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Abstract

Since the Tehri dam was constructed on the River Bhagirathi in 2006, considerable productive
land areas, many villages, including old Tehri town in Tehri-Garhwal district has been
submerged. It has also disconnected the travel and transportation routes along the east slopes
of the reservoir, making the local residents lose access to the New Tehri town, which is
equipped with resident-friendly facilities including health and education institutions and
markets. Accordingly, the Uttarakhand Government has proposed to build the Dobra-Chanti
H.M.V. Suspension Bridge to meet the local demand for an easy intra-regional accessibility,
especially between the left and right sides of the River Bhagirathi. The project consists of a
single-span suspension bridge, an approach bridge at each end of the suspension bridge, and
slope protection work on each side. The suspension bridge has a 440m-long stiffening truss
girder, 57m-tall steel towers, locked coil cable systems including suspenders, and anchor
blocks. The approach bridges are reinforced concrete bridges with T-shaped beams. And river
side slopes installed on both banks are protected and stabilized through CC blocks, shotcrete,
and anchor bolts. All cek dimension has met the requirement.
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1. INTODUCTION

Since the Tehri dam was constructed on the

River Bhagirathi in 2006, considerable

productive land areas, many villages,

including old Tehri town in Tehri-Garhwal

district has been submerged. It has also

disconnected the travel and transportation

routes along the east slopes of the reservoir,

making the local residents lose access to the

New Tehri town, which is equipped with

resident-friendly facilities including health

and education institutions and markets.

Accordingly, the Uttarakhand Government

has proposed to build the Dobra-Chanti

H.M.V. Suspension Bridge to meet the

local demand for an easy intra-regional

accessibility, especially between the left

and right sides of the River Bhagirathi. The

bridge is located 8.1km north of New Tehri,

Uttarakand and crosses the River

Bhagirathi (back water of Tehri dam

reservoir).
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Figure 1. Location project

Figure 2 Side view of Tehri Bridge

The project consists of a single-span

suspension bridge, an approach bridge at

each end of the suspension bridge, and

slope protection work on each side. The

suspension bridge has a 440m-long

stiffening truss girder, 57m-tall steel

towers, locked coil cable systems including

suspenders, and anchor blocks. The

approach bridges are reinforced concrete

bridges with T-shaped beams. And river

side slopes installed on both banks are

protected and stabilized through CC blocks,

shotcrete, and anchor bolts.

2. LITERATURE REVIEW

2.1 Geometric Design Criteria

Basically, the geometric design criteria are

based on the existing design results by I.I.T.

Roorkee. Some of revised geometric

features are designed in accordance with

IRC:86-1983. Geometric Design Standards

for Urban Roads in Planes and IRC:73-

1980 Geometric Design Standards for

Rural(Non-urban) Highways. There is no

definition and explanation regarding design

speed in the existing design by I.I.T.

Roorkee. Design speed is related to the

function of a road. It is the basic parameter

which determines all other geometric

design features. 30 km/hr is reasonable to

adopt considering road classification and

terrain conditions in the site.

Table 1. Geometric Design Criteria
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2.2 Bridge Design Criteria

Basically, limit state design method is

applied for the detailed design of the bridge.

The Standard Specifications and Code of

Practice for Road Bridges are mainly

applied for the design of the bridge and the

Standard Specifications for Road Bridges,

Standards and Codes of Ministry of Road

Transport and Highways (MORTH),

Ministry of Rural Development (MORD)

and Indian Standard (IS) are also used.

Additionally, in case appropriate design

code are not available in above design

specifications, some international design

specifications and guidelines, such as Euro

code and Korean Cable-supported bridge

design specification is adopted for the

design of particular structural components,

such as cable systems. Table 2 are the

summary of specifications, guideline and

recommendations in design work to be

applied. Table 3 and table 4 are design Load

for Bridge design.

Table 2. Standard Specification
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Table 3. Bridge Design Loads

Table 4 Variable Bridge Design Loads
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2.3 Load Combination

The load combination of the design for the

Dobra-Chanti suspension bridge is applied

in accordance with Annex B in IRC:6-2014.

1. Combination of Loads for the

Verification of Equilibrium and

Structural Strength under Ultimate State

Loads are required to be combined to

check the equilibrium and the structural

strength under ultimate limit state. The

equilibrium of the structure shall be

checked against overturning, sliding and

uplift. It shall be ensured that the

disturbing loads (overturning, sliding,

and uplift) shall always be less than the

stabilizing or restoring actions. The

structural strength under ultimate limit

state shall be estimated in order to avoid

internal failure or excessive

deformation. The equilibrium and the

structural strength shall be checked

under basic, accidental and seismic

combinations of loads.

2. Combination of Loads for the

Verification of Serviceability Limit

State Loads are required to be combined

to satisfy the serviceability

requirements. The serviceability limit

state check shall be carried out in order

to have control on stress, deflection,

vibration, crack width, settlement and to

estimate shrinkage and creep effects. It

shall be ensured that the design value

obtained by using the appropriate

combination shall be less than the

limiting value of serviceability criterion

as per the relevant code. The rare

combination of loads shall be used for

checking the stress limit. The frequent

combination of loads shall be used for

checking the deflection, vibration and

crack width. The quasi-permanent

combination of loads shall be used for

checking the settlement, shrinkage creep

effects and the permanent stress in

concrete.

3. Combination for Design of Foundation

For checking the base pressure under

foundation and to estimate the structural

strength which includes the geotechnical

loads, the partial safety factor for loads

for 3 combinations shown in Table 3.4

of Annex A, IRC:6-2014 shall be used.

The material safety factor for the soil

parameters, resistance factor and the

allowable bearing pressure for these

combinations shall be as per relevant

code.

3. METODOLOGY

The analysis of a suspension bridge is

divided into completed state analysis and

construction stage analysis. The completed

state analysis is performed to check the

behavior of the completed bridge. At this

stage, the structure is in balance under self-

weight, and the deflection due to the self-

weight has already occurred. This stage is
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referred to as the initial equilibrium state of

the suspension bridge. The initial

equilibrium state analysis will provide the

coordinates and tension forces in the cables.

The completed state analysis of the

suspension bridge is performed to check the

behavior of the structure under additional

loads such as live, seismic and wind

loadings. The self-weight loading in the

initial equilibrium state will also be added

to the total loading for the completed state

analysis. Suspension bridges exhibit

significant nonlinear behavior during the

construction stages. But it can be assumed

that the bridge behaves linearly for

additional loads (vehicle, wind load, etc.) in

the completed state analysis. This is due to

the fact that sufficient tension forces are

induced into the main cables and hangers

under the initial equilibrium state loading.

It is thus possible to perform a linearized

analysis for the additional static loads at the

completed state by converting the tension

forces in the main cables and hangers

resulting from the initial equilibrium state

loading into increased geometric stiffness

of those components. This linearized

analytical procedure to convert section

forces to geometric stiffness is referred to

as the linearized finite displacement

method. This procedure is adopted because

a solution can be found with relative ease

within acceptable error limits in the

completed state analysis. Construction

stage analysis is performed to check the

structural stability and to calculate section

forces during erection. In carrying out the

construction stage analysis, large

displacement theory (geometric nonlinear

theory) is applied in which equilibrium

equations are formulated to represent the

deformed shape. The effect of large

displacements cannot be ignored during the

construction stage analysis. The

construction stage analysis is performed in

a backward sequence from the state of

equilibrium as defined by the initial

equilibrium state analysis.

4. DISCUSSION

The 3D analytical models of the suspension

bridge were developed using two

independent structural analysis software,

MIDAS/Civil and RM2009, as it can verify

the results of the two independent models.

Main cable and suspender loads are

determined from the RM2009 model, and

other components are determined from the

MIDAS/Civil.

4.1 Design of Stiffening Truss Girder

Stiffening truss girder is designed in

accordance with IRC:24-2010, and the

design process of the stiffening truss girder

is shown in Table 4.8 as below.
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The result of top and bottom chords are as figure below
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4.2 Web Vertical, web diagonal and bottom cross beam
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4.3 Design of deck slab

The bridge deck is continuous without

expansion joints from the Chanti-side Pylon

to the Dobra-side Pylon, a total length of

440m. A truss type girder with the

orthotropic deck has been adopted for the

suspended superstructure. The truss type

section has a total width of 8.35m with a

depth of 3.0m and provides considerable

rigidity in resisting torsional effects due to

wind, seismic and unsymmetrical live load.

The orthotropic deck consists of a 14mm

deck plate with longitudinal 196mm deep

hermetically sealed trapezoidal closed ribs

to be fabricated from 8mm thick bent plates

for the all bridge span. An open truss type

diaphragm is adopted at 2.5m spacing in

longitudinal direction, which is more

economical than the full plate diaphragm.

The diaphragm spacing of 2.5m meets the

maximum deflection criteria (less than

3.1mm, L/800).

The orthotropic deck is checked by local

effect and the combined action of global

effect and local effect. The global effect is

calculated by the 3-D analysis model and

the local effect is calculated using Pelikan-

Esslinger method in which the load effects

on a closed rib is calculated from wheel

loads placed over one rib only without

regard for the effects of the adjacent

transversely located wheel loads. A local

3D model composed with plate and beam

elements is used to verify the resistance and

stability of transversal frame such as upper

crossbeam and diagonals of diaphragm.

The stress verification considering global

loads combination includes the following

steps.

• The computation of the longitudinal

stresses due to the bridge global

behavior for ULS load combinations

• The consideration of the longitudinal

stresses caused by the local bending of

the upper orthotropic plate due to axles

loads, in order to compute the total

longitudinal stresses

• The consideration of transverse stresses

in the deck plate due to their

collaboration to the transverse bending

of the diaphragms, in order to compute

the total Von Mises stresses taking the

longitudinal (global + local) and

transverse stresses into account

• The final verification that the maximum

Von Mises stress does not exceed the

steel yield stress, ensuring the deck

resistance at the ULS load combinations
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4.4 Design of main cable

Main cable analysis has been performed by

RM Bridge Program which can be used

both Non-linear analysis and Large

Displacement Analysis. Most of cable

system is designed in accordance with

Korean Design Guidelines for Steel Cable-

Supported Bridges, as there is no detailed

design specification, guidelines and manual

for cable members in IRC.

Material Properties contained

• Cable Type = Locked Coil Rope

Ф66mm H12ea  

• Cable Area = 2936mm2

• Cable Strength = 1570MPa

• Allowable Force = 4350kN * 12 Nos /

2.5 = 20880 kN (S.F=2.5)

Load and Load Combination

• DL : Dead load

• LL : Live load

• WS : Wind load on structure

• TG : Temperature

• EQ : Earthquake

• L(PS1) : Live load in case suspender

replacement

• L(PS2) : Live load in case of suspender

rupture

Design results of main cable are

summarized in Figure 4.37. Maximum

force ratio compared to allowable force is

87.4% in case of load combination 1.
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4.5 Design of suspender

All loads and load combination are applied

same as those of main cable. Material

Properties used Cable Type = Spiral Strand

Ф25mm H2ea, Cable Area = 379mm2 , 

Cable Strength = 1570MPa , Allowable

Force = 503 * 2 Nos / 2.5 = 402 kN

(S.F=2.5). Design results of suspenders are

summarized in figure

4.6 Design Of Sad

In order to sustain maximum tensions

occurred by 12 sets of main cables, the

transverse pressure and slipping of saddle

were reviewed and checked. Also reviewed

Maximum Principal Stress and Von-Mises
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Stress through 3-Dimensional FEM

Modelling for design check of the saddle.

Transverse pressure check As a result of

transverse pressure review which occurs to

the rope by bolt clamping force of 359kN,

it confirms secure the safety. (qEd=33MPa

< qRk=40MPa … O.K)

Saddle was reviewed by applying of steel

grade E550 (Casting steel CS700) and

through 3-dimensional FEM analysis.
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4.7 Design of Tower Leg

Result of checking tower leg and base plate are shown in figure … and … ang …. And …
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5. CONCLUSION

a. The Standard Specifications and Code of

Practice for Road Bridges are mainly

applied for the design of the bridge and

the Standard Specifications for Road

Bridges, Standards and Codes of

Ministry of Road Transport and

Highways (MORTH), Ministry of Rural

Development (MORD) and Indian

Standard (IS) are also used.

b. All calculation design of Tehri bridge

met the requireiremt that are describe in

the methodology method and have

accorded with standard and criteria

design.
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