blocks

TABLE 5. CALCULATION RESULTS OF EXTERNAL REINFORCEMENT OF TWO STEERING BLOCKS (f=L/600)

Load step Load Stress increment Tensile reinforcement | Compressive steel bar Deflection
number (kN) of external tendons stress stress (mm)
(Mpa) (Mpa) (Mpa)
1 28.8 200.1 -49.6 4.1
2 28.8 -75.9 35.3 -1.4
0 0 -124.7 208.3 -5.0
9.3 26.9 -113.2 147.3 -3.9
22.2 52.6 -95.3 72.5 -2.5
: 42.6 85.2 -65.2 -6.3 -0.9
63.0 106.6 -41.3 -34.5 -0.1
73.2 117.6 -30.5 -48.3 0.3
83.4 130.8 -11.5 -63.2 0.7
103.8 166.8 473 -98.3 1.9
124.2 215.1 116.5 -136.5 35
4 144.6 268.5 188.6 -176.2 51
165.0 325.4 263.5 -218.6 6.9
185.4 385.8 343.2 -270.5 8.8
195.6 422.1 360.2 -301.5 10.1

Note: cracking load 73.2kN

The following conclusions can be drawn from the analysis
of Tables 2~5:

(1) Bearing capacity: it can be seen from the cracking load
and ultimate load after reinforcement that the external
cable is used to reinforce the existing simply supported
beam, no matter which reinforcement method is used,
the cracking load and ultimate load of the beam body

bar. With the increase of the load, the lower part of
the beam is cracked again, the deflection of the beam
is larger than that of the reverse arch, and gradually
increases, the tension stress appears again in the steel
bar at the lower edge and the compressive stress in the
upper steel bar. This coincides with the actual recipient
state. At the same time, it can be seen that under the same

are greatly increased. Especially, the ultimate bearing
capacity after reinforcement is 3.3 times and 3.6 times
of that before reinforcement. The mechanical behaviour
of beam is improved fundamentally. On the one hand, it
is considered that the steering gear increases the midspan
force arm of the beam, and on the other hand, the force
arm decreases with the increase of deflection of the
beam, which results in the loss of resistance moment.

(2) Stress of steel bar: it can be seen from the stress value

of the bottom steel bar in Tables 2 ~ 5 that at the initial
stage of beam loading, the lower steel bar is under
tension and the upper steel bar is under compression.
After the prestress is applied, the stress state of the
beam body changes from the upper compression state
to the lower compression state because the prestress
counteracts the effect of the original load. At the same
time, the tensile stress appears in the steel bar in the
upper part of the beam body. The compressive stress
appears in the lower edge of the non-prestressed steel
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load, the stress of the tensile steel bar without steering
block is larger than that of the steel bar with steering
block, and the increment of external tendon is much
smaller than that without steering block, so the utilization
ratio of external tendon can be improved by setting
steering block. Although the external tendon increment
of two steering blocks is higher than that of one steering
block, the degree of improvement is not obvious, which
indicates that the adverse effect of secondary effect can
be effectively reduced by setting steering device.

(3) Span deflection: from the deflection values listed in the

table, it can be seen that after reinforcement, the beam
appears the reverse arch due to the effect of external
prestress. The reverse arch value with two steering
blocks is the largest, and the reverse arch value with no
steering block is small, which further shows that setting
steering block can improve the reinforcement effect of
external cable on beam body. After unloading, the inverse
arch value of beam body increases further, and the

685



maximum value reaches 5.0 mm. The deflection curves
of the beams are still approximately straight lines after
cracking, which indicates that the strengthened beams
are still in the elastic working state in a certain period
after cracking. At the same time, the stiffness of the beam
body is increased with the application of prestressing, so
that the deflection of the beam body decreases with the
increase of load, and the deflection after strengthening
under the same load decreases obviously. The deflection
value of the reinforcement mode with steering device
is obviously lower than that of the strengthening mode
without steering device.

(4) Stress increment: it can be seen from the above diagram
that the stress increment and ultimate stress are the
smallest compared with other reinforcement methods,
although the prestressing loss is relatively small. It is
shown that the secondary effect is the most obvious and
the utilization efficiency of the material is low when the
beam body is strengthened with linear external cables.

In addition, it can be seen from the above curve that the
stress increment of prestressed tendons is closely related
to the mid-span deflection of members, regardless of the
line shape of external tendons.

(5) Through the analysis of the results of strengthening
simply supported beams with external tendons, it can
be seen that when the beam is damaged by external
prestressed reinforcement, the upper reinforcement and
external cables do not reach the yield stress, so it is a
brittle failure.

4.2. EFrFecT OF EFFECTIVE PRESTRESS ON REINFORCEMENT
EFFECT

In order to study the effect of effective prestress on
the reinforcement effect, the tension-controlled stress
ocon is taken as the parameter and the variable range is
474.3MPa(0.3f ) to 948.6MPaMPa(O.6fpk). Table 6~9
shows the calcui)ated results of strengthening with different
tensioning control stresses when the deflection reaches L/600.

TABLE 6. COMPARISON OF CALCULATION RESULTS

Reinforcement Cracking load Ultimate load Stress increment Tensile Compressive Deflection
form (kN) (KN) of external reinforcement steel bar stress (mm)
tendons (Mpa) stress (Mpa) (Mpa)
Ggon = 0.3F 37.6 139.5 350.6 360 -256.7 10.1
Ooon = 04 Ty 64.6 175.2 3327 360 -323.1 9.7
Geon = 0.5 Ty 65.7 183.0 3185 360 -329.5 9.5
Geon = 0.6 Ty 834 201.0 295.5 360 -360 9.2
TABLE 7. CALCULATION RESULTS OF DIFFERENT TENSILE STRESS REINFORCEMENT (0.3fpk)
Load step Load Stress increment Tensile reinforcement | Compressive steel bar Deflection
number (kN) of external tendons stress stress (mm)
(Mpa) (Mpa) (Mpa)
1 27.6 188.3 -48.8 3.9
2 27.6 -165 -22.2 0.0
0 -56 86.8 -1.9
8.2 114 -45 42.5 -1.1
28.6 331 -16.5 -22.9 0.0
: 37.6 40.7 -8.1 -32 0.3
55.6 67.2 34.7 -57.3 1.4
64.6 86.6 65.4 -72 2.1
73.6 108.3 98.8 -87.7 2.9
82.6 130.9 133.4 -103.7 3.9
109.6 203.3 239.3 -152.8 6.8
! 127.6 257.5 311.2 -194.3 8.7
136.6 284.5 348.7 -219.9 9.7
139.5 293.3 360 -256.7 10.1

Note: cracking load 37.6kN
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TABLE 8. CALCULATION RESULTS OF DIFFERENT

TENSILE STRESS REINFORCEMENT (O'Sfpk)

Load step Load Stress increment Tensile reinforcement | Compressive steel bar Deflection
number (KN) of external tendons stress stress (mm)
(Mpa) (Mpa) (Mpa)
1 27.6 188.3 -48.8 3.9
2 27.6 -70.4 40.4 -1.3
0 0 -118.3 197 -4.4
0.9 14 -117.1 191.6 -4.3
13.0 20.0 -101.5 117.3 -3.0
’ 29.1 42.5 -72.2 39.8 -1.6
474 61.5 -53.8 -32.9 -0.6
65.7 77.0 -28 -52 0.1
84.0 97.5 0.6 -74.2 1.0
102.3 128.6 479 -107.8 2.2
120.6 169.5 111.5 -144 3.8
‘ 157.2 268.7 258.2 -244.3 7.2
1755 3223 336.2 -301.4 8.9
183.0 347.7 360 -329.5 9.5

Note: cracking load 65.7kN

TABLE 9. CALCULATION RESULTS OF DIFFERENT

TENSILE STRESS REINFORCEMENT (0.6fpk)

Load step Load (kN) Stress increment Tensile reinforcement | Compressive steel bar Deflection
number of external tendons stress stress (mm)
(Mpa) (Mpa) (Mpa)

27.6 188.3 -48.8 3.9

2 27.6 -102.5 80.8 -2.3

0 0 -134.3 257.3 -5.9

1.0 1.6 -133.2 250.9 -5.7

145 23.1 -118.6 166.3 -4.1

3 324 49.2 -100.8 72.7 -2.4
42.6 61.7 -89.9 34.1 -1.7

63.0 81.6 -70.5 -44.2 -0.7

834 99.9 -51.9 -66.7 0.2

103.8 1245 -5.1 -92.9 12

124.2 159.6 49.7 -131.9 2.6

4 144.6 205.7 123.7 -176.4 4.4
165.0 259.1 205.5 -234.9 6.3

185.4 318.2 291.1 -302.6 8.0

201.0 379.2 360 -360 9.2

Note: cracking load 83.4kN

The following conclusions can be drawn from the above
results:

(1) With the increase of tension control stress, the cracking
load and ultimate load of simply supported beam are
greatly increased. When the tensile force is increased
from 0.3fpk to 0.6fpk, the cracking load is increased

JOURNAL OF MINES, METALS & FUELS

from 37.6kN to 83.4 kN, and the ultimate load is
increased from 139.5kN to 201kN. It is concluded that
the greater the prestressing force is, the greater the
equivalent load will be, and the higher the normal section
strength will be after reinforcement, the more obvious
the reinforcement effect will be.
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(2) Under the same load, the deflection of beam decreases
with the increase of tensioning control stress. The )
analysis shows that the greater the tension control stress,
the greater the external load moment counteracted.
Under the same load, the smaller the bending moment
of beam body is, the larger the stiffness of beam
body is, and the smaller the deflection is. It shows
that prestress reinforcement has good reinforcement.
However, the prestressing loss of external prestressed
tendons is smaller than that of common prestressed
concrete beams, so the tension control stress of external
tendons should not be too high. The Anchorage end
and the prestressed tendons are in high stress state for
a long time, which results in the sudden destruction of
the structure.

O]

(3) At the beginning of loading, the stress increment is
basically the same. However, with the increase of
load, low tensile force will result in higher stress
increment. It shows that the ultimate stress increment
of external cables decreases gradually with the increase
of tensioning control stress.

(4) When the tensile force is 0.4fpk and 0.5 fpk, the  (3)
reinforcement effect is close, the crack load and ultimate
load are increased, and the upper part of the beam is
cracked within the acceptable range. Comprehensive
comparison shows that the tension control between
0.4 fpk and 0.5 fpk is more suitable for this simply
supported beam.

4.3. EFFECT OF REINFORCEMENT TIME ON REINFORCEMENT
EFFECT

In order to study the effect of different reinforcement time
on the reinforcement effect, this paper studies the flexural
reinforcement method with a steering device. Through the
birth and death element to control the application time of
prestress, the external cable is activated when the deflection
reaches 0, L/1100, L/600, L/500 , L/300, and the prestressing
force is applied to the beam body. The following are the
results of the calculation. The calculated results of beam
deflection up to L/600 are given in Table 3.

An analysis of Table 10 leads to the following conclusions:

Bearing capacity: when the beam is strengthened after
deflection reaches L/600, the cracking load and ultimate
load are lower than that before the deflection reaches
L/600. Compared to f=L/300, the cracking load of f=0 is
reduced from 114.0kN to 61.9kN, and the crack load is
reduced to 45.7kN. The ultimate load 195.6kN is reduced
to 165.4kN, and the ultimate load is reduced to 18.3kN.

Stress of reinforcement: under the same load, the stress
of reinforcing bar and the stress increment of external
reinforcement increase gradually with the delay of
reinforcement time. It is considered that when the
deformation of the beam is large, the neutral axis of the
beam is not obviously reduced, and the compressive area
of the concrete is not increased, because of the larger
damage degree of the beam body, and the reduction of
the neutral axis of the beam body is not obvious after
strengthening the beam body. The tensile force increment
of steel bars and external tendons in tension zone will
bear greater external torque, so the reinforcement and
external tendons will show greater stress value.

Span deflection: under the same load, with the extension
of reinforcement time, the mid-span deflection of beam
body increases gradually, but the ultimate deflection
decreases obviously. It is considered that the stiffness of
the beam is not much increased when the deformation of
the beam is large, which leads to the large deformation
of the beam under the same load. Comparing the
reinforcement effect of beam with different reinforcement
time, it can be seen that with the delay of strengthening
time, the reinforcement effect is gradually decreasing.
Therefore, in order to prolong the service life of the
structure, it is necessary for the structure to carry on
the timing inspection, to realize the problem early, and
to carry on the maintenance and reinforcement of the
structure as early as possible.

5. Conclusions

In this paper, numerical simulation and research on external
prestressing reinforcement are carried out, and the effects of

different arrangement of external cables, different prestressing

TABLE 10. COMPARISON OF CALCULATION RESULTS

Reinforcement Cracking load Ultimate load Stress increment Tensile Compressive Deflection
form (KN) (KN) of external reinforcement steel bar stress (mm)
tendons stress (Mpa)
(Mpa) (Mpa)
=0 114.0 195.6 376.4 360 -360 11.0
f=L/1100 100.8 183.0 343.6 360 -360 10.3
f=L/600 64.6 175.2 332.7 360 -323.1 9.7
f=L/500 61.9 165.4 329.9 360 -303.4 9.6
f=L/300 55.6 160.5 315.4 360 -275.1 9.2
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force and different reinforcement time on reinforcement
effect are analyzed. The conclusions are as follows:

1)

@)

3)

In the case of tri-point loading, the cracking load and
ultimate load of beam are greatly increased, regardless
of the reinforcement method. Especially, the ultimate
bearing capacity after reinforcement is 3.33.6 times of
that before reinforcement. The bending property of the
beam is improved fundamentally.

With the increase of tension-controlled stress, the
stress increment and deflection of the external cable
are relatively reduced under the same load, although
the cracking load and the ultimate load of the simply
supported beam are greatly increased. Therefore, it is
shown that the tension control force is not as large as
possible and not as small as possible when the beam
is strengthened. It should be adjusted appropriately
according to the specific conditions, and the tension
control of the simply supported beam is more appropriate
between 0.4fpk~0.5fpk.

Compared to the reinforcement effect of different
strengthening time, when the beam deformation is
small, the cracking load and the ultimate load are
higher than that of the deformation. It shows that the
reinforcement effect decreases gradually with the delay
of reinforcement time. Therefore, in order to prolong
the service life of the structure, it is necessary for the
structure to carry on the timing inspection, to realize
the problem early, and to carry on the maintenance and
reinforcement of the structure as early as possible.
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