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ATTENTIONS

Do NOT proceed to the following pages until you are told to start the examination.

Four answer sheets and four draft answer sheets will be distributed.
There are four exam problems in total.

The answers to each exam problem should be written on one answer sheet. You may use both sides
of'the sheet if necessary, with checking a mark at the right bottom corner of the front side. If more than
two exam problems are answered on one sheet, they will not be scored.

Write the number of problem which you answer in a designated box on all answer sheets.

Write your examinee's number in a designated box on all answer sheets. Never write down your name
or any indication which suggests your identity anywhere on your answer sheet. In the case of violating
this instruction, none of your answers will be scored.

Submit four answer sheets at the end of this examination. Even if you do not answer, write the problem
number and your examinee's number on the sheet, and submit it with blank answer. None of your
answers will be scored if you do not submit all the four answer sheets.

The question booklet and draft sheets will be collected at the end of this examination. They are not
counted in scoring your answers.
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[Problem 1)

1)

@

The factors that change the compressive strength of concrete are listed below. Indicate whether the
compressive strength increases or decreases when the value of each factor is increased under the
condition shown in parentheses. The range of compressive strength of the target concrete is assumed

to be ranging from 24 to 40 (MPa).

1) Water to cement ratio (Volume of sum of water and cement is constant. )

2) Maximum aggregate size (Particle size distribution of the coarse aggregate is
changed.)

3) Air content (Volumes of aggregate is changed.)

4) Volume of coarse aggregate (Volume of sum of water and cement is constant with the

same water to cement ratio.)

Let the interatomic potential U (r)between two atoms be expressed by the following equation.

A B
Ur)=——+— (m<n)

rm rn

where, A and B are constant parameters, and m and n are 5 and 10, respectively. The 7 is the
distance between two atoms. The schematic figure of this equation, with the repulsive potential term

and the attractive potential term, is shown in the figure.

‘. Repulsive potential term :
Ut \ =B f1"

\ Interatomic potential U (r)

\

TITITT

Attractive potential term -
U=—-A/r™

Figure
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When the distance between two atoms r reaches 1, =0.25 (nm), the interatomic potential energy
shows U(ry) = —0.8 (eV) and forms the stable condition. Answer the following questions. You
should use 0.25'°=9.54x107.

1) Determine the values of A and B, with their units. The values should be round to three

significant figures.

2) Determine the distance between two atoms, 73,4, When the maximum attractive force is acting,
by using m, n, and 1y.

3) Determine the force F' at 15,4, by using m, n, 1y, and A.
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[Problem 2]

Four straight bars with length of / are placed on a plane and each of them is rigidly connected at both ends
to have a square with a side length of /. Let the four corers of the square be points A, B, C and D respectively
in clockwise direction. Let point E be the midpoint of the side AB and point F be the midpoint of the side
CD respectively. Point E is fixed on the plane and a load is applied to point F in the direction of EF such
that the force moves point F from point E away. Mechanical properties of the material of the bars are
perfectly elasto-plastic and the shape and the dimension of the sections are common for all the bars and
uniform along their length. Let notations A, and M, be the yielding moment and the full plastic moment of

the section respectively.

Answer the questions from (1) to (4).

(1) Construct a bending moment diagram at which a load P is applied to point F, assuming all the sections
are in linearly elastic range. Then fill out the location of the applied load P and the reaction as well as
the value of bending moment at point A expressed with notations P and /.

(2) Determine the expression of the initial yielding load P, at which the first flexural yielding occurs at
points E and F with notations M, and /.

(3) Construct a bending moment diagram at which a collapse load P, is applied to point F, where sufficient
number of plastic hinges have formed to transform the structure into a mechanism. Then fill out the
value of bending moment at the points A and E expressed with notation M,,.

(4) Determine the expression of the collapse load P, with notations M,, and /, under the condition of (3).

To analyze the problem, you may assume infinitesimal deformation. You need consider flexural deformation,
while axial or shear deformation may be neglected. You may use the expression for fixed end moments of
a beam of length / on which a load P is acting at the distance a from the left end and at the distance b from
the right end, shown in the figure below.

([ ——

—Pabh? +Pa’h
12 12

- U

o~
T
\_/

Figure Fixed end moments in a beam
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[Problem 3]

There is no guarantee that natural disturbance always occurs as expected at design stage. Figure 1 shows
two gymnasiums which were collapsed by snow fall which much exceeded the depth required in the design
code.

Let’s assume that you designed the structure of a gymnasium indicated in Figure 2, several years ago. Since
there was not enough space for snow accumulation around the site, the gymnasium was designed to retain
snowfall on the roof. One day in a winter, the weather forecast reports that extremely heavy snow is expected
to fall in the region after one week. The predicted depth of the snow is far beyond the depth expected at
design stage. Answer the following questions.

(1) Ifthe extremely deep snow falls on the gymnasium roof uniformly, how do you think the gymnasium
collapses? Use the frame drawing indicated in Figure 2(b) to explain your answer.

(2) In order to prevent the collapse like shown in Figure 1, and to minimize the damage, what kind of
countermeasure do you think should be applied to the gymnasium in the next week? Propose and
explain your scheme clearly by using drawings or diagrams. Explain how your scheme is effective even

if the snow depth exceeds far beyond the design depth.

o

Figure 1 Gymnasiums collapsed under the unexpected heavy snow

46.2m
}5.4m‘5.4m 6m 6m 6m 6m 6m ‘5.4m}

T T T T T

- Gymnasium N & 46.2m
L] Stage) o 54m 54m 6m 6m  6m  6m 6m  5.4m
e, . Doancel . ‘ |
. o N i I
(a) Section in longitudinal direction ‘ S
. B
— —
— //f,:it,\: — - E
— ——— TR I Entrance @© €
£ B T £ ©
3 ‘ ; ‘ Gymnasium Stage r — o
d ¢ | Gymnasivm “ 5 8 c ]
o “ | %
\ \‘ i ' ©
| wa e 5
= S
J 0
‘ 25.4m ‘ L J o

(b) Section in main frame direction (frame drawing) (c) Plan view

Figure 2 General drawings of the gymnasium that you have designed several years ago
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[Problem 4)

(1) The car with mass of M (ton) is placed on a smooth table and fixed with the spring of which spring
constant is K (kN/m), as shown in Figure 1. The car is in simple harmonic motion and its period is
calculated as Equation (1) with M and K.

T =21 \/g Equation (1)
0
K (kN/m) ’—’ x
M (ton)
Q QO
Figure 1

The displacement of the motion, x(;) (m) at time t(sec),is X)) = sin wt, where w (rad/sec) is the
angular frequency.
Answer the following questions.

1) Express the acceleration X (m/sec?) by an equation using .
2) Express the period of the system 7 by an equation with w.
3) Express the angular frequency w by an equation with M and K.

(2) Here is a one-span one-story plane rigid joint frame, as shown in Figure 2. The beam is stiff and strong
enough not to deform nor yield. The mass of the beam is 64 (ton) (weight: 640 (kN)). Column A and
Column B are of solid section with the dimension of 400 (mm) by 400 (mm), as shown in Figure 3.
Their Young’s modulus Eis E = 2 X 103 (N/mm?). The depth of the beam and the weight of the
columns may be ignored. Only the flexural deformation is considered.

The lateral force of P (kIN) acts at the center of the beam, as shown in Figure 2.

Answer the following questions.

P(kN) M=64 ton (640 kN)

< M
=] g g
: | - :
3 'S S
O © =
e 77

| 8m | 04 m

f |

Figure 2 Figure 3
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1) Each elastic lateral stiffness of Column A and Column B, Kj, can be calculated as Equation (2).

K, = 112{? Equation (2)

where / (m*) is the geometrical moment of inertia and / (m)is the height of the frame.

Calculate the elastic lateral stiffness of the frame, K (kN/m), and vibration period of the frame, T’
(sec), where m is 3.14.

2) The yield moment of the column, M, (KN * m), and the axial force of the column, N (kN), have
a relationship, as shown in Figure 4. The bending moment at both ends of the column and their
curvatures have a relationship, as shown in Figure 5. The amount of the lateral force, P, reaches

P, when both ends of the columns form yield hinges at the bending moment of M, to achieve the

total collapse mechanism.

o A
g/\
18 E /é f 3 )
!—1v bo
.8 Z - M YTS'é_ e
4 g [E=
g
320f-————-—-----— B>
| = My Fg-%
| 3 2 &
! I
| gM F=S-
I
i o0
| » =]
96 256 3
Yield moment M, (kN-m) g
[an)
-192 >
Curvature ¢ (rad)
Figure 4 Figure 5

(D Calculate the intensity of the lateral force, P;.
(2 Calculate the shear forces carried by Column A and Column B, Q4 and Qjp, respectively.
(3 Calculate the amount of the lateral drift of the beam, 6, (m)
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