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Abstract

At present, the bearing capacity evaluation is mainly based on load detection,
which requires closed traffic and has certain risks. With the increase of ser-
vice time, the cracks of reinforced concrete beam bridge will gradually devel-
op and the stiffness will reduce, resulting in the decrease of bearing capacity.
Therefore, in this paper, the calculation of stiffness reduction coefficient by
using crack characteristic parameters, which provides basic data for bearing
capacity evaluation, has been studied. In this paper, using regression analysis
through fracture characteristics of four model beam observation and test
load-displacement curve characteristic parameters, crack flexural rigidity of
the beam bridge relationship has been set up. The qualitative assessment
based appearance of cracks in the structure of checks has been converted to
quantitative assessment. And compared with the test results of a real bridge,
comparative results show that the assessment is objective and reliable. It
makes the assessment more objective and scientific. A new way of Quantita-
tive assessment of the structural performance has been provided for a large
number of existing reinforced concrete beam bridge.

Keywords

Beam Bridge, Crack Characteristics, Bending Stiffness, Assessment

1. Introduction

The evaluation methods commonly used in the past include empirical method
and load test method, which are highly subjective, while the load test method is
costly and has certain risks [1] [2] [3]. It is a common problem for reinforced
concrete Bridges to have cracks in service. After the cracking, the bending stiff-
ness of the beam with the cracked section is bound to decrease, which reduces

the bearing capacity of the structure. Therefore, reasonable structural bearing
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capacity evaluation should be carried out for further treatment measures [4] [5]
[6] [7]. In literature [8], the calculation model established by constructing dam-
age element is used to evaluate the mechanical performance of prestressed con-
crete structure in service, which is not convenient for general managers to use. A
method to evaluate the bearing capacity by deflection and crack height is pro-
posed in literature [9] [10]. The deflection needs long-term observation, and it is
difficult to ensure its continuity. If the crack height is not enough to evaluate the
bearing capacity, the crack width, which can best represent the structural per-
formance, is not taken into account. Based on the observation results of charac-
teristic parameters of cracks of four pieces of model test beams [11], this paper
established the relationship between characteristic parameters of cracks and
flexural stiffness through regression analysis of characteristic parameters of
cracks and load-displacement curves reflecting stiffness, providing a new me-

thod for quantitative evaluation of in-service reinforced concrete beam bridges.

2. Crack Characteristic Parameters

The crack characteristic parameter is the appearance reflection of the structure
state. In general, the statistical parameters of crack characteristics of beam in-
clude average crack height h
and the like.

h, denotes the degree to which the concrete in the tension zone exits the

Crack spacing |, , Maximum crack width w,,,,

cr cr?

work, implying the concrete area in the compression zone. W, indicates the
development of cracking, and implies the beam deformation curvature. |
represents the number of cracks in the beam section. The bending stiffness re-

duction factor is expressed as [ .

3. Brief Introduction of Test

The specimens are 4 rectangular beams. The size of its cross section is 150 mm x
250 mm. the length of the beam is 2700 mm. The span is 2410 mm. The concrete
grade of the specimen is C30. The tension reinforcement grade is HPB300,
whose diameter is 12 mm. At three points, the specimen is loaded in stages by
concentrated force. The section size, loading mode and strain measuring point
layout of the specimen are shown in Figure 1. Strain and mid-span deflection of

the test point are measured after each step loading.
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Figure 1. Beam section, loading method and layout of strain measuring.
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4. Relationship between wmax and 8

In the process of loading, the deflection of the beam will increase with the in-
crease of the load, and its stiffness will change with each level of load. Therefore,
according to the load-deflection curve, the flexural stiffness reduction coefficient
is calculated by the formula B =K, /K, .

Let K; be the initial stiffness of the beam in the elastic stage and K; be the
stiffness at the #th loading. Where, K] is the tangent stiffness and X; is the secant
stiffness, then the ratio of the ith secant stiffness to the tangent stiffness is the
reduction coefficient of bending stiffness of the beam

With the increase of loading load, the bending stiffness of beam body de-
creases after cracks appear. The mid-span deflection and stiffness reduction
coefficient of specimens under various loads in the loading process are shown in
Table 1, and the statistical data of beam body crack width are shown in Table 2.

Table 1. The midspan deflection and reduction factor under load level.

Sample 1 Sample 2 Sample 3 Sample 4
Bt S e S S g 0
/kN /mm factor /kN /mm factor /kN /mm factor /kN /mm factor
20 1.50 1.00 20 2.10 1.00 20 2.10 1.00 20 1.92 1.00
30 2.70 0.83 30 3.48 0.91 30 3.54 0.89 30 3.48 0.83
40 4.56 0.66 40 3.30 1.27 40 4.80 0.88 40 4.50 0.85
50 5.22 0.72 50 5.88 0.89 50 6.12 0.86 50 5.40 0.89
60 6.78 0.66 60 7.80 0.81 60 8.10 0.78 60 6.78 0.85
70 7.80 0.67 65 14.10 0.48 65 14.10 0.48 70 15.60 0.43

80 22.20 0.27 - - - 68 20.52 0.35 - - -
84 25.92 0.24 - - - - - - - - -
Table 2. Crack width under each load level.
Sample 1 Sample 2 Sample 3 Sample 4
class of crack class of crack class of crack class of crack

loading/kN width/mm loading/kN width/mm loading/kN width/mm loading/kN width/mm

20 0.02 20 0.10 20 0.04 20 0.04
30 0.06 30 0.10 30 0.06 30 0.09
40 0.10 40 0.10 40 0.10 40 0.15
50 0.15 50 0.10 50 0.15 50 0.15
60 0.15 60 0.40 60 0.18 60 0.17
70 0.20 65 1.30 68 1.4 70 0.85
80 0.90 - - - - - -

84 1.30 - - - - - -
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Regression analysis was conducted based on the reduction coefficient of
bending stiffness and corresponding crack width, and the regression curve was
obtained as shown in Figure 2. The regression equation of bending stiffness re-

duction coefficient and crack height coefficient can be obtained:

8 =0.9937 —1.10048w,,, +0.46195W2,, (1)

correlation index R = 0.730 41

5. Relationship between h-and 8

The crack height h, directly affects the moment of inertia of the effective sec-
tion of the beam. With the development of the crack along the beam height, the
neutral axis of the section moves up, and its bending stiffness decreases. Table 3
shows the statistical data of average crack height of beam body in the test load-

ing process.
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Table 3. The average height.
Sample 1 Sample 2 Sample 3 Sample 4
class of average class of average class of average class of average

loading/kN height/cm loading/kN height/cm loading/kN height/cm loading/kN height/cm

20 7.50 20 8.57 20 11.62 20 11.88
30 11.94 30 12.67 30 14.57 30 14.31
40 13.81 40 13.13 40 15.14 40 15.15
50 15.31 50 13.75 50 15.29 50 16.00
60 15.75 60 16.13 60 15.43 60 16.00
70 16.50 65 18.00 68 16.36 70 17.15
80 16.81 - - - - - -

84 20.13 - - - - - -
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The relation curve between the average crack height and the reduction coeffi-
cient of bending stiffness of the beam body is drawn from Table 1 and Table 3,
as shown in Figure 3.

In order to better study the relationship between crack development height
and bending stiffness reduction coefficient crack height coefficient H is intro-

duced.
H=h,/h (2)

where, H is crack height coefficient; A, is the average crack height of the beam
body. Ais the height of beam section.

Thus, the regression diagram of reduction coefficient of flexural stiffness and
crack height coefficient His obtained, as shown in Figure 4. Through regression
analysis, the relationship between bending stiffness reduction coefficient and
crack height coefficient His obtained:

L3 =0.46406 + 3.22583H —4.38153H2 (3)

correlation index R = 0.633 93.

6. Assessment Instance
6.1. Bridge Profile

In this paper, the flexural stiffness of a real bridge with a reinforced concrete
simply supported beam is evaluated by using the stiffness evaluation formula es-
tablished in this paper. The bridge was built in the 1960s, 55 years after service.
Because of environmental impact, materials aging, overload, traffic surge and
route reconstruction and other reasons, it can’t meet the requirements of the
project. It needs to be evaluated for reinforcement and expansion. Now one of
the T beams of the bridge is taken as an example for analysis. The concrete mark
C20 of T beam and the steel bar model HRB335 are shown in this film. The
beam section size is 8.80 m 0.80 m 0.75 m, as shown in Figure 5.
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Figure 5. The size of T beam and layout of steel.

6.2. Crack Inspection Results

The crack condition of beam body is: there are 18 cracks in the beam body on

both sides, the width of the widest crack is 0.6 mm. Most of the cracks are con-

centrated within 1.2 meters of the beam end. The length of the 11 cracks is

greater than 400 mm. The average height of cracks was set at 420 mm, and the

maximum height of fractures was set at 500 mm.

Basic parameters of T beam are summarized in Table 4.

6.3. Evaluation of Bending Stiffness

According to the relationship between the characteristic parameters of crack and

the reduction coefficient of bending stiffness of this paper, the bending stiffness

can be evaluated.
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Table 4. The basic parameter of T beam.

Parameters h/mm ho/mm f/MPa

Value 750 707.5 15.9

Whax = 0.6 mm substitute into formula (1), it can be got £ =0.49

H= hcr/h =0.67, substitute into formula (3), it can be got S =0.667

So the bending stiffness reduction coefficient f=0.49. The reduction of
bending stiffness is larger, which affects the normal use of the structure. It is
consistent with the evaluation results through load test of the real bridge. It

shows that the calculation formula in this paper is reliable.

7. Conclusions

According to the statistical data of the characteristic parameters of crack of four
pieces of model test beams, the relationship between the characteristic parame-
ters of crack and the reduction coefficient of flexural stiffness is established by
regression analysis.

The regression equation of the reduction coefficient of stiffness and the max-
imum width and height of crack is obtained. It is used to evaluate an in-service
reinforced concrete girder bridge. The results are consistent with the load test
results. It is indicated that the flexural stiffness evaluation method presented in

this paper is reliable.
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