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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.

Keywords: High-Speed Rail, Prestressed Concrete, Full Span Launching Method, Service Load Test, MAHSR

Date of Submission: 25-10-2025

Date of acceptance: 04-11-2025

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,
Load arrangement schematic
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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.
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Load stages for Loads at Construction Stage (Total Load = 274.16 kN/m)

Ttem Quantity Loading in each Cycle (KN/m)
S0%0 T5%0 S 100%0
S0mm Thik. For 37.7m Length | 5.808 5808 5.808 C5.808
PCC (For
Track Load)
Stmm Thi. For 37.7m Length Z.1%9 2189 2,189 2.189
PCC (For
Cantilever
Load)
Concrete For 37 7m Length 06,764 96.764 | 96.764 6. T
Blocks Type
1
Conorete For 37.Tm Length 000 55623 55.623 55.623
Blocks Type
2
Coneretle For 37.7m Length 33867 42334 42,334 42,334
Blocks Type
3
Steel Beams | ISNMEB 200 (18 NOS) 461 0.461 7.374 7.374
(For Track 6. 1m Length
Load} ISMB 600 (27 NOS) -
#m Length |
Steel Beams TSNAE 2060 (120 BOSY 0,00 0914 9,219 @219
(For — G.1m Length
Canmtilever ISME 600 (12 NOS) -
Load)y 12m Iength
Rebar UTon for 50%a 000 .00 21.077 40,593
Bundles OTon for 75%
(For Track 21 Ton For 90%
Load) 156Ton for 100%
Rebar 0T on for 30% 0,00 .00 T7.806 14.832
Bundles UTon for 75%
(For 30Ton for 90%
Cantilever 3T7Ton for 100%
Load})
Total Load (kN/m} 139089 | 210.093 | 248194  274.74
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Placing of Concrete blocks (Type-1&3) On the FSLM Girder for  Placing of Concrete blocks (Type-1&3) On the FSLM Girder for
completion of 50% test load completion of 75% test load

Placing of ISMB steel sections and rebar bndles 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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View of Digital Thermometer with External sensor firmly fixed to the soffit of View of Independent HD Towers at Mid span (L/2) for
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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

View of Data Logger where all the leads o LVDT’s are connected

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 Cable from Data Logger connected Laptop

to view LVDT readings placed at respective locations  in monitor through cameras placed in

TEST LOAD DETAILS FOR LOAD CASE—1 (TRACK LOAD)

SELF WT. OF 50 mm THK PCC = 5.808 kN/m
SELF WT. OF CONCRETE BLOCKS TYPE 1 = 96.76 kN/m
SELF WT. OF CONCRETE BLOCKS TYPE 2 = 55.623 kN/m

SELF WT. OF REBAR BUNDLES = 40,593 kN/m
SELF WT. OF STEEL BEAMS = 7.374 kN/m
TOTAL LOAD = 206.158 kN/m
TOTAL LOAD ON EACH SIDE (TRACK) = 103.08 kN/m

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.

{’ :? : =

View of all Dial Gauge readings diplayed -
View of FSLM Box Girder with whitewash supported on RCC

Respective position Pedestals

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:

A Al R =1 (CANT R

SELF WT. OF 50 mm THK PCC = 2.189 kN/m
SELF WT. OF CONCRETE BLOCKS TYPE 3 = 42.334 kN/m

SELF WT. OF REBAR BUNDLES = 14.832 kN/m
SELF WT. OF STEEL BEAMS = 9.218 kN/m
TOTAL LOAD = 68.573 kN/m

TOTAL LOAD ON EACH SIDE (CANTILEVER) = 34.287 kN/m
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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 Increment | Cumulative Total Load
Load (%) (tonnes) (tonnes)

Stage I 50 52791 52791

Stage 11 75 263.95 791.86

Stage 111 90 158.37 950.23

Stage IV 100 105.58 1055.81
Notes: the full test load. Appropriate corrections were
. Each stage was maintained for a minimum applied to account for foundation settlement,

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

Position of Dial Gauges of foundation and Bearing regions for

measurement of settlement and compression

(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

Www.ijera.com

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.

View of Digital Thermometer placed closed to the

FSLM girder for ement of

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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CASE—1 CONSTRUCTION STAGE—LOAD & DEFLECTION PROFILE

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.

Actual Deflection

(mm)

Location Theoretical Deflection (mm) Average

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.

g 5

STPL

Table - 16 TC . 6899
Net Deflection of Girder during 24 hours of loading incorporating corrections
i LHS Web Soffit CENTER Soffit RHS Web Soffit LHS Cantilever Arm RHS Cantilever Arm
Date & Time Duration
No. LVDT-01 | LVDT-02 [ LVDT-03 [ LVDT-04 [ LVDT-05 [ LVDT-06 | LVDT-07 [ LVDT-08 [ LvDT-09 | [ "1™ - =T = ™ o o =
(1/4) (12) GL/4) (/4 (12) (31/4) ) 12) (31/4) & i ke 5 kil B
15.08 2022
1 1400 After 1 hr 987 1410 938 925 1333 860 884 1280 863 1038 1466 104 904 132 865
= 15.08 2022 »
2 s After 2 hr 991 1417 94 928 1340 869 858 1290 872 1042 U7 1018 9.08 1328 871
15.08 2022
3 16:00 After 3 hr 10.11 14.20 e 93! 1338 895 9.08 13.02 894 1071 14.9: 1054 939 1352 91
15082022
4 Hise After 4 hr 1021 1429 975 944 1341 203 9.16 1307 899 1085 1506 1064 951 13.60 9.12
n 15082022 - = 5 9
5 1604 After 5 hr 1028 1436 9.76 9356 1345 905 927 131 898 1097 1511 1066 961 1364 921
15082022 | : : -
L3 1900 After 6 hr 1038 1942 980 9,66 1352 an 939 1318 9.00 11.07 1519 10.70 97 13.70 922
= 15082022 5 = ?
7 2000 After 7 hr 1035 1445 983 964 1354 91 936 1319 .03 1.4 1518 1071 ) 67 1368 9
15.082022 = %
8 2100 After 8 hr 10.28 1432 9.75 956 1343 9.08 928 13.10 8.9; 1098 15.08 10.64 958 1358 918
15.082022 " |
9 o After 9 hr 99 1418 970 92 1329 902 8.9 1294 893 1062 1492 1058 926 1341 90
15.082022
10 ey After 10 hr 989 14.10 964 919 1318 894 889 1286 883 1062 1489 1056 925 1336 9.06
16.082022
n 800 After 11 hr 1008 1439 1003 934 1347 936 9.06 1315 9.24 1078 1517 1095 940 1363 944
- 16.08.2022 N :
12 b After 12 hr 10.06 1439 1002 935 1349 935 9.03 1315 922 1077 151 1095 938 13.63 941
16.082022
13 02:00 After 13 hr 10.08 1442 10.03 936 1350 936 9.06 1319 9.26 1080 1521 1097 939 1365 944
16.08.2022
" 03:00 After 14 he 10.09 1440 10.04 936 1350 936 9.05 13.18 926 1084 1521 1098 940 13.66 944
16.08.2022 = " =
15 pripos After 15 hr 1007 1440 1005 935 1351 941 907 132 928 1081 1522 1.0 9.40 13.67 946
16.08.2022
16 ey After 16 hr 10.11 1446 1008 940 135 941 9209 1321 928 1084 1525 102 942 1360 946
5 16.08.2022 =
17 pon After 17 hr 1012 1446 10.07 939 1363 940 909 1325 930 1086 1528 11.04 864 1371 947
16082022 " ¥ .
18 prey After 18 hr 1010 1445 1005 941 13.60 939 9.08 1321 928 | 1088 1530 11.06 947 1372 949
16082022
19 o After 19 hr 1022 1463 1024 930 1376 95! 9.17 133 9.46 1094 1542 1120 949 1284 861
16.08.2022
20 oo After 20 hr 1004 1428 974 933 1342 9203 900 1295 894 1075 1500 1068 931 1450 912
S 16.08.2022 =
2 \io0 After 21 hr 10.09 145 986 960 1371 915 936 1323 907 1nn 1534 1079 9,66 147 92
o 16.08.2022 % 5
2 s After 22 hr 1036 1451 983 968 1368 91 934 13.19 902 1.09 1532 10.74 964 1372 9.8
o 16.08.2022 o - =
=z S After 23 hr 1040 1467 987 976 1385 91 935 1329 9.08 1.03 1531 1067 956 1371 9.10
2 \ |
5 16.08.2022 > |
2 13:00 After 24 hr 1033 14.60 983 971 1380 908 929 1323 904 1098 1528 J 1065 952 13.68 9.08
|
o Page |28
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S bl

STPL
Table - 05 TC - sa9s
Load Vs Deflection Measurements for LVDT - 05, Mid Span L/2
(FSLM Girder No. - 434/P08-09, Location - CY-03, 434+500)
Foundation Scttlement (mm) Bearing Compression (mm)
Observed Correction
Average i
Observed - |Temperature|  Net
Sl Ambient “ fi daty
No. Loading in Stages Temwv:lm Deflection| vgumbai [ Mumbai | Average of ::"‘::._"L Mumbai | Mumbai | Average of :;"‘:'h‘:'d - bearing at| COTtection. | Deflection
LHS & RHS | (™™ Side Side  |MumbaiSide|  Side Side "«:4. o Side Side  |MumbaiSide|  Side Side o (mm) (mm)
(*C) HS) | (RHS) [AHS&RHS) (Ms) | us) | ) o@HS) | (RHS) [(LHS&RHS)| (LHS) (0 o B0
1 Before Start of Loading (R1) 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stage | - -
26 9.2 80 53 7 22 210 ).77 0. 0.72 0.89 .77 3 2.65 .10 4
2 After Placing 50% of load 1 1 1.5 1.6 194 5 1 L 66 0.7 0.8¢ 0 08 65 0.10 6.46
Stage Il
3 i 32 415 | 38 339 3.60 372 457 5 2 9 9 8 23 3% 5 05 95
8 After Placing 75% of load 1415 1 60 41 128 1.0 11 148 1 1 514 50 51
Stage II - s | s i J . . P " n "
4 25 3 59 0 93 2 7 2 o 70 A2 55 2 9
1 After Placing 90% of load 84 4 59 4 4 46 14 124 136 170 14 156 556 020 1194
i Stage IV el f - - » . o
3 0,95 9 90 562 53 73 59 99 5 .82 7. 070 3.
5 After Placing 100% of load 4 1995 | 51 461 4.90 56 6 6.08 1 144 15 1 16: 18 19 0.70 13.46
6 | After 24 hours of Loading (R3) 30 20.88 525 464 495 586 6.78 6.32 77 148 163 206 1.68 1.87 738 030 13.80
7 Stage IV 30 19.40 5.09 448 .79 5.68 6.62 6.15 1.64 136 1.50 1.90 1.55 173 7.08 .30 1262
After Removing of 10% of load ; 3 ’ ’ : ’ : ’ S
8 ; Sagelll. 2 1713 | 451 387 419 420 596 5.08 155 116 136 166 138 152 607 0.10 1096
After Removing of 15% of load
9 Stage Il 31 1276 | 425 | 369 3.97 490 574 532 106 | 0% 0.98 130 105 118 572 0.40 744
After Removing of 25% of load N -
Stage |
10| After Removing of 50% of load 2 433 228 1.79 204 3.07 37 3.42 025 | 020 023 040 029 035 30 010 122
(R4)
1y || Aftec2hhoursof Removil of b5 | 212 | 160 186 205 | 244 320 | 013 | om 012 028 | o018 023 270 020 | o
Loading (R5)
Percentage of recovery of deflection 24hrs after removal of test load
= ((R3-R5) / (R3- R1)) x 100
= ((13.80-0.21) / (13.80 - 0.00)) x 100
Recovery of Deflection = 98%
Page 17
@ Load V/s Deflection Graph - 05
STPL LVDT - 05, at 0.50L (L/2) Mid Span ;
(FSLM Girder No. - 434/P08-09, Location - CY-03, 434+500) TC - 6899
Load (Tonnes)
5 0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0 1100.0
o
0.00
0.0
1.0
021 N
2.0 \\\ Loadin
3.0 I~ O-tntend
Yntoading
4.0

g
=}

SR
=

Deflection (mm)
o
o

] e

744 ] 551

10:0 \\ B\ 3
11.0 \ ¥

© o N
o ©o ©

< 1199
12.0 10.96 NG

]
13.0 e 4

12,62 ¥~
14.0
15.0 13.80
Page |33
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Temperature vs Deflection Graph - 17
LVDT - 02, at 0.50L (L/2) Mid Span
(FSLM Girder No. - 434/P80-09, Location - CY-03, 434+500)

2.10

2.00

mm

1.90

Deflection,

1.80

25 26 2 28 29
(-3.0) (-20) (-1.0) (0.0) (1.0)

Note: When the temperature is constant, the maximum
deflection reading is considered for plotting

b. Deflection Recovery

Temperature, ¢

(&

TC - 6899

X Page | 45

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:
2 L/2 99 SP:51-2015 (>85%)

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

WWwWw.ijera.com

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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