MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Civil and Environmental Engineering

1.060 Engineering Mechanics IT

In-Class Examination 12 May, 2006

The test consists of 6 questions related to one problem. To enable you to continue from one question t0
the next, default values are provided.

You must use default values in subsequent questions'if your answers differ from default values bY
more than 10%.
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A very long rectangular channel of width 4 = 10 m carries a steady flow of water and has a constant slope
S$,=5-107. Near its midpoint, the channel cuts through a rock outcrop of length /z. Upstream and
downstream of the rock outcrop the channel walls are lined with unfinished concrete (Manning's #» = n, =
0.015 in Sl-units). For the stretch cutting through the rock outcrop the channel is constructed by blasting
the rock and the channel walls are left unfinished corresponding to a Manning's # = ng = 0.04 (SI). The
length of the blasted section of the channel, Iy, is sufficiently long to reach normal depths in this section.

Question No: 1 (10)

In the concrete-lined channel, far upstream (and downstream) of the rock outcrop, the depth of flow is
measured to be 4, = 44" = 1.12 m. Determine the discharge, (, in the channel, show that the concrete-
lined channel slope is steep, and find the average boundary shear stress acting on the concrete-lined walls,
T, corresponding to the depth 4,

Regardless of your answer in Question No: 1 take Q = 50 m*/s, when answering the following questions,
and remember to use default values if your answers differ from these by more than 10%.

Question No: 2 (15)

Determine the normal depth, Az, velocity, ¥z, and Froude Number, Fr,p, for the blasted rock channel
section. (Default values: A,z =2.1 m; V,p =2.4 m/s; Frpz =0.53)

Question No: 3 (10)

Determine critical depth in the concrete and blasted rock channel sections, %, and 4., respectively.
(Default values: A..= Az =1.4m)

Question No: 4 (15)

Determine the conjugate and alternate depths, Aug con and Aug ai, respectively, to normal depth, /g, in the
blasted rock channel section. (Default values: %,z cony= 0.8 m; Az o = 0.9 m)

Question No: 5 (40) -

Sketch the surface profile from far upstream to far downstream of the rock outcrop. Identify all gradually
varied flow profiles, the depths at beginning and end of the blasted rock channel section, and the depths
upstream and downstream of hydraulic jumps (if present).

Question No: 6 (10)

P

Estimate the necessary length of the blasted rock section, I,. in order to assure that normal depth, A,z, is
reached in this channel.
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Question No: 5
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