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ABSTRACT 
A full-scale service load test was performed on the FSLM 434P08-09 girder in Package C6 of the Mumbai–

Ahmedabad High-Speed Rail (MAHSR) project.  The 40 m prestressed concrete girder, weighing ~1100 tonnes, 

was tested under 100% service load (1055.81 kN) in accordance with IRC:SP:51-2015, IRC:112-2011, and 

Eurocode 2. The theoretical midspan deflection was 18.70 mm, whereas the measured deflection was 13.80 mm, 

representing a 26% reduction compared to permissible values. Recovery after unloading was ≥96%, exceeding 

the 85% code requirement, and no cracks were observed. The girder exhibited satisfactory serviceability 

performance, confirming design adequacy and manufacturing quality. 
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I. Introduction 
The MAHSR project (508 km, 320 km/h 

design speed) is India’s first high-speed rail corridor. 

Package C6 spans ~89 km, including Anand and 

Nadiad stations. To ensure structural safety, 40 m 

long Full Span Launching Method (FSLM) girders 

are subjected to proof load testing. Serviceability 

performance is critical, as excessive deflection or 

cracking can impair durability, track geometry, and 

passenger comfort. 

 

II. Methodology 
The full-scale load test was carried out to 

evaluate the structural performance, serviceability, 

and behaviour of the Full Span Launching Method 

(FSLM) girder under simulated loading conditions. 

The test aimed to validate the design assumptions, 

confirm the adequacy of the girder stiffness, and 

monitor deflection, bearing response, and crack 

development under incremental loading. 

A full-scale load test was conducted on the 

selected Full Span Launching Method (FSLM) 

girder at Casting Yard–3 in accordance with the 

approved Method Statement. 

The test site was selected within the casting 

yard, isolated from vehicular activity, and prepared 

by cleaning and levelling the ground. The 

foundation and pedestal layout was marked, 

followed by excavation to the designed dimensions. 

A plate load test verified the bearing capacity of the 

foundation soil. Plain cement concrete was placed 

over the compacted base, and reinforced concrete 

pedestals (1.6 m high) were constructed to uniform 

elevation. Upon achieving the required concrete 

strength, elastomeric bearings were installed at 

designated locations. 

The FSLM girder was positioned on the 

bearings using a straddle carrier, and the 

surrounding area was compacted and cleared for 

safety and accessibility. The soffit of the girder was 

whitewashed to enhance crack visibility. Load 

application points, deflection measurement 

locations, and monitoring points for bearing 

compression and foundation settlement were clearly 

marked. Independent supports for LVDTs and dial 

gauges were erected on stable ground. Surface and 

ambient temperature points were also identified. The 

test setup was enclosed with PVC sheets to protect 

against wind and rain, and appropriate lighting was 

arranged for continuous inspection. 

Calibrated loading materials comprising 

concrete blocks, steel sections, and rebar bundles of 

known weights were positioned near the test setup 

for systematic load application during testing. Load 

arrangement schematic & location of temperature & 

deflection layout are shown for clarity. 

Load arrangement schematic 
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Placing of Concrete blocks (Type-1&3) 0n the FSLM Girder for        Placing of Concrete blocks (Type-1&3) 0n the FSLM Girder for 

completion of 50% test load                            completion of 75% test load 

 

  
Placing of ISMB steel sections and rebar bundles on the Placing of ISMB steel sections and rebar bundles 

on the FSLM Girder for completion of 90% test loadFSLM Girder for completion of 100% test load 
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Deflection & Temperature measurement layout 
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Load Testing Procedure 

Instrumentation and loading were 

conducted in accordance with the approved test 

procedure. Linear Variable Differential Transformers 

(LVDTs) and dial gauges were installed at 

designated locations along the soffit, cantilever 

arms, and bearing zones of the girder. Glass plates 

were affixed at all measurement points to facilitate 

accurate deflection readings. LVDTs were connected 

to a data logger interfaced with a laptop for 

continuous recording, while dial gauges were 

monitored through cameras connected to a remote 

display unit located in the site office. Digital 

thermometers with external sensors were fixed at 

selected points on the girder surface and in the 

ambient zone to record temperature variations 

during the test. 

 

 
 

Prior to loading, a detailed inspection was 

performed to record any pre-existing surface cracks, 

followed by the recording of initial readings from all 

gauges and sensors. The instrumentation was 

observed continuously for 48 hours to monitor 

temperature-related deflection variations and to 

establish baseline data. 

Subsequently, loading was applied 

incrementally in stages corresponding to 50%, 75%, 

90%, and 100% of the test load using pre-weighed 

concrete blocks, steel sections, and reinforcement 

bundles. At each stage, readings from all LVDTs and 

dial gauges were recorded after stabilization of 

values, and the girder was examined for visible 

distress or crack formation. The full test load was 

maintained for 24 hours, during which periodic 

readings were recorded hourly. 

After completion of the sustained loading 

phase, the test load was removed in reverse 

increments (90%, 75%, 50%, and 0%), with 

deflection readings and visual inspections performed 

at each stage. Instantaneous and time-dependent 

recovery measurements were recorded over the next 

24 hours to determine elastic recovery and residual 

deflection, accounting for foundation settlement and 

bearing compression effects. 

 

Data Recording and Analysis 

All sensor outputs from the LVDTs, dial 

gauges, and temperature sensors were continuously 

logged and periodically verified for consistency. 

Recorded deflections were corrected for foundation 

settlement and bearing compression based on 

simultaneous readings at reference points. Load–

deflection curves were plotted to assess linearity and 

stiffness behaviour under incremental loading. 

Residual and recovery deflections were analysed 

after unloading to determine elastic recovery and 

potential plastic deformation.  

Temperature data were used to normalize 

deflection readings and confirm environmental 

stability during testing. The overall results were 

compared with design predictions and relevant code 

requirements to verify the structural performance 

and serviceability compliance of the FSLM girder. 

 

Load Intensity and Stage-wise Loading 

The total test load ( Track load & Cantilever Load) 

on the Full Span Launching Method (FSLM) box 

girder was calculated based on the design load 

intensity and span length as follows: 
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As per approved Method Statement, all the loads for the testing are applied on the identified area of top slab 

above the Girder. 

 On the Girder at Track area, applied test load is          { (2*103.08 kN/m)*37.7m}/9.81 = 792.28 Tonnes 

On the Girder at Cantilever area, applied test load is {(2* 34.387 kN/m)*37.7m}/9.81= 263.53 Tonnes 

= 274.74 kN/m 

Total Load on FSLM Box Girder  = 1055.81 Tonnes  

 

The load was applied in four stages to simulate progressive loading conditions. Details of the load increments 

and cumulative loads at each stage are summarized in Table 1. 

Stage of Loading Percentage of Test 

Load (%) 

Load Increment 

(tonnes) 

Cumulative Total Load 

(tonnes) 

Stage I 50 527.91 527.91 

Stage II 75 263.95 791.86 

Stage III 90 158.37 950.23 

Stage IV 100 105.58 1055.81 

 

Notes: 

• Each stage was maintained for a minimum 

duration to record deflection and strain stabilization 

before proceeding to the next stage. 

• The final load of 1055.81 tons represents 

the 100% design test load. 

The FSLM 434P08-09 girder was tested at the 

casting yard on a bed replicating in-situ bearing 

conditions. Incremental loading up to 100% service 

load (1055.81 T). Deflections were measured at 

midspan (L/2) using LVDTs, and visual crack 

inspection was performed. 

 

Net Deflection and Deflection Recovery 

The net deflection of the box girder was determined 

as the difference between the final and initial 

readings of the LVDTs and dial gauges, 

corresponding to 24 hours after the application of 

the full test load. Appropriate corrections were 

applied to account for foundation settlement, 

bearing compression, and temperature variation. The 

same approach was adopted to compute the 

deflection recovery after unloading. 

(a) Foundation Settlement Correction: 

The measured deflection values were corrected by 

deducting the average settlement of the foundation 

supports, obtained from the dial gauges installed at 

pedestal locations during loading and unloading 

cycles. 

(b) Bearing Compression Correction: 

The compression of neoprene bearings under load 

was measured using dial gauges positioned near the 

bearing zones. The average compression values 

were subtracted from the observed deflection to 

obtain the corrected response of the girder. 

 
 

(c) Temperature Correction: 

Temperature–deflection relationships were 

established by monitoring the girder for 48 hours 

under unloaded conditions. The data from each 

measurement point were used to plot temperature–

deflection curves, which exhibited approximately 

linear behaviour. The deflection variation due to 

temperature difference between the start of loading 

and subsequent readings was calculated from these 

curves and applied as a correction (positive or 

negative) to the observed deflection. 

The corrected net deflection and recovery thus 

represent the true structural response of the girder, 

excluding the influence of support settlement, 

bearing deformation, and temperature fluctuation. 

(d) Theoretical Deflection (mm) 
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Results of Load Test 

a. Theoretical vs. Actual Deflection 

The deflection of the box girder was monitored under 100% of the test load after 24 hours. The observed 

average deflections were found to be within the theoretical limits prescribed in the Table. 

 

Location Theoretical Deflection (mm) Actual Average Deflection 

(mm) 

L/4 Span 13.30 9.78 

 

L/2 Span 18.70 13.80 

3L/4 13.30 9.32 

 

All deflection values were corrected for foundation settlement, bearing compression, and temperature variation. 

Detailed computations for Net deflection of Girder, Load Vs Deflection Graph, & Temperature Vs Deflection 

Graph are presented in Tables 05 & 16. 
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b. Deflection Recovery 

The percentage of deflection recovery at critical locations after 24 hours of unloading is summarized below. 

SL No. Location Average Recovery (%) Remarks 

1 L/4 96 Satisfies Clause 6.8.2 of IRC: 

SP:51–2015 (≥85%) 2 L/2 99 

3 3L/4 101* 

*As per Clause 8.3.1 of IRC: SP:51–2015, recovery values exceeding 100% are limited to 100%. 

c. Crack Observation 

 

Allowable new crack width of 0.2mmare generally 

accepted as with in the allowable limits, since the 

structures are designed for a ‘General 

Environment’ condition as per the Japanese 

Railway Design Standard, specifically clause 

10.2.2.3 -Limit Value of Crack Width.     

 

However, no visible cracks were observed during or 

after testing at any stage of loading. Hence, crack 

width measurement was not required. 

 

Acceptance Criteria 

The girder displayed higher stiffness than 

theoretical predictions, with actual deflection 26% 

(at mis-span) below the permissible value. Recovery 

exceeded 96%(at mis-span), far above the 85% 

limit, ensuring elastic response. Crack-free 

behaviour further confirms adequate prestressing 

and concrete quality. These results align with 

international benchmarks (Shinkansen, Taiwan 

HSR) and validate the FSLM system for high-speed 

rail applications. 

 

III. Conclusions 
Based on the results of the load test, the 

Full Span Launching Method (FSLM) Box Girder 

No. 434/P08-09, proposed for the Mumbai–

Ahmedabad High-Speed Rail (MAHSR) C-6 

Package, demonstrated satisfactory performance 

under the specified Service Stage loading 

conditions. 

The test results confirm that the girder meets all 

acceptance criteria stipulated in IRC: SP:51–2015 

and in the approved Method Statement 

(Document No. MAHSR/C6/MS/054, Rev.00, 

dated 01 August 2022) . 

Hence, the tested girder is deemed structurally 

adequate and compliant with design and 

performance requirements for service load 

behaviour. 
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