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Abstract 

 
Civil infrastructure, which includes bridges and buildings, begin to deteriorate once they are built and used. Bridges 

are very important asset of a country’s infrastructure; they are expensive to build and maintain. The process of 

determining and tracking structural integrity and assessing the nature of damage in a structure is often referred to as 

health assessment. The structural assessment of concrete bridge girders involves conducting load test, measuring 

various responses and evaluating the stresses. These responses are analyzed and compared with the limiting values 

for evaluating the structural integrity. This paper presents the details of instrumentation and measurement of 

displacement and strain in a prestressed concrete bridge girder during load test and also to measure the existing level 

of stress due to the self weight, prestress and super imposed dead loads (wearing coat, parapet, ballast, permanent 

way, etc.) in the identified span of an in-service railway bridge. In order to measure the displacement and strain 

response of the bridge during load test, displacement transducers and strain gages were used.  
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1.0 Introduction 

 

Our daily lives are becoming more and more dependent on civil infrastructure, including 

bridges, buildings, pipelines, offshore structures, etc. Much of the existing infrastructure in India 

has been in service for many years. These structures continue to be used, despite aging and the 

associated accumulation of damage. Hence, monitoring the condition of these structures to 

provide the necessary maintenance has become critically important to our society. Bridge health 

monitoring provides quantitative data of the bridge, and the data can be used for additional 

purposes as well. For example, the data can be used for accessing extent of 

damages/deterioration, evaluating the structural performance, responding to unexpected 

accidents, performing repair or strengthening and managing the bridge's normal operations. The 

data can also be employed for research purposes to improve bridge design and construction 

technologies. Indian Railways (IR) has about 1, 27,768 bridges on a network route of 63,500 

kilometres. Out of these, about 11,090 bridges are classified as Important / Major bridges [1-2]. 

Most of the major/important bridges are of steel plate girder, triangulated truss and arch type 

bridges built as per old loading standards. Indian Railways is in the process of converting the 

meter gauge lines into broad gauge. The above observations indicate that there is need to 

evaluate and upgrade the existing bridges for upgraded loadings. This explains the need for 

rational and reliable analysis, since many of the bridges built decades back would not have been 

designed for additional loads that are expected now. Knowledge of the behavior of a bridge at 

higher speeds can only be accomplished through actual monitoring/measurements of bridge 

members under the loads of interest. Theoretical analysis alone is not a good predictor of the 

ability of a bridge. The theoretical predictions can be too conservative in many cases and will 

lead to indication that a given bridge is not adequate whereas the actual bridge behavior as 
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ascertained through bridge response measurements may indicate that the bridge has sufficient 

reserve capacity [3-5]. Therefore, a detailed experimental verification by correlating different 

types of measurements becomes important to know the present state. The results of such studies 

will facilitate decision making whether (a) the bridge be permitted to carry higher axle loads 

straight away or (b) after appropriate retrofitting or (c) not to permit increase in the load. In this 

connection an investigation was carried out on a prestressed concrete girder bridge by adopting 

appropriate methodologies for instrumentation, testing and measurement. This paper describes 

the details of instrumentation adopted, various static tests carried out and measurements taken 

during the investigation of the prestressed concrete girder bridge and also presents the analysis of 

data acquired and results of the experimental investigation. 

 

2.0 Description of the Bridge  

The tested bridge is a newly built railway bridge in Tamilnadu (Fig. 1). It is a prestressed 

concrete bridge with 10 spans and some of the salient features are given in Table 1.  

Table 1 Salient Features of the Bridge  

S.No Feature Details 

1. Superstructure type Prestressed concrete girder 

2. Overall length of the girder 19.5 m 

3. Clear Span 17.7 m 

4. Effective Span 18.5 m 

5. C/C of pier 19.7 m 

6. Depth of girder 1.8 m 

7. Cross sectional Area 4780000 mm
2 

8. C.G. of the cross section from bottom 647.65 mm 

9. Moment of inertia, Ixx 1.47x10
12

 mm
4 

10. Moment of inertia, Iyy 2.14x10
13 

mm
4 

11. Section modulus, Ztop 1.275x109 mm3 

12. Section modulus, Zbot 2.268x109 mm3 

 

 
Fig. 1 General View of Bridge  
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3.0 Instrumentation of the Bridge 

In order to measure the displacement and strain response of the bridge girder during load 

test, displacement transducers and strain gages were used. Totally 34 locations were identified 

for instrumentation for load test of the bridge. Out of these 13 locations were instrumented with 

strain gage based displacement transducers for measuring the displacement of the girder, 21 

locations were instrumented with surface mounted strain gages for measuring the strain.  The 

displacement transducers were kept at quarter span, mid span and also near the bearing supports. 

At each cross section, three displacement transducers were kept. The measuring sensitivity of the 

displacement transducer was 0.01 mm. The maximum range of the displacement transducer used 

near to the bearing supports was 10 mm and at all other locations the maximum range was    50 

mm. A typical arrangement of displacement transducer is shown in Fig. 2. The displacement 

transducers were calibrated at the laboratory prior to the testing. The strain gages were 

instrumented at both quarter spans and mid span. At each cross section of the bridge girder, 7 

locations were instrumented with strain gages. A typical location instrumented with strain gage is 

shown in Fig. 2. Linear electrical resistance strain gages of length 60 mm were instrumented at 

the identified locations for measuring the strain during the load test. All the strain gages were 

temperature compensated for concrete and were bonded using suitable adhesive. Prior to bonding 

of the strain gages, proper surface preparation was carried out. The leads from the strain gages 

were connected to a microprocessor based strain gage data logger having accuracy of one 

microstrain by long insulated instrumentation cables. All the strain gages were connected to the 

data logger with three lead wire quarter bridge configuration. Table 2 gives the instrumentation 

location details of the girder.   

Table 2 Details of Instrumentation Location of the Girder for the Load Test  

 
Sl. No ID Description 

1. QLWT Quarter span left end west side top strain gage 

2. QLWB Quarter span left end west side bottom strain gage 

3. QLMB Quarter span left end mid section bottom strain gage 

4. QLEB Quarter span left end east side bottom strain gage 

5. QLET Quarter span left end east side top strain gage 

6. MSWT Mid span west side top strain gage 

7. MSWB Mid span west side bottom strain gage 

8. MSMB Mid span mid section bottom strain gage 

9. MSEB Mid span east side bottom strain gage 

10. MSET Mid span east side top strain gage 

11. QRWT Quarter span right end west side top strain gage 

12. QRWB Quarter span right end west side bottom strain gage 

13. QRMB Quarter span right end mid section bottom strain gage 

14. QREB Quarter span right end east side bottom strain gage 

15. QRET Quarter span right end east side top strain gage 

16. QLWGC Quarter span left end west side girder centre strain gage 

17. QLEGC Quarter span left end east side girder centre strain gage 

18. MSWGC Mid span west side girder centre strain gage 

19. MSEGC Mid span east side girder centre strain gage 
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20. QRWGC Quarter span right end west side girder centre strain gage 

21. QREGC Quarter span tight end east side girder centre strain gage 

22. LWBD Left end west side displacement transducer near bearing 

23. LEBD Left end east side displacement transducer near bearing 

24. QLWD Quarter span left west side displacement transducer 

25. QLMD Quarter span left midsection displacement transducer 

26. QLED Quarter span left east side displacement transducer 

27. MWD Midspan west side displacement transducer 

28. MMD Midspan midsection displacement transducer 

29. MED Midspan east side displacement transducer 

30. QRWD Quarter span right west side displacement transducer 

31. QRMD Quarter span right midsection displacement transducer 

32. QRED Quarter span right east side displacement transducer 

33. RWBD Right end west side displacement transducer near bearing 

34. REBD Right end east side displacement transducer near bearing 

 

       
 

Fig. 2 Displacement transducer and strain gage instrumented at a location 

 

4.0 LOADING AND MEASUREMENTS DURING LOAD TEST 

As per the details provided by Railways, the bridge was designed for a live load of 189.0 

t Equivalent Uniformly Distributed Load (EUDL). In order to create the EUDL of 189.0 t, sand / 

ballast loading is the simple and easy way to create load. Since the bridge is already under 

operation, loading by means of sand/ballast bags was not possible. Hence based on the 

discussions with the Railways, it was decided to test the bridge with the loco.  Though the loco 

load is less than the design load, the bridge response for the design load can be arrived by the 

method of extrapolation.  Further, by using a coupled loco, the applied load can be increased by a 

small amount.  The instrumented span was loaded with a coupled loco during the load test. The 

coupled loco used for the load test was WDM2 type which is operating in that section with an 

axle load of 19.5 t. The train formation with the axle loads is shown in Fig. 3.  The positioning of 

the coupled loco in the instrumented span in order to create maximum bending moment in the 

girder was arrived and marked on the rail prior to the test. Two possible combinations of loading 

on the girder were identified for creating the maximum bending moment in the girder. Prior to 

the load test, the coupled loco was kept away from the approach of the bridge and the strain 

gages and displacement transducers were initialized. The coupled loco was positioned on the 

span at the respective marked position for load case 1. The first axle of the first loco was placed 
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at a distance of 1416.5 mm from centre of bearing from Left end. Strain and displacements were 

recorded through the data logger. After recording the data, the loco was made to clear the bridge.  

After complete unloading, the deflection and strain responses were again recorded.  The test was 

repeated thrice for repeatability and reliability of measurements. Then the coupled loco was 

positioned for load case 2. The fourth axle of the first loco was positioned at 1154 mm from 

centre of bearing from Left end. The strain and displacements were recorded during loading and 

after unloading and the test was repeated thrice for repeatability and reliability. 

 

 
 

 
Fig. 3 Coupled Loco on the Instrumented Span during the Load Test (Load Case 1) 

 
5.0 Results and Discussions 

Load test on the identified span of the bridge was carried out with a coupled loco of 

WDM2 type.  Two different positions of the coupled loco (Load Case 1 & Load Case 2) on the 

instrumented span was identified to create maximum bending moment on the span. Displacement 

and strain responses were recorded for all the load cases during loading and also after clearing 

the loco from the span.  The displacements measured during the load test for load cases 1 & 2 are 

given in Table 3. The displacements were corrected for settlement of elastomeric bearing and the 

corrected displacements are also given in the respective tables.  The mean displacement 

measured from the transducers kept near the bearings on the eastern side of the girder is deducted 

from all other measured displacements along the eastern side and the similar procedure is done 

for the western side also. The mean value of displacements from all the four displacement 

transducers near bearings is deducted from those along the centre line of the span. A maximum 

displacement of 2.06 mm was obtained at mid span of the girder.  A maximum displacement of 

2.24 mm was obtained at mid span of the girder. The displacements along the span are plotted 
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and are shown in Fig. 4. From these plots it is seen that the displacement profile is symmetrical 

with respect to centre line of the span.   Measurements were taken after complete unloading also. 

Repeatability is seen from three trials in each load case, which shows the reliability of 

measurement.  

 

Table 3 Measured Displacements in Various Trials  

Displacement 

Transducer 

Locations 

Measured 

displacements during 

loading (mm) 

Corrected 

displacements 

(mm) 

Measured 

displacements 

after unloading 

(mm) 

Trial 

1 

Trial 

2 

Trial 

   3 

Trial 

1 

Trial 

2 

Trial 

3 

Trial 

1 

Trial 

2 

Trial 

3 

Load Case 1 
LWBD 0.31 0.28 0.28 -- -- -- 0.02 0 0 
LEBD 0.3 0.3 0.3 -- -- -- 0 0 0 
QLWD 1.69 1.64 1.66 1.43 1.41 1.42 0.01 0.01 0 
QLMD 1.92 1.88 1.88 1.64 1.63 1.62 0 -0.02 0 
QLED 1.67 1.65 1.66 1.38 1.38 1.38 0 -0.01 0 
MWD 2.27 2.18 2.18 2.01 1.95 1.94 0.03 -0.02 0 
MMD 2.34 2.31 2.32 2.06 2.06 2.06 0.01 -0.02 -0.01 
MED 2.24 2.16 2.17 1.95 1.89 1.89 0.04 -0.01 0 

QRWD 1.65 1.68 1.65 1.39 1.45 1.41 0 -0.03 0 
QRMD 1.87 1.85 1.86 1.59 1.60 1.60 0.01 -0.02 -0.01 
QRED 1.63 1.63 1.63 1.34 1.36 1.35 0 -0.03 0 
RWBD 0.22 0.19 0.2 -- -- -- 0.02 0 0 
REBD 0.28 0.25 0.26 -- -- -- 0.01 0 0 

Load Case 2 
LWBD 0.32 0.31 0.31 -- -- -- 0 0 0.01 
LEBD 0.32 0.32 0.32 -- -- -- 0 0 0.01 
QLWD 1.72 1.71 1.65 1.49 1.48 1.42 -0.01 0 0.10 
QLMD 1.98 1.99 2.04 1.73 1.74 1.79 -0.02 0 0.12 
QLED 1.76 1.77 1.8 1.49 1.50 1.53 0 0 0 
MWD 2.26 2.26 2.17 2.03 2.03 1.97 -0.01 -0.04 -0.03 
MMD 2.45 2.45 2.49 2.20 2.20 2.24 0 -0.06 0.08 
MED 2.3 2.3 2.32 2.03 2.03 2.05 0 -0.05 0.04 

QRWD 1.64 1.65 1.71 1.41 1.42 1.48 -0.01 -0.03 -0.03 
QRMD 1.82 1.85 1.88 1.57 1.60 1.63 0 -0.07 0.12 
QRED 1.67 1.67 1.77 1.40 1.40 1.50 -0.02 0 0.06 
RWBD 0.15 0.16 0.16 -- -- -- 0 0 0 
REBD 0.22 0.23 0.23 -- -- -- 0 0 0 

 

 



NDE 2017 Conference & Exhibition of the Indian Society for NDT (ISNT), 14-16 December 2017, Chennai, T.N., India 

7 

 

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0 2 4 6 8 10 12 14 16 18 20

Length of the Girder in m

D
is

p
la

ce
m

en
t 

in
 m

m

West side

Mid section

East side

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0 2 4 6 8 10 12 14 16 18 20

Length of the Girder in m

D
is

p
la

c
em

en
t 

in
 m

m

West side

Mid section

East side

 
Fig. 4 Displacement along the Length of the Girder for Load Case 1 and 2 

 
From the measured strain, stress at instrumented locations were calculated and are given in the 

Tables 4 & 5. Linear stress strain relationship was used for calculating the stresses from the 

measured strain. For uniaxial gages, the stresses are computed using the equation given below 

                                        εσ E=       (1) 

where ε  and σ  are strain and stress respectively along the longitudinal direction, E is the 

young’s modulus of the material calculated based on the deflection from the load test and the 

value is 35355.35 N/mm
2
. For load case 1, a maximum tensile stress of 0.95 N/mm

2
 at bottom 

and maximum compressive stress of 2.16 N/mm
2
 at top was obtained at mid span of the girder. 

For load case 2, a maximum tensile stress of 1.27 N/mm
2
 at bottom and maximum compressive 

stress of 2.23 N/mm
2
 at top was obtained at mid span of the girder. Variation of measured strain 

along the depth of the girder for some locations are plotted and are shown in Fig. 5 and it is seen 

that the variation of strain along the depth of the girder is linear.  

Table 4 Measured Strain and Calculated Stresses in Various Trials for Load Case 1 

Strain Gage 

Locations 

Trial 

1 2 3 1 2 3 

Microstrain Calculated stresses in N/mm
2
 

QLWT -39 -42 -39 -1.38 -1.48 -1.38 

QLWB 14 14 17 0.49 0.49 0.60 

QLMB 16 17 20 0.57 0.60 0.71 

QLEB 21 21 25 0.74 0.74 0.88 

QLET -39 -46 -40 -1.38 -1.63 -1.41 

MSWT -51 -55 -47 -1.80 -1.94 -1.66 

MSWB 17 16 19 0.60 0.57 0.67 

MSMB 25 24 27 0.88 0.85 0.95 

MSEB 3 2 6 0.11 0.07 0.21 

MSET -57 -61 -55 -2.02 -2.16 -1.94 

QRWT -41 -51 -43 -1.45 -1.80 -1.52 

QRWB 7 2 8 0.25 0.07 0.28 

QRMB 24 23 27 0.85 0.81 0.95 

QREB 33 34 36 1.17 1.20 1.27 

QRET -34 -38 -33 -1.20 -1.34 -1.17 

QLWGC -8 -12 -7 -0.28 -0.42 -0.25 
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QLEGC -11 -10 -7 -0.39 -0.35 -0.25 

MSWGC -8 -12 -7 -0.28 -0.42 -0.25 

MSEGC -15 -14 -11 -0.53 -0.49 -0.39 

QRWGC -7 -10 -6 -0.25 -0.35 -0.21 

QREGC -12 -12 -9 -0.42 -0.42 -0.32 

 

Table 5 Measured Strain and Calculated Stresses in Various Trials for Load Case 2 

Strain Gage 

Locations 

Trial 

1 2 3 1 2 3 

Microstrain Calculated stresses in N/mm
2
 

QLWT -41 -42 -39 -1.45 -1.48 -1.38 

QLWB 17 16 17 0.60 0.57 0.60 

QLMB 21 20 24 0.74 0.71 0.85 

QLEB 28 26 29 0.99 0.92 1.03 

QLET -43 -43 -45 -1.52 -1.52 -1.59 

MSWT -56 -53 -51 -1.98 -1.87 -1.80 

MSWB 18 18 23 0.64 0.64 0.81 

MSMB 33 34 36 1.17 1.20 1.27 

MSEB 5 5 8 0.18 0.18 0.28 

MSET -63 -62 -62 -2.23 -2.19 -2.19 

QRWT -42 -44 -39 -1.48 -1.56 -1.38 

QRWB 4 6 10 0.14 0.21 0.35 

QRMB 21 20 24 0.74 0.71 0.85 

QREB 36 35 38 1.27 1.24 1.34 

QRET -35 -35 -35 -1.24 -1.24 -1.24 

QLWGC -10 -10 -16 -0.35 -0.35 -0.57 

QLEGC -11 -9 -5 -0.39 -0.32 -0.18 

MSWGC -12 -11 -15 -0.42 -0.39 -0.53 

MSEGC -14 -14 -11 -0.49 -0.49 -0.39 

QRWGC -8 -9 -9 -0.28 -0.32 -0.32 

QREGC -10 -10 -5 -0.35 -0.35 -0.18 

 

   

Fig. 5 Variation of measured strain along the depth of the girder at typical location 
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It is desirable to conduct load test for the designed live load of 189.0 t (EUDL) as the other loads 

such as dead load, wearing coat, parapet, ballast, permanent way, etc are already present. It was 

not feasible to conduct load test for the designed live load since the bridge is under operation. 

Hence it was decided to test the bridge with a coupled loco of WDM2 type which is operating in 

that section with an axle load of 19.5 t.  The response of the bridge for the design load is 

extrapolated from the responses measured from the experimental investigations. In order to 

extrapolate for design loads (EUDL, SDL, FPLL etc.), the deflection from the load test of Load 

case 2 is taken as a datum value.  To derive the deflection for EUDL, deflection of EUDL & 

deflection of the load case 2 is calculated from Finite Element Analysis and the ratio between 

them is evaluated.  Using this ratio and experimental deflection of Load case 2, deflection for 

EUDL is arrived.   Table 7 gives the displacement of the identified span for loads due to EUDL 

(LL), SDL and FPLL extrapolated from the load test. The maximum displacement, extrapolated 

by above procedure, at mid span for the load of 490t is 8.405 mm.  This maximum displacement 

of the girder is less than the permissible value of [span/500  ≅ 37 mm] as prescribed in IRS 

Concrete Bridge Code [6]. 

 

Table 6 Vertical Displacement (mm) for loads due to EUDL, FPLL and SDL Extrapolated 

from Load test 

 

Location  

Load 

Test 

(Case-2) 

EUDL*CDA 

(A) 

SDL 

(B) 

FPLL 

(C) 

Total Load 

(A+B+C)*1.25 

= 490t 

Quarter Span (Left) 1.790 3.494 1.557 0.251 6.627 

Mid Span 2.240 4.431 1.975 0.318 8.405 

Quarter Span (Right) 1.630 3.300 1.471 0.237 6.260 

 

Note: 

• EUDL – Equivalent Uniformly Distributed Live Load is taken as 189.0 t  

• CDA – Coefficient of Dynamic Augmentation is taken 1.397  

• SDL – Superimposed Dead Load is taken as 107.34t  

• FPLL – Footpath Live Load is taken as 19.66t  

• Permissible displacement as per RC bridge code is 37 mm (Span/500) 

 

 

6.0 Summary and Conclusions  

Experimental investigation was carried out on the prestressed concrete girder bridge by 

conducting load test In order to measure the displacement and strain response of the bridge 

during load test, displacement transducers and strain gages were used. From the load test, a 

maximum deflection of 2.24 mm for load case 2 was recorded at mid span of the girder.  The 

maximum deflection at mid span for the design load of 490T is 8.405mm.  This maximum 

deflection of the girder is less than the permissible value [span/500 ≅37 mm] as prescribed in 

IRS Concrete Bridge Code. A maximum tensile stress of 1.27 N/mm
2
 at bottom and maximum 

compressive stress of 2.23N/mm
2
 at top was recorded at mid span of the girder for load case 2 

and are less than the design stress of 18 N/mm
2
. It has been observed from the analysis that the 

deflection and the stress values under different load cases are in permissible limit.  
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