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Theoretical Part

m prove that for a constant rate of discharge
and a constant value of friction factor f, the
frictional
head loss in a pipe varies as the fifth power of the

diameter.

The head loss Ak (or hig) expresses the pressure loss due 1o friction in terms of the equivalent height of a column of the working fluid, so the pressure drop is
Ap = pg Ah,
whera

Ah is the head loss due to pipe friction over the given length of pipe
£ Is the local acceleration due to gravity (m's)

It is useful to present head loss per length of pipe (dmensionless)

where L is the pipe length (m)

Therefore, the Darcy-Weisbach equation can also be written in terms of head loss */
1 (v)?
Sm f oo ot
fo 29 D

In terms of volumetric flow

The relationship between mean flow velocity <v> and volumetric flow rate Q is
Q=A-(v),

where

Q is the volumetric flow (m?/s)
A Is the cross-sectional wetted area (m-)

in a full-flowing circular pipe of diameter D,
X
Q ;"Df(r}-
Then the Darcy-Weisbach equation in terms of Q is
8 @Q

-t L






At fia«u mh_... |
LY Q\Jm e
o S ond fon p
{eted A o o
head dibfermes—
o AT s

Apoul ic.




9. Define (a) i) Effective Grain Size and ii) Optimum Moisture Content

Effective Grain Size

Effective Grain Size means the diameter of filter sand or other aggregate that corresponds to the
10 percentile finer by dry weight on the grain size distribution curve. Effective Grain Size means
the ninety per cent retained size of a sediment as determined from a grain size analysis.

Denoted by Dy
100
- Grain Size
i —
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Optimum Moisture Content
The Optimum moisture content (OMC) or Optimum Water Content (OWC) is the moisture C of
compaction energy applied to the soil.

Denoted by OMC
Max dry
denaity
(y,max) /- Compaction
Zero air voids
(Saturation
curve )

Dry density (v) —>»
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Question: A crest vertical curve is to be designed to join a +3% grade with a -2% grade
section of a two-lane highway. Determine the minimum length of the curve if the de
speed of the highway is 60 mi/h, § < L, and a perception-reaction time of 2.5 sec.

deceleration rate for braking (a) is 11.2 ft /sec? (SGFL — 2021)

Solution:

Since the grade changes constantly on a vertical curve, the worst-case value for G of 34
used to determine the braking distanc

v? >
S=147Vt+ =14 = 598.1 ft
30 3—6) 3g %ﬁ-oos)
) A" 4
‘2‘?;7 Integ

The minimum length of the vertical curve,

Asz _ 5x598. by

L = 828.8 ft
min = 5768~ 2158
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B. Revolving Pavement About The Inner Edge

In this method, the surface of the road is rotated about the inner edge, raising the center and outer
edge.

Outer [ dge

C. Revolving Pavement About The Outer Edge

In this method, the surface of the road is rotated about the outer edge depressing the center and
inner edge.



Q.10 Explain diagrammatically the method of attaining superelevation considering a crowned
pavement revolved about the profile of the inside edge.

Solution:
Superelevation is provided in the following two methods.

Elimination of the crown of the cambered section.
Rotation of pavement to attain full superelevation.

1. Elimination of The Crown of The Cambered Section
In this method, the outer half of the camber is gradually decreased. This may be done by two
methods.

In the first method, the outer half of the camber is rotated about the crown at the desired rate
such that the surface falls on the same plane as the inner half.

In the second method, the crown is progressively shifted outwards. This method is not usually
adopted.

.
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2. Rotation of Pavement To Attain Full Superelevation

In this stage, superelevation is gradually provided over the full width of the carriageway so that
the required superelevation is available at the beginning of the circular curve. The different
method employed for attaining the superelevation is as follows:

A. Revolving Pavement about The Center Line

In this method the surface of the road is rotated about the center line of the carriageway,
gradually lowering the inner edge and rising the upper edge. The level of the center line is kept
constant. This method is widely used.
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