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Abstract: Found in the routine quality inspection of highway bridge that many vertical fractures on the 
main beam (10mT beam) of the steel reinforced concrete arch bridge near the hydropower station. In order 
to grasp the bearing capacity of this bridge under working conditions with cracks, the static load and 
dynamic load test of box arch bridge are carried out. The Midas civil theory is calculated by using the 
special plate trailer - 300 as the calculation load, and the deflection and stress of the critical section are 
tested by the equivalent cloth load in the test vehicle. The pulsation test, obstacles and no obstacle driving 
test were carried out. Experimental results show that the bridge under the condition of the test loads is in 
safe condition, main bearing component of the strength and stiffness meet the design requirements, the 
crack width does not increase, in the process of loading bridge overall work performance is good. 

 

1 Introduction 
Arch bridge as an application example of arch structure, 
also become one of the longest bridge in the history of 
mankind, its light structure, beautiful shape, has the 
strong compression capability, widely used in highway 
construction, especially in the mountainous area in 
Yunnan province. 

This article analyzes the object on the secondary 
highway of a mountain in Yunnan province. On the 
highway bridge during commissioning acceptance, 
routine inspection found in the 10m T beam bridge upper 
structure, there are more vertical cracks, especially the 
second and ninth on arch, the bridge in the case of 
fracture of carrying capacity should be further identified. 
The bridge load test is the most effective and direct 
method to understand the performance parameters of the 

bridge and analyze its working condition. In order to 
study the carrying capacity of this bridge, load test 
includes static load should be used. 

2 Engineering Overview 
The structure of the bridge is the upper bearing 
reinforced concrete box arch bridge (figure 1), and the 
main arch ring consists of 6 arch boxes, the arch axis 
coefficient is 2.1, the vector ratio is 1/5. The main span is 
100 meters, the vertical column and the guide hole are 
the steel reinforced concrete T beam with an average 
span of 10m, and the two-lane two-way driving. Auto 
load level for highway-Ⅱ; The calculation load is special 
plate trailer -300; Seismic fortification for theⅦ; The 
peak acceleration was 0.10 g. 

 

 
 

Figure 1 Panorama of bridge Figure 2 Loading planar size of the vehicle(unit/m) 
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The prefabricated arch, the current roof and the arch 
are all C40 concrete. The precast T-beam, the frame and 
the wall of the arch, the wall of the arch, the bridge pier, 
the cover girder is C30 concrete; The base class adopts 
C25 concrete. The diameter of reinforcement is greater 
than or equal to 12 mm, and HRB335 is adopted. 

3 Load test pattern 
According to the principle of internal force equivalent, 
the internal force of the structure under the action of the 
test load should be equal or close to the internal force of 
the structure under the design load. The strain (stress) 
and deflection of the control cross section under test load 
are analyzed, and the results of the test are compared 
with the calculation results. 

3.1 Statical test 

In order to meet the requirements of bridge bearing 
capacity test, there are five working conditions of the 
most adverse stress state of bridge structure were 
selected. Respectively are: working condition1-load test 
of maximum pressure stress in the top section of the 

main arch; working condition2-load test of the maximum 
compressive resistance in the cross section of the 9th 
midspan of T beam; working condition3---load test of the 
maximum compressive resistance in the cross section of 
the 11th midspan of T beam; working condition4-1#load 
test of the maximum axial force of the frame section; 
working condition5-9#load test of the maximum axial 
force of the frame section. The loading vehicle 
calculation diagram is shown in figure 2. 

The deformation measurement points are arranged on 
the deck, with a total of 4 sections (figure3) and 3 points 
of each section (figure 4). At the corresponding points of 
the bridge, the height mark nails are set, and the relative 
elevation of the various working conditions is tested by 
the water level, and the deformation (displacement) of 
the structure is determined. 

The strain tests in five control sections are shown in 
figure 6.The lateral arrangement is shown in figure 5,7 
and 8, and the triangle symbol in figure 7 is the dynamic 
strain point. The static strain test system is used to test 
the resistance strain gauge. The static strain test system is 
used to test each cross section with resistance strain 
gauge. 

 

 Figure 3 Vertical layout of of deformation measuring points 

 

 
 

Figure 4 Deformation measuring point of 1-1 
section 

 Figure 6 Vertical layout of Strain test points 

 
 

Figure 5 Strain test points ofⅡ-Ⅱ section 

 
 

Figure 7 Strain test points of 1-1 section 

 
Figure 8 Strain test points of Ⅳ-Ⅳ section 

 
 

Figure 9 Measuring points of pulsating test 
 

3.2 Dynamic test 
3.2.1 Pulsating test 

The vibration frequency, vibration mode and damping 
ratio are the inherent characteristics of the bridge, which 

2

E3S Web of Conferences 38, 03011 (2018) https://doi.org/10.1051/e3sconf/20183803011
ICEMEE 2018



*Corresponding author: Email: sara_shivip@163.com   mail: 532965722@qq.com 

The prefabricated arch, the current roof and the arch 
are all C40 concrete. The precast T-beam, the frame and 
the wall of the arch, the wall of the arch, the bridge pier, 
the cover girder is C30 concrete; The base class adopts 
C25 concrete. The diameter of reinforcement is greater 
than or equal to 12 mm, and HRB335 is adopted. 

3 Load test pattern 
According to the principle of internal force equivalent, 
the internal force of the structure under the action of the 
test load should be equal or close to the internal force of 
the structure under the design load. The strain (stress) 
and deflection of the control cross section under test load 
are analyzed, and the results of the test are compared 
with the calculation results. 

3.1 Statical test 

In order to meet the requirements of bridge bearing 
capacity test, there are five working conditions of the 
most adverse stress state of bridge structure were 
selected. Respectively are: working condition1-load test 
of maximum pressure stress in the top section of the 

main arch; working condition2-load test of the maximum 
compressive resistance in the cross section of the 9th 
midspan of T beam; working condition3---load test of the 
maximum compressive resistance in the cross section of 
the 11th midspan of T beam; working condition4-1#load 
test of the maximum axial force of the frame section; 
working condition5-9#load test of the maximum axial 
force of the frame section. The loading vehicle 
calculation diagram is shown in figure 2. 

The deformation measurement points are arranged on 
the deck, with a total of 4 sections (figure3) and 3 points 
of each section (figure 4). At the corresponding points of 
the bridge, the height mark nails are set, and the relative 
elevation of the various working conditions is tested by 
the water level, and the deformation (displacement) of 
the structure is determined. 

The strain tests in five control sections are shown in 
figure 6.The lateral arrangement is shown in figure 5,7 
and 8, and the triangle symbol in figure 7 is the dynamic 
strain point. The static strain test system is used to test 
the resistance strain gauge. The static strain test system is 
used to test each cross section with resistance strain 
gauge. 

 

 Figure 3 Vertical layout of of deformation measuring points 

 

 
 

Figure 4 Deformation measuring point of 1-1 
section 

 Figure 6 Vertical layout of Strain test points 

 
 

Figure 5 Strain test points ofⅡ-Ⅱ section 

 
 

Figure 7 Strain test points of 1-1 section 

 
Figure 8 Strain test points of Ⅳ-Ⅳ section 

 
 

Figure 9 Measuring points of pulsating test 
 

3.2 Dynamic test 
3.2.1 Pulsating test 

The vibration frequency, vibration mode and damping 
ratio are the inherent characteristics of the bridge, which 

are related to the span, structure and material of the 
bridge. The self-vibration characteristics of the bridge 
structure are obtained through the pulsation experiment 
(the heavy vehicle excitation is adopted when 
necessary).  The pulsation test point is arranged on the 
deck (figure 9) to test the acceleration of the free 
vibration of the bridge.  

3.2.2 Barrier-free driving test  

Barrier-free driving test, for testing: the dynamic 
response of the bridge structure under the load of the 
moving vehicle when the bridge deck pavement is in 
perfect condition, then simulate normal driving condition, 
using one 30 tons truck and on 5, 10, 20, 30, 40 km/h 
speed commute through the bridge, measuring the 
dynamic response of the bridge, the bridge test and 
calculate the actual impact coefficient.  

3.2.3 Obstacles driving test 

Simulating the condition of local damage of deck 
pavement, the dynamic response of bridge span structure 
under the action of moving vehicle load. The simulated 
obstacle height is about 5 - 10cm, with 1 30 ton trucks 
passing through the bridge at the speed of 5km/h.  

4 Theoretical calculation 

By using the bridge structure analysis software Midas 
Civil, the static dynamic calculation model of the bridge 
space is established (only the test span is modeled and 
calculated). According to the regulations of the bridge 
design, considering the actual bridge operation load and 
calculate the indicators in the design criterion. The 
calculation results provide a reference basis for the 
detailed plan of the load test.  

The finite element calculation model is shown in 
Figure 10.The contents and results of the theoretical 
calculation are follows:  

1) Calculate the load efficiency factor based on test 
load(test internal force / design internal force). According 
to the influence line to determine the test load size and 
position to ensure that the load efficiency coefficient is 
within 0.85 ~ 1.05 range. 

The working conditions1:1-1~1-3 measuring point 
load test efficiency were 0.97, 1.01, 1.01; 
condition2:2-1~2-3 measuring point load test efficiency 
were 0.87, 0.91, 880; condition3:3-1~4-3 measuring 
point load test efficiency were 0.88, 0.98, 0.93; 
condition4:4-1 and 4-2 condition measuring point load 
test efficiency were 0.86, 0.88 and condition5: 5-1,5-2 
condition measuring point load test efficiency were 0.87, 
0.85.  

2) Calculate the magnitude of each experiment result 
under the test loading, including stress, strain and 
displacement. The loading deformation at working 
condition 1-3 is shown in figure 11.  

   
Figure 10 computing model                             (a) Working condition 1 

     
(b) Working condition 2                        (c) Working condition 3 

Figure 11 loading graph 
 

3) Dynamic calculation results 
The first 5 orders of frequencies are 1.800 HZ, 2.695 

HZ, 4.841 HZ, 5.121 HZ and 5.750 HZ, respectively. The 
first and second modes are shown in the figure 12.   

      
(a) First-order mode                            (b) Second-order mode 

Figure12 Modal measured vibration diagram 
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5 The results of static test 

5.1 Deformation test result and testing 
coefficients 

The deformation test results of working condition 1-5 and 
the residual deformation after unloading are shown in 
Figure 13. The data in each cross section are disturbed 
and the points that the instrument can not collect are 
eliminated.  

 

 
 

(a) Working condition 1 (b) Working condition 2 

  
(c) Working condition 3 (d) Working condition 4 

 
(e) Working condition 5 

Figure 13 Deformation test results 
 

5.2 Stress test and calibration coefficients 

The stress condition of 1-5 (the measured strain is 
converted) test results and the residual strain after 

unloading values are shown in Figure 14, it can be show 
that the calculated values and test values, the residual 
stress value after unloading is between 1%-11% (the 
standard limit value is 20%) 

  
(a) Working condition 1 (b) Working condition 2 
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(a) Working condition 1 (b) Working condition 2 

  
(c) Working condition 3 (d) Working condition 4 

 

    
    

Figure 15 Site placement diagram 
(e) Working condition 5 

Figure 14 Stress test results 
 

Table 1 Calibration coefficients of each test position 

Position Calibration 
coefficient Position Calibration 

coefficient Position Calibration 
coefficient Position Calibration 

coefficient Position Calibration 
coefficient 

1-1 0.99 1-6 0.96 2-5 0.86 3-5 0.81 5-1 0.95 
1-2 0.88 2-1 0.84 3-1 0.77 4-1 0.83 5-2 0.93 
1-3 0.97 2-2 0.98 3-2 0.98 4-2 0.92 5-3 0.88 

1-4 0.91 2-3 0.80 3-3 0.88 4-3 0.96 5-4 0.97 
1-5 0.87 2-4 0.97 3-4 0.98 4-4 0.89   

 

5.3 Fracture stress test results 

During the load test, the cracks observation point was 
arranged in the T beam of sixth and eleventh span of the 
main arch. In the crack position, the cross-seam patch is 

carried out (figure 15). The crack position is located on 
the second test section and third test section, Beam3-3, 
Beam3-5, Beam5-2, Beam5-5 left and right sides. The 
position diagram of the patch is shown in figure 15 and 
the test results is shown in table 2.  

 

Table 2 Test results of crack deformation 

Measuring 
position 

Crack initial 
width/mm 

Increased 
crack 

width/mm 

Whether to 
return to zero 

after unloading 

Measuring 
position 

Crack initial 
width/mm 

Increased 
crack 

width/mm 

Whether to 
return to zero 

after unloading 
Beam3-3-L 0.1mm 0.063 return to zero Beam5-2-L 0.1mm 0.056 return to zero 
Beam3-3-R 0.1mm 0.060 return to zero Beam5-2-R 0.13mm 0.055 return to zero 
Beam3-5-L 0.15mm 0.064 return to zero Beam5-5-L 0.1mm 0.054 return to zero 
Beam3-5-R 0.05mm 0.030 return to zero Beam5-5-R 0.13mm 0.053 return to zero 

Note: 3-3- L indicates the direction of the road forward, third spans, third T beams, and left side of the beam. 

6 The results of Dynamic test 

6.1 Free - vibration characteristic test 

The modal shapes are shown in Figure 16. After the data 
analysis and processing, the fundamental frequency of the 
structural free - vibration is  obtained, the measured 
values and theoretical values are shown in table 3. 
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(a) First-order mode (b) Second-order mode 

Figure16 Modal measured vibration diagram 
 

Table 3 Natural frequency and damping test value 

Measured order Test value (Hz) Calculated value (Hz)   Main vibration direction 

First order 1.981 1.800 0.018 Vertical bending 
Second order 2.854 2.695 0.015 Vertical bending 

 

6.2 Impact coefficient test results 

Through test, the typical dynamic response curve at 
different speed is tested. After processing the data, the 

impact coefficient of the bridge at different speed is 
shown in table 4 (The design specification calculates 
1+ = 1.23). 

 

Table 4 Test value of impact coefficient 

Measuring 
point Speed/km/h Maximum 

stress/MPa 
Impact 

coefficient 
Measuring 

point Speed/km/h Maximum 
stress/MPa 

Impact 
coefficient 

Dynamic 
strain 

measuring 
point 1 
(1-2) 

5 2.33 ---- 
Dynamic 

strain 
measuring 

point 2 
(1-5) 

5 2.26 ---- 
10 2.38 1.018 10 2.29 1.010 
20 2.37 1.014 20 2.30 1.014 
30 2.38 1.018 30 2.31 1.018 
40 2.40 1.027 40 2.31 1.020 

5(Vehicle bu
mping) 2.47 1.058 5(Vehicle b

umping) 2.42 1.071 

 

7 Conclusion 
The test vehicle is conducted on the equivalent load 
according to the design load, and the results of static and 
dynamic tests show that the bridge has a good bearing 
capacity, and the bridge is in a safe state under the test 
load condition. 

1) The strain and deformation of the bridge under the 
static load conditions show that the bridge is under the 
design load and is in the elastic working stage. After 
unloading, the zeroing condition is normal and no new 
cracks occur, which proves the strength of the main 
load-bearing members of the bridge meets the design 
requirements.  

2) The test stress calibration factor of the bridge 
under static load is between 0.85~1.01, The measured 
maximum displacement is 12mm (less than the design 
limit), It shows that the bridge structure and materials 
meet the design requirements and the overall 
performance is good.  

3) The bridge dynamic test results show that the first 
vertical free-vibration frequency is 1.981Hz, the damping 

ratio is 0.018, the impact coefficient is 1.010-1.071, the 
test mode and the theoretical modal shows good 
agreement and stiffness of bridge structure meets the 
design. 
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