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Structures 1
Answer to the questions below, assuming deformation is sufficiently small.
Problem 1
A cantilever beam with uniform Young’s modulus E and geometrical moment of inertia I is
subject to a point load P and bending moment M as shown in Figure 1. Derive the
displacement w at the loading point as a function of P and M .
Problem 2
Consider a bumper attached to an object A which keeps moving slowly along x -axis
towards a wall as shown in Figure 2. The bumper, a thin and straight Bernoulli-Euler
beam with a uniform bending rigidity EI , is bent slightly with bending moments M 0
applied to both ends of this beam. These moments are kept always constant. The ends
are free to move only in y -direction (Figure 2(a))
(1) When the bumper is pushed against the wall, only central part of the bumper will
contact with the wall and the rest is untouched (Figure 2(b)). Show the condition
satisfied at the boundary between touched and untouched region of the beam.
(2) Assuming the length of the beam is L , derive reaction force P as a function of the
length l of untouched region and draw roughly the relationship.
(3) Derive the relationship between distance x (between the wall and the object) and
the load P , and draw the brief image of the relationship.
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Figure２(a) Object and bumper

Figure 2(b) Bumper is pushed against wall

Structures 2
A two-story building subject to seismic ground motion is modeled as shown
in the figure below. Each floor mass is modeled by m1 and m2，column
stiffness is modeled by k1 and k2, and damping of each floor is modeled by
dashpot with coefficients c1 and c2. Horizontal ground displacement due to
earthquakes is represented by z, and horizontal displacement of each floor is
represented by x1 andx2.
Problem 1
Derive the equation of motion for this system.
does this model have?

How many vibration modes

Problem 2
Derive the natural frequencies and mode shapes for m1=1, m2=2, k1=1, k2=1,
c1=0, and c2=0.
Problem 3
Seismic performance of this building is planned to improve by attaching
vibration control devices. Assuming damping coefficients, c1 and c2, can be
modified arbitrarily, propose a desirable design for these vibration control
devices, i.e. choice of c1 and c2, and state the reason.
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Materials 1
Problem 1
Answer the following questions.
(1) Calculate the failure bending capacity of a reinforced concrete (RC) beam having
the cross section (four main reinforcing steel bars: diameter of a bar is 32mm, cross
sectional area of a bar is 8.0cm2) shown in Fig.1.
(2) Explain three factors affecting apparent shear strength (≡shear capacity/cross section
of beam) of a RC beam without stirrups.
(3) When a concentrated load P is applied to the RC beam without stirrups shown in
Fig.2, shear crack is generated and shear failure occurs at 40 tonf (400kN). This RC
beam has the cross section shown in Fig.1. In order to avoid shear failure (flexural
failure occurs prior to shear failure), how much amount of stirrups (diameter is
13mm, cross section is 1.3cm2) is required? Answer the space between the stirrups.
Note) When data necessary for computation is not provided, define new values and use
them for your answer.
Problem 2
(1) Figure 3 shows a girder of a RC bridge, which has been exposed to marine
environment for 40 years. Explain the cause and mechanisms of the deterioration.
(2) Propose repair plan(s) for this deteriorated structure.
(3) Explain factors causing deterioration of a RC structure and those mechanisms. Give
two examples other than the answer in question (1).
(4) What are important factors to embody a durable concrete structure? Give two
examples from the viewpoint of “material”, “construction”, and “structure”,
respectively.
Problem 3
Explain the following questions within five lines. If necessary, you may use figure(s)
for your explanation.
(1) Features of Self-Compacting Concrete in its mix proportion.
(2) Engineering scheme to promote the usage of recycled aggregate
(3) Mechanisms of thermal and drying shrinkage cracking
(4) Definition of interaction diagrams and its meaning
(5) Features and advantages of performance-based design
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Material 2
Problem 1
In a triaxial compression test on sand, an effective vertical stress of 400 kPa and an
effective horizontal stress of 100 kPa were applied to the specimen. Answer the
following questions on this stress condition. Use √3=1.7, if required.
(1) Draw Mohr’s circle of stress.
(2) Evaluate the value of sin φ, where φ is the mobilized angle of internal friction.
(3) Evaluate the values of shear stress τ30 and effective normal stress σ30' mobilized on a
plane that is inclined from the horizontal plane by 30 degrees. Indicate this stress
state on the Mohr’s circle of stress drawn in (1).
(4) Evaluate the maximum value of τ/σ', where τ and σ' are shear stress and effective
normal stress, respectively, that are mobilized on an arbitrary plane. Indicate this
stress state on the Mohr’s circle of stress drawn in (1).
Problem 2
A surcharge p is applied on ground with cohesion c. This ground has no internal
friction angle, and the effects of its self-weight can be neglected. Answer the following
questions on the vertical bearing capacity of a foundation with a width of W.
(1) Assuming a circular failure plane having a radius R that is equal to W as shown in
Fig. 2-1, evaluate the vertical bearing capacity F1 based on the equilibrium of
rotational moment.
(2) Assuming two kinds of principal stress states at failure, A and B as shown in Fig.
2-2, evaluate the vertical bearing capacity F2.
(3) Based on the results from (1) and (2), list up practical measures to improve the
vertical bearing capacity of this foundation and explain briefly on their mechanisms.
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Problem 3
Under the conditions shown in Fig. 3, answer the following questions on the flow of
pore water through pipes A to C that were stuffed with soils having different
permeability.
(1) Evaluate the flow rates QA,QB,QC through pipes A, B, C, respectively.
(2) Evaluate the loss of water head ∆HA, ∆HB, ∆HC through each pipe.
(3) Evaluate the apparent coefficient of permeability kap for the whole system, by
assuming that the total flow rate of the system is maintained when all the pipes are
stuffed with single soil having the coefficient of permeability kap.
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Fig. 3
Problem 4
Answer the following questions.
(1) Explain the difference among “active earth pressure”, “passive earth pressure” and
“earth pressure at rest.”
(2) Describe typical examples where each condition of earth pressure as mentioned (1)
is mobilized.
(3) Discuss the effect of the interface friction between the structure and the soil on the
amount of earth pressures mobilized between them.

Hydraulics and Fluid Mechanics 1

Problem 1
Answer the following questions.
(1) Describe the definition of “fluid” in fluid mechanics in around 70 words. (Note that
“fluid” differs from point mass and solid body in structural mechanics. In addition,
consider the difference between “fluid” and “water and air which really exist”.)
(2) An experiment with a wind tunnel shows narrower streamlines above the wing and
wider streamlines below the wing as shown in Figure 1. This indicates the uplifting
force. Explain why one can state so.

Figure 1

Problem 2
Answer the following questions on 2-dimensional potential flow.
(1) On the Cartesian co-ordinates (x-y), describe the equations which show the relation
between velocity potential Φ and the velocity components of the flow (ux,uy), and
the relation between stream function Ψ and the velocity components of the flow
(ux,uy). Then, transform the equations into the equations on the cylindrical
co-ordinates (r-θ) which show the relation between the velocity components (ur, uθ)
and velocity potential Φ.
(2) Given the complex velocity potential W ( W=Φ+iΨ ) of a flow is expressed as the
equation below, show that this flow is a flow around a cylinder in a uniform flow. In
addition, obtain the pressure distribution around the cylinder, and explain the
characteristics of the obtained pressure distribution in around 150 words. In the
equation below, a and U are positive constant parameters, and z=x+iy.
W(z)=U( z+

a2
z

)

Hydraulics and Fluid Mechanics 2
Problem 1
Considering the incompressible fluid, answer the following questions. For the viscous flow,
the Reynolds equation in the x direction is given by
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(1) For an ideal fluid, write the momentum equation in the x direction.
(2) Describe the differences between the momentum equation for the ideal fluid derived in the
above question and the Reynolds equation given in Eq.① in about 20 words.
(3) For a 2-dimensional open channel flow over rough bed, about the shear stresses given in
the third and fourth terms in right side of Eq.①, describe the relative magnitude of the two
shear stresses along the vertical direction in around 30 words.
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(4) In the case of (3), considering the steady and uniform ( x direction) flow with water depth
h , derive the velocity distribution at vertical direction for the laminar flow condition.

(5) In the case of (3), considering the steady and uniform ( x direction) flow with water depth
h and neglecting the third term in right side of Eq.①, derive the vertical distribution of

the shear stress given in the fourth term in right side of Eq.①.
Problem 2
Consider a “wide and shallow” rectangular open channel with mild bed slope i and the unit
width discharge q . At the cross section A, water depth is h A = 0.9 m . Answer the following
questions. Write all processes for deriving the answers.
(1) Derive the normal depth ( h0 ) and the critical depth ( hc ) for this open channel flow.
(2) Apply the energy balance theorem (Bernoulli’s theorem) to derive the basic equation in
differential form for this open channel flow. The Manning’s roughness coefficient is n .
(3) At the cross section B, the water depth is hB = 0.75 m . Should the cross section B be
located in the upstream or downstream of the cross section A? Give the reason for your
judgment. Here, hc < h A, B < h0 .

Planning 1
Problem 1
Explain shortly the following terms in a few lines:
(1) Silent Majority
(2) Vertical Separation of Rail Service
(3) SCA: Strategic Choice Approach
(4) Multi-carrier Joint Delivery Services
(5) TMO: Town Management Organization
(6) Saturation Flow Rate
Problem 2
Select two sub-problems from the following four sub-problems and answer their
questions. Indicate the numbers of the selected sub-problems.
(1) Answer the following questions about the revitalization of urban area:
(1-1) Explain the reasons why many urban areas in local cities have declined
recently, especially from the viewpoint of transportation.
(1-2) Show the countermeasures against the decline of urban areas especially
from the viewpoint of transportation.
(2) Answer the following questions about the road pricing:
(2-1) List up the types of road pricing scheme and explain their characteristics
respectively.
(2-2) Explain the method to decide the appropriate congestion price in the road
pricing scheme.
(3) Answer the following questions about the economic evaluation of
environmental value:
(3-1) Classify the value of environmental goods and explain them respectively.
(3-2) Show the evaluation methods of environmental value and discuss their
characteristics.
(4) Answer the following questions about the travel demand analysis:
(4-1) Explain the strong points and the weak points of the sequential travel
demand analysis method such as the four-step model.
(4-2) Show the differences of travel demand analyses between for passenger
transport and for freight transport.

Planning 2
Problem 1
Explain the following terms in 2 or 3 lines.
(1) Cohort Component Method in Population Estimation
(2) GINI Coefficient
(3) Internal Rate of Return
(4) Input-Output Analysis
(5) Differential Global Positioning System (DGPS)
(6) Vector Model in GIS
Problem 2
Answer the following questions about statistical analysis.
(1) Explain four criteria (or properties) in order to obtain appropriate estimator, and their meanings
in 2 or 3 lines. If necessary, equations can be used by defining variables introduced.
(2) Explain the level of significance in the test in 2 or 3 lines.
(3) Explain the difference between principle component analysis and multi-regression analysis by
clarifying what is maximized or minimized in 5 lines.
Problem 3
Suppose the land prices at N sites y = ( y1 , y 2 L , y N ) are expressed by the k explanatory
variables such as the distance from city center, the distance from the nearest station and road width
'
in front of the land x k = ( x k 1 , x k 2 , L , x kN ) . The regression model is expressed as follows,
'

y = Xβ + ε
where X = (x1 x 2 L x k ) , β = (β1 , β 2 ,L, β k ) , ε = (ε 1 , ε 2 , L, ε N ) . Answer the following
questions.
−1
(1) Show the estimator of β , β̂ is expressed by βˆ = (X ' X ) X ' y .
(2) The multi-collinearity problem is often serious in the application of multi-regression analysis.
Explain briefly the condition that the multi-collinearity problem is typically observed.
※ X ' means transposed matrix of matrix X .

Planning 3
Problem 1
List three most important objectives of construction management and briefly
explain methods for achieving each objective.
Problem 2
In Town A, a local referendum has recently been carried out on its consolidation with
other municipalities. There were three options: i) no consolidation (defined as Sa); ii)
consolidation with Town B (Sb); and iii) consolidation with Town C (Sc).
It is now known that preferences of the residents at Town A can be grouped into three
categories:
[Category 1]
[Category 2]
[Category 3]

Sa > Sb > Sc (with n1 members)
Sb > Sc > Sa (with n2 members)
Sc > Sa > Sb (with n3 members).

The voting system of the referendum is as follows.
[Step 1]
[Step 2]

Vote Sb or Sc, and decide which town to consolidate with.
Vote the winner of Step 1 or Sa, and decide the collective alternative.

Now, argue why the above voting system is problematic.
Notes
1. By Sa > Sb, it is meant that Sa is preferable to Sb.
2. The three categories had about equal number of members. The number of members
of no single category exceeded the sum of the other two – i.e., for ∀ i,j,k, it holds
that ni < nj + nk.
3. The voting was conducted based on a simple majority rule for both Step 1 and Step
2.

Planning 4
Problem 1
Answer the following questions.
(1) Explain the following terms;
a) Maertens’s law
b) Human scale
c) Vista and eye-stop streetscape
(2) Explain the following three types of landscape with showing concrete examples.
scenic landscape / sequential landscape / landscape of place
(3) The characteristics of streetscape are given by proportion and scale of street space,
uses of buildings along the street, activities of pedestrians and so on. Three following
figures show cross sections of Champs-Elyse'e street (Paris), Ginza street (Tokyo) and
Motomachi mall (Yokohama). Comment analytically the characteristics and
differences of these streetscapes.

Champs-Elyse'e street (Paris) L=1100m, D=70m, D/H=2.5〜3

Ginza street (Tokyo) L=900m, D=27.3m, D/H=0.9

Motomachi mall (Yokohama) L=600m, D=9m,
Set back 1.8m (each side), D/H=0.8

Problem 2
Figure 2-1 is a photograph of a bridge and figure 2-2 shows its elevation. Show an
alternative design by drawing its elevation and explain the design concept.
(Draw correctly the proportion, scale, size and shapes. Refer to figure 2-2. But it’s not
necessary to show foundations and dimensions.)

Figure 2-1

Figure 2-2 (S=1/3000)

