Specialty A

Problem 1
" Answer the following questions.

(1) In general, the ultimate flexural capacity of reinforced concrete members is not proportional to
the compressive strength of concrete. Explain this mechanism in approximately 7 lines.

(2) In general, larger amount of shear reinforcement is arranged for large-scale concrete structural
members in comparison with the small-sized ones. Explain its mechanical reasons in
approximately 7 lines. )

(3) It is of great importance in design and planning of structures to avoid catastrophic collapse,
‘and for quick recovery even if a gigantic earthquake beyond the designed magnitude might-
come. Propose three methods for meeting this challenge in approximately 15 lines.

(4) Explain, in approximately 15 lines, the mix design method of fresh concrete to realize both
higher fluidity and segregation resistance by using the following terms. — water to cement
(powder) ratio, mineral admixture, water content, super plasticizer, viscosity —

(5) Propose the methods to improve the corrosion resistance of reinforced concrete located close
to coastal lines in view of material design, structural design and construction systems in
approximately 20 lines.



Problem 2

A sandy filling of 6 m height, having wet unit weight, ¥= 20 kN/m’, is proposed on a soft clay
deposit as shown i Fig. 1, where ground water level is equal to the ground surface. In order to
investigate the consolidation settlement due to the filling and strength characteristics of the soft
clay deposit, oedometer test (one-dimensional consolidation test) and triaxial compression tests
were cartied out on an undisturbed sample taken from 10 m below the ground level. Answer the

following questions.

If necessary, the foliowing values can be used; logi02= 0.3; logig3= 0.48, 10g104 0.6, log108= 0.9,

logiol6=1.2 and logi032=1.5.
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Figure 1-Soil condition before filling

(1) Table 1 shows the result of the oedometer test. The initial height, Ao, and volume, Vo, of the

tested cylindrical specimen were 2.0 ecm and 56.5 cm?,

respectively. The dry weight, ms,

measured after the test and the soil particle density, ps, of the specimen were 40.0 g and 2.5
g/em?, respectively. At the end of the third stage of the test, a vertical strain, &, of 2 % was
measured. Consider the density of water, pw= 1.0 g/cm?® and the unit weight of water, 3= 10.0

N/,

a) Calculate void ratio, e, at the third load stage, and draw a schematic illustration of
consolidation curve (e-logp curve).

b) Calculate effective overburden stress at the depth of sampling before the filling and discuss
whether the clay deposit is at normally consolidated state or at over consolidated state,

Tﬁble 1 Oedometer test result

Load stage Consozdg{t;)? p:)-essure, Void ratio, e
I- 10 2.530 !
2 20 2.497
3 40
4 80
5 - 160 1921
6 320 1.650




(2) Using the experimental data in (1), answer the following questions on the consolidation
settlement of clay deposit due to the filling. You can assume that the overburden stress at the
center depth of clay deposit before the filling is 40 kN/m?. Ignore the secondary compression
of clay deposit.

a) Calculate the value of compression index, Ce, of the clay deposit.
b) Calculate the value of settlement of clay deposit due to the filling.

(3) Two undisturbed specimens were isotropically consolidated up to 100 kN/m?, and subjected to
drained and undrained triaxial compression tests under constant confining pressure. The
effective stress paths obtained from the tests are schematically shown in Fig. 2. Consider the
cohesion in terms of effective stress, ¢= 0 kN/m?.

a) Calculate the value of friction angle, ¢/, in terms of effective stress of the clay deposit.

b) Estimate the value of excess pore water pressure Au, at the failure state of the specimen
under undrained condition.

c) In general, triaxial test under undrained condition is adopted under this situation. Explain
why the undrained triaxial test is preferred.
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Figure 2 Resuits of triaxial compression tests (effective stress paths)

(4) Preloading method with vertical drain system impfoves stability of foundation and ground, and
provides faster consolidation of clay deposit. Explain the construction procedure and the
improvement mechanism with this method.



Specialty A

Problem 1
Characteristics of the river flow depend on vartous conditions such as bed slope, water depth,
river width and bed roughness. This problem simplifies the river flow as a straight wide open
channel flow and investigates how the flow characteristics change due to the different conditions.
. As shown in Figure 1, this problem defines: (x, z)} as the axis ih horizontal and vertical (positive in
upward) directions; (i, w) as flow velocity components in x and z directions; ¢ as time; p as water
pressure; g as gravity acceleration; p as water density; # as water surface level and zp as channel
bed level. Assume that the water density is constant in space and time, z» should be a function of x,
and 7 should be functions of / and x. Answer the following questions.
(1) Assume that the momentum equations of the flow are expressed by the following equations.
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Here, t,,is the horizontal shear stress acting in x-direction. Explain the physical meanings of
~ the left-hand-side of equations [1] and [2]. respectively, in around 1 to 3 lines.
(2) The water density is assumed to be constant in space and time. Write thé equation of mass
conservation law (continuity equation).
(3) Combine the mass conservation equation and equations [1] and [2]. Show that these equations
[1] and [2] are respectively represented by equations [3] and [4].
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(4) Kinematic boundary conditions either at the water surface or at the channel bed should be
defined such that the water particle at the boundary should always move along the boundary.
Show that the kinematic boundary conditions at the water surface level and at the channel bed

14]

I

water surface

Figurel Open channel and corresponding.coordinate system applied in this problem



are respectively expressed by the following equations [5] and [6].
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(5) Assume that the time derivative of the flow velocity is negligibly small and the flow velocity
is neatly uniform in both flow and vertical directions. Starting from the equation [4], show that
the water pressure, p, can be approximated by the following hydrostatic pressure.

p=po+pg(n-z) - [7]

Here, pg is the air pressure and is assumed to be constant in space and time.

(6) Assume that the horizontal velocity, u, is nearly uniform in depth and can be represented by
the depth-averaged velocity, U. Integrate the horizontal momentum equation [3] with respect
to z from zp to 77, introduce the equation [7] and boundary conditions [5} and {6], and derive
the following horizontal momentum equation of the depth-averaged velocity, U.
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In equation [8], A=7—zp, is the total water depth and 7y, and 7, are the horizontal
shear stress acting at the water surface and at the channel bed, respectively. In this problem,
Ty 18 assumed to be zero. -

(7) Show that similar vertical integration of the mass conservation equation leads the following
depth-integrated mass-conservation equation. “
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(8) Show that the equation [8] becomes equivalent to the following kinematic wave equation [11]

" under the following assumptions: (i) the change of the total water depth in x-direction is

negligibly small compared to the channel bed slope and (ii) the time-derivatives of water level
and velocity components are negligibly small relative to the other dominant terms.

-i+If =.0 [11]
Here i and Ir are defined as
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(9) Introducing the Darcy-Weisbach bottom friction factor, -f, the bottom shear stress, 7p,, is
definedas

i=

Ty = 21U . [13]



Based on equations [11], [12] and [13], show that the depth—averaged velocﬂ:y, U, is
‘ detemnned by the following equation [14].
2igh
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(10)In contrast to the assumptions of kinematic wave, let us assume that the magnitude of the

horizontal derivative of the water depth is comparable to the slope of channel bed. Under this
assumption, equation [8] is simplified to the following diffusion wave equation.

U= [14]
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Relationship between the water surface level and the depth-averaged velocity can be
determined through the depth-averaged mass conservation equation {10] and the momentum
equation, either [11] or [15], depending on the local conditions such as bed slope and water N
depth. In practice, on the other hand, H-Q curve is often applied for estimation of the flow
rate, O, based on the measured water level, H, which is equivalent to / in this problem. The
H-Q curve is empirically determined based on the measured data sets of water level H and the
flow rate, . Assuming that the relationship of the water surface level and the flow velocity is
governed by equation [10] and either equation [11] or [15], describe in around 4 to 6 lines
how the H-Q curve based on {11] differs from the one based on [15] and why these two H-Q
curves are different. . Assume that Darcy-Weisbach’s friction factor is constant.

(11) Around the river mouth, river flow is affected by tides and the time-derivatives of water
surface level and flow velocity are no longer negligible. Let us assume that the momentum
equation of the depth-averaged current velocity around the river mouth is simplified as

eu - 9n

ERES Li6]
after deleting all the negligibly small terms of* equation [8]. Discuss in around 2 to 3 lines
about physical implications of the assumptions made for this simplification.

(12)Assuming that the relationship between the water surface level and the depth-averaged
velocity is determined by equations [10] and [16], discuss in around 3 to 6 lines about the
characteristics of this relationship. In the discussion, clearly state how the relationship differs
from the ones of H-Q curves discussed in the previous problem (10).




Problem 2

(1) Figure 2 shows the statistics of flood damage in Japan. Answer the following quesuons on this
figure.

a) Itemize 3 features which Figure 2 indicates.

b) Infer the contributions of changes in society, changes in infrastructure, and civil
engineering to those features itemized in the previous question. Describe the inferred
contributions in approximately 15 lines in total. .

¢) Describe a single realistic future scenario which you assume and then describe a future
projection of four lines in the figure under your future scenario, in approximately 7 lines.
Here, “future” is a term about 50 years from now. The scenario does not need to be the

most likely scenario.
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Figure 2: Transition of flood damage in Japan (past 5-year average)
(Source: Modification of White Paper on Land, Infrastructure and Transport in 7 apan 2004,
http://www.mlit.go.jp/hakusyo/mlit/h16/index html)

Note: Flood damage to private property and flood damage density include a loss due to
business interruption. Damage cost is converted to equivalent monetary value in 1995.

*Flood damage density = Flood damage to private property / Area of inundated residential and
other property.



(2) A tropical cyclone (later, becoming an extratropical cyclone) in 2012 named as Sandy
slammed the East Coast of the US and devastated major cities like New York. See the text
related to Sandy given below, and answer the following questions on underlined parts of the
text.

a) Describe a single example of “counterproductive” in approximately three lines.

b) What does the author mean by “an integrated and holistic set of solutions, and not put all
of our eggs in the barriers”? Describe the answer with examples in approximately seven
lines.

Text related to Sandy: :

The storm has added new urgency to discussions of adaptation in forums including the New York

City Panel on Climate Change, which Bloomberg set up in 2008. Bowman and others have

advocated a system of sea barders or dykes, similar to those constructed in London, the

Netherlands and more recently in St Petersburg, Russia. “If we had implemented a regional barrier
system, there would have been no significant damdamage” within New York’s harbour, he says.

~ The system envisaged by Bowman and others would include an 8-kilometre-wide barrier

approximately 6 metres high that could be opened and closed at the entrance to New York’s

harbour, and a second barrier at the entrance to Long Island Sound (see ‘Surge stoppers’). He puts

the cost at around US$15 billion, about the same amount that Congress allocated to the US Army

Corps of Engineers in-2005 to build a storm-surge barrier system around New Orleans. Estimates

put the damage caused by Sandy at between $30 billion and $50 billion.

Some scientists worry that a single focus on sea barriers could be counterproductive. ... -

“Sandy clearly shows that we have to do the barrier studies now,” says Cynthia Rosenzweig,
co-chair of the New York climate panel and a senior scientist at NASA’s Goddard Tnstitute for
Space Studies in New York. “But I think we nced to consider an integrated and hollstic set of
solutions, and not put all of our eggs in the bariers.”

(Source: Nature, Vol.491, pp. 167-168, 08 November 2012)

advocate: to publicly say that something should be done

sea barriers: a type of fence or gate that prevents people from high tide water

dyke: a wall or bank / envisage: make the concept of something

counterproductive: achieving the opposite results to the one that you want
integrated: combines many different groups, ideas, or parts in a way that works well
holistic: considering a thing as a whole, rather than as separate parts

solutions: a way of solving a problem or dealing with a difficult situation



~ Specialty A

Problem 1 ,

- Answer the following questions. : .

(1} Depict an indifferent corve of a perfect substitute and that of a perfect complement in a case of
two goods. : '

(2) Suppose two m’frastmcmre projects A and B whose (benefit) — (cost) of each year are
presented in Table 1. You will select either of them using the cost-benefit analysis. Present that
the project selected with Net Present Value (NPV) method is different from that selected with
Economic Internal Rate of Return (EIRR) method. Note the social discount rate is 10 percent.

Table 1: (Benefit) — (Cost) of Each Year in Projects A and B

Project A (Million JPY) Project B (Million JPY)
Year 0 ~10 | —20
Year +20 ‘ +40
Year2 +20 o +30

(3) A government is planning to construct a huge dam in a small country. Suppose the market
price of concrete will increase because the construction of this dam requires a large volume of

concrete. Let the market price and demand of concrete before the dam constriiction be £,
and X,; the additional demand of concrete for constructing the dam be X ; and the market

~ price and demand of concrete after the dam construction be A and X, respectively. Then

’ present a method to compute the opportunity cost of concrete in this project. Figure and/or
diagram can be used if necessary.

(4) Suppose a pure exchange ecconomy with two consumers 4, B and two goods 1, 2. Let the

utility functions and the initial endowment vectors of the two consumers be shown as follows:

quL,xi):@-{-\/x_z; W, =(1,4) and
uB(xg,xﬁ):-\/g+\/x_§; W; =(2,2)

where x/ represents the consumption of good j by consumer i and W, = (w1 wz)

1277

represents that the consumer #°s initial endowments of goods 1,2 are wi,w’, respectively.

When the price of good 1 is equal to 1, compute the price of good 2 that satisfies the Walrasian
Equilibrium,



Problem 2
Answer the following questions.

(1) Explain both a geodetic coordinate system and a plane rectangular coordinate system in about
8 lines.

" (2) Explain a three-dimensional measurement method with multiple images in about 20 lines by
using following words: ‘
parallax, triangulation, orientation, ground control points, pass points.

Figure can be used if necessary.

(3) Explain the difference between Digital Surface Model (DSM) and Digital Terrain Model
(DTM) in about 5 lines..

(4) Geometric correction is applied to overlay of satellite images in different coordinate systems.
Explain a parameter estimation method of the geometric correction with reference points in
about 8 lines, by taking planar projective transformation

y= axtayta, e a,x+a;y+a,

' ax+ay+l’ ax+ay+1

as an eﬁample. Where (x, y) are coordinates before correction, (1, v) are coordinates after

correction, and @y — ag are parameters.



Specialty A -

Problem 1
(1) Explain the following items within 7 lines each with examples
a) Fare of transportation services based on the concept of social marginal cost theory
b) The relatlonshlp between economy of scale in transportation and the trend of international
transportation policies
c) The relationship between hierarchical structure of cities and the function of interci—ty
ﬁaﬁsportatibn services '
(2) Answer the following questions about transportation capac1ty of a railway.
a) Asi is shown in Figure 1, two trains with the length of L[m] are running at a constant speed
of y[m/s]. Defining a[m/s?] as a deceleration under emergency braking and p[passenger/m]
as a riding capacity in a meter of the train, find the following items by using L, v, a and p.
1) The minimum distance dmin[m] ﬁecessary’ for the following train not to collide with the

preceding train, even if there is some sort of troubles in the precedmg train (this distance
is called as “safety distance™)

ii) The minimum time-headway fmiz[s] and the transportation capacity of this railway
QOlpassenger/s] under the condition that the trains are operated by keeping the safety

distance
e—J — : — ] —»
L— L—,
———>
: Figure 1
b) Explain how to set the length L and the speed v of the trains to enhance the transportation
capacity Q you derived in ii).

c) Give other two typical factors that have generally influence on fransportation capacity of a
railway, and explain their influence in about 3 lines each.

Problem 2 » _
Answer the following questions.

(1) Answer the questions on urban planning, given below.

a) Show one of the significance of land use control by zoning in about 4 lines.

b) Discuss on both advantages and disadvantages of building restriction based on floor area
ratio in terms of producing urban public spaces and creation of streetscapes in about 4
lines. _

(2) Kevin Lynch studied the legibility of urban structures and showed five imageable spatial
elements in his masterpiece “The Image of the City (1960)”: path, node, edge, district and
Iandmmk. The legibility of urban structures will increase if we plan to give good spatial
relations among several elements of these five. Give two specific examples of_ such spatial

- relations in about 4 lines each. The examples do not have to be real.



’

(3) Figure 2 shows a design example of cable-stayed bridge. Generally the shape of cable-stayed
bridge is apt to be recognized as self-contained “figure”. In this example we can see some
design ideas to harmonize the bridge’s shape with the surrounding landscape. The effects of
those ideas can be explained by adopting the knowledge of Gestalt psychology.

a) Show the three conditions of shapes to be recognized as “figure”.

b) Explain in about 7 lines the design ideas and their effects to harmonize the bridge shape
with the surrounding landscape by lessening the cognition of the bridge’s shape as
“figure”, by utilizing three conditions you answered in a).




Specialty A

Problem 1 4
Read the following paragraph and answer the questions related to the underlined parts.

“Asset Management” for infrastructure assets is defined as a systematic activity to manage
infrastructure efficiently and effectively from a long-term viewpoint, so as to ‘enhance the public
welfare. In its practical application it is needed to establish a management cycle including a
monitoring of physical conditions of facilities like an inspection, a planning of maintenance based
on ifs strategyq, a prioritization of projects based on a financial evaluations, an implementation of
maintenance projectsg and a post-evaluation. _Furthermore, it is important to reestablish a system

for financial managementg and that for organizational managerhent so as to make its

management cycle practically available.

(1) Regarding the underlined part D, describe, in approximately 6 lines, a case that a
maintenance plan based on the strategy of preventive maintenance is effective from a

long-term view point and its reason. You may draw a figure explaining the reason.

(2) Regarding the underlined part (), describe, in approximately 6 lines, 2 viewpoints to be
considered in the prioritization due to a deficit of budget and those reasons respectively.

(3) Regarding the underlined part @), it is said that there are sometimes no bidders in the
procurement of a maintenance work. Describe, in approximately 5 lines, 2 reasons why such a
case tends to happen in comparison with a new construction work.

(4) Regarding the underlined part @), Private Finance Initiative (PFI) method is sometimes
considered in a case that a renewal of old facilities of infrastructure is needed. Take an
“appropriate infrastructure project for PFI method and draw a diagram of the relations among

main players in such a project scheme to explain the flow of money in approximately 6 lines.



Problem 2
Answer the following questions relating the development assistance.

(1) One of major development assistances is the Official Development Assistance (ODA). Answer
the following questions regarding the ODA.
a) Describe the definition of ODA presented by Organization for Economic Cooperation and
Development (OECD) in approximately three lines. ) -

b) Raise four characteristics of Japan’s ODA and explain them in approximately one line for
each. '

(2) Recently the Japanese Government has ‘pro actively promoted “tied aid.” Answer the following
. questions related to this action:

a) Describe the tied-aid scheme of Japan in approximately four lines.

b) Explain the reason for the recent promotion of the tied aid by the Japanese Government in
approximately four lines. .

¢) Describe the expected impacts of the recent promotion of the tied aid by the Japanese
Government on recipient countries in approximatély four lines.

(3) Explain the mechanism that the development assistance contributes to economic growth in a
recipient country with the Harrod-Domar Growth Model in approximately seven lines.



