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Specialty A

Question 1
Answer the following questions.
(1) Answer the following questions about the transportation planning of a local city.

a)

b)

d)

The utility function of holiday activities in the central urban area (g) is expressed as U, =V
¢ teg , Where U, is utility of central urban area, V', is deterministic term and &, is error term,
the utility function of activities at suburban shopping center () can be described by U, =V,
+&, , where U, is the utility of suburban shopping center, 7, is deterministic term and ¢ is
error term. Derive an expression for the binary choice probability P, of choosing the central
urban area in holiday activity choice for a probability density function of &' (f(&")) shown
in Figure 1, when ¢'= g, —¢&,. For the holiday activity, no choice other than g and # is con-
sidered.

J(€"

2/(3K)

1/(3K)

-K 0 K &'
Figure 1 Probability density function of &' (K is constant)

Assuming independent and identically distributed Gumbel (i.i.d. Gumbel) ¢ e~ gfor the
error distribution, derive the choosing probability and answer within eight lines about how
the difference in variance of the error distribution affects the choosing probability.

Propose one effective transportation policy to improve access to central urban area, survey
methods for policy evaluation and evaluation analysis method within five lines each.

Since shopping refugee problems occurred in an old residential of suburbs, it was decided
to make a public transport network plan. When you make a public transport network plan,
give three important transportation policies from the viewpoint of "cooperation", answer
within five lines each.

(2) Read the following sentences and select correct combination of wrong-correct phrases with un-
derline from A to E.

Although it is possible to improve congestion by collecting congestion tax from road users and
internalizing external diseconomies, income redistribution increases ()_economic welfare un-
less it reduces the overall output economic. This is based on the principle of @ Pigou's first
proposition. This proposition is derived from the law of diminishing marginal utility and income
redistribution can satisfy (3 the stronger desire of the rich. In order @) to correct the internal
effect which increases the total of desire satisfaction, we grant subsidies on (& negative exter-

nal effects and tax on (6 positive external effects. At this time, it is necessary to maximize (D)
"total benefit" as a whole society which is equal to "user benefits" minus “social expenses”




(combined costs of external expenses which are positive effects on society and normal ex-
penses.)

@ @ ©) @ ® ® @
A Wrong Wrong Wrong Wrong Wrong Wrong Wrong Wrong
B Wrong Wrong Wrong Correct  Correct Correct Correct Wrong
C Wrong Wrong Wrong Correct  Wrong Correct Correct Wrong
D Correct Wrong Wrong Wrong Correct Wrong Wrong Wrong
E Wrong Correct Correct Correct  Wrong Wrong Correct Correct




Question 2
Answer the following questions.
(1) Explain the global geodetic reference system in about eight lines.
(2) Explain a Real Time Kinematic positioning (RTK positioning) by using all of the following
words:
carrier phase relative positioning, integer bias, On the Fly method, wide lane.
(3) Answer the following questions about orientation of photogrammetry.
a) Write five exterior and interior orientation elements in total.
b) Write the collinearity condition equation. Variables should be defined by yourself.
¢) Explain the difference between orientation of a single photograph with only exterior orien-
tation elements and that with exterior and interior orientation elements, by using the collin-
earity condition equation.
(4) Explain the false color composite of satellite remote sensing data in about five lines. Addition-
ally, write an example of the false color composite, and explain its application in about eight
lines in total.



Specialty A

Question 1
Answer the following questions.

(1) One of the assumptions to calculate a flexural capacity of reinforced concrete (RC) beam is that
the plane sections remain plane (Bernoulli-Navier hypothesis). Explain the hypothesis and why
it is necessary in about five lines. You may use illustrations if necessary.

(2) When a tensile force is applied to steel bars placed in concrete, the average tensile stress-strain
relationship of concrete after multiple cracks occur is different from that of concrete without
steel bars. Explain how they are different in about seven lines. You must use illustrations.

(3) There are mainly two methods for manufacturing prestressed concrete members, namely pre-
tensioning systems and post-tensioning systems. Write two advantages and two disadvantages
of the pre-tensioning systems compared to the post-tensioning systems.

(4) Answer whether each of the following statements regarding mix or properties of concrete is
correct or wrong. If a statement is wrong, explain the reason in about two lines.

a) When the maximum percentages of packing volume of fine aggregate and coarse aggregate
are 56% and 60%, respectively, the maximum percentage of packing volume of mix of these
two aggregates is 58%.

b) The volumes of gel pores and interlayer pores in the C-S-H gel generally increase with the
progress of cement hydration.

c) Ettringite is one of the typical cement hydrates, and the needle-shaped crystal of ettringite
forms mainly by the hydration of alite and aluminate phase. Friedel’s salt is produced in the
reaction between ettringite and chloride ions, which can fix the chloride ion.

d) As the thermal expansion coefficients of concrete and steel bars are almost the same, we
cannot decrease the width of thermal cracks even if we install steel bars as a countermeasure
for the thermal cracks.



Question 2
Answer the following questions.

(1) Answer the following questions on an excavation work made by constructing a vertical imper-
meable wall in level ground consisting of a permeable sandy soil layer, and by removing the
soil on one side of the wall. As illustrated in Figure 1, the ground water levels on both sides of
the wall are at the ground surface, and the permeable sandy ground is underlain by an imperme-
able clay layer.

a) Redraw a similar figure on the answer sheet, and add flow net lines and corresponding equi-
potential lines using solid and broken lines, respectively.

b) Mark the location in the above figure where the largest hydraulic gradient is mobilized in the
sandy ground and explain the reason in about three lines.

c¢) List up two problems that may be potentially induced by the geotechnical behavior of the
permeable sandy ground, and explain each of the problems in about five lines, including an
example of countermeasure and its working principle.

d) This excavation work may potentially affect the impermeable clay layer as well. Explain its

effect on the clay layer and the reason in about three lines.

Ground water
level at the
ground surface

\/
— 7 Impermeable wall

Ground water level at the
excavated ground surface

Permeable

\VA
sandy ground T —

Permeable
sandy ground

Impermeable clay layer

Figure 1




(2) Answer the following questions on earth pressures. [f needed, schematic figure(s) may be added.

a) In about three lines each, explain active earth pressure, passive earth pressure and earth pres-
sure at rest, while showing a typical case where each earth pressure is mobilized.

b) In about five lines, explain the procedures to evaluate the resultant force of passive earth pres-
sure exerted to a vertical and smooth back face of soil retaining walls, based on Rankine’s
earth pressure theory.

¢) In about five lines, explain the procedures to evaluate the resultant force of passive earth pres-
sure exerted to a vertical and smooth back face of soil retaining walls, based on Coulomb’s
earth pressure theory.

d) On each of the factors/properties listed as d-1 through d-5 below, by rewriting and completing
the following table on the answer sheet, indicate whether or not it can be considered/evaluated
by the Rankine’s and/or Coulomb’s earth pressure theories.

d-1: Inclination angle of the back face of soil retaining walls
d-2: Friction mobilized at the back face of soil retaining walls
d-3: Cohesion of the backfill soils

d-4: Seismic inertia force exerted to the backfill soils

d-5: Vertical distribution of earth pressure

Factors/ Rankine’s earth pressure | Coulomb’s earth pres-
properties theory sure theory
d-1
d-2
d-3
d-4
d-5

O: can be considered/evaluated, —: cannot be considered/evaluated



Specialty A

Question 1

We consider a beam at quasi-static state as shown in Figure 1. The longitudinal direction of the
beam is x, and the vertical or horizontal transverse direction of the beam is z or y, respectively,
and the cross section of the beam is rectangular with width w and height h. The positive direction
of z is downward; see Figure 1a). Answer the following questions.

Z VA

a) overview of beam and x-, y-, and z-directions

T

—

dx

M M+ dM
T dx
o +do
o dz h
T+dr
V V+dv
—
T+dr
b) normal stress ¢ and shear stress T ¢) bending moment M and shear force V

Figure 1

(1) As shown in Figure 1b), we take an infinitesimally small portion of length dx and height dz
from the beam, and consider equilibrium of stress. Show that the normal stress o and the shear
stress T inthe z-direction satisfy the following equilibrium equation in the x-direction.

do Ot

a0

(2) As shown in Figure 1c), we take a small portion of length dx from the beam. Derive the equi-
librium equation of moment that the bending moment M and the shear force V of the cross
section satisfy, in the same manner as you show in solving (1).

(3) Derive an expressionof M and V intermsof o and t, by properly integrating ¢ and 7 on
the cross section.

(4) We can compute T integrating the equilibrium equation of (1) on the cross section. Derive an
expression of 7, knowing that 7 = 0 1is satisfied on the top and bottom of the cross section
(z =+h/2), and that o is expressed as g = Az in terms of A which is a function of x.



(5) Derive the equilibrium equation of moment of (2) from the equilibrium equation of (1), using
the answers of (3) and (4).

(6) In general, a beam has shear strain which is much smaller than normal strain, and we approxi-
mate T as 0. However, the approximation of 7 = 0 contradicts the two equilibrium equations
of (1) and (2). How do you solve this contradiction? Explain your idea of solving the contradic-
tion in around five lines.



Question 2
Answer the following questions.

(1) A cylinder with the mass m, radius r and length [, is floating on stationary water surface as
shown in Figure 2. The motion of this cylinder in horizontal and rotational directions is con-
strained and only vertical (y-direction) motion is allowed. Only gravitational and buoyancy
forces are applied to the cylinder. Answer the following questions. The water density is p and
the gravitational acceleration is g.

a) Obtain the equation of motion of this cylinder in vertical direction.
b) Obtain the natural period of the vertical motion of this cylinder.

HAr ke

~—~

< [

L

z v

Figure 2

(2) Amass M is supported by two springs with spring constant k and length L as shown in Fig-
ure 3. Answer the following questions. You can ignore the mass of the springs and the gravita-
tional force.

a) A horizontal (x-direction) displacement of A4 is given to this mass at time ¢ = 0. The mass
has no velocity at t = 0. Obtain the expressions for displacement, velocity and acceleration
of the mass as a function of time ¢.

b) A vertical (y-direction) displacement is given to this mass. Obtain the equation of motion
of this mass in vertical direction.

¢) Simplify the equation of motion obtained in b) assuming the vertical displacement of the
mass is small. You may use the approximation (1 + 6)% ~ 1 + ad when § < 1. Based
on the simplified equation of motion, describe the characteristic of the vertical motion of
the mass in about three lines.

|
L x L | L

Figure 3



Specialty A

Question 1

Read the paragraphs about the theory of open channel flow and the jet streams below, and answer
each question about the underlined parts 1) to 6). You may define additional variables if necessary.

In the steady open channel flow, the energy conservation law can be expressed from the equation
of motion" obtained by assuming the hydrostatic approximation. The energy expressed as the water
head with reference to the channel floor is called specific energy. The critical water depth can be
defined from the relation between specific energy and water depth, and subcritical flow and super-
critical flow can be defined® by using Froude number. The phenomenon that occurs when transi-
tioning from a state of high specific energy to a state of low specific energy is called hydraulic
jump?.

Here, we shall apply this theory of open channel flow to the jet streams of the earth. Jet stream is
a strong wind band that flows eastward in the middle and high latitudes of the earth's upper tropo-
sphere. Since the earth rotates on its own axis, the apparent force® works in the direction horizon-
tally perpendicular to the wind direction, and the pressure gradient force works in the opposite di-
rection to satisfy the balance of the forces. Open channel flow and jet streams will have analogies”,
if the water depth in the open channel is regarded as the horizontal width of the jet stream. For
example, it is possible to regard a state in which the jet stream has a large width as a subcritical flow,
a state with a small width as a supercritical flow, and a state in which the sudden width changes can
be compared to a hydraulic jump. The dimensionless quantity called Rossby-Froude number is an
analogical counterpart of the Froude number in open channel flow. The sudden change in the width
of jet stream is greatly related to the weather in Japan as a phenomenon called "blocking."®

(1) With respect to 1), the equations of motion in the tangential direction and the normal direction
of the streamline of a perfect fluid are expressed by the following equations. From these equa-
tions, derive the conservation law of energy in a steady open channel flow.

16v5+16v2_ a(p )
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Here, s and n denote the tangential direction and normal direction of the streamline, respec-
tively, v isthe magnitude of flow velocity, and v, and v, are the velocity components in the
tangential direction and the normal direction, respectively. p isthe pressure, z isthe elevation
of the channel floor, g is the gravitational acceleration, p is the density, and r is the radius
of curvature of streamline.

(2) Regarding 2), illustrate the relationship between the water depth h and the specific energy E
in case of constant unit width flow rate q. Also, indicate the critical water depth h. and the
ranges of subcritical flow and supercritical flow in the illustration.

(3) Regarding 3), assume that a hydraulic jump occurred in one section of the open channel with a
horizontal channel floor. Water depths before and after jumping were 0.2 m and 0.8 m, respec-
tively. At this time, calculate the unit width flow rate g through the open channel and the spe-
cific energy loss AE and answer them with two significant figures, respectively. Use g =
9.8 m/s’.

(4) Regarding 4), this apparent force is known as "Coriolis force", and its horizontal magnitude is



fV, where V is horizontal wind speed relative to the earth's surface and f = 22 sin ¢ with
), the angular velocity of rotation of the earth, and ¢, latitude. In addition, it is assumed that
the latitudinal dependence in the target area is linearly approximated (f = f, + fy; where
fo = 20 sin@,, and y is the horizontal meridional distance from the latitude ¢, (polar di-
rection is positive) [m]). This is called [-plane approximation. Calculate the value of £ at
latitude 45 degrees and answer it with two significant figures. Use sin 45° = 0.71, the radius
of the earth 6.4 X 10® m, and w = 3.14.

(5) Regarding 5), if the wind speed u is uniform in the jet stream with the width of a, the Rossby-
Froude number corresponding to the Froude number in the open channel is expressed as Ry =
12 u/Ba?. Assume that the jet stream is at the state corresponding to critical flow in the steady
open channel flow and it has a wind speed of 12 m/s. Calculate the width of the jet stream at
that time using [ calculated in (4) and answer it with one significant figure.

(6) Regarding 6), "blocking" is analogically equivalent to hydraulic jump. Specific energy de-
creases by a hydraulic jump in open channel flow. What kind of flow is considered to be occur-
ring in the upper air during the blocking phenomenon? Answer it in about two lines. In addition,
name two specific examples of hydro-meteorological phenomena that can occur when a block-
ing sits over Japan, and describe the physical occurrence mechanisms and their social influences
in about 12 lines in total.



Question 2

Consider incompressible viscous flows between a circular pipe of radius 2a and a cylinder of
radius a sharing a common axis shown in Figure 1. There is no gravitational force acting on the

fluid.
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The following continuity and momentum equations in cylindrical coordinates (7, €, z) hold for
laminar pipe flows in general.

Continuity equation:
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Here, z is taken as the axis of the pipe, 7 is the radial distance from the z-axis and € is the angle from
the positive x-axis as shown in Figure 1. (u, ug, u,) represent the radial, tangential and axial velocity
components, p is pressure, p and u are density and viscosity of the fluid, respectively. The pipe and
the cylinder are sufficiently long. Answer the following questions regarding laminar flows between
the pipe and the cylinder.

(1) Show that the radial velocity u, is zero for axially uniform and axisymmetric flows between the
pipe and the cylinder from the continuity equation.

(2) We generate a steady circular flow between the pipe and the cylinder by rotating the cylinder
about z-axis at a constant angular velocity @ with the pipe fixed. Let this flow satisfy the condi-
tion in (1) and answer the following questions.

a) Simplify the momentum equation for the tangential velocity usunder the given conditions.
b) Describe the boundary conditions for the tangential velocity ue.

¢) Find the distribution of the tangential velocity uy between the pipe and the cylinder.

d) Find the pressure difference between the inner surface of the pipe (» = 2a) and the cylinder



surface (= a).

(3) We stop the rotation and then generate a steady axial flow between the pipe and the cylinder by
applying pressure from the negative side of z-axis using a pump to make a constant axial pres-
sure gradient G = — Op/0Oz (> 0) along the flow. Let this flow satisfy the condition in (1) and
answer the following questions.

a) Simplify the momentum equation for the axial velocity u-under the given conditions.
b) Describe the boundary conditions for the axial velocity u..

¢) Find the distribution of the axial velocity u. between the pipe and the cylinder.

d) Find the axial flow discharge between the pipe and the cylinder.

e) Find the flow-induced axial force on the cylinder per its unit length.



Specialty A

Question 1

We consider a beam at quasi-static state as shown in Figure 1. The longitudinal direction of the
beam is x, and the vertical or horizontal transverse direction of the beam is z or y, respectively,
and the cross section of the beam is rectangular with width w and height h. The positive direction
of z is downward; see Figure 1a). Answer the following questions.
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a) overview of beam and x-, y-, and z-directions
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(1) As shown in Figure 1b), we take an infinitesimally small portion of length dx and height dz
from the beam, and consider equilibrium of stress. Show that the normal stress o and the shear
stress T inthe z-direction satisfy the following equilibrium equation in the x-direction.

do Ot

a0

(2) As shown in Figure 1c), we take a small portion of length dx from the beam. Derive the equi-
librium equation of moment that the bending moment M and the shear force V of the cross
section satisfy, in the same manner as you show in solving (1).

(3) Derive an expressionof M and V intermsof o and t, by properly integrating ¢ and 7 on
the cross section.

(4) We can compute T integrating the equilibrium equation of (1) on the cross section. Derive an
expression of 7, knowing that 7 = 0 1is satisfied on the top and bottom of the cross section
(z =+h/2), and that o is expressed as g = Az in terms of A which is a function of x.



(5) Derive the equilibrium equation of moment of (2) from the equilibrium equation of (1), using
the answers of (3) and (4).

(6) In general, a beam has shear strain which is much smaller than normal strain, and we approxi-
mate T as 0. However, the approximation of 7 = 0 contradicts the two equilibrium equations
of (1) and (2). How do you solve this contradiction? Explain your idea of solving the contradic-
tion in around five lines.



Question 2
Answer the following questions.

(1) A cylinder with the mass m, radius r and length [, is floating on stationary water surface as
shown in Figure 2. The motion of this cylinder in horizontal and rotational directions is con-
strained and only vertical (y-direction) motion is allowed. Only gravitational and buoyancy
forces are applied to the cylinder. Answer the following questions. The water density is p and
the gravitational acceleration is g.

a) Obtain the equation of motion of this cylinder in vertical direction.
b) Obtain the natural period of the vertical motion of this cylinder.
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(2) Amass M is supported by two springs with spring constant k and length L as shown in Fig-
ure 3. Answer the following questions. You can ignore the mass of the springs and the gravita-
tional force.

a) A horizontal (x-direction) displacement of A4 is given to this mass at time ¢ = 0. The mass
has no velocity at t = 0. Obtain the expressions for displacement, velocity and acceleration
of the mass as a function of time ¢.

b) A vertical (y-direction) displacement is given to this mass. Obtain the equation of motion
of this mass in vertical direction.

¢) Simplify the equation of motion obtained in b) assuming the vertical displacement of the
mass is small. You may use the approximation (1 + 6)% ~ 1 + ad when § < 1. Based
on the simplified equation of motion, describe the characteristic of the vertical motion of
the mass in about three lines.
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Specialty A

Question 1

Read the paragraphs about the theory of open channel flow and the jet streams below, and answer
each question about the underlined parts 1) to 6). You may define additional variables if necessary.

In the steady open channel flow, the energy conservation law can be expressed from the equation
of motion" obtained by assuming the hydrostatic approximation. The energy expressed as the water
head with reference to the channel floor is called specific energy. The critical water depth can be
defined from the relation between specific energy and water depth, and subcritical flow and super-
critical flow can be defined® by using Froude number. The phenomenon that occurs when transi-
tioning from a state of high specific energy to a state of low specific energy is called hydraulic
jump?.

Here, we shall apply this theory of open channel flow to the jet streams of the earth. Jet stream is
a strong wind band that flows eastward in the middle and high latitudes of the earth's upper tropo-
sphere. Since the earth rotates on its own axis, the apparent force® works in the direction horizon-
tally perpendicular to the wind direction, and the pressure gradient force works in the opposite di-
rection to satisfy the balance of the forces. Open channel flow and jet streams will have analogies”,
if the water depth in the open channel is regarded as the horizontal width of the jet stream. For
example, it is possible to regard a state in which the jet stream has a large width as a subcritical flow,
a state with a small width as a supercritical flow, and a state in which the sudden width changes can
be compared to a hydraulic jump. The dimensionless quantity called Rossby-Froude number is an
analogical counterpart of the Froude number in open channel flow. The sudden change in the width
of jet stream is greatly related to the weather in Japan as a phenomenon called "blocking."®

(1) With respect to 1), the equations of motion in the tangential direction and the normal direction
of the streamline of a perfect fluid are expressed by the following equations. From these equa-
tions, derive the conservation law of energy in a steady open channel flow.
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Here, s and n denote the tangential direction and normal direction of the streamline, respec-
tively, v isthe magnitude of flow velocity, and v, and v, are the velocity components in the
tangential direction and the normal direction, respectively. p isthe pressure, z isthe elevation
of the channel floor, g is the gravitational acceleration, p is the density, and r is the radius
of curvature of streamline.

(2) Regarding 2), illustrate the relationship between the water depth h and the specific energy E
in case of constant unit width flow rate q. Also, indicate the critical water depth h. and the
ranges of subcritical flow and supercritical flow in the illustration.

(3) Regarding 3), assume that a hydraulic jump occurred in one section of the open channel with a
horizontal channel floor. Water depths before and after jumping were 0.2 m and 0.8 m, respec-
tively. At this time, calculate the unit width flow rate g through the open channel and the spe-
cific energy loss AE and answer them with two significant figures, respectively. Use g =
9.8 m/s’.

(4) Regarding 4), this apparent force is known as "Coriolis force", and its horizontal magnitude is



fV, where V is horizontal wind speed relative to the earth's surface and f = 22 sin ¢ with
), the angular velocity of rotation of the earth, and ¢, latitude. In addition, it is assumed that
the latitudinal dependence in the target area is linearly approximated (f = f, + fy; where
fo = 20 sin@,, and y is the horizontal meridional distance from the latitude ¢, (polar di-
rection is positive) [m]). This is called [-plane approximation. Calculate the value of £ at
latitude 45 degrees and answer it with two significant figures. Use sin 45° = 0.71, the radius
of the earth 6.4 X 10® m, and w = 3.14.

(5) Regarding 5), if the wind speed u is uniform in the jet stream with the width of a, the Rossby-
Froude number corresponding to the Froude number in the open channel is expressed as Ry =
12 u/Ba?. Assume that the jet stream is at the state corresponding to critical flow in the steady
open channel flow and it has a wind speed of 12 m/s. Calculate the width of the jet stream at
that time using [ calculated in (4) and answer it with one significant figure.

(6) Regarding 6), "blocking" is analogically equivalent to hydraulic jump. Specific energy de-
creases by a hydraulic jump in open channel flow. What kind of flow is considered to be occur-
ring in the upper air during the blocking phenomenon? Answer it in about two lines. In addition,
name two specific examples of hydro-meteorological phenomena that can occur when a block-
ing sits over Japan, and describe the physical occurrence mechanisms and their social influences
in about 12 lines in total.



Question 2

Consider incompressible viscous flows between a circular pipe of radius 2a and a cylinder of
radius a sharing a common axis shown in Figure 1. There is no gravitational force acting on the

fluid.
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The following continuity and momentum equations in cylindrical coordinates (7, €, z) hold for
laminar pipe flows in general.

Continuity equation:
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Momentum equations:
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Here, z is taken as the axis of the pipe, 7 is the radial distance from the z-axis and € is the angle from
the positive x-axis as shown in Figure 1. (u, ug, u,) represent the radial, tangential and axial velocity
components, p is pressure, p and u are density and viscosity of the fluid, respectively. The pipe and
the cylinder are sufficiently long. Answer the following questions regarding laminar flows between
the pipe and the cylinder.

(1) Show that the radial velocity u, is zero for axially uniform and axisymmetric flows between the
pipe and the cylinder from the continuity equation.

(2) We generate a steady circular flow between the pipe and the cylinder by rotating the cylinder
about z-axis at a constant angular velocity @ with the pipe fixed. Let this flow satisfy the condi-
tion in (1) and answer the following questions.

a) Simplify the momentum equation for the tangential velocity usunder the given conditions.
b) Describe the boundary conditions for the tangential velocity ue.

¢) Find the distribution of the tangential velocity uy between the pipe and the cylinder.

d) Find the pressure difference between the inner surface of the pipe (» = 2a) and the cylinder



surface (= a).

(3) We stop the rotation and then generate a steady axial flow between the pipe and the cylinder by
applying pressure from the negative side of z-axis using a pump to make a constant axial pres-
sure gradient G = — Op/0Oz (> 0) along the flow. Let this flow satisfy the condition in (1) and
answer the following questions.

a) Simplify the momentum equation for the axial velocity u-under the given conditions.
b) Describe the boundary conditions for the axial velocity u..

¢) Find the distribution of the axial velocity u. between the pipe and the cylinder.

d) Find the axial flow discharge between the pipe and the cylinder.

e) Find the flow-induced axial force on the cylinder per its unit length.



Specialty A

Question 1

We consider a beam at quasi-static state as shown in Figure 1. The longitudinal direction of the
beam is x, and the vertical or horizontal transverse direction of the beam is z or y, respectively,
and the cross section of the beam is rectangular with width w and height h. The positive direction
of z is downward; see Figure 1a). Answer the following questions.
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a) overview of beam and x-, y-, and z-directions
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(1) As shown in Figure 1b), we take an infinitesimally small portion of length dx and height dz
from the beam, and consider equilibrium of stress. Show that the normal stress o and the shear
stress T inthe z-direction satisfy the following equilibrium equation in the x-direction.

do Ot
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(2) As shown in Figure 1c), we take a small portion of length dx from the beam. Derive the equi-
librium equation of moment that the bending moment M and the shear force V of the cross
section satisfy, in the same manner as you show in solving (1).

(3) Derive an expressionof M and V intermsof o and t, by properly integrating ¢ and 7 on
the cross section.

(4) We can compute T integrating the equilibrium equation of (1) on the cross section. Derive an
expression of 7, knowing that 7 = 0 1is satisfied on the top and bottom of the cross section
(z =+h/2), and that o is expressed as g = Az in terms of A which is a function of x.



(5) Derive the equilibrium equation of moment of (2) from the equilibrium equation of (1), using
the answers of (3) and (4).

(6) In general, a beam has shear strain which is much smaller than normal strain, and we approxi-
mate T as 0. However, the approximation of 7 = 0 contradicts the two equilibrium equations
of (1) and (2). How do you solve this contradiction? Explain your idea of solving the contradic-
tion in around five lines.



Question 2
Answer the following questions.

(1) A cylinder with the mass m, radius r and length [, is floating on stationary water surface as
shown in Figure 2. The motion of this cylinder in horizontal and rotational directions is con-
strained and only vertical (y-direction) motion is allowed. Only gravitational and buoyancy
forces are applied to the cylinder. Answer the following questions. The water density is p and
the gravitational acceleration is g.

a) Obtain the equation of motion of this cylinder in vertical direction.
b) Obtain the natural period of the vertical motion of this cylinder.

HAr ke

~—~

< [

L

z v

Figure 2

(2) Amass M is supported by two springs with spring constant k and length L as shown in Fig-
ure 3. Answer the following questions. You can ignore the mass of the springs and the gravita-
tional force.

a) A horizontal (x-direction) displacement of A4 is given to this mass at time ¢ = 0. The mass
has no velocity at t = 0. Obtain the expressions for displacement, velocity and acceleration
of the mass as a function of time ¢.

b) A vertical (y-direction) displacement is given to this mass. Obtain the equation of motion
of this mass in vertical direction.

¢) Simplify the equation of motion obtained in b) assuming the vertical displacement of the
mass is small. You may use the approximation (1 + 6)% ~ 1 + ad when § < 1. Based
on the simplified equation of motion, describe the characteristic of the vertical motion of
the mass in about three lines.
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Specialty A

Question 1

We consider a beam at quasi-static state as shown in Figure 1. The longitudinal direction of the
beam is x, and the vertical or horizontal transverse direction of the beam is z or y, respectively,
and the cross section of the beam is rectangular with width w and height h. The positive direction
of z is downward; see Figure 1a). Answer the following questions.
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a) overview of beam and x-, y-, and z-directions
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(1) As shown in Figure 1b), we take an infinitesimally small portion of length dx and height dz
from the beam, and consider equilibrium of stress. Show that the normal stress o and the shear
stress T inthe z-direction satisfy the following equilibrium equation in the x-direction.
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(2) As shown in Figure 1c), we take a small portion of length dx from the beam. Derive the equi-
librium equation of moment that the bending moment M and the shear force V of the cross
section satisfy, in the same manner as you show in solving (1).

(3) Derive an expressionof M and V intermsof o and t, by properly integrating ¢ and 7 on
the cross section.

(4) We can compute T integrating the equilibrium equation of (1) on the cross section. Derive an
expression of 7, knowing that 7 = 0 1is satisfied on the top and bottom of the cross section
(z =+h/2), and that o is expressed as g = Az in terms of A which is a function of x.



(5) Derive the equilibrium equation of moment of (2) from the equilibrium equation of (1), using
the answers of (3) and (4).

(6) In general, a beam has shear strain which is much smaller than normal strain, and we approxi-
mate T as 0. However, the approximation of 7 = 0 contradicts the two equilibrium equations
of (1) and (2). How do you solve this contradiction? Explain your idea of solving the contradic-
tion in around five lines.



Question 2
Answer the following questions.

(1) A cylinder with the mass m, radius r and length [, is floating on stationary water surface as
shown in Figure 2. The motion of this cylinder in horizontal and rotational directions is con-
strained and only vertical (y-direction) motion is allowed. Only gravitational and buoyancy
forces are applied to the cylinder. Answer the following questions. The water density is p and
the gravitational acceleration is g.

a) Obtain the equation of motion of this cylinder in vertical direction.
b) Obtain the natural period of the vertical motion of this cylinder.
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(2) Amass M is supported by two springs with spring constant k and length L as shown in Fig-
ure 3. Answer the following questions. You can ignore the mass of the springs and the gravita-
tional force.

a) A horizontal (x-direction) displacement of A4 is given to this mass at time ¢ = 0. The mass
has no velocity at t = 0. Obtain the expressions for displacement, velocity and acceleration
of the mass as a function of time ¢.

b) A vertical (y-direction) displacement is given to this mass. Obtain the equation of motion
of this mass in vertical direction.

¢) Simplify the equation of motion obtained in b) assuming the vertical displacement of the
mass is small. You may use the approximation (1 + 6)% ~ 1 + ad when § < 1. Based
on the simplified equation of motion, describe the characteristic of the vertical motion of
the mass in about three lines.
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