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[Problem 1]

1. As shown in Figure 1, there is a round bar of diameter d. A rectangular section beam member
(width b, depth h) is cut out from this round bar. A bending moment M is applied to the beam
about the X-axis. Answer the following questions. The material of the round bar is homogeneous

and has linear elastic behavior.

(1) Find the section modulus Z about the X-axis of the rectangular section beam member cut out

from the round bar as a function of » and 4.

(2) Find the rectangular cross-sectional shape (width b, depth /) that minimizes the maximum

bending stress.

Bending moment M

Rectangular section
beam member

Cross section Round bar Longitudinal view

Figure 1
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2. As shown in Figure 2(a), a uniform load is acting on a simply supported beam. The cross section
of this simply supported beam is rectangular as shown in Figure 2(b). Answer the following

questions. The material of the beam is homogeneous and has linear elastic behavior. Write down
the unit in the answers.

(1) Find the bending moment M and shear force Q at point C.

(2) Figure 2(c) shows a microelement at the bottom of the beam at point C, and normal stresso

acting on the microelement. Find the magnitude of o.

(3) Figure 2(d) shows a microelement at the center of the beam at point C, and shear stressz

acting on the microelement. Find the magnitude of 7.

1kN/m

FEEREEEE S
A A\

300mm

1 ﬁOn}#n
8m

(a) Simply supported beam (b) Cross section

15 Ommi

N y

3m

- N

—e

T
<
c c
< —> T T
e

T
(c) Microelement at the bottom of the  (d) Microelement at the center of the

beam at point C beam at point C

Figure 2
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3. Find the vertical displacement & at point C of the beam shown in Figure 3. Neglect the shear

deformation of the members. Each member is uniform, and has Young's modulus E, and moment
of inertia 1.

>

ZA
l

Figure 3

4. As shown in Figure 4, load P is acting on point C of a frame. Answer the following questions.
Neglect the axial deformation and the shear deformation of the members. Each member is
uniform, and has Young's modulus E, and moment of inertia /.

(1) Draw the bending moment diagram of the frame on the tension side.

(2) Find the vertical displacement & at point C.

P
——
B C D
a
e A

!
>
>

3a

Figure 4
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[Problem 2]

(1) Answer the following questions about buildings environment and equipment. Write down the

unit in the answers.

(a) In a room with a floor area of 100 m?, find the average illuminance of the visible work
surface when 20 luminaires each with two fluorescent lamps (direct-ceiling type) are installed
evenly. Here, the number of divergent luminous flux per fluorescent lamp is 3,000 Im, the

illumination factor is 0.65, and the maintenance factor of the fixtures is 0.7.

(b) Find the total sound power level of four sound sources each with a sound power level of 50

dB. Note that logio2 = 0.3.

(¢) If the air temperatures on both sides of a 180 mm thick concrete wall are 25°C and 5°C,
respectively, find the heat flow per unit area of this wall. Here, the thermal conductivity of the
concrete is 1.6 W/(m*K) and the over-all heat transfer coefficient is 10 W/(m?+K) on both

sides.

(d) If the surface temperatures of faces A and B of a hollow layer in a wall are 27°C and 17°C,
respectively, and the emissivity is 0.8 for both, find the amount of heat radiated per unit area
from face A to face B. Surfaces A and B may be regarded as two infinite parallel planes whose
area is sufficiently large compared to the thickness of the hollow layer. Here, the Stefan-
Boltzmann constant is 5.67 X 10~8 W/(m?-K*), absolute zero temperature is —273°C, and 29* =

7.10 X 10°. Round your answers to one decimal place.

(e) Assume that the wind pressure coefficient on the windward side wall of a building is +0.6
and the wind pressure coefficient on the rearward side is —0.4. Find the wind ventilation
capacity of this building when the external wind speed is 2.5 m/s. The effective area of the
opening on the windward side wall is 2.0 m?, and the effective area of the opening on the
rearward side wall is 4.0 m?. Here, the amount of ventilation by temperature difference need

not be considered. Note that v/5=2.2 and round your answers to one decimal place.

(f) If there are 10 occupants in a room with a volume of 100 m> and the room is ventilated at a
frequency of 5 times/h, determine the concentration of carbon dioxide in the room under steady
state conditions. The carbon dioxide emission per person is assumed to be 0.016m>/(h-person),

and the carbon dioxide emitted from the occupants is assumed to diffuse uniformly throughout

26



the room immediately. The carbon dioxide concentration of the outside air shall be 400 ppm,

and draft shall not be considered.
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(2) Of the following 15 statements about buildings environment and equipment, select 8 that are
incorrect about the underlined statements. Also, for the 8 statements you selected, modify the

underlined statements to be correct.

(a) When it darkens, short-wavelength colors such as blue and green appear brighter, and long-
wavelength colors such as red appear darker. This phenomenon is called the silhouette

phenomenon.

(b) The illuminance uniformity, which is the ratio of the minimum illuminance to the maximum

illuminance of the work plane, is used as an indicator of the uniformity of the illuminance
distribution.
(c) The three primary colors, which are the color combinations that can create the most colors

by mixing, are cyan, magenta, and yellow in the case of the additive mixture.

(d) The audible frequency range for a person with normal hearing around age 20 is

approximately 20 Hz to 20 kHz.

(e) The psychological effect of humans being able to distinguish the sound they focus on from

the noise is called the cocktail party effect.

(f) In a small room, depending on the room shape, the sound pressure distribution in the room

may become significantly non-uniform due to the flutter echoes that resonate throughout the

room for a certain frequency of sound in the low-frequency range.
(g) Due to the layout or shape of the building, the area that does not receive sunlight throughout
the day, which is obtained from the intersection of the shadow immediately after sunrise and

the shadow immediately before sunset is called the permanent shadow (eikyu-nichiei).

(h) The Low-E double glazing glass is glass with a special metallic coating made of silver or

tin oxide reflecting infrared rays. This coating is located on the hollow layer side of one of the
glass layers in the double glazing glass.

(i) The heat flow between the wall and the air in contact with it, which occurs mainly by
radiation and convection, is called heat transfer.

(j) When the air temperature is further lowered below the wet bulb temperature, which is the

temperature where the water vapor becomes saturated, the phenomenon called condensation
where water vapor becomes water droplets will occur.

(k) Class 2 ventilation system is suitable for preventing polluted air from entering the room

because the room is at a positive pressure compared to the surroundings.
(I) To avoid the sick building syndrome, it is important to use building materials with low
formaldehyde emissions. Building materials labeled Fx¥ % have a formaldehyde

emission rate of 0.12 mg/(m”-h) or less, and the Building Standard Law in Japan does not

restrict the amount of area it can be used as an interior building material.
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(m) PMYV (Predicted Mean Vote) is one of the thermal indices that considers four environmental

parameters (the air temperature, the relative humidity, the air velocity, and the atmospheric

pressure) as well as two human body parameters (clothing insulation and metabolic rate).
(n) A graph plotting the monthly average temperature on the vertical axis and the monthly

average relative humidity on the horizontal axis over a year is called the degree day. This is

intended to represent climate characteristics.

(o) In October 2020, the Japanese government declared its goal of becoming "Carbon Neutral"

by 2050, with zero greenhouse gas emissions.
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[Problem 3]

The sentences below explain about the situation, material, detail, and construction method in

ordinary buildings in Japan. Choose the most appropriate number or word(s) from 4 options for

[a] to [t] .

According to the survey in 2018, the number of Japanese housing stock units is about [a. 30,

40, 50, 60] million, and the number of vacant house units is about [b. 2, 4, 6, 8] million.

In long-term maintenance and repair plans for condominiums, major refurbishments are

generally planned every [c. 6, 12,20, 30] years.

At room temperature, the coefficient of thermal expansion of steel is about 1.0 X [d. 107¢, 107,

1074, 107*] /K, while that of concrete at design strength of 21 N/mm? is about 1.0 X [e. 1076,

10,107, 107°] /K.

If the roof is made of san-gawara, the roof slope should be about [f. 2, 4,8, 16] /10 or more.

The spacing of studs in platform (2x4) construction should be generally about [g. 150, 450,

900, 1800] mm.

The construction method which provides seismic isolation layers at the foundation etc., in order

to preserve the design of the existing building and increase the seismic capacity, is called the

seismic isolation [h. gasket, corrugated, retrofit, caisson] method.

When a ventilation system is used for the exterior walls of a wooden house, a [i. water proofing,

breathable, moisture-proof, breathable waterproofing] sheet is usually installed on the exterior

side of the insulation material.

The [j. honeycomb, wave board, concrete form, bitter board] is a failure to fill spaces in

concrete casting.

When two members are placed perpendicularly to each other, the joints where the members are

cut symmetrically at 45 degree and fitted together are called [k. miter (tome), extending (hagi),

tongue and groove (sane), check pattern (chidori)] joints.

A large section where dimensional (2x4) lumber are joined with nails or wood screws is called
[1. NLT, LSB, OSB, CLT] .

The part of H-shaped beams that connect two separated plates which mainly sustain bending

stresses is called a [m. flange, bracket, diaphragm, web] .

The construction method where the underground part of the building is constructed downwards

from the upper floor to the lower floor is called [n. caisson construction, reverse construction

(sakauchi), one-way construction (tatenige), self-climbing construction] .

In reinforced concrete members, the minimum dimension from the surface of the rebar to the

surface of the concrete is called the [o. grid, cover, depth, riser] thickness.
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Light-gauge steel used for prefabricated houses are generally manufactured by the [p. hot-

rolling, cold-forming, float, lost-wax] methods.

In wooden buildings, the additional part of the wood member section allowed for carbonization
by combustion is called the [q. fire-stopping, charring, fire-adding, fire-connecting] layer.
The wall and floor separators (covering parts) are called [r. furring, molding, wooden lath,
baseboard] , and the wall and ceiling separators are called [s. furring, molding, wooden lath,
baseboard] .

The distance between the glass and sash called the [t. depth, edge, sway, rocking] clearance

keeps the glass from coming in contact with the sash.
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[Problem 4]

Read the following statements from (1) to (20) and choose the most appropriate words or phrases
from the four choices to fill in the blanks. Write down each pair of question number and

corresponding letter (A to D) clearly on a separate line on the answer sheet.

() ( ) was the first city to achieve E. Howard's theory of the “Garden City”, which
advocated the creation of a self-sufficient city by arranging housing, work, markets, and leisure
facilities so that the city and nature are combined.

A: Harlow New Town

B: Milton Keynes

C: Letchworth

D: Chandigarh

(2) Developed in the 1920s, when automobiles became popular, the ( ) system aims to
separate the approaches of people and vehicles over a wide area, so that their flows do not
intersect.

A: Hump

B: Cul-de-sac
C: Radburn

D: Transit Mall

(3) InJapan, the standard size of a neighborhood park, which is to be located in one neighborhood,

is ( ) in attracting distance and 2ha in area.

A: 250m

B: 500m

C: 1lkm

D: 2km

(4) 1In Japan, a ( ) is built by forming an association of those who are involved in the

building of the housing complex, which handles planning, construction and management.
A: Cooperative House

B:  Court House

C: Collective House
D

Town House
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(5) ( ), which is designed by Kiyonori Kikutake, is characterized by a main room supported
by four wall pillars and attached with a “move-net” to enable renewal of equipment and other
facilities.

A: Mountain Lodge at Karuizawa

B: Toukouen

C: Sky House
D

Tower House

6) ( ) is characterized by the division of the entire site into six blocks, centered on high-
rise residential buildings, and layout of stores along the S-shape avenue, creating a street-style
urban space and liveliness.

A: Hiroshima Motomachi Apartment

B:  U-court

C: Belcoline Minami Osawa

D

Shinonome Canal Court

(7) The Lloyd's of London office building in London, England, is unique because its core layout

is ( ).

A: one-sided core type

B: stand-alone core type

C: central core type

D: double-ended core type

8) ( ) in Japan has both residential and welfare functions, and provides residents with

meals and bathing, lifestyle counseling, and emergency support. The residents in general live
independently. The facility is for people aged 60 years and older.

A: Communal Daily Long-Term Care for a Dementia Patient

B: Intensive Care Home for the Elderly

C: Healthcare Facility for the Elderly Requiring Long-term Care

D

Care House
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9) ( ) is a complex facility consisting of an intensive care home for the elderly, a day
service, a care house, and a nursing support center, built in a rural area to realize the philosophy
of a facility where local residents want to visit and the elderly feel comfortable.

A: Collective House Kankanmori

B: Sen-nen Mura

C: Kyu-do Gakusha

D: M-port

(10) According to the current Medical Care Act in Japan, the floor area of wards in hospitals and
wards for convalescent care in clinics must be ( ) or more per patient, as measured by the

inside-to-inside dimension.

A: 4.8m?
B: 5.6m’
C: 6.4m?
D: 7.9m’
(11) Among the ward plan types, the ( ) was first adopted at St. Mark's Hospital in the U.S.

It is unique in that it provides a clear line of sight from the nurse station to the patient rooms and
shortens the nursing flow line.

A: double corridor type

B: triangle type

C: single corridor type

D

middle corridor type

(12) In the late 19th century, both guidelines and standard designs for school buildings were
defined, and the single-corridor type was recommended in Japan. Recently, school buildings are
generally designed as ( ).

A: north corridor and south classroom

B: south corridor and north classroom

C: cast corridor and west classroom
D

west corridor and east classroom
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(13) ( ), also known as a horseshoe-shaped theater, has several walls parallel to the frontage
on both sides of the stage to create depth.

A: Farnese Theater (Teatro Farnese)

B: Bayreuth Festival Theatre (Bayreuther Festspielhaus)

C: Cologne Opera (Oper Kdln)

D: The Ancient Theatre of Epidaurus

(14) In theaters, the primary permissible limit for a hall used for spoken plays and small

performances is a maximum distance of ( ) from the stage.

A: 15m

B: 18m

C: 22m

D: 25m

(15) In( ), several floating island-like hanging gardens are connected by pedestrian decks,

forming a public space integrated with the park.

A: Koriyama City Museum of Art

B: Art Tower Mito

C: Marugame Genichiro-Inokuma Museum of Contemporary Art
D

Niigata City Performing Arts Center “Ryutopia”

(16) The Kamakura Bunkakan Tsurugaoka Museum is a renovation of the former Kamakura Hall
of the Museum of Modern Art, Kamakura, designed by ( ) as Japan’s first public museum
of modern art.

A:  Kunio Maekawa

B: Junzo Sakakura

C: Tetsuro Yoshida
D

Takamasa Yoshizaka

35



17y ( ), known for its impression of a floating silvery spaceship-like form, has a clear plan
configuration with a one-room open stack/reading room and closed stacks separated by an
administrative zone.

A: Urayasu Public Library

B: Stockholm Public Library (Stockholms stadsbibliotek)

C: National Library of France (Bibliothéque nationale de France)

D: Miyagi Prefectural Library

(18) According to Maertens's theory, which discusses the perception of exterior space, the entire
shape is instantly recognizable when the index of D,/ H is ( ). Here, H is the height of the
object, such as a building, and D is the horizontal distance from the viewpoint to the object.

A 1,1

B: 2/1
C: 3/1
D: 4/1
(19) ( ) pointed out that cities that have been naturally created over the years have complex

semi-lattice structures.

A: Christopher Alexander
B: Kevin Lynch

C: Jane Jacobs
D

Rem Koolhaas

(20) TItis important to determine shape and dimensions in design activity. The golden ratio, widely

known for its beautiful and harmonious proportions, is approximately ( ).
A: 1:1.536
B: 1:1.568
C: 1:1.618
D: 1:1.694
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[Problem 5)

Select the most related “key words” for the following figures(Fig.1 - Fig. 25): For each figure,

select one from Group A and one from Group B._Do not select the same key word more than once.

Example of answer:

Group A | Group B
Fig. 1 (3)
Fig. 2
Fig. 3
Fig. 1 Fig. 2




Fig. 8 Fig. 9 Fig. 10

Fig. 11 Fig. 12

Fig. 13 Fig. 14
'8 '8 Fig. 15

Fig. 16



Fig. 17 Fig. 18 Fig. 19

Fig. 20

Fig. 21

Fig. 23 Fig. 24 Fig. 25
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Chojyu-ji Temple Main Hall
Kitano Tenmangu Shrine
Hakogi-ke House
Imanishi-ke House
Asuka-dera Temple
Horyu-ji Temple

Tsukiji Hongwanji Buddhist Temple
Sankei-en Rinshun-kaku
Mpyoki-an Tai-an
Matsumoto-Castle
Himeji-Castle

Villa La Rotonda

Basilica di San Marco
Cluny Abbey

Sanssouci Palace

Palace of the Soviets

Amiens Cathedral

Cathedral of Saint Mary of the Flower

Pantheon

Group B

(1) Andrea Palladio

(2) Byzantine Architecture
(3) Romanesque Architecture
(4) Rococo

(5) Flying Buttress

(6) Hadrian

(7) AbbasI

(8) Hippodamus

(9) Veranda Colonial Style
(10) Trocken Montage Bau
(11) Daibutsuyo

(12) Gongen-zukuri

(13) Secret Mantra

(14) Hinduism

(15) Five Tiered Castle Tower

(16) Sukiya-architecture

(17) One Tower and Three Kon-do Hall Style

(18) Kumo-to and Kumo-hijiki
(19) Odachi-Torii Construction

Contemporary City of Three Million People (20) Muro-doko

Rusakov Workers’ Club
German Expressionism
Glover House
Tsuchiura Kameki
Dejima

Miletus

Angkor Wat

Borobudur

Isfahan

Neighbourhood Unit

(21) Jinai-cho (Temple Town)
(22) Dutch East India Company
(23) Shimizu Kisuke

(24) Konstantin Melnikov

(25) Bruno Taut

(26) Clarence A. Perry

(27) Ebenezer Howard

(28) Le Corbusier

(29) Filippo Brunelleschi

(30) Renzo Piano
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ATTENTIONS

Do not open the question booklet until the start of the examination.

. One question booklet, five answer sheets and five sheets of scratch paper are
distributed.

. After the start of the examination, write your examinee number in the designated
box on all answer sheets. Do not write your name on any answer sheet. If you write
your name on your answer sheet, your answer will be invalid. If you do not write
your examinee number on your answer sheet, your answer will be invalid.

. There are five problems. All problems must be answered.

. Use a separate answer sheet for each problem. This means you will use and submit
five answer sheets.

. Write your answer on the answer sheet corresponding with the number of the
problem indicated. Use only the front side of each answer sheet.

. If you submit less than five answer sheets, your answer will be invalid for all the
problems. Even if you cannot answer a certain problem, submit the blank answer
sheet.

. The question booklet and all sheets of scratch paper will be collected just after this
examination. These are not subject to evaluation.
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