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Q2.b
AFFLUX

Afflux is the heading up of water over the flood level caused by construction of waterway at a
bridge site.

It is measured by difference in levels of the water surfaces upstream and downstream of the

bridge.

Where, x=

afflux

vi[ L2 .
x= — —
29 C2L12

v=velocity of normal flow in the stream

g=acceleration due to gravity

L=width of stream at HFL

L, =linear waterway under the bridge

c=cC

oefficient of discharge through the bridge — (0.7 — for sharp entry) (0.9 - for bell mouthed entry)

Afflux should be kept minimum and limited to 300mm. It causes increase in velocity on the
downstream side, leading to greated scour & requiring deeper foundations

Q3. a.
Sr. No. | Main classification Sub classification
1 Function Foot; Road; Railway; Road-cum-rail; Pipe line; water
conveying (aqueduct); Jetty (Port)
2 Material Stone; Brick; Stone; Timber; Steel; Concrete; Composite;
Aluminium; Fibre
3 Form Slab; Beam; Arch; Truss; Suspension; Cable supported
4 Type of support Simply supported; Continuous; Cantilever
5 Position of floor/deck | Deck; Through; Semi through
6 Usage Temporary; Permanent; Service (Army)
7 With respect to water Causeway; Submersible; High level (normal case)
level
8 Grade separators Road-over; Road under (sub way); Fly over (Road over
road)
9 With respect to Pin jointed; riveted/bolted; welded
connections (Type of
jointing)
10 Movable bridges (over | Bascule, Lifting, swing




navigation channels)

11 Temporary bridges Pontoon, Bailey, Callender-Hamilton, Light alloy portable
bridges developed by the army.

Q3. b.
FORCES TO BE CONSIDERED FOR THE DESIGN OF BRIDGES

Dead load and live loads

Dynamic effects

Centrifugal force due to curvature of track
Temperature and frictional effects
Racking force

Wind and earthquake forces

Earth pressure, including live load surcharge
Horizontal forces due to water currents

. Deformation effects

10. Erection stresses

11. Secondary effects

12. Wave pressure.

©oNoe R WDRE

Dead load — it includes the self weight of bridge components and the portion of the weight of the
superstructure and any fixed loads supported by the member. The dead load can be accurately
estimated during design and can be controlled during construction and services.

Live load — bridge design standards specify the design loads, which are meant to reflect the
worst loading that can be caused on the bridge by traffic, permitted and expected to pass over it.

Highway bridges are designed in accordance with IRC bridge code. IRC:6 — 2014 — section 1l
gives the specifications for the various loads and stresses to be considered in bridge design.
There are three types of standard loadings for which the bridges are designed namely,

IRC class AA loading, IRC class A loading and IRC class B loading.

IRC class AA loading consists of either a tracked vehicle of 700kN or a wheeled vehicle of
400KkN with the dimensions as shown below. Normally, bridges on national highways and state
highways are designed for these loadings. Bridges designed for class AA should be checked for
IRC class A loading also, since under certain conditions, larger stresses may be obtained under
class A loading.

Class A loading consists of a wheel load train composed of a driving vehicle and two trailers of
specified axle spacings. This loading is normally adopted on all roads on which permanent
bridges are constructed. Class B loading is adopted for temporary structures and for bridges in
specified areas.




Foot bridges and footpath on bridges — The live load due to pedestrian traffic should be treated as
uniformly distributed over the pathway. For the design of footbridges or footpaths on railway
bridges, the live load including dynamic effects should be taken as 5.0kN/m>.

The live load on footpath for the purpose of designing the main girders has to be taken as follows
according to bridge rules:

e For effective spans of 7.5m or less — 4.25kN/m?
The intensity of load is reduced linearly from 4.25kN/m? for a span of 7.5m to 3.0kN/m?

for a span of 30m
Q3.C.
ECONOMICAL SPAN

For a given linear waterway, the total cost of the superstructure increases and the total cost of
substructure decreases with increase in the span length. The most economical span length is that
for which the cost of superstructure equals the cost of substructure.

Let A = cost of approaches
B = cost of two abutments, including foundation.
L = total linear waterway
s = length of one span
n = number of spans
P = cost of one pier, including foundation
C =total cost of bridge

Assuming that the cost of superstructure of one span is proportional to the square of the span
length, total cost of superstructure equals n.ks?, where k is a constant. The cost of railings,
flooring etc,

The cost of railings, flooring etc,. is proportional to the total length of the bridge and can be
taken as k’L
C=A+B+Mm—-1)P+nks*+klL

For minimum cost z—i should be zero.
Substituting n = é and differentiating & equating the result of differentiation to zero, we get

P = ks?
Therefore, for an economical span (s,) can then be computed from

Se = |+

k

P and k are to be evaluated as average over a range of possible span lengths.
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