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Department of Civil and Environmental Engineering

1.060 Engineering Mechanics 11

In-Class Examination 14 April, 2006

General Comment

The test is concerned with various aspects of a single problem, and consists of questions requiring you to
have solved previous questions. For this reason "default” answers are given so that you can proceed. The
"default" answers are not necessarily the correct solutions (but they may be close) so continue to use your
own solutions unless they differ from the default values by more than 10%. In answering some of the

questions you may find the figure below helpful.
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Generalized Moody Diagram: D = 4R, = 4(4/P)
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General Problem Description

A 10-m-wide concrete caisson is being transported down a river by tug boats when the mooring lines
break. The caisson floats freely down the river and comes to rest against the bank abutments of a bridge
thereby creating an obstruction to the natural flow in the river. After a transitional period, during which
the river flow adjusts to the presence of the caisson, steady flow conditions are achieved. The sketch
below (not to scale) shows the steady state flow scenario in the vicinity of the flow obstruction formed by

the caisson.
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The caisson spans the entire width of the river and leaves a gap of uniform height s, = 0.4 m, length =5 =
width of caisson = 10 m, and width (in direction into the paper) of B = width of the river = 50 m between
the caisson and the river bottom. Over the distance covered by the sketch the river bottom may be
assumed horizontal at z = (. Thus, the discharge in the river, O = 100 m’/s, must pass under the caisson,
i.e. through a closed conduit of "very" rectangular cross-section, A, = h, B, and length =5 =10 m.

Due to the flow obstruction created by the caisson the water (p = 1,000 kg/m’ and v = 10" m%/s) is backed
up to a depth 4; a short distance (~20 m) upstream of the caisson. The flow enters the gap between the
caisson and the river bottom through a contraction (caisson has sharp corners and the contraction
coefficient is C, = 0.6), and shoots out from under the caisson at section 2-2, where the depth, measured
along the downstream sidewall of the caisson, is 4#,. Following exit from under the caisson the flow
expands and forms a uniform flow of depth &; = 3.0 m, a relatively short distance (~20 m) downstream of
the caisson.




Question No: | (10%)

Determine the velocity in the gap below the caisson, ¥, and show that the velocity heads of the flows
upstream and downstream of the caisson where the depths are h; > #; = 3.0 m, are negligibly small
compared to the velocity head of the flow in the gap between caisson and river bottom (Default values 7,
:SH’D’S, V3=0.?WS> V])

Question No: 2 (22%)

Consider the flow expansion that takes place after the flow exits from under the caisson (at 2-2) to the
uniform river flow achieved a short distance (~20 m) downstream of the caisson, where the depth is #; =
3.0 m, and determine the depth %, along the downstream sidewall of the caisson. (Default value: b, =2.7
m).

Question No: 3 (33%)

Determine the depth 4, a short distance (~20 m) upstream of the caisson required to drive the discharge O
under the caisson. Assume (i) the depth at the outflow from under the caisson to be #, = 2.7 m (regardless
of the value you obtained in Q #2); (ii) the caisson and the river bottoms to have the same roughness, £ =
0.5 cm; (iii) the caisson to have sharp corners so that C, = 0.6; and (iv) the velocity head at 1-1 is
negligibly small, as was shown in Q #1). (Default value #) =5 m)

Question No: 4) (10%)

Determine the total headloss, AH| 3, caused by the flow obstruction created by the caisson, and the portion
of this headloss contributed by the flow expansion from 2-2 to 3-3, AH,.;. (Default values AH; 3 =2 m,
AH};Z 1 m)

Question No: 5 (15%)

Sketch the EGL and HGL for the flow in the closed conduit of length = b = 10m formed by the gap
between the caisson and the river bottom.

Question No: 6 (10%)

Determine the total horizontal force acting on the fluid from the surrounding boundaries between 1-1 and
3-3. Is this horizontal force equal to the horizontal force acting from the fluid on the caisson?
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