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Abstract. In the present investigation, the geotechnical stability of the substructure of 100-year-old brick

masonry rail bridges has been analysed numerically in the presence of nearby newly proposed concrete box

bridges. Two different arch bridges (1273/1 and 1274/1) of Indian Railways (IR) have been considered in this

analysis. Both bridges are made of brick masonry with different numbers of barrels. The numerical analysis has

been performed using the finite-element (FE) method. The existing railway track between Kanpur and Jhansi,

India, runs on these bridges, which were basically constructed by the British between 1888 and 1900. Therefore,

the assessment of geotechnical safety and stability of such heritage bridges was of paramount importance from

the IR point of view since the modern rail loading and other associated factors were changed significantly. A

detailed geotechnical investigation along with the plate load test was carried out at the respective bridge

locations, and the results are reported in this paper. The distribution of the vertical stress and the settlement

developed below the foundation of the bridges have been acquired from the FE investigation to judge the

foundation safety against the strength and the serviceability perspective.

Keywords. Bearing capacity; foundation interaction; geotechnical investigation; railway arch bridge;

settlement.

1. Introduction

The railway is considered to be one of the major trans-

portation facilities in several countries and India is not an

exception. The Indian Railways (IR) is one of the oldest

railway organizations over the globe, which was initiated

by the British in 1853. In India, the railways provide the

least expensive and most advantageous method of passen-

ger transport both for long distance and suburban traffic. It

has played a significant role in the development and the

growth of the country by evacuating separation amongst the

urban areas and the countryside, and has assumed a note-

worthy part in spreading developments and new thoughts.

The IR has advanced a great deal, both qualitatively and

quantitatively, during the last few decades. To continue

with the growth, the IR recently decided to lay down

204 km long second railway track next to the current track

between Bhimsen Junction (26.4195�N, 80.2177�E) near

Kanpur Central (26.4539�N, 80.3512�E) and Jhansi Junc-

tion (25.4452�N, 78.5527�E) railway stations (figure 1).

Kanpur Central is one of the five ‘‘Central’’ railway stations

in India, which is the busiest railway station in the state

Uttar Pradesh in terms of the frequency of trains. Kanpur

Central is a major intercity rail and commuter rail station in

the city of Kanpur and is located on the Howrah–Delhi

broad gauge route passing through Uttar Pradesh. Being the

busiest station of the North Central Railways, Kanpur

Central accommodates around 372 trains and traffic of

more than 7,50,000 passengers daily, while Jhansi Junction

is a major railway junction in the city of Jhansi in Bun-

delkhand region of Uttar Pradesh, which is one of the

busiest and largest railway stations in India. Jhansi Junction

is a significant intercity hub and a technical stoppage for

many superfast trains in India, which lies on the main

Delhi–Chennai and Delhi–Mumbai rail route. Being an old

rail network in the world, the IR apparently owns several

old heritage structures such as bridges and buildings.

Therefore, it has been a significant challenge for the IR to

maintain the well-being of such heritage structures while

accommodating the modernization. The existing track

between Kanpur Central and Jhansi Junction is such an old

route, which was laid down by the British between 1888

and 1900. Due to the topography, the existing track (fig-

ure 1) keeps running over several brick masonry arch

bridges, which were constructed by the British more than

100 years ago. Thereafter the loading applied on the rail-

way tracks has been changed to a great extent due to the

modernization of the railway facilities. With the*For correspondence
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enhancement in the rail loading, only the visual distress of

such old railway bridges used to be monitored by the IR to

identify the requirement of any rehabilitation process such

as the generic reinforced cement concrete (RCC) jacketing

of the bridges. With the proposed doubling of the railway

track between Bhimsen Junction and Jhansi Junction, the

new track is planned to keep running over the concrete box

bridges constructed adjacent to the existing old bridges.

Hence, a need was felt to investigate the geotechnical safety

and stability of the substructure of the existing old heritage

bridges due to the construction of the adjacent newly pro-

posed concrete box bridges [1]. Besides, the IR also plan-

ned to enhance the applied live load (train load) on the

existing as well as the proposed tracks. Therefore, a sig-

nificant amount of interaction was expected to happen

between the foundations of the old and the new bridges.

The interaction effect of closely spaced foundations has

been studied by several researchers [2–14], where it has

been demonstrated that the bearing capacity of the inter-

acting foundations generally gets enhanced at the cost of a

higher settlement. Therefore, in the present study, the

geotechnical stability of the existing old bridges in terms of

the vertical stress and the settlement developed below the

foundation has been explored in the presence of the newly

proposed bridges. For the sake of brevity, out of several

such old arch bridges, only two bridges (1273/1 and

1274/1) have been considered in this paper. Bridge 1273/1

is made of brick masonry with three barrels as shown in

figure 2a, whereas bridge 1274/1 is made of brick masonry

with two barrels as shown in figure 2b. It can be seen from

figure 2 that both bridges carry a significant height of an

earth cushion on the top of the superstructure. In this study,

the vertical stress and the settlement developed at the base

of the existing bridge in the presence of the proposed bridge

have been determined using the finite-element (FE) analysis

[15]. The present investigation is purely based on a case

study that has assessed the geotechnical stability of railway

bridges in India more than 100 years old under the

enhanced rail loading and the changed site conditions.

2. Geotechnical investigation and plate load test

Geotechnical investigations were carried out at the

respective bridge locations, which included the scope of

detailed subsoil investigation and the plate load test. The

subsoil investigation included field exploration, in-situ

testing and collection of the soil samples, laboratory testing

and analysis of the test results. A borehole 150 mm in

diameter and 15 m in depth was drilled at each bridge

location. For the advancement of the boreholes at the

selected locations, the percussion drilling technique was

Figure 1. Existing railway track between Kanpur Central and Jhansi Junction (source: http://www.onefivenine.com/india/Rail/

RailDetails/54158).
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adopted. Disturbed and undisturbed soil samples repre-

senting various subsoil layers encountered were collected.

The disturbed soil samples were used for the identification

and the classification purpose, whereas the undisturbed

samples were used for the evaluation of the strength and the

compressibility properties of the soil. With the advance-

ment of the boreholes, standard penetration tests (SPT)

were performed at regular intervals in each of the boreholes

as per the procedure stipulated in the Indian standard

specification [16], and eventually, the N values were

recorded at each stage. Soil samples collected from the field

were brought to conduct various laboratory tests to deter-

mine different soil parameters [17]. For different bridge

locations, the bore-log data and the classification of soil as

per the IS classification system at different depths are given

in figure 3. From the bore-log data presented in figure 3a,

the subsurface soil layers at the location of bridge 1273/1

are generally found to be medium plastic silty clay (CL-CI)

or low to medium silt (ML-MI) depending upon the pres-

ence of the silt content throughout the explored depth of

15.75 m. The N values observed at the location varied from

22 (at 3.30 m depth) to 38 (at 15.30 m depth). Similarly,

from figure 3b, it can be seen that the subsurface soil at the

location of bridge 1274/1 predominantly consists of clay

with medium compressibility (CI) and to some extent

contains clay with low compressibility (CL) and interme-

diate silt (ML). The N values observed at the site varied

from 14 (at 1.80 m depth) to 38 (at 15.30 m depth). The

groundwater table was not encountered in any of the bridge

locations during the field exploration. Figures 4 and 5 show

the typical gradation curves for the soil collected from

various depths of the boreholes at different bridge sites. The

p–q plots were established by performing UU triaxial tests

on the undisturbed soil samples collected from multiple

depths of the boreholes and the undrained shear strength

parameters (cu and /u) determined from the respective p–

q plots are reported in figure 3.

At both of the bridge locations, plate load test was per-

formed as per the procedure laid down in the Indian stan-

dard specification [18]. From the pressure–settlement curve

obtained from the plate load test conducted at the location

of bridge 1273/1 (figure 6a), it can be observed that the

curve follows a conventional and steady-state increasing

trend when the pressure on the test plate reaches up to

70.77 t/m2 (694.02 kPa) with a total settlement of

14.54 mm. Adopting the double tangent method, the

Figure 2. Sectional elevation details of the existing bridge: (a) 1273/1 and (b) 1274/1 (all dimensions are in mm) (modified after

RVNL).
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Figure 3. Bore-log data at the location of (a) 1273/1 and (b) 1274/1 (modified after Ghosh and Chandra (2016) [17]).
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Figure 5. Typical gradation curves for different depths at the location of 1274/1 (modified after Ghosh and Chandra (2016) [17]).

Figure 4. Typical gradation curves for different depths at the location of 1273/1 (modified after Ghosh and Chandra (2016) [17]).
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ultimate bearing capacity can be determined as 37.5 t/m2

(367.75 kPa). The moisture content of the soil below the

test plate was estimated as 15.54% on the day of conducting

the plate load test. Similarly, from the pressure–settlement

plot obtained at the location of bridge 1274/1 (figure 6b), it

can be noted that the curve follows a conventional and

steady-state increasing trend when the pressure on the test

plate reaches up to 65.11 t/m2 (638.51 kPa) with a total

settlement of 19.01 mm. Considering the double tangent

method, the ultimate bearing capacity can be obtained as

51 t/m2 (500.14 kPa). The moisture content of the soil

below the test plate was estimated as 16.12% on the day of

conducting the plate load test. Based on the information

provided by the Rail Vikas Nigam Limited (RVNL),

Kanpur, India, the design load intensity was considered as

15 t/m2 (147.1 kPa). From the pressure–settlement curves

obtained from the plate load test performed at different

bridge locations, the net safe bearing capacity was found to

be more than 147.1 kPa, considering a factor of safety

equal to 2.5. Hence, keeping the design load intensity

(147.1 kPa) in consideration, both locations were found to

be safe as far as the plate load test was concerned.

3. Materials

The existing bridges consist of super- and sub-structuremade

of brick masonry. The different strength properties of the

foundation soil for bridges 1273/1 and 1274/1 have been

extracted from the bore-log data given in figure 3 and are

reported in tables 1 and 2, respectively. The bridges carry a

layered earth embankment throughout, whose properties are

provided by the RVNL. The details of the embankment for

both the existing and the proposed bridges are shown in fig-

ure 7. The embankment generally consists of three layers,

i.e., blanket, SQ2 and SQ1 as shown in figure 7. The depth of

different layers (blanket, SQ2 and SQ1) of the embankment

was provided by the RVNL. It has been reported by several

investigators that the performance of the railway track is

highly dependent on the different components such as rails,

ballasts and sleepers [19, 20]. The material properties of the

different components of the existing bridge, the track and the

embankment are given in tables 3 and 4 for bridges 1273/1

and 1274/1, respectively, whereas the soil properties are

determined using the empirical correlations recommended

by Das [21]. The elastic modulus of the different layers

(blanket, SQ2 and SQ1) of the embankment is determined

using the following expression:

E ¼ bSu ð1Þ

where Su is the undrained shear strength of the soil. The

magnitude of the coefficient b has been determined from

the chart proposed by Das [21]. The different values of b

for the blanket, SQ2 and SQ1 are found to be 1175, 1125

and 570, respectively.

The Poisson’s ratio (t) for the soil has been determined

using the following expression [22, 23]:

t ¼
0:25þ 0:00225 PIð Þ : for clayey soil

0:1þ 0:3
/d�25

450�250

� �

: for granular soil
ð2Þ

where /d is the drained angle of internal friction of the soil.

4. FE modelling

A schematic diagram of the existing bridges with dimen-

sions is shown in figure 2, as furnished by the RVNL. The

length of the existing old bridge 1273/1 is 30.15 m and that

of the newly proposed bridge is 13.291 m; thus the total

length of the bridge becomes 43.441 m. The length of the

existing old bridge 1274/1 is 37 m, and that of the newly

proposed bridge is 18.757 m; thus the total length of the

bridge becomes 55.757 m. The FE analysis of the bridge as

well as the soil system has been performed using a com-

mercially available FE software ABAQUS/CAE 6.13-4.

Eight noded linear brick elements with reduced integration

(C3D8R) have been adopted to model the bridge and the

soil system since a good mesh of hexahedral elements

Figure 6. Pressure–settlement curve from plate load test at the

location of (a) 1273/1 and (b) 1274/1 (modified after Ghosh and

Chandra (2016) [17]).
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(C3D8R) usually provides a solution of equivalent accuracy

at less cost. The details of the FE meshing for the existing

bridge are given in figure 8. The foundation of the bridges

is assumed to rest on the soil surface. The interface between

the soil and the foundation is considered as perfectly rough.

After performing a sensitivity analysis, the dimensions of

the soil domain for bridges 1273/1 and 1274/1 have been

chosen as 80 m 9 55 m and 80 m 9 50 m along the x and

z directions, respectively (figure 8). The depth of the soil

deposit along the y direction is kept fixed at 13.5 m. The

base of the soil is kept fixed in all three directions, and the

sides of the soil domain are allowed to move only in the

vertical direction using the roller support. However, for the

embankment, only the sides along the x–y plane are

restrained with the roller support to move only in the ver-

tical direction. In the analysis, the embankment is consid-

ered to behave as linearly elastic. The stress–strain

behaviour of the soil in the current analysis is satisfactorily

assumed to be linearly elastic.

A 3D FE model developed for the newly proposed

bridge along with the existing bridge is shown in figure 9.

The boundary conditions are kept similar to those of the

model developed for the existing bridge. For bridges

1273/1 and 1274/1, the length of the soil domain is kept

as 90 and 100 m, respectively, to accommodate the

extension due to the proposed structure. However, the

width and the depth of the domain are kept same as those

of the model developed for the existing bridge. The dis-

cretization of the ballast, the track and the soil has been

carried out using C3D8R elements, whereas the embank-

ment has been discretized using C3D4 elements available

in ABAQUS. It is worth noting that C3D4 is a general

purpose tetrahedral element with four nodes and one

integration point. As the embankment continues along the

z direction on either side of the bridge, an equivalent

surcharge is considered at the ground level for both the

existing as well as the proposed bridge.

5. Train loading

The span between Kanpur Central and Parichha

(25.5188�N, 78.7383�E), near Jhansi Junction, is desig-

nated as the feeder route of the dedicated freight corridor

(DFC) by the IR on which heavy axle trains are expected to

travel for feeding coal to the Parichha Thermal Power

Station. Hence, in the present analysis, the train loading has

been considered as DFC 32.5 t for all the tracks as reported

by Chakrabarti [24], which has been recommended by the

IR for the dedicated freight corridor. Detailed discussion on

Table 1. Strength properties of soil at the location of bridge 1273/1.

Layer

no.

Depth

(m)

Unit weight (kN/

m3)

cu (kN/

m2)

/u

(deg)

Stress

(kPa)

Su
(kPa)

Elastic modulus

(MPa) PI

Poisson’s ratio

(v)

1 3.00 15.11 58.84 8.5 22.66 62.23 59.74 18 0.29

2 4.50 14.62 17.65 22 56.28 40.39 50.89 8 0.27

3 6.00 14.62 56.88 20 78.21 85.34 74.25 21 0.30

4 7.50 15.40 25.50 5.2 100.72 34.66 35.36 16 0.29

5 9.00 16.78 35.30 10 124.86 57.32 68.78 10 0.27

6 10.50 17.07 50.99 8 150.24 72.11 58.41 23 0.30

7 12.00 20.21 68.65 4 178.20 81.11 80.30 17 0.29

8 13.50 20.99 32.36 4 209.10 46.98 47.92 16 0.29

Table 2. Strength properties of soil at the location of bridge 1274/1.

Layer

no.

Depth

(m)

Unit weight (kN/

m3)

cu (kN/

m2)

/u

(deg)

Stress

(kPa)

Su
(kPa)

Elastic modulus

(MPa) PI

Poisson’s ratio

(v)

1 3.00 17.66 72.57 11 26.49 77.72 76.94 17 0.29

2 4.50 15.99 48.05 23 64.97 75.63 74.87 17 0.29

3 6.00 19.33 21.57 0 91.45 21.57 22.65 15 0.28

4 7.50 18.74 180.44 5 120.00 191.79 178.36 19 0.29

5 9.00 20.31 0.00 22 149.28 60.31 61.52 16 0.29

6 10.50 19.52 62.76 7 179.16 84.76 83.91 17 0.29

7 12.00 Disturbed sample was obtained and hence the properties are considered same as those of layer no. 6.

8 13.50 19.82 61.78 16 237.94 130.01 124.81 18 0.29
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the DFC loading is not repeated in this paper, for which the

report of Chakrabarti [24] can be referred. However, the

details of the DFC 32.5 t loading are schematically shown

in figure 10, where the axel loadings as well as the distance

between the axle loadings for both diesel loco and wagons

are clearly demonstrated. The rail loads are applied as

quasi-static point loads on the existing as well as the newly

proposed tracks. The applied axle loads have been made

double considering the dynamic factor.

6. Results and discussion

The computation time needed for the whole analysis typi-

cally ranges from 9 to 14 min depending upon the number

of elements present in the model. For bridge 1273/1, three

typical sections have been selected for determining the

vertical stress and the settlement distribution developed

below the foundation (figure 11a). Section-AA represents

the section along the centreline of the existing track. Sec-

tion-BB represents the edge (end) of the existing bridge,

i.e., the junction between the existing and the proposed

Figure 7. Details of the embankment for (a) 1273/1 and

(b) 1274/1.

Table 3. Material properties of different components of bridge,

track and embankment for bridge 1273/1.

Material

Properties

Density (kg/

m3)

Elastic modulus

(MPa)

Poisson’s

ratio

Brick masonry 1700 2500 0.2

Ballast 1800 30.49 0.15

Blanket 1960 13.22 0.15

SQ2 1860 27.91 0.32

SQ1 1810 39.11 0.295

Lime/cement

concrete

2400 2.5 9 104 0.2

Steel rail 7477 2.1 9 105 0.3

Sleeper 2756 3.845 9 104 0.2

Table 4. Material properties of different components of bridge,

track and embankment for bridge 1274/1.

Material

Properties

Density (kg/

m3)

Elastic modulus

(MPa)

Poisson’s

ratio

Brick masonry 1700 2500 0.2

Ballast 1800 30.49 0.15

Blanket 1960 13.22 0.15

SQ2 1860 27.91 0.32

SQ1 1810 85.81 0.295

Lime/cement

concrete

2400 2.5 9 104 0.2

Steel rail 7477 2.1 9 105 0.3

Sleeper 2756 3.845 9 104 0.2

Figure 8. 3D FE model and discretization of the existing bridge:

(a) 1273/1 and (b) 1274/1.
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bridge. Section-CC represents the section along the cen-

treline of the proposed track as shown in figure 11a. Sim-

ilarly, for bridge 1274/1, four typical sections have been

selected for obtaining the vertical stress and the settlement

distribution developed below the foundation (figure 11b).

Section-AA represents the section along the centreline of

the existing track. Section-BB represents the edge (end) of

the existing bridge, i.e. the junction between the existing

and the proposed bridge. Section-CC and section-DD rep-

resent the sections along the centreline of the two proposed

tracks as shown in figure 11b. The analysis has been

Figure 9. 3D FE model of the proposed bridge along with the

existing bridge: (a) 1273/1 and (b) 1274/1.

Figure 10. Loading standards for DFC loading (modified after Chakrabarti (2016) [24]).

Figure 11. Selected sections to determine vertical stress and

settlement for (a) 1273/1 and (b) 1274/1.
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performed in two different stages. In the first stage, the

structure has been analysed considering only the dead load

(DL), whereas in the second stage, the train load (live load)

has been applied on the track. The magnitude of the max-

imum vertical stress and the settlement developed below

the foundation at the selected sections is tabulated in

tables 5 and 6 for bridges 1273/1 and 1274/1, respectively.

In this case study, the occurrence of interaction between the

foundations of existing and proposed bridge is quite obvi-

ous due to close spacing. For bridge 1273/1, the maximum

vertical stress at section-AA is observed to increase from

201.3 to 219.2 kPa, resulting in about 8.93% increase due to

the placement of the proposed railway track. Section-BB is

found to be critical as it serves as the junction between the

existing and the proposed bridges. The analysis shows an

increase in the maximum vertical stress from 129.6 to

168.4 kPa at section-BB, i.e. 29.91% increase due to the

placement of the proposed railway track. Similarly, the

maximum settlement at section-AA and section-BB is

observed to increase from 29.03 to 32.03 and from 23.76 to

27.82 mm, respectively, resulting in about 10.33% and

17.09% increase due to the placement of the proposed

railway track. The maximum vertical stress and the settle-

ment at section-CC is found to increase from 189.4 to

219.8 kPa and from 27.56 to 31.7 mm, respectively,

resulting in about 16.07% and 15.02% increase due to the

placement of the proposed railway track. After placement

of the proposed bridge, among all the three sections (AA,

BB and CC), the maximum difference in the settlement

between only DL condition and DL plus train load condi-

tion is found to be 6.56 mm (31.7–25.14 mm = 6.56 mm),

which occurs at section-CC. This value is well within the

permissible settlement limit of 25 mm, as per the IR

Standard code (IR Standard 2013). On the contrary, for

bridge 1274/1, the maximum vertical stress at section-AA

is observed to increase from 241.9 to 288.8 kPa, resulting

in about 19.38% increase due to the placement of the

proposed railway track. Section-BB is found to be critical

as it serves as the junction between the existing and the

proposed bridges. The analysis shows an increase in the

Table 5. Maximum vertical stress and settlement at different sections at different loading conditions for bridge 1273/1.

Section AA BB CC

Loads

Only

DL

DL ? train

load

Only

DL

DL ? train

load

Only

DL

DL ? train

load

Existing: 1273/1 Maximum vertical stress

(kPa)

180.8 201.3 120.9 129.6 172.5 189.4

Maximum settlement

(mm)

26.23 29.03 21.94 23.76 25.14 27.56

Proposed: 1273/1

(considering

train load on both

tracks)

Maximum vertical stress

(kPa)

188.7 219.2 154.0 168.4 190.1 219.8

Maximum settlement

(mm)

27.62 32.03 25.04 27.82 27.51 31.70

Table 6. Maximum vertical stress and settlement at different sections at different loading conditions for bridge 1274/1.

Section AA BB CC DD

Loads

Only

DL

DL ? train

load

Only

DL

DL ? train

load

Only

DL

DL ? train

load

Only

DL

DL ? train

load

Existing: 1274/1 Maximum

vertical

stress

(kPa)

217.4 241.9 141.5 149.9 198.8 217.4 172.6 185.5

Maximum

settlement

(mm)

25.59 28.34 17.85 19.08 24.28 26.58 21.52 23.22

Proposed: 1274/1

(considering train load

on both tracks)

Maximum

vertical

stress

(kPa)

239.3 288.8 171.3 197.3 261.5 322.8 233.7 281.7

Maximum

settlement

(mm)

27.88 33.57 25.25 29.14 28.58 34.92 27.07 32.54

  191 Page 10 of 13 Sådhanå          (2019) 44:191 



Figure 12. Vertical stress and settlement distribution for 1273/1 at section (a) AA, (b) BB and (c) CC.
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maximum vertical stress from 149.9 to 197.3 kPa at sec-

tion-BB, i.e., 31.64% increase due to the placement of the

proposed railway track. Similarly, the maximum settlement

at section-AA and section-BB is observed to increase from

28.34 to 33.57 and from 19.08 to 29.14 mm, respectively,

resulting in about 18.45% and 52.72% increase due to the

placement of the proposed railway track. The maximum

vertical stress and the settlement at section-CC are found to

increase from 217.4 to 322.8 kPa and from 26.58 to

34.92 mm, respectively, resulting in about 48.5% and

31.37% increase due to the placement of the proposed

railway track. Similarly, the maximum vertical stress and

the settlement at section-DD is found to increase from

185.5 to 281.7 kPa and from 23.22 to 32.54 mm, respec-

tively, resulting in about 51.88% and 40.14% increase due

to the placement of the proposed railway track. After

placement of the proposed bridge, among all the four sec-

tions (AA, BB, CC and DD), the maximum difference in

the settlement between only DL condition and DL plus

train load condition is found to be 11.29 mm

(29.14–17.85 mm = 11.29 mm), which occurs at section-

BB. This value is well within the permissible settlement

limit of 25 mm, as per the IR Standard code [25].

Under the combined effect of the DL and the train load,

the contour plots of the vertical stress and the settlement

distribution at different sections of bridges 1273/1 and

1274/1 in the presence of the existing as well as the pro-

posed structure are shown in figures 12 and 13,

respectively. It can be observed from the contour plots

depicted in figures 12 and 13 that the vertical stress and the

settlement developed below the foundation of the existing

bridge get significantly enhanced by the placement of the

proposed bridge.

7. Conclusions

In the present study, the geotechnical stability of the

substructure of more than 100-year-old brick masonry

arch bridges has been analysed numerically due to the

construction of the adjacent newly proposed concrete box

bridges. Two different bridges (1273/1 and 1274/1) have

been considered in this analysis. Bridge 1273/1 is made

of brick masonry with three barrels, whereas bridge

1274/1 is made of brick masonry with two barrels. For

bridges 1273/1 and 1274/1, the maximum vertical stress

developed at the base of the foundation of the existing

bridge in the presence of the proposed bridge is found to

be 219.83 and 322.83 kPa, respectively, which is sig-

nificantly lower than the ultimate bearing capacity

(367.75 and 500.14 kPa, respectively) obtained at the

respective bridge locations. After placement of the pro-

posed bridge, among all the selected sections, the max-

imum difference in the settlement between only DL

condition and DL plus train load condition is found to be

Figure 13. Vertical stress and settlement distribution for 1274/1 at section (a) AA, (b) BB, (c) CC and (d) DD.

  191 Page 12 of 13 Sådhanå          (2019) 44:191 



6.56 and 11.29 mm for bridges 1273/1 and 1274/1,

respectively, which is well within the permissible set-

tlement limit of 25 mm. Hence, both of the existing

bridges may be considered to be safe with respect to the

strength and the serviceability criteria of the foundation.
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